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Purpose of this Manual

This guide provides you with in-depth informa
tion on the AT&T Personal Computer program
development tools. The guide focuses on what
you need to know to make use of the existing
AT&T Personal Computer 6300 hardware and
hardware interfaces.

The final chapter on programming devices
assumes that you have a working knowledge of
the principles of designing device drivers and
need the technical details on how to program the
AT&T Personal Computer.
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The following syntax is used throughout this
manual in descriptions of command and state
ment syntax:

[ ] Square brackets indicate that the enclosed
entry is optional.

{} Braces indicate a choice between two or
more entries. At least one of the entries

enclosed in braces must be chosen.

Ellipses indicate that an entry may be
repeated as many times as needed.

This guide contains examples of prompts and
messages displayed on the screen. These system-
displayed items are indented from the main
body of the text so that you can easily distin
guish them. For example, MS-LINK prompts:

OBJECT MODULES[.OBJ]

Descriptions or examples that show a required
response are indented and presented in boldface
type:

LINK OBJl+OBJ2+OBJ3,iyiAP
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Programming Steps

This section shows where to go for information
on the task you are performing.

Running If you are running a program via the BASIC
High-Level interpreter, the section on "System Calls" is
Language applicable, since you can call these functions via

a BASIC program.

If you are running a compiled program, read the
section on MS-LINK as well as the section on

System Calls.

Writing The first eight chapters are aimed at pro-
Assembler grammars writing assembler programs. If you
Programs have not used the 8088 or 8086 assembly lan

guage, the section "8086 Addressing Scheme"
gives you a good start. The sections on the linker
and debugger are fundamental to writing and
debugging assembler programs. Also read the
sections on "System Calls" and "ROM BIOS
Service Calls."

Writing If you are writing a supplementary utility pro-
Utilities gram, read the sections on assembly programs,

the sections on "Memory Maps, Control Blocks,
and Diskette Allocation," and "Program File
Structure and Loading."

Programming Every section applies to writing device drivers.
Devices especially the chapter on "MS-DOS Device
Directly Drivers."
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Overview

MS-LINK is an executable program on your
DOS Supplemental Programs diskette. MS-
LINK combines object modules that are the
output of the MACRO-86 assembler or a
compatible compiler. It produces a relocatable
run file (load module) and a list file of external
references and error messages.

To run MS-LINK, you provide object, run, list,
and library file parameters. You may optionally
enter switches that modify the operation of
MS-LINK.

"Invoking the Linker" describes the three ways
to run MS-LINK: interactive entry, command
line entry, and automatic response file entry.
Interactive entry is used most frequently, so its
section contains information common to all

three methods.

If you are linking a high-level language
program, the compiler determines the
arrangement of your object modules in memory.
If you are using assembler, however, you have
more control over your program's organization.
The section "Segments, Groups, and Classes"
shows you how to specify the order of your
object modules at run time.
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MS-LINK File Usage

The link process involves the use of several files.

MS-LINK:

® Works with one or more input files

® Produces two output files

• Creates a temporary disk file if necessary

® Searches up to eight library files
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Syntax

d:

The format for MS-LINK file specifications is
the same as that of any disk file;

[d:][path]filename[.ext]

the drive designation. Permissible drive designa
tions for MS-LINK are A: through O:.

path a path of directory names.

filename any legal filename of one to eight characters.

ext a one- to three-character extension to the
filename.

If no filename extensions are given in the input
(object) file specifications, MS-LINK recognizes
the following extensions by default:

.OBJ Object

.LIB Library

MS-LINK appends the following default exten
sions to the output (Run and List) files:

.EXE Run (may not be overridden)

.MAP List (may he overridden)
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VM.TMP File MS-LINK uses available memory for the link
session. If an output file exceeds available
memory, MS-LINK creates a temporary file,
names it VM.TMP, and puts it on the disk in the
default drive. If MS-LINK creates VM.TMP, it
will display the message:

VM.TMP has been created.

Do not change diskette in drive, <d:>

Once this message is displayed, do not remove
the diskette firom the default drive until the link
session ends. If the diskette is removed, the
operation of MS-LINK is unpredictable and MS-
LINK usually displays the error message:

Unexpected end of file on VM.TMP

MS-LINK writes the contents of VM.TMP to the
file named following the Run File: prompt.
VM.TMP is a working file only and is deleted at
the end of the linking session.

Do not use VM.TMP as a filename for any file.
If MS-LINK requires the VM.TMP file, MS-
LINK deletes the VM.TMP already on disk and
creates a new VM.TMP. Thus, the contents of
the previous VM.TMP file are lost.
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Changing You may want to change diskettes during the
diskettes link operation. If MS-LINK cannot find an

object file on the specified diskette, it prompts
you to change diskettes rather than aborting the
session. If you enter the /PAUSE switch, MS-
LINK pauses and prompts you to change
diskettes before it creates the run file. You may
change diskettes when prompted except in the
following cases:

® the diskette you want to change has a VM.TMP
file on it.

• you have requested a list file on the diskette you
want to change.
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Segments, Groups, and Classes

Below terms are explained to help you under
stand how MS-LINK works. Generally, if you
are linking object modules from a high-level
language compiler, you do not need to know
these terms. If you are linking assembly lan
guage modules, read this section carefully.

Segment The segment is one of the most basic units of
program memory organization. A segment is a
contiguous area of memory up to 64K bytes long,
and may be located anywhere in RAM. The con
tents of a segment are addressed by a seg-
mentioffset address pair, where "segment" is the
segment's base or lowest address (see "The 20-
Bit Address" in chapter 4).

Each segment has a class name in addition to
its segment name. All segments with the same
class name are loaded into memory contiguously
by the linker from the first segment of that class
to the last.

Class A class is a collection of related segments. By
naming the segments of your assembly lan
guage program to classes, you control the order
in which they are loaded into memory (for high
level languages, the compiler does this for you).

MS-LINK loads segments into memory on a
class-by-class basis. Starting with the first class
encountered in the first object file, all of the
segments of each class are loaded. Within each
class, the linker loads the segments in the order
in which it finds them in the object files. There
fore, you can control the order in which classes
are loaded by the order in which segments from
different classes appear in the object files.
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To ensure that classes are loaded in the order

you desire, you can create a dummy module to
feed to the linker as the first object file. This
module declares empty-segment classes in the
order you want the classes loaded. For example,
one such file might look like this:

A SEGMENT 'CODE'

A ENDS

B SEGMENT 'CONST'

B ENDS

C SEGMENT 'DATA'

C ENDS

D SEGMENT STACK 'STACK'
D ENDS

If this method is used, be sure to declare all the
classes used in your program in the dummy
module; otherwise, you lose absolute control over
the ordering of classes. Also, this method should
only be used when linking assembly language
programs. Do not create a dummy module if link
ing object files for a compiler, or unpredictable
results may occur. Classes may be any length.

Group Just as classes allow you to combine segments
in a way that is logical, groups combine seg
ments in 64K byte chunks to make them easily
addressable. The segments in a group need not
be contiguous, but when loaded they must fit
within 64K bytes. This way each segment in the
group can be fully addressed by an offset to one
segment address, which is the start address of
the lowest segment in the group. Segments are
named to groups by the assembler or compiler
or, as is possible in assembly language pro
grams, by the programmer. Note that a segment
can be large enough to be an entire group by
itself.
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Invoking MS-LINK

MS-LINK is invoked in one of three ways. The
first method, interactive entry, requires you to
respond to individual prompts.

For the second method, command line entry,
type all commands on the same line used to start
MS-LINK.

To use the third method, automatic response file
entry, create a response file that contains all the
necessary commands and tell MS-LINK where
that file is when you run MS-LINK.

Interactive Entry LINK

Command Line Entry LINK filenames[/switches]

Automatic Response

File Entry LINK ©filespec

To invoke MS-LINK interactively, type:

LINK

MS-LINK loads into memory, then displays four
prompts, one at a time. At the end of each line,
after typing your response to the prompt, you
may type one or more switches preceded by a
forward slash.

The command prompts are summarized below.
Defaults appear in square brackets ([]) after the
prompt. Object Modules is the only prompt that
requires a response.
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MS-LINK

Prompts
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Prompt

Object Modules[.OBJ]:

Responses

[d: ][path]filename[.ext]
[+[[d:][path]filename[.ext]]... ]

Run File[filename.EXT]: [d:][path][filename[.ext]]

List File[NUL.MAP]: [d:][path][filename[.ext]]

Libraries[.LIB]:

Notes:

[d:][path][filename[.ext]]
["••[ciilLLpathlfilenameL.ext]]...]

• If you enter a filename without specifying the
drive, the default drive is assumed. If you enter a
filename without specifying the path, the default
path is assumed.The libraries prompt is an
exception — if the linker looks for the libraries
on the default drive and doesn't find them, it
looks on the drive specified by the compiler.

• To select default responses to all remaining
prompts, use a single semicolon (;) followed
immediately by <retum> at any time after the
second prompt (Run File:).

Once you enter the semicolon, you can no longer
respond to any of the prompts for that link ses
sion. Use the <RETURN> key to skip prompts.

• Use <CONTROLrC> to abort the link session at
any time.
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Object Modules [.OBJ]:

List .OBJ files to be linked. They must be separ
ated by blank spaces or plus signs (+). If the plus
sign is the last character typed, this prompt will
reappear so that you can enter more object
modules.

MS-LINK assumes that object modules have the
extension .OBJ unless you explicitly specify
some other extension. Object filenames may not
begin with the @ symbol (@ is used for specify
ing an automatic response file).

The order in which you key in the the object files
is significant. See section on segments, groups,
and classes for more information.

Run File [Obj-file.EXE]:

Give filename for executable object code. The
default is: <first-object-filename>.EXE. (You
cannot change the output extension.)You can
specify just the drive designation or just a path
for this prompt.

Listing List File [NUL.MAP]:

Give filename for listing (also known as a linker
map). The listing is not created if you select the
default. You can request a listing by entering a
drive designator, path, or filename[.ext]. If you
do not specify an extension, the default .MAP is
used.
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Libraries

to be

Searched
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You can have the listing printed hy specifjdng a
print device instead of a filename or have the
listing displayed on the screen hy specifying
CON. If you display the linker map, you can
also print it hy pressing Ctrl-PrtSc.

Libraries [.LIB]:

List filenames to be searched separated by blank
spaces or plus signs (+). If a plus sign is the last
character typed, the prompt will reappear.

MS-LINK searches library files in the order
listed to resolve external references. When it

finds the module that defines the external sym
bol, MS-LINK processes that module as another
object module.

There is no default library search for MACRO
assembler object modules. For compiled
modules, if you select the default for this prompt,
MS-LINK looks for the compiler package's
library on the default drive. If not found there,
MS-LINK looks on the drive specified by the
compiler.

If MS-LINK cannot find a library file, it
displays:

Cannot find library <library-name>
Type new drive letter:

Press the letter for the drive designation (for
example, B).

If two libraries have the same filename, only the
first in the list is searched.
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MS-LINK The seven MS-LINK switches control various
Switches MS-LINK functions. Type switches at the end of

a prompt response regardless of which method
you use to start MS-LINK. Switches may be
grouped at the end of any response, or may be
scattered at the end of several. Even if you type
more than one switch at the end of one response,
each switch must be preceded by a forward slash
(/).

All switches may be abbreviated. The only re
striction is that an abbreviation must be sequen
tial from the first letter through the last typed;
no gaps or transpositions are allowed. For
example:

Legal Illegal

/D /DSL
/DS /DAL
/DSA /DLC
/DSALLOCA /DSALLOCT
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/DSALLOCATE
/DSALLOCATE tells MS-LINK to load all data
at the high end of the Data Segment. Otherwise,
MS-LINK loads all data at the low end of the
Data Segment. At runtime, the DS pointer is set
to the lowest possible address to allow the entire
DS segment to be used. Use of /DSALLOCATE
in combination with the default load low (that
is, he /HIGH switch is not used) permits the
user application to dynamically allocate any
available memory below the area specifically
allocated within DGroup yet to remain address
able by the same DS pointer. This dynamic allo
cation is needed for Pascal and FORTRAN
programs.

Your application ; ogram may dynamically
allocate up to 641i ;lytes (or the actual amount of
memory available^ less the amount allocated
within DGroup.

/HIGH /HIGH causes MS-LINK to place the Run file as
high as possible in memory. Otherwise, MS-
LINK places the Run file as low as possible.

Note:

Do not use /HIGH with Pascal or FORTRAN
programs.
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/LINENUMBERS

/LINENUMBERS tells MS-LINK to include in
the List file the line numbers and addresses of
the source statements in the input modules.
Otherwise, line numbers are not included in the
List file.

Not all compilers produce object modules that
contain line number information. In these cases,
of course, MS-LINK cannot include line
numbers.

/MAP /MAP directs MS-LINK to list all public (global)
symbols defined in the input modules. If /MAP
is not given, MS-LINK will list only errors
(including undefined globals).

The symbols are listed alphabetically. For
each symbol, MS-LINK lists its value and its
segment:offset location in the Run file. The
symbols are listed at the end of the List file.

/PAUSE /PAUSE causes MS-LINK to pause in the link
session when the switch is encountered. Nor
mally, MS-LINK performs the linking session
from beginning to end without stopping. This
switch enables you to swap the diskettes before
MS-LINK outputs the Run (.EXE) file.
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When MS-LINK encounters /PAUSE, it dis
plays the message:

About to generate .EXE file
Change disks <hit any key>

MS-LINK resumes processing when you press
any key.

Note

Do not remove the disk which will receive the
List file, or the disk used for the VM.TMP file, if
one has been created.

/STACK: Stack number represents any positive numeric
<number> value (in hexadecimal radix) up to 65536 bytes.

If a value from 1 to 511 is typed, MS-LINK will
use 512. If /STACK is not used for a link ses
sion, MS-LINK calculates the necessary stack
size automatically.

All compilers and assemblers should provide
information in the object modules that allow the
linker to compute the required stack size.

At least one object (input) module must contain
a stack allocation statement. If not, MS-LINK
will display the following error message:

WARNING: NO STACK STATEMENT
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/NO /NO is short for NODEFAULTLIBRARY-

SEARCH. This switch applies only to higher
level language modules. This switch tells MS-
LINK not to search the default libraries in the

object modules. For example, if you are linking
object modules in Pascal, specifying /NO tells
MS-LINK not to automatically search the
library named PASCAL.LIB to resolve external
references.
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Command Line Entry

Purpose You may invoke MS-LINK by typing all com
mands on one line. The entries following LINK
are responses to the command prompts. The
entry fields for the different prompts must he
separated hy commas. Use the following syntax:

Syntax LINK <obj -list>,<runfile>,<listfile>,
<lib-list>[/switch... ]

obj-list a list of object modules, separated by plus signs
or spaces.

runfile

listfile

lib-list

name of the file to receive the executable output.

name of the file to receive the listing.

list of library modules to be searched, separated
by spaces or plus signs.

/switch refers to optional switches which may be placed
following any of the response entries (just before
any of the commas or after the <lib-list>, as
shown).

To select the default for a field, simply type a
second comma with no spaces between the two
commas.
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Example:

LINK FUN+TEXT+TABLE+CARE.

FUNLIST, COBLIB.LIB

This command causes MS-LINK to load. Then

the object modules FUN.OBJ, TEXT.OBJ,
TABLE.OBJ and CARE.OBJ are loaded. MS-

LINK links the object modules and writes the
output to FUN.EXE (by default), creates a List
file named FUNLIST.MAP, and searches the
library file COBLIB.LIB.

Automatic It is often convenient to save responses to the
Response linker for re-use at a later time. This is especially
File useful when a long list of object modules needs
Entry to be specified. The use of an automatic response

file allows you to do this.

Before using this option, you must create the
response file. Each line of text corresponds to
one MS-LINK prompt. The responses must be
typed in the same order as they are when
entered interactively. To continue a line, type a
plus sign (+) at the end of the line.

You can enter the name of more than one auto

matic response file on the command line and
combine response file names with additional
parameters. The combined series of resulting
parameters must be a valid sequence of MS-
LINK prompts.

Use switches and special characters (+ and ;) in
the response file the same way they are used
when entered interactively.
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To invoke the linker using a response file, type

LINK @ <filespec>

Filespec is the name of a response file.

When the session begins, MS-LINK displays
each prompt with the corresponding response
from the response file. If the response file does
not contain answers for all the prompts, MS-
LINK displays the prompt which does not have
a response and waits for a response. When you
type a legal response, MS-LINK continues the
link session.

Example:

FUN TEXT TABLE CARE

/PAUSE /MAP

FUNLIST

COBLIB.LIB

This response file tells MS-LINK to load the four
object modules named FUN.OBJ, TEXT.OBJ,
TABLE.OBJ, and CARE.OBJ. MS-LINK pauses
before producing a public symbol map to permit
you to swap disks. When you press any key, the
output files will be named FUN.EXE and
FUNLIST.MAP. MS-LINK will search the

library file COBLIB.LIB.
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Sample MS-LINK Session

This sample shows you the type of information
displayed during an MS-LINK session.

In response to the MS-DOS prompt, type:

LINK

The system displays the following messages and
prompts:

Microsoft Object Linker V2.01 (Large)
(C) Copyright 1982,1983 by Microsoft Inc.

Object Modules [.OBJ]: lO SYSINIT
Run File [lO.EXE]:
List File [NUL.MAP]: PEN /MAP /LINE
Libraries [.LIB]: ;

Notes:

• By specifying /MAP, you get both an alphabetic
listing and a chronological listing of public
symbols.

• By responding PRN to the List File: prompt, you
can redirect your output to the printer.

• By specifying the /LINE switch, MS-LINK
gives you a listing of all line numbers for all
modules. (Note that /LINE can generate a large
volume of output.)
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Once MS-LINK locates all libraries, the linker
map displays a list of segments in the order of
their appearance within the load module. The
list might look like this:

Start Stop Length Name
OOOOOH 009ECH 09EDH CODE

009F0H 01166H 0777H SYSINITSEG

The information in the Start and Stop columns
shows the 20-bit hex address of each segment
relative to location zero. Location zero is the

beginning of the load module.

The addresses displayed are not the absolute
addresses where these segments are loaded. See
the following section on the MS-LINK DEBUG
program for information on how to determine
the absolute address of a segment.
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Because the /MAP switch was used, MS-LINK
displays the public symbols by name and value.
For example:

ADDRESS PUBLICS BY NAME

009F:0012 BUFFERS

009F:0005 CURRENT DOS LOCATION
009F:0011 DEFAULT DRIVE

009F:000B DEVICE LIST

009F:0013 FILES

009F:0009 FINAL DOS LOCATION
009F:000F MEMORY SIZE

009F:0000 SYSINIT

ADDRESS PUBLICS BY VALUE

009F:0000 SYSINIT

009F:0005 CURRENT DOS LOCATION
009F:0009 FINAL DOS LOCATION

009F:000B DEVICE LIST

009F:000F MEMORY SIZE

009F;0011 DEFAULT DRIVE

009F:0012 BUFFERS

009F:0013 FILES

The final line in the listing file describes the
program's entry point:

Program entry point at 0009F:0000
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MS-LINK Error Messages

All errors, except for the two warning messages,
cause the link session to abort. After the cause
has been found and corrected, MS-LINK must be
rerun. The following error messages are
displayed by MS-LINK:

Attempt to access data outside of segment bounds,
possibly bad object module

There is probably a bad object file.

Bad numeric parameter

Numeric value is not in digits.

Cannot open temporary file

MS-LINK is unable to create the file VM.TMP
because the disk directory is full. Insert a new
disk. Do not remove the disk that will receive the

List. MAP file.

Error; dup record too complex

DUP record in assembly language module is too
complex. Simplify DUP record in assembly lan
guage program.
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Error: fixup offset exceeds Held width

An assembly language instruction references an
address with a short or near instruction instead

of a long or far instruction. Edit assembly
language source and reassemble.

Input file read error

There is probably a bad object file.

Invalid object module

An object module(s) is incorrectly formed or
incomplete (as when assembly is stopped in the
middle).

Symbol defined more than once

MS-LINK found two or more modules that

define a single symbol name.

Program size or number of segments exceeds capacity of
linker

The total size may not exceed 384K bytes and
the number of segments may not exceed 255.

Requested stack size exceeds 64K

Specify a size less than or equal to 64K bytes
with the /STACK switch.
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Segment size exceeds 64K

64K bytes is the addressing system limit.

Symbol table capacity exceeded

Very many and/or very long names were typed
exceeding the limit of approximately 50K bytes.

Too many external symbols in one module

The limit is 256 external symbols per module.

Too many groups

The limit is ten groups.

Too many libraries specified

The limit is 8 libraries.

Too many public symbols

The limit is 1024 public symbols.

Too many segments or classes

The limit is 256 (segments and classes together
must total 256 or less).
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Unresolved externals: <list>

The external symbols listed have no defining
module among the modules or library files
specified.

VM read error

This is a disk error; it is not caused by
MS-LINK.

Warning: no stack segment

None of the object modules specified contains a
statement allocating stack space.

Warning: segment of absolute or unknown type

There is a bad object module or an attempt has
been made to link modules that MS-LINK

cannot handle (e.g., an absolute object module).

Write error in TMP file

No more disk space remains to expand the
VM.TMPfile.

Write error on run file

Usually, this means there is not enough disk
space for the Run file.
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Overview

The DEBUG utility is an executable object program
that resides on your MS-DOS diskette. DEBUG per
forms the following functions:

Allows you to single step through a program, instruc
tion by instruction, for testing purposes.

• Changes register and file contents during the
DEBUG session so that you can test a code change
without reassembling your program.

• Makes permanent changes to diskette files so you can
use DEBUG to recover files that may otherwise be
lost.

• Supports a disassemble command so you can
translate machine code instructions into their assem

bly language equivalents for testing purposes.
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How to Invoke DEBUG

The DEBUG program is invoked as follows:

DEBUG [filespec [,arglist]]

filespec the name of the program file to be debugged.

arglist An optional list of file name parameters and
switches. These will be passed to the program
specified by the filespec parameter. When the
program is loaded into memory, it is loaded as if
it had been invoked with the command

filespec arglist

That is, filespec indicates the file to be debugged,
and arglist is the rest of the command line that
is used when the file is invoked and loaded in

memory via COMMAND.COM.

If you enter DEBUG without parameters, since
no file name has been specified, current memory,
disk blocks, or disk files can be manipulated.
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Comments On entering the DEBUG environment DEBUG
responds with the hyphen (-)prompt and under
line (_) cursor. You now may enter any DEBUG
command.

If you include the filespec in the command line,
the specified file is loaded into memory starting
at location 100 (hexadecimal). However, if you
specify a file with a .EXE extension, the pro
gram is relocated to the address specified in the
header of the file. See the chapter on "Program
Structure and Loading" for information on the
format of the file header.

If the file has the HEX extension, the file is
loaded beginning at the address specified in the
HEX file. HEX files are in INTEL hex format

and are converted to memory image format by
DEBUG.

All DEBUG commands may be aborted at any
time by pressing <CTRL-C>. Pressing
<CTRL-S> suspends the display, so that you
can read it before the output scrolls away. After
suspending the display, press any key (except
<CTRL-S> or <CTRL-C>) to continue scrolling.

Examples DEBUG <CR>.

The DEBUG session begins, but without loading
a file.

DEBUG b:myprog <CR>.

The DEBUG environment is entered and the file
named "myprog" is loaded into memory from
drive B.
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When you invoke DEBUG, it sets up a program
segment prefix at offset 0 in the program work
area. You can overwrite this area if you enter
DEBUG without parameters. Moreover, if you
are debugging a file with a COM or EXE exten
sion, do not tamper with the program header
below location 5CH, or DEBUG will terminate.

Do not restart a program after a "Program ter
minated normally" message is displayed. You
must reload the program with the N and L
commands for it to run properly.
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3-6

Debugging Commands

This section describes the DEBUG commands in
alphabetical order for ease of reference.

• Commands can be entered in either upper or
lower case.

• Command keywords and command parameters
can be separated from each other by spaces or
commas for readability but need not be, except
where two hexadecimal numbers are entered as
parameters, in which case they must be sepa
rated by a comma or space. For brevity, the syn
tax of this chapter will always indicate a comma
where separation is obligatory, hut note that a
space can alternatively be used.

• Commands only become effective after entering
<CR>.

• If you make a syntax error when entering a
command, the message "Error" will he dis
played. You must re-enter the command using
the correct syntax.
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Command Parameters

The following DEBUG command parameters
require definition.

address a hex value in one of the following formats:

• a segment register designation and a hex offset
separated from each other by a colon. For
example:

DS:0300

• a hexadecimal segment and offset separated
from each other by a colon. For example:

9D0:0100

• a hexadecimal offset value. The DEBUG
command will use a default segment value from
either the DS or CS registers, depending on the
command. For example:

200

byte

drive

a one or two character hexadecimal value.

0,1, or 2 depending on whether you wish to
select drive A, drive B or drive C, respectively.
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range a range of addresses. The range can be specified
as

address L value

where address specifies the start of the range and
value specifies the length of the range. For
example:

DS:300L30

indicates a range of 48 locations starting at
address 300 in the segment indicated by the DS
register.

The specified range cannot be greater than 10000
(hexadecimal). To specify this value enter 0000 (or
0) as the value parameter.

A range can also be specified as:

address,address

where the two addresses indicate the limits of the
range. A space may be used instead of a comma.

value a 1 to 4 character hexadecimal value.

3^



A (ASSEMBLE)

Assembles 8086 mnemonics directly into
memory.

DEBUG

Syntax A [address]

Address is the start address into which the sub
sequently entered line of mnemonics is to be
assembled. If this parameter is omitted, offset
ICQ from the segment in the CS register is
assumed, if you did not enter an Assemble
command previously. If you did enter Assemble
previously, the code assembles into the address
following the last instruction loaded by the pre
vious Assemble command.

Comments • After you enter the Assemble command,
DEBUG displays the specified address followed
by the cursor. You may then enter a hne of 8086
assembler mnemonics. On terminating the line
with <CR>, the line will he assembled into
memory starting at the specified location. The
address of the byte subsequent to the assembled
code will be displayed on the next line along
with the cursor to enable you to enter the next
line of code. If, instead of a line of 8086 mnemon
ics, you simply enter <CR>, the Assemble com
mand terminates and the DEBUG prompt
reappears.

• All numeric values are hexadecimal and must be
entered as 1 to 4 characters without a trailing H.
Prefix mnemonics must be specified in front of
the opcode to which they refer. You may also
enter them on a separate line.

• The segment override mnemonics are CS:, DS:,
ES: and 88:. The mnemonic for the far return is
RETF. String manipulation mnemonics must
explicitly state the string size. For example, use
MOVSB to move byte strings.
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The Assemble command will automatically
assemble short, near, or far jumps and calls,
depending on byte displacement with respect to
the destination address. These may be overrid
den with the NEAR or FAR prefix. For example:

0100:0500 JMP 502 ;a two-byte
;short jump

0100:0502 JMP NEAR 505 ;a three-byte
;near jump

0100:505 JMP FAR 50A ;a five-byte far
;jump

The NEAR prefix may be abbreviated to NE,
but the FAR prefix cannot be abbreviated.

DEBUG cannot tell whether some operands
refer to a wordmemory locationor to a byte '
memory location. In this case the data type must
be explicitly stated with the prefix "WORD
PTR" or "BYTE PTR". Acceptable abbrevia
tions are "WO" and "BY". For example:

NEG BYTE PTR[128]
DEC WO [SI]

DEBUG cannot distinguish whether an operand
refers to a memory location or to an immediate
operand. Enclose operands that refer to memory
locations in square brackets. For example:

MOV AX,21 ;Load AX with 2IH
MOV AX,[21] ;Load AX with the contents of

;location 21H
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• Two pseudo-instructions are available with the
Assemble command. The DB opcode will assem
ble byte values directly into memory. The DW
opcode assembles word values into memory. For
example:

DB 1,2,3,4,"THIS IS AN EXAMPLE"
DB 'THIS IS A QUOTE:"'
DB "THIS IS A QUOTE'"
DW I000,2000,3000,"BACH"

• The Assemble command supports all forms of
register indirect addressing. For example:

ADD BX34[BP+2]. [SI-1]
POP [BP+DI]
PUSH [SI]

All opcode ssmonyms are supported. For
example:

LOOPZ 100

LOOPE 100

JA 200

JNBE 200
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Example 1 Enter A200 <CR>.

2 DEBUGdisplays 09AC:0200_.

3 Enter MOV AX,[21] <CR>.

4 The 8086mnemonics are assembled starting at
location 200. The byte location subsequent to the
assembled code is then displayed:

09AC:0203_

5 Enter <CR>.

3-12

6 The Assemble command terminates and the
DEBUG prompt reappears.



Syntax

range

DEBUG

C (COMPARE)

Compares the contents of two areas of memory.

C range,address

the range of addresses defining the first area to
be compared. If no segment is specified, then the
segment specified in the DS register is assumed.

address the start of the area to be compared with the
area specified by the range parameter.

Comments • The Compare command compares the area of
memory specified by the range parameter with
an area of the same size starting at the location
specified by the address parameter.

• If the contents of the two areas are identical,
nothing is displayed. If there are differences,
then the differences are displayed in the form

<addressl> <contentsl> <contents2> <address2>

<addressl> indicates the address in the first

area and <contentsl> its contents. <address2>

indicates the corresponding address in the
second area and <contents2> its contents.
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Example 1 Enter C1 GO, 1FF,300 <CR> or

CIGGLIGG, 3GG <CR>.

3-14

The area of memory from 100 to IFF is com
pared with the area of memory from 300 to 3FF.



Syntax

range

D (DISPLAY)

Displays an area of memory.

D [range] or
D [address]

DEBUG

the range of addresses whose contents are to be
displayed. If you enter only offsets, then the
segment specified in the DS register is assumed.

address the address from which the display is to start.
The contents of this address and the subsequent
127 locations are displayed. If only an offset is
entered, then the segment specified in the DS
register is assumed.

Comments • If D is specified without parameters, then the
128 bytes following the last address to be dis
played are displayed. If no location has yet been
accessed, the display will start from location
DS:100.

• If D and the range parameter are specified, the
contents of that range of addresses are dis
played. If this takes more than 24 screen lines,
the display is scrolled until the contents of the
final address in the range are displayed on line
24.

• The display is displayed in two portions:

A hexadecimal display, where each byte is
represented by its hexadecimal value, and an
ASCII display, where the equivalent ASCII
character for the byte is displayed. If there is no
corresponding printable ASCII character, a
period (.) is displayed.
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• Each line of the display begins with an address
followed by the hexadecimal contents of the 16
bytes starting from the addressed location. The
eighth and ninth bytes are separated by a
hyphen (-). The right-hand columns display the
equivalent ASCII values. Each line of the dis
play, except possibly the first, begins on a 16
byte boundary.

Example 1 Enter D100,110 <CR>.

2 lines lOOH to llOH (inclusive) are displayed.

3 Enter D<CR>.

4 The 128 bytes starting from location lllH are
displayed.

5 Enter D200<CR>.

6 The 128 bjdes starting from location 200H are
displayed.
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E (ENTER)

Replaces the contents of memory locations at
the byte address(es) specified.

Syntax E address[,b3^evalue[,bytevalue...]]

address the address of the location whose value is to be
replaced; or the address of the first of a succes
sion of locations whose contents are to be
replaced. If only an offset is specified, then the
segment indicated by the DS register is
assumed.

bytevalue

Comments •

the value that is to replace the contents of the
specified address. The first bytevalue parameter
will replace the contents of the location specified
by the address parameter. A second bytevalue
will replace the contents of the location follow
ing that specified by the address parameter, and
so on.

If the command is entered without the byte
value list, then DEBUG displays the specified
address and its contents. The Enter command
then waits for you to perform one of the
following:

Replace the displayed bytevalue by entering
another value. Enter the new value after the cur
rent value. If you enter an illegal value, or if you
type more than two di^; 's, the illegal or extra
character is not echoed.

Advance to the next byte by pressing
<SPACE>. To change the value of this byte
simply enter the value as described above. If you
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advance beyond an eight-byte boundary,
DEBUG starts a new display line with the
address displayed at the start of the line. To
advance to the next byte without changing the
current byte, press <SPACE> again.

To return to the previous hyte enter hyphen (-).
DEBUG then starts a new display line with the
address of the byte you have returned to and its
contents. You can then change the contents of
this location as described above. To move back
one byte further without changing this value,
enter hyphen again, and another new display
line will be generated.

Terminate the Enter command by pressing
<CR>. This key may be pressed in any byte
position.

If you specify bjde values in the command line,
then the first of these byte values will replace
the contents of the location specified by the
address parameter. Subsequent entries in the list
of byte values will replace subsequent bytes in
memory.

Example 1 Enter E100<CR>.

3-18

2 DEBUG displays something like 058D:0100
CD._

3 Enter 26.

4 the valueoflocation 100 is changed to 26 and
DEBUG displays:

058D:0100 CD.26_
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5 Enter <SPACE>.

6 Thenext byte (location 101) is displayed

058D:0100 CD.26 20._

7 Enter <SPACE>.

8 The next byte (location 102) is displayed

058D:100 CD.26 20. 00._

9 Enter <->.

10 The previous bjd;e (location 101) is displayed on
the next line

0580:0100 CD.26 20. 00.

0580:0101 20._

11 Enter 30 <CR>.

12 The contents of location 101 are changed to 30
and the Enter command is terminated.

0580:0100 C0.26. 20. 00.

0580:0101 20.30

13 Enter E 200,26,OA,19,23 <CR>.

14 The contents ofbyte locations200, 201, 202
and 203 are changed to 26, OA, 19 and 23,
respectively.
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Syntax

range

F (FILL)

Fills an area of memory with specified byte
values.

F range,b3rtevalue[,b3rtevalue...]

the range of addresses whose contents are to be
overwritten with the specified bytevalues. If only
the offset is specified, then the segment indi
cated by the DS register is assumed.

bytevalue a two digit hexadecimal value that is to over
write the contents of the specified address(es).

Comments • If the specified range contains more bytes than
the list of byte values, then the list of byte values
is repeated until the specified range is filled.

• If the list of byte values is longer than the speci
fied range, the extra byte values are ignored.

Example 1 Enter F04BA:100L100,42,45,48,37,20 <CR>.

2 DEBUG fills memory locations 04BA:100 to
04BA;1FF with the byte values specified. The
five values are repeated until all 256 locations
are filled.

3-20



Syntax

DEBUG

G(GO)

Executes the program currently in memory,
optionally halting at specified breakpoint(s) and
displaying information about the system and
program environment.

G [=address][ .address...]

=address the address in memory at which program execu
tion is to start. "=" must be entered to distin
guish a start address from a breakpoint address.

address the breakpoint address. You can specify up to
ten breakpoints, in any order.

Comments If you enter G without parameters, the program
currently in memory is executed starting from
the address specified by the CS and IP registers.

If you specify the =address parameter, the con
tents of the CS and IP registers are changed to
those specified by the =address parameter and
the program in memory is executed, starting
from the address you specified.

If you specify one or more breakpoint addresses,
program execution stops at the first such
address encountered and displays the contents
of the registers, the state of the flags and the
next instruction to be executed (see the Register
command for a description of the display).

• If only an offset is entered for an address, the
GO command assumes the segment in the CS
register.

3-21



DEBUG

3-22

If you enter more than ten breakpoints, DEBUG
will display

BP Error

Before executing the program, the GO command
replaces the contents of the breakpoint locations
with an interrupt instruction (hexadecimal CO).
Therefore, each breakpoint address that you
specify must point to the first byte of an 8086
instruction, or unpredictable results occur.

When program execution halts at a breakpoint
DEBUG restores the original values of all the
specified breakpoint locations. However, if the
program terminates normally (that is, not at a
specified breakpoint), the original values are not
restored.

Note: Once a program has reached completion
(DEBUG has displayed "Program terminated
normgJly") you must reload the program before
you can re-execute it.

The stack segment must have six bytes avail
able at the stack pointer for this command,
otherwise unpredictable results occur. This is
because the GO command jumps into the user
program with the IRET instnxction. The flag,
OS, and IP registers have to be pushed onto the
stack in preparation for the IRET, taking up six
bytes.
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Example 1 Enter G=200.1AF,141 <CR>.

2 The program currently in memory is executed
starting from location 200. Assuming location
141 is encountered before 1AF, then the program
halts at location 141 and the register and flag
values are displayed along with the next
instruction to be executed. If neither breakpoint
location is encountered, then the program ter
minates normally.

3 Enter G <CR>.

4 If, in step two, the program had halted at
location 141, then program execution continues
from that address.
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Syntax

value_a

H (HEXARITHMETIC)

Calculates and displays the sum and the differ
ence of two hexadecimal values.

H value-a,value-b

The first of two hexadecimal values.

value_b The hexadecimal value that is to be added to or

subtracted from value_a.

Comments The hexadecimal values may be up to four digits
long.

The Hex command displays two four-digit
values:

— the first is the result of adding value_b to
value_a

— the second is the result of subtracting value_b
from value_a

Example 1 Enter H19F, 1OA <CR>.

2 DEBUG displays

02A9 0095

3 Enter HFFFF,2 <CR>.

4 DEBUG displays

0001 FFFD
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value

DEBUG

I (INPUT)

Inputs and displays (in hexadecimal) one byte
from the specified port.

I value

the address of the port that the byte is to be
input from.

Comments The port address can be up to 16 bits.

Example 1 Enter I2F8.

2 the byte at the addressed port is input and
displayed.
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Syntax

address

drive

block

count

L (LOAD)

Loads a file or absolute disk blocks into memory.

L [address[,drive,block,count]]

the address in memory at which the file or range
of blocks is to be loaded. If only an offset is
entered, then the segment indicated by the CS
register is assumed.

the drive from which disk blocks are to be

loaded. For drive A you must enter 0, for drive B
you must enter 1, etc.

the first of a range of blocks to be loaded from
the disk specified by the drive parameter.

the number of blocks to be loaded.

Comments • If all parameters are specified, then DEBUG
loads blocks of information from disk into

memory.
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• K you enter L without parguneters, or with just
the address parameter, the file whose file control
block is correctly formatted at location CS:5C is
loaded into memory. The file control block at
CS:5C is set either to the filespec specified when
the DEBUG command was invoked, or to the
filespec specified by the most recent "Name"
command.

• The default location for programs to load is at
CS:100. If you specify L and the address
parameter, the file is loaded at the specified
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address unless it is a .EXE or .HEX file. In any
case DEBUG sets the BX:CX registers to the
number of bytes loaded.

• If the file has an EXE extension, then it is relo
cated to the load address specified in the header
of the .EXE file. That is, the address parameter
to the Load command is ignored. The header
itself is stripped off the .EXE file before the file
is loaded into memory. Thus the size of the .EXE
file on disk will differ fi*om its size in memory.

• If the file is a .HEX file, entering the Load com
mand with no parameters causes the file to be
loaded starting at the address specified within
the .HEX file. If the address parameter,
however, is specified, then loading starts at the
address which is the sum of the address
specified and the address in the .HEX file.

Examples The following examples assume the system to be
initially in MS-DOS.

1 Enter debug <CR>
Nbdile.com <CR>

L<CR>.

Debu^ is entered and the subsequent Name
command sets the file control block at CS:5C to

identify file "file.com" on the diskette inserted in
drive B. The Load command then loads this file

into memory starting at CS;100 (the default
address).

2 Enter debug b:file.com <CR>
L300<CR>.

file.com is loaded into memory at location
CS:100 by the DEBUG command. It is then
relocated to CS:300 by the Load command.
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Syntax

range

M (MOVE)

Moves the contents of a specified range of
memory addresses to the locations starting at a
specified address.

M range,address

The area of memory whose contents are to be
moved. If you only enter an offset, the segment
indicated in the DS register is assumed.

address The start of the destination area. If you only
enter an offset, then the segment indicated by
the DS register is assumed.

Comments If the source and destination areas overlap, the
move is performed without loss of data.

The contents of the source area are not changed
by the move, unless the destination area over
laps it.

If you specify an address as the end of the
range, you must only enter the offset. The seg
ment specified, or defaulted to, in the start
address of the range is assumed.

Example 1
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Enter MCS: 100,110.CS:500 <CR> or
MCaiOOLl 1,CS:500 <CR>.

The 17 bytes starting at location CSrlOO are
copied to the 17 bytes starting at location
CS:500.
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N (NAME)

Provides file names for the Load and Write
commands or file name parameters for the pro
gram to be debugged.

Syntax N filespec[,filespec...]

filespec the file specifier of a file to be loaded into
memory, written to diskette, or used as a file
name parameter to the file currently in memory.

Comments The Name command can be used to provide:

the name of the disk file to be loaded into
memory by a subsequent Load command

the name to be assigned to the file currently in
memory when the file is subsequently written to
disk

file name parameters to the file in memory to be
debugged.

The first case enables you to specify the file you
wish to debug after entering the DEBUG envi
ronment. That is, you can enter DEBUG without
specifying parameters, then use the Name com
mand to name the disk file you wish to debug,
then load the file into memory using the Load
command. This has the same effect as entering
the file name as the first parameter to the
DEBUG command upon invocation. In either
case the file control block for the file to be
debugged is set up at location CS:5C and the file
is loaded.
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In the second case, the file is already in memory
and the Name command sets up the file control
block for the specified file name at location
CS:5C. When a Write command is subsequently
entered the file in memory is written to disk with
the file name whose file control block is set up at
location CS:5C.

In the third case, the Name command provides
file name parameters for the program currently
in memory. Whatever file control block was set
at CS:5C is replaced by that of the first such
parameter. If a second file parameter is speci
fied, its file control block is set up at location
CS:6C. Only two file control blocks are set up,
although additional file name parameters may
be included if required. All the specified —
including any delimiters and switches that may
have been typed — are placed in a save area at
CS:81, with CS:80 containing a character count.
Parameters specified in this way are analogous
to file names specified in the argument list to the
DEBUG command.

Examples 1 Enter DEBUG <CR>
Nb:file.oom <CR>

L <CR>.
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The system enters the DEBUG environment and
FILE.COM resident on drive B has its file con
trol block set up at location CS:5C. The Load
command subsequently loads this file into
memory.

This sequence has the same effect as entering

"DEBUG b:file.com"



Enter Nb:newfile.com <CR>
W<CR>

DEBUG

The file control block is set up at location CS:5C
for the file specifier "b:newfile.coni". The subse
quent Write command writes the file currently in
memory to drive B and names the file
"newfile.com".

3 Enter DEBUG b:file l.com <CR>
Nfile2.dat,file3.dat <CR>
G<CR>

The DEBUG command loads the file named
"filel. com" from drive B to be debugged. The
Name command sets up two file control blocks
at locations CS:5C and CS:6C for the file specifi
ers b:file2.dat and b:file3.dat, respectively. These
files then become parameters to filel.COM when
the subsequent GO command executes filel-
.COM. Therefore, the file is executed as if the fol
lowing command line had been typed:

b:filel file2.dat file3.dat
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O (OUTPUT)

Sends a specified byte to an output port.

Syntax 0 value,byte

value the address of the output port. It must be speci
fied in hexadecimal and can be up to 16 bits.

byte a two-digit hexadecimal value to be sent to the
specified port.

Example 1 01E.27<CR>

2 the hjdevalue27H is outputto the port lEH.
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Terminates the DEBUG program.

Syntax Q

DEBUG

Comments The Quit command terminates the debugger
without saving the file you are working on. Con
trol is returned to MS-DOS command mode.
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Syntax

R (REGISTER)

Displays the contents of the registers and flag
settings, or displays the contents of a specified
register with the option to change that value, or
displays the flag settings with the option of
reversing any number of those settings.

R [register-name pipe: F]

register- any valid register name whose contents are to be
name examined and optionally changed. This may be

one of:

AX DX SI ES IP

BX BP DI SB PC

CX BP DB CB

Note: IP and PC both refer to the Instruction
Pointer.

the flag settings are to be displayed and option
ally changed.

Comments If you enter R without parameters, then the con
tents of all registers are displayed along with the
flag settings and the next instruction to be exe
cuted. For Example:

AX=058D BX=0000 CB=0000 DX=0000

BP=FFFO BP=0000 BI=0000 DI=0000 DB=058D

EB=058D CB=058D IP=013B

NV UP El PL NZ NA PO NO

058D:013B 83D8 MOV DB,AX

If you enter R with a register name, then
DEBUG displays the contents of that register.
The command then waits for you to do one of
the following:

3-34



DEBUG

— press <CR> to terminate the Register
command without changing the value of the
displayed register.

— change the value of the register by entering
the four-digit hexadecimal value, then
terminate the Register command by entering
<CR>.

The valid flag values are shown in the following
table:

Flag Name Set Clear

Overflow OV (yes) NV (no)
Direction DN (decrement) UP (increment)
Interrupt El (enabled) DI (disabled)
Sign NG (negative) PL (plus)
Zero ZR (yes) NZ (no)
Auxiliary AC (yes) NA (no)
Carry
Parity PE (even) PC (odd)
Carry CY (yes) NC (no)

If you enter RF, then the current flag settings
are displayed. You can then either

— press <CR> to terminate the Register
command without changing the flag values,
or

— change the setting of one or more flags by
entering the alternate value of the
appropriate flags. The new values may be
entered in any order, with or without
delimiters.
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Example 1 EnterR<CR>.

3-36

2 DEBUG displays the contents ofall registers,
flag settings and the next instruction to be exe
cuted.

3 Enter RIP<CR>.

4 DEBUG displays the contents ofthe Instruction
Pointer. For example:

IP 0139

5 Enter 0138 <CR>.

6 the contents of the Instruction Pointer are
changed to 0138.

7 Enter RF<CR>.

8 DEBUG displays the flagsettings. For example:

NV UP El PL NZ NA PO NC-

9 Enter PE ZR DI NG<CR>.

10 TheParity flag is set to even(PE), the Zero flag
is set (ZR), the Interrupt flag is cleared (DI), and
the Sign flag is set (NG).

11 Enter RF<CR>.

12 DEBUG displays the new state ofthe flags

NV UP DI NG ZR NA PE NC-



Syntax

range

list

DEBUG

S (SEARCH)

Searches a specified range for a list of bytes.

S range,list

the range of addresses within which the search
is to he made. If you only enter the offset, the
segment indicated by the DS register is
assumed.

the list of one or more bjrtes to be searched for.
Bytes in the list must be separated by a space or
a comma.

Comments For each occurrence of the list of bytes within
the specified range, DEBUG returns the address
of the first byte. If no address is returned, no
match was found.

Example 1 Enter SlOOLl00,20 <CR> or
S100,1FF,20<CR>.

DEBUG displays the address of every occur
rence of byte value 20 in the address range ICQ
to IFF, inclusive, for example:

058D:

058D:

058D:

058D:

058D:

058D:

058D:

OlOC

0110

0115

0118

0120

0128

OICE
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Syntax

T (TRACE)

Executes one or more instructions and displays
the register contents, flag settings and the next
instruction to be executed.

T [=address][,value]

= address DEBUG is to commence execution at this
address.

value the number of instructions to be executed.

Comments If the =address parameter is not specified, execu
tion begins at CS:IP.

If the value parameter is not specified, only one
instruction is executed.

The display generated is of the same format as
that of the Register command (without
parameters).

Example 1 Enter T=200,5<CR>.

2 Five instructions, starting with the one at loca
tion CS:200, are executed, and the register and
flag values following each instruction are
displayed along with the next instruction to be
executed.

3 Enter T<CR>.

4 The instruction pointed to by CS;IP is executed
and the register and flag contents are displayed
along with the next instruction to be executed.
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Syntax

range

address

DEBUG

U (UNASSEMBLE)

Disassembles strings of bytes in memory and
displays them as assembler-like statements
along with their corresponding addresses.

U [range]
or

U [address]

the range of addresses whose byte values are to
be disassembled. If you do not specify the seg
ment, then the segment indicated by the CS reg
ister is assumed.

the start of a 32 byte area of memory to be dis
assembled. If you only enter an offset, then the
segment indicated by the CS register is
assumed.

Comments • If neither the range nor address parameter is
specified, then 32 bytes are disassembled start
ing at location CS:IP. If the Unassemble
command is given more than once, each
subsequent invocation starts at the address
following the last disassembled location.

• The number of bytes disassembled may be
slightly more than the number you specified.
This is because instructions are not always the
same length and the final address in a range
will not always contain the last byte of an
instruction.

• The first address of a range, or the address
parameter, must always refer to the first byte of
an 8086 instruction, otherwise results are
unpredictable.
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Example 1 Enter U058D:204L8 <CR>.

2 Eight bytesstarting at location 058D:204 are
disassembled and the result displayed:

3-40

058D:0204

058D:0208

058D:0209

058D:020B

8D16DFOD

42

03DO

8916E50B

LEA

INC

ADD

MOV

DX,[ODDF]
DX

DX,AX
[0BE5LDX



Sjmtax

address

drive

block

count

W (WRITE)

Writes the file being debugged to disk.

W [address[,drive,blockjcount]

DEBUG

the start address of the code in memory that is
to be written to disk. If you enter only an offset,
then the segment indicated in the CS register is
assumed.

the drive containing the specified blocks to
which code in memory is to be written. For drive
A you must enter 0, for drive B you must enter 1,
etc.

the block number on disk that is the first of a

contiguous range of blocks to be overwritten
with code from memory.

the number of disk blocks to be overwritten with

code from memory.

Comments • If you enter the WRITE command without
parameters, then the file is written to disk start
ing from memory address CS:100. If you specify
the address parameter, then the file in memory,
starting from the specified address, is written to
disk.

• In either case, before executing the WRITE
command, BX:CX must be set to the number of
bytes to be written if the count parameter is not
included. This value was set up correctly when
the file was loaded (either by the Load command
or the DEBUG command itself). However, if,
since loading the file, you have executed a GO or
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TRACE command, then the value of BX:CX will
have been changed. Be sure this value is set up
correctly.

• When the WRITE command writes a file to disk,
it obtains the drive specifier and file name via
the file control block set up at CS:5C. If no drive
specifier is set up, then the default is assumed.
This file control block is set up either by the
DEBUG command (for the file you specify as a
parameter to DEBUG) or by a subsequent
NAME command. If it does not indicate the file

specifier you require, you must set up this file
control block using the NAME command. Refer
to "Memory Maps, Control Blocks, and Diskette
Allocation" for further details.

• When the file is written to disk it overwrites the

version currently on disk unless the specified file
name does not exist, in which case a new file is
created.

• If all parameters are specified, then the code in
memory is written to the drive specified by the
parameter. The data to be written starts at the
memory location specified by the address
parameter, and is written to the blocks on the
disk specified by the block and count parame
ters. Be extremely careful to correctly specify the
blocks, since information stored there previously
will be destroyed by this operation.

Examples 1 Enter W<CR>.

3-42

The file in memory, starting from location
CSrlOO, is written to disk with the file specifier
defined by the file control block set up at
location CS:5C. The number of bytes written is
given by BX:CX.



DEBUG

2 Enter W200<CR>.

The file in memory, starting firom location
CS:200, is written to disk with the file specifier
defined by the file control block set up at loca
tion CS:5C. The number of bjdes written is given
by BX:CX.

3 Enter W200,1, IF,20 <CR>.

Blocks IF through 3F on drive B are overwritten
with the data starting at memory location
CS:200.
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DEBUG ERROR MESSAGES

BF Bad Flag
You attempted to alter a flag, but entered some
characters that are not acceptable pairs of flag
values. See R (Register) command for the list of
acceptable flag entries.

BP Too many Breakpoints
You specified more than ten breakpoints as
parameters to the GO command. Reenter the
command with ten or fewer breakpoints.

BR Bad Register
You entered the R command with an invalid reg
ister name.

DF Double Flag
You entered two values for one flag.
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Overview

The 8086 microprocessor has an extremely flexible
addressing scheme. The 8086 uses a 16-bit word, but
can address a megabyte of memory. The 8086 sup
ports seveii different addressing modes.

To take advantage of the flexibility of the 8086, so
that you can write assembly language code and navi
gate through programs while debugging, study the
addressing scheme by carefully reading this chapter.
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The 20-Bit Address

The AT&T Personal Computer 6300 utilizes the
full address space that is available due to the
design of the 8086 microprocessor. The
addresses are 20 bits long, so the address space
is two to the twentieth power, 1024K, or one
megabyte.

The 8086 has a 16-bit word. To convert 16-bit
words to a 20-bit address, the 8086 uses "seg
mented addressing." A 20-bit address is created
by using values from two separate registers.
Two 16-bit numbers are used.

The binary representation of the first number is
considered to have four binary zeroes tacked on
to its end. This effectively multiplies the number
by 16. This value is known as the segment por
tion of the address. The segment portion can
point to any 16-byte segment of memory in the
megabyte address space. However, with four
zeroes as its least significant bits, it cannot
"zero in" on individual bytes. The segment reg
ister's function is just to point to a 16-byte bound
ary (also known as a paragraph boundary).

Once a segment is located, the other register
comes into play. This "offset register" points to
the relative part of the address. The 16 bits that
comprise the offset register point to an individ
ual byte which is relative to the start of the
segment.
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Syntax

Example

4-4

The 8086 locates a particular address by:

1 Shifting the segment register to the left by four
bits

2 Adding the contents of the offsetregister

The 20-bit address is conventionally expressed
in special notation:

<segment register>Koffset register>

009F:0012

Segment address 009F0
+ Relative address 0012

= Actual Address 00A02
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Aligned and
Non-Aligned Words

The instructions for the 8086 are made up of
from one to six bytes. Instructions can start at
either an even or odd address. The 8086 is capa
ble of accessing two bytes of data in memory in
a single memory cycle. When the CPU accesses
a word (16 bits) located at an even address, it is
accessing an "aligned" word. The word is
aligned because both bjdes are located at the
same word address and can be accessed in a
single memory cycle.

When the CPU accesses a word starting at an
odd address, it is accessing a "non-aligned"
word. Since the two bytes comprising the word
do not occupy the same word address, two
memory cycles are required to read the entire
word.

The importance of aligned or non-aligned words
is determined by the importance of execution
speed in your application. It is good program
ming practice to store data starting at an even
address. If your program accesses or manipu
lates many word quantities, this will help speed
program execution. If you are writing a device
driver and instruction cycle times affect the
execution of your program, the impact of aligned
and non-aligned words should be taken into
consideration.
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Registers and Flags

General There are two main groups of general registers
Registers used by the 8086: the data group and the pointer

and index group. Each register is 16 bits wide.

• The data registers are AX, BX, CX, and DX.
Each can be used as a single 16-bit register or as
two 8-bit registers. When they are used as two
8-bit registers, they are divided into an upper(H)
and lower(L) half and called AH, AL, BH, BL,
CH, CL, DH, and DL.

• The pointer and index registers are 16-bit regis
ters. They are named according to their func
tions: SP (stack pointer), BP (base pointer), SI
(source index), and DI (destination index).
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Segment There are four segment registers in the 8086.
Registers Each register is 16 bits and their names reflect

their use:

Instruction

Pointer

Flags

• CS — Code Segment
Always defines the current code segment.

• DS — Data Segment
Usually defines the current data segment.

• SS — Stack Segment
Always defines the current stack segment.

• ES — Extra Segment
Can define an auxiliary data segment.

These registers are used in combination with
other registers to form the 20-bit address. Each
segment begins on a paragraph (16 byte) bound
ary. There are four "current" segments at any
one time. The contents of each segment register
is called the "segment base value". The sections
on "Code, Data, and Stack Segments" and
"Addressing Modes" give details on how these
registers are utilized.

The instruction pointer (IP) is used in conjunc
tion with the Code Segment register to point to
the address of the next executable instruction.
The IP is also a 16-bit register.

The 8086 has nine 1-bit status or condition flags
that are used to indicate the condition of the
result of an arithmetic or logical operation that
has just occurred. Some of the assembly lan
guage instructions use these flags to condition
ally change the execution path of a program.
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Flag AF Auxiliary Carry Flag
Definitions This flag is set (i.e., equal to 1) under two

conditions:

During addition there is a carry of the low
nybble to the high nybble. (nybble = 4 bits)

During subtraction there is a borrow from
the low nybble to the high.

CF Carry Flag
This flag is set when there has been a carry
or a borrow to the high-order bit of the (8- or
16-bit) result of an operation.

OF Overflow Flag
When this flag is set, an arithmetic over
flow has occurred and a significant digit
has been lost.

SF Sign Flag
This flag is set when the high-order bit of
the result of an operation is a logical 1.
Since negative binary numbers are
represented using two's complement
notation, SF reflects the sign of the result: 0
indicates a positive number and 1 indicates
a negative number.

PF Parity Flag
If this flag is set, the result of the operation
has an even number of ones in it. Use this
flag to check for data transmission errors.

ZF Zero Flag
This flag is set when the result of an opera
tion is zero.
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Flag TF Trap Flag
Definitions When set, the trap flag puts the system into
(Cont'd) single-step mode for the purposes of debug

ging. An internal interrupt is generated
after each instruction so that you can
inspect your program one instruction at a
time.

IF Interrupt-enable Flag
If this flag is set, external (maskahle) inter
rupts are recognized by the 8086.

DF Direction Flag
This flag is set and cleared by the STD (Set
Direction Flag) and OLD (Clear Direction
Flag) instructions. If it has the value 1, SI
and DI are decremented during string move
operations. If it has the value of 0, SI and
DI are incremented during string move
operations. This flag is used for the follow
ing instructions: MOVS, MOVSB,
MOVSW, CMPS, CMPSB, and CMPSW.

The flag register looks like this:

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

— — OF DF IF TF SF ZF AF — PF — CF

FLAGSh FLAGSl
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CPU

Registers
AX AH AL accumulator

BX BH BL base

OX CH CL count

DX DH DL data

SP

BP

SI

DI

stack pointer

base pointer

source index

destination index

IP instruction pointer

FLGSh FLGSl flags

OS

DS

ES

SS

code segment

data seg

extra seg

stack seg



Code, Data, and
Stack Segments

8086
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Scheme

When you invoke a program, MS-DOS loads all
of its segments into memory on paragraph
boundaries. The segment registers are set to
point to these locations. The data, code, and
stack segments aren't necessarily far apart in
memory; they may, in fact, overlap. Each seg
ment may be up to 64 KB in length.

Code Programs are limited to 64K of code, unless they
Segment change the value in the CS register. If a pro

gram changes the CS register, it may address up
to 1024K of code.

The CS register is modified by the FAR CALL
and FAR RETum instructions. Use these

instructions to execute code that is located out

side the bounds of the current segment.

Data Most programs use a maximum of 64 KB of
Segment memory for data. This includes Pascal and

compiled BASIC. Assembly language programs,
however, can use additional memory for data by
employing the Extra Segment.

Extra The extra segment may be used in any manner
Segment you wish Imt is often used for transferring large

blocks of data quickly in memory or as a storage
area for a second stack.

Stack Stacks are used for temporarily storing register
Segment contents and other important values under these

conditions:

• Interrupts
• Inter-segment calls
• One program calls another

411
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Addressing Modes

General The flexible architecture of the 8086 supports
Comments many different memory-addressing modes.

These can be broken down into six main types of
addressing: immediate, register, direct, register
indirect, and two kinds of calculated addressing.
The following section discusses these modes and
concerns the nature of the operand.

Immediate In the immediate addressing mode, the operand
Addressing appears in the instruction. For example,

MOVAX,333

moves the constant value 333 into the AX

register.

Register The register addressing mode uses the contents
Addressing of one of the registers as the operand for the

instruction. The instruction can specify that
either 8 hits or 16 bits are to be manipulated. For
example:

MOV AX,BX ;moves 16 bits from BX to AX

MOV AL,BL ;moves 8 bits from BL to AL
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Direct The direct addressing mode specifies a location
Addressing in memory whose contents are used as the ope

rand for the instruction. Example:

MOV CX,COUNT

This instruction uses the value found in the
memory location designated by the symbol
COUNT. Unless otherwise specified, COUNT is
expected to he somewhere in the Data Segment.
To specify that the operand is located in a seg
ment other than the data segment, use the
"segment override prefix:"

MOV CX,ES:COUNT

This syntax specifies that COUNT is located in
the Extra Segment.

Register With the register indirect addressing mode, the
Indirect 16-hit offset address is contained in a base or
Addressing index register. That is, the offset address resides

in the BX, BP, SI, or DI register. Example:

MOV AX, [SI]

The 16-hit offset contained in the SI register is
combined with the data segment register to
compute the 20-bit address of the operand to
move into register AX. Which segment register
is used to compute the address depends on which
instruction you are using (i.e., data segment or
segment override for MOV, code segment for
JMP or CALL, etc.).
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Calculated The calculated addressing modes are like a com-
Addressing bination of register indirect mode and direct
Modes addressing mode. There are two calculated

addressing modes: single index and double
index. In single index addressing, a 16-bit offset
from the BX, BP, SI or DI register is added to an
offset location in memory specified in the in
struction. The combined value of these two items
provides the offset into memory from which the
operand is fetched. If the BP register is used the
offset is from within the stack segment; other
wise the offset is from within the data segment.
As always, use of a segment override prefix can
change this. Examples:

MOV AX, COUNT[DI]

MOV AX, RECORD[BP]

In double index calculated addressing mode,
values from two 16-bit registers are added to an
optionally specified location in memory to pro
duce the final offset. Either the BX or BP regis
ter is used for one of the register values, and the
SI or DI register is used for the other one. If only
two registers are given with no memory location,
the memory location defaults to 0000 (start of
segment). Once again, the default calculation is
from the stack segment if the BP register is
used; if BX is used the default is from the data
segment. Examples:

MOV AX, COUNT[BX+SI]

MOV AX, RECORD[BP] [DI]

MOV AX, [BX][DI]
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Overview

The purpose of this chapter is to enable you to
locate items in memory or on diskette for the
purposes of programming and debugging.

The first portion of the chapter contains detailed
memory maps of the RAM and ROM memory
areas. The sections on control blocks deal with

program file formats and I/O data structures.
The last part of this chapter describes how data
is organized on the diskette.
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The Address Space

Hex Decimal Contents

00000 OK Interrupt vectors (see detail in low memory
map)

04000 16K DOS software

08000 32K Language, applications programs and
data

Note: There is at least 98,000 hex or 608K
of address space reserved for user pro
grams and data. To take advantage of the
full amount, you must have purchased and
installed the physical memory.

•

•

•

AOOOO 640K Reserved for extended graphics

BOOOO 704K Monochrome display buffer — Not used

B8000 736K Color/graphics display buffer(s)

C8000 800K Fixed disk adapter's ROM (Optional)

FOOOO 960K Reserved for ROM expansion

FCOOO 1008K ROM BIOS
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Low Memory Map

Hexadecimal addresses are in segment:offset format.

Hex Decimal Contents

0:0000 0 Interrupt vectors 0 - 7
8259 interrupt controller vectors (8-F)

0:0040 64

0:0080 128

0:0100 256

0:0400 1024

BIOS interrupt vectors 10-lF

MS-DOS interrupt vectors 20-3F

Assignable interrupt vectors (40-FF)

Note: These vectors may be assigned to
non-Intel hardware and software

products.

ROM BIOS data area (also called BIOS
communications area) See map on next

0:0500 1280

0:0600 1536

5-4

DOS data area (also called DOS com
munications area)
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ROM BIOS Data Area

Hex addresses are in segment:offset format.

Hex Decimal Contents

0:0400 1024 Hardware environment parameters
(printer and RS232C device addresses,

0:0417 1047
memory size, etc.)

0:043E 1086
Keyboard buffer and status bytes

0:0449 1097
Floppy and hard disk status bjdes

Video display area (current mode, color
pallette, cursor position, active page

0:0467 1127
numbers, etc.)

Data area for option ROM and 8253

0:0471 1137
timer chip

Fixed disk, I/O timeouts, and more key

0:0488 1160
board status information

0:0500 1280
RESERVED

Inter-applications communications area
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File Control Blocks

FCB The standard File Control Block (FOB) contains
Format 37 bytes of file control information. The extend

ed File Control Block is used to create or search

for files in the disk directory that have special
attributes. If the extended FCB is used, it adds a
7-byte prefix to the standard FCB.

Any of the DOS functions which employ FCBs
may use either an FCB or an extended FCB.
(See chapter 7 for a description of each DOS
function call.)

If you are using an extended FCB, set the appro
priate register to the first byte of the prefix, not
to the first byte of the standard FCB, before exe
cuting the function call.
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FFH Zeros
attri

bute

Drive Filename (first 7 bytes) or Reserved
Device Name

File

name

(1 byte)

Filename

extension

Current

block

Record

size

(*)
File size

(low part)

(*)
File size

(high part)

(*)
Date of
last write

(*)
Time of

last write

Current

record

(*)
Reserved for system use

Random record

no. (low part)
Random record

no. (high part)

(1)

(2)

(1) FOB extension
(2) Standard FOB

(*) Areas with an asterisk are filled by DOS and must not be modified.
Other areas must be filled by the using program.
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Offsets are in decimal.

Byte Function

0 Drive number

Before open: 0 — default drive
1 — drive A

2 — drive B etc.

After opt -i: 1 — drive A
2 — drive B etc.

A 0 is replaced by the actual drive
number when the file is opened.

1-8 Filename, left-justified, padded with
trailing blanks. If a reserved device
name is placed here (e.g., LPTl,) do not
include the optional colon.

9-OB Filename extension, left-justified, with
trailing blanks (may be all blanks).

OC-OD Current block number relative to the

beginning of the file (starting at zero).
A block is defined as a group of 128
records. This field is set to 0 when the

file is opened. This field and the Cur
rent Record field (offset 20H) make up
the record pointer that is used for
sequential reads and writes.

OE-OF Logical record size in bytes. Automati
cally set to 80H during open. If this is
not correct, set it to the correct value.

10-13 File size in bytes. The first word of the
field is the low-order part of the size.
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Byte Function

14-15 Date the file was created or last up
dated. The bits correspond to the date
as follows:

< 15 >< 14 >

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

y y y y y y y mmmmd d d d d

yy = 0 -119 (1980 to 2099)
mm = 1-12

dd = 1 - 31

16-17 Time the file was created or last up-
dated. The bits correspond to the time
as follows:

< 17 >< 16 >
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
h h h h h mmmmmms s s s s

hh = 0 - 23

mm = 0-59

ss = 0 - 30 (number of 2-second
increments)

18-lF Reserved for use by DOS.

20 Current relative record number (0-127)
within the current block. Set this field
before doing sequential read/write
operations; it is not initialized by the
Open File function call.

21-24 Relative record number; relative to the
beginning of the file, starting with zero.
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Extended

Control

Block

5-10

Byte

Byte

Function

This field is not initialized by the Open
File function call and must be set before

doing a random read or write. If the
record size is less than 64 bytes, both
words of the field are used; otherwise,
only the first three bytes are used.

Note: If you use the FOB at offset 5CH
of the Program Segment Prefix, the last
byte of the Relative Record field is the
first byte of the unformatted parameter
area that starts at offset 80H. This is

the default Disk Transfer Address.

Function

FCB-7 Contains hex FF to indicate this

is extended FCB.

FCB-6 to

FCB-2

Reserved

FCB-1 Attribute byte. 02 = Hidden file
04 = System file
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ASCIIZ Strings

MS-DOS version 2.11 provides a set of new func
tion calls for file I/O that are easier to use than
the "traditional" calls that were used in past
versions. These new calls do not utilize file con
trol blocks. To open a diskette file, you simply
provide information to identify the file in the
form of an ASCIIZ string. DOS returns a
numeric value, a "handle", that you use to refer
to the file once you have opened it.

The older function calls that require the use of
file control blocks and do not utilize ASCIIZ
strings and handles are supported in MS-DOS
2.11 to provide upward compatibility. Use the
newer function calls whenever possible. See
Chapter 7 for details of function calls.

ASCIIZ An ASCIIZ string, also known as a pathname
String string, has the followingformat: an optional
Format drive specifier,followed by a directory path, and

where applicable, a filename. The last byte must
be binary zeroes. For example:

A:\LEVELA\LEVELB\FILEA

(followed by a byte of zeroes)

Either back slash (\) or forward slash (/) are
valid path-separator characters.
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Handles

Several of the new function calls that support
files or devices use an identifier known as a
"handle" (also known as a "token"). When you
create or open a file or device with these function
calls, a 16-bit value is returned in register AX.
Use this handle to refer to the file after it has
been opened.

The following handles are pre-defined by DOS
for your use. You need not open them before
using them:

0000 Standard input device
0001 Standard output device
0002 Standard error output device
0003 Standard auxiliary device
0004 Standard printer device

Note:

See your MS-DOS User's Guide for information
on redirecting I/O for the first two handles.
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Diskette Layout

The DOS area of the diskette is formatted as
follows:

Reserved Area — variable size

First copy of file allocation table — variable size

Second copy of file allocation table — variable
size

Root directory — variable size

File data area

Clusters Space for a file in the data area is not preallo-
cated. The space is allocated one "cluster" at a
time. A cluster consists of one or more consecu
tive sectors; all of the clusters for a file are
"chained" together in the File Allocation Table
(FAT). On diskettes formatted by MS-DOS 2.11,
there are two copies of the FAT kept, for consis
tency. Should the disk develop a bad sector in
the middle of the first FAT, the second is used
as a backup.
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Diskette Directory

The FORMAT command builds the root direc
tory for all disks. Its location on disk and the
maximum number of entries are dependent on
the media.

Since directories other than the root directory
are regarded as files by MS-DOS, there is no
limit to the number of files they may contain.

All directory entries are 32 bytes in length, and
are in the following format (byte offsets are in
hexadecimal):

Directory 0-7 Filename. Eight characters, left aligned
Format and padded, if necessary, with blanks. If

this is not currently a file directory entry,
the first byte of this field indicates the
status as follows:

OGH The directory entry has never been
used. This is used to mark the end of
the allocated directory and limit the
length of directory searches, for per
formance reasons.

2EH The entry is for a directory (2EH is
the ASCII code for the dotchar
acter used to represent a directory). If
the second byte is also 2EH (i.e., the
entry is '..'), then the cluster field con
tains the cluster number of this direc
tory's parent directory (GOOGH if the
parent directory is the root directory).
Otherwise, bytes GlH through GAH
are all spaces (i.e., the entry is '.') and
the cluster field contains the cluster
number of this directory.

E5H The file was used, but it has been
erased.

Any other character is the first character of
a filename.

M4



Memory Maps
Control Blocks

Diskette Allocation

Directory 8-OA Filename extension.
Format

(cont'd) OB File attribute. The attribute byte is
mapped as follows (values are in hex):

01 File is marked read-only. An
attempt to open the file for writing
using the Open a File system call
(Function Request 3DH) results in
an error code being returned. This
value can be used along with other
values below. Attempts to delete the
file with the Delete File system call
(13H) or Delete a Directory Entry
(41H) will also fail.

02 Hidden file. The file is excluded
from normal directory searches.

04 System file. The file is excluded
from normal directory searches.

08 The entry contains the volume label
in the first 11 bytes. The entry con
tains no other usable information
(except date and time of creation),
and may exist only in the root
directory.

10 The entry defines a sub-directory,
and is excluded from normal direc
tory searches.

20 Archive bit. The bit is set to "on"
whenever the file has been written
to and closed. It is used by
BACKUP and RESTORE com
mands for determining whether or
not a file has changed since its last
backup. The BACKUP command
clears this attribute on all files
backed up.
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Directory
Format

(cont'd)
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The system files (lO.SYS and
MSDOS.SYS) are marked as read-only,
hidden, and system files. Files can be
marked hidden when they are created.
Also, the read-only, hidden, system, and
archive attributes may be changed
through the Change Attributes system
call (Function Request 43H).

OC-15 Reserved.

16-17 Time the file was created or last updated.
The hour, minutes, and seconds are
mapped into two bytes as follows:

Offset 17H
1H|H|H|H|H|M|M|M|
76543210

Offset 16H

|M|M|M|S|S1S|S|S|
7 6 5 4 3 2 1 0

H is the number of hours (0-23)
M is the number of minutes (0-59)
S is the number of two-second

increments

The time is stored with the least signifi
cant bit first.
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Directory 18-19 Date the file was created or last updated.
Format The year, month, and day are mapped
(cont'd) into two bytes as follows:

Offset 19H

|Y|Y|Y|Y|Y|Y|Y|M
76543210

Offset 18H

|M|M|M|D|D|D|D|D
7 6 5 4 3 2 1 0

Y is the number of years since 1980,
0-119(1980-2099)

M is the month number 1-12
D is the day of the month 1-31

The date is stored with its least signifi
cant byte first.

lA-lB The cluster number of the first cluster in
the file. The first cluster for data space
on all disks is cluster 002.

The cluster number is stored with the
least significant byte first.

Note:

Refer to "How to Use the File Allocation Table"
for details on converting cluster numbers to logi
cal sector numbers.

IC-IF File size in bytes. The first word of this
four-byte field is the low-order part of the
size.
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File Allocation Table (FAT)

The following information is included primarily
for system programmers who are writing install
able device drivers. This section explains how
MS-DOS uses the File Allocation Table to con
vert the clusters of a file to logical sector num
bers. The driver program is then responsible for
locating the logical sector on disk. If you are
writing a system utility, use the MS-DOSfile
management function calls for accessing files;
programs that access the FAT directly are not
guaranteed to be upwardly-compatible with
future releases of MS-DOS.

FAT The File Allocation Table is an array of 12-bit
Entries entries (1.5 bytes) for each cluster on the disk.

• The first two F AT entries map a portion of the
directory; these FAT entries indicate the size
and format of the disk.

• The second and third bytes currently always
contain FFH.

• The third FAT entry, which starts at byte offset
4, begins the mapping of the data area (cluster
002). Files in the data area are not always writ
ten sequentially on the disk. The data area is
allocated one cluster at a time, skipping over
clusters already allocated.The first free cluster
found will be the next cluster allocated, regard
less of its physical location on the disk. This
permits the most efficient utilization of disk
space because clusters made available by eras-
ing files can be allocated for new files.
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Each FAT entry contains three hexadecimal
characters:

• 000 If the cluster is unused and avail
able.

• FF7 The cluster has a bad sector in it.
MS-DOS will not allocate such a

cluster. CHKDSK counts the number
of bad clusters for its report. These
bad clusters are not part of any allo
cation chain.

• FF8-FFF Indicates the last cluster of a file.

• XXX The cluster number of the next clus
ter in the file. The cluster number of
the first cluster in the file is kept in
the file's directory entry.

The File Allocation Table always begins on the
first sector after the reserved sectors. If the FAT
is larger than one sector, the sectors are contigu
ous. Two copies of the FAT are usually written
for data integrity. The FAT is read into one of
the MS-DOS buffers as needed (open, read, write,
etc.). For performance reasons, this buffer is
given a high priority so that it stays in memory
as long as possible.
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How to Use

the File

Allocation

Table
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Use the directory entry to find the starting clus
ter of the file. Next, to locate each subsequent
cluster of the file:

Multiply the cluster number just used by 1.5
(each FAT entry is 1.5 bytes long).

The whole part of the product is an offset into
the FAT, pointing to the entry that maps the
cluster just used. That entry contains the cluster
number of the next cluster of the file.

Use a MOV instruction to move the word at the
calculated FAT offset into a register.

If the last cluster used was an even number,
keep the low-order 12 bits of the register by
ANDing it with FFF; otherwise, keep the high-
order 12 bits by shifting the register right 4 hits
with a SHR instruction.

If the resultant 12 bits are FF8H-FFFH, the file
contains no more clusters. Otherwise, the 12 bits
contain the cluster number of the next cluster in

the file.
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To convert the cluster to a logical sector number
(relative sector, such as that used by Interrupts
25H and 26H and by DEBUG):

1 Subtract 2 from the cluster number.

2 Multiply the result by the number ofsectors per
cluster.

3 Add to this resultthe logical sector number of
the beginning of the data area.
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Diskette Formats

On an MS-DOS disk, the clusters are arranged
on diskette to minimize head movement for

multi-sided media. All of the space on a track (or
cylinder) is allocated before moving on to the
next track. This is accomplished by using the
sequential sectors on the lowest-numbered head,
then all the sectors on the next head, and so on
until all sectors on all heads of the track are

used. The next sector to he used will he sector 1

on head 0 of the next track.

The first byte of the FAT, called the Media De
scriptor Byte, can sometimes he used to deter
mine the format of the disk. The following for
mats have been defined for the AT&T Personal
Computer 6300, based on values of the first hjde
of the FAT.
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Standard

Diskette

Formats
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0. sides 1 1 2 2

Tracks/side 40 40 40 40

Bytes/sector 512 512 512 512

Sectors/track 8 9 8 9

Sectors/cluster 1 1 2 2

Reserved

sectors 1 1 1 1

No. FATs 2 2 2 2

Root directory
entries 64 64 112 112

No. sectors 320 360 640 720

Media

Descriptor
Byte FE FC FF FD

Sectors for

1 FAT 1 2 1 2
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Overview

This chapter describes the MS-DOS program file
formats and procedures for loading them into
memory. MS-DOS supports two main program
file formats: .EXE and .COM.

The .EXE format is the more flexible program
type. An .EXE file is limited in size only by the
amount of user memory installed in your
system.

Programs linked by MS-LINK are output in
.EXE format. .EXE files can he executed either
by COMMAND.COM or by an EXEC system
call (Function Request 4BH) in your program.

A .COM program file cannot exceed 64K bytes
in length. However, because it does not have the
same lengthy header that an .EXE file does, a
.COM file takes up less diskette storage space
and loads into memory more quickly than an
.EXE file.

After assembling and linking your program, it
must be converted to .COM format. The easiest
way to do this is with the EXE2BIN utility pro
vided on your MS-DOS Supplemental Programs
diskette.
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Pros and Cons for Selecting
a Program File Format

This section is concerned with the pros and cons
of selecting between a .EXE program format and
the .COM program type.

PROS for .EXE

• Can be larger than 64 K

• Can cross segment boundaries

• Can run .EXE immediately after linking, i.e.,
you need not take the extra step of running
EXE2BIN

• Can declare a stack segment in the assembly
program

CONS for .EXE

• Disk file has large "header" containing reloca
tion information. .EXE therefore takes more

space on disk and takes longer to load into
memory at execution time.
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PRO for .COM

« .COM files are smaller and faster loading
because .COM does not have a file header

containing relocation information.

CONS for .COM
9 .COM files can he no larger than one 64K

segment.

6-4

.COM is segment-relocatable; the segment can
he relocated at run time. However, all of the
addresses in the program must he relative to the
same segment address.



EXE2BIN

Program Structure
and Loading

EXE2BIN EXE2BIN is an executable program available
on your MS-DOS system diskette. It converts
programs that are in .EXE format (as they are
after having been linked) into the .COM format.

EXE2BIN can generate two types of .COM files:
relocatable and non-relocatable.
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Syntax EXE2BIN <input filename> <output file
name>

Both file names are in the form:

[d:][path][filename[.ext]]

Example EXE2BIN BiPROG.EXE B:PROG.COM

Discussion In specifying the input file, everything except
the file name is optional. If you do not specify a
drive, the default is used. If you do not specify a
path, the default path is used. If you do not spec
ify an extension, the default is .EXE. The input
file is converted to .COM file format (memory
image of the program) and placed in the output
file.

You are not required to enter any part of the
output file specification. If you do not specify a
drive, the drive of the input file will be used. If
you do not specify an output path or filename,
the input path or filename will be used. If you do
not specify a filename extension in the output
filename, the new file will be given an extension
of .BIN.

The input file must be in valid .EXE format pro
duced by the linker. The resident, or actual code
and data part of the file must be less than 64K.
There must be no STACK segment.
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Two kinds of conversions are possible, depend
ing on the initial CS:IP (Code Segment: Instruc
tion Pointer) specified in the .EXE file:

1 IfCS:IP isspecified as0000: lOOH, it is assumed
that the file is to be run as a .COM file with the
location pointer set at lOOH by the assembler
statement ORG; the first lOOHbytes of the file
are deleted. No segment address fixups (that is,
instructions that contain a reference to an abso
lute segment address) are allowed, as .COM files
must be segment relocatable. Once the conver
sion is complete, rename the resulting file with a
.COM extension. The command processor can
load and execute the program in the same way
as the .COM programs supplied on your MS-
DOS diskettes.

2 IfCS:IP is not specified inthe .EXE file, a pure
binary conversion is assumed. If segment fixups
are necessary (i.e., the program contains instruc
tions requiring a segment address), you are
prompted for the fixup value. This value is the
absolute segment at which the program is to be
loaded. The resulting program is usable only
when loaded at the absolute memory address
specified by your application. The command
processor is not capable of properly loading the
program. This is the case when writing a .BIN
program to use in an application such as a
device driver that is always loaded at the same
absolute address.
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EXE2BIN

Messages

Amount read less than size in header

The program portion of the file was smaller than
indicated in the file's header. You should reas

semble and relink your program.

File cannot he converted

CS:IP does not meet either of the criteria speci
fied above, or it meets the .COM file criterion but
has segment fixups. This message is also dis
played if the file is not a valid executable file.

File creation error

EXE2BIN cannot create the output file. Run
CHKDSK to determine if the directory is full or
if some other condition caused the error.

File not found

The file is not on the diskette specified.

Fixups needed - base segment (hex):
The source (.EXE) file contained information
indicating that a load segment is required for
the file. Specify the absolute segment address at
which the finished module is to be located.
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Insufficient disk space
There is not enough disk space to create a new
file.

Insufficient memory
There is not enough memory to run EXE2BIN.

WARNING - Read error in EXE file
Amount read less than size in header. This is a
warning message only. However, it is usually a
good idea to reassemble and relink your source
program when this message appears.
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File Header Format

The .EXE files produced by MS-LINK consist of
two parts:

• Control and relocation information

• The load module

The control and relocation information is at the
beginning of the file in an area called the
header. The load module immediately follows
the header.

Note:

.COM files do not have file headers.
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The header is formatted as follows (offsets are in
hexadecimal):

Offset Contents

00-01 Must contain 4DH, 5AH.

02-03 Number of bytes contained in last
page; used for reading overlays.

04-05 Size of the file in 512-byte pages,
including the header.

06-07 Number of relocation entries in

table.

08-09 Size of the header in 16-byte para-
graphs. This is used to locate the
beginning of the load module in
the file.

OA-OB Minimum number of 16-byte para
graphs required above the end of
the loaded program (minalloc).

OC-OD Maximum number of 16-byte para
graphs required above the end of
the loaded program (maxalloc). If
both minalloc and maxalloc are 0,
then the program will be loaded as
high as possible.
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OE-OF Initial value to be loaded into stack
segment before starting program
execution. This must be adjusted
by relocation.

10-11 Value to be loaded into the SP reg
ister before starting program exe
cution.

12-13 Negative sum of all the words in
the file.

14-15 Initial value to be loaded into the
IP register before starting program
execution.

16-17 Initial value to be loaded into the
OS register before starting pro
gram execution. This must be
adjusted by relocation.

18-19 Relative byte offset from beginning
of run file to relocation table.

lA-lB The number of the overlays gener
ated by MS-LINK.

This is followed by the relocation table. The
table consists of a variable number of relocation
items. Each relocation item contains two fields:
a two-byte offset value, followed by a two-byte
segment value. These two fields contain the
offset into the load module of a word which
requires modification before the module is given
control.
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Relocation Process for .EXE Files

The following steps describe the relocation
process:

1 The formatted part of the header is read into
memory. Its size is IBH.

2 A portion ofmemory is allocated depending on
the size of the load module and the allocation
numbers (OA-OB and OC-OD). MS-DOS attempts
to allocate FFFFH paragraphs. This will always
fail, returning the size of the largest free block. If
this block is smaller than minalloc and loadsize,
then there will be a no memory error. If this
block is larger than maxalloc and loadsize, MS-
DOS will allocate (maxalloc + loadsize). Other-
wise, MS-DOS will allocate the largest free block
of memory.

3 A Program Segment Prefix is built in the lowest
part of the allocated memory.

4 The loadmodule sizeis calculated by subtract
ing the header size from the file size. Offsets 04-
05 and 08-09 can be used for this calculation.
The actual size is downward-adjusted based on
the contents of offsets 02-03. Based on the set
ting of the high/low loader switch, an appropri
ate segment is determined at which to load the
load module. This segment is called the start
segment.

6-13



Program Structure
and Loading

6-14

5 The load module is read into memory beginning
with the start segment.

6 The relocation table items are read into a work
area.

7 Each relocation table item segment value is
added to the start segment value. This calcu
lated segment, plus the relocation item offset
value, points to a word in the load module to
which is added the start segment value. The
result is placed back into the word in the load
module.

8 Once all relocation items have been processed,
the SS and SP registers are set from the values
in the header. Then, the start segment value is
added to SS. The ES and DS registers are set to
the segment address of the Program Segment
Prefix. The start segment value is added to the
header CS register value. The result, along with
the header IP value, is the initial CS:IP to
transfer to before starting execution of the
program.
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Program Segment Prefix

Unless you specify otherwise when linking your
program, DOS loads your program in the lowest
memory address available, immediately follow
ing the DOS code. This occurs whether the pro
gram loads as a result of your entering its name
at the DOS prompt or through your use of the
EXEC (4BH) function call. The area into which
your program is loaded is called the Program
Segment.

DOS requires control information for each run
ning program: it builds a Program Segment
Prefix and places it at offset 0 within the pro
gram segment. The Program Segment Prefix is
hex 100 bytes long, so your program is loaded at
relative address lOOH.
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PSP Format

HEXO

10

50

80

100
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INT 20H

End of

alloc.

block

Reserved

Length of program
segment, in
bytes

Terminate address

(IP.CS)
CTRL-C exit

address(IP)

CTRL-C exit

address(CS)
Hard error exit address

(IP.CS)

Used by DOS

2CH

5CH

Function dispatch call

Formatted Parameter Area 1 formatted as standard

unopened FOB
6CH

Formatted Parameter Area 2 formatted as standard

unopened FOB (overlaid if FOB at 5CH is opened)

Unformatted Parameter Area

(default Disk Transfer Area)
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HEX

OFFSET CONTENTS

0 Return address used by interrupt hex 20

2 Segment address of allocatable memory following this
program (If this program calls a memory management
function to get more memory, this is its starting
address.)

4 Reserved

6 Number of bytes in this program segment (2 byte value)

8 Not used

A Terminate address; IP

C Terminate address: OS

E Ctrl break exit: IP

10 Ctrl break exit: OS

12 Critical error exit: IP

14 Critical error exit: OS

20 Segment address of the USED
environment by DOS

50 Code to call function dispatcher for
DOS (INT 21H) interrupts

50 Formatted parameter area 1:
formatted as standard, unopened FOB

60 Formatted parameter area 2:
formatted as standard, unopened FOB

80

81

Count of argument characters that These comprise
follow the command name. the default DTA:

Disk Transfer

The argument characters Area(80H - FFH)
themselves.
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Program Loading Process

PSP

Conditions

upon

Program
Initiation
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When a program receives control, the following
conditions are in effect:

The segment address of the passed environment
is contained at offset 2CH in the Program Seg
ment Prefix. The environment is a series of

ASCII strings (totaling less than 32K) in the
form:

NAME = parameter

Each string is terminated by a byte of zeros, and
the set of strings is terminated by another byte
of zeros. The environment built by the command
processor contains at least a COMSPEC= string
(the parameters on COMSPEC define the path
used by MS-DOS to locate COMMAND.COM on
disk). The last PATH and PROMPT commands
issued will also be in the environment, along
with any environment strings defined with the
MS-DOS SET command.

The environment that is passed is a copy of the
invoking process environment. If your applica
tion uses a "keep process" concept, be aware
that the copy of the environment passed to you
is static. That is, it will not change even if sub
sequent SET, PATH, or PROMPT commands
are issued.
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• Offset 50H in the Program Segment Prefix con
tains code to call the MS-DOS function dis
patcher. After correctly loading the registers, a
program can issue a far call to offset 50H to
invoke an MS-DOS function, rather than issuing
an Interrupt 21H. Since this is a call and not an
interrupt, MS-DOS may place any code appro
priate to making a system call at this position.
This makes the process of calling the system
portable.

• The Disk Transfer Address (DTA) is set to 80H
(default DTA in the Program Segment Prefix).

• File control blocks at 5CH and 6CH are format-
ted from the first two parameters typed when

^ the command was entered. Ifeither parameter
contains a pathname, then the corresponding
FOB contains only the valid drive number. The
filename field will not be valid.

• An unformatted parameter area at 81H contains
all the characters typed after the command
(including leading and imbedded delimiters),
with the byte at 80H set to the number of char
acters. If the < or > parameters were typed on
the command line, they (and the filenames asso
ciated with them) do not appear in this area or
in the character count; redirection of standard
input and output is transparent to applications.

e Offset 6 (one word)contains the number of bytes
available in the segment.
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Register AX indicates whether or not the drive
specifiers (entered with the first two parameters)
are valid, as follows:

AL=FF if the first parameter contained an invalid
drive specifier (otherwise AL=00)

AH=FF if the second parameter contained an
invalid drive specifier (otherwise AH=00)

Offset 2 (one word) contains the segment
address of the first byte of unavailable memory.
Programs must not modify addresses beyond
this point unless they were obtained by allocat
ing memory via the Allocate Memory system
call (Function Request 48H).

DS and ES registers are set to point to the Pro
gram Segment Prefix.

CS, IP, SS, and SP registers are set to the values
passed by MS-LINK.
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Conditions
for .COM

Programs
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All four segment registers contain the segment
address of the initial allocation block that starts
with the Program Segment Prefix control block.

The Instruction Pointer (IP) is set to lOOH.

The Stack Pointer register is set to the end of the
program's segment. The segment size at offset 6
is reduced by lOOHto allow for a stack of that
size.

A word of zeros is placed on top of the stack.
This allows your program to exit to COM-
MAND.COM by doing a RET instruction last.
Make sure, however, to maintain your stack and
code segments.
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Other Uses of
the Program
Segment
Prefix

In MS-DOS versions prior to 2.0, the PSP con
tained the mechanism for program termination.
One of these four techniques had to be used to
terminate your programs:

6-22

1 A long jump to offset0 in the Program Segment
Prefix.

2 Byissuing an INT 20H with CS:0 pointingat
the PSP.

3 Byissuing an INT 21H with registerAH = 0 and
CS:0 pointing at the PSP.

4 Bya long call to location50Hin the Program
Segment Prefix with AH = 0 and CS:0 pointing
at the PSP.

It is the responsibility of all programs to ensure
that the CS register contains the segment
address of the Program Segment Prefix when
terminating via any of these methods.

However, with the 2.0 Terminate a Process sys
tem call (Function Request 4CH), the CS register
need not point to the Program Segment Prefix.
For this reason. Function Request 4CH is the
preferred method. It may be invoked by loading
the AH register with 4CH and issuing an INT
21H (or a long call to offset 50H in the Program
Segment Prefix).
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Functions

Number Function Name Number Function Name

OOH Terminate Program 30H Get DOS Version

OIH Read Keyboard and Number

Echo 31H Keep Process
02H Display Character 33H <CTRL C> Check

03H Auxiliary Input 35H Get Interrupt Vector
04H Auxiliary Output 36H Get Disk Free Space
05H Print Character 38H Return Country-
06H Direct Console I/O Dependent Info.
07H Direct Console Input 39H Create Sub-Directory
08H Read Keyboard 3AH Remove a Directory
09H Display String 3BH Change the Current
OAH Buffered Keyboard Directory

Input 3CH Create a File

OBH Check Keyboard Status SDH Open a File Handle
OCH Flush Buffer, Read 3EH Close a File Handle

Keyboard 3FH Read From File/Device

ODH Disk Reset 40H Write to a File/Device

OEH Select Disk 41H Delete a Directory Entry
OFH Open File 42H Move a File Pointer

lOH Close File 43H Change Attributes
IIH Search for First Entry 44H I/O Control for Devices

12H Search for Next Entry 45H Duplicate a File Handle
13H Delete File 46H Force a Duplicate of a
14H Sequential Read Handle

15H Sequential Write 47H Return Name of Current

16H Create File Directory
17H Rename File 48H Allocate Memory
19H Current Disk 49H Free Allocated Memory
lAH Set Disk Transfer 4AH Modify Allocated

Address Memory Blocks
21H Random Read 4BH Load and Execute a

22H Random Write Program (EXEC)
23H File Size 4CH Terminate a Process

24H Set Relative Record 4DH Retrieve the Return

25H Set Vector Code of a Child

27H Random Block Read 4EH Find Match File

28H Random Block Write 4FH Step Through a Di
29H Parse File Name rectory Matching Files
2AH Get Date 54H Return Current Setting
2BH Set Date of Verify
2CH Get Time 56H Move a Directory Entry
2DH Set Time 57H Get/Set Date/Time of

2EH Set/Reset Verify Flag File

2FH Get Disk Transfer
Address
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Function Name Number Function Name Number

Allocate Memory 48H Modify Allocated
Auxiliary Input 03H Memory Blocks 4AH

Auxiliary Output 04H Move a Directory Entry 56H

Buffered Keyboard Move a File Pointer 42H

Input OAH Open a File Handle SDH

Change Attributes 43H Open File OFH

Change the Current Parse File Name 29H
Directory 3BH Print Character 05H

Check Keyboard Status OBH Random Block Read 27H

Close a File Handle 3EH Random Block Write 28H

Close File lOH Random Read 21H

CTRL C Check 33H Random Write 22H

Create a File 3CH Read From File/Device 3FH

Create File 16H Read Keyboard 08H

Create Sub-Directory 39H Read Keyboard and
Current Disk 19H Echo OIH

Delete a Directory Entry 41H Remove a Directory 3AH

Delete File 13H Rename File 17H

Direct Console Input 07H Retrieve the Return
Direct Console I/O 06H Code of a Child 4DH

Disk Reset ODH Return Current Setting
Display Character 02H of Verify 54H

Display String 09H Return Country-
Duplicate a File Handle 45H Dependent Info. 38H
File Size 23H Return Name of Current
Find Match File 4EH Directory 47H

Flush Buffer, Read Search for First Entry IIH
Keyboard OCH Search for Next Entry 12H

Force a Duplicate of a Select Disk OEH

Handle 46H Sequential Read 14H

Free Allocated Memory 49H Sequential Write 15H
Get Date 2AH Set Date 2BH
Get Disk Free Space 36H Set Disk Transfer
Get Disk Transfer Address lAH

Address 2FH Set Relative Record 24H
Get DOS Version Set Time 2DH

Number 30H Set Vector 25H
Get Interrupt Vector 35H Set/Reset Verify Flag 2EH
Get Time 2CH Step Through a Di
Get/Set Date/Time of rectory Matching 4FH

File 57H Terminate a Process 4CH
I/O Control for Devices 44H Terminate Program OOH

Keep Process 31H Write to a File/Device 40H
Load and Execute a

Program (EXEC) 4BH
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System Calls

Interrupts
(in Numerical
Order)

Interrupts

Order

7-4

Interrupts

Interrupt Interrupt
(Hex) (Decimal)

20H 32

21H 33

22H 34

23H 35

24H 36

25H 37

26H 38

27H 39

28-40H 40-64

Description

Program Terminate
Function Request
Terminate Address

<CTRL C> Exit Address
Fatal Error Abort

Address

Absolute Disk Read

Absolute Disk Write

Terminate But Stay
Resident

RESERVED - DO NOT

USE

Interrupt Interrupt
I Description in Hex in Dec

Absolute Disk Read 25H 37

Absolute Disk Write 26H 38

<CTRL C> Exit Address 23H 35

Fatal Error Abort

Address 24H 36

Function Request 21H 33

Program Terminate 20H 32

RESERVED - DO NOT

USE 28-40H 40-64

Terminate Address 22H 34

Terminate But Stay
Resident 27H 39



System Calls

Overview

System Calls are procedures used to interface
with I/O or to manage memory. They can be
accessed from utility programs written in
assembly language, and from some high level
languages. Their use frees the programmer from
having to perform primitive functions, and
makes it easier to write machine-independent
programs.

MS-DOS provides two types of system calls:
interrupts and function requests. This chapter
describes the environments from which these

routines can be called, how to call them, and the
processing performed by each.
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System Calls

Programming Considerations

Calling from
Assembly
Language

Calling from
GW BASIC

7-6

System calls can be invoked from Assembly
Language, from GW BASIC, or from high-level
languages like PASCAL and FORTRAN. This
section describes the techniques for invoking
calls and for returning control to MS-DOS.

The system calls can he invoked from Assembly
Language simply by moving any required data
into registers and issuing an interrupt. Some of
the calls destroy registers, so you may have to
save registers before using a system call.

The BLOAD and BSAVE commands are used

for loading and saving machine language pro
grams. These are then called, using the CALL
statement.

The USR function calls an indicated machine

language subroutine. The starting address of the
subroutine must first he specified in a DEF USR
statement.



System Calls

Interrupts

MS-DOS reserves interrupts 20H through 3FH
for its own use. The table of interrupt routine
addresses (vectors) is maintained in locations
80H-FCH. User programs should only issue
Interrupts 20H, 21H, 25H, 26H, and 27H. (Func
tions Requests 4CH and 31H are the preferred
method for Interrupts 20H and 27H for versions
of MS-DOS that are 2.0 and higher.

Interrupts 22H, 23H, and 24H are not interrupts
that can be issued by user programs; they are
simply locations where a segment and offset
address are stored. For a discussion, see the sec
tion on Address Interrupts in this chapter.
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System Calls

Functions

Requirements Most of the MS-DOS function calls require input
to be passed to them in registers. After setting
the proper register values, the function may be
invoked in one of the following ways:

• Place the function number in AH and execute a
long call to offset 50H in your Program Segment
Prefix. Note that programs using this method
will not operate correctly on versions of MS-DOS
that are lower than 2.0.

• Place the function number in AH and issue
Interrupt 21H. All of the examples in this chap
ter use this method.

• An additional method exists for programs that
were written with different calling conventions.
This method should be avoided for all new pro
grams. The function number is placed in the CL
register and other registers are set according to
the function specification. Then, an intraseg-
ment call is made to location 5 in the current
code segment. That location contains a long call
to the MS-DOS function dispatcher. Register AX
is always destroyed if this method is used; other
wise, it is the same as normal function calls.
Note that this method is valid only for Function
Requests OOH through 024H.
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Registers

Note

System Calls

This chapter provides the following type of
information for each DOS interrupt and func
tion call:

a description of the register contents required
before the system call

a description of the register contents after the
system call

a description of the processing performed

an example of its use.

When MS-DOS takes control after a function
call, it switches to an internal stack. Registers
not used to return information (except AX) are
preserved. The calling program's stack must be
large enough to accommodate the interrupt sys
tem — at least 128 bytes in addition to other
needs.

The macro definitions and extended example for
MS-DOS system calls OOH through 2EH can be
found at the end of this chapter.
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System Calls

System Call Descriptions

Interrupts The following are not true interrupts but rather
storage locations for a segment and offset
address:

• Terminate Address (Interrupt 22H)
• CTRL C Exit Address (Interrupt 23H)
• Fatal Error Abort Address (Interrupt 24H)

The interrupts are issued by MS-DOS under the
specified circumstance. You can change any of
these addresses with Function Request 25H (Set
Vector) if you prefer to write your own interrupt
handlers.

Programming A macro is defined for most system calls, then
Examples used in some examples. In addition, a few other

macros are defined for use in the examples. The
use of macros allows the examples to be more
complete programs, rather than isolated uses of
the system calls. All macro definitions are listed
at the end of the chapter.

The examples are not intended to represent good
programming practice. In particular, error check
ing and good human interface design have been
sacrificed to conserve space. You may, however,
find the macros a convenient way to include sys
tem calls in your assembly language programs.

A detailed description of each system call follows.
They are listed in numeric order; the interrupts
are described first, then the function requests.

Note Unless otherwise stated, all numbers in the sys
tem call descriptions, both text and code, are in
hex.
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Call

Return

Remarks

cs

20H
Program Terminate

Segment address of Program Segment
Prefix

None

All open file handles are closed and the disk
cache is cleaned. The current process is termi
nated and control returns to the parent process.
This interrupt is almost always used in old
.COM files for termination.

The CS register must contain the segment
address of the Program Segment Prefix before
you call this interrupt.

The following exit addresses are restored from
the Program Segment Prefix:

Exit Address Offset

Program Terminate OAH
<CTRL C> OEH

Critical Error 12H

All file buffers are flushed to disk.
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20H
Program Terminate

Note

Macro

Close all files that have changed in length
before issuing this interrupt. If a changed file is
not closed, its length is not recorded correctly in
the directory. See Functions lOH and 3EH for a
description of the Close File system calls.

Interrupt 20H is provided for compatibility with
versions of MS-DOS prior to 2.0. New programs
should use Function Request 4CH, Terminate a
Process.

terminate macro

int 20H

endm

Example ;CS must be equal to PSP values given at program
;start

;(ES and DS values)
INT 20H

;There is no return from this interrupt
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Call

21H
Function Request

AH

Function number

Other registers as specified in
individual function

Return As specified in individual function

Remarks The AH register must contain the number of the
system function. See the following section on
Function Requests, in this chapter, for a descrip
tion of the MS-DOS system functions.

Note No macro is defined for this interrupt, because
all function request descriptions in this chapter
that define a macaroinclude Interrupt 21H.

Example To call the Get Time function:

mov ah,2CH ;Get Time is Function 2CH
int 21H ;THIS INTERRUPT

7-13



22H

Terminate Address

7-14

When a program terminates, control transfers to
the address at offset OAH of the Program Seg
ment Prefix. This address is copied into the Pro
gram Segment Prefix, from the Interrupt 22H
vector, when the segment is created. Interrupt
22H, then, is just a storage location for an
address rather than a true interrupt.



23H
<CTRL C> Exit Address

If the user types CTRL C during keyboard input
or display output, control transfers to the INT
23H vector in the interrupt table. This address is
copied into the Program Segment Prefix, from
the Interrupt 23H vector, when the segment is
created.

If the CTRL C routine preserves all registers, it
can end with an IRET instruction (return from
interrupt) to continue program execution. When
the interrupt occurs, all registers are set to the
value they had when the original call to MS-
DOS was made. There are no restrictions on
what a CTRL C handler can do — including
MS-DOS function calls — so long as the regis-
ters are unchanged if IRET is used.

If Function 09H or OAH (Display String or Buf
fered Keyboard Input) is interrupted by CTRL
C, the three-byte sequence 03H-0DH-0AH (ETX-
CR-LF) is sent to the display and the function
resumes at the beginning of the next line.

If the program creates a new segment and loads
a second program that changes the CTRL C
address, termination of the second program re
stores the CTRL C address to its value before
execution of the second program.

Like INT 22H, this is really not a true interrupt,
but a storage location.
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24H

Fatal Error Abort Address

Call If a fatal disk error occurs during execution of
one of the disk I/O function calls, control
transfers to the INT 24H vector in the vector

table. This address is copied into the Program
Segment Prefix, from the Interrupt 24H vector,
when the segment is created.

Return BP:SI contains the address of a Device Header

Control Block from which additional informa

tion can be retrieved.

Note

Error Codes

7-16

Interrupt 24H is not issued if the failure occurs
during execution of Interrupt 25H (Absolute
Disk Read) or Interrupt 26H (Absolute Disk
Write). These errors are usually handled by the
MS-DOS error routine in COMMAND.COM that

retries the disk operation, then gives the user the
choice of aborting, retrying the operation, or
ignoring the error. The following topics give you
the information you need about interpreting the
error codes, managing the registers and stack,
and controlling the system's response to the
error in order to write your own error-handling
routines.

When an error-handling program gains control
from Interrupt 24H, the AX and DI registers can
contain codes that describe the error. If Bit 7 of

AH is 1, the error is either a bad image of the
File Allocation Table or an error which has oc

curred on a character device. The device header

passed in BP:SI can be examined to determine
which case exists. If the attribute byte high
order bit indicates a block device, then the error
was a bad FAT. Otherwise, the error is on a
character device.



24H
Fatal Error Abort Address

The following are error codes for Interrupt 24H:

Error Code Description

0 Attempt to write on write-
protected disk

1 Unknown unit
2 Drive not ready
3 Unknown command
4 Data error

5 Bad request structure length
6 Seek error

7 Unknown media type
8 Sector not found

9 Printer out of paper
A Write fault

B Read fault

C General failure

The user stack will be in effect (the first item
described below is at the top of the stack), and
will contain the following from top to bottom:

IP MS-DOS registers from
CS issuing INT 24H
FLAGS

AX User registers at time of original
BX INT 21H request
CX

DX

SI

DI

BP

DS

ES

IP From the originalINT 21H
CS from the user to MS-DOS
FLAGS

The registers are set such that if an IRET is exe
cuted, MS-DOS will respond according to (AL)
as follows:
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24H
Fatal Error Abort Address

(AL) = 0 ignore the error
= 1 retry the operation
= 2 terminate the program via INT 23H

Note • Before giving this routine control for disk errors,
MS-DOS performs five retries.

• For disk errors, this exit is taken only for errors
occurring during an Interrupt 21H. It is not used
for errors during Interrupts 25H or 26H.

• This routine is entered in a disabled state.

• The SS,SP,DS,ES,BX,CX, and DX registers must
be preserved.

• The interrupt handler should refirain firom using
MS-DOS function calls. If necessary, it may use
calls OIH through OCH. Use of any other call
will destroy the MS-DOS stack and will leave
MS-DOS in an unpredictable state.

• The interrupt handler must not change the con
tents of the device header.

• If the interrupt handler will handle errors rather
than returning to MS-DOS, it should restore the
application program's registers from the stack,
remove all but the last three words on the stack,
then issue an IRET. This will return to the pro
gram immediately after the INT 21H that expe
rienced the error. Note that if this is done, MS-
DOS will be in an unstable state until a function
call higher than OCH is issued.
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25H
Absolute Disk Read

Call AL

Drive number (0 = A, 1 = B, etc.)
DS:BX

Disk Transfer Address

CX

Number of sectors

DX

Beginning relative sector

Return Flags
CF = 0 if successful

= 1 if not successful

AL

Error code if CF = 1

Remarks This interrupt transfers control to the MS-DOS
BIOS. The number of sectors specified in CX is
read from the disk to the Disk Transfer Address.

Its requirements and processing are identical to
Interrupt 26H, except data is read rather than
written.
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25H

Absolute Disk Read

Note All registers except the segment registers are
destroyed by this call. Be sure to save any regis
ters your program uses before issuing the
interrupt.

The system pushes the flags at the time of the
call; they are still there upon return. (This is
necessary because data is passed back in the
flags). Be sure to pop the stack upon return to
restore your stack pointer at the point of
invocation.

If the disk operation was successful, the Carry
Flag (OF) is 0. If the disk operation was not suc
cessful, OF is 1 and AL contains the MS-DOS
error code (see Interrupt 24H earlier in this sec-
tion for the codes and their meaning).

Macro abs_disk_read macro disk, buffer,num_sectors, start
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mov al,disk

mov bx;offset buffer

mov cx, num_sectors

mov dx,start

int 25H

endm



25H
Absolute Disk Read

Example The following program copies the contents of a
single-sided disk in drive A: to the disk in drive
B:. It uses a buffer of 32K bytes:

prompt db "Source in A, target in B", 13,10
db "Any key to start. $"

start dw 0

buffer db 64 dup (512 dup (?)) ;64 sectors

int_25H: display prompt ;see Function 09H
read_kbd ;see Function 08H

mov cx,5

copy: push cx

add start, 64

pop cx

loop copy

;copy 5 groups of
;64 sectors

;save the loop
;counter

abs_disk_read 0,buffer, 64,start,-THIS
;INTERRUPT

abs_disk_write 1,buffer, 64,start ;see INT
;26H

;do the next 64
;sectors

;restore the loop
;counter
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26H
Absolute Disk Write

Call

Return

Remarks

7-22

AL

Drive number (0 = A, 1 = B, etc.)
DS:BX

Disk Transfer Address

CX

Number of sectors

DX

Beginning relative sector

FLAGS

OF = 0 if successful

= 1 if not successful

AL

Error code if CF = 1

This interrupt transfers control to the MS-DOS
BIOS. The number of sectors specified in CX is
written from the Disk Transfer Address to the

disk. Its requirements and processing are identi
cal to Interrupt 25H, except data is written to the
disk rather than read from it.



26H
Absolute Disk Write

Note All registers except the segment registers are
destroyed by this call. Be sure to save any regis
ters your program uses before issuing the
interrupt.

The system pushes the flags at the time of the
call; they are still there upon return. (This is
necessary because data is passed back in the
flags). Be sure to pop the stack upon return to
restore your stack pointer at the point of
invocation.

If the disk operation was successful, the Carry
Flag (CF) is 0. If the disk operation was not suc
cessful, CF is 1 and AL contains the MS-DOS
error code (see Interrupt 24H earlier in this sec
tion for the codes and their meaning).

Macro abs_disk_write macro disk,buffer,num_sectors, start
mov al,disk
mov bx,offset buffer
mov cx, num_sectors

mov dx,start
int 26H

endm
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26H
Absolute Disk Write

Example The following program copies the contents of a
single-sided disk in drive A: to the disk in drive
B:, verifying each write. It uses a buffer of 32K
bytes:
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off

on

equ 0
equ 1

prompt db ''Source in A, target in B", 13,10
db "Any key to start. $"
dw 0start

buffer db 64 dup (512 dup (?)); 64 sectors

int_26H: display prompt
read_kbd

verify on
mov cx,5

copy: push cx

add start,64

pop cx

loop copy
verify off

;see Function 09H
;see Function 08H
;see Function 2EH
;copy 5 groups of
;64 sectors
;save the loop
;counter

abs_disk_read 0, buffer, 64,start ;see INT
;25H

abs_disk_write 1,buffer, 64,start ;THIS
/INTERRUPT
;do the next 64
/sectors

/restore the loop
/counter

/see Function 2EH



Call

27H
Terminate But Stay Resident

CCS:DX

First byte following
last byte of code

Return None

Remarks The Terminate But Stay Resident call is used to
make a piece of code remain resident in the sys
tem after its termination. Typically, this call is
used in .COM files to allow some device-specific
interrupt handler to remain resident to process
asynchronous interrupts.

DX must contain the number of bytes in the OS
segment to be reserved. When Interrupt 27H is
executed, the program terminates but is treated
as an extension of MS-DOS; it remains resident
and is not overlaid by other programs when it
terminates.

If an executable file whose extension is .COM or

.EXE ends with this interrupt, it becomes a resi
dent operating system command.

This interrupt is provided for compatibility with
versions of MS-DOS prior to 2.0. New programs
should use Function 31H, Keep Process.

Macro stay_resident macro last_instruc

mov dx,offset last_instruc
inc dx

int 27H

endm
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27H

Terminate But Stay Resident

Example ;CS must be equal to PSP values given at program
;start

;(ES and DS values)
;the variable Last Address must be equal
;to the offset of the last byte in the
;program.

mov DX,LastAddress
inc dx

int 27H

;There is no return from this interrupt
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Call

Return

OOH
Terminate Program

AH = OOH

CS

Segment address of
Program Segment Prefix

None

Remarks Function OOH is called by Interrupt 20H; it per
forms the same processing.

The CS register must contain the segment
address of the Program Segment Prefix before
you call this interrupt.

The following exit addresses are restored from
the specified offsets in the Program Segment
Prefix:

Warning

Program terminate OAH
<CTRL C> GEH

Critical error 12H

All file buffers are flushed to disk.

Close all files that have changed in length be
fore calling this function. If a changed file is not
closed, its length is not recorded correctly in the
directory. See Function lOH for a description of
the Close File system call.
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OOH

Terminate Program

Macro terminate_program macro
xor ah,ah
int 21H

endm

Example ;CS must be equal to PSP values given at program start
;(ES and DS values)

mov ah,0
int 21H

;There are no returns from this interrupt
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Call

Return

OIH
Read Keyboard and Echo

AH = OIH

AL

Character typed

Remarks Function OIHwaits for a character to be typed
at the keyboard, then echoes the character to the
display and returns it in AL. If the character is
CTRL C, Interrupt 23H is executed.

Macro read_kdb_and_echo macro

mov ah,OIH
int 21H

endm

Example The followingprogram both displays and prints
characters as they are typed. If CR is pressed,
the program sends Line Feed-Carriage Return to
both the display and the printer:

func_01H: read_kbd_and_ echo ;THIS FUNCTION
;see Function 05H

;is it a CR?
;no, print it

;see Function 05H

;see Function 02H

print_char al
cmp al,ODH
jne func_01H

print_char 10
display_char 10

jmp func_01H ;get another character
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02H
Display Character

Call

Return

Remarks

Macro

AH = 02H

DL

Character to be displayed

None

If CTRL C is typed, Interrupt 23H is issued.

display_char macro character
mov dl, character
mov ah,02H
int 21H

endm

Example The following program converts lowercase char
acters to uppercase before displaying them:
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func_02H: read_kbd

cmp ai, a

jl uppercase ;don't convert
cmp al/V
jg uppercase

sub al,20H

uppercase: display_char al
jmp func_02H

;see FUNCTION 08H

don't convert

convert to ASCII code

for uppercase
THIS FUNCTION

get another character



Call

Return

AH = 3H

AL

03H
Auxiliary Input

Character from auxiliary device

Remarks Function 03H waits for a character from the
auxiliary input device, then returns the
character in AL.

This system call does not return a status or error
code.

Macro

If a CTRL C has been typed at console input,
Interrupt 23H is issued.

aux_input macro

mov ah,03H
int 21H

endm

Example The following program prints characters as they
are received from the auxiliary device. It stops
printing when an end-of-file character (ASCII
26, or CTRL Z) is received:

func_03H:

continue:

aux_input

cmp al, 1 AH
je continue

print_char al
jmp func_03H

;THIS FUNCTION
;end of file?
;yes, all done
;see Function 05H
;get another character
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04H
Auxiliary Output

Call AH = 04H

DL

Character for auxiliary device

Return None

Remarks This system call does not return a status or error
code.

If a CTRL C has been typed at console input,
Interrupt 23H is issued.

Macro aux_output macro character
mov dl,character
mov ah,04H
int 21H

endm

Example The following program gets a series of strings of
up to 80 bytes from the keyboard, sending each
to the auxiliary device. It stops when a null
string (CR only) is typed:

string db 82 dup(?) ;see Function OAH

func_04H: get_string 80,string ;see Function OAH
cmp string[l],0 ;null string?

je continue ;yes, all done
xor ch,ch ;zero high byte

mov cl, byte ptr string[l] ;get string length
mov bx,0 ;set index to 0

send_it: aux_.output string[bx+2] ;THIS FUNCTION
inc bx ;bump index

loop send_it ;send another character
imp funcJ04H ;get another string

continue:
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05H
Print Character

Call AH = 05H

DL

Character for printer

Return None

Remarks If CTRL C has been typed at console input,
Interrupt 23H is issued.

Macro print_char macro character
mov dl,character
mov ah,05H
int 2 m

endm
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05H

Print Character

Example The following program prints a walking test pat
tern on the printer. It stops if CTRL C is pressed.
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line_num db

print_it:

no_reset:

mov bl,33 ;first printable ASCII
;character (!)

add bUine_num ;to offset next character
mov cx,80 ;loop counter for line
print--char bl ;THIS FUNCTION
inc bl ;move to next ASCII character
cmp bU26 ;last printable ASCII

;character (—)
jle no_reset ;not there yet
mov bl,33 ;start over with (!)

loop print_it ;print another character
print--char 13 ;carriage return

print_char 10 ;line feed
inc line_num ;to offset 1st char, of line
cmp line_num, 93 ;end of cycle?
jle func_05H ;nope, not yet

mov line_num, 0 ;reset char offset
jmp func_05H ;continue



06H
Direct Console I/O

Call AH = 06H

DL

See Text

Return AL

If DL = FFH before call

If Zero flag not set:
Character from keyboard

If Zero flag set:
No character input

Remarks Processing depends on the value in DL when the
function is called:

DLis FFH.

If a character has been typed at the keyboard,
it is returned in AL and the Zero flag is 0; if
a character has not been typed, the Zero flag
is 1.

Macro

DL is not FFH.

The character in DL is displayed.

This function does not check for CTRL C.

dir_console_io macro switch

mov dl, switch
mov ah,06H
int 21H

endm
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06H
Direct Console I/O

Example The following program acts as a stopwatch.
When a character is typed, it sets the system
clock to zero and begins to continuously display
the time. When a second character is typed the
system stops updating the time display.
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time db"00:00:00.00", 13, "$"
ten db 10

func_06H: dir_console_io OFFH

jz func_06H
set_time 0,0,0,0

read-dock: get_time
convert ch,ten,time
convert cl,ten,time[3]
convert dh,ten,time[6]
convert dl,ten,time[9]
display time
dir_console_io OFFH

jz read-dock
continue:

;THIS FUNCTION
;wait for keystroke
;see Function 2DH
;see Function 2CH
;see end of chapter
;see end of chapter
;see end of chapter
;see end of chapter
;see Function 09H
;THIS FUNCTION
;no char, keep updating



07H
Direct Console Input

AH = 07HCall

Return AL

Character from keyboard

Remarks This function does not echo the character or
check for CTRL C. (For a keyboard input func
tion that echoes or checks for CTRL C, see
Functions OlH or 08H.)

Macro dir_console_input macro
mov ah,07H
int 21H

endm

Example The following program fragment prompts for a
password (8 characters maximum) and places
the characters into a string without echoing
them:

password
prompt

db

db

8 dup(?)
''Password: $"

func_07H: display prompt
mov cx, 8
xor bx,bx

get_pass: dir_console_input
cmp al,ODH
je continue

mov password[bx],al
inc bx

loop get_pass
continue:

;see Function 09H for
;explanation of $

;see Function 09H
;maximum length of password
;so BL can be used as index
;THIS FUNCTION
;was it a OR?
;yes, all done

;no, put character in string
;bump index
;get another character

;BX has length of password
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08H
Read Keyboard

Call AH = 08H

Return AL

Character from keyboard

Remarks If CTRL C is pressed, Interrupt 23H is executed.
This function does not echo the character. (For a
keyboard input function that echoes the charac
ter or does not check for CTRL C, see Functions
OlHorOVH.)

Macro read_kbd macro

mov ah,08H
int 21H

endm

Example The following program fragment prompts for a
password (8 characters maximum) and places
the characters into a string without echoing
them:

password
prompt

func_08H:

get_pass:

continue:
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db

db

8 dup(?)
''Password: $"

display prompt
mov cx,8
xor bx,bx
read_kbd;
cmp al,ODH
je continue

mov password[bx],al
inc bx

loop get_pass

;see Function 09H
;for explanation of $

;see Function 09H
;maximum length of password
;BL can be an index
;THIS FUNCTION
;was it a OR?
;yes, all done
;no, put char, in string
;bump index
;get another character
;BX has length of password



Call

Return

09H
Display String

AH = 09H

DS:DX

String to be displayed

None

Remarks DX must contain the offset (from the segment
address in DS) of a string that ends with
The string is displayed (the $ is not displayed).

Macro display macro string
mov dx,offset string
mov ah,09H
int 21H

endm

Example The following program displays the hexadec
imal code of the key that is typed:

table

sixteen

result

db

db

db

"0123456789ABCDEF"

16

-00H'M3,10/T' ;see text for
;explanation of $

func_09H: read_kbd_and_echo ;see Function OIH
convert al,sixteen,result[l] ;see end of chapter
display result ;THIS FUNCTION
jmp func_09H ;do it again
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OAH
Buffered Keyboard Input

Call AH = OAH

DS:DX

Input buffer

Return None

Remarks DX must contain the offset (from the segment
address in DS) of an input buffer of the
following form:

7-40

Byte Contents

1 Maximum number of characters in

buffer, including the OR (you must set
this value).

2 Actual number of characters typed, not
counting the OR (the function sets this
value).

3-n Buffer; must be at least as long as the
number in byte 1.

This function waits for characters to be typed.
Characters are read from the keyboard and
placed in the buffer beginning at the third byte
until CR is pressed. If the buffer fills to one less
than the maximum, additional characters typed
are ignored and ASCII 7 (BEL) is sent to the
display until CR is pressed. The string can be
edited as it is being entered. If CTRL C is typed,
Interrupt 23H is issued.

The second byte of the buffer is set to the
number of characters entered (not counting the
CR).



Macro

OAH
Buffered Keyboard Input

get_string macro limit, string
mov dx, offset string
mov string, limit
mov ah, OAH
int 21H

endm

Example The following program gets a 16-byte (maxi
mum) string from the keyboard and fills a 24-
line by 80-character screen with it:

buffer label byte
max_length db ? ;maximum length
chars_entered db ? ;number of chars.
string db 17 dup (?) ,T6 chars + CR
strings_per_line dw 0 ;how many strings

;fit on line
crlf db 13,10,"$"

func_OAH: get_string 17, buffer ;THIS FUNCTION
xor bx,bx ;so byte can be

;used as index
mov bl, chars_entered ;get string length
mov buffer[bx+21 ;see Function 09H
mov al,50H ;columns per line
cbw

div chars_entered ;times string fits
;on line

xor ah,ah ;clear remainder
mov strings_per_line,ax ;save col. counter
mov cx,24 ;row counter

display_screen: push cx ;save it
mov cx,strings_per_line ;get col. counter

display_line: display string ;see Function 09H
loop display_line
display crlf ;see Function 09H
pop cx ;get line counter
loop display_screen ;display 1 more lint
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OBH
Check Keyboard Status

Call

Return

AH = OBH

AL

FFH = characters in type-ahead buffer
0 = no characters in type-ahead buffer

Remarks Checks whether there are characters in the type-
ahead buffer. If so, AL returns FFH; if not, AL
returns 0. If CTRL C is in the buffer. Interrupt
23H is executed.

Macro check_kbd_status macro

mov ah, OBH
int 21H

endm

Example The following program fragment continuously
displays the time until any key is pressed.

time db "00:00:00.00", 13,10, "$"
ten db 10

func_OBH:

all-done:
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get_time

convert ch, ten, time
convert cl,ten,time[3]
convert dh,ten,time[6]
convert dl,ten,time[9]
display time
check_kbd_status

cmp al,OFFH
je all-done
jmp func_OBH

;see Function 2CH
;see end of chapter
;see end of chapter
;see end of chapter
;see end of chapter
;see Function 09H
;THIS FUNCTION
;has a key been typed
;yes, go home
;no, keep displaying
;time



Call

Return

OCH
Flush Buffer, Read Keyboard

AH = OCH
AL

1, 6, 7,8, or OAH = The corresponding
function is called. Any other value
= return from function.

AL

0 = Type-ahead buffer was flushed; no
other processing performed.

Remarks The keyboard type-ahead buffer is emptied.
Further processing depends on the value in AL
when the function is called:

1, 6, 7, 8, or A:
The corresponding MS-DOS function is
executed.

Any other value:
No further processing; AL returns 0.

Macro flush_and_read_kbd macro switch

mov a 1, switch
mov ah, OCH
int 21H

endm
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OCH
Flush Buffer, Read Keyboard

Example The following program both displays and prints
characters as they are typed. If CR is pressed,
the program sends Carriage Retum-Iine Feed to
both the display and the printer.

func-OCH:
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flush_and_read_kbd 1 ;THIS FUNCTION
print-char al ;see Function 05H
cmp al,ODH ;is it a CR?
jne func_OCH ;no, print it

print_char 10 ;see Function 05H
display_char 10 ;see Function 02H
print_char 13 ;see Function 05H
display_char 13 ;see Function 02H
imp func_OCH ;get another character



Call

Return

Remarks

Macro

Example

ODH
Disk Reset

AH = ODH

None

Function ODH is used to ensure that the internal
buffer cache matches the disks in the drives. If
buffers have been modified, but not yet written
to disk, this function writes them out and marks
all buffers in the internal cache as free.

Function ODH flushes (firees) all file buffers. It
does not update directory entries; you must close
files that have changed to update their directory
entries (see Function lOH, Close File). This func
tion need not he called before a disk change if all
files that changed were closed. It is generally
used to force a known state of the system;
CTRL C interrupt handlers should call this
function.

disk_reset macro disk

mov ah, ODH
int 21H

endm

mov ah, ODH

int 21H

;There are no errors returned by this call.
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OEH
Select Disk

Call AH = OEH

DL

Drive number

(0 = A:, 1 = B:, etc.)

Return AL

Number of logical drives

Remarks The drive specified in DL (0 = A:, 1 = B:, etc.) is
selected as the default disk. The number of

drives is returned in AL.

Macro select-disk macro disk

mov dl,disk[-65] ;ASCII offset
mov ah,OEH
int 21H

endm

Example The following program fragment selects the
drive not currently selected in a 2-drive system:
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func-OEH: current-disk

cmp al,OOH
je select-b
select-disk 'A"

jmp continue

select-b: select-disk ''B"

continue:

;see Function 19H
;drive A: selected?
;yeS; select B
;THIS FUNCTION

;THIS FUNCTION



Call AH = OFH

DS:DX

Unopened FOB

OFH
Open File

Return AL

0 = Directory entry found
FFH = No directory entry found

Remarks DX must contain the offset (from the segment
address in DS) of an unopened File Control
Block (FOB). The disk directory is searched for
the named file.

If a directory entry for the file is found, AL
returns 0 and the FCB is filled as follows:

• If the drive code was 0 (default disk), it is
changed to the actual disk used (1 = A:, 2 = B:,
etc.). This lets you change the default disk with
out interfering with subsequent operations on
this file.

• The Current Block field (offset OCH) is set to
zero.

• The Record Size (offset OEH) is set to the system
default of 128.

• The File Size (offset lOH), Date of Last Write
(offset 14H), and Time of Last Write (offset 16H)
are set fi-om the directory entry.

Before performing a sequential disk operation
on the file, you must set the Current Record field
(offset 20H). Before performing a random disk
operation on the file, you must set the Relative
Record field (offset 21H). If the default record
size (128 bytes) is not correct, set it to the correct
length.

i^n



OFH
Open File

Macro

If a directory entry for the file is not found, AL
returns FFH.

open macro fob
mov dx,offset fcb
mov ah,OFH
int 21H

endm

Example The following program prints the file named
TEXTFILE. ASC that is on the disk in drive B:.

If a partial record is in the buffer at end-of-file,
the routine that prints the partial record prints
characters until it encounters an end-of-file mark
(ASCII 26, or CTRL Z):

fob db 2,"TEXTFILEASC"
db 25 dup (?)

buffer db 128 dup (?)
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func_OFH:

read_line:

print_it:

check_more:

set_dta buffer

open fcb
read_seq fcb
cmp al,01H

je all-done

cmp al,OOH

jg check-more

mov cx,128
xor si, si

print_char huffer[si]
inc si

loop print-it

imp read-line

cmp al,03H
jne all-done

;see Function lAH
;THIS FUNCTION
;see Function 14H
;end of file?
;yes, go home
;more to come?
;no, check for partial
;record
;yes, print the buffer
;set index to 0
;see Function 05H
;bump index
;print next character
;read another record
;part. record to print?
;no



find_eof:

all_done:

mov cx,128

xor si, si

cmp buffer[si],26
je all_done
print_char buffer[si]
inc si

loop
close

find_eof

fob

OFH
Open File

;yes, print it

;set index to 0

;end-of-file mark?
;yes

;see Function 05H
;bump index to next
;character

;see Function lOH
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lOH
Close File

Call AH = lOH

DS:DX

Opened FOB

Return AL

0 = Directory entry found
FFH = No directory entry found

Remarks DX must contain the offset (to the segment
address in DS) of an opened FOB. The disk
directory is searched for the file named in the
FOB. This function must be called after a file is
changed to update the directory entry.

If a directory entry for the file is found, the entry
is compared with the corresponding entries in
the FOB. The directory entry is updated, if
necessary, to match the FOB, and AL returns 0.

If a directory entry for the file is not found, AL
returns FFH.

Macro

7-50

close macro fob

mov dx,offset fob
mov ah, lOH
int 21H

endm



lOH
Close File

Example The following program checks the first byte of
the file named MODI.BAS in drive B: to see if it
is FFH, and prints a message if it is:

message db ''Not saved in ASCII format", 13,10,"$''
fob db 2, "MODI BAS"

db 25 dup (?)
buffer db 128 dup (?)

func_10H: set_dta buffer ;see Function lAH
open fob ;see Function OFH
read_seq fob ;see Function 14H
cmp buffer,OFFH ;is first byte FFH?
jne all_done ;no
display message ;see Function 09H

all_done close fob ;THIS FUNCTION
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IIH
Search for First Entry

Call AH = IIH

DS:DX

Unopened FOB

Return AL

0 = Directory entry found
FFH = No directory entry found

Remarks DX must contain the offset (from the segment
address in DS) of an unopened FCB. The disk
directory is searched for the first matching
name. The name can have the ? wild card char

acter to match any character. To search for hid
den or system files, DX must point to the first
byte of the extended FCB prefix.

If a directory entry for the filename in the FCB
is found, AL returns 0 and an unopened FCB of
the same type (normal or extended) is created at
the Disk Transfer Address.

If a directory entry for the filename in the FCB
is not found, AL returns FFH.

Note If an extended FCB is used, the following search
pattern is used:

• If the FCB attribute is zero, only normal file
entries are found. Entries for volume label, sub
directories, hidden, and system files will not be
returned.
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Macro

IIH

Search for First Entry

• If the attribute field is set for hidden or system
files, or directory entries, it is to be considered as
an inclusive search. All normal file entries plus
all entries matching the specified attributes are
returned. To look at all directory entries except
the volume label, the attribute byte may be set to
hidden + system + directory (all 3 bits on).

• If the attribute field is set for the volume label, it
is considered an exclusive search, and only the
volume label entry is returned.

search_first macro fob

mov dx,offset fob
mov ah,llH
int 21H

endm

Example The following program verifies the existence of a
file named REPORT. ASM on the disk in drive

B::

yes db ^TILE EXISTS.$"
no db "FILE DOES NOT EXIST.$"
fob db 2, "REPORT ASM"

db 25 dup (?)
buffer db 128 dup (?)
crlf db 13,10"$"

func_llH:

not_there:

continue:

set_dta buffer

search-first fcb

cmp al,OFFH
je not-there
display yes
jmp continue

display no
display crlf

;see Function lAH
;THIS FUNCTION
;directory entry found?
;no

;see Function 09H

;see Function 09H
;see Function 09H

7-53



12H
Search for Next Entry

Call AH = 12H

DS:DX

Unopened FCB

Return AL

0 = Directory entry found
FFH = No directory entry found

Remarks DX must contain the offset (from the segment
address in DS) of an FCB previously specified in
a call to Function 11H (Search for First Entry).
Function 12H is used after Function IIH to find

additional directory entries that match a file
name that contains wild card characters. The

disk directory is searched for the next matching
name.

If a directory entry for the filename in the FCB
is found, AL returns 0 and an unopened FCB of
the same type (normal or extended) is created at
the Disk Transfer Address.

If a directory entry for the filename in the FCB
is not found, AL returns FFH.

Macro
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search_next macro fob

mov dx,offset fob
mov ah,12H
int 21H

endm



12H

Search for Next Entry

Example The following program displays the number of
files on the disk in drive B:

message db "No files", 10,13,"$'
files db 0

ten db 10

fob db 2,"???????????"
db 25dup (?)

buffer db 128 dup (?)

func_12H: set_dta buffer

search_iirst fob

cmp al,OFFH
je all-done
inc files

search-dir: search_next fob

cmp al,OFFH
je done
inc files

jmp search-dir
done: convert files,ten,message
all-done: display message

;see Function lAH
;see Function IIH
;directory entry found?
;no, no files on disk
;yes, increment file
;counter

;THIS FUNCTION
;directory entry found?
;no

;yes, increment file
;counter

;check again
;see end of chapter
;see Function 09H

7-55



13H
Delete File

Call AH = 13H

DS:DX

Unopened FOB

Return AL

0 = Directory entry found
FFH = No directory entry found

Remarks DX must contain the offset (from the segment
address in DS) of an unopened FCB. The direc
tory is searched for a matching filename. The
filename in the FCB can contain the ? wild card
character to match any character.

If a matching directory entry is found, it is
deleted from the directory. If the ? wild card
character is used in the filename, all matching
directory entries are deleted. AL returns 0.

If no matching directory entry is found, AL
returns FFH.

Macro
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delete macro fob

mov dx,offset fob
mov ah,13H
int 21H

endm



13H
Delete File

Example The following deletes each file on the disk in
drive B: that was last written before June 30,
1984:

year dw 1984

month db 6

day db 30

files db 0

ten db 10

message db "NO FILES DELETED.", 13,10,"$"
;see Function 09H for
;explanation of $

fcb db 2,"???????????"
db 25 dup(?)

buffer db 128 dup (?)

func_13H; set-dta buffer ;see Function lAH
search-first fcb ;see Function IIH
cmp al,OFFH ;directory entry found?
je all-done ;no, no files on disk

compare: convert-date buffer ;see end of chapter
cmp cx,year ;next several lines

jg next ;check date in directory

next:

cmp

jg
cmp

jge

dl, month
next

dh,day
next

delete buffer

inc files

search_next fob

cmp al,OOH
je compare

cmp files, 0
je all-done

;entry against date
;above & check next file
;if date in directory
;entry isn't earlier.
;THIS FUNCTION
;bump deleted-files
;counter

;see Function 12H
;directory entry found?
;yes, check date
;any files deleted?
;no, display NO FILES

7-57



13H
Delete File
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;message.

convert files,ten,message ;see end of chapter
all-done: display message ;see Function 09H



Call

Return

AH = 14H

DS:DX

Opened FCB

AL

14H
Sequential Read

0 = Read completed successfully
1 = EOF

2 = DTA too small

3 = EOF, partial record

Remarks DX must contain the offset (from the segment
address in DS) of an opened FCB. The record
pointed to by the current block (offset OCH) and
Current Record (offset 20H) fields is loaded at
the Disk Transfer Address, then the Current
Record and, if necessary, the Current Block
fields are incremented.

The record size is set to the value at offset OEH
in the FCB.

AL returns a code that describes the processing:

Code Meaning

0 Read completed successfully.

1 End-of-file, no data in the record.

2 Not enough room at the Disk
Transfer Address to read one

record; read canceled.

3 End-of-file; a partial record was
read and padded to the record
length with zeros.
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14H
Sequential Read

Macro read_seq macro fob
mov dx, offset fob
mov ah,14H
int 21H

endm

Example The following program displays the file named
TEXTFILE.ASC that is on the disk in drive B:;
its function is similar to the MS-DOS TYPE
command. If a partial record is in the buffer at
end of file, the routine that displays the partial
record displays characters until it encounters an
end-of-file mark (ASCII 26, or CTRL Z ):

fcb db 2,"TEXTFILEASC"
db 25 dup (?)

buffer db 128 dup (?),"$"

func_14H:

read-line:

check-more:

find-eof:
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set-dta buffer

open fcb
read-seq fcb
cmp al,01H
je all-done
cmp al,OOH
jg check-more
display buffer
jmp read-line
cmp al,03H
jne all-done
xor si, si

cmp buffer[si],26
je all-done

display-char buffer[si]

see Function lAH

see Function OFH

THIS FUNCTION

end-of-file?

yes

more to come?

no, check for partial record
see Function 09H

get another record

partial record in buffer?
no, go home
set index to 0

is character EOF?

yes, no more to display
see Function 02H

bump index to next



14H
Sequential Read

;character
jmp find_eof ;check next character

all_done: close fcb ;see Function lOH
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15H
Sequential Write

Call

Return

AH = 15H

DS:DX

Opened FOB

AL

OOH = Write completed successfully
OIH = Disk full
02H = DTA too small

Remarks DX must contain the offset (from the segment
address in DS) of an opened FOB. The record
pointed to by Current Block (offset OCH)and
Current Record (offset 20H) fields is written from
the Disk Transfer Address, then the fields are
incremented as necessary.

The record size is set to the value at offset OEH
in the FCB. If the Record Size is less than a sec
tor, the data at the Disk Transfer Address is
written to a buffer; the buffer is written to disk
when it contains a full sector of data, or the file
is closed, or a Reset Disk system call (Function
ODH) is issued.

AL returns a code that describes the processing:

Code Meaning

0 transfer completed successfully

1 disk full; write canceled

2 write canceled; the area beginning at
the Disk Transfer Address is too small
to hold a record of data without over
flowing or wrapping around a seg
ment boundary.
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Macro write_seq macro fob

mov dx, offset fob
mov ah,15H
int 21H

endm

15H

Sequential Write

Example The following program creates a file named
DIR.TMP on the disk in drive B: that contains
the disk number (0 = A:, 1 = B:, etc.) and file
name from each directory entry on the disk:

record-Size equ 14

fcbl db 2,"DIR TMP"
db 25 dup (?)

fcb2 db 2/7??????????"
db 23 dup (?)

buffer db 128 dup (?)

func_15H: set-dta buffer

search-first fcb2

cmp al^OFFH

write_it:

all-done:

]e

create

mov

write_seq

search_next

cmp

je

jmp

close

all-done

fcbl

fcbl

fcb2

al,OFFH
all-done

write_it

fcbl

;offset of Record Size
;field in FCB

;see Function lAH
;see Function IIH
;directory entry found?
;no, no files on disk
;see Function 16H

fcbl[record-size], 12
;set record size to 12

;THIS FUNCTION
;see Function 12H

;directory entry found?
;no, go home
;yes, write the record

;see Function lOH
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16H
Create File

Call

Return

AH = 16H

DS:DX

Unopened FOB

AL

OOH = Empty directory entry found
FFH = No empty entry directory available

Remarks DX must contain the offset (from the segment
address in DS) of an unopened FOB. The direc
tory is searched for an empty entry or an exist
ing entry for the specified filename.

If an empty directory entry is found, it is initial
ized to a zero-length file, the Open File system
call (Function OFH) is called, and AL returns 0.
You can create a hidden file by using an extend
ed FOB with the attribute byte (offset FCB-1) set
to 2.

If an entry is found for the specified filename, all
data in the file is released, making a zero-length
file, and the Open File system call (Function
OFH) is issued for the filename (in other words,
if you try to create a file that already exists, the
existing file is erased, and a new, empty file is
created).

If an empty directory entry is not found and
there is no entry for the specified filename, AL
returns FFH.
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Macro create macro fcb

mov dx,offset fcb
mov ah,16H
int 21H

endm

16H
Create File

Example The following program creates a file named
DIR.TMP on the disk in drive B: that contains
the disk number (0 = A:, 1 = B:, etc.) and file
name from each directory entry on the disk:

record_size equ 14

fcbl db 2/^DIR TMP"
db 25 dup (?)

fcb2 db 2/7??????????"
db 25 dup (?)

buffer db 128 dup (?)

;offset of Record Size
;field of FCB

func_16H: set_dta buffer ;see Function lAH
search _first fcb2 ;see Function IIH
cmp alOFFH ;directory entry found?
je all_done ;no, no files on disk
create fcbl ;THIS FUNCTION
mov fcbl[record_sizel 12

;set record size to 12
write_it: write_seq fcbl ;see Function 15H

search_next fcb2 ;see Function 12H
cmp al,OFFH ;directory entry found?
je all_done ;no, go home
jmp write_it ;yes, write the record

all_done: close fcbl ;see Function lOH
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17H
Rename File

Call

Return

AH = 17H

DS:DX

Modified FOB

AL

OOH = Directory entry found
FFH = No directory entry found or
destination already exists

Remarks DX must contain the offset (from the segment
address in DS) of an FOB with the drive number
and filename filled in, followed by a second file
name at offset IIH. The disk directory is search
ed for an entry that matches the first filename,
which can contain the ? wild card character.

If a matching directory entry is found, the file
name in the directory entry is changed to match
the second filename in the modified FOB (the
two filenames cannot be the same name). If the ?
wild card character is used in the second file

name, the corresponding characters in the file
name of the directory entry are not changed. AL
returns 0.

If a matching directory entry is not found or an
entry is found for the second filename, AL
returns FFH.
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Macro rename macro special_fcb
mov dx,offset special_fcb
mov ah,17H
int 21H

endm

17H

Rename File

Example The following program prompts for the name of
a file and a new name, then renames the file:

fcb db 37 dup (?)
promptl db "Filename: $"

prompt2 db "New name: $"
reply db 17 dup(?)
crlf db 13,10,"$"

func_17H: display promptl ;see Function 09H
get_string 15,reply ;see Function OAH
display crlf ;see Function 09H
parse reply[2],fcb ;see Function 29H
display prompt2 ;see Function 09H
get_string 15,reply ;see Function OAH
display crlf ;see Function 09H
parse reply[2],fcb[16]

;see Function 29H
rename fcb ;THIS FUNCTION
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19H

Current Disk

Call AH = 19H

Return AL

Currently selected drive
(0 = A:, 1 = B:, etc.)

Macro current-disk macro

mov ah,19H
int 21H

endm

Example The following program displays the currently
selected (default) drive:
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message

crlf

db

db 13,10,"$"

Current disk is $" ;see Function 09H
;for explanation of $

func_19H: display message
current-disk

add al, 41H
display-char al
display crlf

;see Function 09H
;THIS FUNCTION
;ASCII offset
;see function 02H
;see function 09H



Call

lAH
Set Disk Transfer Address

AH = lAH

DS:DX

Disk Transfer Address

Return None

Remarks DX must contain the offset (from the segment
address in DS) of the Disk Transfer Address.
Disk transfers cannot wrap around from the end
of the segment to the beginning, nor can they
overflow into another segment.

Note:

Macro

If you do not set the Disk Transfer Address,
MS-DOS defaults to offset 80H in the Program
Segment Prefix.

The size of the buffer that the DTA points to
must be greater than or equal to the record size
at open file time.

set_dta macro buffer

mov dx;offset buffer
mov ah, 1AH
int 21H

endm
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lAH
Set Disk Transfer Address

Example The following program prompts for a letter, con
verts the letter to its alphabetic sequence (A = 1,
B = 2, etc.), then reads and displays the corre
sponding record from a file named ALPHABET.-
DAT on the disk in drive B:. The file contains 26

records; each record is 28 bytes long:

record _size equ 14

relative-record equ 33

offset of Record Size

field of FCB

offset of Relative Record

field of FCB

fcb db 2/^ALPHABETDAr'
db 25 dup (?)

buffer db 34 dup(?)/T'
prompt db ''Enter letter: $"
crlf db 13,10,"$"

func_lAH:

get_char:

set_dta buffer ;THIS FUNCTION
open fob ;see Function OFH
mov fcb[record_sizel28;set record size

all-done:
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display prompt
read_kbd _and _echo

cmp al,ODH
je all-done
sub al,41H

mov

display crlf
read-ran fcb

display buffer
display crlf
jmp get-char
close fcb

;see Function 09H
;see Function OIH
;just a CR?
;yeS; go home
;convert ASCII
;code to record #

fcb[relative_recordlal
;set relative record
;see Function 09H
;see Function 21H

;see Function 09H
;see Function 09H
;get another character
;see Function lOH



Call

Return

AH = 21H

DS:DX

Opened FOB

AL

21H
Random Read

OOH = Read completed successfully
OIH = EOF

02H = DTA too small

03H = EOF, partial record

Remarks DX must contain the offset (from the segment
address in DS) of an opened FOB. The Current
Block (offset OCH) and Current Record (offset
20H) fields are set to agree with the Relative
Record field (offset 21H), then the record
addressed by these fields is loaded at the Disk
Transfer Address.

AL returns a code that describes the processing:

Code Meaning

0 read completed successfully

1 End-of-file; no data in the record

2 not enough room at the Disk Transfer
Address to read one record; read can
celed

3 End-of-file; a partial record was read
and padded to the record length with
zeros.

Macro read_ran macro fob

mov dx,offset fob
mov ah,21H
int 21H

endm
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Zltl

Random Read

Example The following program prompts for a letter, con
verts the letter to its alphabetic sequence (A = 1,
B = 2, etc.), then reads and displays the corre
sponding record from a file named ALPHABET.-
DAT on the disk in drive B:. The file contains 26

records; each record is 28 bytes long:

record-Size equ 14

relative-record equ 33

;offset of Record Size
;field of FCB
;offset of Relative Record
;field of FCB

fob db 2,"ALPHABETDAT"
db 25 dup (?)

buffer db 34 dup(?)/T'
prompt db ''Enter letter: $"

crlf db 13,10,"$"

func-21H:

get-char:

set-dta buffer ;see Function lAH
open fob ;see Function OFH
mov fcb[record_sizel28 ;set record size

all-done:
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display prompt
read-kbd-and-echo

cmp al,ODH
je all-done
sub al,41H

display crlf
read-ran fob

display buffer
display crlf
jmp get-char
close fob

;see Function 09H
;see Function OIH
;just a OR?
;yes, go home
;convert ASCII
;code to record #

fcb[relative-recordlal
;set relative record
;see Function 09H
;THIS FUNCTION
;see Function 09H
;see Function 09H
;get another character
;see Function lOH



Call

Return

AH = 22H

DS:DX

Opened FOB

AL

22H
Random Write

OOH = Write completed successfully
OIH = Disk full

02H = DTA too small

Remarks DX must contain the offset from the segment
address in DS of an opened FCB. The Current
Block (offset OCH) and Current Record (offset
20H) fields are set to agree with the Relative
Record field (offset 21H), then the record
addressed by these fields is written from the
Disk Transfer Address. If the record size is
smaller than a sector (512 bytes), the records are
buffered until a sector is ready to write.

AL returns a code that describes the processing:

Code Meaning

0 Write completed successfully

1 disk is full

2 write canceled; the area beginning at
the Disk Transfer Area is too small to
hold a record of data without over
flowing or wrapping around a seg
ment boundary.

Macro write_ran macro fob

mov dx,offset fob
mov ah,22H
int 21H

endm
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22H

Random Write

Example The following program prompts for a letter, con
verts the letter to its alphabetic sequence (A = 1,
B = 2, etc.), then reads and displays the corre
sponding record from a file named ALPHABET.-
DAT on the disk in dj ve B:. After displaying the
record, it prompts the user to enter a changed
record. If the user types a new record, it is writ
ten to the file; if the user just presses CR , the
record is not replaced. The file contains 26
records; each record is 28 bytes long;

record-size equ 14

relative_record equ 33

offset of Record Size

field of FCB

offset of Relative Record

field of FCB

fob db 2,"ALPHABETDAr'
db 25 dup (?)

buffer db 28 dup(?),13,10,"$"
promptl db ''Enter letter: $"

prompt2 db "New record(CR for no change): $'
crlf db 13,10,"$"
reply db 30 dup (32)
blanks db 28 dup (32)

func_22H:

get_char:

7-74

set_dta buffer ;see Function lAH
open fob ;see Function OFH
mov fcb[record_sizel28 ;set record size
display promptl
read_kbd _and _echo

cmp

ie

sub

mov

al,ODH
all_done

al,41H

;see Function 09H
;see Function OIH
;just a CR?
;yes, go home
;convert ASCII
;code to record #

fcb[relative_record],al
;set relative record



all-done:

display crlf
read_ran fcb

display buffer
display crlf
display prompt2
get-String 29, reply
display crlf
cmp reply[l],0

write-ran fcb

jmp get-char
close fcb

22H
Random Write

;see Function 09H

;THIS FUNCTION
;see Function 09H
;see Function 09H

;see Function 09H
;see Function 09H
;see Function 09H

;was anything typed
;besides cr?

je get-char ;no
;get another character

xor bx,bx ;to load a byte
mov bl,reply[l] ;use reply length as

;counter

move_string blanks, buffer, 28
;see chapter end

move_string reply[2], buffer, bx
;see chapter end
;THIS FUNCTION
;get another character

;see Function lOH
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23H
File Size

Call

Return

AH = 23H

DS:DX

Unopened FOB

AL

OOH = Directory entry found
FFH = No directory entry found

Remarks DX must contain the offset (from the segment
address in DS) of an unopened FCB. You must
set the Record Size field (offset OEH) to the
proper value before calling this function. The
disk directory is searched for the first matching
entry.

If a matching directory entry is found, the Rela
tive Record field (offset 21H) is set to the number
of records in the file, calculated from the total
file size in the directory entry (offset lOH) and
the Record Size field of the FCB (offset OEH). AL
returns GO.

If no matching directory entry is found, AL
returns FFH.

Note
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If the value of the Record Size field of the FCB
(offset OEH) doesn't match the actual number of
characters in a record, this function may not
return the correct file size. If the default record
size (128) is not correct, you must set the Record
Size field to the correct value before using this
function.



23H
File Size

Macro file_size macro fob

mov dx,offset fob
mov ah,23H
int 21H

endm

Example The following program prompts for the name of
a file, opens the file to set the Record Size field of
the FCB to 80H, issues a File Size system call,
and displays the file size and number of records
in hexadecimal:

fcb db 37 dup(?)
prompt db 'Tile name: $"
msgl db "Record length: ",13,10,"$"
msg2 db "Records: ",13,10,"$"
crlf db 13,10,"$"
reply db 17 dup(?)
sixteen db 16

func_23H: display prompt
get_string 17,reply

reply[l],0
get_length
all-done

cmp

jne

imp

get-length: display crlf
parse

open

file-size fob

mov

convert-it:

mov

cmp

je

reply[2],fcb
fcb

si,33

di,9
fcb[si],0
show-it

;see Function 09H

;see Function OAH
;just a CR?
;no, keep going
;yes, go home
;see Function 09H
;see Function 29H

;see Function OFH
;THIS FUNCTION
;offset to Relative

;Record field
;reply in msg2
;digit to convert?
;no, prepare message
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23H
File Size

convert fcb[si],sixteen,msg2[di]
inc si ;bump n-o-r index
inc di ;bump message index
jmp convert_it ;check for a digit

show_it: convert fcb[14],sixteen,msgl[15]
display msgl ;see Function 09H
display msg2 ;see Function 09H
jmp func23H ;get a filename

all-done: close fcb ;see Function lOH
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Call AH = 24H

DS:DX

Opened FOB

24H
Set Relative Record

Return None

Remarks DX must contain the offset (from the segment
address in DS) of an opened FOB. The Relative
Record field (offset 21H) is set to the same file
address as the Current Block (offset OCH) and
Current Record (offset 20H) fields.

^ilacro set_relative_record macro fob

mov dx,offset fob
mov ah,24H
int 21H

endm

Example The following program copies a file using the
Random Block Read and Random Block Write

system calls. It speeds the copy by setting the
record length equal to the file size and the record
count to 1, and using a buffer of 32K bytes. It
positions the file pointer by setting the Current
Record field (offset 20H) to 0 and using Set Rela
tive Record to make the Relative Record field

(offset 21H) point to the same record as the com
bination of the Current Block (offset OCH) and
Current Record (offset 20H) fields:
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24H

Set Relative Record

current_record equ 32 offset of Current Record

field of FOB

fsize equ 16 ;offset of File Size
;field of FCB

fcb db 37 dup (?)
filename db 17 dup(?)
promptl db 'Tile to copy: $" ;see Function 09H for
prompt2 db "Name of copy: $" ;explanation of $
crlf db 13,10,"$"

file_length dw ?

buffer db 32767 dup(?)

func-24H: set-.dta buffer ;see Function lAH
display promptl ;see Function 09H
get-string 15,filename ;see Function OAH
display crlf
parse filename[2Lfcb
open fob
mov fcb[current_record],0

set_relative_record fob

mov ax,word ptr fcb[fsize]
mov file -length,ax

ran_block_read fcb,l,ax
display prompt2
get-string 15,filename
display crlf
parse filename[2],fcb
set_relative_record fcb

;see Function 09H
;see Function 29H
;see Function OFH
;set Current Record
;field
;THIS FUNCTION
;get file size
;save it for
;ran-block-write
;see Function 27H
;see Function 09H
;see Function OAH
;see Function 09H
;see Function 29H
;THIS FUNCTION
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24H

Set Relative Record

mov ax,file_length ;get original file
;length

ran_block_write fob, 1,ax ;see Function 28H
close fob ;see Function lOH
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25H
Set Vector

Call AH = 25H

AL

Interrupt number
DS:DX

Interrupt-handling routine

Return None

Remarks Function 25H should be used to set a particular
interrupt vector. The operating system can then
manage the interrupts on a per-process basis.
Note that programs should never set interrupt
vectors by writing them directly in the low
memory vector table.

DX must contain the offset (to the segment
address in DS) of an interrupt-handling routine.
AL must contain the number of the interrupt
handled by the routine. The address in the vec
tor table for the specified interrupt is set to
DS:DX.

Macro

Example
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set_vector macro interrupt, seg_addr,off_addr
push ds

mov aX;Seg_addr
mov ds,ax
mov dx,off_addr
mov al, interrupt

mov ah,25H
int 21H

pop ds

endm

Ids dx.intvector
mov ah,25H
mov al,intnumber
int 21H

;There are no errors returned



Call

27H
Random Block Read

AH = 27H

DS:DX

Opened FOB
CX

Number of blocks to read

Return AL

OOH = Read completed successfully
OIH = EOF

02H = End of segment
03H = EOF, partial record

CX

Number of blocks read

Remarks DX must contain the offset (to the segment
address in DS) of an opened FCB. CX must con
tain the number of records to read; if it contains
0, the function returns without reading any
records (no operation). The specified number of
records, calculated from the Record Size field
(offset OEH), is read starting at the record speci
fied by the Relative Record field (offset 21H).
The records are placed at the Disk Transfer
Address.

AL returns a code that describes the processing:

Code Meaning

0 Read completed successfully

1 End-of-file; no data in the record

2 not enough room at the Disk Transfer
Address to read one record without
overflowing a segment boundary; read
cancelled

3 End-of-file; a partial record was read
and padded to the record length with
zeros
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27H
Random Block Read

CX returns the number of records read; the Cur
rent Block (offset OCH), Current Record (offset
20H), and Relative Record (offset 21H) fields are
set to address the next record.

Macro ran_block_read macro fcb;Count,rec_size
mov

mov

mov

mov

int

endm

dx,offset fob
CX,count

word ptr fcb[14],rec_size
ah,27H
21H

Example The following program copies a file using the
Random Block Read system call. It speeds the
copy by specifying a record count of 1 and a
record length equal to the file size, and using a
buffer of 32K bytes; the file is read as a single
record (compare to the sample program for
Function 28H that specifies a record length of 1
and a record count equal to the file size):

offset of Current Recordcurrent-record equ 32
;field

fsize equ 16 ;offset of File Size
;field

fob db 37 dup (?)
filename db 17 dup(?)
prompt1 db 'Tile to copy: $" ;see Function 09H
prompt2 db "Name of copy: $" ;explanation of $

crlf db 13,10,"$"

file-length dw ?

buffer db 32767 dup(?)

func_27H: set-dta buffer ;see Function lAH
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display promptl
get_string 15,filename
display crlf
parse filename[2],fcb
open fob
mov fcb[current_record],0

set_relative_record fob

mov ax,word ptr fcb[fsize]
mov file-length, ax

ran_block_read fcb,l,ax
display prompt2
get-string 15,filename
display crlf
parse filename[2],fcb
create fcb

mov fcb[current_record],0

set_relative_record fcb

mov ax,file_length

ran_block_write fcb,l,ax
close fcb

27H
Random Block Read

see Function 09H

see Function OAH

see Function 09H

see Function 29H

see Function OFH

set Current Record

field

see Function 24H

get file size
save it for

ran_block_write

THIS FUNCTION

see Function 09H

see Function OAH

see Function 09H

see Function 29H

see Function 16H

set Current Record

field

see Function 24H

get original file
size

see Function 28H
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28H
Random Block Write

Call AH = 28H

DS:DX

Opened FOB
CX

Number of blocks to write

(0 = set File Size field)

Return AL

OOH = Write completed successfully
OIH = Disk full

02H = End of segment
CX

Number of blocks written

Remarks
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DX must contain the offset (to the segment
address in DS) of an opened FOB; CX must con
tain either the number of records to write or 0.

The specified number of records (calculated from
the Record Size field, offset OEH) is written from
the Disk Transfer Address. The records are writ
ten to the file starting at the record specified in
the Relative Record field (offset 21H) of the FCB.
If CX is 0, no records are written, but the File
Size field of the directory entry (offset lOH) is set
to the number of records specified by the Rela
tive Record field of the FCB (offset 21H); alloca
tion units are allocated or released, as required.

AL returns a code that describes the processing:

Code Meaning

0 Write completed successfully

1 Disk full. No records written.

2 Not enough room at the Disk Transfer
Address to write one record without

overflowing a segment boundary;
write canceled.



28H
Random Block Write

CX returns the number of records written; the
current block (offset OCH), Current Record
(offset 20H), and Relative Record (offset 21H)
fields are set to address the next record.

Macro ran_block-Write macro fob, count, rec_size
mov dx,offset fob
mov CX,count

mov word ptr fcb[14],rec_size
mov ah,28H
int 21H

endm

Example The following program copies a file using the
Random Block Read and Random Block Write

system calls. It copies by specifying a record
count equgd to the file size and a record length of
1, and using a buffer of 32K bytes; the file is
copied with one disk access each to read and
write (compare to the sample program of Func
tion 27H, that specifies a record count of 1 and a
record length equal to file size):

current-record equ 32 offset of Current Record

;field
fsize equ 16 ;offset of File Size

;field

fob db 37 dup (?)
filename db 17 dup(?)
prompt1 db "File to copy: $" ;see Function 09H for
prompt2 db "Name of copy: $" ;explanation of $
crlf db 13,10,"$"

num_recs dw ?

buffer db 32767 dup(?)
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28H
Random Block Write

func_28H: set_dta buffer

display prompt1
get-String 15,filename
display crlf
parse filename[2],fcb
open fob
mov fcb[current_record],0

set_relative_record fob

mov ax,word ptr fcb[fsize]
mov num_recs, ax

ran_block_read fcb,num_recs,l
display prompt2
get_string 15,filename
display crlf
parse filename[2],fcb
create fcb

mov fcb[current_record],0

set_relative_record fcb

ran_block_write fcb,num_recs,l
close fcb
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see Function lAH

see Function 09H

see Function OAH

see Function 09H

see Function 29H

see Function OFH

set Current Record

field

see Function 24H

get file size
save it for

ran-block-write

see Function 27H

see Function 09H

see Function OAH

see Function 09H

see Function 29H

see Function 16H

set Current Record

field

see Function 24H

THIS FUNCTION

see Function lOH



29H
Parse File Name

Call AH = 29H

AL

Controls parsing (see text)
DS:SI

String to parse
ES:DI

Unopened FCB

Return AL

OOH = No wild card characters

OIH = Wild-card characters used

FFH = Drive letter invalid

DS:SI

First byte past string that was parsed
ES:DI

Unopened FCB

Remarks SI must contain the offset (to the segment ad
dress in DS) of a string (command line) to parse;
DI must contain the offset (to the segment ad
dress in ES) of an unopened FCB. The string is
parsed for a filename of the form d:filename.ext;
if one is found, a corresponding unopened FCB
is created at ES:DI.

Bits 0-3 of AL control the parsing and process
ing. Bits 4-7 are ignored:
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29H
Parse File Name

7-90

Bit Value Meaning

0 0 All parsing stops if a file separator
is encountered.

1 Leading separators are ignored.

1 0 The drive number in the FCB is set

to 0 (default drive) if the string does
not contain a drive number.

1 The drive number in the FCB is not
changed if the string does not con
tain a drive number.

2 0 The filename in the FCB is set to 8

blanks if the string does not contain
a filename.

1 The filename in the FCB is not
changed if the string does not con
tain a filename.

3 0 The extension in the FCB is set to 3

blanks if the string does not contain
an extension.

1 The extension in the FCB is not

changed if the string does not con
tain an extension.

If the filename or extension includes an asterisk

(*), all remaining characters in the name or
extension are set to question mark (?).



29H
Parse File Name

Filename separators:

:.;, = + /"[]\<>| space tab

Filename terminators include all the filename
separators plus any control character. A file
name cannot contain a filename terminator; if
one is encountered, parsing stops.

If the string contains a valid filename:

AL returns 1 if the filename or extension con

tains a wild card character (* or ?); AL returns 0
if neither the filename nor extension contains a
wild card character.

DS:SI point to the first character following the
string that was parsed.

ES:DI point to the first byte of the unopened
FCB.

If the drive letter is invalid, AL returns FFH. If
the string does not contain a valid filename,
ES:DI+1 points to a blank (ASCII 20H).

7-91



29H
Parse File Name

Macro parse macro string, fob
mov si, offset string
mov di, offset fob
push es
push ds
pop es

mov al,OFH ;bits 0, 1, 2, 3 on
mov ah,29H
int 21H

pop es

endm

Example The following program verifies the existence of
the file named in reply to the prompt:

fob db 37 dup (?)
prompt db "Filename: $"

reply db 17 dup (?)
yes db "FILE EXISTS", 13,10,"$"
no db "FILE DOES NOT EXIST", 13,10,"$"
crlf db 13,14,"$"

func_29H:

not-there:

continue:
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display prompt ;see Function 09H
get-string 15,reply ;see Function OAH
display crlf ;see Function 09H
parse reply[21fcb ;THIS FUNCTION
search-first fcb ;see Function IIH
cmp al,OFFH ;dir. entry found?

je not-there ;no

display yes ;see Function 09H
imp continue

display no



Call

Return

AH = 2AH

2AH
Get Date

CX

Year (1980-2099)
DH

Month (1-12)
DL

Day (1-31)
AL

Day of week (0 = Sunday, 6 = Saturday)

Remarks This function returns the current date set in the
operating system as binary numbers in CX and
DXlI

CX Year (1980-2099)
DH Month (1 = January, 2 = February, etc.)
DL Day (1-31)
AL Day of week (0 = Sunday, 1 = Monday,

etc.)

Macro get_date macro
mov ah, 2 AH
int 21H

endm

Example The following program gets the date, increments
the day, increments the month or year, if neces
sary, and sets the new date:
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2AH
Get Date

month

func_2AH:

month _ok:

7-94

db 31,28,31,30,31,30,31,31,30,31,30,31

get_date ;see above

inc dl increment day

xor bx,bx ;so BL can be used as index
mov bl,dh ;move month to index register
dec bx ;month table starts with 0
cmp dl,month[bx] ;past end of month?
jle month _ok ;no, set the new date
mov dU ;yes, set day to 1
inc dh ;and increment month
cmp dh,12 ;past end of year?

jle month _ok ;no, set the new date
mov dh,l ;yes, set the month to 1
inc cx increment year

set_date cx,dh,dl ;THIS FUNCTION



Call AH = 2BH

CX

Year (1980-2099)
DH

Month (1-12)
DL

Day (1-31)

Return AL

OOH = Date was valid
FFH = Date was invalid

2BH
Set Date

Remarks Registers CX and DX must contain a valid date
in binary:

CX Year (1980-2099)
DH Month (1 = January, 2 = February, etc.)
DL Day (1-31)

If the date is valid, the date is set and AL
returns 0. If the date is not valid, the function is
canceled and AL returns FFH.

Macro set_date macro year,month,day
mov cx,year

mov dh,month
mov dl,day
mov ah,2BH
int 21H

endm
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2BH

Set Date

Example The following program gets the date, increments
the day, increments the month or year, if neces
sary, and sets the new date:

month

func_2BH:

month _ok:
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db 31,28,31,30,31,30,31,31,30,31,30,31

get-date ;see Function 2AH
inc dl ;increment day

xor bx,bx ;so BL can be used as index
mov bl,dh ;move month to index register
dec bx ;month table starts with 0
cmp dl,month[bx] ;past end of month?
jle month _ok ;no, set the new date
mov dl,l ;yes, set day to 1
inc dh ;and increment month
cmp dh,12 ;past end of year?
jle month _ok ;no, set the new date
mov dh,l ;yes, set the month to 1
inc cx ;increment year

set date cx,dh,dl ;THIS FUNCTION



Call

Return

AH = 2CH

CH

Hour (0-23)
CL

Minutes (0-59)
DH

Seconds (0-59)
DL

Hundredths (0-99)

2CH
Get Time

Remarks This function returns the current time set in the
operating system as binary numbers in CX and

CH Hour (0-23)
CL Minutes (0-59)
DH Seconds (0-59)
DL Hundredths of a second (0-99)

Macro get-time macro

mov ah,2CH
int 21H

endm

Example The following program continuously displays
the time until any key is pressed:
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2CH
Get Time

time db "00:00:00.0a',13,"$"
ten db 10

func_2CH:

all-done:
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get_time

convert ch,ten,time
convert cl,ten,time[3]
convert dh,ten,time[6]
convert dl,ten,time[9]
display time
check_kbd_status

cmp al,OFFH
je all-done
jmp func_2CH

;THIS FUNCTION
;see end of chapter
;see end of chapter
;see end of chapter
;see end of chapter
;see Function 09H
;see Function OBH
;has a key been pressed?
;yes, terminate

;no, display time



Call AH = 2DH

CH

Hour (0-23)
CL

Minutes (0-59)
DH

Seconds (0-59)
DL

Hundredths (0-99)

2DH
Set Time

Return AL

OOH = Time was valid

FFH (255) = Time was invalid

Remarks Registers CX and DX must contain a valid time
in binary:

CH Hour (0-23)
CL Minutes (0-59)
DH Seconds (0-59)
DL Hundredths of a second (0-99)

If the time is valid, the time is set and AL
returns 0. If the time is not valid, the function is
canceled and AL returns FFH (255).

Macro set_time macro hour, minutes, seconds,hundredths
mov ch,hour
mov cl, minutes
mov dh,seconds
mov dl, hundredths
mov ah,2DH
int 21H

endm
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2DH
Set Time

Example The following program acts as a stopwatch.
When a character is typed, it sets the system
clock to zero and begins to continuously display
the time. When a second character is typed the
system stops updating the time display.

time

ten

func_2DH:

read-dock:

continue:
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db

db

"00:00:00.00", 13/T'
10

dir_console_io OFFH

jz func_2DH
set-time 0,0,0,0
get_time

convert ch,ten,time
convert cl,ten,time[3]
convert dh,ten,time[6]
convert dl,ten,time[9]
display time
dir_console_io OFFH

jz read_clock

;see Function 06H
;wait for keystroke
;THIS FUNCTION
;see Function 2CH
;see end of chapter
;see end of chapter
;see end of chapter
;see end of chapter
;see Function 09H
;THIS FUNCTION
;no char, keep updating



Call

2EH

Set/Reset Verify Flag

AH = 2EH

AL

OOH = Do not verify
OIH = Verify

Return None

Remarks AL must be either 1 (verify after each disk write)
or 0 (write without verifying). MS-DOSchecks
this flag each time it writes to a disk.

The flag is normally off; you may wish to turn it
on when writing critical data to disk. Because
disk errors are rare and verification slows writ
ing, you will probably want to leave it off at
other times.

Macro verify macro switch
mov al, switch
mov ah,2EH
int 21H

endm

Example The following program copies the contents of a
single-sided disk in drive A: to the disk in drive
B:, verifying each write. It uses a buffer of 32K
bytes:

on

off

prompt

start

buffer

equ

equ

db

db

dw

db

1

0

''Source in A, target in B",13,10
"Any key to start. $"
0

64 dup (512 dup(?)) ;64 sectors
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2EH

Set/Reset Verify Flag

func_2EH: display prompt
read_kbd

verify on
mov cx,5

copy: push cx

abs_disk_read 0,buffer,64,start
abs_disk_write 1,buffer, 64,start
add start,64
pop cx

loop copy
verify off
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;see Function 09H
;see Function 08H
;THIS FUNCTION
;copy 64 sectors
;5 times
;save counter

;see Interrupt 25H
;see Interrupt 26H
;do next 64 sectors
;restore counter

;do it again
;THIS FUNCTION



Call

Return

Macro

2FH
Get Disk Transfer Address

AH = 2FH

ES:BX

Points to Disk Transfer Address

get_dta macro
mov 2h,2fh
int 21h

endm
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30H
Get DOS Version Number

Call

Return

AH = 30H

AL

Major version number
AH

Minor version number

BH

OEM number

BL:CX

User number (24 bits)

Remarks On return, AL.AH will be the two-part version
designation; i.e., for MS-DOS 1.28, AL would be
1 and AH would be 28. For pre-1.28 DOS AL = 0.
Note that version 1.1 is the same as 1.10, not the
same as 1.01.

Macro
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get_version_num macro

mov ah,30h
int 21h

endm



Call

31H
Keep Process

AH = 31H

AL

Exit code

DX

Memory size, in paragraphs

Return None

Remarks This call terminates the current process and
attempts to set the initial allocation block to a
specific size in paragraphs. It will not firee up
any other allocation blocks belonging to that
process. The exit code passed in AX is retriev
able by the parent via Function 4DH.

This method is preferred over Interrupt 27H and
has the advantage of allowing more than 64K to
be kept.

Macro
keep_process macro exitcode,parasize

mov al,exitcode
mov dx,parasize
mov ah,31h
int 21h

endm
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33H
<CTRL C> Check

Call

Return

AH = 33H

AL

Function

OOH = Request current state
OIH = Set state

DL (if setting state)
OOH = Off

OIH = On

DL

OOH = Off

OIH = On

Remarks MS-DOS ordinarily checx for a CTRL C on the
controlling device only when doing function call
operations OIH-OCH to that device. Function
33H allows the user to expand this checking to
include any system call. For example, with the
CTRL C trapping off, all disk I/O will proceed
without interruption; with CTRL C trapping on,
the CTRL C interrupt is given at the system call
that initiates the disk operation.

Note

Error
Returns
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Programs that wish to use calls 06H or 07H to
read CTRL C's as data must ensure that the

CTRL C check is off.

AL = FF

The function passed in AL was not in the range
0:1.



Macro

33H
<CTRL C> Check

Ctrl_c-check macro switch,val
mov dl,val
mov a 1,switch
mov ah,33h
int 21h

endm
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35H
Get Interrupt Vector

Call AH = 35H

AL

Interrupt number

Return ES:BX
Pointer to interrupt routine

Remarks This function returns the interrupt vector asso
ciated with an interrupt. Note that programs
should never get an interrupt vector hy reading
the low memory vector table directly.

Macro
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get_vector macro interrupt

mov a 1,interrupt
mov ah,35h
int 21h

endm



Call

Return

Remarks

Error
Returns

Macro

36H
Get Disk Free Space

AH = 36H

DL

Drive (0 = Default, 1 = A, etc.)

AX

FFFF if drive number is invalid; otherwise
sectors per cluster

BX

Available clusters

OX

Bytes per sector
DX

Clusters per drive

This fimction returns free space on a disk along
with additional information about the disk.

AX = FFFF

The drive number given in DL was invalid.

get_disk_space macro drive
mov dl,drive
mov ah,36h
int 21h

endm
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38H
Return Country-Dependent Information

Call AH = 38H

DS:DX

Pointer to 32-byte memory area
AL

Function code.

Return Carry set:
AX

2 = file not found

Carry not set:
DX:DS filled in with country data

Remarks The value passed in AL is either 0 (for current
country) or a country code. Country codes are
typically the international telephone prefix code
for the country.

If DX = -1, then the call sets the current country
(as returned hy the AL = 0 call) to the country
code in AL- If the country code is not found, the
current country is not changed.

Note
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Applications must assume 32 bytes of informa
tion. This means the buffer pointed to by DS:DX
must be able to accommodate 32 bytes.

This function is fully supported only in versions
of MS-DOS 2.01 and higher. It exists in MS-DOS
2.0, but is not fully implemented.

This function returns, in the block of memory
pointed to by DS:DX, information pertinent to
international applications. The contents of the
block are shown in the following table.



38H
Return Country-Dependent Information

WORD Date/time format

5 BYTE ASCIIZ string
currency symbol

2 BYTE ASCIIZ string
thousands separator

2 BYTE ASCIIZ string
decimal separator

2 BYTE ASCIIZ string
date separator

2 BYTE ASCIIZ string
time separator

1 BYTE Bit field

IBYTE

Currency places

IBYTE

time format

DWORD

Case Mapping call

2 BYTE ASCIIZ string
data list separator
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38H
Return Country-Dependent Information

7-112

The format of most of the entries is ASCIIZ (a
NUL terminated ASCII string), but a fixed size
is allocated for each field for easy indexing into
the table.

The date/time format (see table) has the follow
ing values:

0 — USA standard h:m:s m/d/y
1 — Europe standard h:m:sd/m/y
2 — Japan standard y/m/d h:m:s

The bit field contains 8 bit values. Any bit not
currently defined must be assumed to have a
random value.

Bit 0 = 0 If currency symbol precedes the
currency amount.

= 1 If currency symbol comes after the
currency amount.

Bit 1 = 0 If the currency symbol is directly
adjacent to the currency amount.

= 1 If there is a space between the
currency symbol and the amount.



38H
Return Country-Dependent Information

The time format has the following values:

0 -12 hour time

1 - 24 hour time

The currency places field indicates the number
of places which appear after the decimal point
on currency amounts.

The Case Mapping call is a FAR procedure
which will perform country specific lower-to-
uppercase mapping on character values from
80H to FFH. It is called with the character to be
mapped in AL. It returns the correct upper case
code for that character, if any, in AL. AL and

^0^ the FLAGS are the only registers altered. It is
allowable to pass this routine codes below 80H;
however nothing is done to characters in this
range. In the case where there is no mapping,
AL is not altered.

Error AX
Returns 2 = file not found

The country passed in AL was not found (no
table for specified country).
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38H
Return Country-Dependent Information

Macro ;
get_country_info macro buffer, country

mov dx,offset buffer
mov a 1, country ;country = 0
mov ah,38h
int 21h

endm
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Call

39H
Create Sub-Directory

AH = 39H

DS:DX

Pointer to path name

Return Carry set:
AX

3 = path not found
5 = access denied

Carry not set:
No error

Remarks

Error
Returns

Macro

Given a pointer to an ASCIIZ name, this func
tion creates a new directory entry at the end.

AX

3 = path not found

The path specified was invalid or not
found.

5 = access denied

The directory could not be created (no
room in parent directory), the directory/
file already existed or a device name
was specified.

mkdir macro name

mov dx,offset name
mov ah,39h
int 21h

endm
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3AH
Remove a Directory

Call AH = 3AH

DS:DX

Pointer to path name

Return Carry set:
AX

3 = path not found
5 = access denied

16 = current directory
Carry not set:

No error

Remarks Function 3AH is given an ASCIIZ name of a
directory. That directory is removed from its
parent directory.

Error

Returns

Macro
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AX

3 = path not found

The path specified was invalid or not
found.

5 = access denied

The path specified was not empty, not a
directory, the root directory, or contained
invalid information.

16 = current directory

The path specified was the current direc
tory on a drive.

rmdir macro name

mov dx,offset name
mov ah,3ah
int 21h

endm



3BH
Change the Current Directory

Call AH = 3BH

DS:DX

Pointer to path name

Return Carry set:
AX

3 = path not found
Carry not set:

No error

Remarks Function 3BH is given the ASCIIZ name of the
directory which is to become the current direc
tory. If any member of the specified pathname
does not exist, then the current directory is
unchanged. Otherwise, the current directory is
set to the string.

Error
Returns

Macro

AX

3 = path not found

The path specified in DS:DX either indi
cated a file or the path was invalid.

chdir macro name

mov dx,offset name
mov ah,3bh
int 21h

endm

7-117



3CH
Create a File

Call

Return

Remarks
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AH = 3CH

DS:DX

Pointer to path name
CX

File attribute

Carry set:
AX

3 = path not found
4 = too many open files
5 = access denied

Carry not set:
AX is handle number

Function 3CH creates a new file or truncates an

old file to zero length in preparation for writing.
DS:DX must point to an ASCIIZ path to the file.
If the file did not exist, then the file is created in
the appropriate directory and the file is given
the attribute found in CX. The given attribute
byte is placed at offset OBH in the file's directory
entry. See the section on "Diskette Directory" in
chapter 5 for details about the attribute byte.
The file handle returned has been opened for
read/write access.



Error

Returns

Macro

3CH
Create a File

AX

3 = path not found

The path specified was invalid.

4 = too many open files

5 = access denied

The attributes specified in CX contained
one that could not be created (directory,
volume ID), a file already existed with a
more inclusive set of attributes, or a direc
tory existed with the same name.

The file was created with the specified attrib
utes, but there were no free handles available for
the process, or the internal system tables were
full.

create_file macro name,attrib
mov dx, offset name
mov cx,attrib
mov ah,3ch
int 21h

endm
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SDH
Open a File Handle

Call AH = 3DH

AL

Access

0 = file opened for reading
1 = file opened for writing
2 = file opened for both

reading and writing
DS:DX

pointer to pathname

Return Carry set:
AX

2 = file not found
4 = too many open files
5 = access denied

12 = invalid access
Carry not set

AX is handle number

Remarks Function 3DH associates a 16-bit handle with a
file.

The following values are allowed:
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ACCESS Function

0 opened for reading
1 opened for writing
2 opened for both reading

and writing.

DS:DXpoint to an ASCIIZ name of the file to be
opened.

The read/write pointer is set at the first byte of
the file and the record size of the file is 1 byte.
The returned file handle must be used for sub
sequent I/O to the file.



Error
Returns

Macro

SDH
Open a File Handle

AX

2 = file not found

The path specified was invalid or not
found.

4 = too many open files

There were no free handles available in

the current process or the internal system
tables were full.

5 = access denied

The user attempted to open a directory or
volume-id, or open a read-only file for writ
ing.

12 = invalid access

The access specified in AL was not in the
range 0:2.

open_handle macro name, access
mov dx, offset name
mov a 1, access
mov ah,3dh
int 21h

endm
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3EH
Close a File Handle

Call AH = 3EH

BX

File handle

Return Carry set:
AX

6 = invalid handle

Carry not set:
No error

Remarks If BX is passed a file handle (like that returned
by Functions 3CH, 3DH, or 45H), Function 3EH
closes the associated file. Internal buffers are

flushed to disk.

Error AX

Returns 6 = invalid handle

The handle passed in BX was not currently
open.

Macro
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close_handle macro handle

mov bx,handle
mov ah,3eh
int 21h

endm



Call

Return

Remarks

3FH
Read From File/Device

AH = 3FH

DS:DX

Pointer to buffer

CX

Bjd^es to read
BX

File handle

Carry set:
AX

5 = error set:

6 = invalid handle

Carry not set:
AX = number of bytes read

Function 3FH transfers a specified number of
bytes from a file into a buffer location. It is not
guaranteed that the number of bytes requested
will be read; for example, reading from the key
board will read at most one line of text. If the
returned value is zero, then the program has
tried to read from the end of file.

All I/O is done using normalized pointers; no
segment wraparound will occur.

Error AX

Returns 5 = access denied

The handle passed in BX was opened in a
mode that did not allow reading.

6 = invalid handle

The handle passed in BX was not cur
rently open.
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3FH

Read From File/Device

Macro
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.handle macro buffer, bytes,handle
mov dx,offset buffer
mov ox,bytes
mov bx,handle
mov ah,3fh
int 21h

endm



40H
Write to a File or Device

Call AH = 40H

DS:DX

Pointer to buffer
CX

Bytes to write
BX

File handle

Return Carry set:
AX

5 = access denied

6 = invalid handle

Carry not set:
AX = number of bytes written

Remarks Function 40H transfers a specified number of
bytes from a buffer into a file. It should be
regarded as an error if the number of bytes writ
ten is not the same as the number requested.

The write system call with a count of zero (CX =
0) will set the file size to the current position.
Allocation units are allocated or released as
required.

All I/O is done using normalized pointers; no
segment wraparound will occur.
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40H

Write to a File or Device

Error AX
Returns 5 = access denied

The handle was not opened in a mode that
allowed writing.

6 = invalid handle

The handle passed in BX was not cur
rently open.

Macro
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write-to-handle macro buffer,bytes,handle
mov dx,offset buffer
mov cx, bytes
mov bx,handle
mov ah,40h
int 21h

endm



Call

41H
Delete a Directory Entry

AH = 41H

DS:DX

Pointer to path name

Return Carry set:
AX

2 = file not found

5 = access denied

Carry not set:
No error

Remarks

Error
Returns

Macro

Function 41H deletes the file named in the
ASCIIZ string pointed to by DS:DX.

AX

2 = file not found

The path specified was invalid or not
found.

5 = access denied

The path specified was a directory or read
only.

erase macro name

mov dx,offset name
mov ah,41h
int 21h

endm
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42H
Move File Pointer

Call AH = 42H

CX:DX

Distance to move, in bytes
AL

Method of moving:
(see text)

BX

File handle

Return Carry set:
AX

1 = invalid function

6 = invalid handle
Carry not set:

DX:AX = new pointer location

Remarks Function 42H moves the read/write pointer
according to one of the following methods:

Method Function

0 the pointer is moved to offset bytes
from the beginning of the file

1 the pointer is moved to the current
location plus offset

2 the pointer is moved to the end of file
plus offset

Offset should be regarded as a 32-bit integer
with CX occupying the most significant 16 bits.
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42H

Move File Pointer

Error AX
Returns l = invalid function

The function passed in AL was not in the
range 0:2.

6 = invalid handle

The handle passed in BX was not cur
rently open.

Macro
move_pointer macro highword^lowword,switch,

mov

mov

mov

mov

mov

int

endm

handle

dx,lowword
cx,highword
a 1, switch

bx, handle
ah,42h
21h
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43H
Change Attributes

Call AH = 43H

DS:DX

Pointer to path name
AL

Function

00 Return in CX

01 Set to CX

CX(ifAL = 01)
Attribute to be set

Return Carry set:
AX

1 = invalid function

3 = path not found
5 = access denied

Carry not set:
CX attributes (if AL = 00)

Remarks Given an ASCIIZ name pointed to by DS:DX,
Function 42H will set/get the attributes of the
file to those given in CX. See the section on
"Diskette Directory" in chapter 5 for a descrip
tion of the attribute byte.

A function code is passed in AL:

AL Function

0 return the attributes of the file in CX

1 set the attributes of the file to those in CX
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Error

Returns

Macro

43H
Change Attributes

AX

1 = invalid function

The function passed in AL was not in the
range 0:1.

3 = path not found

The path specified was invalid.

5 = access denied

The attributes specified in CX contained
one that could not be changed (directory,
volume ID).

change_attrib macro name,attrib,switch
mov dx,offset name
mov cx,attrib
mov a 1, switch
mov ah,43h
int 21h

endm
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44H
I/O Control for Devices

Call AH = 44H

BX

Handle

BL

Drive (for function codes 4 and 5;
0 = default, 1 = A:, etc.)

DS:DX

Data or buffer

CX

Bytes to read or write
AL

Function code; see text

Return Carry set:
AX

1 = invalid function

5 = access denied

6 = invalid handle

13 = invalid data

Carry not set:
Function Code = 2,3,4,5

AX = Count transferred

Function Code = 6,7
AL

00 = Not ready
FF = Ready

Remarks
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Function 44H sets or gets device information
associated with an open handle, or sends/
receives a control string to a device handle or
device.

The inputs to AL are function numbers, for
which there are returns. The function number

values and functions are discussed below.

The following values are allowed in AL as func
tion codes:



44H
I/O Control for Devices

Call Function

0 get device information (returned in DX)

1 set device information (as determined
by DX)

2 read CX number of bytes into DS:DX
from device control channel

3 write CX number of bytes from DS:DX
to device control channel

4 read CX number of bytes into DS:DX
from disk (drive number in BL)

5 write CX number of bytes from DS:DX
to disk (drive number in BL)

6 get input status

7 get output status

This function can be used to get information
about device channels. Calls can be made on

regular files, but only calls 0,6 and 7 are defined
in that case (AL = 0,6,7). All other calls return
an invalid function error.

Calls 0,1: The bits of DX are defined as follows for calls
AL = 0 and AL = 1. Note that the upper byte
MUST be zero on a set call.
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44H

I/O Control for Devices

7-134

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R C I E R S I I I I
eT SOAPSSSS

s R Reserved DFWECNCC

L E C L U O I

V L K L T N

ISDEV = 1 if this channel is a device

= 0 if this channel is a disk file

(Bits 8-15 = 0 in this case)

IfISDEV = l

EOF = 0 if End Of File on input
RAW = 1 if this device is in Raw mode

= 0 if this device is cooked
SPECL = 1 if this device is special
ISCLK = 1 if this device is the clock device
ISNUL = 1 if this device is the null device
ISCOT = 1 if this device is the console output
ISCIN = 1 if this device is the console input

CTRL = 0 if this device cannot do control strings
via calls AL = 2 and AL = 3

CTRL = 1 if this device can process control
strings via calls AL = 2 and AL = 3.
NOTE that this bit cannot be set.

IfISDEV = 0

EOF = 0 if chtonel has been written

Bits 0-5 are the block device number for the
channel (0 = A:, 1 = B:,...)



44H

I/O Control for Devices

NOTE: Bits 15,8-13,4 are reserved and should
not be altered.

Calls 2..5: These four calls allow arbitrary control strings
to he sent or received from a device. The call

syntax is the same as the read and write system
calls, except for 4 and 5, which take a drive
number in BL instead of a handle in BX.

An invalid function error is returned if the

CTRL bit (see above) is 0.

An access denied error is returned by calls AL ^
4,5 if the drive number is invalid.

Calls 6,7: These two calls allow the user to check if a file
handle is ready for input or output. Status of
handles open to a device is the intended use of
these calls, but status of a handle open to a disk
file is allowed, and is defined as follows:

For input:

• Always ready (AL = FF) until EOF reached,
then always not ready (AL = 0) unless current
position changed via Function Request 42H
(LSEEK).

For output:

• Always ready (even if disk full).

The status is defined at the time the system is
CALLED. On future versions, by the time con
trol is returned to the user from the system, the
status returned may NOT correctly reflect the
true current state of the device or file.
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44H

I/O Control for Devices

Error
Returns

Macro
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AX

1 = invalid function

The function passed in AL was not in the
range 0:7.

5 = access denied (calls AL = 4,5)

6 = invalid handle

The handle passed in BX was not cur
rently open.

13 = invalid data

io_ctrl_dev macro handle,buffer,bytes,switch
;or 8-bit drive numbermov bx, handle

mov dx, offset buffer
mov cx, bytes
mov a 1, switch
mov 2h,44h
int 21h

endm



45H
Duplicate a File Handle

Call AH = 45H

BX

File handle

Return Carry set:
AX

4 = too many open files
6 = invalid handle

Carry not set:
AX = new file handle

Remarks Function 45H takes an already opened file han
dle and returns a new handle that refers to the
same file at the same position.

Error AX
Returns 4 = too many open files

There were no free handles available in
the current process or the internal system
tables were full.

6 = invalid handle

The handle passed in BX was not cur
rently open.

Example mov bx,fh
mov ah,45H
int 21H

;ax has the returned handle

7-137



46H
Force a Duplicate of a Handle

Call AH = 46H

BX

Existing file handle
CX

New file handle

Return Carry set:
AX

4 = too many open files
6 = invalid handle

Carry not set:
No error

Remarks Function 46H takes an already opened file han
dle and returns a new handle that refers to the
same file at the same position. If there was
already a file open on handle CX, it is closed
first.

Error AX
Returns 4 = too many open files

The internal system tables were full.

6 = invalid handle

The handle passed in BX was not cur
rently open.

Exemple

7-138

mov bx,fh
mov cx,newfh
mov ah,46H
int 21H



47H
Return Name of Current Directory

Call AH = 47H

DS:SI

Pointer to 64-b5rte memory area
DL

Drive number

Return Carry set:
AX

15 = invalid drive

Carry not set:
No error

Remarks Function 47H returns an ASCIIZ string giving
the name of the current directory for a particular
drive. The directory is root-relative and does not
contain the drive specifier or leading path
separator. The drive code passed in DL is 0 =
default, 1 = A:, 2 = B:, etc.

Error AX
Returns 15 = invalid drive

The drive specified in DL was invalid.

Macro

duplicate-handle macro handle
mov bx, handle
mov ah,45h
int 21h

endm
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48H
Allocate Memory

Call AH = 48H

BX

Size of memory to be allocated in paragraphs

Return Carry set:
AX

7 = arena trashed

8 = not enough memory
BX

Maximum size that could he allocated
Carry not set:
AX:0

Pointer to the allocated memory

Remarks Function 48H returns a pointer to a free block of
memory that has the requested size in
paragraphs.

Error AX
Returns 7 = arena trashed

The internal consistency of the memory
arena has been destroyed. This is due to a
user program changing memory that does
not belong to it, thus destrojdng the
memory manager allocation marks.

8 = not enough memory

The largest available free block is smaller
than that requested or there is no free
block.
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Macro ;
force-handle macro old,new

mov bx,old
mov cx,new

mov ah,46h
int 21h

endm

48H

Allocate Memory
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49H
Free Allocated Memory

Call AH = 49H

ES

Segment address of memory
area to be freed

Return Carry set:
AX

7 = arena trashed

9 = invalid block

Carry not set:
No error

Remarks Function 49H returns a piece of previously allo
cated memory to the system pool.

Error AX
Returns 7 = arena trashed

The internal consistency of the memory
arena has been destroyed. This is due to a
user program changing memory that does
not belong to it, thus destroying the
memory manager allocation marks.

9 = invalid block

The block passed in ES is not one allo
cated via Function Request 48H.

Macro
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cur_dir_name macro buffer,drive
mov si,offset buffer
mov dl,drive
mov ah,47h
int 21h

endm



Call

4AH
Modify Allocated Memory Blocks

AH = 4AH

ES

Segment address of memory area
BX

Requested memory area size

Return Carry set:
AX

7 = arena trashed

8 = not enough memory
9 = invalid block

BX

Maximum size possible
Carry not set:

No error

Remarks Function 4AH will attempt to grow/shrink an
allocated block of memory.

Error
Returns

AX

7 = arena trashed

The internal consistency of the memory
arena has been destroyed. This is due to a
user program changing memory that does
not belong to it, thus destroying the
memory manager allocation marks.

8 = not enough memory

There was not enough free memory after
the specified block to satisfy tl.e grow
request.

9 = invalid block

The block passed in ES is not one allo
cated via this function.

7-143



4AH
Modify Allocated Memory Blocks

Macro ;
alloc _mem macro size

mov bx,size
mov ah,48h
int 21h

endm
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Call

4BH
Load and Execute a Program (EXEC)

AH = 4BH

DS:DX

Pointer to pathname
ES:BX

Pointer to parameter block
AL

00 = Load and execute program
03 = Load program

Return Carry set:
AX

1 = invalid function

2 = file not found

8 = not enough memory
10 = bad environment

11 = bad format

Carry not set:
No error

Remarks This function allows a program to load another
program into memory and optionally begin exe
cution of it. DS:DX points to the ASCIIZ name
of the file to be loaded. ES:BX points to a
parameter block for the load.

A function code is passed in AL:

AL Function

0 load and execute the program. A pro
gram header is established for the pro
gram and the terminate and CTRL C
addresses are set to the instruction after

the EXEC system call.

3 load (do not create) the program header,
and do not begin execution. This is use
ful in loading program overlays.
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4BH

Load and Execute a Program (EXEC)

7-146

For each value of AL, the hlock has the format
shown in the following table.

AL = 0 - load/execute program

WORD segment address of
environment.

DWORD pointer to command
line at 80H of Program Segment Prefix

DWORD pointer to default
FOB to be passed at 5CH of PSP

DWORD pointer to default
FOB to be passed at 6CH of PSP

AL = 3 - load overlay

WORD segment address where
file will be loaded.

WORD relocation factor to

be applied to the image.

Note that all open files of a process are duplicat
ed in the child process after an EXEC. This is
extremely powerful; the parent process has con
trol over the meanings of stdin, stdout, stderr,
stdaux and stdpm. The parent could, for exam
ple, write a series of records to a file, open the
file as standard input, open a listing file as stan
dard output and then EXEC a sort program that
takes its input from stdin and writes to stdout.



4BH
Load and Execute a Program (EXEC)

Also inherited (or passed from the parent) is an
"environment." This is a block of text strings
(less than 32K bytes total) that convey various
configurations parameters. The format of the
environment is as follows:

(paragraph boundary)

BYTE ASCIIZ string 1

BYTE ASCIIZ string 2

BYTE ASCIIZ string n

BYTE of zero

Typically the environment strings have the
form:

parameter = value

For example, COMMAND.COM might pass its
execution search path as:

PATH=A:\BIN;B:\BASIC\LIB

A zero value of the environment address causes

the child process to inherit the parent's envi
ronment unchanged.
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Load and Execute a Program (EXEC)

Error AX
Returns 1 = invalid function

The function passed in AL was not 0 or 3.

2 = file not found

The path specified was invalid or not
found.

Macro

7-148

8 = not enough memory

There was not enough memory for the
process to be created.

10 = bad environment

The environment was larger than 32Kb.

11 = bad format

The file pointed to by DS:DX was in .EXE
format and contained information that

was internally inconsistent.

free_memory macro address
mov ax, address
mov es,ax

mov ah,49h
int 21h

endm



Call

4CH
Terminate a Process

AH = 4CH

AL = Return code

Return None

Remarks Function 4CH terminates the current process
and transfers control to the invoking process. In
addition, a return code may be sent. All files
open at the time are closed.

This method is preferred over all others (Inter
rupt 20H, JMP 0) and has the advantage that
CS:0 does not have to point to the Program
Header Prefix.

Macro
modify_memory macro address,size

mov ax,address
mov es,ax

mov bx,size
mov ah,4ah
int 21h

endm
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4DH
Retrieve the Return Code of a Child

Call

Return

AH = 4DH

AX

Exit code

Remarks Function 4DH returns the Exit code specified by
a child process. It returns this Exit code only
once. The low byte of this code is that sent by
the Exit routine. The high byte is one of the
following:

0 - Terminate/abort

1 - CTRL C

2 - Hard error

3 - Terminate and stay resident

Macro
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exec macro path,param,switch
mov dx,offset path
mov bx,offset param
mov a 1, switch
mov ah,4bh
int 21h

endm



Call

4EH
Find Match File

AH = 4EH

DS:DX

Pointer to pathname
CX

Search attributes

Return Carry set:
AX

2 = file not found

18 = no more files

Carry not set:
No error

Remarks Function 4EH takes a pathname with wild card
characters in the last component (passed in an
ASCIIZ string pointed to by DS:DX) along with
a set of attributes (passed in CX) and attempts
to find all files that match the pathname and
have a subset of the required attributes. A
datablock at the current DTA is written that
contains information in the following form:

{ind_buf_reserved DB 21 DUP (?); Reserved*
find_buf_attr

find_buf_lime

find_buf_date

find_buf_size_l

find_buf_size_h

find_buf_pname
find_buf ENDS

DB ? ;attribute found
DW ? ;time
DW ? ;date
DW ? ;low(size)
DW ? ;high(size)
DB 13 DUP (?) ;packed name

*Reserved for MS-DOS internal use on subsequent
find_nexts

To obtain the subsequent matches of the path
name, see the description of Function 4FH.
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4EH

Find Match File

Error AX
Returns 2 = file not found

The path specified in DS:DX was an
invalid path.

18 = no more files

There were no files matching this specifi
cation.

Macro
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terminate-process macro code
mov al,code
mov ah,4ch
int 21h

endm



4FH
Step Through a Directory Matching

Files

Call AH = 4FH

Return Carry set:
AX

18 = no more files

Carry not set:
No error

Remarks The current DTA address must point at a block
returned by Function 4EH (see Function 4EH).

Error AX
Returns 18 = no more files

There are no more files matching this
pattern.

Macro
retrieve_code macro

mov ah;4dh
int 21h

endm
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54H
Return Current Setting of Verify
After Write Flag

Call

Return

AH = 54H

AL

Current verify flag value

Remarks The current value of the verify flag is returned
in AL.

Macro
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find-match macro name,attrib
mov dx,offset name
mov cx,attrib
mov ah,4eh
int 21h

endm



Call

Return

Remarks

56H
Move a Directory Entry

AH = 56H

DS:DX

Pointer to pathname of
existing file

ES:DI

Pointer to new pathname

Carry set:
AX

2 = file not found

5 = access denied

17 = not same device

Carry not set:
No error

Function 56H attempts to rename a file into
another path. The paths must be on the same
device.

Error AX
Returns 2 = file not found

The file name specifed by DS:DX was not
found.

5 = access denied

The path specified in DS:DX was a direc
tory or the file specified by ES:DI already
exists or the destination directory entry
could not be created.

17 = not same device

The source and destination are on differ

ent drives.
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Move a Directory Entry

Macro ;
step_match macro

mov ah,4fh
int 21h

endm
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Call

57H
Get/Set Date/Time of File

AH = 57H

AL

00 = get date and time
01 = set date and time

BX

File handle

CX(ifAL = 01)
Time to be set

DX(if AL = 01)
Date to be set

Return Carry set:
AX

1 = invalid function

6 = invalid handle

Carry not set:
No error

CX/DX set if function 0

Remarks Function 57H returns or sets the last-write time
for a handle. These times are not recorded until
the file is closed.

A function code is passed in AL:

AL Function

0 return the time/date of the handle in
CX/DX

1 set the time/date of the handle to
CX/DX

The format for the date and time is the same as
the date and time fields for a directory entry,
except that the individual bytes in each word are
reversed. The high order portion of the time is in
CL, and the high order portion of the date is in
DL.
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57H

Get/Set Date/Time of File

Error AX
Returns 1 = invalid function

The function passed in AL was not in the
range 0:1.

6 = invalid handle

The handle passed in BX was not cur
rently open.

Macro
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check_verify_flag macro
mov ah,54h
int 21h

endm



Macro

Note These macro definitions apply to system call
examples OOH through 57H.

Interrupts
*******************

;ABS_DISK_READ
abs_disk_read macro disk, buffer, num_sectors, first_sector

al,disk
bx,offset buffer
cx, num_sectors

dx,first_sector
25H

mov

mov

mov

mov

int

popf
endm

;interrupt 25H

;ABS_DISK_WRITE
abs_disk_write macro disk, buffer, num_sectors, first_sector

mov al,disk
mov bx,offset buffer
mov cx,num_sectors

mov dx,first_sector
int 26H ;interrupt 26H
popf
endm

stay_resident macro last_instruc
mov dx, offset last_instruc
inc dx

int 27H

endm

Functions

;STAY_RESIDENT

interrupt 27H
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read_kbd_and_echo macro

mov ah, 1
int 21H

endm

/

display_char macro character
mov dl, character
mov ah, 2
int 21H

endm

/

aux_input macro

mov ah, 3
int 21H

endm

/

aux_output macro

mov ah,4
int 21H

endm

t

print_char macro character
mov dl, character
mov ah, 5
int 21H

endm

dir_console_io macro switch

mov dl, switch
mov ah, 6
int 21H

endm

/

dir_console_input macro

mov ah, 7
int 21H

endm

read_kbd macro

mov ah, 8
int 21H

endm

;READ_KBD_AND_ECHO
function 1

;DISPLAY_CHAR

;function 2

;AUX_INPUT
;function 3

;AUX_OUTPUT
;function 4

;PRINT_CHAR

function 5

;DIR_CONSOLE_IO

function 6

;DIR_CONSOLE_INPUT
;function 7

;READ_KBD
;function 8



display macro string
mov dx,offset string
mov ah, 9
int 21H

endm

/

get_string macro limit,string
mov string,limit

dx,offset string
ah,OAH
21H

mov

mov

int

endm

check_kbd_status macro

mov ah,OBH
int 21H

endm

;DISPLAY

;function 9

;GET_STRING

;function OAH

;CHECK_KBD_STATUS
;function OBH

flush_and_read_kbd macro switch ;FLUSH_AND_READ_KBD
mov al, switch
mov ah,OCH function OCR
int 21H

endm

reset_disk macro

mov ah, DDK
int 21H

endm

select_disk macro disk

mov dl,disk[-65]
mov ah,OEH
int 21H

endm

/

open macro fob
mov dx,offset fob
mov ah,OFH
int 21H

endm

,RESET DISK
/function ODH

;SELECT_DISK

/function GEH

/OPEN

/function OFH
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close macro fob

mov dx,offset fob
mov ah,10H
int 21H

endm

/

search-first macro fob

mov dx,offset fob
mov ah,llH
int 21H

endm

/

search-next macro fob

mov dx,offset fob
mov ah,12H
int 21H

endm

/

delete macro fob

mov dx,offset fob
mov ah,13H
int 21H

endm

I

read-seq macro fob
mov dx,offset fob
mov ah,14H
int 21H

endm

/

write-seq macro fob
mov dx,offset fob
mov ah,15H
int 21H

endm

I

create macro fob

mov dx,offset fob
mov ah,16H
int 21H

endm

,CLOSE

;function lOH

;SEARCH-FIRST

;function IIH

;SEARCH-NEXT

;function 12H

;DELETE

function 13H

;READ-SEQ

function 14H

;WRITE_SEQ

;function 15H

;CREATE

;function 16H



rename macfo special_fcb ;RENAME
mov dx,offset special_fcb
mov ah,17H ;function 17H
int 21H

endm

current_disk macro

mov ah,19H
int 21H

endm

/

set_dta macro buffer

mov dx,offset buffer
mov ah,lAH
int 21H

endm

read_ran macro fcb

mov dx,offset fcb
mov ah,21H
int 21H

endm

write_ran macro fcb

mov dX/offset fcb
mov ah/22H
int 21H

endm

/

file_size macro fcb

mov dX/offset fcb
mov ah/23H
int 21H

endm

;CURRENT_DISK
function 19H

;SET_DTA

/•function lAH

;READ_RAN

/•function 21H

;WRITE_RAN

/•function 22H

;FILE_SIZE

/•function 23H
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set_relative_record macro fob

mov dx,offset fob
mov ah,24H
int 21H

endm

;SET_RELATIVE_RECORD

function 24H

set_vector macro interrupt,seg_addr,off_addr ;SET-VECTOR

7-164

push ds

mov ax,seg_addr
mov ds,ax
mov dx,off_addr
mov al, interrupt
mov ah,25H
int 21H

endm

function 25H

ran_block_read macro fob, count,rec_size;RAN_BLOCK_READ
mov

mov

mov

mov

int

endm

dx,offset fob
cx,count

word ptr fcb[14], rec_size
ah,27H
21H

;function 27H

ran_block_write macro fcb, count, rec_size;RAN_BLOCK_WRITE
mov

mov

mov

mov

int

endm

dx,offset fcb
cx,count

word ptr fcb[14], rec_size
ah,28H
21H

;function 28H



parse macro filename, fob ;PARSE
mov si, offset filename
mov di,offset fob
push es

push ds

pop es

mov al,OFH
mov ah,29H ;function 29H
int 21H

pop es

endm

get_date macro ;GET_DATE
mov ah, 2 AH ;function 2AH
int 21H

endm

/

set_date macro year, month,day ;SET_DATE
mov cx,year

mov dh, month
mov dl,day
mov ah,2BH ;function 2BH
int 21H

endm

get_time macro ;GET_TIME
mov ah,2CH ;function 2CH
int 21H

endm

; ;SET_TIME
set_time macro hour, minutes, seconds, hundredths

mov ch,hour
mov cl, minutes
mov dh,seconds
mov dl,hundredths
mov ah,2DH ;function 2DH
int 21H

endm
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verify macro switch
mov al,switch
mov ah,2EH
int 21H

endm

get_dta macro
mov ah,2FH
int 21H

endm

get_version_num macro

mov ah,30H
int 21H

endm

keep-process macro exitcode,parasize
mov al,exitcode
mov dx,parasize
mov ah,31H
int 21H

endm

Ctrl _c-check macro switch,val
mov dl,val
mov a 1, switch
mov ah,33H
int 21H

endm

get-vector macro interrupt

mov a 1,interrupt

mov ah,35H
int 21H

endm

get-disk-space macro drive
mov dl,drive
mov 2h,36H
int 21H

endm
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;VERiFY

;function 2EH

;GET_DTA

;GET_VERSION_NUM

;KEEP_PROCESS

;CTRL-C-CHECK

;GET-VECTOR

;GET-DISK-SPACE



get_country_info macro buffer,country
mov dx,offset buffer
mov a 1, country

mov ah,38H
int 21H

endm

/

mkdir macro name

mov dx,offset name
mov ah,39H
int 21H

endm

rmdir macro name

mov dx, offset name
mov ah, 3 AH
int 21H

endm

/

chdir macro name

mov dx,offset name
mov ah,3BH
int 21H

endm

/

create-file macro name,attrib
mov dx,offset name
mov cx,attrib
mov ah,3CH
int 21H

endm

/

open-handle macro name,access
mov

mov

mov

int

endm

dx,offset name
a 1, access

2h,3DH
21H

;GET-COUNTRY-INFO

;country = 0

;MKDIR

;RMDIR

;CHDIR

;CREATE-FILE

;OPEN-HANDLE
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close-handle macro handle

mov bx,handle
mov 2h,3EH
int 21H

endm

;CLOSE_HANDLE

read-from-handle macro buffer, bytes,handle
;READ-FROM_HANDLE

mov dx,offset buffer
mov cx, bytes
mov bx, handle
mov ah,3FH
int 21H

endm

write-to-handle macro buffer,bytes,handle
;WRITE-TO-HANDLE

mov dx,offset buffer
mov cx, bytes
mov bx, handle
mov ah,40H
int 21H

endm

erase macro name

mov dx,offset name
mov ah,41H
int 21H

endm

;ERASE

move-pointer macro highword,lowword,switch,handle
;MOVE-POINTER

mov dx,lowword
mov cx,highword
mov a 1, switch
mov bx, handle
mov ah,42H
int 21H

endm



change_attrib macro name,attrib, switch ;CHANGE_ATTRIB
mov dx,offset name
mov cx,attrib
mov al,switch
mov 2h,43H
int 21H

endm

f

io_ctrl_dev macro handle, buffer, bytes,switch
;IO_CTRL_DEV
;or 8-bit drive numbermov bx, handle

mov dx,offset buffer
mov cx,bytes
mov al,switch
mov ah,44H
int 21H

endm

duplicate-handle macro handle ;DUPLICATE-HANDLE
mov bx,handle
mov ah,45H
int 21H

endm

/

force-handle macro old,new ;FORCE-HANDLE
mov bx,old
mov cx,new

mov ah,46H
int 21H

endm

/

cur-dir-name macro buffer,drive ;CUR-DIR-NAME
mov si,offset buffer
mov dl,drive
mov ah,47H
int 21H

endm
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I

alloc_mem macro size ;ALLOC_MEM
mov bx,size
mov ah,48H
int 21H

endm

f

free_memory macro address ;FREE_MEMORY
mov ax,address
mov es,ax

mov ah,49H
int 21H

endm

modify_memory macro address,size ;MODIFY_MEMORY
mov ax, address
mov es,ax ^

mov bx,size ' ^
mov ah, 4 AH
int 21H

endm

/

exec macro path,param,switch ;EXEC
mov dx, offset path
mov bx,offset param
mov al,switch
mov ah,4BH
int 21H

endm

terminate_process macro code ;TERMINATE_PROCESS
mov al,code
mov ah,4CH
int 21H

endm —

/

retrieve_code macro ;RETRIEVE-CODE
mov ah,4DH
int 21H

endm



find_match macro name,attrib
mov dx,offset name
mov cx.attrib
mov ah,4EH
int 21H

endm

step_match macro
mov ah,4FH
int 21H

endm

check_verify_flag macro
mov ah,54H
int 21H

endm

/

rename macro old, new-
mov dx,offset old
mov di, offset new
mov ah,56H
int 21H

endm

;FIND_MATCH

;STEP_MATCH

;CHECK_VERIFY_FLAG

;RENAME

date_time_of_file macro switch,handle,date,time
;DATE_TIME_OF_FILE

mov al,switch
mov bx,handle
mov cx,time
mov dx,date
mov ah,57H
int 21H

endm
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General

move_string macro source, destination, num_bytes
;MOVE_STRING

push es

mov ax,ds
mov es,ax

mov si,offset source
mov di,offset destination
mov cx,num_bytes
movs es:destination,source
pop es

endm

convert macro value, base, destination ;CONVERT

table

start:

local table, start
jmp start

db "0123456789ABCDEF"

mov al,value
xor ah,ah
xor bx,bx

div base

mov bl,al
mov al,cs: table[bx]
mov destination, al

mov bl,ah
mov al,cs: table[bx]
mov d esti n ation [1 ],al
endm



convert_to_binary macro string, number, value
;CONVERT_TO_BINARY

local ten, start,calc, mult, no_mult
jmp start

ten db 10

start: mov value, 0
xor cx,cx

mov cl, number
xor si,si

calc: xor ax, ax

mov al,string[si]
sub al,48
cmp cx,2

no_mult

push cx

dec cx

mult: mul cs:ten

loop mult

pop cx

no_mult: add value,ax
inc si

loop calc

endm

convert_date macro dir_entry
mov dx,word ptr dir_entry[25]
mov cl,5
shr dl,cl
mov dh,dir_entry[25]
and dh, Ifh
xor cx,cx

mov cl,dir_entry[26]
shr cl,l
add cx,1980
endm
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Overview

This chapter describes the ROM BIOS service
routines that are provided to perform the more
low-level functions that you may need in your
assembly language programs. Because these are
low-level routines, they provide more direct
access to the hardware than the DOS routines.
However, they do not provide some of the protec
tion and conveniences that the DOS routines
give. Be sure to check the chapter on "System
Calls" to make your choice between similar DOS
and BIOS calls.



Conventions

ROM BIOS

Service
Routines

Access to the BIOS service routines is through
the 8086 software interrupts. The routines are
called with conventions that are very similar to
the conventions for calling DOS routines.

To issue a BIOS interrupt, use the Interrupt
statement to select the desired interrupt:

INT 1IH

Some interrupts, like Interrupt IIH (Equipment
List), perform only one function. Others, like
Interrupt 13H (Diskette Services), have several
sub-functions that you can call. To select a sub-
function, move the number of the sub-function
into the AH register.

This chapter describes the register usage for
each of the BIOS service routines. It is usually
wise to save all important registers before call
ing a BIOS service routine.
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Interrupt Vector List

Interrupt
Number

(Hex) Name

5 Print Screen

10 Video

11 Equipment Check

12 Determine Memory Size

13 Diskette

14 Communications

16 Keyboard

17 Printer

19 Bootstrap
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Introduction

Monochrome

Text Mode

Video Control

ROM BIOS
Service

Routines

The video controller on the standard AT&T Per
sonal Computer 6300 supports both monochrome
and color monitors and produces text or graph
ics for both color and monochrome. Interrupt
lOH has the BIOS services to support all of these
modes. This section describes the details that
pertain to each major type of video access.

The monochrome text modes are mode 0 —
40x25 characters and mode 2 — 80x25 charac
ters. The monochrome text mode uses 32K start
ing at BSOOOH. For each screen position, there
are two bytes in memory. The first byte is the
ASCII code for the character to be displayed.
The second byte is the "attribute" that specifies
how the character is to be displayed. This
attribute byte controls brightness, underlining,
and blinking.

The low order nybble of the attribute byte gov
erns the character being displayed according to
the following table:

Value Meaning
0 Character is black
1 Character is normal (white)

intensity, underlined
7 Character is normal (white)

intensity
F Character is high intensity white

Any other value for the low nybble selects a par
ticular gray character intensity.

The high order nybble of the attribute byte gov
erns the character background and blinking. A
displayed character will blink if the high order
hit of its attribute byte is set. The remaining
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three bits select the gray scale of the background
—again, 000 is black and 111 is white. Note that
inverse video can be obtained by forcing a black
character on a white background, i.e. an attri
bute byte of 70H.

The first two bytes in the display memory con
trol the character in the top left corner of the
screen. The next two bytes control the character
in the top row, in the second column position,
and so on.

At the end of each line, the display memory re
turns to the first column of the next line. There
are no gaps in the display storage, and no bound
aries between one line and the next.

Eight pages of memoryare used to build up to
eight separate screens. Only one page is active
at any time, but you can switch the active page
number and thereby display screens very
rapidly.

The display pages are numbered 0 - 7 for 40x25
mode and 0 - 3 for 80x25 mode. Page 0 starts at
memorylocation B8000H. For 40column mode,
the pages occur at 2Kintervals; for 80 column,
at 4K intervals. A total of 32K of memory is
used.



ROM BIOS
Service

Routines

Color Text The color text modes are mode 1 — 40x25 color

Modes mode and mode 3 — 80x25 color.

Memory usage for the color text modes is similar
to the method used for monochrome text. Two

bytes of memory are used for each character
position: the first is the ASCII code for the char
acter and the second is the attribute byte. The
attribute byte specifies blinking, brightness, and
color.

The attribute bytes in color text mode operate
much the same way as they do in monochrome
text modes with two major differences:

• Instead of bits 0-3 and 4-7 selecting the gray
scale of the foreground and background, they
select foreground and background colors accord
ing to the following chart:

Bit

d c b a Color

0 0 0 0 Black

0 0 0 1 Blue

0 0 1 0 Green

0 0 1 1 Cyan
0 1 0 0 Red

0 1 0 1 Magenta
0 1 1 0 Brown

0 1 1 1 White

1 0 0 0 Grey
1 0 0 1 Lt. blue

1 0 1 0 Lt. green
1 0 1 1 Lt. cyan
1 1 0 0 Lt. red

1 1 0 1 Lt. magenta
1 1 1 0 Yellow

1 1 1 1 High intensity white
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Note that since background color is determined
by a three-bit value, only the first eight colors
apply to that field.

There is no underline attribute possible in color
mode. As can be seen by the chart above, attri
bute settings that produce an underline in
monochrome mode produce a blue character in
color mode.

The display memory maps to the character posi
tions exactly as it does in monochrome text
mode.

Color There is one color graphics mode: mode 4 —
Graphics medium resolution (320x200) color graphics. For
Mode any color display, you can use up to four colors.

You select from one of two "palettes," each of
which provides three colors. You select a "back
ground" color to be used as the fourth color.

Palette 0 contains green, yellow, and red.
Palette 1 contains cyan (light blue), magenta,
and white.

320 pixels can be displayed on each of 200 lines.
Each line takes 80 bytes or 640 bits of display
memory. Each color pixel use two bits of
memory. Since two bits give you four possible
combinations, for each pixel you specify either
the background color or one of the three colors in
the current palette. The leftmost pixels are
represented by the high order bits in the byte.
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Display memory for color graphics mode starts
at location B8000H and is divided into four 8K
blocks. Starting at B8000, the first 8000D bsdes
contain the pixel data for the even scan lines on
page zero. That is, the first 80 bytes describe line
0, the next 80H describe line 2, and so on
through line 198. The odd lines are described in
the 8K block starting at BAOOO. The same pat
tern is repeated for page one in the next 16K
block, with the even lines starting at BCGOG and
the odd lines starting at BEGGG.

Memory for high resolution 640x200 mono
chrome graphics is handled similarly to 320x200
color graphics. The only difference is that
instead of memory containing two bits of color
information per pixel, each pixel can only be on
or off and is thus represented by one bit. In this
way eight pixels can be represented in a byte
instead of four, so that a scan line takes as
many bytes as in color graphics mode even
though it contains twice as many pixels. As in
color graphics mode, the leftmost pixels are
represented in the high order bits of each byte.
Line mapping is exactly as described above for
color graphics mode. In high resolution mono
chrome graphics the background color is always
black and the foreground color is chosen by bits
0-3 of the color select register.
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Super High
Resolution

Monochrome

Graphics

8-10

Super high resolution 640x400 monochrome
graphics mode maps one bit per pixel with the
leftmost pixel represented at the high end of the
hyte, just like high resolution 640x200 mode.
Also like high resolution mode, super high mode
maps onto a black background with a fore
ground color chosen by the color select register.
The memory mapping, however, takes up all
32K of display memory for a single page.
Memory is broken up into four 8K segments,
with each segment containing the data for every
fourth scan line. Thus display memory looks like
this:

Memory
location Contains pixels for line numbers

B8000 0, 4, 8,... 396

B9F3F Not used.

BAOOO 1, 5, 9,... 397

BBF3F Not used.

BCOOO 2, 6,10,... 398

BDF3F Not used.

BEOOO 3, 7,11,... 399

BFF3F Not used.
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Set Mode Input:
and Clear (AH) = 0
Screen (AL) contains the CRT mode value

Text Modes:

(AL) = 0 40x25 monochrome
(AL) = 1 40x25 color
(AL) = 2 80x25 monochrome
(AL) = 3 80x25 color

Graphics modes:
(AL) = 4 320x200(medium resolution), color
(AL) = 5 320x200(medium resolution),

monochrome

(AL) = 6 640x200 black/white (high resolution)
(AL) = 40H graphics 640x400 monochrome

super high resolution
(AL) = 48H graphics 640x400 monochrome

tiny text (80x50 text)

Set Cursor Input:
Type (AH) = 1

Low order 5 bits of (CH) = start line for cursor.

Note

Do not set the high bits of CH: unpredictable
results will occur.

Low order 5 bits of (CL) = end line for cursor.

Set Cursor Input:
Position (AH) = 2

(DH,DL) = Row,Column (Position 0,0 is upper
left.)

(BH) = page number (must be 0 for super-res
graphics mode.)
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Read Input:
Cursor (AH) = 3
Position (BH) = page number (must be 0 for super-res

graphics mode.)

Output:
(DH,DL) = row, column of current cursor
(CH,CL) = current cursor start and end lines

Read

Light Pen
Position

Select

Active

Page
Number

8-12

Input:
(AH) = 4

Output:
(AH) = 0 light pen switch not triggered
(AH) = 1 valid light pen value obtained:

(DH,DL) = row, column of character
light pen position

(CH) = raster line (0-199)
(BX) = pixel column (0-319 for medium

resolution, 0-639 for high
resolution.)

Valid only for modes (0 - 6)

Input:
(AH) = 5
(AL) = 0-15 for modes 0,1

= 0-7 for modes 2, 3
= 0-1 for modes 4, 6



Scroll Active

Page up

Scroll Active
Page Down
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Input:
(AH) = 6
(AL) = number of lines blanked at bottom of

window by scrolling up. AL = 0 means
blank entire window.

(CH,CL) = row, column of upper left corner of
scroll

(DH,DL) = row, column of lower right comer of
scroll

(BH) = attribute to be used on blank line(s).

Input:
(AH) = 7
(AL) = number of lines blanked at top of

window by scrolling down. AL = 0 means
blank entire window.

(CH,CL) = row, column of upper left comer of
scroll

(DH,DL) = row, column of lower right corner of
scroll

(BH) = attribute to be used on blank line(s).

Character The next three video services perform character
Handling input/output for the CRT. If your program dis

plays characters to the screen while in graphics
modes, the characters are formed from a charac
ter generator image that is maintained in the
ROM. However, only the first 128 characters are
encoded there. If you want to create your own
characters, either for the purposes of doing
character graphics or implementing a foreign
language alphabet, you must set up a table of
code points for 128 new characters and initialize
the pointer at interrupt IF (address 0007CH) to
point to the IK table. These codes can then be
accessed by referring to characters 128-255.
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Read

Attribute or

Character at

Current
Cursor

Position

Write

Attribute and
Character at
Current

Cursor

Position

Write

Character

Only at
Current

Cursor

Position

8-14

When you write characters to the screen in text
mode, if you send more characters to be written
than will fit on one line, the extra characters
automatically wrap around to the beginning to
the next line. In graphics mode, the character
handling routines only produce correct results
for characters contained on the same row (con
tinuation to succeeding lines does not work.)

Input:
(AH) = 8
(BH) = current display page

Output:
(AL) = character read
(AH) = attribute of character read

Input:
(AH) = 9
(BH) = current display page
(CX) = count of characters to write
(AL) = character to write
(BL) = attribute of character (if text mode)

= color of character (if graphics mode)

Note

If bit 7 of BL = 1, the color value is exclusive
OR'd with the current contents of the dot.

Input:
(AH) = OAH
(BH) = current display page
(CX) = count of characters to write
(AL) = character to write
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Set Color Input:
Pallette (AH) = OBH

(BH) = color palette ID (0-127)
(BL) = color value to be used with that color ID

Color ID = 0 selects the background color (0-15)
Color ID = 1 selects the palette to be used:

0 = green/red/yellow
1 = cyan/magenta/white

Write Dot Input:
(AH) = OCH
(DX) = row number
(CX) = column number
(AL) = color value. If bit 7 of AL = 1, the color

value is exclusive OR'd with the current

contents of the dot.

Read Dot Input:
(AH) = ODH
(DX) = row number
(CX) = column number

Output:
(AL) = the dot read
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Write This routine is used by the "TYPE" command
Teletype and other DOS commands to display data on

the screen.

Input:
(AH) = OEH
(AL) = character to write
(BL) = foreground color in graphics mode

Note

Screen width is controlled by previous mode set.

Current Input:
Video State (AH) = OFH

Output:
(AL) = current mode
(AH) = number of character columns on screen
(BH) = current active display page
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Interrupt 13H is the BIOS routine for diskette
services. There are six services provided by INT
13H.

(AH) = 0 Reset Diskette System
(AH) = 1 Read status of diskette system into AL
(AH) = 2 Read sectors into memory
(AH) = 3 Write sectors from memory to diskette
(AH) = 4 Verify the specified sectors
(AH) = 5 Format a track

Additional settings for read, write, verify, and
format:

(DL) = drive number (0 - 3 allowed, value
checked)

(DH) = head number (0 -1 allowed, value not
checked)

(CH) = track number (0-39 allowed, value not
checked)

Additional settings for read, write, and verify:

(CL) = sector number (1-9, value not checked)
(AL) = number of sectors (max = 9, value not

checked)

ES:BX = address of buffer (not required for
verify) For the format operation, ES:BX
points to the collection of address fields
for the track. There must be one of these

fields for every sector on the track. Each
field has four bytes:

Offset 0 = track number

1 = head number

2 = sector number

3 = number of bytes/ sector
(00 = 128, 01 = 256, 02 = 512, 03 = 1024)
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Output

8-18

(AH) = Status of operation:

01 bad command
02 address mark not found
03 write was requested on write-protected

disk

04 requested sector not found
08 DMA overrun
09 DMA transfer crossed a 64K boundary
10 read data error detected by CRC
20 diskette controller chip failed
40 seek to desired track failed
80 device timeout

(CY) = 0 successful operation
(CY) = 1 unsuccessful operation (AH has details)

For read, write, and verify these registers are
preserved: DS, BX, DX, CH, and CL.

(AL) = number of sectors read; this value may
be incorrect if a timeout occurred.

NOTE

If an error is reported by the diskette, reset the
diskette, then retry the operation. On read opera
tions, no motor start delay is taken, so your code
should retry three times to make sure that a read
error is not caused by motor start-up.
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Communications Services

Introduction

Initialize the

Communica

tions Port

This set of routines performs serial, RS232C
communications through the communications
port. You should use a polling technique in your
communications; this is not interrupt-driven
I/O. All functions are accessed through BIOS
interrupt 14H.

Input:
(AH) = 0
(DX) = selection of RS-232 channel (0 or 1)
(AL) = parameters for initialization in the

following form:

7 6 5 4 3 2 1 0

—Baud Rate— —Parity— Stopbit —Word length-

000 -110 baud 00 - None 0-1 10 - 7 bits

001 -150 01 - Odd 1-2 11 - 8 bits

010 - 300 11 - Even

Oil - 600

100 -1200

101 - 2400

110 - 4800

111 - 9600

Output:
Condition is set according to the same conven
tions as in "Get Comm Port Status" (see below).
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Send Input:
Character (AH) = 1

(DX) = RS232 channel to be used (0 or 1)
(AL) = the character to be sent.

Output:
(AL) is preserved.
(AH) —if the operation was unsuccessful, bit 7

is set. The other bits in (AH) are set as
they are in "Get Comm Port Status" if
the operation was successful.

Receive Input:
Character (AH) = 2

(DX) = RS232 channel to be used (0 or 1)

Output:
(AL) = the received character.
(AH) = status of operation, if (AH) = 0, the oper

ation was successful. If the high order bit
of (AH) is set, a timeout error aborted the
operation and the rest of (AH) can be
ignored. Any other setting of (AH) indi
cates errors in the receive character

operation.
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Get Comm Input:
Port Status (AH) = 3

(DX) = RS232 channel to be used (0 or 1)

Output
(AX) = status:
(AH) = line control status

bit 7 = timeout

bit 6 = transmission shift reg. empty
bit 5 = transmission holding reg. empty
bit 4 = break detect

bit 3 = framing error
bit 2 = parity error
bit 1 = overrun error

bit 0 = data ready
(AL) = modem status

bit 7 = received line signal detect
bit 6 = ringing detect
bit 5 = data set ready
bit 4 = clear to send

bit 3 = delta receive line sign£d detect
bit 2 = trailing edge ring detected
bit 1 = delta data set ready
bit 0 = delta clear to send
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Introduction

Keyboard Handling

Interrupt 16H provides the keyboard handling
functions through three sub-functions. Most
keys return two values: a scan code and a char
acter code. The scan code is the same as the key
number (see diagram below), and the character
code is the ASCII superset interpretation of the
key (including coincident SHIFTs or CTRLs).
Check the section on "DOS Interrupts and Func
tion Calls" to select either the BIOS keyboard
routines or the DOS routines.

I3B 11 3C I I01 11 03 II03 II04 I[05 II08 I

3D

F5 F6 CTRL

SB EE
FT F8 t

0B IB]
IF9 F10 ALT

B0 LE

8-22
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12 13 14 15

22 23 24 25 26 27 28 29

I 2B 2C 2D 2E 2F 30 31 32 33 34 35

HOME f PGUP -

0B0a^

B0B

I
CAPS LOCK INS
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CHARACTER CODES

ASCII Value Control ASCII Value
Decimal Hex Character Character Decimal Hex Character

000 00 (null) NUL 032 20 (si
001 01 © SOH 033 21 1

002 02 e STX 034 22
>>

003 03 ETX 035 23 #

004 04 ♦ EOT 036 24 $
005 05 ENQ 037 25 %

006 06 ACK 038 26 &

007 07 (beep) BEL 039 27
>

008 08 • BS 040 28 (
009 09 (tab) HT 041 29 )
010 OA (line feed) LF 042 2A ♦

Oil OB (home) VT 043 2B -1-

012 OC (form feed) FF 044 2C >

013 OD (carriage CR 045 2D -

return)
014 OE SO 046 2E

015 OF SI 047 2F /

016 10 • DLE 048 30 0

017 11 DCl 049 31 1

018 12 DC2 050 32 2

019 13 M DC3 051 33 3

020 14 DC4 052 34 4

021 15 § NAK 053 35 5

022 16 1
SYN 054 36 6

023 17 1 ETB 055 37 7

024 18 CAN 056 38 8

025 19 EM 057 39 9

026 lA SUB 058 3A

027 IB ESC 059 3B >

028 IC (cursor FS 060 3C <

right)
029 ID (cursor left) GS 061 3D —

030 IE (cursor up) RS 062 3E >

031 IF (cursor US 063 3F ?

down)
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CHARACTER CODES (Cont'd)

ASCII Value Control ASCII Value

Decimal Hex Character Character Decimal Hex Character

064 40 @ 096 60 ©

065 41 A 097 61 a

066 42 B 098 62 b

067 43 C 099 63 c

068 44 D 100 64 d

069 45 E 101 65 e

070 46 F 102 66 f

071 47 G 103 67 g

072 48 H 104 68 h

073 49 I 105 69 i

074 4A J 106 6A j
075 4B K 107 6B k

076 4C L 108 6C 1

077 4D M 109 6D m

078 4E N 110 6E n

079 4F 0 111 6F 0

080 50 P 112 70 P

081 51 Q 113 71 q
082 52 R 114 72 r

083 53 S 115 73 s

084 54 T 116 74 t

085 55 U 117 75 u

086 56 V 118 76 V

087 57 w 119 77 w

088 58 X 120 78 X

089 59 Y 121 79 y

090 5A Z 122 7A z

091 5B [ 123 7B {
092 5C \ 124 7C

1

1

093 5D ] 125 7D )
094 5E A 126 7E

095 5F — 127 7F £2)
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CHARACTER CODES (Cont'd)

ASCII Value ASCII Value

Decimal Hex Character Decimal Hex Chi

128 80 Q 160 AO
4

a

129 81 ii 161 A1
/

1

130 82
/

e 162 A2
/

0

131 83 a 163 A3
/

u

132 84 a 164 A4 h

133 85 a 165 A5 N

134 86 a 166 A6 a

135 87 Q 167 A7 0

136 88 e 168 A8 <•

137 89 e 169 A9 1—

138 8A e 170 AA —1

139 8B 1 171 AB 1/2

140 80 1 172 AC 1/4

141 8D
%

1 173 AD i

142 8E A

A
174 AE «

143 8F 175 AF »

144 90 E 176 BO

145 91 ae 177 B1

146 92 /£ 178 B2 m

147 93 0 179 B3 1

148 94 6 180 B4 H

149 95
N

0 181 B5 =1

150 96 182 B6 HI

151 97 u 183 B7 —11

152 98 y. 184 B8 =1

153 99 0 185 B9 HI

154 9A u 186 BA 11

155 9B <p 187 BB =t1

156 90 £ 188 BC

157 9D ¥ 189 BD JJ

158 9E Pt 190 BE mi

159 9F / 191 BF —\
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CHARACTER CODES (Cont'd)

ASCII Value ASCII Value

Decimal Hex Character Decimal Hex Cl

192 CO L 224 EO a

193 C1 -l_ 225 El P
194 C2 T 226 E2 r

195 C3 h 227 E3 TT

196 C4 — 228 E4 I

197 C5 -t- 229 E5 a

198 C6 N 230 E6

199 C7 II- 231 E7 T

200 C8 L!^ 232 E8 0

201 C9 It 233 E9 -0-

202 CA 234 EA 0

203 CB 235 EE 6

204 CC 11= 236 EC oo

205 CD = 237 ED 0
206 CE

JL
-ir 238 EE {

207 CF — 239 EF n

208 DO 240 FO =

209 D1 241 F1 ±

210 D2 -rr- 242 F2 >

211 D3 243 F3 <

212 D4 1= 244 F4 f

213 D5 F= 245 F5 J

214 D6 n- 246 F6 -r

215 D7 + 247 F7

216 D8 4= 248 F8 o

217 D9 j 249 F9 •

218 DA r 250 FA •

219 DB • 251 FB

220 DC 252 FC n

221 DD 1 253 FD 2

222 DE 1 254 FE •

223 DP 255 FF (b](blank)
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Input:
(AH) = 0

Output:
(AL) = character code
(AH) = scan code

Note

This routine will not return execution to the call
ing program until it has a keystroke to report.

Check if This routine is used to check to see if a keystroke
Keystroke has been entered. Use this function if you want
Available to continue processing whether or not a key has

been pressed.

Input:
(AH) = 1

Output:
Z flag = 1 — no code available
Z flag = 0 — code is available
If a character is available, it is stored in AX in
the same format as for the "Read Next ASCII
Character" call. However, the code also remains
in the keyboard buffer, so that a "Read Next
ASCII Character" call returns this character's
code value again.
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Get Current

Shift Status

Input:
(AH) = 2

Output:
(AL) = current shift status

Shift States

8-28

Bit Subject matter Meaning, when bit is 1

7 Insert state active

6 Caps-Lock state active

5 Num-Lock state active

4 Scroll-Lock state active

3 Alt shift key depressed
2 Ctrl shift key depressed
1 left-hand shift key depressed
0 right-hand shift key depressed
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Printer Routines

This set of BIOS routines communicates with
the printer through interrupt 17H.

Print a Input:
Character (AH) = 0

(AL) = the character to be printed
(DX) = printer port number (0-3)

Output:
(AH) = 1 if character not printed due to timeout.

Otherwise, bits are set as they are in
"Get Printer Status" call.

Initialize

Printer Port

Input:
(AH) = 1
(DX) = printer port number (0-3)

Output:
(AH) = printer status (see below)

Get Printer Input:
Status (AH) = 2

(DX) = printer port number (0-3)

Output:

Bit Meaning if Set (equal to 1)

7 not busy
6 acknowledge
5 out of paper
4 selected

3 I/O error

2 not used

1 not used

0 timeout (set by software)

If a printer is connected, lOH and 90H are
healthy statuses. Otherwise 30H is healthy.
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Miscellaneous ROM BIOS Services

System If you issue issue interrupt 19H,the system
Reset bootstraps itself in much the same way as it

does with the Ctrl-Alt-Delete key sequence. The
only difference is that Ctrl-Alt-Delete causes
diagnostics to be run, whereas Interrupt 19H
causes an immediate system load.

Print To obtain a printed copy of what is on the
Screen screen, issue a request for interrupt 5H. This

producesexactly the same result as pressirig the
shift and PrtSc keys. This routine works in
either text or graphics modes. Unrecognizable
characters are printed as blanks.
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Equipment You can use this routine to obtain a list of the
List optional equipment attached to your system.

Simply issue an interrupt IIH; no register set-up
is necessary. Output (starting with the most sig
nificant bit of (AX)) is as follows:

Bit Meaning
AH 7-6 number of printer adapters (0-3)

5 not used

4 game adapter attached, or not
3-1 number of communications

adapters (0-7)
0 not used

AL 7-6 number of diskette drives minus 1,
if bit 0 is set.

5-4 starting video mode:
01 — graphics card display,40

columns,b/w
10 — graphics card

display,80 columns,b/w
11 —monochrome card display

3-2 amount of memory on system
board:

00 — 16KB Base

01 — 32KB Base

10 — 48KB Base

11 — 64KB Base

1 not used

0 diskettes are attached; refer to
bits 7 and 6.

Determine Interrupt 12H gives the total amount of memory
Memory in the address space, up to a megabyte. No regis-
Size ter set-up is required. The BIOS reads the

switches on the system board and adds the
amount of memory on a memory expansion
board and ^returns the total in (AX). The amount
of memory is expressed as the number of IK
blocks.
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Bypassing the BIOS

This section explains how you can either replace
one of the BIOS service routines with a program
of your own or add a "front-end" so that you per
form some preprocessing immediately prior to
using a particular BIOS routine.

When the system is powered on, low memory is
initialized with the addresses of aU of the BIOS
interrupt routines. To replace a BIOS routine,
change the address in the interrupt table to the
address of the code which you want to execute in
place of the BIOS code. To perform preprocess
ing before handing execution on to the BIOS
code:

1 replace theaddress oftheBIOS routine with the
address of your program

2 transfer execution to the BIOS routineat the end
of your program.

Be sure to use the "Set Vector" system call
(Function Request 25H) to replace the BIOS rou
tine addresses instead of writing directly to low
memory.
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The special file CONFIG.SYS is processed
automatically when DOS starts. As with the
batch file AUTOEXEC.BAT, this processing is
automatic. DOS will simply look at the root
directory to see if the file is there.

CONFIG.SYS is a text file that can be edited by
EDLIN or any other text editor that produces
ASCII files. Five commands can be used in the
CONFIG.SYS file. Each command changes a
system parameter.

• BREAK ON/OFF

Changes the way DOS checks for a
CTRL/BREAK

• BUFFERS=xx

Sets the number of data buffers that DOS uses.

• DEVICE=[d:] [path] filename [.ext]
Adds a nonstandard device driver to DOS.

• FILES=xx

Sets the number of files that can use ASCIIZ
strings.

• SHELL=[d:] [path] filename [.ext] [d:] [path] /P
Specifies an alternate command processor.

Break Normally, DOS checks for a CTRL/BREAK
only when it is doing input or output. Some pro
grams do very little (if any) input or output for
long periods of time. The BREAK ON command
sets DOS to check for a CTRL/BREAK when

any DOS function is called.
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BREAK OFF resets the default so that DOS
only checks for a CTRL/BREAK during input
and output. This command can be used to over
ride a BREAK ON that was set by CONFIG.
SYS.

Buffers The number of buffers has an effect on both the
speed of disk I/O and available memory. A
larger number of buffers allocates more memory
to the system for operations. This is highly
desirable for systems with large amounts of
RAM that will be used for database apphca-
tions. It is highly undesirable for systems with
minimal RAM that do little work with disk files.

The system default is BUFFERS=2, which is
adequate for most purposes and requires only IK
of RAM. If your system will be doing a signifi
cant amount of data handling, especially on a
hard disk, BUFFERS=4 would improve access
times at a cost of only IK of internal memory.

Device When DOS is first started, it loads all of the
standard device drivers for the keyboard, screen
and so on. If your system requires a special
device driver, this command tells DOS where to
find it. The device driver will then be loaded as
an extension to DOS.

Device drivers are .COM files with a specific
structure described in Chapter 9. The command
DEVICE=ANSI.SYS causes DOS to replace the
standard display and keyboard device drivers
with the extended screen and keyboard support
that the extended functions require.
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If you wish to load several special device drivers,
you must use a DEVICE command for each one.

Opening a file with an ASCIIZ string eliminates
the traditional direct handling of a File Control
Block (FCB). DOS will handle all these things
for you by creating and maintaining FCBs
internally. To do this, it needs memory. Each file
requires 39 bytes of memory.

The FILES command sets aside memory for this
operation. The default is FILES=8. The maxi
mum is FILES=99. This is the limit for the

entire system. A particular process (or program)
can still have only 20 files open at once.

The COMMAND.COM file that DOS uses as its
"front end" processor can be replaced by another
command processor. The SHELL command spec
ifies the file to be used and the default path for
processing commands. The command processor
must he able to read and execute commands,
and handle interrupts 22H, 23H, and 24H.

Since COMMAND.COM handles internal com

mands, .BAT file execution, and .EXE file load
ing, these functions will he unavailable unless
the new command processor duplicates them.
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page 60,132

FllersBe:

Kacrc Definitjo

jnpf maopo arg1,arg2
db OEAb

dw arg2
dw argi
endm

Code Declaration

ROM BIOS
Listing

segment public 'ROM' link code segments first
assume ca:code, dsinothing, esinothlng, ss:i

coco ORG OCOOOh

cooo flags_da tal proc

cooo 00 chk_lo db 0 ; space for checksum
0001 00 rom_ld db 0 ; ROK Identifier.
0002 E20E R rom_mt dw mastab ; offset of mastab li

OOOA flags_data1 endp

OOOI far_calls proc far ; far call table: thi
; F000:00}CX, a near i
; routine, and a far

0004 E8 E602 R call DStrlng ; F000:0004
0007 OB ret

0008 E8 E619 R call DOrLf ; F000:0008
OOOB OB ret

COOO E8 E626 R call DOolon : F000;0000
OOOF OB ret

0010 E8 E632 R call DHexLong ; F000:0010
0013 OB ret

0014 E8 E6 30 R call DHexWord ; F000:0014
0017 OB ret

0018 E6 E643 H call OHexByte ; F000:00l8
001B OB ret

0010 B8 E650 R call DHexNlb ; FOOOrOOlO
001F OB ret

0020 E8 E665 R call DNum ; F000:0020
0023 OB ret

0024 ee E66D R cell CKumW ; FOCO:C024
0027 OB ret

0028 E8 E5E5 R call rom_checksum ; F000:0028
0023 OB ret

0020 E8 E1F6 R call rtc_chk j F000:0020
002F OB ret

0030 E8 E266 R call memtst : F000;0030
C033 OB ret

0034 E8 0F9F R call h_lnlt ; FOOO:0034
0037 OB ret

0038 E8 D640 R call h_fmt ; FOOO:0038
003B OB ret

0030 DBi )0 R dw offset banner m ; pointer to
003E 0000 dw 0 ; For allgnlr
0040 43 4F 50 59 52 49 db •COPYRIGHT (0)

47 48 54 20 28 43
29 20 20 20

0050 4F 40 49 56 45 54 db •OLIVETTI 1984
54 49 20 31 39 38
34 20 20 20

0060 far_cal Is endp

0060 code ends

Include.«i of Assembly Kodulcs

user does a far call to

(3 bytes per near call)
{1 byte per far'return)

sopyrlght message.

(this module)

Flleneire: sysdata.src

This Is the port equate and system data definition module
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0000 
0030 
0040 
B000 
B800 
FOOO 

" 0007 
= 0008 
= OOOD 
" OOOA 

= 0000 

0000 
0001 

0002 
0003 
0004 
0005 
0006 
0007 

= 0008 
: 0008 
= 0009 
= OOOA 
: QOOB 
= oooc 
= 0000 
= 0000 
= OOOE 
= OOOF 

: 0080 
: 0082 
" 0061 
= 0083 

= 0004 
= 0000 

= 0058 

= 00111 

0056 

0043 

= 0000 

= cc:::c 
= 0021 

= 0013 
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r 
C 
C 
C 
C 
C 
C 
C 
C 

(See flags. src for cond1 tional a::<%t-mbly flafs, •. J 

i--""========"="=======•"•========,,=============""'"""""""·----------=:c.:c 

------------------- . .

Global Ccn:star.t::, 
,---------------------------- ·········---------- ------ -- -

absO_seg 
stack_seg 
data_seg 
para_mono 
para_graph 
code_seg 

., " 
equ 
"'" 
"'" 
"'" 
"'" 

00000h 
00030h 
OOOIIOh 
OBOOOh 
OB800h 
OFOOOh 

C BEi. .,, 007h 
C BS 
C CR 
C LF 
C 
C NOL 
C 
C 

.,, 008h 

., " OODh 
"'" OOAh 

"'" 

C AT&T PERSONAL COMPUTER Addresses 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

'----------------------------------------------- -----

18237A p_doa Controller PQrl Addresses 
.----------------------------- - ----------- --·-- -- ----

dma_addr_O 
dria_count_O 
dma_addr _ 1 
dma_count_1 
dma_addr_2 
dma_count_2 
dma_addr_3 
dma_count_3 

dma_statua 
dma_command 
dma_request 
dma_mask_bi t 
dma_mode 
dma_rr_ol r 

.,, 

.,, 

., " 
"'" 
"'" 
"'" 
"'" 
"'" 

"'" 
.,, 
.,, 
"'" 
.,, 
.,, 

dma_temp 
dma_maater_clr equ 
dma_mask_cl r 
dma_maa�_write equ 

''" 

''" 

dma_aegm_O 
dma_aegm_1 
dma_segm_2 
dma_segm_3 

.,, 
"'" 
.,, 
.,, 

OOb 
01. 
02h 
OJh 
,.. 

05h 
o6b 
07' 

••• 

OBh 
09h 
OAh 
OBh 
OCh 
ODh 
ODh 
OEh 
OFh 

080h 
082h 
081 h 
083h 

16-bit address register - channel O - refresh 
16-bit count register 
16-bit address register - channel 1 - not used 
16-bit count register 
16-bit address register - channel 2 - FDU 
16-bit count register 
16-bit address register - channel 3 - display 
16-bit count register 

8-bit read :status register 
8-bit write command register 
4-bit write requ11st register 
II-bit (write) set/clear one ai.ask register bit 
6-bit write mode register 

(write) clear byte pointer flip/flop 
8-bi t read temporary register 

(write) master clear command 
II-bit (write) clear all mask register bits 
4-bit write all maak register bits at once 

RAM refresh - l!xll-bit high nibble segment port 
not ueed 
FDU 
die play TEMP 

i8237A p_d:na controller constants 

; dma_oo1u1and port: 

dma_cmd_disable equ 
dma_cmd_enable equ 

dma_mode_O 

dma_mode_1 

dma_mode_2 

dma_mode_3 

"'" 

dma_mask_bit port: 

dma_unmask_O equ 

OOllh 
OOOh 

058h 

0111 h 

056h 

043h 

OOOh 

bit 10 memory-to-memory/-I/0 enable 
bit 12 controller disable 
bit 13 co11pressed/-normal timing 
bit Iii rotating/-fixed priority 
bit #5 extended1-1ate write selection 
bit #6 DREQ active low/-high 
bit 17 DACK active higbt~low 

controller disable {bit 12) command 
; memory-to-I/0,controller enable,normal 

fixed priority, late write, DREQ/-DACK 

channel O, read, autoinitialize, inc­
rement, single mode for RAM refresh. 
channel 1, verify, autoinit disabled, 
increment, aingle !!)Ode for not used. 
channel 2, write, autoinitiali:z:e, inc­
rel!lent, single mode for f'DU, 
channel 3, verify, autoinit diaatled, 
incre1i1ent, single !!)ode for display, 

bits 10-1: channel select 
bit I 2: set/-clr mask bit (off/-on) 

turn on channel O for RAM refresh. 

i8259A Prcgram111able Interrupt Controller Port Addressee 

C �j c_(I 020h 
021 h 

8259A ·control' port (AO " OJ 
82�9A "data• port (AO " 1) C pic_l 

C 
C 
C 
C 

C 
C 
C 

C 

pic_iow1 

iB259A Progra!llmable Interrupt Controller Command: 

.,, 013h IC\o'1 for both master & slave i;ic' s 
bit #0 1: ICWI! to follow (w/veotor bas,;) 
bit 11 = 1: :aingle code (no Bl aves or icwJ) 

r", 

r\ 

� 



0008

OOOD

: 0060
: 0061
> 0066

r 0040

I 0041

! 0042

: 0043

: 0036
: 0074
: 00B6

; 0013

: 0266

PlO_Of f_B8k

ptc.naoi

plC_O8Oi_0
ple_sool_1
plc_Beol_6

ROM BIOS
Listing

; bit #2 : 0: call aOd^eaa intarval of 8 bjrtea
: (don't oara If 8086 aodo -- alwajra veotora 4
; byta Intarval)
; bit #3x0: adge triggarad

aqu 008h ; Intarrupt vaotor baaa addraaa (IMTa 08b - OFb)
aqu 008b ; if eaaoada aoda , and IR3 ia a

alava, 8259A ia raprograaaad including icw3
aqu OODh ; bit #0 « 1: 8086 aoda

; bit #1 s 0: noraal and_of_int
; bit #2x1: apaoify aaatar for buffarad aoda
; ( apaeifiaa alara for buffarad aoda )
: bit #3x1: buffarad aoda
; bit #4 X 0: not apacial fully naatad

aqu OPFh ; pie intarrupt aaak bita (all intarrupta off)

aqu 020ta ; non-apaoific and-of-interrupt

aqu 060b ; apacifio and-of-intarrupt for IRO: 18253 p.tiaar
aqu 061b ; apacifio and-of-intarrupt for IRO: 180411 kb
aqu 066b ; apacific and-of-intarrupt for IR6: fdu

18253 p_tiaar Port Addraaaaa

P_8253_0 aqu 040b ; 8253 p_tiaar 0 - rto intarrupt - IRO x IRT Of
P_8253_1 aqu 04lh ; 8253 P_tiaar 1 - aaaory rafraab p_daa
P_8253_2 aqu 042b ; 8253 p_tiaar 2 - tona ganarator for apaakar
P_8253_ctrl aqu 043b ; 8253 p_tiaar control port

18253 p_tiBar Control Bytea

-> Binary Code Decinal (BCD) Enable
c bita #1-3 -> Mode (0-5) 000 Node 0: Intarrupt on Tarainal Count
c 001 Hoda 1 : Programmable One-Shot
c zIO Hoda 2: Rate Ganarator
c Xl 1 Hoda 3: Square Have Rate Oanarator
c 100 Hoda 4 : Software Triggarad Strobe
c 101 Hoda 5: Hardware Triggarad Strobe

tOcmd aqu 036b ; 00 11 Oil 0 -> P_8253_0, lab lat. aoda 3, no BCD

t1 cad aqu 074h ; 01 11 010 0 -> P_8253_1, lab lat. aodo 2, no BCD
tPcmd aqu 0B6b : 10 11 Oil 0 -> P_8253_2, lab lat. aodo 3, no BCD

; 18253 P.tiaar Counta

; 8253 input ia 1.2288 MHz (3.6864/3) or a period of 813-8 naao x 0.814 uaoo
; Note: PC input ia 1.19318 KHz or a period of 838.1 naao x 0.838 uaao

;t1count aqu

ticount aqu

: 65,536 -> (1,228,800 Hz)/(65,536)
-> (1,193,180 Hz)/(65,536) x

OLD rafraab cycle 9*(813.8 naao) x 7.32 uaao

REAL rafraab cyela x I9a(8l3.8 naao) x
< 15.625 uaac ainiaum required. ( ia

(1.2288 HHZ)/(2«614) x 1.00 kHz tone

15.5 uaao
J - aafaty??)

ZB530 Serial Coamunication Controller

(3cc_data_x port
port addraaaaa.

X 0050

C

C :sce_ctl_a aqu 050h ; write to see pointer register (0-Fh),
= 0052 C i

c

»cc_ctl_b aqu 052h ; then read or write from aelaotad ragiatar.

c 8041 Keyboard Controller

X 0060
c

c 1[)_kacan aqu 060h
X 0061 C p_kctrl equ 06lh ; bit #7: reset interrupt pending

C bit #6 : kb clock reset

C bit #5: I/O channel (NHI) enable
C bit #4 : BAH parity (NHI) enable
C bits #3 & #2:: not used

C bit #1 : speaker data
C

064h ;
bit #0: speaker gate to p_8253_2

X 0064 C kb_3tatu3 equ bit #1 : input buffer (ok to write byte]
C

C

bit #0: output buffer (byte to be read]

C General Control Ports

X 0062
C

C (:ontrolB eru 062h ; 8087 , etc

X 0065 C CommControl equ 065h
X 0066 C 3ya_eonf_a equ 066h ; bit #7 : 2764/-2732 ROM's

C bit #6: not used

C bit #5 : see 8530 chip installed
C bit #4 ; 8087 installed
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ROM BIOS

Listing

C ay8_conf_b

58174A Clock Calendar

(See calendar.arc)

bit #3: 256k x 1 RAM used
bits f2 - #0: RAH configuration
bits f7 - #6: (number of PD0s)-1
bits #5 - #4: reserved for monitor type
bits #3 - #2: reserved for HDU type
bit #1: "fast" FDO start up
bits #0: 96 tpi FDU

FDU & HDU Disk Driver Error Codes

: 0080
: 0040

: 0020

: 0010

: 0009
t 0008
t 0004

0003
i 0002

0001

time_out
seek_error
fdc_error
crc_error

dma seg error

dBa_error
sect_not_found
write_proteet
addr_mark_error
ond_error

80h

40b

20h

lOh

09b
08h
04h
03b
02h

01b

Parallel Printer Interface

(prt_stat_x A prt_omd_x port addresses are indexed from tbe
prt_data_x port addresses. See prt.src.)

= 03BC C pr t_data_a equ 03BCb
C : prt_stat_a equ 03BDh
C : prt_0Bd_a equ 03BEh

= 0378 C prt_data_b equ 0378h
C : prt_stat_b equ 0379b
C i prt_cBd_b equ 037Ab

= 0278 C prt_da ta_e equ 0278b
C i prt_stat_c equ 0279b
C : prt_cmd_c equ 027Ab

on motber board

Color and Monocbrome Video Controller

(xxxxx_data, xxxxx_mode, xxxxx_status, xxxxx_LPclear, and
xxxxx_LPPreset port addresses are indexed from the xxxxx_Pointer
port addresses for color A display. See vid.sro and graph.are.)

; Color Controller.

color_pointer equ 03D4h

; Monocbrome Controller.

v_pointer equ 03B4h

; 6845 pointer to internal regs

; 6845 pointer to internal regs

IHS8250 Asynchronous Communication Chip

(coB_int_x, com_lctl_x, eoa_mctl_x, com_lstat_x, and
coD_mstat_x port addresses are indexed from the coa_data.
port addresses. See com.src.)

03F8 C oom_da ta_a equ 03F8h ; channel A 8250 data register/low byte baud
C : eoD_int_a equ 03F9b ; channel A 8250 high byte baud count register

03FA C com_id_a equ 03FAb ; channel A 8250 check for presence register
C ; eom_lctl_a equ 03FBh ; channel A 8250 line control register
C : oom_motl_a equ 03FCh ; channel A 8250 modem control register
C ; cc»_lstat_a equ 03FDh ; channel A 8250 line status register
C j eom_ttstat_a equ 03FEh ; channel A 8250 modem status register

02F8 C coQ_data_b equ 02F8h ; channel B 8250 data register/low byte baud
C ; com_int_b equ 02F9h ; channel B 8250 high byte baud count register

02FA C com_id_b equ 02FAh ; channel B 8250 check for presence register
C • com_letl_b equ 0 2FBh ; channel B 8250 line control register

C ; com_mctl_b equ 02FCh ; channel B 8250 modem control register
C ; coin_l»t8t_b 02FDh ; channel B 8250 line status register
C : coffi_itstat_b equ 02FEb ; channel B 8250 modem status register
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ROM BIOS
Listing

S 0000
C

C insert.mode equ 80h ; Insert state In action

= 0040 C capa_lock_mode equ 40h ; caps lock state toggled

: 0020 C num_lock_mode equ 20h ; num lock state toggled

= 0010 C scrl_lock_mode equ lOh ; scroll lock state toggled

= 0000 C pause_mode equ O0h ; pause toggled

: 0001 C

C

dlx_kb equ Olh ; deluxe keyboard

C

C ; shift flag equates within kb_flag_1

= 0080 c lnsert_shift equ 80h ; insert key depressed

= 0040 c cap3_loek_shlft equ 40h ; caps lock key depressed

= 0020 c num_lock_ahift equ 20h num lock key depressed

= 0010 c serl_lock_shlft equ lOh ; scroll lock key depressed
: 0000 c alt_shlft equ O0h ; alternate shift key depressed

= 0004 c cntrl_shlft equ 04h ; control shift key depressed

s 0002 c left_shift equ 02h ; left shift key depressed

: 0001 c

c

rlght_shift equ Olh ; right shift key depressed

c

c ; Scan code:s for special function keys

= 001D c cntrl_key equ 29 ; control key scan code

: 002A c left_ahlft_key equ 42 ; left shift scan code

= 0036 c right shlft_key equ 54 ; right shift scan code

: 0038 c alt_key equ 56 ; alt shift key scan code

s 003A c caps_lock_key equ 58 ; shift lock scan code

= 0045 c num_lock_key equ 69 ; number lock scan code

: 0046 c scrl_lock_key equ 70 ; scroll lock key scan code

5 0052 c Insert_key equ 82 ; insert key scan code

= 0053 c delete_key equ 83 ; delete key scan code

7?7?7?7?

nTillT!

?77?7?77

77777777

Tmmi

TiTimi

002B 7?77?7??
0020 ????7?7?

0030 ?77?77??

0030 7777???7

0010

0041)
0048

0040

0050
0054

0050
0050

0060

0064

0060

0060

0070
0074

0070
0070

0000

Data Declai

Interrupt Locations (dumay data segment to define constant offsets)

absO segment public 'HAM'
assume cs;nothing, <

C ; CPU Interrupt Routines

intOOlocn

into Uocn

int021ocn

int031ocn

intOblocn

intOSlocn

i8259A Hardware Interrupt Routine:

ir.toeiocn

int091ocn

IntOAlocn

intOBloon

IntOClocn

intOFloen

; Software Interrupt Routines

IntlOlocn

Intlllocn

Intl21ocn

Intl31ocn
Intl41ocn

Intl51ocn

Intl61ocn

lnt171ocn

IntlSlocn
lnt191ocn

IntlAlocn

Int1Blocn

IntlClocn

IntlDIocn

intlElocn

Intl Flocn

absO en<

divide by
single St

nmi parity trap
break interrupt

divide overflow

print screen

ap

10253 rtc interrup

ISObl kb Interrupt

hard disk interrupt
floppy disk Interrupt

display request
equipment request
memory size request
disk I/O request
serial communication request
cassette request
kb request
printer request
cassette BASIO pointer
boot-strap request
time of day request
kb break pointer
p.tlmer break pointer
display parameter pointer
disk parameter pointer
graphics character extensions pointer
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ROM BIOS
Listing

cooo

ccco

0010 ????

0012 77

0013 7777
0015 02 [

0017 77
0018 77

0019 77
001A 7777

001C 7777

003E 77

003F 77
0040 77
0041 77

0042

0042

0042 07 [

0067 7777
0069 7777
006B 77

006c 7777
006E 7777
0070 77

8-42

stack_ran segment public 'RAM*

stack_rati ends

at 3tack_seg

System Data Area

data segment public 'RAM' ; at data_seg
assume cs:nothing, ds:nothing, es:nothing, ss:notblng

ROM Bios Data Area

C rs232_addr

printer_addr

8witoh_bits
mfg_tst
memory_size
mfg_err_flag

t dup (7) ; OOUOiOOOO addresses of rs232 adapte

0040:0008 addresses of printers

; 0040:0010 state of DIP switches
; 0040:0012 initialization flag

0040:0013 memory size in kbytes
0040:0015 error codes for manufacturing

Keyboard Data Are

kb_flag
kb_flag_1
alt_input
buffer_head
buffor_tail

kb_buffor

7 ; 0040:0017 keyboard shift flag status byte
7 ; 0040:0018 second byte of keyboard status
7 I 0040:0019 alternate keypad entry
7 ; 0040:001A keyboard output pointer offset
7 ; 0040:0010 keyboard input pointer offset

16 dup (7) ; 0040:001E room for 15 entries: bead s

tail implies buffer is empty

Floppy Diskette Data Area

aeek_statua db
motor_statu8 db
motor_count db
diskette_status db

cmd_block
bd_error
nec_status

label byte
label byte
db 7 dup (7)

0040:003E floppy disk restore status bits
0040:003F floppy disk motor status bits
0040:0040 floppy disk turn off counter
0040:0041 floppy disk driver status byte

0040:0042 HDU command block buffer
0040:0042 HDU sense byte buffer
0040:0042 status bytes from NEC controller

Video Display Data Area

v_widtb

v_beigb t

v_cursize
v_apage

v_ba8e6845
v_3*8
v_colorpal

0040:0049
0040:004A

0040:0040
0040:004E

; 0040:0050

0040:0060

0040:0062
0040:0063
0040:0065
0040:0066

CRT mode

CRT number of columns (often db)
CRT length of video ram in bytes

•s_type sets cursor value

Optional Post Data Area

io_rom_init
io_rom_8eg
intr_flag

18253 p_timer 1

t_loH_order
t_bi_crder
t_overflow

bios_break
reret.flag

Fixed Disk Data Area

atus db 7

0040:0067
; 0040:0069

0040:006B

0040:006c

; 0040:006E
0040:0070

option ROM init routine offset
option RON init routine segment
occurrence of interrupt flag

low word of 18253 p_timer count
high word of 18253 p_timer count
time rolled over flag

bit i1 set if break key bit
= 1£34h if keyboard reset bit

0040:0074

0040:0075



0078 on [

007C on [

oo8n ????????

0088

0

0

C060 0

0

C060 00 00 00 00 00 00 0

00 00 0

C068 00 00 00 00 00 00 0

00 00 0

C070 00 00 7E 81 A5 81 0

81 BD 0

COT 8 99 81 7E 00 00 00 0

00 00 0

C080 00 00 7E FF DB FF 0

FF 03 0

C088 E7 E7 FF 7E 00 00 0

00 00 0

0090 00 00 00 36 7F 7F c

7F 7F 0

0098 3E 10 08 00 00 00 0

00 00 0

OOAO 00 00 00 08 10 3E 0

7F 3E 0

OOA8 10 08 00 00 00 00 0

00 00 0

OOBO 00 00 18 30 30 E7 0

B7 E7 0

00B8 18 18 30 00 00 00 0

00 00 0

0000 00 00 18 3C 7E FF 0

FF 7E 0

0008 18 18 30 00 00 00 0

00 00 0

OODO 00 00 00 00 00 18 0

3C 30 0

00D8 18 00 00 00 00 00 0

00 00 0

COEO FF FF FF FF FF E7 0

03 C3 0

00E8 03 E7 FF FF FF FF 0

FF FF 0

OOFO 00 00 00 00 30 2n 0

n2 n2 0

C0F8 2n 30 00 00 00 00 0

00 00 0

0100 FF FF FF FF C3 99 0

0108 BD 99 C3 FF FF FF 0

FF FF c

01 10 00 00 IF 07 OD 19 0

78 00 0

0118 00 00 78 00 00 00 0

00 00 0

0120 00 00 30 66 66 66 0

3C 18 0

0128 7E 18 18 00 00 00 0

00 00 0

0130 00 00 18 in 12 12 0

12 in 0

0138 10 70 FO FO 60 00 0

00 00 0

ROM BIOS
Listing

control_byte db ? ; 00n0:0076 fixed disk control byte optio
port_off db ? j 00no:0077 fixed disk port offset

; Printer & RS-232 Tine-Out Data Areas

printer_t_out db 4 dup (?) ; 00n0:0078 printer tine-out variables

8erial_t_out db n dup (?) ; 00n0:007C RS-232 time-out variable

Additional Keyboard Data Area

j 00n0:0080 offset of kb_buffer = 001E
; 0ono:00e2 offset of kb_buffer_end = 003E

Data Are;

; Master Table Pointer.

Ba8ter_tbl_ptr dd ?

data ends

Video RAH

; 00n0:008n pointer to master table

v_ram

v_raB

code

segment public * RAH'

ends

segment public 'ROM'
assume cs:code, ds:i

byte

3thing, es:nothing, ss:notbing

; 20n8 bytes

fontlol6 proc near ; System Font Table for H2n

DB 00h,00h,00b,00b,00h,00h,00h,00h

DB 00b,00b,OOh,00b,00b,00b,00b,00b ; 0

DB 00b,00b,07eb,08lb,0a5b,08lb,081b,Obdb

DB 099b,08lb,07eb,00b,00b,00b,00b,OOb ; 1

DB 00b,00b,07eb,0ffb,0dbb,0ffh,0ffh,0c3b

DB 0e7b,0e7b,0rfb,07eb,00h,00b,00b,00b ; 2

DB 00b,00b,00b,036b,07fb,07fb,07fb,07fb

DB 03eb,01cb,08b,00b,00h,00b,00b,00b ; 3

DB 00b,00b,00b,08b,01cb,03eb,07fb,03eb

DB 01cb,08b,OOb,OOb,OOb,OOb,OOb,OOb ; n

DB 00b,00h,0l8b,03cb,03cb,0e7h,0e7b,0e7b

DB 018b,0l8b,03cb,OOb,OOb,OOb,OOb,OOb i 5

DB 00b,00b,0l8b,03cb,07eb,0ffb,0ffb,07eh

DB Ol8b,018b,03ch,OOh,OOb,OOb,OOb,OOb ; 6

DB 00b,00b,00b,00b,00b,0l8b,03cb,03cb

DB 018b,OOh,OOb,OOb,OOb,OOb,OOb,OOb ; 7

DB Offb,0ffb,0ffh,0ffh,0ffb,0e7b,0o3h,0o3h

DB 0c3h,0e7b,0ffb,0ffb,0ffb,0ffb,0ffb,0ffb

DB 00b,00h,00b,00b,03cb,02nh,on2b,on2b

DB 02nb,03cb,00b,00b,00b,00b,00b,00b ; 9

DB 0ffb,0ffb,0ffb,0ffb,0o3h,099b,0bdh,0bdb

DB 0bdb,099h,0e3b,0ffb,0ffb,0ffb,0ffb,0ffb

DB 00h,00b,01fb,07b,0db,019h,078b,0ccb

DB Occb,Oocb,078b,OOh,OOb,OOb,OOh,OOb ; b

DB 00b,00b,03ob,066b,066b,066b,03cb,0l8b

DB 07eb,0l8b,0l8h,00b,00b,00b,00b,00b ; c

DB 00h,00b,018b,0inb,012b,012b,012b,0inb

DB 010b,070b,0f0h,0f0h,060b,00h,00b,00h
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Listing

CIKO 00 00 IF 11 IF 11 0 DB 00h,00h,0irh,011h,01fh,011h,01Ih.Ollb

C148 13 37 77 72 20 00 0 DB 013b,037h,077h,072b,020h,00h,00h,00b
00 00 0

C150 00 00 18 18 DB 30 0 DB 00b,00b,018b,0l8b,0dbb,03ch,0e7b,03eb
E7 3C 0

C158 DB 18 18 00 00 00 0 DB Odbb,018b,018b,00b,00b,00b,00b,00b ; f

00 00 0

C160 00 00 40 60 70 70 0 DB 00b,00b,040b,060b,070h,07ob,07fb,07cb
7r 7C 0

C168 70 60 40 00 00 00 0 DB 070b,060b,040b,00b,00b,00h,00b,00h ; 10

00 00 0

C170 00 00 01 03 07 IF 0 DB 00b,00b,01b,03l>,07b,0irh,07rb,01fb
7P IP c

C178 07 03 01 00 00 00 0 DB 07b,03b,01b,00b,00b,00b,00b,00b ; 11

00 00 0

C180 00 00 18 30 7E 18 0 DB 00b,00b,0l8h,03ab,07eb,0l8b,0l8b,0l8b
18 18 0

C188 7E 3C 18 00 00 00 0 DB 07eb,03ab,0l8b,00h,00b,00b,00b,00b ; 12

00 00 0

C190 00 00 33 33 33 33 0 DB 00b, 00b, 033b, 033)1,0 33h, 033b, 033b, 0 33b
33 33 c

C198 00 00 33 00 00 00 0 DB 0 Ob,00b,033b,00b,00b,00b,0 Oh, 00b ; 13
00 00 0

C1A0 00 00 7F DB DB DB 0 DB 00b,00b,07fb,Odbb,Odbb,Odbb,07bh,01bb
7B IB 0

C1A8 IB IB IB 00 00 00 0 DB 01bb,01bb,01bb,00b,00b,00b,00b,00b ; 14
00 00 0

C1B0 00 3B 63 30 10 36 0 DB 00b,03eb,063h,030b,01ob,036h,063b,063b
63 63 0

C1B8 36 10 06 63 3E 00 0 DB 036b,01oh,06h,063b,03eb,00b,00b,00b ; 15
00 00 c

C1C0 00 00 00 00 00 00 0 DB 00b,00b,00b,00b,00b,00b,00b,00b
00 00 0

C1C8 7E 7B 7B 00 00 00 c DB 07eb,07 eh,07eb,00b,00b,00b,00b,00b ; 16
00 00 c

C1D0 00 00 18 3C 7B 18 0 DB 00b,00b,018b,03ob,07eb,0l8b,0l8b,0l8b
18 18 0

C1D8 7B 3C 18 FF 00 00 0 DB 07eb,03ob,0l8b,0rrb,00b,00b,00b,00b ; 17
00 00 0

C1B0 00 00 18 3C 7E 18 0 DB 00b,00b,0t8b,03ob,07eb,0l8b,0l8b,0l8b

C1B8 18 18 18 00 00 00 0 DB 018b,0l8h,0l8b,00b,00b,00h,00b,00b ; 18
00 00 0

C1P0 00 00 18 18 18 18 0 DB 00b,00b,0l8h,018b,018b,018b,018b,018b
18 18 0

C1F8 7E 3C 18 00 00 00 0 DB 07eb,03oh,018b,00b,00b,00b,00b,00b ; 19
00 00 0

C200 00 00 00 00 00 06 0 DB 00b,00b,00b,00b,0ob,06b,07fh,06b
7P 06 c

C208 OC 00 00 00 00 00 0 DB Oob,00b,00b,00b,0 0b,00b,00b, 0 0b ; la

00 00 0
C210 00 00 00 00 18 30 0 DB 00b,00b,00b,00b,018b,030b,07fb, 030b

7P 30 0

C218 18 00 00 00 00 00 0 DB 018h,00b,00b,00b,00b,00h,00b,00b ; lb
00 00 0

C220 00 00 00 00 60 60 0 DB 00b,00b,00b,00b,060b,060b,06 Ob,060b
60 60 0

C228 7P 7P 00 00 00 00 0 DB 07fb,07fb,00b,00b,00b,00b,00b,00b ; 1o
00 00 0

C230 00 00 00 00 24 42 0 DB 00b,00b,00b,00b,024b,042b,Offb,042b
FP 42 0

C238 24 00 00 00 00 00 0 DB 024b,00b,00b,00b,00b,OOh,00b, 00b ; Id

00 00 0

C2ItO 00 00 00 00 00 00 0 DB 00b,OOb,00b,00b,00b,00b,00b, 018b
00 18 0

C248 3C 7B FF 00 00 00 0 DB 03ob,07eh,Offb,00b,00b,00b,00b,00b ; 1e
00 00 0

C250 00 00 00 00 00 FF 0 DB OOb,OOb,OOh,OOb,OOb,Offb,07eb,03cb
7E 3C 0

C258 18 00 00 00 00 00 0 DB 018b,OOb,OOb,OOb,OOb,OOb,OOb,OOb ; If
00 00 0

C260 00 00 00 00 00 00 0 DB OOb,OOb,OOb,OOb,OOb,OOb,OOb, OOb
00 00 0

C268 00 00 00 00 00 00 0 DB OOb,OOb,OOb,OOb,OOb,OOb,OOh,OOb ' 20
00 00 0

C270 00 00 18 3C 30 30 0 DB 00b,00b,0l8b,03ob,03ob,03ch,0l8b,0l8b

C278 00 18 18 00 00 00 0 DB OOb,018b,018b,OOb,OOb,OOb,OOh,OOh ;<1 * 21

00 00 0

C280 00 00 66 66 24 00 0 DB OOb,OOb,066b,066b,024h,OOb,OOb, OOb
00 00 0

C288 00 00 00 00 00 00 0 DB OOb,OOb,OOb,OOb,OOb,OOb,OOb,OOb ; 22

00 00 0

C290 00 00 36 36 7F 36 0 DB OOb,0 Ob,036b,036 b,07fb,036b,0 36h,036b
36 36 0

C298 7F 36 36 00 00 00 0 DB 07fb,036b,036b,OOb,OOb,OOh,OOb,OOh ;*#' 23
00 00 0

C2A0 08 08 3E 63 60 60 0 DB 08b,08b,03eb,063b,060b,060h,03eb,03b
3E 03 0

C2A8 03 63 3E 08 08 00 0 DB 03b,063b,03eb,08b,08b,00h,00b,00b ; 24
00 00 0

C2B0 00 00 00 61 63 06 0 DB OOb,OOb,0 Ob,061b,063b,06 b,Och,018b
OC 18 0

C2B8 30 63 43 00 00 00 0 DB 030b,063h, 0 43b, OOb, OOb, OOh, OOh, OOb ; <](< 25
00 00 0

C2C0 00 00 10 36 36 10 c DB 00b,00h,01cb,036b,036h,01cb,03bb,06eb
3B 6E c

C2C8 66 66 33 00 00 00 0 DB 066h,066h,03bh,00b,00b,00h,00h,00b ;<&• 26
00 00 0
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C2D0 00 00 30 30 30 60 c DB 00h,00h,030h,030h,030h,060b,00b,00b
00 00 c

C2D8 00 00 06 00 00 00 c DB 00b,00b,00b,00b,00b,00b,00b,00b 27
00 00 c

C2B0 00 00 oc 18 30 30 c DB 00b,00b,Oob,018b,030b,030b,030b,030b

30 30 c
030b,018b,Oeb,OOh,00b,00b,00b,00b 28C2B8 30 18 oc 00 00 00 c DB

00 00 c
00b,00b,030b,0l8b,0ob,0cb,0ob,0obC2P0 00 00 30 18 OC OC c DB

oc OC c

C2F8 oc 18 30 00 00 00 c DB Oob,018b,030b,00b,00b,00b,00b,00b 29
00 00 c

C300 00 00 00 00 66 3C c DB 00b,00b,00b,00b,066b,03ob,0rfb,03ob
FF 3C c

C308 66 00 00 00 00 00 c DB 066b,00b,00b,00b,00b,00b,00b,00b ;*•' 2a
00 00 c

C310 00 00 00 00 18 18 c DB 00b,00b,00b,00b,018b,018b,07eh,018b
7B 18 c

0l8h,00b,00b,00b,00b,00h,00b,00b 2bC318 18 00 00 00 00 00 c DB

00 00 c

C320 00 00 00 00 00 00 c DB 00b,00b,00b,00b,00b,OOh, 00b,00b

00 00 c

C328 18 18 18 30 00 00 c DB 018b,Ol8b,018b,030h,00h,00b,00b,00b 2o

00 00 c

C330 00 00 00 00 00 00 c DB 00b,00b,00b,00b,00b,00b,07eh,00b
7B 00 c

C338 00 00 00 00 00 00 c DB 00b,00b,00b,00b,00b,00b,OOh,00b 2d
00 00 c

C340 00 00 00 00 00 00 c DB 00b,00b,00b,00b,OOh,OOh,00b,00b

00 00 c

C348 00 18 18 00 00 00 c DB 00b,018b,018b,OOh,OOh,00b,00b,00b 2e

00 00 c

C350 00 00 01 03 06 OC c DB OOh,00b,01b,03b,06b,Oob,018b,030h
18 30 c

C358 60 40 00 00 00 00 c DB 060b,040b,00b,OOh,OOh,00b,00b,00b 2f
00 00 c

C360 00 00 3E 63 67 6F c DB 00b,00b,03eh,063b,067b,06fb,07bb,073b
7B 73 c

C368 63 63 3B 00 00 00 c DB 063b,063b,03eb,00b,OOh,00b,00b,00b ;*0* 30
00 00 c

C370 00 00 OC 1C 3C OC c DB 00h,00b,0ob,01oh,03eh,0ob,0ob,0ob
OC oc c

C378 OC oc 3F 00 00 00 c DB Oob,Oob,03fb,00b,OOh,OOh,00b,00b ;'1' 31
00 00 c

00b,00b,03eb,063b,03b,06b,0ob,018bC380 00 00 3B 63 03 06 c DB

C368 30 63 7F 00 00 00 c DB 030b,063b,07fb,OOh,00b,00b,OOh,OOh ;*2* 32
00 00 c

C390 00 00 3B 63 03 03 c DB 00b,00b,03eb,063b,03b,03b,03eb,03b
3B 03 c

C398 03 63 3E 00 00 00 c DB 03b,063b,03eb,OOh,OOb,00b,OOb,00b i'3' 33
00 00 c

00b,00b,06b,0eb,01eb,036b,066b,07fbC3A0 00 00 06 OB IB 36 c DB

66 7F c

C3A8 06 06 OF 00 00 00 c DB 06b,06b,Ofb,OOb,OOb,OOb,OOb,OOb ;'4' 34
00 00 c

C3B0 00 00 7F 60 60 60 c DB 00b,00b,07rb,060h,060b,060b,07eb,03b
7B 03 c

C3B8 03 63 3E 00 00 00 c DB 03b,063b,03eb,OOb,OOh,OOb,OOb,OOb ;'5' 35
00 00 c

C3C0 00 00 1C 30 60 60 c DB 00b,00b,01ob,030b,060b,060b,07eb,063b
7B 63 c

063b,063b,03eb,00b,00b,00b,00b,00h ;'6* 36C3C8 63 63 3E 00 00 00 c DB

00 00 c

C3D0 00 00 7F 63 03 06 c DB 00b,00h,07fb,063b,03h,06b,0ob,0l8b

C3D8
OC

18 18 18 00 00 00 c DB 018b,018b,018b,OOb,OOb,OOb,OOb,OOb ;*7' 37
00 00 c

OOb,OOb,03eb,063b,063b,063b,03eb,063bC3B0 00 00 3B 63 63 63 c DB

3B 63 c

C3B8 63 63 3E 00 00 00 c DB 063b,063b,03eh,OOb,OOb,OOb,OOb,OOb ;<8' 38
00 00 c

C3F0 00 00 3E 63 63 63 c DB OOb,OOb,03eb,063b,063b,063b,03fb,03b
3F 03 c

C3F8 03 06 1C 00 00 00 c DB 03b,06b,01ob,00b,00b,00b,00b,00h ;'9' 39
00 00 c

C400 00 00 00 18 18 00 c db 00b,00b,00b,018b,0l8b,00b,00b,00b
00 00 c

008 18 18 00 00 00 00 c DB 018b,0l8b,OOb,OOb,OOh,OOb,OOb,OOb 3a
00 00 c

C410 00 00 00 18 18 00 c DB OOb,OOb,OOb,018b,018b,OOb,OOb,OOb
00 00 c

018 18 18 30 00 00 00 c DB Ol8b,Ol8h,030b,OOh,OOb,OOb,OOb,OOb 3b

00 00 c

C420 00 00 06 OC 18 30 c DB OOb,OOb,06b,Oob,018h,030b,060b,030b
60 30 c

C428 18 OC 06 00 00 00 c DB 018b,Oob,06b,OOb,OOb,OOb,OOb,OOb ;•<• 3o
00 00 c

C430 00 00 00 00 7B 00 c DB OOb,OOb,OOb,OOb,07 eh,OOb,OOb,OOb

00 00 c

C438 7E 00 00 00 00 00 c DB 07eb,OOb,OOb,OOb,OOb,OOb,OOb,OOb ;'=• 3d

00 00 c
00b,00b,060b,030b,0l8b,0ob,06b,0cbC440 00 00 60 30 18 oc c DB

06 OC c

C448 18 30 60 00 00 00 c DB 018b,030b,060b,OOh,OOb,OOb,OOb,OOb {•>' 3e
00 00 c

C450 00 00 3E 63 63 06 c DB 00b,00b,03eh,063b,063b,06b,0ob,0ob
OC oc c

058 00 oc OC 00 00 00 c DB OOb,Ocb,Oob,OOb,OOh,OOb,OOh,OOb ;<?' 3f
00 00 c

ROM BIOS
Listing
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ROM BIOS

Listing

C460 00 00 3E 63 63 6P C DB
6P 6P C

C468 6E 60 3E 00 00 00 C DB

00 00 C

C470 00 00 08 1C 36 63 C DB

63 7P c

C478 63 63 63 00 00 00 c DB

00 00 c

C480 00 00 7E 33 33 32 c DB

3E 33 c

C488 33 33 7E 00 00 00 c DB
00 00 c

C490 00 00 IE 33 60 60 c DB

60 60 c
C4 98 60 33 IE 00 00 00 c DB

00 00 c

C4A0 00 00 7C 36 33 33 c DB

33 33 c

C4A8 33 36 7C 00 00 00 c DB

00 00 c

C4B0 00 00 7P 33 30 34 c DB

3C 34 c

C4B8 30 33 7P 00 00 00 c DB

00 00 c

C4C0 00 00 7P 31 34 3C c DB
3C 34 c

C4C8 30 30 78 00 00 00 c DB

00 00 c

C4D0 00 00 IE 33 60 60 c DB
60 6P c

C4D8 63 33 ID 00 00 00 c DB

00 00 c

C4E0 00 00 63 63 63 63 c DB

7P 63 c

C4B8 63 63 63 00 00 00 c DB

00 00 c

C4P0 00 00 3C 18 18 18 c DB

18 18 c

C4F8 18 18 3C 00 00 00 c DB

00 00 c

C500 00 00 OP 06 06 06 c DB

06 06 c

C508 66 66 3C 00 00 00 c DB

00 00 c

C510 00 00 73 33 36 36 c DB
3C 36 c

C518 36 33 73 00 00 00 c DB

00 00 c

C520 00 00 78 30 30 30 c DB

30 30 c

C528 30 33 7P 00 00 00 c DB

00 00 c

C530 00 00 63 77 7P 6B c DB

63 63 c

C538 63 63 63 00 00 00 c DB

00 00 c
C540 00 00 63 73 7B 7P c DB

6P 67 c

C548 63 63 63 00 00 00 c DB
00 00 c

C550 00 00 1C 36 63 63 c DB

63 63 c

C558 63 36 1C 00 00 00 c DB

00 00 c

C560 00 00 7E 33 33 33 c DB

3E 30 c
C568 30 30 78 00 00 00 c DB

00 00 c

C570 00 00 1C 36 63 63 c DB

63 63 c

C578 6B 3E 1C 06 03 00 c DB

00 00 c

C5 80 00 00 7E 33 33 33 c DB

3E 36 c

C588 33 33 33 00 00 00 c OB

00 00 c

C5 90 00 00 3E 63 63 30 c DB

1C 06 c

C598 63 63 3E 00 00 00 c DB

00 00 c

C5A0 00 00 7E 5A 18 18 c DB

C5A8 18 18 3C 00 00 00 c DB

00 00 c

C5B0 00 00 63 63 63 63 c DB

63 63 c

C5B8 63 63 3E 00 00 00 c DB

00 00 c

C5C0 00 00 63 63 63 63 c DB

63 63 c

C5C8 36 1C 08 00 00 00 c DB

00 00 c

C5D0 00 00 63 63 63 63 c DB

63 6B c

C5D8 6B 7F 36 00 00 00 c DB

00 00 c

C5E0 00 00 63 63 63 36 c OB

1C 36 c

C5E8 63 63 63 00 00 00 c DB

00 00 c
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00h,00h,03eh,063b.063h,06fh,06fb,06fb

06eb,060b,03eb,00b,00b,00b,00b,00b 40

00b,00b,08b,01 Ob,036b,063b, 063b,07fb

063b,063b,063b,00b,00b,00b,00b,00b ;'A' 41

00b,00b,07eb,033b,0 33b,032b,03eb, 033b

033b,033b,07eb,00b,00b,00b,00b,OOh ;'B' 42

00b,00b,Oleb,033b,060b,060b, 06Ob,06Ob

060b,033b,Oleb,00b,OOb,00b,OOb,00b ;*C* 43

00b,00b,07cb,036b,033b,033b,033b,033b

033b,036b,07ob,OOb,OOb,OOb,OOb,OOb ;'D' 44

OOb,OOb,07fb,033b,030b,034h,03ob,034b

030b,033b,07rb,OOb,OOb,OOb,OOb,OOb 45

00b,00b,07fb,031b,034h,03ob,03ab,034b

030b,030b,078b,OOb,OOb,OOb,OOb,OOb 46

00b,00b,01eb,033b,060b,060b,060b,06fb

063b,033b,Oldb,OOb,OOb,OOb,OOb,OOb ;'G< 47

OOb,OOb,063b,063b,063b,063h,07rb,063b

063b,063b,063b,OOb,OOh,OOb,OOb,OOb ;<H« 48

OOb,OOb,03ob,018b,018b,018b,018b,018b

018b,016b,03ob,OOb,OOb,OOb,OOb,OOb s'l' 49

OOb,OOb,orb,06b,06b,06b,06b,06b

066b,066b,03ob,OOb,OOb,OOb,OOb,OOb ;<J' 4a

OOb,OOb,073b,033b.036b,036b,03ob,036b

036b,033b,073b,OOb,OOb,OOb,OOb,OOb ;'K* 4b

OOb,OOb,078b,030b,030b,030b,030b,030b

030b,033b,07fb,OOb,OOb,OOb,OOb,OOb ;>L' 4a

OOb,OOb,063b,077b,07rb,06bb, 063 b, 063b

063b,063b,063b,OOb,OOb,OOb,OOb,OOb ;'H' 4d

00b,00b,063b,073b,07bb,07fb,06fb,067b

063b,063b,063b,OOb,OOb,OOb,OOb,OOb ;<N< 4e

OOb,OOb,Oleb,036b,063b,063b,063b,063b

063b,036b,Oleb,OOb,OOb,OOb,OOb,OOb ;*0' 4r

OOb, OOb, 07eb,033i>, 033b, 0334, 03eb, 030b

030b,030b,078b,OOb,OOb,OOb,OOb,OOb ;<P' 50

OOb,OOb,Oleb,036b,063b,063b,063b,063b

06bb,03eb,Oleb,06b,03b,OOb,OOb,OOb ;'Q« 51

OOb,OOb,07eb,033b,033b,033h,03eb,036b

033b,033b,033b,OOb,OOb,OOb,OOb,OOb ;>R> 52

OOb,OOb,0 3eb,063 b,063b,030b,01 Ob,06b

063b,063b,03eb,OOb,OOb,OOb,OOb,OOb j'S' 53

00b,00b,07eb,05ab,013b,018h,0l8b,0l8b

0l8h,018b,03ob,OOb,OOb,OOb,OOb,OOb ;'T' 54

00b,00b,063h,063b,063b,063h,063b,063b

063b,063b,03eb,OOb,OOb,OOb,OOb,OOb ;<U' 55

OOb,OOb,063b,063b,063b,063b,063b,063b

036b,Oleb,08b,OOb,OOh,OOb,OOb,OOb ;'V' 56

00b,00b,063b,063b,063b,063h,063b,06bb

06bb,07fh,036b,OOb,OOb,OOb,OOb,OOb :'W' 57

OOb,OOb,063b,0 63h,063b,0364,0 1eh,0 36b

063b,063b,063b,OOh,OOb,OOb,OOh,OOb ;'X' 58



C5F0

C5F8

C600

C608

C610

C618

C620

C628

C630

C638

C640

C64B

C650

C658

C660

C668

C670

C678

C680

C688

C690

C698

C6A0

C6A8

C6B0

C6B8

C6C0

C6C8

C6D0

C6D8

C6E0

C6E8

C6F0

C6F8

C700

C708

C710

C718

C720

C728

C730

C738

C740

C748

C750

C758

C760

C768

C770

C778

00 00 66 66 66 66
66 3C
18 18 3C 00 00 00
00 00

00 00 7F 63 06 OC
18 30
60 63 7F 00 00 00
00 00

00 00 3C 30 30 30
30 30
30 30 3C 00 00 00

00 00
00 00 40 60 30 18
OC 06

03 01 00 00 00 00
00 00

00 00 30 OC OC OC
OC OC

OC OC 3C 00 00 00
00 00

08 1C 36 63 00 00
00 00

00 00 00 00 00 00

00 00

00 00 00 00 00 00

00 00

00 00 00 00 00 00

7F 00
18 18 OC 00 00 00
00 00

00 00 00 00 00 00

00 00

00 00 00 00 00 3C
06 3E
66 66 3B 00 00 00
00 00

00 00 70 30 30 3B
33 33
33 33 6b 00 00 00
00 00

00 00 00 00 00 3E
63 60
60 63 3E 00 00 00
00 00

00 00 OB 06 06 3E
66 66

66 66 3B 00 00 00
00 00

00 00 00 00 00 3E
63 7F
60 63 3B 00 00 00
00 00

00 00 IB 33 30 30
7C 30
30 30 78 00 00 00
00 00

00 00 00 00 00 3B
66 66
66 66 3E 06 66 3C
00 00
00 00 70 30 36 3B
33 33
33 33 73 00 00 00
00 00

00 00 OC OC 00 1C

OC OC

OC OC IB 00 00 00
00 00

00 00 OC OC 00 1C

OC OC

OC OC OC OC CC 78
00 00

00 00 70 30 30 33
36 3C
36 33 73 00 00 00
00 00

00 00 1C OC OC OC

OC OC

OC OC IE 00 00 00

00 00

00 00 00 00 00 66

7F 6B
6B 6B 6b 00 00 00
00 00

00 00 00 00 00 6E

33 33
33 33 33 00 00 00
00 00

00 00 00 00 00 3E

63 63
63 63 3E 00 00 00
00 00
00 00 00 00 00 6E

33 33
33 33 3E 30 30 78
00 00

00 00 00 00 00 3B
66 66
66 66 3E 06 06 OP
00 00

> 00b,0Oh,066b,066b,066b,066h,066b,03cb

I 018b,018b,03cb,00b,00b,00b,00b,00b ;'X* 59

I 00b,00b,07fb,063b,06b,0oh,018b,030b

I 060b,063b,07fb,00b,00b,00b,00b,00b ;*Z< 5a

1 00b,00b,03cb,030b,030b,030b,03Ob,030b

030b,030b,03ob,00b,00b,00b,00b,00b ;'[• 5b

00b,00b,040b,060b,030b,0l8b,0ob,06b

03b,01b,00b,00b,00b,00b,00b,00b ;<\' 5o

00b,00h,03cb,0ob,0ob,0ob,0ob,0ob

0ob,0ob,03cb,00b,00b,00b,00b,00b ;>]• 5<i

08b,01eb,036b,063h,00b,00b,00b,00b

00b,00b,00b,00b,00b,00b,00b,00b ;•*' 5o

00b,00b,00b,00b,00b,00b,00b,00b

00b,00b,00b,00b,00b,00b,07fb,00b ;5f

018b,018b,Ocb,00b,00b,00b,00b,00b

00b,00b,00b,00b,00b,00b,00b,00b 60

00b,00b,00b,00b,00b,03ob,06b,03eb

066b,066b,03bb,00h,00b,00b,00b,00b ;'a' 61

00b,0Ob,07Ob,030b,030b,03eb,033b,033b

033b,033b,06eb,00b,00b,00b,00b,00b ;'b< 62

00b,00b,00b,00b,00b,03eb, 063b, 06Ob

060b,063b,03eb,00b,00b,00b,00b,00b ;•

00b,00b,Oeb,06b,06b,03eb,066b,066b

066b,066b,03bb,00b,00b,00b,00b,00b ;•

00b,00b,00b,00b,00b,03eb,063b,07rb

060b,063b,03eb,00b,00b,00b,00b,00b ;<<

00b,00b.0 lab,033b,030b,030b,07ob,030b

030b,030b,078b,00b,00b,00b,00b,00b ;•j

00b,00b,00b,00b,00b,03bb,066b, 066b

066b,066b,03eb,06b,066b,03ob,00b,00b

00b,00b,07Ob,030b,036b,03bb,033b,033b

033b,033b,073b,00b,OOh,00b,00b,00b ;'b

00h,00b,0cb,0cb,00h,01ob,0cb,0cb

0eb,0cb,01eb,00b,00b,00b,00b,00h ;'l

00b,00b,0cb,Ocb,00b,01cb,Ocb,Oeb

0cb,0cb,0cb,0cb,0cob,076b,00b,00b

63

65

69

•j' 6a

00b,00b,070b,030b,030b,033b,036b,03cb

036b,033b,073b,00b,00b,00b,00b,00b ;'l

OOh,00b,01cb,Ocb,Ocb,Ocb,Ocb,Ocb

0cb,Ocb,01eb,00b,00b,00b,00b,00b

00b,00b,00b,00b,00h,066b,07rb,06bb

06bb,06bb,06bb,00b,00b,00b,00b,00b ;'i

00b,00b,00b,00b,00b,06eb,033b,033b

033b,033b,033b,00b,00b,00b,00b,OOh ;'i

00b,OOh,00b,00b,OOh,03eb,063b,063b

063b,063h,03eb,00b,00b,00h,00h,00b ;<i

00b,OOh,00b,OOh,OOh,06eb,033b,033b

033b,033b,03eb,030b,030b,078b,00b,00b

00b,00b,00b,00b,00b,03bb,066b,066b

066h,066h,03eb,06b,06b,0fb,00b,00b ;'c
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C780 00 00 00 00 00 6E C DB 00b,00h,00b,00b,00h,06eh,03bb,030h
3B 30 C

C788 30 30 78 00 00 00 C DB 030b,030b,078b,00b,00b,00b,0 0b, 0 0b
00 00 C

C790 00 00 00 00 00 3E C DB 00b,00b,00b,00b,00b,03eb,063b,038h
63 38 C

C798 OB 63 3E 00 00 00 C DB Oeb,063b,03eb,00b,00b,00b,00b,00b
00 00 C

C7A0 00 00 00 08 18 7E C DB 00b,00b,00b,08b,018b,07eb,018b,018b

C7A8 18 IB OB 00 00 00 C DB 018b,Oibb,Oeb,00b,00b,00b,00b,00b
00 00 c

C7B0 00 00 00 00 00 66 c DB 00b,00b,00b,00b,00b,066b,066b,066b
66 66 c

C7B8 66 66 SB 00 00 00 c DB 066b,066h,03bb,00b,00b,00b,00b,00b
00 00 c

C7C0 00 00 00 00 00 63 c DB 00b,00b,00b,00b,00b,063b,063b,063b
63 63 c

C7C8 36 1C 08 00 00 00 c DB 036b,0lob,08b,00b,00b,00b,00b,00b ;
00 00 c

C7D0 00 00 00 00 00 63 c DB 00b,OOh,00b,00b,00b,063b,06bb,06bb
6B 6B c

C7D8 6B 7F 36 00 00 00 c DB 06bb,07fb,036bi00b,00b,00b,00b,00b
00 00 c

00b,00b,00b,00b,00b,063 b,036b,01 ohC7E0 00 00 00 00 00 63 c DB

36 1C c

C7B8 1C 36 63 00 00 00 c DB 01 Ob,036b,063b,00b,00b,00b,00b,00b
00 00 c

00b,00b,00b,00b,00b,063b,066b,066hC7F0 00 00 00 00 00 63 c DB

66 66 c

C7F8 66 66 3B 06 66 3C c DB 066b,066b,03eb,06b,066b,03ob,00b,00b
00 00 c

C800 00 00 00 00 00 7F c DB 00b,00b,00b,00b,00b,07fb,066b,0ob
66 OC c

C808 18 33 7F 00 00 00 c DB 018b,033b,07fb,00b,00b,OOh,00b, 00b
00 00 c

C810 00 00 OB 18 18 18 c DB 00b,00b,Oeb,018b,018b,018b,070b,016b
70 18 c

C818 18 18 OB 00 00 00 c DB 018b,018b,Oeb,00b,00b,00b,00b,00b ;
00 00 c

C820 00 00 18 18 18 18 c DB 00b,00b,Oieb,018b,018b,018b, 00b, 018b
00 18 c

C828 18 18 18 00 00 00 c DB 018b,018b,018b,00b,00b,00b,00b,00b
00 00 c

C830 00 00 70 18 18 18 c DB 00b,00b,070b,018b,018b,018b,Oeb, 018b
OB 18 c

C838 18 18 70 00 00 00 c DB 018b,018b,070b,00b,00b,00b,00b,00b
00 00 c

C840 00 00 3B 6B 00 00 c DB 00b,00b,03bb,06eb,00b,00b,00b,00b
00 00 c

C848 00 00 00 00 00 00 c DB 00b,00b,00b,00b,00b,00b,00b,00b
00 00 c

C850 00 00 00 00 08 1C c DB 00b,00b,00b,00b,0 8b,0 lob,036 b,063b
36 63 c

C858 63 7F 00 00 00 00 c DB 063b,07fb,00b,00b,00b,00b,00b,00b
00 00 c

c

c

;Bnd of font natrix

CB60

C860

fontlol6 endp

font_hl_8x8 label
include fonthlS.asm

fontbiB proo near
; SystemFont <bl_mediunrea> (H2il} 8x8 font table for H24

C860 IE 33 60 33 C DB Oieb,033b,060b,033b
C864 IE 08 04 08 C DB Oieb,08b,04b,08b ; 0

C868 66 00 66 66 C DB 066h,00b,066b,066b
C86C 66 66 66 3B C DB 066b,066b,066b,03bb ; 1

C870 06 00 00 IE C DB 06b,0ab,00b,Oieb
C874 33 3F 30 IB C DB 033b,03fb,030b,Oieb ; 2

C878 08 14 00 3C C DB 08b,014b,00b,03ob
C87C 06 3E 66 3B C DB 06b,03eb,066b,03bb ; 3
C880 00 36 00 3C C DB 00b,036b,00b,03ob
C884 06 3E 66 3B C OB 06b,03eb,066b,03bb ; 4

C888 30 18 00 3C C DB 030b,018b,00b,03ob
C88C 06 3E 66 3B C DB 06b,03eb,066b,03bb ; 5

C890 08 14 08 3C C DB 08b,014b,08b,03cb
0894 06 3E 66 3B C DB 06b,03eh,066b,03bb ; 6

0898 3C 66 60 66 C DB 03cb,066b,060b,066h
089C 3C 08 04 08 C DB 03ob,08b,04b,08b ; 7

08 AO 18 34 00 3E c DB 018b,034b,OOh,03eb
08 A4 63 7F 60 3B c DB 063b,07fb,060h,03eh ; 8

08 A8 00 36 00 3B c DB 00b,036h,00b,03eb
C8A0 63 7F 60 3E c DB 063b,07fb,060b,03eh ; 9

08 BO 30 18 00 3C c DB 030b,018b,00b,03ch
08 B4 66 7E 60 3C c DB 066b,07eb,060b,03ob ; a

08 B8 00 36 00 1C c DB 00b,036b,00b,Olob
08B0 00 00 OC IB c DB 0ob,0ob,0ob,01eb ; b

0800 08 14 00 1C c DB 08b,014h,00b,Olob
0804 00 00 00 IE c DB Oob,Oeb,Oob,Oieb ; c

08 08 30 18 00 1C c DB 030h,018b,00b,Olob
0800 00 00 OC IE c DB Oob,Oob,Oeb,Oieb ; d

08 DO 66 00 18 3C c DB 066h,00b,018b,03cb
08 D4 66 7E 66 66 c DB 066b,07eb,066h,066b ; e

08 D8 18 24 18 3C c DB 018b,024b,018b,03oh
08 DO 66 7E 66 66 c DB 066b,07eb,066b,066b ; f

08 BO 00 18 7F 31 c DB Oob,018b,07fb,031b
08 B4 3C 30 31 7F c DB 03cb,030b,031b,07fb ; 10
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C8E8 00 36 4B OP C DB 00b,036b,04bh,0fb
C8EC 38 58 5D 36 0 DB 038b,058b,05db,036b 11
C8F0 00 IF 28 49 0 DB 00b,Olfh,028b,049b
C8FH 4F 79 48 4F 0 DB 04fb,079b,048b,04fb 12

C8r8 08 14 00 10 0 DB 08b,014b,00b,Olcb
C8FC 36 63 36 1C 0 DB 036b,063b,036b,Olcb 13
C900 00 36 00 10 C DB 00b,036b,00b,Olcb
C904 36 63 36 10 0 DB 036b,063b,036b,Oleb 14

C908 30 18 00 10 0 DB 030b,018b,00b,01ob
C90C 36 63 36 10 0 DB 036b,063b,036b,Olcb 15
C910 08 14 00 66 C DB 08b,014b,00b,066h
0914 66 66 66 3B C DB 066b,066b,066b,03bb 16
C918 30 18 00 66 0 DB 030b,018b,00b,066b
C'^IC 66 66 66 3B 0 DB 066b,066b,066b,03bb 17
C920 66 00 66 66 0 DB 066b,00b,066b,066b
C924 66 3E 06 78 0 DB 066b,03eb,06b,078b 18
C928 00 36 00 10 0 DB 00b,036b,00b,Olcb
C92C 36 63 36 10 0 DB 036b,063b,036h,Olcb 19
C930 00 63 00 63 0 DB 00b,063b,00b,063b
C934 63 63 63 3B 0 DB 063b,063b,063b,03eb 1 a

C938 08 08 3B 40 0 DB 06b,08b,03eb,040b
C93C 40 3E 08 08 0 DB 040b,03eb,08b,08b lb

C940 OE IB 18 30 0 DB 0eb,01bh,0l8h,03ob
C944 18 18 39 7E 0 DB 018b,018b,039b,07eb 1o

C948 22 14 08 3E c DB 022b,014b,08b,03eb
C94C 08 3B 08 08 0 DB 08b,03«b,08b,08b Id

C950 70 48 72 42 c DB 070b,048b,072b,042b
C954 47 42 42 01 0 DB 047b,042b,042b,01b 1e
C958 OC 12 10 38 0 DB Oob,012b,010b,038b
C95C 10 10 50 20 c DB 010b,010b,050b,020b If
C960 06 00 00 30 0 DB 06b,0cb,00b,03ob
C964 06 3E 66 3B 0 DB 06b,03eb,066b,03bb 20
C968 06 00 00 10 0 DB 06b,Oob,00b,Olcb
C96C OC 00 00 IE 0 DB Oob,Oob,Oob,Oleb 21

C9T0 06 00 00 10 0 DB 06b,0ob,00b,01oh
C974 36 63 36 10 0 DB 036b,063b,036b,Olob 22
C978 06 00 00 66 0 DB 06b,Oob,00b,066b
C97C 66 66 66 3B 0 DB 066b,066b,066b,03bb 23
C980 33 CO 00 70 0 DB 033b,Ooob,00b,07ob
C984 66 66 66 66 0 DB 066b,066b,066b,066h 24
C988 33 00 63 73 0 DB 033b,Ooob,063b,073b
C98C 7B 6F 67 63 0 DB 07bh,06fh,067b,063b 25
C990 00 30 06 3B 0 DB 00b,03ob,06h,03eb
C994 66 3B 00 7F 0 DB 066b,03bb,00b,07fb 26
C998 00 10 36 63 0 DB 00b,Olob,036b,063b
C99C 36 10 00 7F 0 DB 036b,Olob,00b,07fb 27
C9A0 18 00 18 18 0 DB 0l8h,00b,018h,0l8b
C9A4 30 46 30 00 0 DB 030b,046b,03ob,00b 28
C9A3 00 00 7F 60 0 DB OOh,00b,07fb,060b
C9AC 60 00 00 00 0 DB 060b,00b,00b,00b 29
C9B0 00 00 7F 03 c DB 00b,00b,07fb,03b
C9B4 03 00 00 00 0 DB 03b,00b,00b,00b 2a
C9B8 20 62 24 28 0 DB 020b,062b,024b,028b
C9BC 16 21 42 07 c DB 016b,021b,042h,07b 2b
C9C0 20 62 24 2A 0 DB 020b,062b,024b,02ab
C9C4 16 2A 4F 02 c DB 0l6b,02ab,04fh,02h 20
C9C8 18 18 00 18 0 DB 018b,018b,00b,018b
C9CC 18 30 30 18 0 DB 018b,03ob,03ob,018b 2d
C9D0 00 IB 36 60 0 DB 00b,Oibb,036b,06ob
C9D4 36 IB 00 00 0 DB 036b,Oibb,00b,00b 2e
C9D8 00 60 36 IB 0 DB 00b,06ob,036b,Olbh
C9DC 36 60 00 00 0 DB 036b,06ob,00b,00b 2f
C9B0 22 88 22 88 0 DB 022b,oe8b,022b,088b
C9B4 22 88 22 88 0 DB 022b,088b,022b,088b 30
C9 E8 55 AA 55 AA c DB 055b,Oaab,055b,Oaab
C9EC 55 AA 55 AA 0 DB 055b,Oaab,055b,Oaab 31
C9F0 OE 77 CE 77 0 DB Ooeb,077b,Ooeb,077b
C9F4 CE 77 CE 77 c DB Ooob,077b,Ooob,077b 32
C9F8 18 18 18 18 0 DB 018b,018b,018b,018b
C9FC 18 18 18 18 0 DB 018b,0l8h,018b,Ol8b 33
CAOO 18 18 18 f8 c DB 018b,018b,018b,Of8b
CA0 4 18 18 18 18 0 DB 018b,018b,018b,018b 34
CA08 18 18 F8 18 0 DB 018b,0l8b,0r8b,0l6b
CAOC F8 18 18 18 0 DB Or8b,018b,018b,018b 35
CA10 36 36 36 F6 c DB 036b,036b,036b,Of6b
CA14 36 36 36 36 0 DB 036b,036b,036b,036b 36
CA18 00 00 00 FE c DB 00b,00b,00b,0feb
CA1C 36 36 36 36 c DB 036b,036b,036b,036b 37
CA2 0 00 00 F8 18 c DB 00b,00b,0r8b,018b
CA24 F8 18 18 18 c DB 0r8b,018b,018b,018b 38
CA28 36 36 F6 36 c DB 036b,036b,0r6b,036b
CA2C F6 36 36 36 0 DB 0r6b,036b,036b,036b 39
CA30 36 36 36 36 0 DB 036b,036b,036b,036b
CA34 36 36 36 36 c DB 036b,036b,036b,036b 3a
CA38 00 00 FE 06 c DB 00b,00b,0feb,06b
CA3C F6 36 36 36 0 DB or6b,036b,036b,036b 3b
CA4 0 36 36 F6 06 0 DB 036b,036b,Of6b,06b
CA44 FE 00 00 00 c DB 0reb,00b,00b,00b 3c
CA48 36 36 36 FE c DB 036b,036b,036b,Ofeb
CA4C 00 00 00 00 0 DB 00b,00b,00b,00b 3d
CA50 18 18 F8 18 0 DB 018b,018b,0r8b,018b
CA54 F8 00 00 00 c DB 0f8b,00b.00b,00b 3e
CA5 8 00 00 00 F8 c DB 00b,00b,00b,0f8b
CA5C 18 18 18 18 c DB 0ieb,0l8h,0l8b,018b 3f
CA60 18 18 18 IF c DB 018b,0l8b,018b,Olfb
CA64 00 00 00 00 c DB 00b,00b,00b,00b 40
CA68 18 18 18 FF c DB 018b,0l8b,018b,Offb
cAec 00 00 00 00 c DB OOh,00b,00b,00b 41
CA70 00 00 00 FF c DB OOb,00b,00b,Offb
CA74 18 18 18 18 0 DB 018b,0l6b,018b,018b 42
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CA78 IS IS IS IF C DB 0lSb,O18b,OlSh,O1fh
CATC IS IS 18 IS C DB OlSb,OlSb,OlSb,OlSb ;!'C' 43

CASO 00 00 00 FF C DB 00b,00b,00b,0frb
CASI 00 00 00 00 C DB 00b,00b,00b,00b |I'D' 44

CA88 16 IS 18 PF C DB 018b,018b,01Sb,0ffb
CA8C IS IS 18 IS C DB 0lSb,0lSb,0lSb,0lSb |I'B' 45

CA90 IS IS IF IS C DB OlSb,018b,Olfb,018b
CAQt IF 18 IS IS C DB 01fb,0lSb,0lSb,0lSb ;I'P' 46

CA98 36 36 36 37 C DB 036b,036b,036b,037b
CA9C 36 36 36 36 C DB 036b,036b,036b,036b ;;'G' 47

CAAO 36 36 37 30 C DB 036b,036b,037b,030b
CAA1 3F 00 00 00 C DB 03fb,00b,00b,00b ;;'H' 48

CAA8 00 00 3P 30 C DB 00b,00b,03fb,030b
CAAC 37 36 36 36 C DB 037b,036b,036b,036b ;I'l' 49

CABO 36 36 F7 00 c DB 036b,036b,OfTb,00b
CABO FF 00 00 00 c DB 0rfb,00b,00b,00b ;I'J' 4a

CABS 00 00 PP 00 c DB 00b,00b,0rfb,00b
OfTb,036b,036b,036b iCABC P7 36 36 36 c DB I'K' 4b

CACO 36 36 37 30 c DB 036b,036b,037b,030b
CAC4 37 34 34 34 c DB 037b,034b,034b,034b ; •L' 4o

CAC8 00 00 FF 00 c DB 00b,00b,0frb,00b
CACC PP 00 00 00 c DB 0ffb,00b,00b,00b •H' 4d

CADO 36 36 P7 00 c DB 036b,036b,OfTb,00b
CAD4 P7 36

IS

36 36 c DB OfTb,036b,036b,036b •N' 4e

CADS IS FP 00 c DB 018b,018b,Offb,00b
CADC PP 00 00 00 c DB 0ffb,00b,00b,00b •0' 4f

CABO 36 36 36 FF c DB 036b,036b,036b,Offb
CAB4 00 00 00 00 c DB 00b,00b,00b,00b ipt 50

CABS 00 00 FP 00 c DB 00b,00b,Offb,00b
CABC PP IS IS IS c DB 0ffb,0lSb,01Sb,0lSb •Q' 51

CAPO 00 00 00 PP c DB 00b,00b,00b,Offb
CAP4 36 36 36 36 c DB 036b,036b,036b,036b 'R' 52

CAPS 36 36 36 3P c DB 036b,036b,036b,03fb
CAPC 00 00 00 00 c DB 00b,00b,00b,00ta IS' 53

CBOO 18 18 IP IS c DB 01Sb,0l6b,Olfb,018b
CB04 IP 00 00 00 c DB Olfb,00b,00b,00b iji sK

CBOS 00 00 IP IS c DB 00b,OOb,Olfb,018b
CBOC IP IS IS IS c DB Olfb,018b,OlSb,018b 10' 55

CB10 00 00 00 3F c DB 00b,00b,00b,03fb
CB14 36 36 36 36 c DB 036b,036b,036b,036b 'V 56

CB1S 36 36 36 PP c DB 036b,036b,036b,Offb
CB1C 36 36 36 36 c DB 036b,036b,036b,036b •W 57
CB20 IS IS FP IS c DB OlSb,018b,Offb,OlSb
CB2 4 PP IS IS IS c DB Offb,018b,OlSb,OlSb 'X' 58
CB2S 16 IS IS PS c DB OlSb,OlSb,OlSb,OfSb
CB2C 00 00 00 00 c DB OOb,OOb,OOb,OOb iI'l' 59

CB30 00 00 00 IP c DB OOb,OOb,OOb,Olfb
CB34 IS IS IS IS c DB OlSb,018b.018b,018b iI'Z' 5a

CB36 PP PP FP PP c DB Offb,Offb,Offb,Offb
CB3C PP PP PP FF c DB Offh,Offb,Offb,Offb iI't' 5b
CB40 00 00 00 00 c DB OOb,OOb,OOb,OOb
CB44 PP PF FP PP c DB Offb,Offb,Offb,Offb il'\' 5c
CB46 PO FO FO PO c DB 0f0b,0f0b,0f0b,0f0b
CB4C PO PO FO PO c DB 0f0b,0f0b,0f0b,0f0b ;I']' 5d
CB50 OP OP OF OP c DB 0fb,0fb,0fb,0fb
CBS 4 OP OP OF OF c DB 0fb,0fb,0fb,0fb !1'*' 5e
CBS 8 PP PP FF PF c DB Offb,Offb,Offb,Offb
CBSC 00 00 00 00 c DB OOb,OOb,OOb,OOb 1l'_' 5f
CB60 00 00 3B 6E c DB 00b,00b,03bb,06eb
CB64 6c 6c 6E 3B c DB 06cb,06ob,06eb,03bb i1'*' 60
CB6S 3B 63 7E 63 c DB 03eb,063b,OTob,063b
CB6C 63 7B 60 60 c DB 063b,OTeb,060b,060b ;I'a' 61
CB70 00 7B 32 30 c DB OOb,OTeb,032b,030b
CB74 30 30 30 78 c DB 030b,030b,030b,OTSh \I'b' 62

CB7S 00 01 7F 54 c DB OOb,01b,OTfb,054b
CB7C 14 14 14 14 c DB 014b,014b,014b,Ol4b 'C 63
CBSO 00 7F 61 30 c DB OOb,OTfb,061b,030b
CBS 4 18 30 61 7P c DB OlSb,030b,061b,OTfb 'd' 64

CBS 8 00 00 IF 34 c DB OOb,OOb,Olfb,034h
CBSC 62 62 34 18 c DB 062b,062b,034b,OlSb 'e' 65

CB90 00 36 36 36 c DB OOb,036b,036b,036b
CB94 3C 30 30 60 c DB 03cb,030b,030b,060b 'f 66

CB9S 00 3B 6E OC c DB 00ta,03bb,06eb,0ob
CB9C OC OC 00 00 c DB 0cb,0ob,00b,00b 'g' 67
CBA4 66 3C IS 3C c DB 066b,03eb,0lSb,03ob 'b' 68

CBAS 00 1C 36 63 c DB OOb,Olob,036b,063b
CBAC 7F 63 36 1C c DB OTfb,063b,036b,Olcb 'i' 69
CBBO 00 1C 36 63 c DB OOb,Olob,036b,063b
CBB4 63 36 36 77 c DB 063b,036h,036h,077b 'j' 6a
CBB8 IE 30 IS OC c DB Oleb,030b,018b,Ocb
CBBC 3E 66 66 3C c DB 03eb,066h,066h,03ob 'k' 6b

CBCO 00 00 76 DB c DB OOb,OOb,076b,Odbb
'1' 6oCBC4 DB 6E 00 00 c DB 0<]bh,06eb,00b,00b

CBCS 03 06 7E DB c DB 03b,06h,OTeb,Odbb
CBCC DB 7E 60 CO c DB Odbb,OTeb,060b,0o0h 'm' 6d

CBDO 00 1C 30 60 c DB OOb,Olcb,030b,060b
CBD4 7C 60 30 1C c DB OTeb,060b,030b,Olcb ' n' 6e

CBDS 00 00 3E 63 c DB OOb,OOb,03eb,063b
CBDC 63 63 63 63 c DB 063b,063h,063b,063b '0' 6f

CBEO 00 00 3E 00 c DB 00b,00b,03eb,00h
CB E4 3E 00 3E 00 c DB 03eb,00b,03eb,00h 'p' 70
CBBS IS IS 7E IS c DB 018b,018b,OTeb,OlSb
CBBC IS 00 7E 00 c DB OlSb,OOb,OTeb,OOb '9' 71
CBPO IS OC 06 OC c DB OlSb,Ocb,06b,Ocb
CBF4 IS 00 3E 00 c DB OlSb,OOb,03eb,OOb 'r' 72

CBFS OC IS 30 18 c DB Ocb,OlSb,030b,OlSh
CBFC OC 00 3E 00 c DB 0ch,00h,03eb,00h 'a' 73

CCOO OE IB IB 18 c DB Oeh,01bh,01bh,01Sh
CC04 18 18 18 IS c DB 018h,0l8h,OlSb,OlSb 't' 74

CCDS IS IS 18 18 c DB 018h,0l8h,0lSb,01Sh
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ccoc 18 08 08 70 0 DB 0l8b,0d8h,0d8h,070h ;'u' 75
CC10 00 18 18 00 0 DB 00b,Ol8h,018b,OOh
CC14 3E 00 18 18 0 OB 03eb,00b,Ol8b,018b :'v' 76
CC18 00 00 3B 6B 0 OB 00b,00b,03bb,06eb
CC1C 00 3B 6E 00 0 OB 00b,03bb,06eb,00b 77
CC20 00 38 60 60 0 OB 00b,038b,06ob,06eb
CC2II 38 00 00 00 0 OB 038b,00b,00b,00b |I'x' 78
cc2e 00 18 3C 30 0 OB 00b,018b,03ob,03ob
CC2C 18 00 00 00 0 OB 018b,00b,00b,OOh i!'y' 79
CC30 00 00 00 18 0 OB 00b,00b,00b,0l8b
CC34 18 00 00 00 0 OB 0l8b,00b,00b,00b ;I'a' 7a
CC38 OP OC 00 00 0 OB 0rb,0ab,0eb,0ob
CC3C OC 60 30 10 0 OB 0ob,06ob,03ob,01ob ; 7b
CC40 6C 36 36 36 0 OB 06ob,036b,036b,036b
CC44 36 00 00 00 0 DB 036b,00b,00b,00b ;;'l' 70
CC48 08 14 04 08 0 OB 08b,014b,04b,08b
CC4C 10 10 00 00 0 OB 010b,Olcb,00b,00b i;•)• 7d
CC50 00 10 10 10 0 DB 00b,01ob,01ob,01ob
CC54 1C 10 00 00 0 OB 01ob,01eb,00b,00b ; I-. 70

CC58 00 00 00 00 0 OB 00b,00b,00b,00b
CC5C 00 00 00 00 0 DB 00b,00b,00b,00b | 7f

0 ;End of font matrix

0060 0 fontbi8 endp

0060 00 do enda

0 Include kbdata.aam

0 ;S38333 333333S3BS3E33S 3=3333333333333333333 3333333333333333!:3333333338S

0 ; Filename: kb.data: USA-ASCII

0
! Tbia nodule inoludea tbe keyboard a can code translation data

0 ; for different keyboards.

0 ;3===33 333333.33333333 333333===3333333=33== 3333333333333333!58333333,333

0060 0 code aesment public • ROM'

0 aaaune oa:oode, datnotbing, ea;notbing, aa:notbing

0060 0

0

kb_data1 proc

0 apeoial_oaaea

> 0000

0

0 kbina equ 000b ; kb_inaert_lock (nin_eaae)
s 0001 0 kboap equ 001b i kb_oaps_look
> 0002 0 kbnua equ 002b ; kb_nua_lock
> 0003 0 kbaor equ 003b ; kb_aoroll_lock
s 0004 0 kbalt equ 004 b 5 kb_alt_lock
B 0005 0 kbotl equ 005b ; kb_oontrol_lock
B 0006 0 kblab equ 006b : kb_l_abift_look
3 0007 0 kbrab equ 007b ; kb_r_abift_lock

3 0008 0 kbrea equ 008b i kb_reaet (aid_caae}
3 0009 0 kbbrk equ 009b ; kb_break
3 OOOA 0 pauae equ OOAb ; kb_pauae
3 OOOB 0 kbprt equ OOBb ; kb_print_8creen
3 0000 0 kbnul equ 000b : kb_null
3 0000 0 kNONE equ 000b : kb_none

3 OOCE 0 kdee9 equ OOEb : kb_alt_dec_9
3 OOOP 0 kdao8 equ 00Fb ; kb_alt_dec_8
3 OODO 0 kdeo7 equ ODOb ; kb_alt_dee_7
3 0001 0 kdeo6 equ ODIb ; kb_alt_dee_6
3 0002 0 kdecS equ OOBb ; kb_alt dec 5
3 0003 0 kdeo4 equ 0D3b ; kb_alt_deo_4
3 OOD4 0 kdeo3 equ 0D4b : kb_alt_doe_3
3 0005 0 kdec2 equ ODSb : kb_alt_dec_2
3 0006 0 kdeol equ 0D6b ! kb_alt_dec_1
3 0007 0 kdecO equ 0D7b : kb_alt_dec_0

3 0008 0

0

kdblO equ ODSb j kb_double_zero (max_ca8e)

0 i 7 CapLk Bytes

0060
0

0 kb_cap_flag3 label byte

0060 00 0 db 00000000b ; acanoode 00 (OOh) - 07 (07h) ESO to '6'
0061 00 c db 00000000b ; acanoode 06 (08b) - 15 (OFb) '7' to HT
0062 FF c db 11111111b ; acancode 16 (10b) - 23 (17b) 'q' to «i'

0063 03 0 db 1 100001 lb ; acanoode 24 (l8h) - 31 (IFh) '0' & 'p' to 'a
0064 FE 0 db 11111110b ; acancode 32 (20b) - 39 (27h) 'd' to '1'
0065 OF 0 db 00001111b ; acancode 40 (28h) - 47 (2Fb) to 'N' to 'z'
0066 EO 0

c

db 11100000b ; acancode 48 (30b) - 55 (37b) 'b' to 'n' to ','

0 Alphabetic (Migratory) {Olivetti{Other {
0 i KB { KBa {

0067
0

0 kb_data_.table label by te

0067 1B1B 0 dw (IBh) • lOOh -t- (IBh) : 01 01h ESO BSC (BASE)
0069 1B1B 0 dw (IBb) • 100b * (IBb) ; ESO ESO (SHIFT)
006B 1B1B 0 dw (IBb) • lOOh + (IBb) : ESO ESO (OTU)
0060 0000 0 dw kHONE • 100b 4- kNONE ; None None (ALT)
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ROM BIOS

Listing

CC6F 3131 C dw (31h) 100b (31b) 02 02b 1 1

CC71 2121 C dw (21b) 100b (21b) 1 1

CC73 CDCD C dw IcNONE lOOh kNONE None None

CC75 7800 C dw 7800b Z120

CC77 3232 C dw (32h) 100b (32b) 03 03h 2 2

CC79 2240 C dw (22b} 100b (40b) • 8

CC7B CDCC C dw kNONE 100b kbnul None NDL=X03(

CC7D 7900 C dw 7900b X121

CC7F 3333 C dw (33b) 100b (33b) 04 04b 3 3

CC81 2323 C dw (23b) lOOh (23b) « #

CC83 CDCD C dw kNONE 100b kNONE None None

CC85 7A00 C dw 7A00b X122

CC87 3434 C dw (34b) 100b (34b) 05 05b 4

CC89 2424 c dw (24b) 100b (24b) 1
CC8B CDCD c dw kNONE 100b kNONE None None

CC8D 7 BOO c dw 7B00b X123

CC8F 3535 c dw (35b) 100b (35b) 06 06b 5

CC91 2525 c dw (25b) 100b (25b) t

CC93 CDCD c dw kNONE 100b kNONE None None

CC95 7C00 c dw 7COOb X124

CC97 3636 c dw (36b) 100b {36b) 07 07b 6

CC99 265B c dw (26b) 100b (5Eb) &

CC9B CD1E c dw kN ONE 100b (lEb) None RS C*)
CC9D 7D00 c dw 7D00b X125

CC9F 3737 c dw (37b) 100b {37b) 08 08b 7

CCA1 2726 c dw (27b) 100b (26b) '

CCA3 CDCD c dw kNONE 100b kNONE None None

CCA5 7B00 c dw 7E00b X126

CCA7 3838 c dw (38b) 100b (38b) 09 09b 8

CCA9 282A c dw (28b) 100b (2Ab) (

CCAB CDCD c dw kNONE 100b kNONE None None

CCAD 7F00 c dw 7FOOh X127

CCAF 3939 c dw (39b) 100b (39b) 10 OAb 9

CCB1 2928 c dw (29b) 100b (28b) )

CCB3 CDCD c dw kNONE 100b kNONE None None

CCB5 8000 c dw 8000b X128

CCB7 3030 c dw (30b) 100b (30b) 11 OBb 0

CCB9 5F29 c dw (SFb) 100b {29b) _

CCBB 1FCD c dw (IFb) 100b kNONE OS (-_) None

CCBD 8100 c dw 8100b X129
CCBF 2D2D c dw (2Db) 100b (2Db) 12 OCb - -

CCC1 3D5F c dw (3Db) 100b (5Fb) = _

CCC3 CD1F . c dw kNONE 100b (IFb) Hone OS C_)
CCC5 8200 c dw 8200b X130

CCC7 5E3D c dw (5Eb) 100b (3Db) 13 ODb s

CCC9 7B2B c dw (7Eb) 100b (2Bb) " +

CCCB 1BCD c dw (lEb) 100b kNONE RS (--) None

CCCD 8300 c dw 8300b X131
CCCF 0808 c dw (08b) 100b (08b) 14 OEb BS BS

CCD1 0808 c dw (08b) 100b (08b) BS BS

CCD3 7F7F c dw {7Pb) 100b {7Fb) DEL DEL

CCDS CDCD c dw kNONE 100b kNONE None None

CCD7 0909 c dw (09b) 100b (09b) 15 OFb HT HT

CCD9 OFOO c dw OFOOb RBTsXIS

CCDB CDCD c dw kNONE 100b kNONE None None

CCDD CDCD c dw kNONE 100b kNONE None None

CCDF 7171 c dw (71b) 100b (71b) 16 10b 9 4

CCB1 5151 c dw (51b) 100b (51b) Q Q

CCB3 1111 c dw (lib) 100b (lib) DCICQ) DC1CQ)
CCB5 1000 c dw 1000b X16

CCB7 7777 c dw (77b) 100b (77b) 17 lib w w

CCB9 5757 c dw (57b) 100b (57b) U N

CCBB 1717 c dw (17b) 100b {17b) ETB(-N) ETBCW)
CCBD 1100 c dw 1100b X17

CCBF 6565 c dw (65b) 100b (65b) 18 12b e e

CCP1 4545 c dw (45b) 100b (45b) E E

CCF3 0505 c dw (05b) 100b (05b) ENQ(-E) ENQCE)
CCF5 1200 c dw 1200b X18

CCF7 7272 c dw (72h) 100b (72h) 19 13h r r

CCF9 5252 c dw (52h) 100b (52b) R R

CCFB 1212 c dw (12b) 100b {12b) DC2(*R) DC2CH)
CCFD 1300 c dw 1300b 119
CCFF 7474 c dw (74h) 100b (74b) 20 14b t t

CD01 5454 c dw (54b) 100b (54b) T T

CD03 1414 c dw (14b) 100b (14b) DC4("T) DC4CT)

CD05 1400 c dw 1400b X2 0

CD07 7979 c dw (79h) 100b (79b) 21 15h y y

CD09 5959 c dw (59h) lOOh (59h) X Y

CDOB 1919 c dw (19h) lOOh (19b) EH CD EH CD
CDOD 1500 c dw 1500b X21

CDOF 7575 c dw (75b) 100b (75b) 22 I6b u u

CD11 5555 c dw (55b) lOOh (55b) U 0

CD13 1515 c dw (15b) lOOh (15h) NAKCU) NAKCO)

CD15 1600 c dw 1600b X22

CD17 6969 c dw {69b) 100b (69h) 23 17h 1 1

CD19 4949 c dw (49h) IQOh (49h) I I

CD1B 0909 c dw (09h) 100b {09b) HT CD HT (-1)

CD1D 1700 c dw 1700b X23

CD1F 6F6F c dw {6Fh) lOOh (6Fh) 24 I8b 0 0

CD21 4P4F c dw (4Fh) lOOh (4Fb) 0 0

CD23 OFOF c dw (OFb) 100b (OFb) SI CO) SI CO)

CD25 1800 c dw I800h X24

CD27 7070 c dw (70h) 100h (70h) 25 19h P P

CD29 5050 c dw (50h) lOOh (50h) P P

CD2B 1010 c dw (lOh) lOOh (10b) DLEC?) DLECP)

CD2D 1 900 c dw 1900b X25

CD2F 405B c dw (40h) lOOh (5Bh) 26 1 Ah 8 c

CD31 607B c dw (60b) lOOh (7Bh) {

CD33 CC1B c dw kbn ul lOOh (IBh) NUL=X03("e) EscCE)

CD35 CDCD c dw kNONE lOOh kNONE None None
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ROM BIOS
Listing

CDFF 2E2E C (2Eh) • lOOh + (2Eh) : 52 34b
CE01 3E3E C (3Eh) • lOOh + (3Eh) > >
CE03 CDCD C kNONE • lOOh « kNONE None None
CEOS CDCD C dw kNONE • lOOh + kNONE None None
CE07 2F2F C dw (2Fh) • lOOh * (2Fh) ; 53 35h / /
CE09 3F3F C dw (3Fh) • lOOh + (3Fh) 7 7
CEDB CDCD C kNONE • 100b f kNONE Hone None
CEOD CDCD C

C

kNONE • lOOh kNONE None None

C ; Alphabetic (Non-Migratory) {OlivettilOtber !
C

: 1 KB ! KBa 1

C
CEOF C7C7 C dw kbrah • lOOh + kbrsh 54 36h RShft RShft
CE1 1 C7C7 C dw kbrsb • 100b i- kbrab RSbft RShft
CE13 C7C7 C dw kbrab • lOOh + kbrab RSbft RShft
CE15 C7C7 C dw kbrab • 100b kbrab RShft RShft
CE17 2A2A C dw (2Ab) • lOOh + (2Ab) 55 37h • •

CE19 CBCB C dw kbprt • 100b + kbprt PrtSc PrtSc
CE1B 7200 C dw 7200b X114
CE1D CDCD C dw kNONE • 100b -f kNONE None None
GE1F C4C4 c dw kbalt • 100b -f kbalt 56 38h ALT ALT
CE21 C4C4 c dw kbalt • lOOh -f kbalt ALT ALT
CE23 C4C4 c dw kbalt • lOOh 1- kbalt ALT ALT
CE25 C4C4 c dw kbalt • lOOh * kbalt ALT ALT
CE27 2020 c dw (20b) • lOOh + (20h) 57 39h SP SP
CE29 2020 c dw (20h) • 100b + (20h) SP SP
CE2B 2020 c dw (20b) • lOOh + (20b) SP SP
CE2D 2020 c dw (20h) • lOOh + (20h) SP SP
CE2F C1C1 c dw kbcap * lOOh * kboap 58 3Ah CapLk CapLk
CE31 C1C1 c dw kbcap * 100b * kbcap CapLk CapLk
CE33 C1C1 c dw kbcap * lOOb f kboap CapLk CapLk
CE35 C1C1 c dw kboap • 100b * kbcap CapLk CapLk
CE37 3B00 c dw 3B00h 59 3Bb F01sX59
CE39 5400 c dw 5400b F11=X84
CE3B 5E00 c dw 5E00h F213X94
CE3D 6800 c dw 6800b F31=X104
CE3F 3C00 c dw 3COOb 60 3Cb F02=X60
CElJI 5500 c dw 5500b F12=X85
CBH3 5F00 c dw 5F00b F22sX95
CEi|5 6900 c dw 6900b F32=X105
CEH7 3D00 c dw 3D00b 61 3Dh F03':X61
CE49 5600 c dw 5600b F13=X86
CEIB 6000 c dw 6000b F23=X96
CE4D 6AOO c dw 6 AOOb F33=X106
CE4F 3E00 c dw 3EOOh 62 3Eb F04=X62
CE51 5700 c dw 5700b Fl4sX87
CE53 6100 c dw 6100b F24=X97
CE55 6 BOO c dw 6B00h F34=X107
CE57 3F00 c dw 3F00b 63 3Fh F05=X63
CE59 5800 c dw 5800b F15=Z88
CE5B 6200 c dw 6200b F25=Z98
CE5D 6C00 c dw 6C00b F35=Z108
CE5P 4000 c dw 4000b 64 40h F06=X64
CE61 5900 c dw 5900b F16=X89
CE63 6300 c dw 6300b F26=X99
CE65 6D00 c dw 6D00b F36sX109
CE67 4100 c dw 4100b 65 4lh F07=Z65
CE69 5A00 c dw 5 AO Ob F17=X90
CE6B 6400 c dw 6400b F27»X100
CE6D 6E00 c dw 6E00h F37»X110
CE6F 4200 c dw 4200b 66 42b F08sX66
CE71 5B00 c dw 5B00b F18>X91
CK73 6500 c dw 6500b F28=X101
CE75 6F00 c dw 6F00b F38aX111
CE77 4300 c dw 4300b 67 43h F09=X67
CE79 5C00 c dw 5C00b F19»X92
CE7B 6600 c dw 6600b F29=X102
CE7D 7000 c dw 7000h F39=X112
CE7F 4400 c dw 4400ta 68 44b F10sX68
CB81 5D00 c dw 5D00b F20sX93
CE83 6700 c dw 6700b F30=X103
CE85 7100 c dw 7100b F40=X113
CE87 C2C2 c dw kbnua • 100b kbnun 69 45b NufflLk NumLk
CE89 C2C2 c dw kbnuB • lOOh * kbnum NumLk NumLk
CE8B CACA c dw pauae * 100b + pauae Pauae Pauae
CB8D C2C2 c dw kbnum * 100b + kbnum NumLk NumLk
CB8F C3C3 c dw kbaor • lOOh ♦ kbacr 70 46b ScrLk SorLk
CE91 C3C3 c dw kbaor • 100b 4 kbaor SorLk SorLk
CE93 C9C9 c dw kbbrk • 100b 4 kbbrk Break Break
CE95 C3C3 c

c
c

dw kbaor • 100b 4 kbaor ScrLk SorLk

c Numeric Keypad lOllvettl{Other j
c
c

1 KB 1 KBa I

CE97 4700
c

c dw 4700b ; 71 47h Home=X71
CE99 3737 c dw (37h) • 100b 4 (37h) ; 7 7
CE9B 7700 c dw 7700h ; X119
CE9D DODO

4800
c dw kdec7 • lOOh 4 kdec7 ; XDec7 XDec7

CE9F c dw 4800b ; 72 48h Op =X72
CEA1 3838 c dw (38b) • 100b 4 (38b) ; 8 8
CE A3 CDCD c dw kNONE • 100b 4 kNONE ; None None
CEA5 CFCF c dw kdec8 • 100b 4 kdec8 ; XDeo8 XDec8
CEA7 4900 c 4900b ; 73 49h PgOp=X73
CEA9 3939 c (39h) • 100b 4 (39b) j 9 9
CEAB 8400 c 8400b ; X132
CEAD CECE c kdoo9 • 100b 4 kdee9 i XDeeg XDeo9
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ROM BIOS
Listing

CEAF 2D2D C (2Dh) lOOh (2Db) 79 9Ab - -

CEB1 2D2D C (2Dh) lOOh + (2Db) - -

CEB3 CDCD C dw kNONE lOOh + kNONE None None

CEB5 CDCO C dw kNONE lOOh + kNONE None None

CEB7 IBOO C dw 9B00h 75 9Bb Left=X75

CE39 3939 C dw (39h) 100b (39h) 9 A

CEBB 7300 C dw 7300b XI 15

CEBD D3D3 C kdec9 100b + kdec9 XDeo9 XDec9

CEBF CDCD C dw kHONE lOOh + kN ONE 76 9Ch None None

CEC1 3535 C dw (35h) 100b + (35b) 5 5

CEC3 CDCD C dw kNONE lOOh « kNONE None None

CEC5 D2D2 C dw kdec5 lOOh + kdecS XDec5 XDec5

CEC7 9D00 C dw UDOOh 77 9Db Rght=X77

CEC9 3636 C dw (36h) 100b + (36b) 6 6

CECB 7900 c dw 7900b X116

CECD D1D1 c dw kdeo6 100b + kdec6 XDec6 XDeo6

CECF 2B2B c dw (2Bh) 100b (2Bh) 78 9Eb 4 4

CE01 2B2B c dw (2Bh) 100b (2Bb) 4 4

CED3 CDCD c kNONE lOOh + kNONE None None

CED5 CDCD c dw kNONE lOOh ♦ kNONE None None

CED7 9P00 c dw 9F00h 79 9Fb End =X79

CED9 3131 c dw (31h) 100b + (31b) 1 1

CEDE 7500 c dw 7500h X117

CEDE D6D6 c dw kdee 1 100b + kdecl XDeel XDeol

CEDF 5000 c dw 5000b 80 50b DownsX80

CEE1 3232 c dw (32h) 100b + (32b) 2 2

CBE3 CDCD c dw kNONE 100b f kNONE None None

CEE5 D5D5 c dw kdec2 lOOh + kdec2 XDeo2 XDeo2

CEE7 5100 c dw 5100b 81 51b PgDnsX81

CBB9 3333 c dw (33h) 100b {33b) 3 3
CEEB 7600 c dw 7600b X118

CEED D9D9 c dw kdec3 100b f kdec3 XDeo3 XDeo3

CBEF COCO c dw kblna 100b kbins 82 52h INSsX82 INS::X82

CEF1 3030 c (308) 100b ♦ (30b) 0 0

CEF3 CDCD c kNONE 100b 4- kN ONE None None

CEF5 D7D7 c kdecO 100b + kdecO XDeoO XDeoO

CEF7 5300 c dw 5300b 83 53b DEL =X83

CEF9 2E2E c dw (2Eh) 100b -f (2Eh)

CEFB CBC8 c dw kbrea 100b 4 kbrea Reset Reset

CEFD C8C8 c

c

dw kbrea 100b I- kbrea Reset Reset

c Function Keypad lOlivettllOtberl
c 1 KB 1 KB 8 1

CEFF D8 D8

c

c kdblO 100b + kdblO 89 59b •00 00

CF01 D8 D8 c dw kdblO • lOOh 4 kdblO 00 00

CF03 CDCD c dw kNONE a 100b 4 kNONE None None

CF05 CDCD c dw kNONE • 100b 4 kNONE None None

CP07 CBCB c dw kbpr t • 100b 4 kbpr t 85 55b PrtSo PrtSo

CF09 CBCB c dw kbprt • lOOh 4 kbprt PrtSo PrtSo

CFOB 7200 c dw 7200b X119

CFOD CDCD c dw kNONE • lOOb 4 kNONE None None

CFOF CkCk c dw pauae • 100b 4 pause 86 56b Pause Pauae

CFl 1 CACA c dw pauae • 100b 4 pauae Pauae Pause

CPI3 CACA c dw pauae t 100b 4 pauae Pause Pauae

CF15 CACA c dw pauae • 100b 4 pauae Pauae Pauae

CFJ7 ODOD c dw (ODb) • 100b 4 (ODb) 87 57b CR CR

CP19 ODOD c dw (ODb) • 100b 4 (ODb) OR CR

CP1B OAOA c dw (OAb) • 100b 4 (OAb) LP LP

CF1D CDCD c dw kNONE • 100b 4 kNONE None None

CP1F 9B00 c 9B00h 88 58b Loft.X75

CP21 7300 c dw 7309^ i- Rev Word « X115

CP23 7300 c dw 7300b Rev Word : XI15

CP25 7300 c dw 7300b Rev Word = X115

CF27 5000 c SOOOb 89 59b DownsX80

CP2 9 5000 c dw 5000b DowncXBO

CP2B 5000 c dw 5000h DownsXBO

CP2D 5000 c dw 5000b DownoXBO

CP2F 9D00 c dw 9DOOb 90 5Ab Rgbt=X77
CP31 7900 c dw 7900b Adv Word = XI16

CF33 7900 c dw 7900b Adv Word » X116

CP35 7900 c dw 7900b Adv Word = XI16

CP37 9800 c dw 9800b 91 5Bb Up =X72

CP39 9700 c dw 9700b HomesX71

CP3B 9700 c dw 9700h Home=X71
CP3D 9700 c dw 9700h HofflesX71

CP3P C9C9 c dw kbbrk • 100b 4 kbbrk 92 5Cb Break Break

cpm C9C9 c kbbrk • 100b 4 kbbrk Break Break

CP«3 C9C9 c kbbrk • 100b 4 kbbrk Break Break

CPAS C9 C9 c dw kbbrk • 100b 4 kbbrk Break Break

CP*7 C9C9 c dw kbbrk e 100b 4 kbbrk 93 5Db Break Break

CP49 C9C9 c dw kbbrk • 100b 4 kbbrk Break Break

CP«B C9C9 c kbbrk • 100b 4 kbbrk Break Break

CPAD C9C9 c dw kbbrk • 100b 4 kbbrk Break Break

CPAP C2C2 c dw kbnum • lOOh 4 kbnum 99 5Eb NumLk NumLk

CF51 C2C2 c kbnum • 100b 4 kbnum NumLk NumLk

CP53 CACA c dw pauae • 100b 4 pause Pause Pauae

CP55 C2C2 c dw kbnum • 100b 4 kbnum NumLk NumLk

CF57 2F2F c dw (2Ph) • lOOh 4 (2Fh) 95 5Fb / /

CF59 2P2F c dw (2Fb) • lOOh 4 (2Fb) / I

CF5B CDCD c dw kNONE • lOOh 4 kN ONE None None

CP5D CDCD c dw kNONE • 100b 4 kNONE None None

CP5F 5900 c dw 5900b 96 60h F11=X89

CF61 5900 c dw 5900b PI1=X89

CP63 5900 c dw 5900b F11=X89

CP65 5900 c 5900b P11sX89

CP67 5500 c dw 5500b 97 6lb P12=X85

CF69 5500 c dw 5500b P12i:X85
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Listing

F12sX85
F12sX8S
F13=X86
F13sX86
F13=X86
F13=X86
F14=X87
F14=X87
P14=X87
Fl4sX87
F15=X88
F15sX88
F15=X88
F15sX88

F16=X89
Fl6sX89
F16=X89
ri6=X89
F17=X90

F17=X90
F17=X90
F17=X90

F18sX91
F18=X91
F18=X91
Fl8sX91

CF6B 5500 C dw 55O0h
CF6D 5500 C dw 5500b
CF6F 56 00 C dw 5600h
CF71 5600 C dw 5600h
CF73 5600 C dw 5600b
CF75 5600 C dw 5600h
CF77 5700 C dw 5700h
CF79 5700 C dw 5700h
CF7B 5700 C dw 5700h
CF7D 5700 C dw 5700h
CF7F 5800 C dw 5800h
CF81 5800 C dw 5 800h
CF83 5800 C dw 5800h
CF85 5800 C dw 5800h
CF87 5900 C dw 5900h
CF89 5900 C dw 5900h
CF8B 5900 C dw 5900h
CF8D 5900 c dw 5900h
CF8F 5A00 c dw 5 AOOh
CF91 5AOO c dw SAOOh
CF93 5A00 c dw 5AOOh
CF95 5A00 c dw SAOOh
CF97 5B00 c dw 5BOOh
CF99 SHOO c dw SBOOh
CF9B 5B00 c dw SBOOb
CF9D 5B00 c dw SBOOh

CF9F c kb_data1 endp

CF9F c code enda

c

c

include hdu.aam

c

c

Filenaae: bdu.arc

Tbia Dodule Inoludea HDD aupport.

« 0000

s 0001

= 0002

= 0010
= 0011

= 0012

= 0014

= 0014

! 0007

: OOOB

> 0011
r OOPF

c ;============== ======= =======
•=======

==========================.===.==.=

c code aegoent public • ROM'
c aaaume ca:code, da:nothing, ea;nothing, aa:nothing

c PROM INTERRUPT 13 #######

c reaet_int equ OOh ;reaet diaka (aooording to drive#} ai
c ; aaaiga_paraB
c atatua_int equ Olh ;return atatua of laat operation
c

read_int
; (diak_atatua) in al

c equ 02h ;read aeotora from diak
c jwrite_int equ 03h ;write aeotora to diak
c ;ohktrk_int equ 04h ;oheok track
c ;fmttrk_int equ 05h ;format track
c ;fBtbad_int equ 06 u :c.uw. uau vtack

c fmtdrv_int equ 07h ;format drive atarting at the
c ; indicated track

c iread_param_int equ OBh ;read the current drive parametera
c aaaigq_param_int equ 09h ;aaaign parametera to drivea
c irlong_int equ Oah :read long (512 data * 4 eoc)
c jwlong_int equ Obh ;write long
c ;aeek_int equ Och Saeek cylinder
c ;reaet2_int equ Odh ;aaBe aa OOh
c ;rbuff_int equ Oeh ;read aeotor buffer
c wbuff_int equ Ofh iwrite aeotor buffer

c 18t_drv_rdy_int equ lOh ;teat drive ready
c reoal_int equ lib ;recalibrate drive (aeek track 00}
c ramdiag_int equ 12h ;oontroller ram diagnoatic
c idrvdiag int equ 13h {drive diagnoatic
c

c

bxdiag_int equ I4h {controller internal diagnoatic

c max_int equ 14h {maximum interrupt command number

c ; #####«# INT13 STATUS CODES

c

c

; Theae are put into th e diak _atatua byte in data_aeg when there ia an error.

c :reaet_err equ 05h {diak reaet (int13-00} failed
c init_err equ 07h {aaaign parameter (int13-09) failed
c badtraok_err equ Obh {bad track

: ####### CONTROLLER INFORMATION ####*##

: drlve8_pep_bx equ 2
5 drivea_per_pc equ 8
: bxea_por_po equ 4
: poPt8_per_bx equ 4
aectors_per_traek equ 17

: ####### CONTROLLER PORTS ###«###

;max number of drlvea on a controller
;max number of drlvea on a po
•max number of bxea on a po
;nufflber of l/o porta for a oontroller
;oompatlble fixed format

3 0320 C read_port equ 320h
= 0320 C write_port equ 320h
= 0321 C atatua_port equ 321h
= 0321 C r8aet_port equ 321h
= 0322 C awitoh_port equ 322h

=
0322 C aeloct_port equ 322b

;read data port
;write data port
jread oontroller hardware atatua
;write to reaet oontroller hardware
;read the drlvetype awitohea
;write to aelect oontroller
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0008
0004

0002

0001

> 0003
r 0004

I 0005
i 0006

0007
0008

OOOA

OOOB

OOOC

i OOOD

OOOE

OOOP

I 00B3

00E4

> 00E5
: 00B6

ROM BIOS
Listing

C Bask_port ;wrlte to mask p_daa and interrupts

; ####### CONTROLLER REGISTER BITS #«###«#

: This is the conpletion status byte received in the read_port after
• coDDand completion.

; compietion_statua:

! h_o_drive equ OEOh ; bits #7 to 5
h_o_err equ 002h ; bit #1

; This is the controller hardware status read from 8tntua_port.

;hdu_statua:
C hdu_lrq5 equ 020h ; bit #5
C : hdu_dreq3 equ OlOh ; bit #4
c hdu_bsy equ 008h ; bit #3
c h d u_c d equ 004h : bit #2
c hdu_io equ 002h : bit #1
c hdu_req equ OOlh ; bit #0

c ; This is the controller p_dma and interrupt mask written

c :nask_port_OBd; mask_port_bank equ 008h ; bit #3
c m8sk_port_inte equ 002h ; bit #1
c

c

Bask_por t_dmae equ OOlh : bit #0

i These are the bits for a drive in the switch.

; switch_Bask equ 00110011b

; ###«### CONTROLLER COMKANDS #######

; The first byte of the omd_blook (CDB) is the controller command.
The upper 3 bits are the class (either 0 or 7, all reset or all set).

; The lower 5 bits are the opcode (0 to 31).

cdb 0 record class:3t opcode:5

00077777b.c ; Class 0 Controller Commands

c t at_drv_rdy_b* equ OOh

c reoal_b* equ Olh
c i reserved 02h
c sense_bx equ 03h
c fBtdrv_bx equ 04h
c cbktrk^bx equ 05h
c fmttrk_bx equ 06h
c fntbad_bx equ 07h
c read_bx equ 08h
c ; reserved 09h
c write_bx equ OAh
c seek_bx equ OBh
c assign_paran_bx equ OCh
c road_ooo_bx equ ODh
c rbuff_bx equ OEh
c wbuff_bx equ OFh

c ; Class 7 Contr oiler Commands:

c ramdlan bx equ OBOh
c : reserved OEIh

c ; reserved 0E2h

c drvdiag bx equ 0E3h
0 bxdiag bx equ 0E4h

c rlong_bx equ 0E5h
c wlong^bx equ 0E6h

; <#«#«## CONTROLLER CDB BYTES #######

; The remainder of the emd_block bytes (CDB) are defined as follows:

edb 1 record zzpi2, drlvenumrl, headnuffl:5

i cdb 2 record cylbi:2, secnum:6

; edb 3 record oyllow:8

! odb 4 record 2zf:3, interleave:5

i cdb 5 record retry;1, use_eec:1, zzs:3, stepoode:3

; ####### SENSE BYTES FOR REQUEST SENSE COMMAND #«####«

i Bytes returned when a request sense command is issued in response to an error.

C ; senseO: senseO_val_addr equ OBOh : bit #7
C ; senseO_type equ 030h ; bits #5 & 4
C ; senseO_oode equ OOFh ; bits #3 to 0
C senseO_msk equ 0 3Fh ; senseO_type-t-s

C ; sensel: sense1_drive equ 020b ; bit #5
C

c
'

sense1_head equ OlFh ; bits #4 to 0

C ; sense2: sense2_oyIhi equ OCOh ; bits «7 & 6
C

c
sense2_seetor equ 03Fh ; bit #5 to 0

c

c

; sense3: sense2_oyllow equ OFFh ; bits #7 to 0

«###### HARD DISK PARAMETER TABLE «######
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; This is a table which is indexed by the switch settings to determine
: the parameters for each drive.

C parameter_table struc

0000 0132 C P_oyls dw 306d ;number of cylinders
0002 04 C p_heads db 4d ;number of heads
0003 0132 C p_write_cur dw 306d jreduced write current

0005 0000 C P—Precomp dw Od ;write precompensation
0007 OB C p_eoo_len db lid imaximum eco burst length
0008 05 C p_control_byte db 5d ;enable retry, enable eoo, 70usec c
0009 OC C p_ timeout db Ocb {Standard timeout
OOOA B4 C P_fmt_timeout db Ob4h ; timeout for format drive
OOOB 2B C p drvdiag_timeout db 028h {timeout for teat drive ready
OOOC 00 00 00 00 C p_zzj db 0,0,0, 0

0010 C parameter_table ends

C ; ####### p_dma SYSTEM (8237)

= 0047 c read_mode equ 01000111b ;write to dma._mode
c j7:6 single mode
c ;5:5 address increment

c :4:4 autoinit disable

c :3:2 read

c ;1:0 channel 3

s 004B c write_mode equ 01001011b ;write to dma_mode
c i7:6 single mode
c ;5;5 address increment

c ;4;4 autoinit disable

c :3:2 write

c

c

;1:0 channel 3

s 0003
c

c al 1 ow dm a3 equ 00000011b ;write to dma_mask_
= 0007 c disallow_dma3 equ 000001 lib {or disallow dma3 i

s 00B2 c

c

hdu_dma_segffl equ 0B2h {port sets top 4 bits of 20-bit p_(

CP9F
CFA1

CFA3

33 CO
BE DS
BE CO

CFA6 C7 06 0034 R D62F R
CFAC BC OE 0036 R

CFBO

CFB3
CFB6

CFB9

A1 0040 R

A3 0100
A1 OOKE R

A3 0102

CFC6 C7 06 0064 R D0E9

8-58

; Input to a register from a port.
; Won't work when the index has to cause a carry to high byte.

inport macro inrg,inpt
mov dx,inpt ;get the port number for the base controller
add dl,byte ptr ds:[port_off] ;add porb_off for the correct bx
in inrg,dx

outport macro
mov

add
out

endm

:

xor

mov

mov

outpt,outrg
dx,outpt iget the port number for the base controller
dl,byte ptr ds:[port_cff] ;add port_off for the oorreot
dx,outrg

s:code, ds:nothing, es:nothing, ssinothing

h_init proc near

; Install vectors.

assume ca:code, ds:absO, es:absO, ss:nothing

ax, ax

ds,ax
es, ax

; disable during critical code.

Install HBO hardware interrupt service routine.

mov word ptr ds:[intODloon+OOOOh],cs:(offset h_int)
mov word ptr ds : [int0Dlocn-«-0002h ], cs

Transfer old FDO int 13 vectoi > the new int 40 FDU location.

mov ax,word ptr ds:[intiSloon+OOOOh]
mov word ptr ds : [ ( 4*40h )'^0000h ] ,ax
mov ax,word ptr ds:[inti31ocn+0002h]
mov word ptr ds:[(4*40h)+0002h],ax

; Install new HDU request int 13 vector.

mov word ptr ds : [inti 31ocn-»0000h], oa: (of f set h_io}
mov word ptr ds: [inti 31oon-*-0002h ], cs

; Install new HDD boot-strap int 19 vector

mov word ptr ds: [inti 91ocni-0000h], cs: (of f set h_boot)
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CFCC ac OE 0066 R C BOV word ptr ds:[Intl91ocnf0002h],es

C ; Install new Int 41 HDU paraneter table pointer

CPDO C7 06 0104 D14B R C aoT word ptr ds : [ ( 4*41 b}'»0000h] , es : (of f set bdu para tbl)
CFD6 8C OE 0106 C BOV word ptr ds:[(4*4lb)+0002b],cs

CFDA FB C

C

sti ; exit critical code.

C

C ; Initialize stuff In low aeaory.

C assuae esscode, ds:data, es:absO, ss:notblng

CFDB B8 0040 C BO* ax,data_seg ; satisfy aasuaptlons.
CFDE 8E D8 C BOV ds.ax

CFEO C6 06 0074 R 00 C BOV byte ptr ds;[dlsk.status],0 ; clear errors.

CFE5 C6 06 0075 R 01 C BOV byte ptr ds:[bf.nua],1 ; assume 1 bard disk.

c ; Reset the controller.

CFEA B9 000 A c BOV cx,10 jtry to reset controller up to 10 times

CFED c lnlt_controller_lp;

CFBD 8A 16 0075 R c BOV dl,byte ptr ds:[bf_nua] ;get the current bd number
CPF1 DO E2 c shl dl,1 ;Bake It look like
CFF3 80 E2 PC c and dl,11111100b ;an Index
CFF6 88 16 0077 R c BOV byte ptr ds;[port_off],dl jfake for reset_bx
CFFi E8 D5B1 R c call reset_bx ;reset that controller

c ; Set up dl to call lnt13.

CFFD B6 00 c BOV db,0 iclear db
CFFF 8A 16 0075 R c BOV dl,byte ptr d8:[bf_nua] ;nuaber of HDUs (Increaented In this

c i loop}
D00 3 FE CA c dee dl ;aoBpensate for zero-origin
DOOS 80 CA 80 c or dl,80b ;Tlag as a hard disk number

c : Test the controller.

D008 B4 12 c BOV ab,raBdlag_lnt ;aet up for Intl3 - controller raa test
DOOi CD 13 c Int 13b
DOOC 72 5C c Jo po8t_no_Bore_drlves :lf error returned

DOOB B4 14 c BOV ab,bxdlag^lnt ;aet up for Intl3 - controller Internal test
c ; test

D010 CD 13 c Int 13b
D012 72 56 c

c

Jo post_no_fflore_drlves ;lf error returned

c
c : Set up p_tlBer for tlaeout of tst_rdy.

D014 C7 06 006C R 0000 c BOV word ptr ds : tt_low_order],0*18 start counting at zero seconds
c t_low_ordor counts
c 18tlae8/sec.
c ; Test systea 1reset_flag.

DOU 81 3E 0072 R 1234 c OBp word ptr ds:[raset_flag],01234b ; test flag for reset function.
D020 75 06 c Jne 1nlt_start_tlBer ; skip If not CTL ALT DEL reboot

D022 c lnlt_drlve_lp:

D022 C7 06 006C R 0132 c BOV word ptr ds:[t_low_order],17*18 only give 3 seconds If
c warm boot or not first disk

c t_low_order counts
c I8tlmes/sec.

D028 c lnlt_8tart_tlBer:

D028 FA c ell

D029 B4 21 c In al,plc_1 1; get Interrupt mask
D02B 24 FE c and al,OFEb 1 un-mask p_tlBer Interrupt IRO
D02D E6 21 c out pi e_1, al ; set the controller
D02F FB c stl

DOSO B4 09 c BOV ab,asslgn_param_lnt iasslgn drive paraaeters according to
D032 CD 13 c Int 13b ;switch settings on bx board
D034 72 3B c Jo po8t_lose

D036 c lnlt_try_drlve
DO36 B4 10 c BOV ab,tat_drv_rdy_lnt jtest drive ready
0038 CD 13 c Int 13b
D03A 73 OB c Jne lnlt_drlve_wln
D03C 81 3E 006c R 0168 c cap word ptr da:[t_low_order],20*18 ;1 t_low_order counts

c 1 IStlmes/sec.
D042 72 F2 c Jb lnlt_try_drlve ;lf not given enough tine yet, go back
D044 EB 24 90 c Jap post_no_aore_drives ;lf given enough tlae and still losing

DO 47 c lnlt_drlve_Mln
D047 B4 11 c aov ab,recal_lnt ;reoallbrate drive
D049 CD 13 c Int 13b
D04B 72 24 c Jo post_lose

c assuBC esicode

D04D 8C C8 c aov ax,OS isatlsfy assumption
D04P 8E CO c BOV es, ax

D051 33 DB c

c

xor bx,bx ;lnltlallze offset (ea:bx)
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D053 B»l OF
D055 BO 01
D057 CD 13

D059 72 16

int

Jc

ah.wbuff_lnt
al,01
13h
post_lose

jwrlte sector buffer as a test
;one block length

; Looks like \

D05B FE 06 0075 R C inc

D05F FE C2 C inc

D061 F6 06 0075 R 01 C test

D066 71 BA C J2
D068 EB 83 C Jmp

I got another hard diski

byte ptr ds:[hf_num] ipolnt to the next one
dl (register for calling int13
byte ptr ds:[hf_nua],01h (have we proceeded to a new controller?

(no, go init second drive on this one
(and go back .

Come here when an attempt to initialize
If (at least) one good controller is fou

1 drive o:

id, then

(restore hf_num

jmp post_win i could be FDD system only

( Come here if there was clearly an error during initialization.

D06E EB 13 90

dec byte ptr da:[hf_num]

; Output an error message

{post_message:

D075 BD OOOF C mov bp,Ofh

D078 BE D0A2 R C mov si, cs : (of f se t h_bad_n)
D07B E8 E5FA R C call DRomString

D07E E8 DOBB R C call show_sense

D081 EB 18 C jmp short p_disp

D083 C post_win:
al,byte ptr ds:[bf_num]D083 AO 0075 R C mov

D086 OA CO C or al,al
D088 75 08 C jnz p_somo

D08A BE DOAE R C mov si,OS:(offset h_abs_m)
D08D E8 E5FA R C call DRomString

D090 EB 09 C Jmp short p_disp

D092 C p_8ome;

D092 E8 E650 R C call DHexNib

D095 BE D0A6 R C mov si,OS:(offset h_good_m)
D098 E8 E5FA R C call DRomString

D09B E8 E619 1

D09E E8 D5FA I
D0A1 C3

20 IE 6F 71
20 52 65 61 61 79
20 00

20 IB 6F 71 20 50
72 65 73 65 6E 71
00

C p_disp: call DCrLf

di8able_di8k_interruptB

Ready ',NUL

Not Present',NDL

(anticipation disproved

error flag
string for error '1701' (EDO)
display message on screen
display the sense bits

message for no HDD

display the number

message for 'HDD'

( purposely no NOLI MM

DOBB

DOBB

h_init endp

show_sense proc near

( Displays the error sense code as (ab), where a is the type and b is the code.

(display a '('DOBB B8 0E28 C mov ax,(0Eh»100h)+'('
DOBE CD 10 C INT lOh

DOCO AO 0012 R C mov al,byte ptr ds:[hd_error]
D0C3 21 3F C and al,senseO_msk

D0C5 E8 E613 R C call DHexBy te

D0C8 B8 OB2 9 C mov ax,(0Eh«100h)+')'
DOCB CD 10 C INT lOh

DOCD C3 C ret

DOCE C 8how_senne endp

DOCE C maybe_show_senso proc near

C ( Show sense information if switch 8 is zero

C : To be used for field maintenance.

DOCE 50 C push ax

DOCF 80 3E 0071 R 00 C cmp byte ptr ds:[disk_status],0
D0D1 71 11 C Je m_exit

c inport al,switch_port
D0D6 BA 0322 c+ mov dx,switoh_port (get

D0D9 02 16 0077 R c+ add dl,byte ptr da : [port_offj
DODD EC C4 in al,dx

DODE 21 AO C and al, 0 aO h
DOEO 3C 80 C cmp al ,080h
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(get the error code
(isolate the type and code bits
(display error type and code

and 6 is one (open).

(if no error, do not display
(read the switches

e port number for the base eontrolle
(add port_off for the correct bx
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D0E2 75 03 C Jne m_exlt

DOEII E8 DOBB R C call show_8ense :lf so, display sense

D0B7 C B_e xi t:

D0E7 58 C pop ax ;baok to ealler
DOES C3 C ret

D0E9 C Bajrbe_show_aenae endp

C ;=sss=ss hd3* aSB =ss=8SSs==ssssas=-=-~=======s=ss==========ss=ss

C : This is called from the ROH Bios after the hard disk has bees Initialized.
C ; It attempts to read and Initiate a master boot bloek from logical sector 0 of
C ; the floppy disk, and then from the hard disk.
C !=======»==== SSS88S8SS=8=8E88888E888888888=====83==8=8SSSSSSSS=S=====88

C assume esteode, dstnothlng, es:nothlng, sstnothlng

D0E9 c h_boot proe far

c ; Install veetors.

c assume es:eode, ds:absO, es:absO, sstnothlng

D0B9 33 CO c xor ax, ax ; satisfy assumptions
DOBB 8E D8 c BOV ds,ax ; ds s es s ax s absO.seg
DOSD 8E CO c BOV es, ax

DOBP PA c ell ; disable during critical code.

c ; Install new Int 41 HDD parameter table pointer.

DOPO C7 06 0104 D14B R c BOV word ptr ds : [(4*41h)+0000h],cs:(offset hdu_para_tbl)
D0P6 8C OB 0 06 c BOV word ptr ds:[(4*4lh)f0002h],es

c ; Install new PDO parameter table pointer.

c ; BOV word ptr ds: [Intl Elocn-vOOOOh] , cs: (of f set fd.parms)
c ; BOV word ptr ds : [Intl Elocn-»0002h ], cs

DOPA . PB c stl ; exit critical code.

c ; Attempt to reset the diskette. Hotor startup time requires 3 tries.

c assume es:eode, dstdata, estabsO, ssznothlng

DOPB B8 0040 c BOV ax,data_seg ; satisfy assumptions.
DOPE SB D8 c BOV ds,ax

D100 B9 0003 c BOV cx,3 ;3 retries
D103 B2 00 c BOV dl,0 ;drlve number zero (soft disk A:)
D105 B8 D12A R c eall boot_a_dlsk ;try to boot from floppy
D108 72 02 c JC b_try_hdu ;falled - try the hard disk
D10A BB 13 c jBp short b_ok ;JUBp to the boot code If we succeded

c ; else boot fi roB the hard disk.

D10C c b_try_hdu:
D10C B9 0003 c BOV ox,3 ;3 retries
D10P B2 80 c BOV dl,80h ;drlve number 80h (hard disk C:)
D111 B8 D12A R c call boot_a_dlsk ;try to boot from hard disk
D11A 72 OB c Je b_falled :lf this failed too, then exit.

D116 26 : 81 3B 7DPB AA55 c enp word ptr es: [ 07C00h-f810d] ,0 AA55h ;ls It the code?
D1 ID 75 05 c Jne b_falled ;codo tester

D1 IP c b_ok:
D11P 2B:: PP 2B D126 R c Jap dword ptr cs:Cboot_lndlrect] ijuap to boot code If correct

D12l| c b_failed:
D12li CD 18 c lot I8h ; Initiate reboot through BOM BASIC IHT.

D126 7C00 c boot_lndlroct dw 07C00h ; Jump Indirect to boot code at 0:7C00
D128 0000 c dw absO_8eg

D12A c

c

h_boot endp

012A

c

c boot_a_dlsk proc

c ; Set dlsdlsk number and call this proc.
c ; It will reset and try to read ex times (in case there Is a read error}.
c ; If It suoeeeds. It will return with C¥::0. If It falls, It will leave CTsl.

D12A c b_lp:
D12A Bl 00 c BOV ab,reset_lnt ;reset the disk

D12C CD 13 c Int 13h

D12E 72 14 c Jc b_lost ;lf the operation lost

D130 Bit 02 c BOV ah,read_lnt ;lf It worked, read from the disk

D132 BO 01 c BOV al,1 ;one sector

D13'» BB 7C00 c BOV bx,07C00h {Offset for the boot_area.

D137 51 c push cx ;save the retry count

D138 B5 00 c BOV ch,0 {cylinder 0
D13A B1 01 c BOV cl,1 {sector 1 (lowest sector)
D13C B6 00 c

c

BOV dh,0 {head 0
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D13E CD 13 C int 13h iattenpt read

D140 59 C pop cx irestore retry count

D141 72 01 C Jc b_l03t iif it worked, return to caller

D143 C3 C ret ireturn with no carry

D144 C b_lost:
D144 80 EC 80 C CBP ah, tiBe_out iif it was a tiaeout,

D147 ED El C loopne b_lp iotherwise, another chance

D149 F9 C stc idropped through loop
D14A C3 C ret {return with carry

D14B C

C

boot_a_di8k endp

D14B

C

C bdu_parm_tbl :

D14B 0132 c

D14D 02 c

DUE 0132 c

D150 0000 c

D152 OB c

D153 00 c

D154 OC c

D155 B4 c

D156 28 c

D157 00 00 00 00 c

c

D15B 0177 0

D15D 08 c

D15E 0177 c

D160 0000 c

D162 OB c

D163 05 c

D164 OC c

D165 B4 c

D166 28 c

D167 00 00 00 00 c

c

D16B 0132 c

D16D 06 c

D16E 0080 c

D170 0100 c

D172 OB 0

D173 05 c

D174 OC c

D175 B4 c

D176 28 c

D177 00 00 00 00 c

c

D17B 0132 c

D17D 04 c

017E 0132 c

D180 0000 c

D182 OB c

Die3 05 c

0164 OC c

D185 B4 c

D186 28 c

D187 00 00 00 00 c

c

c

D18B 0132 c

D18D 02 c

DUE 0080 c

D190 0132 0

D192 OB c

D193 05 c

0194 OC c

0195 B4 c

0196 28 c

D197 00 00 00 00 c

c

D19B 0284 c

0190 05 c

D19E 0060 c

01 AO 0080 c

01 A2 OB c

01 A3 05 c

01 A4 OC 0

01 A5 B4 c

01 A6 28 c

01A7 00 00 00 00 c
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; The next six are the supported drives:

paraBeter_table <,2d,,,,00b>

paraneter_table <375d,Sd,375d>

paraBeter_table <,6d,128d,256d>

araBeter_table <>

paraBeter_table < , 2d, 128d,306d>

paraseter.table <6448,5d,128d,128d>

itype 0: Sob drive

;type 1; 24Bb drive

itype 2: 15ob drive

•type 3: lOmb drive

; (default)
itype 4: Syqueat SQ306

•type 5: CDC Hren

...End of bard disk paraBeters.

otbing, sa:notbing

lode to display all calls to this procedure.
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test HDD flag bit #7.
is this an HDU coaiDand?

If not, pass to the FDD driver

and then return, saving flags

: if so, iDust reset FDD also

is the number absurd?
if 80, return without HDU

perform a hard disk reset

C

C push ax

C mov al, ah
C call DHexBy te
C al,dl
C call DHexNib
C call DColon

C

C

pop ax

D1AB F6 C2 80
C

C test dl,080h
DUE 75 05 C jnz hard disk intl3
D1B0 CD 40 C int 40h

D1B2 C 'et_f rom_40:
D1B2 CA 0002 C ret 2

D1B5 C hard_disk_int13:
D1B5 FB C sti
D1 B6 80 FC 00 C cmp

jne
ah,reset_int

D1B9 75 09 C h_aave_regs
D1BB CD 40 C int 40h

D1BD 80 FA 87 C cop dl,87h
D1C0 77 FO c Ja ret_fron_40

D1C2 B4 00 c mov ah,reset_int

D1C4 c h_save_regs:
D1C4 57 c push di

D1C5 56 c push si
D1C6 06 c push es

D1C7 IE c push ds
D1C8 53 c push bx
D1C9 51 c push cx

D1CA 52 c push dx

c Set up ds: segment.

c assuale cs:oode, ds:data, ea:nothing.

D1CB 50 c push
mov

ax

Dice B8 0040 c ax,data_seg
D1CF 8E D8 c mov d8,ax
D1D1 58 c pop ax

D102 88 16 0076 R c mov byte ptr ds:[oontrol_byte],dl

D1D6 80 FC 01 c cap ah,status_int
D1D9 75 03 c Jne h_nake_edb
D1DB B9 D263 R c

c

Jap status

c

c i Set up some of the CDB.

D1DB c h_nake_odb:
D1DB FB C9 c dec 01
D1E0 88 OB 0044 R c mov byte ptr ds : [cmd.block^-B], ol
D1 B4 88 2B 0045 R c mov byte ptr da : tcmd_block+3] , ch
D1 E8 A2 0046 R c mov byte ptr ds:[oad_block+4],al

D1BB 06 c push es

D1EC 53 c push bx
DIED B8 D5C1 R c call get_drivetype_vector
D1F0 26: 8A 47 08 c mov al,es:[bx+p_control_byte]
D1F4 SB c pop bx

D1F5 07 c pop es

D1F6 A2 0047 R c
c

mov byte ptr ds:[emd_block+5],al

c ; Set up the port_off with the port offset for

D1F9 8A C2 c mov al,dl
D1FB 24 7F c and al,07Fh
D1PD 3A 06 0075 R c omp al,byte ptr ds:[hf_nun]
D201 73 57 c Jao h_bad_oommand

D203 50 c push ax

D204 DO BO c shl al, 1
D206 24 FC c and al,11111100b
D208 A2 0077 R c mov byte ptr ds : [port_off],al
D20B 58 c pop ax

D20C B1 05 c mov cl,drivenum
D20B D2 BO c shl al,cl
D210 80 E6 IF c and dh,(mask headnum)
D213 OA C6 c or al,dh
D215 A2 0043 R c mov byte ptr ds:tcmd_bloek+1],al

ss:nothing

; satisfy assumptions.

;retain drive specifier

;is it a status request?

;treat as a special cqse

80 FC lb

77 3D

D21D

D21F

D221

D223
D225
D228

;bx sectors are 0-16, not 1-
;oylinder-hi and sector
;cylinder-low
iinterleave or block count

;point to parms for this drive
;get the control byte

;put it in the cdb

HDD drive number
mask off HDD flag bit #7
count of HDD's

error if too high

;aultiply by 2
;provide port offset
istore for use by port routine

;shift for cdb drive#

iget the bits for head number
;share drive# with head number
;store into the drive/head byte

1 index to use the h_omd_table

mov al,ah
shl al,1
shl al,1
mov ah,0
add ax,offset h_ond_table
mov si,ax

;bighest-nufflbered valid int13 command
:error if out of range

;get the command code
ifflultiply command by 4...
;for indexing of table
;zero top 8 bits
;now we point to the command in the table
;we'll use os:[si] to index the table
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; Now we can finish setup of the coamand.
If it's a p_dBa operation, the command subroutine will be

C ! called with" alsp_dma mode byte for 8237.

D22A 2E:: 8A A4 0000 C mov ah,OS:[si ]. bx_opcode ISet the opcode for the cdb
D22F 88 26 0042 R C DOV byte ptr ds : [cmd_block-«-0], ah ;and put it in place

D233 2E:: 8A 84 0003 C mov al,cs:[si ] .1lj_cmd_mode_dma ;p_<!ma mode byte (read/write)

0238 06 06 0074 R 00 C DOV byte ptr ds :[disk_3tatus],0 ; clear errors.
D23D 2E:: FF 94 0001 C call cs:[si].h_cmd_subr ;call subroutine to execute command

0242 C h finish :

0242 E8 05FA R C call disable_disk_interrupts
0245 E8 OOCE R C call maybe_show_isense

0248 8A 26 0074 R C mov ah,byte ptr ds:[disk_status] ; get the status code from oper.
024 C 80 FO 01 C cap ah,1 ; if nonzero, clear CF
024F F5 C omc ; now CF reflects error status.

0250 5A C pop dx

0251 59 c pop ox

0252 5B c pop bx

0253 IF c pop ds

0254 07 c pop es

0255 5E c pop si

02 56 5F c pop di

D25T OA 0002 c

c

c

ret 2 ;return, preserving flags

025 A

c

c

c h_bad_coDDand:
025A 06 06 0074 R 01 c DOV byte ptr ds :[diak_statua],cmd_error ;bad command to int13
D25F BO 00 c mov al,0 ;clear burst length
0261 SB OF c jmp h_finish ;and exit

c ; Special code for return_statu8.

0263 c status:

0263 AO 0074 R c mov al,byte ptr ds:[disk_status] ;return status from last command
0266 06 06 0074 R 00 c DOV byte ptr ds :[disk_status],0 ;this command was successful!
026b EB 05 c

c

Jap h_fini sh ;and exit

c

c ; This is the structure for the table which allows command dispatch.

c h_cmd_struo struc

0000 00 c bx_opoodo db Oh ;opcode for the bx (cdb byte 0)
0001 0000 c h_cmd_8ubr dw Oh ;address of oommand routine

0003 00 c h_emd_Bode_dma db Oh ;oode for 8237 read/write
0004 c h_cad_strue ends

c ; This is the table itself. Each entry corresponds to a command.

0260 c h_cmd_table:

0260 00 c h_omd_struc <assign_paraB_bx,assign_param> ;00 reset
026b 0504 R c

0270 00 c

0271 00 c h_omd_atruo <0h, Oh> ;01 status

0272 0000 c

0274 00 c

0275 08 c h_ca8_struc <road_hx. h_dDa, read_Dode> ;02 read
0276 0201 B c

0278 47 c

0279 OA c h_CBd_struo <write_bx. h_dBa, writo_mode> ;03 write
027A 0201 R c

027C 4B c

0270 05 c h_cBd_strue <chktrk_bx, h_ndma> ;04 chktrk
027E 033E R c

0280 00 c

0281 06 c h_cmd_struc <fBttrk_bx, h_ndma> ;05 fmttrk
02 82 033E R c

0284 00 c

0285 07 c b_omd_struc <fmtbad_bx, h_ndma> ;06 fmtbad
02 86 D33E R c

0288 00 c

0289 04 c h_cad_struc <fmtdrv_bx. h_ndma> :07 fmtdrv
028A D33E R c

0280 00 c

0280 00 c h_cmd_struc <0h, read_param> ;08 read_param
028B 04DF R c

0290 00 c

0291 00 c h_cmd_struc <assign_param_bx, assign_param> ;09 aasign_param
02 92 0504 R c

0294 00 c

c
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D295 E5 C h_cad_8truo <rlong_bx, h.daa, read_Bode> ;0a rlong
D2 96 D2C1 R C

D298 97 C

D299 E6 C h_cad_struo <Hlong_bx, h_daa, wrlte_aode> ;Ob wlong
D29A D2C1 R C

D29C KB C

D29D OB C h_cad_8truo <3eek_bx, h_ndaa> ;0c aeek
D29B D33B R C

D2A0 00 C

D2A1 OC C h_oad_strue <as8lgn_paraa_bx,aaalgn_paraa> ;0d reaet

D2A2 D504 R C

D2AII 00 C

D2A5 OE C h_cad_8truc <rbuff_bx, h_daa, read_aode> :0e rbuff
D2A6 D2C1 R C

D2A8 97 C

D2A9 OF C h_oad_8truo <wbuff_bx, h_daa, wrlte_aode> :0f wbuff
D2AA D2C1 R C

D2AC 9B C

D2AD 00 c h_cBd_8truo <tat_drv_rdy_bx,h_ndBa> ;10 t8t_drv_rdy
D2AE D33B R c

D2B0 00 c

D2B1 01 c h_oad_8truo <recal_bx, h_ndBa> ;11 recal

D2B2 D33B R c

D2B>I 00 c

D2B5 EO c h_oad_8true <raadlag_bx, h_ndaa> ;12 raadlag

D2B6 D33B R c

D2B8 00 c

D2B9 B3 c h_oad_8truo <drvdla8^bx, h_ndaa> ;13 drvgdlag
D2BA D33E R c

D2BC 00 c

D2BD B9 c h_cad_8truo <bxdlag^bx, h_ndBa> ;19 bxdlag
D2BB D33E H c

D2C0 00 c

c

D2C1

c

c h_io endp

c ; Tbla prooedure la called by lnt13 Nben a coaaand requirea a p_dBa oparatioD.
c ; The al reglater ahould contain the b_oad_aode_.daa.

D2Ct c h_daa proc

D2C1 FA c oil ; dlaable Interrupta
D2C2 E6 OB c out daa_aode,al 1 aet the p.daa aode

c ; Convert ea :bx to an abaolute 20-blt addreaa for data.

D2CII 8C CO c mov ax, ea ; get ea
D2C6 B1 09 c aov ol,9 ; rotate 9 blta (*16)
D2C8 D3 CO c rol ax, el ; now It*a aligned with bx
D2CA 8A E8 c aov ch, al ; aave the top nibble of addreaa
D2CC 29 FO c and al,OfOh ; clear low nibble

D2CE 0 3 D8 c add bx, ax i add the offaet of the addreaa

D2D0 80 D5 00 c ade ch,0 i propagate CF (20-blt addition)
c ; cb 3 20-blt addreaa hi nibble
c ; bx s 20-blt offaet of addreaa

0203 B6 OC c out daa_f f_cl r, al ; clear the flrat/laat ff

D2D5 8A C3 c aov al,bl
D2D7 B6 06 c out daa_addr_3, al ; output low byte of addreaa

D2D9 8A C7 c aov al,bh
D2DB E6 06 c out daa_addr_3, al ; output high byte of addreaa

D2DD 8A C5 c aov al, oh ; reatore top nibble of addreaa
D2DP 29 OF c and al.OFh ; aaak the nibble
02E1 E6 82 c out hdu_daa_aegB, al ; to bank aeleot reglater

D2B3 AO 0092 R c aov al,byte ptr da;[oad_blook*0] ; get coaaand from oad_blook

c ; If It la a rlong or wlong. It* a Halted to one1 block (516 chara)
c ; Note that If rlong or wlong la requeated, the length la not checked.

D2E6 3C B5 c cap al,rlong_bx ; la coaaand rlona bx?
D2E8 79 38 c Ja h_daa_long
D2EA 3C B6 c cap al(Wlong^bx ; la coaaand wlong_bx?
D2EC 79 39 c Ja h_daa_long

c i If It la a rbuff or wbuff. It'a forced to one block (512 chara)
c : Note that If rbuff or wbuff la requeated, the length la not checked.

D2BE 3C OE c cap al,rbuff_bx ; la coaaand rbuff_bx7
D2P0 79 3A c Ja h_daa_buf f
D2F2 3C OF c cap al,wbuff_bx ; la coaaand wbuff_bx7
DEPA 79 36 c Ja h_daa_buf f

c ; Set up the number of by tea for a normal coaaand.
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D2F6 80 3E 0046 R 80

C

C Offlp byte ptr ds : [omd_block-f4 ] ,080b ; too many blocks requested?
D2FB 77 39 C Ja h_dmo_err ; (64k RAM/512 bytes per sector)

c ; Deteralne number of bytes to transfer.

D2FD B1 09 c mov ol,9b ; multiply 512 times
D2FF AO 0046 R c mov al,byte ptr ds:[cmd_block-»-4] ; ...block count
D302 03 BO c sbl ax, cl ; to make byte count

0301 c h_dma_len;
0304 48 c deo ax ; ax s byte count - 1

0305 E6 07 c out dma_count_3, al ; output low byte of count
0307 86 04 c xchg al,ah
0309 E6 07 c out dmq_count_3»al ; output high byte of count
030B 86 04 c xcbg al,ab ; ax s byte count - 1

0300 FB c sti ; critical code is over

030B 03 03 c add ax, bx : compute last byte to transfer
0310 72 24 c Jo h_dmq_err ; if carry flag set, overflown

c ; Enable and allow Interrupts from p_dma, and Issue command.

0312 BO 03 c mov al,(nask_port_inte+ma8k_port_dmae)
0314 B8 D3D0 R c call coemand ; send the cdb out to the bx
0317 72 31 c Jo h_orr_ohk ; return error

0319 BO 03 c mov al, allow_dma3 ; allow interrupts
031B B6 OA c out dma_nask;_bit, al ; from the p.dma channel

0310 E8 D43B R c call h_ond_wait ; wait for command completion
0320 EB 28 c

c

Jmp short h_err_ohk : check for possible error

c
c ; For rlong and wlong oommands:

0322 c h_dma_long;
byte ptr ds : [cmd.bl ock-f 4 ] ,0 lb0322 06 06 0046 R 01 c mov 1 one block maximum

0327 B8 0204 c mov ax,512d * 4d ; length of data eoc
032A BB D8 c Jmp h_dmt^_len

c j For rbuff and wbuff commands:

0320 c b_dma_buff!
D32C 06 06 0046 R 01 c mov byte ptr ds:[cmd_block-t-4] ,01h ; one block maximum

0331 B8 0200 c mov ax,512d : length of data
0334 EB OE c

c
Jap h_dmh_len

0336
c

c h_dma_orr:
0336 FB c sti ; enable interrupts
0337 F9 c sto : set carry flag.
0338 06 06 0074 R 09 c mov byte ptr ds;[disk, status!.dma sea error
0330 03 c ret

033B c

c

h^dma endp

c

c i This procedure is called by int13 when a non- p_dma command is requested.

033E c b_ndna proo

033E BO 02 c mov al,mask_port_inte ; allow bx interrupt at omd completion
0340 E8 D3&D R c call command : send the cdb out to the bx

0343 72 05 c Jo h_err_ohk ; return error

0345 B8 D43B R c call h_omd_wait ; wait for the command to complete
0348 BB 00 c Jmp sbort h_err_obk ; check: for possible error

034A c

c

b_ndffla endp

034A
c

c h_orr_chk proo

034a 80 3E 0074 R 00 c cmp byte ptr ds:[disk_8tatv~],0 ; check status flag from command
034F 75 01 c Jne h_bad_err
0351 03 c rot ; no error - looking good

c ; Perform request sense command same drive number.

0352 c h_had_err;
0352 06 06 0042 R 03 c mov byte ptr ds : [omd_block-fO], sense_bx
0357 BO 00 c mov al,0 ; interrupt and p_dma for bx
0359 B8 D3DD R c call command ; send out the command
0350 72 75 c Jo e_lo8e ; sense command lost

035B B9 0004 c mov ox,4 ; accept 4 data + 1 status byte
0361 B8 0000 c mov ax,0
0364 8B F8 c mov di,ax ; used as index of array

0366 c e_read_sense:
0366 B4 OB c mov ah,(hdu_bay+hdu_io+hdu_req) ; bsy-od+io-freq
0368 E8 D418 R c call wait_for_8tatus ; wait for status byte ready
D36B 72 66 c Jo e_lo8e ! jump if error

0 inport al,read_port ; read data
0360 BA 0320 c-f mov dx,read_port ;get the port number for the base controlli
0370 02 16 0077 R c+ add dl,byte ptr ds:[port_off3 ;add port_off for the correct bx
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0374 EC
D375 86 65 0042 R
D379 47
D37A E2 EA

D37C B4 OF
D37B E8 D416 R
0361 72 50

0363 BA 0320
0366 02 16 0077 R
036A EC

036F
0392
0394
0397
0399
039C
039B

AO 0042

24 3F
BB D49P 1
26: 07
A2 0074 1
30 11
75 32

O-t- in al, dx
0 mov byte ptr ds:[hd_error+dl],al : store in array
0 ino di

0 loop e_roa(jL3ense

0 mov ah, (hdu_bsy-f hdu_cd4'hdu_io+hdu_req) ; bsy-t-cd+io-t-req
0 call wait_for_8tatus ; wait for status byte ready
0 Jc e_lose ; Jump if error
0 inport al,read_port ; read the status byte
0+ mov dx,read_port :get the port number for the base controller
0+ add dl.byte ptr ds:[port_off] ;add port_off for the correct bx
0+ in al.dx

0 test al, h_o_err ; check status byte
0 Jnz e_lose ; leave if we had sanse error

0 mov al.byte ptr ds:[hd_error+0] ; get first sense byte
0 and al,senseO_msk ; isolate the type and code bits
0 mov bx,offset bk_error_table
0 xlat cs:byte ptr bx^orror_table : get the dos error code
0 mov byte ptr ds:[disk_status],al ; store the status
0 omp al,ecc_used_err ; was it a correctable eoc err?
0 Jne h_err_ret ; if not, return

03A0 06 06 0042 R 00
D3A5 BO 00
03A7 E8 0300 R
03AA 72 27

03A0 B4 OB
03AB E6 0418 R
03B1 72 20

03 B3
D3B6
D3BA
03BB 6A 06

03BD B4 OF
03Br B8 0416 R
03C2 72 OF

03C4 BA 0320
D3C7 02 16 0077
03CB EO
03CC A6 02
03CE 75 03

0300 8A 01
0302
0302 03

BA 0320
02 16 0077 1

Read 000 burst length.

mov

nov

call

mov

oall

JO
Inport
mov

add

In

mov

mov

oall

Jo
Inport
mov

add

in

byte ptr ds: [omd_blook+0],read_eoo_bx
al,0 ; interrupt mask :
oommand

e_108e

ah, (hdu_bsy-f hdu_io-f hdu.
wait_for_8tatu8
e_lose
al,read_port ; read the burat length
dx,read_port ;80t the port number for the base controller
dl.byte ptr ds:[port_off] ;add port_off for the oorreot bx
al,dx
cl,al ; save it for a moment

ah, {hdu_bsy+hdu_ed+hdu_io+hdu_req) ;bsy-t'Od-i-io+req
wait_for_status ; read the status byte
e_lose
al,read_port
dx,read_port ;get the port number for the base controller
dl,byte ptr ds:[port_off] ;add port_off for the correct bx
al, dx
al,h_c_err ; check completion status
e_lose

_req) bsy-od+io-t-req

no interrupts

al, cl ! get burst length back

I failed. Try to recover.

0303

0303 E6 0504 R
0306 06 06 0074 R FF
D30B F9
0300 03

0300

a88ign_param ;re8et controller and assign parameters
byte ptr ds:[dlsk_status],sense_err ;senae failed

: Send a ODB to the bx.

: The al register should be set to i

iommand proc

nask_port_omd.

utport select_port,al ;select controller
dx,select_port jget the port number for the base controller
dl,byte ptr ds:[port_off] :add port_off for the correct bx
dx, al

fflask_port,al ;allow interrupts and maybe p_dma
dx,mask_port :get the port number for the base controller
dl,byte ptr ds : [port_off] :add port_off for the correct bx
dx.al

ah,(hdu_bsy+hdu_cd+hdu_req) ;bsy*cd-io+req
wait_for_statua ;wait for controller to setup for cmd
c_finish ;leave if timed out

;clear direction: count up with [si]
si,ds:(offset cmd_blook) ;use si as index

D3DD BA 0322 C+ mov

D3E0 02 16 0077 R C+ add

D3E4 EE C+ out

C outport
D3E5 BA 0323 C+ mov

D3E6 02 16 0077 R C+ add

D3EC EE C+ out

D3ED B4 00 C mov

D3EF E6 0416 R C call
D3F2 72 23 C Jc
D3P4 PC C eld

D3P5 BE 0042 R C mov

D3F6 C send_cdb_byte:
D3P6 AC C lodab

C outport
D3F9 BA 0320 C+ mov

D3FC 02 16 0077 R C+ add

0400 EE C-t- out

0401 B9 0000 C nov

0404 c c_wait:
c inport

0404 BA 0321 c+ mov

0407 02 16 0077 R c+ add

040B EC c+ in

040C A6 01 c test

D40E El F4 c loopz

write_port,al
dx,write_port jget th
dl.byte ptr da:[port_off]
dx,al

,'get a byte of cdb
;send it to bx

unber for the base controller
;add port_off for the correct 1

•.prepare for Id

al,status_port ;check status
dx,atatus_port ;get the port n
dl.byte ptr ds :[port_off] ;add poi
al, dx
al,hdu_req ;is status valid?
e_wait jwait for valid or
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al,07h
al,(hdu_ed+hdu_poq)
8endLcdb_by te

D410 24 07 0 and

D412 3C 05 0 cmp

D414 74 E2 0 je

D416 P8 0 do

D417 0 c_flnlsh:
D417 C3 0 rot

D418 0 command endp

0 ; Halt for statu

D418 0 walt_for_status

D418 50 0 push

D419 51 0 push
D41 A B9 0000 0 mov

D41D 0 r_waltlng:
0 Inport

D41D BA 0321 0* mov

D420 02 16 0077 H 0* add

D424 EC 0* In

D425 A8 01 0 test

D427 El P4 0 loops

D429 24 OP 0 and

D42B 3A 04 0 omp

D42D 74 09 0 Jo
D42P 06 06 0074 R 80 0 mov

D434 P9 0 stc

D435 0 r_f Inl sh:
D435 59 0 pop

D436 58 0 pop

D437 03 0 ret

11438 0 bx_ready:
D438 P8 0 olo

D439 EB PA 0 Jmp
D43B 0 walt_for_atatus

;mask low 3 bits
:1s It still looking for cd+out?
:yos - go send another byte

;done sending all bytes, so return

D43B PA

D430 B4 21

D43E 24 OP

0440 B6 21

D442 PB

D443 33 00

0445 8E 00

0447 26:I 04 36 (

0440 B7 00

044B 26:! 8A 50 I
0452 80 3E 0042

0457 75 07

0459 26:! 8A 50 (

0450 SB 00 90

0460
0460 80 3B 0042

0465 75 04

0467 26 : 8A 50 1

046B
046B 01 E3

0460

0460 BA 0321
0470 02 16 0077
0474 EO

0475 A8 20

0477 75 00

0479 E2 P2

D47B 4B

0470 75 EF

047 B 06 06 0074
0483 EB OF 90

0486

04 86 BA 0320

0489 02 16 0077
0480 EC

D48E 24 02

0490 08 06 0074

8-68

or else tlae out.

ox,0

al,status_port ;read bx status
dx,status_port iget the port nunber for the base controller
dl.byte ptr ds:Cport_off] ;add port_off for the correct bx
al,dz
al,hdu_re4 ;look for validity of status
r_waltlng ;loop If not valid yet
aT,Ofh ;get low 4 bits
al,ah ;teat for the specified status
bx_roady
byte ptr ds:[dlsk_status],tlme_out :took too long to seleot

iflag error

;got the req

; Walt for a conmand to eonplete.

oil
In al,plc_1
and al,OOPh
out plo_1 ,al
stl

assume eszabsO

zor ax, ax

mov es.ax

lea sl,dword ptr es:[(4*4lh}]

assume es :nothlng

Determine timeout

get Interrupt aask
un-mask HDD Interrupt IBS
set the controller

es s ax s absO_seg

es points to absO_seg segment
es:sl points to hdu^parD_tbl

mov

mov

omp

Jne
mov

Jmp

byte ptr ds:[ead_blook+0],fmtdrv_bx ;but Is It a format
;drive command?

;fmtdrv timeoutbl,es:byte ptr [si].p_fmt_tlmeout

omp byte ptr ds : [omd_block-»0], drvdlag_bx

Jne w2
mov bl,es:byte ptr [sll.p drvdlag timeout

Now we can wait for the Interrupt.

;drvdlag timeout

I the timeout for the

0

0 w2:

C shl bx, 1
0

0

0 walt_for_lrq5:
0 Inport al,statua_port
0+ mov dx,status_port ;{

Ot add dl.byte ptr ds : [port_off]
C* la al, dx
0 test al,hdu_lrq5
0 Jnz w_lts_done
0 loop walt_for_lrq5

0 dec bx

C Jnz walt_for_lrq5

0 mov byte ptr ds:[dlsk_status]
0 Jmp w_ri nl sh

;add port_off for the correct bx

;was there an Interrupt yet?

we fell through

al,read_port ;read status byte
dx,read_port ;get the port number for the base controller
dl.byte ptr ds:[port_off] :flad port_off for the correct bx
al, dx
al,h_e_err iget completion error bit
byte ptr ds:[dl3k_8tatus],al ih_err_chk will look at It
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D4S4 C w_flnl8b :
D494 BO 00 C oov al,0 ;turn off controller interrupts

C outport mask_port,al
D496 BA 0323 C+ fflOV dx,mask_port ;get the port number for the base controller

D499 02 16 0077 R C* add dl,byte ptr da:[port_off] ;add port_off for the oorreot bx
D49D EE C* out dx, al

D49E C3 C ret

D49F C h_ood_¥ait endp

D49P C h_data1 proo

D49F C bx_error_tablo:
C ; Type 0 errors

D49F 00 20 40 20 C db 0, fdo_error, seek_orror, fdo_error

D4A3 80 00 20 00 C db tioe_out, 0, fdo_orror, 0

D4A7 40 00 00 00 c db seek_error, 0, 0, o
D4iB 00 00 00 00 c db 0, 0, 0, 0

c jType 1 errors
D4AF 10 10 02 00 c db oro_error, oro_error, addr_mark_error, 0
D4 B3 04 40 00 00 c db seot_not_found, aeek_error, 0, 0
D4B7 11 OB 00 00 c db eoo_u8ed_orr, badtraok_err, 0, 0
D4BB 00 00 00 00 c db 0, 0, 0, 0

c ;Type 2 errors
D4BF 01 02 00 00 c db eod_error, addr_mark_orror, 0, 0
D4C3 OC [ c db 12 dup{0}

00

]
c

c

c

c ilype 3 errors
D4CF 20 20 10 00 c db fdo_orror, fdo_error, oro_error, 0

D4D3 OC [ c db 12 dup{0)
00

]
c

c

c

c

D4DF c h_data1 endp

c ;= = 3Bsi:n hd5.aSBI sasss=ss = = = = = = = = s = = = B= = =sa = ssasa» = = BB = = = = = = = = = =

D4DF c read_para0 proo

04DF 06 c push es ;save caller's es: register
D4B0 B8 D5C1 R c oall get_drivetype_veotor ;loads es with pointer & bx with offset

D4B3 26 ; 8B OP c mov ox,es:[bx].p_oyls iget number of cylinders
D4B6 83 E9 02 c sub ox,2d ;subtraot 2: zero origin and diag track
D4B9 86 E9 c xobg oh,el ;put low-order in oh
D4BB 00 C9 c ror ol,1 ;put high-order 2 bits
D4ED DO C9 c ror ol,1 ;in top of ol
D4BF 80 C9 11 c or el,seotors_per_traok ;fixed, not variable

D4P2 26 : 8A 77 02 c oov dh,es:[bx].p_heads ;nunber of heads
D4F6 FE CB c dee dh ;zero origin

D4P8 8A 16 0075 R c oov dl,byte ptr ds:Chf_num] ;oount of hard disks

D4FC 07 c

c

pop es

D4FD 58
c

c pop ax ;save the return address

D4PB 5B c pop bx ;trash the dx
D4FF 5B c pop bx ;and ox from the oaller

D5O0 51 c push ox ;puah new parameters

D501 52 c push dx ;for oaller to reoeive
D502 50 c push ax ;replaoe return address

D503 C3 c rot

D904 c read_paran endp

c ; Perform a reset and assign paraoeters for the drives.
c ; Note: parameters must be assigned for BOTH drives on the chosen controller.

D504 c assign_paran proo

D504 E8 D5B1 R c oall resot_bx

D507 06 c push es

D508 C6 06 0042 R OC c mov byte ptr ds : [cmd.blook-t-O] , assign_param_bz ;aet odb
05 OD C6 06 0043 R 00 c mov byte ptr ds : [emd.blook-t-l ] ,0 sassum'e drive 0
0512 80 26 0076 R FE c and byte ptr ds:[oontrol_byto],0feh
0517 E8 D532 R c oall assign_param_1 ;assign params
051A 72 14 c Je ap_finish ;juBp if OK

05 1C 07 c pop

0510 06 c push es

051E C6 06 0042 R OC c mov byte ptr da : [ cmd.block-t-O ] , aasign_param_bx ;set odb
0523 C6 06 0043 R 20 c mov byte ptr ds : [cmd_blook-^1 ], (mask drivenum) ;assume drive 1
0528 80 OE 0076 R 01 c or byte ptr ds:[oontrol_byto],01h
0520 E8 D532 R c oall aasign_param_1 ;assign params

0530 c ap_finish:
0530 07 c pop es

0531 C3 c ret

0532 c

c

a3aign_param endp
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D532
D532

D53t
D537

BO 00

£8 D3DD R
72 63

a8slBn_pa''an_'
mov

call

jo

L ,0
comnand

a_fini8h

D539 EB D5CJ

; Send the 8 bytes of drive parameters as PIG.

call get_drlvetype_vector ;snare pointer to the table

send msb before Isb

D53C 26:; 8A 47 01 C mov al,es;byte ptr [bx].p_cyls+1
05 40 C8 0590 R C call data_out

0543 72 57 C jc a_finish

0545 26;: 8A 07 C mov al,ea:by te ptr [bx].p_oyla
0548 E8 0590 R C call data_out

D54B 72 4F 0 je a_finish

0540 26;: 8A 47 02 C mov al, es; [bx],, p_hoads

0551 E8 0590 R C call data_out
0554 72 46 C je a_finish

0556 26;; 8A 47 04 C mov al,es:byte ptr [bx].p_write_cur+1
055 A E8 0590 R C call data_out
0550 72 30 0 Je a_finish

055F 26;: 8A 47 03 C mov al,es:byte ptr [bx].p_writo_our

0563 E8 0590 R C call data_out

0566 72 34 0 Je a_finish

0568 26 ;; 8A 47 06 C mov al,es:byte ptr [bx].p_precomp+1
056c E8 0590 R C call data_out

D56F 72 2B c Je a_fini ah

0571 26 : 8A 47 05 c mov al,es:byte ptr [bx].p_precomp
0575 E8 0590 R c call data_out
0578 72 22 c Jc a_fini8h

057A 26;: 8A 47 07 c mov al,es:[bx],.p_e<sc_len

057E B8 0590 R c call data_out

0581 72 19 c Je a_fini sh

D583 B4 OP
DS85 E8 D418 R
DS88 72 12

; Hote that control byte is handled differently...

mov ah, ( hdu_bsy-f hdu_cd-<-hdu_io-f hdu_req)
wait_for_status
a_finish

See near h_make_odb.

;bsy+cd+i0'f req

D58A
D58D
D591
D592
D594
D596
D59B

AB 02
74 06
C6 06 0074 R 07

call

Jo

inport
mov

add

in

test

JJ!
mov

stc

al,read_port jread the status byte
dx,read_port >80t the port number for the base controller
dl,byte ptr ds:[port_off] ;add port_off for the correct bx
al,dx
al,h_o_err ;did we do ok?
a_finiab
byte ptr ds:Cdlsk_3tatus],init_err ;no

assign_pa«'an_1 endp

; Send a byte of data out the write_port.

0590 0 data_out

0590 50 0 push ax

059E B4 09 0 mov ah,{hdu_bsy*hdu_req) ;bay-cd-io+req
05 AO E8 0418 R 0 call wait_for_8tatu3

05 A3 58 0 pop ax

05A4 73 01 0 Jno do.ready ;if it didn't time out, output the data
05A6 03 0 re t

D5A7 0 do_ready:
0 outport write_port,al ;write it out

05 A7 BA 0320 0+ mov dx,Hrite_port ;get the port number for the base controller
05AA 02 16 0077 H 0+ add dl,byte ptr da:[port_off] ;add port_off for the correct
05AE EE 0+ out dx,al

D5AF F8 0 clc ;no problem
05 BO 03 0 ret

05B1 0 data_out endp

D5B1 0 reset_bx proc

0 out port reset_port,al ;reset controller
05B1 BA 0321 0+ mov dx,reaet_port ;get the port number for the base controller
05B4 02 16 0077 R 0+ add dl,byte ptr ds:[port_off] ;add port_off for the correct
05 B8 EE 0+ out dx, al
D5B9 51 0 push cx

D5BA B9 0100 0 mov cXilOOh ;wait in a loop
D5B0 E2 FE 0 loop A
05BF 59 0 pop cx

0500 03 0 ret

0501 0 reaet_bx endp

0 ; Returns with <ss:[bx] pointing to the drivetype vector for the selected driv<
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C

C

C

C

0

C

C
D5C1 C

C
D5C1 50 C

C

C

c

D5C2 33 CO c
D5C4 8E CO c
D5C6 26: C4 IE 0104 c

c

c

c

c

D5CB 52 c

c

The bits are selected from the switch as follows

switch
bit

drive 0

drive 1

get_drlvetype_vector i

push ax

assuBC es;abs0

12 13 14 15 16 17 18 1
5 6 7
3

*or

mov

lea

ax, ax

es,ax

bx.dword ptr es:[(4*41h)]

es = ax = aba0_saB
es points to absO_seg segaent
es:bx points to hdu_parm_tbl

assume es:nothlng

D5CC

D5CP

D5D3
D5P«
D5D5

Bi 0322
02 16 0077

push
Inport
mov

add

al,awltoh_port ;read switches on controller board
dx,swltch_port ;get the port number for the base controller
dl,byte ptr da:[pert_off] ;add port_off for the correct bx
al,dx

al,07fh ;lgnore top switch!

D5D7 P6 06 0076 R 01
D5DC 75 04
D5DE DO B8
D5B0 DO E8

byte ptr ds:[oontrol_byte],01h ;was this controller drive one?
g mask

alt1 ito get drive zero,
;shlft twice right

D5E2
D5B2

D5B4
D5B6
D5E8
DSEi

D5EC

D5EB

D5F0

D5P2
D5P4
D5F6

24 33
8A EO
DO EC

DO EC

OA C4

DO BO
DO EO

DO BO

D5P8 58
D5F9 C3
D5PA

and

mov

shr

shr

shl

sbl

shl

shl

mov

add

al,0011001
ah,al
ah, 1
ah, 1
al, ah

al, 1
al,1
al, 1
al,1
ah, 0
bx, ax

pop ax

ret

get_drlve type_vector

;get 8wltch_fflask bits for this drivetype
;get top two bits from bits 4&5
;..Into bits 2&3

;comblne with low 2 bits

;multlply by 16 for offset In table

;add offset to base of param_table

dlsable_dlak_lnterrupts proc

: Disables Interrupts from all bx controllers i

D6l6
D618
D61 A

D61B

D61D
D61P

D623

51 C push ox

50 C push ax

C push ds

C

C { Set up da: segment.

C assume ds:data

B8 0040 C mov ax, data_aeg
8E D8 C mov ds,ax

FA C cll
E4 21 C In al,plo_1
OC 20 C or al,020h
E6 21 C out plo_1,al
FB C stl

0

B5 00 C mov ch, 0
SA OE 0075 R c mov el,byte ptr d8:[hf_i
41 c Ino ox

D1 E9 c shr cx, 1
74 10 c Js v_dlsallow

D1 E2

D1 E2

81 C2 0323

D624 E2 PO

D6 26
D626 BO 07
D628 E6 OA

C { Reset controller cx by seni
C

C mov al,0
c mov dx, cx
c dec dx

c shl dx,1
c shl dx, 1
c add dx,mask_port
c out dx, al
c

c 1 oop v_re8et_bx
c

c v_dlsailow:
c mov al,dlsallow_(
c out dma_mask_blt,
c

c assume ds:nothlng
c pop ds

atlsfy assumptions.

I get Interrupt mask
; turn off IR5
I and set the new mask

{number of drives
;nake It into
{...number of controllers

{If zero, disallow

{mask to Impose on bx
{get controller number
{we go from 0-3, not 1-4
{make It an offset (4 ports/bx)

{now bx-> controller

I off dna3 Interrupts
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D62B 58
D62C 59
D62D 5A
062B C3

D62F

pop

pop
pop

rot

dx

disable_dlak^interrupts endp

; Interrupt ODb - handle interrupt from controller

; This la run when the hard diak cauaea an Interrupt due to comnand completion.

D62F C h_int proc

D62F 50 C puah ax

D63O BO 20 C mov al, pic_neoi ;command for 8259
D632 B6 20 C out pio_0,al

D634 BO 07 C mov al, diaalloH_dma3 ;command for 8237
0636 B6 OA C out dma_maak_bit,al

0638 B4 21 c in al,pio_1 ; get interrupt maak
063A OC 20 c or al,020h j turn off IR5
063c B6 21 c out pio_1,al ; and aet the new maak

063E 58 c pop ax

d63F CF c iret

0640 C h_int endp

HOO Phyaioal Formattins Utility

Formatting utility to perform phyaioal format of hard diak drive
uaing DTC-515OBX controller. Calla int 13h to provide diak aervioea.

Uae thia program when you firat uae a new diak. Then uae FDISK and
FORHAT programa to finiah the job.

0

0 aaaume ca:oode, da:nothing, earnothing, ss:nothing

0640 0 h_fmt proc near

0 ; Write greeting and prompt for drive nuniber.

0 ; Orivea are numbered the aame way aa in the industry standard "FDISK* utility.

0640 BB 06A0 R 0 mov ai,oa:(offaet h_intro_m) ;greeting string
0643 B8 B5FA R 0 call ORomString

0646 32 B4 0 xor ah, ah ; ah s 0.
0648 CO 16 0 INT I6h ; get a keystroke.

064A 3C 71 0 cmp al.'q' i;cbeok for quit code
064C 74 45 0 Jo finished ;eject if user typed a Q
D64B 30 51 0 cmp al,'Q*
0650 74 41 0 Jo fini ahed

0652 E8 E619 R 0 call OOrLf

0655 20 31 0 aub al,' 1 ' !; range should be '1' to '8'
0657 72 3B 0 JO no hard diak ; if negative, incorrect number
0659 00 80 0 or al,080h i; aet HDU flag bit #7.
D6SB 8A 00 0 mov dl,al ; prepare drive code for int13

0 ; Create a 5 12 byte sector buffer of 60h in RAM (on the atackl).

0650 FO 0 eld ; clear direction flag.
D65E 06 0 puah OS ; save registers.
065F 16 0 puah as

0660 07 0 pop ea ; ea gets aa.
0661 81 BO 0200 0 aub op,512 i1 make room on atackl

0665 8B FO 0 mov di, ap esidi points to stack buffer.
0667 B6 6060 0 mov ax,06060h word fill pattern.
066a B9 0100 0 mov ex,(512/2) number of words to fill.
0660 F3/ AB 0 rep atoaw fill stack buffer.

0 di aaves original stack pointer

c ; Write the istack sector buffer with the 06Ch code to fill data fields on drive.

066F B8 0F01 0 mov ax,(wbuff_int»100h)+1 prepare for write sector of 1 buffer.
0672 8B 00 c mov bx, ap ea:bx points to stack buffer (of 060h)

0 cx is zero.
0674 B6 00 0 mov dh,0 clear head number.

0676 00 13 c INT 13h 11 call for write sector buffer

0678 8B E7 0 mov sp,di i1 restore original stack pointer.
D67A 07 0 pop 03 i; restore registers.

D67B 72 1 A 0 Jo no_hard_disk ;; error writing sector buffer

0 ; Print meaaage that we are formatting the drive.
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D6TD BE D733 R C

D6 80 E8 E5FA R C

C

D683 B8 0706
C

C

D688 B9 0001 C

C

D689 CD 13
C

C

D68B 72 12 C

D68D BE D750 R C

D690 E8 E5FA R C

D693 C

D693 B8 E6 19 R C

D696 C3 C

C

D697
C

C

D697 BE D784 R C

D69A B8 E5FA R C

D69D EB F4 C

C

069F
c

c

D69F BE D7B7 R c

D6A2 E8 E5FA R c

D6A5 8A C4 c

D6A7 E8 B643 R c

D6AA EB E7 c

D6AC c

c

D6AC c

c

06AC 46 69 78 65 64 20 c

44 69 73 6B 20 46 c

6F 72 6D 61 74 74 c

69 6E 67 20 55 74 c

69 6C 69 74 79 OD c

OA c

D6CB 41 6C 6C 20 64 61 c

74 61 20 6F 6B 20 c

74 68 65 20 73 70 c

65 63 69 66 69 65 c

64 20 66 69 78 65 c

64 20 64 69 73 6B c

20 77 69 6C 6C 20 c

62 65 20 65 72 61 c

73 65 64 2B c

D6FF OD OA c

D701 45 6E 74 65 72 20 c

66 69 78 65 64 20 c

64 69 73 6B 20 6E c

75 6D 62 65 72 20 c

28 31 20 74 6F 20 c

38 29 20 6F 72 20 c

22 51 22 20 74 6P c

20 71 75 69 74 3A c

20 00 c

c

D733 OD OA 46 6F 72 6D c
61 74 74 69 6B 67 c

20 46 69 78 65 64 c

20 44 69 73 6B 2E c

2E 2E OD OA 00 c

D750 46 6F 72 6D 61 74 c

20 69 73 20 63 6F c

6D 70 6C 65 74 65 c

2E OD OA c

D765 50 72 6F 63 65 65 c

64 20 77 69 74 68 c

20 46 44 49 53 4B c

20 61 6E 64 20 46 c

4F 52 4D 41 54 2E c

00 c
c

D78t 45 72 72 6F 72 3A c

20 4E 6F 20 66 69 c

78 65 64 20 64 69 c

73 6B 20 64 72 69 c

76 65 20 65 78 69 c

73 74 73 20 66 6F c

72 20 74 68 69 73 c

20 6E 75 6D 62 65 c

72 2E 00 c

D7B7 46 6F 72 6D 61 74 c

20 45 72 72 6F 72 c

2E 20 20 43 6F 64 c

65 3A 20 00 c

D7CD c

c

ROM BIOS
Listing

Bov ai,es:(offaet b.fBt.a) ;text for Inforaational aeasage
oall DRoaStrlng

; Format the drive.

BOV ax, (ratdrv_lnt*100h)-«-6
BOV cx,01h

; Note that dx la retained from above.

; format drive with interleave of 6
; atart with aeotor zero

; format the drive
; problem during format

no_hard_diak:
BOV ai,oa:(offaet h_none_m)
oall DRomString
Jap abort finiahed

forBat_error:
BOV

oall

ai,oa : (offaet h_orr_m)
DRoaString

abort finiahed

;give error aeaaage

;exi t

;give error aeaaage

; print error oode in ah

Jap

h_fat endp

h_data2 proo

h_intro_m 'Fixed Diak Formatting UtilityCR,LF

'All data on the apeoified fixed diak will be eraaed.

CR.LF
'Enter fixed diak number (1 to 8} or "Q" to quit: ',NUL

h_fat_a db CR,LF,'Formatting Fixed Diak...',CH,LF,NUL

h_paaa_m db 'Format ia eoaplete.',CR,LF

db 'Proeeed with FDISK and FORMAT.',NUL

h_none_a db 'Error: No fixed diak drive exiata for this number.',NUL

h_err_n db 'Format Error. Code: ',NUL

h_data2 endp
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code ends

Include graph.asm

Filename: graph.arc

This module Includes the four graphics functions for INT 10h.

INT lOh Graphics Support

Must preserve bx, ox, dx and return values in ax

All other registers are saved and restored by video dii

Entered with the following in registers:
al, bx, ox, dx intact (set by INT 10 invoker)
ah = v_ncde

segment public 'ROM*
assume os:code, dsrdata, es:v_ram, ss:nothing

Read Light Pen

Input: None.
Output: ah & 0 light pe

a 1 implies:
(dh,dl) a (row,col) of charact

position from (0,0)
oh s raster line (0-199)
bx B pixel column (0-319,0-639)

???Trash: None.

grf_light_pen proo near

xor ah,ah
rot

grf_light_pon endp

page

Read Dot

function code :

switch not down/not triggered

light pen

return ah s o for now (al intact).

function code s ODb

AH B CRT Mode

DX B row (0..199 in Mod. & Hi-Res., 0..399 in Ultra Res Mode)
CX B column (0..319 in Hod, 0..639 in Hi & Ultra Res. Modes)

AL s dot value read

AH s mask of pixel in byte (from g_addr)

Saved: BX, CX, DX (Video dispatcher saves the rest)

D7D0 C grf_read_dot proc near

D7D0 52 C push dx 9 ; save registers
D7D1 51 C push CX

D7D2 50 C push ax : save crt node (high byte)
D7D3 E8 D815 R C call g addr ; compute address & mask
D7D6 8A CI C mov al, ah ; copy mask
D7D8 26;; 22 05 C and al,byte ptr es:[di] ; AND with byte containing pixel
D7DB 5A C pop dx ; dh B crt mode
D7DC FE C1 C ino cl : prep for wraparound left (B & H)
D7DE 80 FE 05 C omp dh,5 ; color?
D7E1 7F 02 C Js g 1sfy_dot ; Jump if not

D7E3 FE C1 C inc cl ; prep for wraparound left (color)
D7E5 C g 1sfy_dot:
D7E5 D2 CO C rol al, cl ; right Justify pixel

D7E7 59 C pop CX : restore registers
D7E8 5A C pop dx

D7E9 C3 C ret

D7EA c grf_read_dot endp

c page

c JS========B==S
==============

c ; Write Dot function code b OCh

c ; writes a pixel, with the indicated value, at the indicated location.
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C valid in graphics modes only.

C Input:
C AL s dot value to write (1 or 2 bits depending on mode,
C right Justified). Bit 7 = 1 specifies XOR the value
C with the pixel at DX, CX
C AH 3 CRT Mode

C DX E row (0-399) (the actual value depends on the mode)
C CX 3 column (0-639) (the values are not range checked)

C

C

Saved: AX, BX, CX, DX (Video dispatcher saves the rest)

D7EA
C

C 5rf_write_dot proo near

D7Bi 52 C push dx ; preserve working registers
D7EB 51 C push CX

D7EC 50 C push ax

D7ED E8 0815 R C oall g_addr ; compute address & mask
D7F0 26 8A 05 C mov al,byte ptr es:[di] ; fetch byte from video memory
D7P3 5A C pop dx ; get v_mode & dot value to write
D7F1 52 C push dx ; resave
D7F5 OA 02 C or dl,dl ; is the XOR bit set?
D7F7 78 06 C J8 g_xorbit ; Jump if yes
D7F9 F6 04 C not ah ; invert mask
D7FB 22 C4 c and al,ah ; clear bits for new pixel
D7FD P6 04 c not ah ; restore mask for later
D7FF c g_xorblt:
D7FF FE C1 c ino ol : prep for wraparound right (bAw)
D801 80 FE 05 c omp dh,5 ; color 7
080 4 7F 02 c Js g_align_dot ; Jump if no
0806 FE C1 c ino cl ; prop for wraparound right (color)
080 8 c g_allgn_<lot:
O808 02 CA c ror dl,cl ; align new pixel
O80A 22 04 c and dl,ah ; strip off non-pixel bits (xor bit, etc)
080C 32 C2 c xor al,dl ; OR or XOR in new pixel depending on xor bit
O80E 26 : 88 05 c nov byte ptr es:[di],al ; update video memory

0811 58 c pop ax ; restore registers
0812 59 c pop CX

0813 5A c pop dx

0814 C3 c ret

081S c grf_wrlte_dot endp

c page

c ,---sB„»=ns8SSss===n===nns88sss=====s==sssaase==aBS=aB=====ns=BD«

c This subroutine determines the video RAM byte location
c of the indicated row column value. The current graphics mode
c is taken into account.

c INPDT:
c AH s current graphics mode
c DX s row value (0-399)
c CX 3 column value (0-639)

c OOTFOT:
c DX 3 byte address of pixel location in video ram
c AH B mask of pixel in byte
c CL 3 # of bits from left end of byte to leftmost bit in mask

c DESTROXBO:
c

c
c

AL, CX, DX, BP

0815
c

c C[_addr proc near

c ; convert row-count to a "mod 4" value;
c multiply it by 2000H for offset to start of v_ram aubarea

0815 51 c push ox ; save column count
0816 BO 0001 c mov bp,1 ; shift count; assume not 640x400
0819 8B CO c mov ox,bp ; multiplier; assume not 640x400
081B 80 FC 40 c cmp ah,64 ; video node 64 or 72?
08 IE 72 06 c Jb g_skp_1 ; -no: Jmp
0820

0823
BO 0002 c mov hPf2 ; -yes; change shift count
B9 0003 c mov ox»3 ; -yes: change multiplier

0826 c S_8kp_1:
0826 33 FF c xor di,di ; init offset amount
0828 23 CA c and ox,dx ; get least sig. bit(s) from row count
D82A 74 06 c Jz 8_skp_3 ; Jmp if nothing to add
08 2C c g_8kp_2: ; mini-multiply loop
08 2C 81 C7 2000 c add di,2000H ; add v_ran sub-area size
0830 E2 FA c loop g_skp_2 ; do it again (maybe)

c add bytes for the row coordinate to the offset into the v_ram subarea

0832 c g_8kp_3:
0832 57 c push di ; temp, store offset
0833 8B FA c mov di,dx ; DX<--row count
0835 8B CO c mov cx,bp ; CX<--mode-related shift val
0837 03 EF c shr dl|Ol ; get drows into a v_ran aubarea

0839 8B 07 c mov dx,di ; save a copy for a moment
0638 B9 0406 c mov cx,0406H ; mult, di by 80 trows—>byte offset]
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D83E 03 E7 C sal dl, cl ; [fast multlply-
D8tO 8A CO C mov cl, ch j by-80]
D8l«2 03 E2 C sal dx, cl
0841 03 FA C add dl,dx ; Isubarea byte offset for this row

0846 59 C pop cx j retrieve subarea beginning's offset
D847 03 F9 0 add dl, cx ; offset from start of v_ram
D849 5A C pop dx : restore column count

C ; find column offset

D84A B9 0703 C mov cx,703H ; Initialize for black & white
D84D 80 FC 05 C cmp ah,5 : color 7
D850 7F 03 C Jg g^8kp_4 j CX = 703H (black & white)
0852 B9 0302 C mov cx,302H : CX = 302H (color)
0855 C a_8l«P_4;

0 ; CL = shift count to divide column by pixels per byte ...
C ; 3 for b&w (divide by 8 ), 2 for color (divide by 4)
C : CH = remainder's mask during division (7 for b&w , 3 for color)
C ; DX s column

0 ; 01 s addres s to column 0 of requested row

0855 22 EA c and oh,dl ; get division's remainder In CH
0857 03 EA c shr dx, cl ; perform division

; DX s quotient = colunn's byte offset from start of row
CH s remainder (= pixel's offset Into byte)

pixel's byte address

address of byte containing the pixel
pixel offset Into byte (remainder)
3 (black & white) or 2 (color)

085B 80 F9 03 C cmp 01,3 ; black & white?
085 E 74 02 C Je K bltmask ; Jump If yes
0860 00 B5 C shl oh, 1 ; color: convert to bit offset

0862 C g_bltnaak:
0862 86 CD C xohg cl, oh ; load CL, preserve "mode"
0864 B4 80 C mov ah,80H ; set high bit In byte
0866 02 EC C shr ah, cl ; mask pixel's leftmost bit
0868 80 FO 03 C cmp oh,3 ; black & white?
086B 74 06 C Je g_»kp_5 ; Jump If yes
0860 6A C4 C mov al,ah ; color: create 2-blt mask
oe6F 00 E8 C shr al,1
0871 OA BO C or ah, al

0873 C gL.sltp_5: ; 01 s byte address, AH = pixel mask.
0873 C3 C ret : CL - bit offset: pixel's leftmost bit

0874 C g_addr endp
c

C page
C = = = = = = = = = = = = ss = sssas = ssa = ss = = = = = = = = s = = = = sasaa:

C Soroll Up In Oraphlos Hode

C Scroll up the number of lines specified within the specified soreen
C area (window).

C Input:
C AL s number of lines to be scrolled up ( zero
C means clear the window)

C CH,CL = upper left corner of window In which to scroll
C OH,OL = lower right corner of window In which to scroll
C OS s data segment
C ES a graphics refresh ram segment

C

C

Saved: BX, CX, OX (Video dispatcher saves the rest)

0874
C

c t5rf_graphlos_up proe near

0874 53 C push bx ; sav e

0875 51 C push ox ; the
0876 52 C push dx ; registers

c 1; eld ;dlr. flag = Increment (from v_sarl_up)
0877 BO 0050 c mov bp,80 i offset to next scanllne (CLD => •••80)

087A 50 c push ax ;save mode, # rows to scroll
067B 8B Cl c mov ax, cx •compute address of window's
0870 B8 0B5F R c call g ours off ; upper left corner
0880 8B F8 c mov dl,ax ;save In 01 for string Instructions

0882 06 c push es ;set DS to video ram for string Inst.
0883 IF c pop ds

0884 2B 01 c sub dx, cx ;compute window's dimensions
0886 81 C2 0101 c add dx,101H ; OH = height, DL = width

088A 58 c pop ax ;AH = mode, AL = # rows to scroll

088B B3 02 c mov bl,2 ;# Interlace areas = 2 for modes 4,5,6
0880 8A CB c mov cl, bl ;* seanllnes per l.a. = 4 for modes ~72
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D88F 80 FC 40 C

D892 72 06 C

D894 B3 04 C

D896 74 02 C

D898 DO F9 C

C

D89A C

D89A 02 EO C

D89C 02 E6 C

D89E 8B C8 C

D8A0 80 FD 06 C

D8A3 70 04 C

D8A5 01 E7 C

D8A7 00 E2 C

C

D8A9 C

D8A9 81 El OOFF C

D8AD 74 3C C

C

D8AF 8B C1 C

D8B1 8A E9 C

D8B3 86 F5 c

c

D8B5 8B F7 c

D8B7 B1 04 c

D8B9 03 EO c

D8BB 03 FO c

D8BD 01 EO c

D8BP 01 EO c

D8C1 03 FO c

c

D8C3 8A E5 c

D8 C5 2A E6 c

c

D8C7 33 C9 c

c

c

c

D8C9 c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

D8C9 c

c

D8C9 56 c

D8CA 57 c

D8CB 53 c
c

D8CC c

D8CC 57 c

D8 CD 56 c

D8CE 8A CA c

D8D0 F3/ A4 c

D8D2 5B c

08 D3 5F c

D8D4 81 C7 2000 c

D8D8 81 C6 2000 c

D8DC FE CB c

D8DB 75 EC c

c

D8 EO 5B c

D8E1 5F c

D8 B2 5E c

D8E3 03 FO c

D8B5 03 F5 c

D8B7 FE CC c

D8E9 75 OE c

c

c

c

D8EB c

c

c

c

c

c

c

c

c

c

ROM BIOS
Listing

cop

jb
fflov

je

ah, 64
g tat mod ijump if mode s 4,5,6

•,i interlace areas = 4 for modes 64 & 72
iJump if mode s 64
;# scanlines per i.a. = 2 for mode 72

ch, 6
g sat UP

(11,1
dl, 1

;convert number of rows to number of

; scanlines per interlace area
;CH = mode, CL s # scanlines to scroll
;are we in a medium resolution mode ?

;Jump if no
[double number of bytes per character

;get address of lines
and cx,00FFH
Jz ^.filler

moy ax, cx

mov eh, el
xchg dh,eh

mov 3i,di
mov el,4
sal ax, el
add si, ax
sal ax, 1
sal ax, 1
add si, ax

mov ah, ch
sub ah,dh

Jap shetrt g s er ol

> scroll in refresh ram memory
;CX = # of scanlines to scroll per i.a.
;if zero, go fill all of window

[make DH = # scanlines to fill per i.a.
[ AX s # scanlines to scroll " "
[ CH = # scanlines in window " »

[compute address of seanline to be
[ scrolled to top of window:
[ <window<s address> +
[ (<# scanlines to scroll per i.a.> *
[ <# bytes per seanline s 80>)

Scroll :

Input:

[CH s 0 for HEP counter

[go scroll up and fill

1 in graphics refresh memory

Number of scanlines per interlace area to be moved
Number of interlace areas
0

Destination seanline address of first byte to fill
Source seanline address of first byte to fill
Number of bytes to fill in each seanline
offset to next seanline (+/- 60}

address of first byte to be filled

g scroller

g_m_area:

BL,BH, {

AH = 0

CH,OL,OH,BP preserved

lor proc near

push si [save original source
push di [ and destination addresses
push bx [save interlace areas count (Bl

a: [Move Interlace Areas Loop
push di [save interlace area
push si [ addresses
mov el,dl ; count of bytes to be moved
rep movsb [move the seanline
pop si [restore Interlace area
pop di [ addresses
add di,2000H [next interlace area
add si,2000H [ addresses
deo bl [loop to move one seanline in
Jnz g^a_area [ each interlace area

pop bx [restore interlace areas count
pop di [restore original source
pop si [ and destination addresses
add di, bp [address next seanline in
add si, bp [ each interlace area
dec ah [loop to move "all" scanlines 1
Jnz ^ scroller [ each interlace area

Jmp short g_filler [now fill In the gap

Fill rows in graphics refresh memory with the fill pattern

Input:
BL = Number of interlace areas
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C BH s Fill pattern to be used

C CH = 0
C 01 s Nunber of bytes to fill in each soanline
C OH s Number of soanlines to fill in each interlace area
C 01 r Destination acanline address of first byte to fill
C BP = offs<3t to next scanline (-)•/- 80)

C ; Output
C AL = fill pa ttern
C

C

AH s 0

C
D8EB c g_flller proc near

D8EB 8A C7 c fflOV al.bh ;AL s fill pattern for STOSB instruction

D8BD
D8ED

c K_f_l_lp: ;Fill Interlace Areas Loop
57 c push di ;save interlace area address

D8BE 52 c push dx ;aave scanlines count (OH)

D8EP c g_f_s_lp: ;Fill Scanlines Loop
D8BF 57 C push di ;save soanline address
D8F0 8A CA C BOV cl.dl ;count of bytes to fill in soanline
D8F2 F3/ AA C rep stosb ;fill soanline
D8Flt 5F C pop di {restore soanline address
D8F5 03 FO C add di, bp ;next soanline in interlace area
D8F7 FB CE C dec dh {fill an interlace area
D8F9 75 F1 C jnz g_f_8_lp

D8FB

D8FC
5A c pop dx {restore scanlines count (OH)
5F c pop di {restore interlace area address

D8FD 81 C7 2000 c add di,2000H {next interlace area address
D901 FB CB c deo bl {fill next interlace area
D903 75 B8 c Jna a_f_i_ip

D905 5A c pop dx {restore
D906 59 c pop ex { the
D907 5B c pop bx { registers
D908 C3 c ret {exit scroll routine

D909 c 8_filler endp

C page
C

==============•============== ===========
ISS3SS===SS=ICCESnSSSSS3S33SSSaSSSSSE3IXE

C Scroll Down In Graphics Mode

C Scroll down the nunbe r of lines specified within the specified screen
C area (window).

C Input:
C AL = nunber of lines to be scrolled up ( zero
C neans clear the window)
C BH s fill pattern to be used
C CH,CL s upper left corner of window in which to scroll
C OH,OL s lower right corner of window in which to scroll
C OS s data segnent
C ES s graphics refresh ran segment

C

C

Saved: BX, CX, DX (Video dispatcher saves the rest)

D909

C

C e;rf_graphica_down proc near

D909 53 c push bx • save
D90A 51 c push ox { the
D90B 52 c

c
push dx { registers

D90C BO FFBO
c ; std {dir. flag = decrenent (fron v_8orl_dn)
c nov bp,-80 {Offset to next soanline (STD => -80)

D90F 50 c push ax {save node, # rows to scroll
D910 8B C2 c nov ax, dx {oonpute address of window's
D912 B8 DB5F R c call 8^ours_cff { lower right corner
D915 8B F8 c nov di,ax {save in DI for string instructions

D917 06 c push es {set DS to video ran for string inst.
D918 IF c pop ds

D919 2B 01 c sub dx, ex {conpute window's dimensions
D91B 81 C2 0101 c add dx,1C1H { OH = height, OL a width

D91F 58 c pop ax {AH a mode, AL a I rows to scroll

D920 B3 02 c nov bl,2 {# interlace areas a 2 for nodes 1,5,6
0922 8A CB c nov ol, bl {f scanlines per i.a. a 1 for nodes '72
0921 80 FC 10 c cnp ah,61
0927 72 06 c Jb g_cnp nod {J ump if mode a 1,5,6
0929 B3 01 c bl,1 {# interlace areas a 1 for nodes 61 & 72
092B 71 02 c Je g_CBp nod {jump if node a 61
0920 DO F9 c sar cl,1 {f scanlines per i.a. a 2 for mode 72

D92F C g_cmp_Bod:
092F 02 EO c sal al,cl convert nunber of rows to nunber of
0931 02 E6 C sal dh, ol scanlines per interlace area
0933 80 FC 06 C ah,6 are we in a nedium resolution mode 7
0936 70 05 C Jge g_8etdown Jump if no
0938 01 E7 C sal di, 1 double number of bytes per character
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D93D
D93D
D9 40
D942

D945
D947
0949
0940

BE 0050

D3 E6
83 EE 50
03 FE

D94F 8B C1
0951 8A E9
0953 86 F5

0955
0957
D959
D95B
D950
09 5F
0961

D963
D965

D967

0969

D96C

8B F7
B1 04

03 EO
2B FO

33 C9

E9 08 C9 ]

c sal dl,1
c inc di

c

c g^setdown: [get addr<
c mov si,80
c sal si, ol
c sub si,80
c add di,si
c mov cx, ax

c and cx,OOFFH
c J» g_filler
c

c mov ax, cx

c mov oh,cl
c xohg dh,ch
c

c mov si,di
c mov ol,4
c sal ax, cl
c sub si, ax
c sal ax, 1
c sal ax, 1
c sub si, ax
c

c mov ah, ch
c sub ah,dh
c

c xor cx, cx
c

c Jmp g scroller

grf_graphioa_down

page

ROM BIOS
Listing

;addreaa laat byte In bottom row

1 of llnea to aoroll in refresh RAM memory
;addrea8 bottom scanllne Id l.a.

;CH E mode, CL = # aoanllnes to aero
;CL = # of seanil no a to aoroll per 1
;lf zero, go fill all of window

CH

# aoanlinea to fill pe
# aoanlinea to aoroll

# aoanlinea in window

ioompute address of aoanline to be
; sorolled to top of window:
; <window's address> -
; (<# aoanlinea to aoroll per i.a
; <# bytea per aoanline = 80>)

: 0 for REP oounter

loroll down and fill

grapbioa_read - read tbe obaraoter at the current ouraor
position on tbe aoreen, or zero.

Input: none

Output: AL = obaraoter at the current ouraor position or zero

Saved: BZ, CI, DZ (video diapatober saves the rest)

D96C 0 grf_graphios_i

D96C 53 0 push
D96D 51 0 push
D96E 52 0 push

D96F 8A 00 0 mov

D971 A1 0050 R 0 mov

D974 E8 DB5F R 0 call

D977 8B FO 0 mov

D97 9 8A 03 0 mov

D97B B9 0004 0 mov

D97E 33 OB 0 xor

D980 30 40 0 cmp

D982 72 08 0 Jb
0984 B3 04 0 mov

09 86 74 04 0 Je
0988 01 F9 C sar

D98A 33 OB 0 xor

098C 0 g_lds_r:
098c 05 3E 0084 R 0 Ids
0990 05 79 06 0 Ida
0993 IE 0 push
0994 06 0 push
0995 IF 0 pop
0996 07 0 pop

0997 01 E3 0 sal

0999 83 03 08 0 add

dx

bl,ab
ax,word ptr d3:[v
g_our8_off
ai,ax

al,bl
ox,4
bx, bx
al,64
g_lda_r
bl,4
g_ld3_r
ox, 1
bx, bx

; registers

;BL saves v_mode
eurpoai

;get address of oursor position
jsavo as a pointer for later

;AL saves
;# aoanlii
;make BZsO for mode

mode

per i.a. = 4 for modes "72
4,5,6

;Jump if mode = 4,5,6
;make BZs4 for mode 64

ijump if mode =64
!# aoanlinea per i.a. = 2 for mode 72
;make BZ=0 for mode 72

;(BX= font pointer offset in master table)
di,dword ptr da:[master_tbl_ptr] ;got pointer to master table
di,dword ptr da :[di4-6] [bx] jgot pointer to font's 1st 128 chars
da JZCHG DS,ES

ds

bx, 1
bx, 8
;(BX= number

0990 2B E3 0 sub sp, bx
099E 8B EO 0 mov bp,sp
09 AO BA 0002 0 mov dx,2
09 A3 30 06 0 cmp al,6
09 A5 70 33 0 J1 g rd med

D9A7 74 03 0 Je g rdlooo

0 [ we're in su per resolutii
09 A9 BA 0004 0 mov dx,4

D9A0 0 g_rdloop: [1
09A0 51 0 push
09 AD 56 0 push si

09AE 8B OA 0 mov cx, dx

09 BO 0 g_rd_ia: [I
09 BO 6A 04 0 al,[si]
09 B2 88 46 00 c mov [bp],al
09 B5 45 0 inc bp
09 B6 81 06 2000 0 add si,2000H
09BA E2 F4 c loop g_r d_i a

:DS;SI -> grafix ram read location 77?
;ES:DI -> font's Ist 128 characters

;make BX=8 for modes 4,5,6,72
; BXe16 for mode 64

of font bytes per obaraoter)

jget stack space for font bytes
;save pointer to stack space
;number of interlace areas (nodes 4,5,6)
;oheok graphics mode
iJump if in medium resolution mode (4,5)
;Jump if in 640x200 resolution mode (6)

on (640x400) node (64 & 72)
jnumber of interlace areas

Read Soanlines Loop for both 640x200 and 640x400
;save # of soanlines per interlace area
;save current addr. in interlace area #1
:init. counter: # of interlace areas

Read Interlace Area Loop
;get byte from grafix ram
isave on reserved stack

[bump reserved stack address
[address next interlace area
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{restore interlace area #1 address
{address next scanline in each i.a.
{restore # of soanlines counter

{are we in mode 64 or 72 (640x400)7
{Jump if no (reverse video not allowed)
{point to first byte in stack save area

{is upper left bit of char = 0 or 1 ?
{Jump if 0 (not reversed video)
{number of char bytes counter

{reverse the reversed byte for matching
{address next char byte

{now find the char in the font table

0

D9BC 5E C pop si

D9BD 83 06 50 0 add si,80
D9C0 59 0 pop cx

D9C1 E2 E9 0 loop g_rdloop

D9C3 83 FA 04 0 cmp dx,4
D9C6 75 47 0 Jne g matchb

D9C8 8B F5 0 mov si, bp
D9CA 2B F3 0 sub si, bx
D9CC F6 04 80 0 test byte ptr [si],80H
D9CF 74 3E 0 Jz g matchb

D9D1 8B OB 0 cx, bx

D9D3 C g_unreverse_video_loop:
D9D3 F6 14 0 not byte ptr [si]
D9D5 46 0 inc si

D9D6 E2 FB 0 loop g unreverse video_loop

D9D8 EB 35 0 Jmp sh()rt g_matchb

D9 DA 0 g_rd_ned: {Read Hedium Res

D9 DA D1 E6 0 sal si,1

D9DC 0 g medget; {Get font bytes

D9DC 51 0 push cx

D9DD 56 0 push si

D9DB B9 0002 0 mov ox,2

D9E1 0 g_med_ia;
D9B1 51 0 push cx

D9E2 8B 04 0 mov ax,[si]
D9E4 86 EO 0 xohg ah, al

D9 B6 F7 DO 0 not ax

D9E8 8B DO 0 mov dx,ax

D9EA D1 B2 0 shl dx, 1
D9BC 23 DO 0 and dx,ax

D9EE F7 D2 0 not dx

D9P0 32 00 0 xor al,al

D9F2 B9 0008 c mov ox,8
D9F5 0 g mod bit;

D9F5 D1 EA 0 shr dx, 1

D9F7 D1 EA 0 shr dx, 1

D9F9 DO D8 0 rcr al,1
D9FB B2 F8 0 loop ff med bit

D9FD 88 46 00 0 mov [bp],al
DAOO 45 0 inc bp

DA01 81 06 2000 0 add si,2000H

DA05 59 0 pop cx

DA06 B2 D9 0 loop g med ia

DA0 8 5E 0 pop si

DA09 83 06 50 0 add si,80
DAOC 59 0 pop cx

DAOD B2 CD 0 loop g medget

DAOF 0 g_natohb: {Hatch Font Byte

DAOF 2B EB 0 sub bp, bx
DA11 8B F5 0 mov si, bp

DAI 3 32 00 0 xor al ,al

DAI 5 0 g^f_cont; { Get Font Byte

DAI 5 16 0 push as

DAI 6 IF 0 pop ds

DA17 B9 0080 0 mov cx,128

DAI A 0 g_f_mach; {Get Font Byte F
DAI A 51 0 push cx

DA1B 8B OB 0 mov cx, bx
DA1D 57 0 push di

DA1B 56 0 push si

DA1F F3/ A6 0 repe cmpsb
DA21 5E c pop si

DA22 5F 0 pop di

DA23 59 0 pop cx

DA24 74 2D c Jo g_f_exlt
DA26 03 FB 0 add di, bx
DA2 8 FE CO 0 inc al

DA2A E2 EE 0 locp a^f_mach

0 { no match in first 128 ascii character

DA2C OA 00 0 or al ,al

DA2E 74 23 0 Jz g f exit

DA30 83 FB 10 0 cmp bx, 1 6
DA33 74 08 0 Jo g 8x16 2

DA35 8E D9 0 mov ds, ox
0 assume ds;absO

DA37 C4 3E 007C R 0 les di,dword ptr ds:[int1Fli
0 assume ds:data

DA3B EB 00 0 Jmp short g_test_addr

DA3D 0 g_8xl6_2:
DA3D 2E : 8E IE E5F2 R 0 mov ds,word ptr cs:[set_dB_*
DA42 C5 3E 0084 R 0 Ids di,dword ptr ds:[master.
DA46 C4 7D OE 0 les di,dword ptr ds:[di-fl4]

DA49 0 g teat addr:

DA49 80 CO 0 mov

8-80

{double graf ram pointer (2 bytes/ehar)

in medium resolution (320 Z 200) node
{save # scanlines per i.a. counter
{save current scanline address
{init. # interlace areas counter

{save i.a. counter
{get 2 bytes of 1 char
{order them logically

from video memory

{map background pixels to 0,
{ foreground pixels to 1

{Clear result accumulator
{prepare to process 8 bits

{ignore unused bit
{load carry with mapped pixel value
{rotate it into result accumulator
{process next bit of character

{save font byte on reserved stack
{bump reserved staok pointer
{address next interlace area
{restore i.a. counter
{process next i.a. of character

{restore scanline address
{address next scanline
{restore soanlines counter
{process next scanline of character

find character

{point to first byte in stack save area
{pointer to font bytes from graf ran
{index to font bytes (start with 0)
Hatch Control
{setup string compare registers
{DS:SI -> stack area w/graflx ran bytes
{loop control = 1st 128 ascii chars.

Hatch Loop
{save loop counter
{counter for string compare
{save font pointer
{save pointer to stack save area
{screen bytes match font bytes ?
{retrieve pointer to stack save area
{retrieve pointer to fonmt byte table
{restore loop counter
{if match go to exit code
{address next font in table
{bump ascii index
{go back if more chars to search for

look foi •'s second set

{have we scanned both 128 char 1/2s ?
{Jump if yes
{are we in mode 64 7
{Jump if yes

{move zero to segment register

>on] {get pointer to 2nd half of 8x8 font

{see if font is really there

{get 2nd half of 8x16 font
lord] {set DS to data segment
.tbl_ptr] {get pointer to master table
{get pointer to 2nd half of 8x16 font

{Check if font table is set up



DA4B OB 07 0
DA4D 74 04 0
DA4F BO 80 0

DA51 EB 02 0

0

DA53 0

DA53 03 E3 0

DAS 5 5A 0
DA56 59 0

DAS 7 5B 0
DAS 8 C3 0

DAS 9 0

ROM BIOS
Listing

or ax,dl
Jz g_f_exlt
Dov al,128
jBp short g_f_oont

;ir zeros, then no user font table
;no table, Just go to exit
{Offset to 2nd 1/2 of ascil set
;go back to try rest of ascli set

g_f_oxit:
add sp,bz
pop dx
pop ox

pop bx
ret

grf_graphlos_read

page

graphies_write

Input: AL s

{either the character Is found, or al s
{restore stack pointer

• write a character to the screen

character to write
Foreground color attribute
bit 7 » 1: xor character with graphics ran
nuBber of characters to write
data segaent
graphics raa segBent

Saved: BI, CX, DX (video dispatcher saves the rest)

grf_graphlos_wrlte

DA59 53
DASA 51
DA5B 52

DA5C 8B DO

DA5E A1 0050 R

DA61 B8 DB5P R
DA64 8B P8

DA6B

DA6E

DA71

DA7C

DA7C

DA7E

80 EA 80
80 FB 40

75 09

DA80 C5 36 007C R

DA84

DA84

DA86
DAS 8
DAS A

DA8C

75 ID
32 D2
2E: 8E IE E5F2 R

53

33 DB
80 FE 40
72 06
B3 04
74 02

33 DB

DA92
DA94
DA97

DA99
DA9B
DA9D

DA9F
DA9F

DAA3

DAA7

DAA7
DAA8

DAAA

DAAC

DAAE

DABO

DAB1

push
push
push dx registers

Bov dx,ax {DH= ort aode, DL= char to write
{ locate beginning of character In graphics raa

aov ax,word ptr da:[v_ourpos]
call g_ours_off {get address of cursor position
BOY dl,ax ; pointer to graphics location

{ deterBlne If character Is froa Ist or 2nd half of table
cap dl,128 jia It In first 1/2 of ASCII set 1
Jb fi^selfont {Jump If In 1st 1/2 (0 -> 127)

{ cbaraoter (128 -> 255) Is In 2nd 1/2 of font table

sub

cap

Jne

dl,128
dh,64
g_8x8_2

{aake zero origin for font table lookup
{are we mode 64 7
{Jump If no

sl,dword ptr ds:[aaater_tbl_ptr] {get pointer to master table
sl,dword ptr ds:[sl->14] {get pointer to 2nd half of 8x16 font

Jap short g_addr_tost

xor si,si
aov ds,sl
assume da:absO

{see If font table Is really there

{get 2nd half of 8x8 font table
{Bove zero to segaent register

aov ax,ds {check If font table Is set up
ax, si ;if zeros, then no 2nd half of table

{continue If font table Is present
V' {substitute null characterd^ptr cs:[aet_ds_word] {restore data segaent register

{and continue In 1st half of font table

xor

aov

Jap short g_3elfont

(0 -> 127) Is iact 1st 1/2 of font table

push bx {preserve register

xor bx, bx {make BX=0 for modes 4,5.6
cap dh, 64
Jb 8_lds_w {Jump If BOde a 4,5,6

bl, 4 {aake BXs4 for aode 64
Je g_lds_w {Jump If node s 64
xor bx, bx {aake BX^O for mode 72

pop

g_detmode:
push
xor

aov

aov

sal

{(BX= font pointer offset in master table)
sl.dword ptr ds:taaater_tbl_ptr] {get pointer to master table
sl.dword ptr ds:[81+6][bx] {get pointer to font's 1st 128 chars

D* {restore register

{determine graphics mode

{get ascll code In AXax, ax

al,dl
cl,3
ax, cl

{ to multiply by
{ 8 (font bytes per character)

{and add to address of font table

it scanlines per l.a. (modes 4,5,6,64)
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DABS SO FE 06 C ODHp dh,6
DABS 7C 49 C J1 g_med_wr
DAB A 74 OF C

C
Je g hi wr

DABC SO FE 48
C

C omp dh,72
DABP B6 04 C nov dh,4
DAC1 7S 04 C Jne g super wr

DAC3 C g_tlnytext:
DAC3 B2 02 C mov dl,2
DAC5 BB 09 C Jmp short g_repohar

DAC7 C g_super_wr:

DAC7 03 FO C add si,ax
DAC9 EB 05 C Jmp short a renohar

DACB C g_hl_wr:
DACB B6 02 C mov dh,2
DACD 80 CB 01 c or bl,1

DADO c g_repchar:
DADO 51 c push ox

DAD1 56 c push si

DAD2 57 c push dl

DAD3 33 C9 c xor ox, cx

DADS SA CA c mov ol,dl

DAD7 c g_llnelp:
DAD7 51 c push ox

DADS 57 c push dl

DAD9 SA CB c mov ol,dh

OADB c t-i_a_lp:
DADB AC c lodsb

DA DC F6 C3 01 c test bl, 1
DADF 75 02 c Jnz g t xor
DAB1 F6 DO c not al

DAB3 c g_t_xor:

0AB3 OA DB c or bl,bl
DABS 79 03 c Jns K-W-Dyte
DAB7 26 11 32 05 c xor al,es:[dl]
DAE A c g_w_byte:
DABA 26 1i 88 05 c nov es:[dl],al
DABD 81 C7 2000 c add dl,2000H
DAP1 B2 E8 c loop 8_l_a_lp

DAP3 5F c pop dl

DAF4 83 C7 50 c add dl,60
DAF7 59 c pop ox

DAFS B2 DD c loop g^llnelp

DA FA 5F c pop dl

DAFB 47 c Inc dl

DAFC 5B c pop si

DAFD 59 c pop ox

DAFB B2 DO c loop g reoohar

DBOO EB 55 90 c Jmp g_return

DB03 c g mod wr:

DB03 D1 E7 c sal dl, 1
DBOS 8A D3 c mov dl,bl

DB07 81 B3 0003 c and bx,0003H
DBOB 2E:1 SA 9F DB5B R c mov bl,cs ;g colo
DB10 SA FB c mov bh,bl
DB12 SB EB c mov bp, bx

DB14 c g_ohar_lp;
DB14 51 c push cx

DB1S 56 c push al

DB16 57 c push dl

DB17 B9 0004 c mov cx,4

DB1 A c g_sean_lp;
DB1 A 51 c push cx

DB1B 57 c push dl

DB1C B9 0002 c mov cx,2

DB1F c g_la_lp:
DB1F 51 c push cx

DB2 0 AC c lodsb

DB1F 51 c push cx

DB20 AC c lodsb

DB21 SA EO c nov ah, al
DB23 B9 0008 c mov cx, 8

0B26 c g_exp_by t:
DB26 DO EC c shr ah, 1
DB2S D1 DB c r or bx, 1
DB2A DO ES c shr al,1
DB2C D1 DB c ror bx, 1
DB2E E2 F6 c loop g_exp_by t

DB30 23 DD c and bx, bp
DB32 86 FB c xchg bh, bl
DB3 4 OA D2 c or dl.dl
DB36 79 03 c Jna g_med_store
DB38 26:; 33 ID c bx,es:[dl]
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iwhlcb resolution are we using?
;Jufflp If nedlum resolution (nodes 4 & 5)
ijunp If 640x200 resolution (node 6)

're In 640x400 resolution
;node 72?
;# Interlace areas s 4 for nodes 64 & 72

;640x400 resolution (node 72)
;# soanllnes per l.a. s 2 for node 72

;640x400 resolution (node 64}
;nultlply asoll oode by 16 bytes/char

;Hl-resolutlon Character Write
;lnterlaoe areas count (even/odd)
•mode 6 doesn't allow reverse video

;Repeat Character Loop
;save character repeat count
;save souroe address (font table)
;save destination addr. (grafix ran)
iprepara loop counter
;scanllnes per Interlaoe area counter

iSoanllne Loop
;save scanllnes per l.a. counter
;save Interlaoe area #1 address
;lnit. Interlaoe areas counter (2 or 4)

;Interlace Area Loop
;get byte fron font table
;reverse video?
;Junp If no
;reverse video

;Test For XOR
;ZOR the ohar. with grafix ran?
;Junp If no
;ZOR with grafix ran

;Wrlte Byte
iwrlte byte In grafix ran
;address next Interlaoe area

jrestore Interlaoe area #1 address
;address next scanllne In each l.a.
;restore soanllnes per l.a. counter

;restore char's grafix ran address
iaddress next character In grafix ran
;restore char's font table address
;restore character repeat count
;repeat the oharacter
;exlt

;Hedlua Resolution Character Write
;double graf ran pointer (2 bytes/char)
;DL saves XOR bit Input paran (bit 7)
;BXs foreground color (& table offset)

able[bx] ;propagate color through byte
;propagate color through word
;BP saves word of color nasks

{Repeat Character Loop
isave character repeat counter
;save source address (font table)
jsave destination addr. (grafix ram)
;lnlt. soanllnes per l.a. counter

{Scanllne Loop
{save scanllnes per l.a. counter
{save Interlace area #1 address
{Inlt. Interlace areas counter

{Interlace Area Loop
{save l.a. counter
iget

{save l.a. counter
{get a byte fron the font table
{copy It
{Inlt. loop counter (8 bits/byte)

{Expand Byte Loop
{load carry with font byte bit
{rotate It Into expansion accumulator
{load carry with same bit as before
{double the bit
{expand font byte bits

{color pixels with foreground color
{reorder the bytes for grafix ram
;ls the XOR bit set ?
{Jump If no
{XOR with grafix ran



DB3B C

DB3B 26 : 89 ID C mov ea:[dl],bx
DB3E 81 C7 2000 C add dl,2000H
DBA2 59 C pop ox

0843 E2 DA C loop g_la_lp

DB45 5F C pop dl
DBie 83 C7 50 C add dl,80
DB49 59 C pop cx

DBKA E2 CE C loop g_3can_lp

DBDC 5F C pop dl
DB4D 47 C Ino dl
DBOE 47 C Ino dl

DB4F 5E C pop al

DB50 59 C pop cx

DB51 E2 C1 C loop g^ohar_lp

DB53 8A E3 C mov ah, bl
DBS 5 8A C7 C mov al, bh

DB57 C g_return:
DB57 5A C pop dx

DBS 8 59 C pop ox

DB59 SB C pop bx
DBS A C3 c ret

DBSB c g_oolor_table label byte

DB5B 00 c db OOOOOOOOB
DBSC 55 c db 01010101B
DBSD AA c db 10101010B
DB5E FF c db 11111111B

DB5F c grf_graphlca_write endp

c page

c SSSESSSSSSSSSES!

C {SESSSSSSSSSS

ROM BIOS
Listing

jupdate graflx ram
;addresa next Interlace area
irestore l.a. loop counter
;next Interlace area

;reatore Interlace area #1 addresa
;addreaa next acanllne In each l.a.
ireatore acanllne loop counter
;next acanllne

;re3tore char'a grarix ram addreaa
;addreaa next character In graflx ram

;reatore char'a font table addreaa
;reatore character repeat count
;repeat the character

jreturn AX with laat word written

;Return from Write Char
;reatore

; the

i reglatera

{Table of foreground colora extended to byte

{color 0
{Color 1
{color 2
{color 3

(bit pattern: 00)
(bit pattern: 10)
(bit pattern: 01)
(bit pattern: 11)

Get offaet Into graphloa ram refreah memory which oorreaponda to
the current ouraor poaltlon (or any arbitrary character poaltlon).

Input; AX = current euraor poaltlon (AL = Column #, AH = How #)

Output: AX = offaet Into graphloa ram
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DB5F 51 0 push ox ;saye work register
DB60 SA E8 0 fflOV ch, al ;hold column number
DB62 8A 04 0 mov al, ah ;row number to al

DB6II B1 01 0 BOV cl, 1 ;fflode 72 shift count (multiply * 2)
DB66 80 3E 0049 4 0 OBP byte ptr ds:[v_mode],72
DB6B 74 02 0 Je 8^72 ;JuBp If mode 72
DB6D FE 01 0 Ino cl ;mode "72 shift count (multiply • 4
DB6F 0 B_72:
DB6F 02 EO 0 shl al, cl imultlply row # by rows per byte
DB71 32 09 0 xor cl, cl ;zero out the shift count

DB73 86 E9 0 xohg ch, cl ;move column number for add
DB75 F6 26 004A R 0 BUl byte ptr' ds:[v_wldth] jmultlply by bytes par columnn
DB79 03 01 0 add ax, cx ;oompute offset Into refresh ran
DB7B 59 0 pop cx [restore register

DB7C 03 0 ret [and return to caller

DB7D 0 g_ours_off endp

DB7D 0 code ends

c

c

Include pwrupl. asm

c

0 •=======Bassssa sssasass::===============================================

c ; Filename: pwrupl.src

0 : This module incl udes CPO, ROH, 8253 p_dna p_tlmer, & 8237 p.dma
0 ; Controller tests.

c ;=======aaaaaaa =========:===============================================

DB7D 0 code segment public • ROM*

0 assume cs:code, ds:nothlng, e8:nothlng, ss:nothlng

DB7D 0 p1_data1 proc near

DB7D 90 0 eten [ word-align atack_ron

DB7E OOB2 :R 0 stack_ron dw l_ron [ return from l_cpu
DB80 0DB8 1R 0 dw l_rom_ret [ return from roq_eheoksuB
DB82 0007 R 0 dw l_dmat [ return from l_ron
DB84 0003 1 0 dw l_dmat_ret [ return from rtc_chk
DB86 00E2 1R 0 dw l_dnac [ return from i.dmat
0868 0E51 1R 0 dw l_dmac_ret [ return from memtst
DB8A 0B6B 1R c dw l_plc [ return from l_dBac

DB8C 52 65 73 69 64 65 0 banner_m db 'Resident Diagnostics*,OR,LF
6E 74 20 44 69 61 0

67 6E 6P 73 74 69 0

63 73 00 OA 0

DBA2 52 65 76 20 31 2E 0 db 'Rev 1.0 Hay 1984 *,OR,LF,LF,HUL
30 20 20 40 61 79 0

20 31 39 38 34 00 0

OA OA 00 0

DBB7 00 OA SO 72 69 60 0 bt_m db OR.LF,'Primary Boot-Strap...*,CR,LF,NDL
61 72 79 20 42 6F 0

6F 74 20 53 74 72 0

61 70 2E 2E 2E 00 c

OA 00 0

DBD1 50 72 69 60 61 72 0 bt_merr db 'Primary Boot-Strap DISK READ ERROR.',OR,NUL
79 20 42 6F 6F 74 0

20 53 74 72 61 70 c

20 44 49 53 4B 20 0

52 45 41 44 20 45 0

52 52 4F 52 2E 00 0

00 0

0 ; This line must have same number of blanks as the preceding has charaeters:
DBF6 20 20 20 20 20 20 0 bt_spaces db ' ',OR,NDL

20 20 20 20 20 20 0

20 20 20 20 20 20 0

20 20 20 20 20 20 0

20 20 20 20 20 20 0

20 20 20 20 20 00 0

00 0

0

DC IB 2A 20 49 60 60 65 0 lll_m1 db '• Illegal Interrupt No. ',NUL
67 61 60 20 49 6E 0

74 65 72 72 75 70 0

74 20 4E 6F 2E 20 0

00 0

DC34 68 20 61 74 20 00 0 lll_m2 db 'h at ',NUL
003 A 20 2A 00 0 111_b3 db ' •'.NOL

DC30 20 50 61 73 73 00 0 pass_ffl db ' Pass',OR.LF,HUL
OA 00 0

0045 20 46 61 69 60 00 c fall_m db • Fall',NOL

004 B 43 50 55 20 28 69 0 l_epu_n db 'CPU (18086) '.NUL [ Pass/Fall
38 30 38 36 29 20 0

00 c

005 8 52 4F 40 20 40 6F 0 l_rom_B db 'ROM Module ',NUL [ Pass/Fall
64 75 60 65 20 20 c

00 0

0065 44 40 41 20 54 69 c l_dmat_B db 'DMA Timer ',NUL [ Pass/Fall
60 65 72 20 20 20 c

00 0

0072 44 40 41 20 43 6F 0 l_dmao_m db •DMA Control ',NUL [ Pass/Fall
6E 74 72 6F 60 20 c

00 c
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DC7F

DC8C

DC99

DCA6

496E74
757074

566964I
426F61'

4E5055:
383038:

DCB3
DCB7
OCBB

DCBF

DCEA

DCFI

00

3A4C4FI
3A4B49I
3A4E52I
4B6579(
726420;
00

3A5354(
507269(
722050(
00

536572
20436F
00

206B62
4D2020
4F7074
616C20
00

466C6F1
202841:
00

466C6F1
202842;
00

204E6F1
205265(
ODOA00

466978(
446973«
00

53656C
20416C
6E6174
505520
6E293F

69616C
6D6D2E

696F6E
524F4D

656374
746572
652043
28792F
00

DD51OF
DD5207

DD53OF
DD5403
DD55OP
DD5603
DD5707
DD58OF
DD5901

DD5A

DD5AFA
DD5BBO40

DD5DBA0378
DD60EE

DD61FC

DD62B8FFOO

DD659E
DD667925
D0687523
DD6A7B21
DD6C73IF

DD6E37

ROMBIOS
Listing

l_pic_B

l_d_m

i_npu_ni

i_rto_n

l_rtc_lo_m
l_rtc_hl_m
l_rtc_nr_B
1kb_m

l_kb_8t_i
l_prt_B

1_RAM_b

l_optROH_B

l_fduA_

i_fduB_

'Interrupto',N0L

'VideoBoard•,NUL

•NFO(18087)'.NUL

'RTClock•,NOL

':L0',NOL
•:HI',KOL
':NR',NOL
'Keyboard

':ST«,NOL
•PrinterPort'.NOL

•SerialConB.',NUL

'kbRAM<,NUL

'OptionalROH'.NOL

'Floppy(A:)',NOL

'Floppy(B:)»,NOL

'Not'

'Ready',CR,LF,NOL

'FixedDiak',NUL

'SelectAlternateCPO

;Paaa/Fail/Fall;Hx

:Paaa/Fail

;Paaa/Fail

;Paaa/Fail/Fail:L0,HI,HR

;Error#1(auatreaainin
iError#2orderforaddr.
;Error#3caloulationt)
iPaaa/Fail/Fail:ST

;Paaa/Fail:zx

;Paaa/Fail:xx

Paaa/Fail:ec:y000:zzzz:wwhw:rrrr

:Paaa/Fail:xzzz

;Ready/NotReady/Fail:zz

l_fdu_not_B
l_fdu_rdy_B

l_hdU_B

l_alt_aeleot_

Cdiagnoatica_1
C

C

Celi
Cmov

Cmov
Cout

Celd

;purpoaelynoNOLIII11

Paaa/Fail:xz

•DiakDiagnoeticaxxxxx'
'LoopDiagnoatloaxxxxx'
'PrimaryBootstrapFloppy(A:)NotReady
'Inaertayatemdiakandtypeanykey.'
'PrimaryBootstrapFloppy(A;)Fail:xx'
'PrimaryBootstrapFloppy(B:)Fail;xx'
•PrimaryBootstrapFixedDiakFail;xx'
'SelectOperatingSyatem?
'SerialBootstrap'

OFh;port074h=unitaofminutea(0-9)
07n;port075b=tenaofninutea(0-5)
OFh:port076h=unitaofboura(0-9)
03bjport077b=tenaofboura(0-2)
OFbjport078bsunitaofdaya(0-9)
03b;port079b=tenaofdaya(0-3)
07b;port07Ab=dayofweek(0-7)
OFb;port07Bb=tenaofmontba(0-9)
01b;port07Cb=unitaofmontba(0-1)

aaaumeca:code,da:nothing,ea:ncthing,aa:notbing

;diaableinterrupta
ali^Ob;CheckPoint#0
dx,378h;parallelportdataportaddreaa
<1*1!output"Running-Checkpoint0"

:clearatringdirectionflag

8086CPUTeat

FlagaTeat(AllSet):SF,2F,AF,PF,CF&OF.
(Exerciaeaflagaandaccumulatoronly.)

movax.OFFOOb;ah=all1'a;al=allO'a
aabf:aetSF,ZF,AF,PF,&CF
Jnal_cpu_err;SFaet?ifnot,abort
jnzi_cpu_err:ZFaet?ifnot,abort
Jnpi_cpu_err:PFaet?ifnot,abort
Jnbi_cpu_err:CFaet?ifnot,abort

aaa;totestifAFiaaet,almust
;ifAFset,then:(ab+=1)

((alf6)&OFb)s=6;CF:
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DD6F 73 1C C Jnb l_opu_err ; CF s AF aet? If not, abort
DD71 OA El C or ah,ah ; ah = 0? If not, abort
DD73 75 18 C jnz l—CPU—Orr

DD75 BO 10 C BOV al,10h ; ah = 0
DD77 02 CO C add al,al ; al = lOh f lOh = 80h = -128
DD79 71 12 C Jno i—OPU—O'*'' ! OF aet? If not, abort

C ; Flaga Teat {All React): SF, ZF, AF, PF, CF & OF.
C ; (Exerolaea flaga and aocuBulator only.)

DD7B 33 CO C xor ax,ax ; ax s 0
DD70 9E C aahf ; reaet SF, ZF, AF, PF, & CF
DD7E 78 OD C J» 1-_epu_err ; SF reaet? If not, abort
DD80 76 OB C J be l_cpu_err ; ZF or CF reaet? If not, abort
DD82 7A 09 C JP l_<»pu_err ; PF reaet? If not, abort

DD81 37 C aaa ; to teat If AF reaet, al muat be <s 9
C ; If AF react, then: ah unchanged;
C ; al s (al & OFh) ss 0; CF s AF 0

DD65 72 06 C Jb i_epu_err ; CF = AF reaet? If not, abort
DD87 03 CO C add ax,ax ; ax B 0? If not, abort
DD89 75 02 C Jnz l_opu_err

C : ax s 0 4- 0 = 0, ao abould be no OF.
DD8B 71 11 C Jno 1-_opu_ok : OF reaet? If not, abort

C aaauBC ca:code, d8:code, eaiabaO, aa:code

DD8D

80
c 1-_opd_err:

DD8D C8 c BOV ax,ca ; aatlafy aaauaptlona
DD8F BE 08 c BOV da,ax
DD91 8E DO c BOV 8a,ax ; uae ROM 'ataek'
DD93 BC DB7B R c BOV ap, ca:(offaet atack_roB)

DD96 BE DC4B R c BOV al,ca:(offaet l_cpu_m)
DD99 32 El c xor ah,ah ; clear ah (no error nunber to report)
DD9B E9 B0E9 R c Jap l_fatal ; l_fatal will 'ret' to l_roB

DD9B c i_opu_ok:
DD9E ec C8 c BOV ax,oa ; aatlafy aaauaptlona
DDAO BE 08 c BOV da, ax
DDA2 8E DO c BOV 8a,ax ; uae ROM 'ataok'
DDA4 BC DB7E R c BOV ap, oa:(offaet ataok_rom)

DDA7 BO 11 c BOV al.llh ; Check Point #1
DDA9 BA 0378 c BOV dx,378h ; parallel port data port addreaa
DDAO EE c out dx,al ; output "Running- Checkpoint 1"

c ; Reaet the keyboard

DDAD BO 00 c BOV al,0
DDAF B6 61 c out p_kotrl, al
DDB1 C3 c

c

ret : will 'ret' to l_rom

c : ROM Module Teat

c

c aaaufflc c8:code, da:code, ea:abaO, aaicode

DDB2 c l_r OB :

c ; Calculate CbeckauB of ROM.

DDB2 BE EOOO c BOV 3l,OEOOOh ; ROM atarta at d8:8l s FOOO:EOOO
DDB5 E9 E5B5 R c Jap roB_checkauB ; 'call' roB_checksuB
DDB8 c i_roB_ret: : will 'ret' here
DDB8 71 06 c

c
Jz l_r oa_o k

DDBA

c

c l_roo_err:
DDBA BE DC5B R c BOV al,ca:(offaet l_rom_B)
DDBD E9 B0E9 R c jBp l_fatal ; ah haa Illegal eheckaua

c : l_fatal will 'ret' to l_dBat

DDCO c l_roB_ok :
DDCO BO 12 c BOV al,42h ; Check Point #2
DDC2 BA 0378 c BOV dx,378h ; parallel port data port addreaa
DDC5 EE c out dx,al ; output "Running- Checkpoint 2"
DDC6 C3 c

c

rot 1 will 'ret' to l_dBat

c

c

: 8253 p_dBa p_tlmer Teat

DDCB BO 71
DDCD BA 001)1

DDDO E9 E1F6
DDD3
DDD3 71 06

8-86

aauoe ca:code, da:code, eaiabaO, aaicode

l_dmat:

; Dlaable 8237A p_dDa Controlle the teatlng of the 8253 p_dBa p_tlmi

; diaable p_dBa controller comoand

; Proceed with the teatlng of the 8253 p_dBa p_tlBer channel ()p_8253_1.

Bov al,071h
Bov dx,p_8253_
jap rtc_chlc

l_dBat_ret:
jz l_dnat_ok

010 0 -> p_8253_1, lab lat, mode 2, no BCD
; aelect p_dma refreah counter
! 'call' rtc_chk
; will 'ret' here



DDD5

DDD5 BE DC65
DDD8 E9 E0E9

DDDB

DDDB

DDDD

DDBO

DDE1

DOB6
DDB8
DDBA

84 00
OA CO

75 72

ODBC BB PFPP

OOBP

OOBP BA 0007

OOF4 88

OOPS 88
00P6 80
00P7 8 A 80

0806 BO PF
0808 86 01
080A 86 01

ROM BIOS
Listing

i_<lmat_err :

l_dfflat_ok:
al,43h
dx,378h
dx, al

Check Point #3
parallel port data port address
output "Running- Checkpoint 3"
will 'ret* to l_dBao

8237 p_dBa Controller Test — Test Chlp*s Operation & Channel Registers

The 8237A p_dffla Controller was disabled before the testing of the
8253 p_dffla p_timer channel.

assume cs:oode, ds:code, es;abs0, ss:code

._dBac:

; Send a 'master clear' to 8237 p_dma Controller.

out dma_maater_clr,al ; send master clear to port

The dms_command, dffls_statua, dma_request, dma_temp, and dma^ff registers
are cleared, and the dma_mask register la set (all off).
Test readable control registers: dma_status A dma.temp)

al,dma^temp
al,al
l_daac_err

T8MP Error #1

If not, abort

Test all 8 l6-blt readable/wrlteable channel registers (address and count
registers for all 4 channels. I.e., ports 0 through 7) with register bit test:
(dma^addr_x A dma_oount_x are tested with OPPFPb and then Ob for x « 0 to 3.)

nov

_dmao_paas2:

_dBao_lp:
mov

out

out

: bx s 0 all bits reset

; outer loop
: If 1st pass, bx • OPPPPh
; If 2nd pass, bx • Oh
; loop counter and port addresslll

; Inner.loop
; get bit teat pattern
; write 16w byte of address/count
; write high byte of address/count
i read low byte of address/count
: save low byte In ah
; read high byte of address/count

ax,bx
dx,al
dx, al
al,dx
ah, al
al,dx

ax, bx
ah,2
l_dmao_err

i does what's been read
j T8HP Error #2
; If not, abort

test pattern?

Inc

l_dfflac_pass2
; 1st pass? If so, bx •
; 2nd pass? If so, bx •

He are done testing all 8 l6-blt readable/wrlteable channel registers (address
and count registers for all 4 channels) with the following results: All the
address registers (daa_addr_x) and count registers (dma^oount_x) have been
Initialized to zero. ~

Load 64k (OPPPPh+1) count for RAH refresh p_dma controller channel.

mov

out

out

al.OFFb
dna_oount_0, al
dBa_oount_0, al

; low byte of count for 64k RAH refresh
: high byte of count for 64k RAH refresh

! Load mode for RAH refresh p_dBa controller channel
I Initialize, increment, single mode.

channel o, read, auto-

mode for RAH refresh

Enable p_dma controller: memory-to-l/O, controller enable, normal, fixed
priority, late write, and 0R8Q/~0ACK.

; enable p_dna controller

; The master clear command above has masked off all channels. Now, we 'unmask*
; the RAH refresh dma.mask bit. p_daa RAH refresh begins for the first tlmel

al,dma_unmask_0
dma_mask_blt,al

turn on RAH refresh channel 0

Program p_8253_

nov

of 18253 p_tlBor to proper value for RAH refresh.

; select p.dma refresh counter
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DE1C

DE1F

DE21

DE23

B8 0013
E6 41

8A C4
E6 41

DE29 A8 10
DE2B 75 31

DE2D BA OOOB

DE30 BO 41

DE33 BO 56
DE35 EE

DE36 BO 43
DE38 EE

DE3E
DB3B
DH3P
0B41

8B 36 0072 R

DE4C

DE4E

DB51

DESE

DE5E BE DC72 R

DB61 E9 E0B9 R

DE64
DE64
DB66

DE69
DE6A

DE6B

DE6E
DE70

BO 44

BA 0378

B8 0030
8E DO

BC 0100

DE73 E8 El DC R

DE76 33 F6
DE78 8B FE
DE7A B9 01FE

DE7D B8 DEDC R
DE8D AB

DE81 ec C8
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mov

out

fflOV

out

ax,t1count
P_8253_1,al
al, ah
P_8253_1,al

load p_dna refresh count

5 Chock dma_statua for *hot' p_dBa request from p_8253_1 .

mov ah,3
In al,dBa_statua
test al,010h
Jnz l_dBao_orr

; TEMP Error #3
; teat for RAH refresh request in status
; bit #4 -> channel 0 request
; if "hot' p_dma request is there, abort

; Initialize other p_dBa counters and nodes.

mov dx,dna_mode

: Initialize p_daa channel 1 not used.

mov al, dna^mode_1
out dx,al

; mode for not used

Initialize p_dma channel 2 FDU.

Bov al,dn a_BO de_2
out dx,al

; node for FDD

C ; Initialize p_diAa channel 3 display.

BOY al, dBa_Bode_3
out dx,al

; Bode for display

; Initialize p_dBa Segment Nibble Latches to zero.
; (dms_segB_x for x s 0 to 3 la port addresses 80h to 83h).

i_dBac_nib:
out

dec

J8

dx, al
dl

i_dBao_nib

; al = 0
; loop counter and port addresst
• dx = dma_segB_3 = 083h

8237 p_dna Controller Test -- Test Lowest 64k bank of RAM

xor

jmp
i_dmao_ret:

C l_dBae_err:

C i_dmac_ok:
C BOY

C BOY

C out

C ret

assume cs:oode, ds;data, esiabsO, sa:code

da,word ptr os:[set_ds_word3
si,word ptr ds:[reset_flag]

dx 3 0; test 0000:0 to 0000:FFFF
"call* aemtat
will "ret' here

ds,word ptr cs:Cset_ds_word]
word ptr ds:[roset_flag],si

si,OS : (offset i_dBac_B)
i_fatal

al,44h
dx,378h
dx,al

TEMP Error #4

code to report,

'ret' to i_pio

Check Point #4
parallel port data port address
output "Running- Checkpoint 4"
will 'ret* to_pic

6259A Programmable Interrupt Controller Test.

assume csicode, ds:data, es:abs0.

BOY ax, stack,
mov ss,ax

mov sp,1OOh

;lnitialize RAH Stack
; on lower tested memory

Initialize & Disable 8259A Programmable intei

call l_pic_init

: Install Interrupt Vectors for diagnostics.

Install unexpected diagnostic interrupt vectors.

xor

BOY

mov

si, si
di, si
cx,(0400h-0004h)/2

ax,cs:(offset i_plo_err)

es:si = abs0_seg:int001ocn
es:di s abs0_segzintOOlocn
words from 0:0004h to 0:0400h

store offset i_pic_err

; store segment address
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DE83 AB C stosw ; es:di = absO_seg :int001ocn 4
DESt F3/ 26 : A5 C

C

rep Dovs word ptr es:0004h ,word ptr es:0000h ; replicate vector

C

C ; Install software diagnostic Interrupt ectors.

DE87 B8 0EA9 R C mov ax,cs : (offset i_pic_0_ok) ; ax = offset i_pic_0_ok
DE8A 33

B1

FF C xor di.di ; es:di = absO_seg:int001ocn

DE8C 05 C oov cl,5 ; load INT's Oh through 4h.

DE8E C i_pie_soft: ; ax = (4«x)+(i_pic_0_ok)
DE8E AB C stosw ; es:di gets offset i_pic_x_ok
DE8F '»7 C inc di ; skip segment (already = os)
DE90 17 C Inc dl

DE91 05 0004 C add ax,4 ; i_pic_x_ok are 4 bytes apart

DE9'> E2 F8 C loop i_pic_sof t ; until cx s 0.

C ; Install hardware diagnostic interrupt vectors.

DE96 B8 FF23 R C nov ax,03:(offset ill_int) ; ax = offset lll_int

DE99 BF 0020 R C mov di,es:(offset int08loon ) ; es:di = abaO_seg:int08locn
DE9C B1 08 C mov cl ,8 ; load INT's 8h through Fh.

DE9E C i_pic_hard:
DB9E AB C stosw ; es:di gets offset ill_int

DE9F 47 C inc di ; skip segoent (already s os)
DEAO 47 C inc dl

DEA1 E2 FB C loop i_pic_hard ; until cx = 0.

C ; Test software interrupts first (cl s 0 if error).

DEA3 B7 09 C oov bh,09h : bx has its 8th and 11th bits set.

c ; ox = 0 from loop above.

DEA5 F6 F5 c div oh ; generate a divlde-by-zero INT OOh

DBA7 EB 33 c Jop short i_pic_err

DBA9 c i_pio_0_ok:
c bh = 09h. set trap & OF flags in bx
c ; (bits 8 and 11 of flags).

DBA9 53 c push bx ; put trap flags on stack

DEAA 9D c popf ; generate a single-step trap INT Olh
DBAS EB 2F c Jop short i_pic_err j oust be 4 bytes long!

DEAD c i_pio_1_ok:

DEAD CD 02 c INT 02b ; generate a software interrupt INT 02h
DEAF EB 2B c Jop short i_pic_err ; oust be 4 bytes long!
DBB1 c i_pio_2_ok;

DBB1 CC c INT 03h generate a 1-byte break-point INT 036
DBB2 90 c nop ; oust be 4 bytes longi

DEB 3 EB 27 c jop short i_pic_err

DBB5 c l_Plo_3_ok:
c ; OF overflow flag is still set.

DEBS CE c INTO ; generate an overflow interrupt INT 04h
DBB6 90 c nop ; oust be 4 bytes long!
DBB7 EB 23 c Jop short i_pic_err

DEB 9 c i_pio_4_ok;

c ; Test hardware interrupts second.

c ; Test 8259A PIC interrupt mask with test patterns (cl = 0 if error).

DBB9 BO 01 c nov al,1 : initialize mask value s 1

DEBB c i_pic_test:
DEBB E8 El ED R c call i_out_oa8k output pattern, test input
DEBE 75 1C c J ne i_plc_err if not same pattern, abort
OECO DO DO c rcl al,1 rotate test pattern

DEC2 73 F7 c Jnc i_plc_test
*

teat again, if not finished

DECO BO FF c oov al,DFFh ; test pattern of all ones
DBC6 E8 E1BD R c call i_out_oa8k ; output pattern, test input

DEC9 75 11 c Jne i_pic_err ! if not same pattern, abort

c ; Look for 'hot • (active though masked off) PIC Interrupts (cl s IR# if error).

c ; Enable Interrupts for the very first tl oe 1

DECB FB c sti ; enable interrupts
DECC 33 09 c xor cx, cx i delay awhile, waiting for
DECE B2 FE c loop 8 ; a 'hot' interrupt.

DEDO AO 006B R c oov al,byte ptr ds;[intr_flag] ; get the flag fron ill_int

DED3 OA CO c or al, al ; intr_flag s 07

DED5 74 34 c Js i_pic_ok ; if so, we're all done.

c : Convert 'hot' interrupt mask (bit pattern) to IR# (1 to 8 error code).

DED7 c i_pic_hot; ; cx 0 from loop above.

DED7
DBD8

41 c inc cx ; increment cx (IRF^-D.
DO D8 c rer al, 1 ; mask's least significant bit.

DBDA 73 FB c Jnb l_pic_hot ; if not set, continue.
c i (exit with cl = 1 to 8.)

DEDC c i_pic_err: ; cl s 0 or failing PIC 'hot' active IR#
DEDC BC 0100 c nov sp,100h J re-initialize stack

DEDF 51 c push cx i save error code.

; Install Vector Table. ; set intlOloon = oode_seg:v_io, and
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DEEO E8 ElAO R 

DEE3 " E148 R 

DEE6 BE DC7F R 
DEE9 ES E5FA R 

DEEC BE DCIIS R 
DEEF E8 ESFA R 

DEF2 59 
DEF3 OA C9 
DEFS 74 OE 

DEF7 E8 E626 R 
DEF.A B8 OEll8 
DEFD CD 10 
DEFF 8A Cl 
DFOl " DF02 E8 E6SO R 

DFOS 
DFOS EB E619 R 
DF08 EB 07 

DFOA F4 

DFOB 
DFOB BO 45 
DFOD BA 0378 
DF10 '' 
DF11 

DF11 BC 0100 
DF111 EB EUO R 

DF17 EB EU8 R 

DFU 
DFU BE DB8C R 
DF1D EB ESFA R 

DF20 BE DC.\B R 
DF23 EB !SPA R 
DF26 BE DC)D R 
DF29 EB ESFA R 

DF2C BE DC58 R 
DF2F EB ESFA R 
DF32 BE DC3D R 
DF35 EB ESFA R 

DF38 BE DC65 R 
DF3B EB ESFA R 
DF3E BE DC3D R 
DP.Ill EB ESFA R 

DFll4 BE DC72 R 
DF47 EB ESFA R 
DF4A BE DC3D R 
DF4D EB ESFA R 

DFSO BE DC7F R 
DF53 EB ESFA R 
DF56 BE DC)D R 
DF59 EB ESFA R 

DFSC 

DFSC BD 00110 

DFSF 8B 36 0072 R 
DF63 a, EE 1234 
DF67 33 FF 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

call i_vector 

Initial iza Video. 

call i_d_icit 

Display error me:rnage. 

mo, 
call 

mo, 
call 

pop 
oe ,, 

d,08:(offset 1_p1o_m) 
DRomStr1ng 

!Ji, 08: (offset faU_m) 
DR0111Str1ng 

ol,cl 
1_pio_no_bot 

; set 1nt1Dloon =- code_aeg:v_parms. 

display failing teat me1111age, 

display fail message. 

restore error code. 
, cl:: O? 
; if ao, we• ro done, 

D18Pllly 'hot• interrupt number :Hx. (where xis the IR# from O to 7) 

call 
mo, 

'"' mo, 
doe 
call 

DColon 
ax, (0Eh 1 1 OOh)+' ii' 
10h 
al,ol ., 
DHexNib 

di8play a colon, 
display 'hot• interrupt symbol. 

tran8fer error code. 
error code (1 to 8) to (0 to 7) IR#. 
display lowe:,t nibble. 

C i_pio_no_hot: 
C 011.ll DCrLf 
C Jmp short 1_p1o_end 
C 
C 
C 
C 
C 
C 

C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

hlt 

i_pic_ok: 

out 

1_p1o_end: 

al,115h 
dx,378b 
dx,al 

; Check Point 15 
; parallel port data port addreaa 
; output "Running- Checkpoint 5" 

,---------------------------------------------------------------------------
; Inatall Vector Table, 

mo, 
01111 

ap, 100h 
i_Teotor 

; re-1nit1al1:o stack 

'-------------------------- --- ------ ------------- -- ----- --------------------
; Determine Syatem Configuration from Switches and Initialize Video. 

call 1_d_1n1t 

;---------------------------------------------------------------------------
D1aplay Paaa1ng Error Me11a11.gea 

i - --- -- ----- ----- -- ----- --- -- --- -- ---- -- -- - -- --- -- -- - ---- --- -- -- -- --- -- -----

d18p_paaa: 
mov a1, 08: (off8et banner_m) 
call DRomStr1ng 

mov ai, 08: (off11et i_opu_m) 
call DRomString 
1110v :,i,ca:{offaet paaa_m) 
call DRomStr1ng 

mov a1,011:{0ff1u1t i_rom_m) 
call DRomString 
mov 111,oa:(off1111t pa:,11_111) 
call DRomStr1ng 

mo, 
call 
mo, 
call 

mo, 
call 
mo, 
call 

mo, 
call 
mo, 
call 

ai,oe:{offaet i_d11111.t_1:1) 
DRomString 
a1,oa: (offset paaa_m) 
DRomString 

a1,ca:(offaet 1_dmao_m) 
DRomStr1ng 
a1,o8: (offset paaa_m) 
DRomString 

d,oa:(offaet 1_p1c_m) 
DRomStr1ng 
a1, oe: (offset paea_m) 
DR0111String 

C ,--------- ----- -------------- -- -------------
C ; Size & clear RAM at every 611k byte bank pa11t the lowe11t 64k. 
C ,---------------------------------------------------••--•--•---•------------

RAH_aize_tat: 
aiuume oa:code, de:data, ea:abaO, a11:etack_r11.111 

bp,64 ;initialize memory count 

mov Bi ,word ptr da: [reaet_flag] ; get warm bootflag 
aub a1,01234b i ai110 1ff CTL ALT DEL eequonoe. 

di,di ; offset :: 0000h 
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DF69
DF6C

DF6C

DF6E

DF71

DF73

BA 1000

8E C2

26: 63 05
F7 DO
26: 89 05

DF76 26: 63 ID

DF79
DF73

DF7D

DF7F

DF82
DF8H

DF86

DF89

DF83

DF8E
DF8F

DF92

DF91
DF96
DF99
DF9C
DF9F

33 C3
F7 DO

75 2C

26: 89 05
03 F6

74 ID

83 C5 40
56
38 OEOD

c EQOT dx,lOOOh
c RAM_8ize_lp:
c mov es, dx
0

c mov ax,word ptr es:[di]
c not

c

c
mov word ptr es:[di],ax

c

c
mov bx,word ptr es:[di]

c cmp ax, bx
c not ax

c Jne BAM_siz e_end
c

c mov word ptr es:[di],ax
c or si, si
c iz RAM_si2e_nxt
c

c call memtst

c Jnz RAM-Cror
c

c add bp,64
c push si

c mov ax,OEODh
c INT 10H
c

c mov ax, bp
c mov bx,3
0 call DNumW
c mov si,OS:(offset i_RAM_
c

c

call DRomString

c pop si
c

0 RAM_size_nxt:
c add dh,10b
0 omp dh,OAOh
c Jb RAM_slze_lp
c

c assume os:code, ds:<
c RAM_8iz e_end:
c or si, si
c Jz RAM_8ize_end_1
c mov si,OS:(offset pass_m]
c call DRomString

c RAH_8ize_end_1:
c xor ax,ax
c mov es, ax
0 mov al, dh
c shl ax, 1
c shl ax 1
0

c mov ds,word ptr os:[set_d

; start at 1000:0000 (dx keeps segment)

; get segment

; read existing ram value
; complement It
i write complement back to RAM

; read back from RAH

: verify to test for end of RAM
; recreate original value
i if verify fails, at end of RAM

; restore original value back to RAM
j test warm boot flag
; if CTL ALT DEL sequence,
; don't clear memory
; test and clear memory
; test flag from storage teat

; increment size

; save Warm Boot Flag
; put out a CR

DFA3
DFA3
DFA6

DFA9

33 0003
B8 E66D R
BE DCEA R

B8 B5FA R

80 C6 10
80 FB AO
72 C1

03 F6
74 06
BE DC3D R
E8 B5FA R

display tested RAM

: retrieve Warm Boot Flag

: maximum RAM = 640k = 10 • 64k
; next segment
; top of RAM yet (A000:0000)7
i if not, continue.

; test warm boot flag
; if CTL ALT DEL sequei
{Display OK

DFAB

DFA3

DFAD

DFAF
DFB2

DFB5

DF35
DF37

; bx = RAM size/16
; ax s 0
; satisfy assumptions es = 0 s abs0_s6g
i ax = (RAM Bi2e/l6)/256 = RAM Bizo/4k
; ax = (RAM 8i20/4k) • 2 = RAM 8lzo/2k
: ax = (HAM 8ize/2k) • 2 = RAM 8lze/1k

DFBF 2E; 8E IB E5F2
DFC4 A3 0013 R word ptr do:[fflefflory_8ize],a

restore data segment pointe

GoTo Display Passing Messages

jmp short i_cal ;0o check clock calendarDFC7 E3 30

DFC9 > message looks like: Fail:oo:y000:zzzz:wwww:rrrr
i: cc s RAM configuration number

yOOO = Segment of failure s dx = es
zzzz = Offset of failure s di
wwww = Data that was written s ax
rrrr = Data that was read c bx

DFC9
DFCA

DFC3

52

IE

50

C

C

C

C

push

push
push

dx

ds

ax

[save failing segment
[save ds

[ save failing tost pattern.

DFCC

DFCF

DFD2

E8

BE

E8

E6 19
DC45
E5PA

R

R

R

C

C

C
c

call

mov

oall

DCrLf

si,os:(offset fail_m)
DRomString ~

[Carriage Return, Line Feed

[ display fail message.
DFD5 E8 E626 R 0

c
call DColon 1 display a colon

DFD8
DFDA

DFDC

E4

24

E8

66

OF

E6 43 R

c

c

c

c

in

and

oall

al,sys_oonf a
al,OFh
DHexByte

[ get RAM configuration.
[ mask valid bits.
[ display RAM configuration.

DFDP E8 E626 R c

c
oall DColon [ display a colon

DFE2

DFE4

DFE6

8E

83

E8

DA

C7
E632 R

c

c

c call

ds, dx
ax, di
DHexLong

[ ds s failing segment s dx
[ ax = failing segment s di
i display da:ax

DFE9 E8 E626
« c call DColon [ display a colon

DFEC

DFED

DFEF

DFF2

IF

83

E8

E8

C3
E632
E619

R

c

c

0

c

pop

call

call

ds

ax, bx
DHexLong
DCrLf

[ da s failing test pattern
[ ax E what was read = bx
[ display ds:BX

DFF5
DFF6

DFF7

IF

5A

E3 3C

c

c

c

c

pop

pop

jmp

ds

dx

short RAH_aize_end_i

[restore ds
[restore failing segment
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B8 OOOA

86 02

F6 F2

HMSSlTlJ Clock Calendar Device Test

assume cs:code,

l_cal :

i Read Clock Calendar Device.

mov ah,-2
int 1 Ah

j Check time & date read.

; Hundredths of Seconds.

mov

xcbg
div

ax, 1 0
al,dl

absO, sa;stack_ram

i day (from 1-1 of leap ye
: hour

minutes

i seconds

hundredths of seconds

10; dl = hundredths
hundredths; dl s 10
remainder, al = quotient

enths of seconds.)

EOOI 3D OOOA C cmp ax, 10 ah should = 0, and al should be < 10.

E007 73 15 C Jae i_oal_1_1_80 if not, test chip 4 write 1-1-80.

C ; Seconds.

E009 80 FE 3C C cmp dh , 6 0 ;; dh = seconds should be < 60,
EOOC 73 10 C

C

Jae i_oal_1_1_80 i1 if not, test chip A write 1-1-80.

C

C ; Minutes.

EOOE 80 F9 3C C cmp ol,60 ;; cl s minutes should be < 60.
E01 1 73 OB C

C

Jae i_cal_1_1_80 : if not, test chip 6 write 1-1-80.

E013 80 FD 18

C

C

; Hours.

cmp oh,24 i; ch s hour should be < 24.

E016 73 06 C Jae i_cal_1_1_80 11 if not, test chip 6 write 1-1-80.

C ; Days.

E018 81 FB 0B6A C cmp bx, (2*366)+(6»365) bx = day from leap year mod 8 should
C be < (0-2921) = (0-OB69h)

B01C 72 5D C Jb i_cal_end if so, valid time 4 day, skip test.

E01B C i_cal_1_1_80: 1 else invalid time 4 day, write 1-1-80.

C ; Initialize and Stop Clock.

B01E 33
E6

CO C xor ax, ax ax = 0

E020 70 c out 70h,al test only port s out of test mode

E022 E6 7E c out 7Eh,al atop/start port s stop clock

c ; Output test pattern of maximum value with all bits set to read/writable ports.

B024 BE DD51 B c mov si,cs:(offsot i_eal_val)

BO 27 B9 0009 c mov cx,9 ;; cb keeps 0; cx s 9

E02A BA 0074 c mov dx,0074h 1; dh keeps 0; dx s 74b

S02D c i_cal_max:

E02D 2E:: AC c loda byte ptr cs:[si] al get cs:si (da overridden!).
E02F 8A EO c mov ah, al save maximum value.

E031 EE c out dx, al ports 74 through 7C (units of minutes
c to tens of months) get max value.

E032 EC c in al, dx read it back.

E033 22 04 c and al, ah mask valid bits.

E035 3A C4 c cmp al, ah is it equal to the value written?

E037 75 28 c Jnz i_cal_err if not, abort.

E039 42 c ino dx 1 increment to next port
B03A E2 F1 c loop i_cal_max

E03C BO 07 c mov al,07h
E03E B2 7F c mov dl,7Fh ; dh kept 0; dx = 7Fh
EOIO EE c out dx, al ; interrupt (year mod 8) gets OFb.
E041 EC c in al, dx ; must do *in' from this port 3 times.
BO 42 EC c in al, dx

BO 43 EC c in al, dx
E044 24 07 c and al,07h ; mask valid bits.

BO 46 2C 07 c sub al,07h ; is it equal to the value written?

B04 8 75 17 c Jnz i_cal_err ; if not, abort.

c ; Write out 0 h (bits of lower nibble reset) test pattern to read/writable ports.

c ; al kept Ob.

E04A B1 09 c mov cl,9 ; cb kept 0; cx = 9

E0 4C B2 74 c mov dl,74h ; db kept 0; dx = 74h

B04E c i_cal_0:
E04E EE c out dx, al ; ports 74 through 7C (units of minutes

c ; to tens of months) get Oh.
E04F EC c in al, dx ; read it back.

E050 24 OF c and al,OFh ; mask valid bits (lower nibble) = Ob?
E052 75 OD c jnz l_cal_err ; if not, abort.

E054 42 c ino dx ; increment to next port

E055 E2 F7 c loop i_cal_0

E057 B2 7F c mov dl,7Fh ; db kept 0; dx = 7Fb

EOS 9 EE c out dx, al ; interrupt (year mod 8) gets OFb.
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E05A EC
E05B EC
E05C EC

E05D 2t| I

E05F 71

E061

E064

B067
E06A
E06D
E070

BE DCA6 R
E8 E5FA R
BE DC45 R
E8 E5FA R
E8 E619 R

E072 F4

B073

33 DB
33 C9

B081 BO 34
B083 BA 0040
B086 B8 B1F6 R
B089 75 2E

B08F BO B4

E091 BA 0042
B094 B8 E1P6

E09D BO 36
B09F E6 43

E0A1 B8 0001
E0A4 BS 40
E0A6 8A C4
E0A8 E6 40

BOAE

E0B1

E0B3
E0B5

B8 0266
E6 42

8A C4
E6 42

E0B7 EB 10

E0B9
E0B9 BE DC45 R
BOBC E8 B5FA R

EOBF

E0C2

E0C4

E0C6

E0C8
BOCA

EOCC

BOCF

BE DCAF R

8A C4
32 E4
D1 EO

D1 EO

03 FO
E8 E5FA R
E8 E619 R

al, dx
al.dx
al, dx
al.OPh
l_oal_ok

ROM BIOS
Listing

i nust do 'In' from this port 3 times.

; mask valid bits (lower nibble) = Oh?
; If so, we're all done.
; else, abort.

nov

call

mov

call

call

jBp

hit

l_cal_ok:

si, oa : (of fset i_rtc_in)
DRooStrlng
si,oa:(offset fall_m)
DRomStrlng
DCrLf

short l_oal_ok

display fall message.

try to write 1-1-80, regardless...

I 1-1-80 la day 0.
I hours & minutes 0.

; Write & start Clook Calendar Device.

! bx = day (from 1-1 of leap year)
; oh s hour
; cl s minutes
; Output: ah » -1 Implies date/time err.
i ah s 0 Implies data/time OK.

l_cal_ond:

18253 Roal-Tlme Time Clook Test (p_8253_1 tested In l_.dmat

assume cs:code, ds:data, es:abs0, ss:staok_ram

l_rtc:

: String to be displayed regardless of results.

si,OS;(offset l_rtc_i
DRomStrlng

i Test 18253 real-time clock Interrupt p_tlmer counter (p_8253_0).

mov

mov

call

jnz

al,034h
<1*,P_8253_0
rtc_ohk
l_rtc_err

c

c

! Teat 18253 tone generator

c mov al, 1
c out p_kotrl,al
c

c

c mov al ,0B4h
c mov dx,p_8253_2
c call rtc_chk

c mov al,0
c out p_kotrl,al
c

c Jnz l_rtc_err
c

c ; Initialize 18253 real-time
c

c mov al,tOomd
c out P_8253_otrl,

c m ov ax,tOoount
c out P_8253_0,al
c mov al, ah
c out P_8253_0,al
c

c
c

; Initialize 18253 tone genei

c nov al,t2cmd
c
c

out P_8253_ctrl, 1

c nov ax,t2count
c out P_8253_2,al
c mov al, ah
c out P_8253_2,al
c

c jmp short l_rtc_<

c

c l_rto_err:
c mov si,cs:(offset
c

c
call DRomStrlng

c mov si,OS:(offset
c mov al, ah
c xor ah, ah
c sbl ax, 1
c shl ax, 1
c add si,ax
c call DRomStrlng
c call DCrLf

! 00 11 010 0 -> p_8253_0, Isb 1st, node 2, no BCD
; select real-time clock counter

i If az, ah has error code to report.

5 clear kb Interrupts, reset kb, dlsabld parity
; turn off speaker data — bit #1
! turn on speaker gate to p_8253_2 ~ bit #0

; 10 11 010 0 -> p_8253_2, Isb 1st, mode 2, no BCD
; select tone generator counter

: clear kb Interrupts, reset kb, disable parity
: turn off speaker data & gate — bits #1 & #0

; If nz, ah has error code to report.

i select real time clock counter

; load real time clock count

; select tone generator counter

; load tone generator count

; ah has error code to report.
.m)

; display fall message,

t l_rtc_lo_m-(4«1))
al s error code

: ax E error code s (
; ax s 2*(error code)

ax = 4*(error code)
Index to (LO, HI, or NR message.)
display falling node.

2 or, 3)
2 or, 3)
(2, 4, or 6)

or 12)
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C
E0D2 EB OD C

c

E0D4 F4 c

c

E0D5 c

E0D5 BE DC3D R c

E0D8 E8 B5FA R c

c

EODB BO 48 c

EODD BA 0378 c

EOEO EE c

c

E0E1 c

B0E1 B8 OE07 c

B0B4 CD 10 c

c

c

c
E0E6 E9 E2E4 R c

c

B0B9 c

c

c

c

c

c

c

c

c

c

c

c

c

E0E9 c

c

c

c

c

B0B9 BO 04 c

BOEB B6 08 c

c

c

c

EOED E6 OD c

c

c

c

EOBF BO FF c

B0F1 E6 01 c

B0F3 E6 01 c

c

c
c

c

E0F5 BO 58 c

B0F7 E6 OB c

c

c

c

c

B0F9 BO 00 c

BOFB E6 08 c
c

c

c

c
BOFD BO 00 c

BOFF B6 OA c

c

c

c

E101 BO 74 c

B103 E6 43 c

c

BIOS BO 13 c

El 07 E6 41 c

E109 32 CO c

B10B E6 41 c

c

c

c

B10D 8C D7 c

El OF 8B EC c

B111 BA 0030 c

E114 8B D2 c

E116 BC 0100 c

c

El 19 50 c

c

c

c

E11A E8 B1DC R c

c

c

c

E11D B8 El AO R c

c

c

c

8-94

Jop

bit

l_rto_ok:
mov

oall

l_rto_en<l:
DOV

Int

short l_rtc_end

ai,OS : (offset pass_ffl)
DRomStrlng

(lx,37eh
dx,al

; Cbeok Point #8
; parallel port data port address
; output "Running- Checkpoint 8"

i beep keyboard

assune os:oode, da;nothlng, es:nothlng, ss:staok_ram

Jap polnlt

dlagnostl08_1 endp

; Fatal Error Routine.

; Input: osisl • points to offset of falling error message
If ah <> 0, do DHexByte of ah.
If ah > 0, do nothing (Just print error).

Output; None.

i Trash: all dx. & si destroyed.

l_fatnl proo near
assume ae:oode, dB:nothlng, essnotblng, Bs:nothlng

; DlBBble 8237A p_daa Controller.

dlBBble p_doa oontroller ooooandmov al ,dm%_cad_dlBable
out doa_ooaaand, al

; Send a ^oaater clear' to 8237 p_daa Controller.

out doa_niaBter_olr, al ; aend asBter clear port any garbage

I Load 64k (OPPFPh+l) count for RAM refroBh p_dna controller channel.

mov

out

out

al.OFPb
doiC-Oount_01 al
dma-0ount_0, al

i low byte of count for 64k RAM rBfreah
; high byte of oount for 64k RAM rofresh

; Load mode for RAM refreeh p_dma oontroller channel
I Initialise, Increment, elngle node.

mov al, dma^mo de_0
out dma_mode,al

channel 0, read, auto<

node for RAM refresh

al, dna_oadLenable
dma_oonnand, al

enable p_dna oontroller

; The master clear command above has nasked off all channels. Now, ve ^unmask'
the RAM refresh dma_na8k bit. p_dna RAM refresh begins for the first tlnel

; turn on RAM refresh channel 0

Program p_8253_1 of 18253 p_tlner to proper value for RAH rofresh.

i select p_dma refresh oounter

mov

out

xor

out

mov

mov

mov

mov

mov

push

al,tlomd
P_8253_otrl,al

al,tloount
P_8253_1,al
al,al
P_8253_1,al

assume os:oode, ds:nothlng, es:nothlng, ss:staok_ram

dl,ss ; save stack pointer
bp, sp
dx,stack_seg
ss, dx
sp,1OOh

load p_dma refresh oount

; save error code

Initialize & Disable 8259A Programmable Interrupt Controll

call l_plc_inlt

Install Vector Table.

call l_vector

Initialize Video.

; set IntlOlocn = code_seg:v_lo, and
; set IntlDlocn = code_seg:v_parms.



E120 E8 EUI8 R

E123 58

£124 E8 E5PA R

E134 8A CH
B136 E8 E643 R

B139
El 39 E8 E619 R

E13C BA 0371
E13P EC
B140 34 3F
B142 EE

El 47 F4

E148

B1 48

B148 IE

E14E BO 30
E150 A3 0010

E153 CD 10

El 55 38 0003
E158 A3 0010 R
E15B CD 10

E15D E4 67

E15F

E161

E163
E165

E167

E169
E16B
E16D

E16F

E170

E173

E175

E177

24 FO

OC OD

8A C8
B5 03

24 30
74 1C
3C 30

75 IE

IE

BOOO

8E D8
BO A5

A2 0000

E17A 8A 26 0000
E17E IF

c call l_d_lnlt
c

c ; Display erro r message.
c

c pop ax

c

c call DRomStrlng
c

c mov si, OS : (of f SI
c call DRoaStrlng
c

c or ah, ah
c U l_fatal_ret
c

c call DColon

c

c mov al, ah
c call DHexByte
c

c l_fatal _rot;
c call DCrLf
c

c ;Output fatal error status f

c

c mov dx,378h
c In al,dx
c xor al,03fh
c out dx, al
c

c assume cs:c

c

c aov ss, dl
c aov sp, bp
c ; ret
c
c hit

c

c l_fatal endp
c

c

ROM BIOS
Listing

; restore error code

I display string at cs:sl.

; display fall aessage.

ab s 07
If so, no arguaents

display a colon

display error code

; parallel port address
; read last checkpoint value
; extract checkpoint nuaber from status
• output 'Not OK - nuaher"

; restore stack pointer

Oeteralne Systea Configuration froa Switches and Enable Video.

Trash: ax A ox destroyed.

assuae cs;code, ds:nothlng, es:nothlng, ss:staoK_raa

j save registers

; Initialize both boards.

assuae cs:code, dardata, ea:nothlng, 8s:staok_ram

aov

Initialize d

INT

; Initialize color board.

al,30h
word ptr ds :[awltoh_blta],a

ax,0003h
word ptr ds:tswltch_blts],ax

; 3witch_blts for aonochroae.
; set data for aonochroae.

; ah = 0 s v_aet_aode.

awltoh_blts for not aonochroae.
: set data for color,

ah = 0 a v_set_Bodo.

; Deteralne systea configuration froa switches (low byte of swltch_blts).

In al,sy 8_co nf_b

al,OFOh

al,OODh

al,030h
l_d_80x25
al ,030h
l_d_ok

; read high nibble of
; system configuration switches.
: bits #7 - #6: (number of FDU's)-1
i bits #5 - #4: monitor type
; mask off low nibble (keep high nibble)
; of low byte; clear high byte.
; ALVATS 64k planar RAM and >s 1 FDDI

; ol la ok, excepts bits #5 & #4.
; Initialize display to mode #3 (default).

: Isolate display switches (bits #5 & #4).
: If zero, default to 80x25 color.
; Is It the monochrome board?

ot, 40x25 or 80x25 color ok.

s:code, ds:v_ri

C push ds

C mov ax,para_nono
C mov da, ax
c mov al,0A5h
c aov byte ptr ds:[OOOOh],al
c mov ah,byte ptr ds:[0000h]
c pop ds

test pattern
If so. Is monochrome there?
read monochrome RAH

restore ds = data_seg = 0040h.
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B183
El 85

El 87
El 87
E18A

B18D 32 El
B18P 8A C1
El 91 A3 0010

aaaufflo oa:ooda, da:data, eatnotblng, aa:8taok_ram

Ob,07b
abort l_d_olc

if monocbroae RAH is tbers,
tben tbe board muat be tberel

: if not, default to 80x25 odor
; if there, we believe awitobea,

initialize display to mode #7.

l_d_olc;

; Set system configuration (awitob_bits} from awitobea.

xor ab,ab
moy al,al
mov word ptr da;[awitcb_bits],ax

; Determine mode to initialize display monitor (from awitobea).

B194 A8 20 0 teat al,020b ; does user want 40x25 color?
B1 96 75 02 0 Jnz i_d_mo de
B198 B5 01 0 mov ob,01b ; if so, initialize mode #1.
B19A 0 i_d_mode:

0 Initial ize desire board (from awitohes).

B19A 8A 05 0 mov al, Ob ; transfer display mode to al.
B19C CD 10 0 INT 10b ; ab s 0 s v_aet_mode.

B19B IF 0 pop da ; restore registers

B19P 03 0 rot

B1 AO 0

0

l_d_init endp

0 Install Vector Table

0 Input : None.

0 Output: None.

0 Traab : ax s ox a 0 destroyed.

B1 AO

0

0 1L_vootor proo near

0 assume oa:oode, da:nothing, ea:notbing, ss:ataolc_raffl

B1 AO IE 0 push da !; save registers
B1A1 06 0 push ea

B1A2 57 0 push di

B1A3 56 0 push si

c 1; Initialize Interrupt Vectors 00b through 07b to known routines.

0 assume oa:oode, ds:absO, esrabaO, 8a:ataok_ram

B1 AH 33 FF 0 xor di,di satisfy assumptions
B1A6 8E DF 0 mov da,di ds a es 8 ax z absO_seg a 0
B1 A8 8E 07 0 mov ea, di es:di a abs0_seg:int001oon
El AA B8 FF23 R 0 mov ax,OS:(offset ill_int) ax a offset ill_int
B1 AD B9 0006 0 mov ex,(07b-00b)+1 load INT*a OOh through 07b.

B1B0 AB 0 i _V9oO: stosw ! es:di+-»' gets offset ill_int
E1B) 80 OD 0 mov word ptr da:[di],oa ;i es:di gets os
B1B3 47 0 ino di i; di-f-f
EIBII 47 0 inc di

B1B5 E2 F9 0 loop i_veo0 i; until ox a 0.

0 : load IHT's 02b and 05h
E1B7 07 06 0014 R FF54 R 0 mov word ptr ds : [intOSloon],os:(offset a_int)
E1BD 07 06 0008 R F85F R 0 mov word ptr ds:[int021oen],ea:(offset a_int)

c 1; Initialize Interrupt Vectors 08h through 1Eb to known routines.

0 assume os:code, ds:code, esrabsO, ss:stack_ram

E1C3 80 08 0 mov ax,OS ;; satisfy assumptions
E1C5 8E D8 0 mov da,ax ; ds a ax a OS
E1C7 BE FEF3 H 0 mov si,ea:(offset i_vec_tbl) ;1 ds:si a oode_seg;i_vec_tbl

0 ; es:di a abs0_seg:int08loon
E1CA B1 18 0 mov cl,(1Ph-08h)+1 j: load INT's 08ta through IFb.

E1CC A5 C i_veo8: movsw es:di-i-+ gets ds:si (offset)
E1CD AB C atosw es:di-t"«' gets ax a os (segment]
E1CE E2 FO C loop i_veo8 until ox a 0.

0 1; Initialize Interrupt Vectors 20h and above to zero.

E1D0 33 00 0 xor ax, ax ax a 0

0 es:di a abs0_seg:int201oen
E1D2 B9 01B8 c mov ox,((03F0h-0080h)/2) clear 0:0080h to 0:03F0h

0 don't blow away stack 1
E1D5 F3/' AB 0 rep stosw es:di-«-+ gets 0

E1D7 5E 0 pop 9i ;; restore registers
E1D8 5F 0 pop di

B1D9 07 0 pop es

El DA IF 0 pop ds
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S1DB C3

E1DC

B1E2

E1E3
B1E5

E1E6 bo CD

E1P1 ED 21

E1F3 3A EO

E1F6 8A EO
E1F8 B9 FFFF

E1FB 8B D9

E1FD E6 43

E1FF 32 CO
E201 EE

E202 FE CO

E204 EE

E205

E2 05
E207

E209

E20B

E2 0C

E20E

E2 0F

8A C4
24 CO

E6 43

ROM BIOS
Listing

Initialize & Disable 8259A Prosramoable Interrupt Controller.

Trasb: al & dx deatroyed.

C l_plc_lnlt

Ino

mov

out

<lXr Pie_0
al,plo_low1
dx, al

dx

al,plo_lew2
dx, al

endp

es;nothlng, ss:atack_raB

dx = plo_0 (8259A 'control' port)
edge triggered, single, lcw4 to follow

: dx = plc_1 (8259A 'data' port)
; Interrupt vector base address

since we are single mode (no slave), skip lcw3

; dx = plo_1 (8259A 'data' port)
; not special fully nested, buffered,
,* master, normal end_of_lnt, 8086 mode

; mask all Interrupts off for now
: dx I ple_1 (8259A 'data' port)

Output Hask to 8259A Programmable Interrupt Controlle

Input: AL s mask pattern

Output: Flags

Trasb: ab destroyed.

l_out_mask

C l_out_Bask

ple_1,al
ab, al
al, plo_1
ab, al

otblng, es:notblng, ss:staok_raB

joutput Interrupt mask pattern
;save pattern for oompar
;get mask from 8259
;tbe same 7
;return flags s result of oompare

S253 p_tlBer test for one p_tlmer counter channel

Input: al
dx

Output: zf
ab

8253 p_tlmer control byte
port address of 8253 p_tlmor data (counter)

set (z status) If no error; reset
Error codes: 0 -> Ho Error I

1 -> Low below time Interval window.
2 -> Hlgb above time Interval window.
3 -> No Response.

atus) If error

Trasb: al, bx & cx destroyed.

rtc_chk proc near
assune cs:code, ds:nothlng, es:notblng, ss:nothlng

Register Bit Test (All Reset): Count down from lOOh until all bits reset

mov bx, cx ; bx gets all Its bits set.

; send 18253 p_tlner control byte.

; al : 00b
; load low byte of p_tlBor count.
: al = 01b
; load blgb byte of p_tlBer count.

rtc_chk_reset.
mov

and

In

and

P_8253_otrl,al

al, ab
al,OCOb
P_8253_otrl,al

al, dx
bl, al
al, dx
bb,al

; get control byte for read.
; mask off all but top 2 bits.
; send latching control byte for read.

1 get low byte of p_tlmer count.
; 'and' low byte.
; get high byte of p_tlmer count,
i 'and' hlgb byte.

: Is bx s 0?
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£213 74 05 0 rto_ohk_reset_ok ; If so, we're done.
£215 £2 ££ 0 loop rto_ehk_reset_lp ; If not, continue reading.

0 ; (Note: loops less than 16 times.)

£217 0 rte_ehlc_reset_err: • time out.

£217 B4 03 0 mov ah,3 ; Error #3. (No Response.)
£219 03 0 ret ! return nz status (loop leaves zf ok).

E21A 0 rto_ohk_re8et_ok:

0 ; Register Bit Test (All Set): Oount dow n from Oh (FFFFhfl) until all bits set.

E21A 33 DB 0 xor bx, bx : bx gets all Its bits reset.

£210 8A 04 0 mov al, ah . get control byte for load.
£21 £ £6 43 0 out P_8253_otrl,al ; send 18253 p_tlner control byte.

£220 32 00 0 xor al,al al E DOh
£222 ££ 0 out dx, al • load low byte of p.timer oount.
£223 ££ 0 out dx, al ! load high byte of p_tlmer oount.

£224 0 rto_ohk_80t_lp
£224 8A 04 0 mov al, ah get control byte for read.
£226 24 00 0 and al,000h mask off all but top 2 bits.
£228 £6 43 0 out P_8253_otrl, al send latching control byte for read.

B22A £0 0 In al, dx get low byte of p_tlmer count.
E22B OA D8 0 or bl,al *or' low byte.
E22D £0 0 In al ,dx get high byte of p.tlmer count.
£22 £ OA P8 0 or bh,al *or' high byte.

£230 81 FB FFFF 0 emp bx,0FFFFh Is bx = OFFFFh?

B234. 74 05 0 Jz rto_ohk_aet_ok If so, we're done.
£236 £2 £0 0 loop rto_chk_sot_lp If not, continue reading.

0 (Note: loops leas than 16 times.)

£238 0 rto_ohk_aet_err: time out.

£236 B4 03 0 mov ah,3 Error #3. (No Response.)
£23A C3 0 rot return nz status (loop leaves zf ok).

£23B 0 rto_ohk_set_ok:

0 ; p_timer Time Window Test: Test p_tlBer versus OPO & see if it falls within spec.

£23B 8A 04 0 mov al, ah . get control byte for read.
£23D 24 00 0 and al,000h ; mask off all but top 2 bits.
£23P £6 43 0 out P_8253_otrl,al 5 send latching control byte for read.

£241 KO 0 In al, dx ; get low byte of p_tlBer count.
£242 8A D8 0 mov bl,al ; save low byte.
£244 EC 0 In al, dx 1 get high byte of p_tlmer count.
£245 8A F8 0 mov bh,al : save high byte.

£247 8A 04 0 mov al, ah . get control byte for read.
£249 24 00 0 and al,000h ; mask off all but top 2 bits.
£24B £6 43 0 out p_8253_otrl, al ! send latching control byte for read.

B24D £0 0 In al, dx . get low byte of p_tlner count.
£24 £ 8A 08 0 mov el, al save low byte.
£250 £0 0 In al, dx get high byte of p_tlner count.
£251 8A £8 0 mov oh, al

i
save high byte.

£253 2B D9 0 sub bx, ox ! calculate time difference.

0 ; Do Time Range Checking (4 <3 bx <= 14).

£255 B4 02 0 mov ah,2 Error #2. (High above time window.)
£257 83 PB OE 0 emp bx, 1 4
£2SA 77 09 0 ja rte_ehk_hlgh i return nz status. (Ja has zf reset.)

£250 PB 00 0 dec ah . Error #1. (Low below time window.)
£25 £ 83 FB 04 0 emp bx,t
£261 72 02 0 Jb r tc_chk_low i return nz status. (Jb has zf reset.)

£263 FE CO 0 dee ah ; Error #0. (No Errorl) return z status.

£265 0 rtc_ehk_hlgh:
£265 0 rto_chk_low:
£265 03 0 ret

£266 0

0
n

rto_ohk endp

£266

£266 B9 8000
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RAM (6l|lc) Stoi

Input: dx

Output: zf

ego Teat.

s segment of RAH to be tested

= set (z status) If no error; reset (nz status) If error
s dx:dl s falling RAM location If error; else dl = 0.
E test pattern (what was written),
s if error, what was read.
E number left to test If error; else ex e o.

s:dl

bx

Trash: Hone.

ds:notblng, es:nothlng, 8s:nothlng

; get word oount
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E269 8B 02 0 BOV es, dx
E26B 33 FP 0 xor di,di
E26D 0 BeBtst_w1:
E26D 8B 07 0 BOV ax, di
E26P AB 0 stosw

E270 B2 PB 0 loop BeBtst_w1
E272 8E DA 0 BOV ds,dx
E274 33 DB 0 xor bx, bx
E276 B9 8000 C BOV cx,08000b
E279 C Bentst_r1:
E279 8B 07 C BOV ax,[bx]
E27B 3B 03 0 cmp ax, bx
E27D 75 20 0 Jne neat8t_err
E27F 43 0 inc bx
E2 80 43 0 ino bx
E281 B2 P6 0 loop aeatat_r1

E283 B9 8000 0 BOV cx,08000h
E2 86 0 aeBtst_w2:
E286 8B 07 0 BOV ax,di
B288 P7 DO 0 not ax

E28A AB 0 stosw
B28B B2 P9 0 loop oeBtst_w2

B28D B9 8000 0 BOV cx,08000h

B290 0 BeBtst_r2:
B2 90 8B 07 0 mov ax,Cbx]
E292 P7 DO 0 not ax

E2 94 3B 03 0 omp ax, bx
B2 96 75 OP 0 Jne Bemt8t_err_(

B298 43 0 inc bx

B299 43 0 ino bx
B29A B2 P4 0 loop BeBtst_r2
B29C B6 0000 0 BOV ax,0
B2 9P B9 8000 0 BOV cx,08000b
E2A2 P3/ AB 0 rep

or

stosw
B2A4 OB 00 0 ax, ax
E2A6 03 0 ret

B2A7 0 BeBtst_err_c:
B2A7 P7 DO 0 not ax

B2A9 P7 D3 0 not bx

B2AB 0 neBtat_err:
E2AB 93 0 xehg ax, bx
B2AC 03 0 ret

B2AD 0 meatst endp

E2AD c code ends

(61|k :: 32IC <

= address

offset

2 bytes/word)

IP 70 74 69 6F 6E
61 6C 20 52 IP l|D
20 61 74 20 00

E2DC 0000

C include pwrupO.asa

: word oouDt

: address Is already ok
; data s offset
; compleDent It
ifill menory

; word count

read data

oonplenent
verify

; update address

: to clear meaory
word count

;return registers as specified

Pilenaae: pwrupO.src

This module includes temporary hardware initialization.

includes Diagnostics
Cold Boot

Device Drivers

========
„„„„„„„„„„„„„

oode segment
assuae

public 'ROM*
os:oode, da;notbing, es:n otbing, ss:notbing

pO_data proo near

opt_ROI1_m db 'Optional ROM at • ,NOL

p_tbl dw

dw

dw
dw

prt_data_a ;
prt_data_b ;
prt data c ;
0 ;

printer in port address space
always on mother board,
printer in port address space
no printer

aco_tbl dw

dw

sco_otl_b ;
aoc_ctl_a ;

rs232 SCO obannel B
r8232 SCO channel A

alt_ret dw

dw

i_alt_roatart ;
code_seg •

OOh Z8000 restart sequence offset
04h Z8000 restart sequence segment

fflastab dw ((Bt_end)-(mastab)) ; OOh master table byte length

dw

dw
kb_data_table ;
code_seg ;

02h kb xlation table offset
04h kb xlation table segment

dw

dw

font_lo_8x8 :
code_seg •

06h 1st 128 ohar.s 8x8 font offset
08b 1st 128 ohar.s 8x8 font segment

dw
dw

dw

font_lo_8xl6 ;
code_seg ;

0 ;

OAh 1st 128 char.s 8x16 font offset
OOh 1st 128 ohar.s 8x16 font segment

OBh 2nd 128 ohar.s 8x16 font offset
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Listing

E2E4

E2EII

nt_end label word

pO_data1 endp

Initialize the basic hardware,
Set up the Interrupt pointers,
Initialize all RAH variables.
Clear the screen.
Initialize the disk drivers,
and perform the cold boot.

lOh 2nd 128 char,a 8x16 font segment

12b soft font utility offset
lib soft font utility segment

EEEI

(;

0

0 pel nit proo near

C assume os:eode, ds:data, es:data, as: stack_ram

E2E1> B8 0040 0 fflOV ax,data_seg ; satisfy assumptions

E2E7 8E 08 0 mov ds,ax
B2B9 8E 00 c mov es, ax

0 ; Initialize Keyboard Controller.

B2EB 9C 0 pusbf ; save flags and
E2BC FA 0 oil ; disable Interrupts

E2ED BA 0061 0 mov dx,p_kotrl ; dx s p_kctrl
E2P0 BO 40 0 mov al,40h ; remove keyboard reset
E2P2 EE 0 out dx, al

B2F3 33 09 0 xor ox, ex ; delay
E2F5 E2 FE c loop $

E2F7 B4 01 0 mov ah,1 ; enable self test
B2F9 E8 E5 81 R 0 oall kb_emd_Bend
B2FC 89 OE 0072 R c mov word ptr ds:[reset_flag],ex

B300 33 09 0 xor ox, ex ; delay
E302 E2 FE 0 loop $

0 ; Flush any keyboard scan code and store AAh If we get It.

E301I 0 kb_flush:
B304 E4 64 0 In al,kb status ; get 8041 status
E306 A8 01 c test al,1 ; test output buffer bit
E308 74 09 0 Ja kb_flush_back ; Jump If no character pending
E30A E4 60 0 In al, p_kscan : get scan code from data port
E30C 30 AA c emp al,OAAh ; verify keyboard present
B30E 75 F4 c Jne kb_flush
E310 A3 0072 R 0 mov word ptr ds : [reset_flag],ax ; keyboard present
E313 c kb_flush_back:
E313 E2 EF c loop kb_flush ;loop If zero

E315 33 09 0 xor ex, ex ; delay
B317 E2 FE 0 loop )

0 ; Initialize System Variables.

E319 07 06 0084 R E2CE R 0 mov word ptr ds;[master_tbl_ptr+OOOOh],es:(offset mastab)
E31F 80 OE 0086 R 0 mov word ptr ds : [master_t bl_ptr-»0002h ] , cs

0 ; Initialize Keyboard Driver Variables.

E323 B8 001E R c mov ax,ds:(offset kb_buffer) ; pointer to beginning of buffer
B326 A3 0011 R 0 mov word ptr ds:[buffer_head],ax ; keyboard output pointer offset
E329 A3 001C R 0 mov word ptr ds;[buffer_tall},ax ; keyboard Input pointer offset
E32C A3 0080 R 0 mov word ptr ds:[buffer_start],ax ; keeps beginning of buffer

E32F 07 06 0082 R 003E R c mov word ptr ds:[buffer_end],ds:(offset kb_buffer)-f(size kb_buffer)

0 ; Assume first not Deluxe Keyboard

E335 80 26 0017 R DF 0 and byte ptr da : [kb_flag], (not num._lock_mode)
E33A 80 26 0018 R FE c and byte ptr ds:[kb_flag_1],(not dlz_kb)

0 ; Send command to request ID code from keyboard.

E33F B4 05 0 mov ah,05H ; Read keyboard type
E341 E8 E5 81 R c call kb_ond_send ; -- send command.

E344 33 09 c xor cx, ex ; set up timeout count
E3 46 c kb_type_walt:
E346 E4 64 c In al,kb_status ; get port status
E348 A8 01 0 test al,l ; data byte available?
E34A 75 05 0 jnz kb_type_read ; If so, go read It . .
E34C E2 F8 c loop kb_type_walt ; else wait awhile longer.
E3 4E EB 11 90 0 Jmp kb_not_dlx ; timeout, default to non-dlx

E351 0 kb_typo_read:
E351 E4 60 c In al >P_ksean ; read ID byte..
E353 A8 01 0 test al.OIH ; deluxe kbd. bit set?
E355 74 OA 0 Jz kb_not_dlx

c

c

; 01H bit set, so Initialize to Deluxe Keyboard.
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B357 80 DE 0017 R 20 C byte ptr da: [kb_flag], num_look: node
E35C 80 OB 0018 R 01 C or byte ptr da:£kb_flag_1],dlx_kb

E361 C kb_not_dlx:

E361 9D C popf ; reatore interrupt-
C ; enable atate.

C ; Initialize Printer A Communication (RS-232) Driver Variablea.

E362 BO 14 C mov al,14b ; printer default timeout s 20
B364 BF 0078 R C nov di,da:(offaet printer_t_out)
B367 B9 0004 C mov cx,4
E36i F3/ AA C rep atoab ; ea:di get a al

B36C BO 01 C mov al, 01 h ; printer default timeout =01
B36E BF 007C R C mov di,da:(offaet aerial t out)
B371 B9 0004 C mov cx,4
B374 F3/ AA C rep atoab ; ea:di get a al

C ; Determine Parallel Port Configuration.

C asauffl e ca:code, da:code, ea:data, aa:atacl^ram

B376 8C C8 C mov ax, ca

E378 8B D8 C mov da, ax ; aatiafy aaaumptlona

E37A 32 DB C zor bl,bl ; clear high byte of awitcb_bita

B37C BF 0008 R C mov di,ea: (offaet printer_addr) ; ea:di pointa at printer_baae
B37P BE B2BE R c mov ai,da:(offaet p_tbl) ; addreaaea of printer porta

E382 c i_prt_loop:
E382 AD c lodsw ; ax geta daiai port addreaa.
B383 OB CO c or ax,ax ; valid port addreaa?
B385 74 14 c i_pr t_exit ; exit if invalid port addreaa

E387 8B DO c mov dx, ax ; tranafer to data regiater
E389 BO A5 c mov al,OASb ; load teat pattern
B38B BE c out dx, al • output teat pattern.
B38C 86 04 c xobg al,ab : mov ab,al; traab al; & delay.
E38B EC c in al, dx ; input teat pattern back.
E38r 3A C4 c onp al,ah ; wbat we read = teat pattern ?
B391 75 BF c Jnz i_prt_loop ; if not, loop aa port la abaent

B393 8B C2

c ; elae, printer port'ia preaent
c mov ax,dx ; retrieve port addreaa

B395 AB c

c
atoaw f ea:di geta ax.

B396 80 C3 40 c add bl,040b ; add to bigb byte of awitob.bita

E399 BB E7 c Jmp i_prt_loop ; will go around loop 3 tines

E39B c i_pr t_exit!

c ; Determine Communication (RS-232} Configuration (see Z8530 & INS8250'a).

B39B BF 0000 R c mov di,ea:(offaet ra232_addr) ea:di pointa at r8232_baae

B39B BA 03FA c mov dx,con_id_a read interrupt I.D. regiater
B3i1 BC c in al, dx for first 8250 port. »
B3A2 A8 F8 c teat al,0F8b bits #3-7 are always low if
B3A4 75 07 c Jnz i_no_con_a installed.

B3A6 B8 03F8 c mov ax, com_data_a if preaent, load address of
E3A9 AB c atoaw first 8250 data port.

80 C3 02
c ea:di geta ax.

E3Ai c

c
add bl,002b add to bigb byte of awitob_bits

E3AD c i_no_oom_a: es:di points next empty word

B3A0 BA 02FA c mov dx,eon_id_b read interrupt I.D. register
E3B0 BC c in al, dx for second 8250 pert.
B3B1 A8 F8 c teat al,0F8h bits #3-7 are always low if
B3B3 75 07 c Jnz i_no_com_b installed.

B3B5 B8 02F8 c mov ax, eon_data_b if present, load addreaa of
E3B8 AB c atoaw second 8250 data port.

80 C3 02
c e3:di gets ax.

B3B9 c add bl,002b add to bigb byte of awitcb_blts

E3BC
E4 66

c i_no_oom_b: read switch settings to teat
E3BC c in al,ay3_oonf_a for see Z8530 chip
E3BE A8 20 c teat al,020b bit #5: see cbip installed
E3C0 74 08 c Jz i_no_80C8 if not, don't load SCC table

E3C2 BE B2C6 R c mov ai,da : (offaet 3cc_tbl) see Z8530 control porta
E3C5 A5 c mov aw always 2 ports
E3C6 A5 c mov aw ea:di gets ds:ai (twice)

E3C7 80 C3 04 c add bl ,2*(002h) add to bigb byte of switcb_bit3
E3CA c i_no_3cc3: es:di points next empty word

c : Determine Game Card Configuration.

E3CA BA 0201 c mov dx,game_card ;; get game card address.
E3CD EC c in al,dz ;i bits #0-3 are low if installed
E3CE A8 OF c teat al,OFb
E3D0 75 03 c Jnz i_no_gane_card ;; skip, if not preaent

E3D2 80 C3 10 c

c

add bl,010h ; add to bigb byte of awitcb_bita
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B3DA
B3DC
B3DF

B3B0
B3B2

E3E5
E3E6

B3E7
E3B9
E3BB

B3BD
B3P0
E3P0

E3P3
B3P5
EjP6
E3P8

B4 01

33 D2
CD 17

B9 0004

B8 PPB3

l_no_gane_eard:

I Initialize High Byte of 3witoh_bits.

mov byte ptr e8;Cswitch_bita+1 ] ,bl j aave high byte of sviitch_bit9

; Initialize i8259A PIC with appropriate interrupt oask and enable interrupts.

mov al.10111100b
mov al,11111100b
mov dx,pic_1
out dx,al

p_timer & kb & dsk at this point
p_tiffler & kb only at this point,
now set proper interrupt mask

• Send specific end of interrupt (SBOI) to pic "command' port for keyboard.

; specific end of interrupt
; to pic "command' port.

mov al, pic_sooi_1
mov dx,pio_0
out dx,al
stl

: Initialize Parallel Printer Interface.

mov ah,1
xor dx,dx

enable interrupts

initialize printer...
...port 0

; Initialize all 4 (2) Z8530 Serial Conmunioation Controller,
j NOTE: Special funetion code (FF) for power up ONLY initialization of 8530

mov

dec

INT

loop

dx, ox
dx

14b

rs_i ni

; initialize SCC RS-232
; 9600 baud,none,1 stop & I
; port number s loop - 1

c

C Test for and Initialize optional ROHs

C

c assume os:code, da:notbing, es:nothing, 8s:nothlng

B3FA BB C800 C mov bz,OC800h ; load starting segment

E3FD C ron_soan_loop:
E3FD 8E DB C mov ds, bx ; bx has pending segment
E3FF 33 F6 C xor si, si ; offset OOOOh

B401 81 3C AA55 C omp word ptr ds:[si],0AA55h
E405 75 43 C jne rom_soan_next

B407 BE E2AD R C mov si , OS: (of f set opt_HOH_ii) ; indicate ROH detected
E40A E8 B5FA R C call DRonString

E40D 33 CO C xor ax, ax

E40F B8 E632 R C call DHexLong ; ds:ax points at ROM

E412 B8 0E20 C mov ax,(0Eh«100h)+' ' ; put out SPACE

E415 CD 10 C INT lOh

E417 B8 0040 C mov ax,data_seg ; satisfy assumptions
E41 A 8B CO C mov es, ax ; for es in rom_oheck
E41C 33 F6 C xor si, si ; ds:si points to ROM to check

C Now : ds:si = pointer to ROM to be tested

C bx : ds s pending segment of ROM under test

C es: = data segment

C assume cs:code, ds:nothing. es:data, ss:nothing

B41E 33 CO C xor ax, ax : clear al
E420 8A 64 02 C mov ah,byte ptr ds:[si-)-2] : ax = (ROM length/512) • 256
E423 D1 EO C shl ax, t ; ax = (ROM length/512) • 512

C ; ax = ROM length in bytes
B425 50 C push ax ; aave ROM length
E426 B1 04 C mov 01,4
E428 D3 E8 C shr ax, cl ; advance segment for next ROM
E42A 03 P8 C add bx,ax ; by the number of paragraphs
E4 2C 59 C pop ox ; restore ROM length in ox

E42D E8 E5 E8 R C call rom_checksum_ont ; get the checksum of the cx-
C ; byte ROH.

E430 74 03 C ron_ehksum_ok ; OR if the checksum was zero

E432 E9 E5D5 R C jmp ron_err ; error the checksum wasn't zero

E435 C rom_chksum_ok:

E435 53 C bx ; save the segment for next ROH

E436 26 : 07 06 0067 R 0003 C mov word ptr es:[io_rom_init),0003h
E43D 26 : 8C IE 0069 R C mov word ptr es:[io_rom_aeg],ds
E442 26 • FF IE 0067 R C call dword ptr es:[io_ron_init] ; initialize the ROM

E447 5B C pop bx j restore segment for next ROH

E448 EB 04 C jmp short ron_scan_exit

E44A C I>om scan next:

E4 4A 81 03 0080 0
0

add bx,(800h/10h) ; add 2k to the pending segment
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edue

EltE 81 FB F600
E452 7C A9

E458 A1 0104
E45B OB 06 0106

E45P 75 1C

E467 E8 CF9F R

B46A 2E: 8B IE E5F2 R
B46F 80 3B 0075 R 00
B474 75 07

E476 BC 0100
E479 FA
B47A B8 El AO R

B47D FA

B47E BA 0021

B485
E4 87
B489
B48F

E494
E4 96
B498
B49A
B49C

B4A4

E4A7
E4A7

33 CO
SB D8

C7 06 0060 R F860 R
8C OB 0062 R

33 CO

33 DB
33 C9
33 D2
CD 13

B4AA 33 DB
E4AC 8E DB
B4AB 8B C3
B4B0 BB 7C00

E4B8 55
E4B9 50
E4BA 06
E4BB CD 13
E4BD 07
E4BE 58
E4BF 5D

E4C0 73 08
E4C2 4D

E4C3 75 E2

E4C5 BE DD1B R

ROM BIOS
Listing

rom_8can_e*it:
oop bx,0F600b
Jnge roB_scan_loop

; are we done?
; if not, continui

aasuae o9:code, d9:ab90, earnotbing, sa:stack_raD

xor ax,ax ; aatiafy aaauaptiona
nov da,ax

> aee if any one inatalled a HDD parameter table pointer.; Cbeck int 41b

BOV ax,word ptr d9:[(4*4lb)+0000bl
ax,word ptr da: [ {4*4lb }-<-0002b ]
i_bdu_ok let tbea be...

; If not, call HBO initialization routine.

BOV ai,09:(offaet i_bdu_m)
call ORonString ; print teat meaaage

call b_init

aaauae oa:code, da:data, ea:notbing, 3a:ataok_raB

BOV

oil

oall

da,word ptr oa:[aet_da_word]
byte ptr da: [bf_nua],0
l_bdu_ok

ap,100b

i_vootor

; aatiafy aaauaptiona
; number of bard diaka.
; if ok, leave everything alone.

; re-initialize ataok
; diaable interrupta
; re-inatall old veotora

i_bdu_ok:

; Clean Up after Option ROH'i

oli

BOV

in

and

and

out

dx,pio_1
Bl,dx
al,10111100b
al,11111100b
dx, al

; diaable interrupta

; get ourrent interrupt maak

aaauae oa:oode, da:abaO, ea:notbing, aa:8taok_raB

BOV da,ax
BOV word ptr da : [inti81ocn-i-0000b], oa: (off aet bt_int)
mov word ptr da : [inti 8locn-f0002b] , oa ; (ROM BASIC not available)

enable interrupta

; Initialize Floppy Diak Controller and related Driver Variablea

xor ax, ax ; initialize tbe diak routinea
xor bx,bx
xor ox,ox
xor dx,dx
INT 13b

; Duamy Diak Attaobment Teat to Spin Dp Drive for INT 19b (boot-atrap).

oall

BOV

ai,oa:(offaet i_fduA_B)
DRomString

bp.3

ax,0201b

print teat meaaage

loop counter

read one aeotor

puah
puab
puah
INT

pop

pop

pop

Jno
dec

Jnz

bp

i_fdu_ok
bp
l_fdu_lp

ai,oa:(offaet i_fdu_not_m)

; bx, ox, dx, & da preaerved
; reatore return reglatera

; reatore retry count

: error during read?
; if 30, deoreaent retry count
; and try again

; drive not ready aesaage.
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EICS EB 03 C Jnp short i_fdu_end

EDCA C l_r<lu_ok:
EICA BE DD1F R C DOV si,OS;(offset i_fdu_rdy_m) ; drive ready message.

EUCD C l_fdu end:
E4CD E8 E5PA R C call DRooString

c ; Initialize & enable NMI's (parity register).

E4D0 BA 0061 c mov dx,p kotrl
E4D3 EC c in al.dx
E4D4 DC 30 c or al ,030h ; enable bits #5 & #4
E4D6 EE c out dx.al

c ; If alternate processor is available, let useir select which one to use.

E4D7 c i_alt_cpu:
E4D7 9C c pushf ; preserve state for int 19h
E4D8 50 c puah ax

B4D9 53 c push bx

E4DA 51 c push ox

E4DB 52 c push dx

E4DC 55 c push bp
E4DD 57 c push di

E4DE 56 c push si

E4DP IE c push ds

E4 BO 06 c push es

c assume o8:oode, ds:data, es:nothing, ss:notbing

E4B1 2B : 8E IE E5P2 R c oov ds,word ptr os:[set_ds_word] ; satisfy assumptions
E4E6 A1 0072 R c nov ax,word ptr ds:[reset_flag] ; get result of keyboard test
E4 B9 3C AA c onp al ,OAAh ; is keyboard attached?
B4EB 74 03 c Jo i_al t_oont ; Jump If yes (continue)
E4BD EB 7D 90 c Jmp i_ini t_end ; Jump if no (in mfg)

B4Pa c i_alt_oont:

B4P0 PA c oli ; disable interupts

c assume os:oode, da:absO, es;aothing, ss:nothing

E4P1 33 CO c xor ax, ax ; set up absolute zero address
E4P3 8E D8 c mov da, ax ; for alternate cpu semaphore
E4P5 8B 16 0000 c mov dx,word ptr ds:0 ; save word at 0:0
B4P9 52 c push dx

E4PA A2 0000 c mov byte ptr ds:0,al ; request alt cpu id (0:0 = 0)

B4PD BA 80C1 c mov dx,80C1b ; Z8000 liaison port
E500 BO 01 c mov al,1 : ALsl starts Z8000
E502 EB c out dx, al ; try to boot Z8000
B503 B9 OOPP c mov ox,OFFh ; loop counter

E506 c i_al t_test:
B506 80 3E 0000 01 c emp byte ptr ds:0,01h ; has the semaphore changed?
E50B 74 04 c Jo i_alt_found ; Jump If yes (Z8000 id a 1)
B50D E2 P7 c loop i_alt_test ; wait for Z8000 to gain control
B50P EB 56 c Jmp short i_alt_ond ; Jump: no alternate opu

B511 c i_alt_found:
E511 58 c pop ax ; restore word at 0:0
B512 A3 0000 c mov word ptr ds:0,ax
B515 50 c push ax ; resave for future pop
E516 PB c sti ; enable interupts
E517 E8 E619 R c oall DCrLf
B51A BE DD35 R c mov si,OS: (offset i_alt_saleot_m) ; ask user if alt. cpu used
E51D E8 B5PA R c oall DRonStrlng
B5 20 33 D2 c xor dx, dx ; for int I4h

B522 c i_alt_inq :
E522 B4 01 c mov ah, 1 ; has a key been struck?
E524 CD 16 c INT I6h
B526 74 PA c Jz i_al t_inq ; if not, stay in loop

E528 32 E4 c xor ah, ah ; if so, get the keystroke
E52A CD 16 c INT I6h
E52C OC 20 c or al ,00100000b ; force lower case
E52E 3C 79 c emp al,'y ; did user mean "yes"
E530 74 02 c JO i_alt_eeho ; Jump if yes
B532 BO 6E c mov al,'n* ; force "no"

E534 c i_alt_eeho:
E534 B4 OE c mov ab,OEh • echo "y* or "n"
E536 CD 10 c INT lOh
E538 3C 79 c amp al,'y ; was answer "yes"
E53A 75 2B c J ne i_alt_ond ; Jump if no
B53C E8 E619 R c oall DCrLf

E53P PA c oli ; disable interupts
E540 C6 06 0000 OP c mov byte ptr ds:0,0Fh ; tell Z8000 to take over

E545 c i_alt_restart: ; entry for re-entering Z8000 (assume 0:0 setup)
E545 BA 80C1 c mov dx,80C1h ; Z8000 liaison port
E5 48 BO 01 c mov al, 1 ; ALsl starts Z8000
B54A EE c out dx, al ; pass control to Z8000

E54B B9 OOPF c mov ox.OFFh i loop counter
B54E E2 PE c

c

loop 8 ; wait for Z8000 to gain control
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E550

E552

E551
E559
E55B

E55D

E55F

33 CO
8E 08
80 3E 0000
72 00
8 0 C8
8E CO
BD E20A R

E562 EA
E563 0000
E565 0000

E571

E567
E567 58
E568 A3 0000
E56B PB

B560
E560 BA 0378
E56F BO 80

EE

E572 07

E573 IF
B571 5E
E575 5F
E576 50
E577 5A
E578 59
E579 5B
ES7A 58
E57B 9D

B5 81
B581 ED 64
B5 83 AS 02
B5 85 75 FA

B587 8A 04
B589 E6 60

ax, ax

ds, ax
byte ptr ds:0,10h
l_alt_ond
ax, OS

es, ax

bp,offset alt_ret
0,0
OEAh

ROM BIOS
Listing

j we're here only If Z8000 released control
; reset segment register
; to absolute zero

b ; is a Jump requested?
; no, try to boot (or crash)
; pass return registers so that:
: Jmp e3:[bp]
i restarts Z8000 as desired
; intersegment direct Jmp to 0:0

End of Initializatioi

l_alt_end:
pop

mov

out

pop

pop

pop

pop

pop

pop
pop

pop

pop

popf

word ptr ds:0,ax

dx,0378h
al,80h
dx, al

; restore word at 0:0

; enable interupts

; printer port
; OK status
; tell fflfg tester

; restore state for boot

INT 19b ; go to boot-strap routine

pcinit endp

; Send command in AH to keyboard interface processor. AZ is used.

kb_cmd_send proc near

kb_cffld_wlup:
in

tea

Jns

mov

out

rat

kb_emd_send endp

node ends

include pwrup2.asm

al,kb_status
al.lOb
kb_omd_wlup

al, ab
p_kscan, al

get 8041 port status
ready to reoeive?

; ready, send command

This module inoludes 8259 Interrupt, Video Controller, 8087
HPU, and 8253 4 MM58174 Clock tests.

segment public 'ROH'
assume cs:code, ds:nothing, es:notbing, ss:notbing

High Address
— sp before ill_int trap

' sp after ill_int trap

(10)

(OE)

(OC)

(OA)

(08)

(06)

(04)

(02)

(00)

I return fsw flags

I return es segment

I return ip offset
I
I ax
I
I ds
I
! near call here
I
I ax
I
I dx
I
I si
I

<— sp after ill_int pushes

<— sp after ill_int calls ill_trap

assume cs:code, ds:nothing, es:nothing, ss:nothing

ill_trap proc near
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E58C 50
E58D 52
E58E 56

E58F E8 1

E592
E5 95
E598

E8 E5C1I R
BE DC1B R

E8 E5FA R

E59B 8B F
E59D 36:
E5A1 36:

E5A5 4E
E5A6 8A 0
E5 A8 E8 E
E5AB tE
E5AC BB C

B5B1I B8 E632 R

E5B7 BE DC3A R
E5BA E8 E5FA R
E5BD E8 E5C1I R

E5C0 5E

E5C1 5A
E5C2 58
E5C3 C3

B8 0E2A
CD 10

FE OA

75 P7
BB <15 90

E5D5

E5D5

E5DC

E5DF
E5E2

BE DC45 R
B8 E5FA R
EE 35 90

8-106

; Turn off floppy diok drives.

push ax
push dx
push si

call

DOV

call

call

dec

DOV

pop

pop

pop

ret

ill_lp: mov
INT ion

dec dl
jnz ill.
Jmp DCrl

ill_trap end]

code ends

include pwrup3.asm

ill_ln
si,cs:(offset ill_o1)
ORonString

si, sp
ds,Hord ptr as:Csl-«-OEb]
si,word ptr ss:[si+OCh]

al,byte ptr ds:Csi]
DHexByte

si,OS:(offset ill_o2)
DRomString

si,cs:(offset ill_m3)
DRooString
ill_ln

ax,(OEh»100h)+(•••)

save registers

destroys ax & dx

part 1 of message

cs past si,dx,ax,ret,da,ax,ip
ip past si,dx,ax,ret,da,ax

si points to interrupt number
print illegal interrupt number

part 2 of oessage

print illegal ca:ip = ds:ax

part 3 of message

restore registers

prints a line of

Filename: pwrup3.src

This module includes 8041 keyboard, oommunloatlon LSI, RAH, and
optional ROM tests.

code segment public •ROM*

assume oa:code, ds:notbin8, es:data, ss:nothing

; Input: ds s segment of ROM under test
; es s firmware data segment

; Trash: All other registers except bx destroyed (in general).

mov si,es:(offset fall_m)
call DRomString
jmp DCrLf

; indicate ROM failed

assume cs:code, ds:nothing, ea:nothing, ss:notbing

Input: ds:si = pointer to ROM to be tested

Output: ab s checksum for the ROM

Trash: al destroyed.

iheckstun proo near
assume cs:code, ds:nothing, es:nothing, as:notbing



E5E5 B9 2000

E5 E8
E5B8 33 CO

E5EA

E5EA AC
E5EB 02 EO

E5 ED E2 FB

E5F2

E5F2

rom_cbecksum_loop
lodsb

add

loop

C roB_obecksuB

ab, al
ron_oheck3UB_loop

ROM BIOS

Listing

Tbla Bodule Includes disk drive testa, system initialization,
keyboard boot-strap options, and message routines.

code segment public • ROH*
assume cs:code, ds:notbing, es:notbing, ss:notbing

Utility Routines:

DRomString
DHexLong
DNum

DString
DHeztford
DHuaH

DCrLf
DHexByte

E5F2 0040

C

C 8et_d8_¥ord dw data_seg ; 2 bytes s 0 clocks

B5P4 C

C

p4_data1 endp

ESFI
C

C 8et_da proc near ; set ds to firaware data segment
C assuae cs:code, dsrnotbing, es:notbing, ss:notbing

BSPO 2E;: 8E IB E5P2 R C BOV ds,word ptr ca:[set_ds_word] ; 5 bytes 2+9+6 = 17 clocks
E5P9 C3 C ret ; 1 byte s 8 clocks

ESPA C set_d8 endp
C J----SSSSSSSS33 SSSSSSSS!

C ; Display ASCII String Utilities
C ? = " = •• = " = = = = = = = =

B5PA C DRoaString proc near ; Displays NUL terminated string at cs:si
C assume ca:ccde, ds:notbing, esrnotbing, asrnothing

B5PA IB C pusb ds ; all registers saved
B5PB OB C pusb cs ; ds gets cs
B5PC IP C pop ds

B5PD E8 B602 R C eall DString
B600 IP c pop ds ; restore ds
B601 C3 c ret

B602 c DRoaString endp

B602 c DString proc near ; Displays NUL terminated string at dstsi
c assuae cs:code, da:nothing, es:notbing, ss:nothing

B602 50 c pusb ax ; all registers & flags saved
B603 53 c pusb bx

E604 56 c pusb si

E605 9C c pusbf
B6 06 PC c old ; auto increment
B607 B3 01 c BOV bl,1 ; select fcreground color for grafix acdes
E609 AC c DS_lp: lodsb ; al gets ds:sl and si++
E60A OA CO c or al,al ; NUL 7
E60C 74 06 c Je DS_ret
B60E B4 OE c BOV ab,OEh ; tty emulator
B610 CD 10 c IHT 10b

E612 BB F5 c Jmp abort D;S_lp
E614 c DS_rot:
E614 9D c popf ; restore registers A flags
B615 5E c pop si

E616 5B c pop bx

B617 58 c pop ax

E618 C3 c ret

E619 c DString endp

B619 c DCrLf proc near ; Displays a CR & LF.
c assuae cs:code, da:notbing, es:notbing, ss:nothing

B619 50 c pusb ax ; all registers preserved
E61A B8 OEOD c BOV ax,(OEb'IOOb)^CR
E61D CD 10 c INT 10b ; tty emulator
E61F B8 OEOA c BOV ax,(0Eh«100b)*LF
E622 CD 10 c INT 10b ; tty emulator
E624 58 c pop ax ; restore ax
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E625 C3 C ret

E626 C DCrLf endp

E626 C DColon pr oc near ; Displays a ' : '.
C assume cs:code, ds:nothing, es:nothing, as:nothing

E626 50 C push ax : all registers preserved
E6 27 53 C push bx

E628 B3 01 C mov bl, 1 ; select foreground color for grafix modes
E62A B8 0E3A C DOV ax,C0Eh*100h)+':
Ee2D CD 10 C INT lOh ; tty emulator
E62F 5B C pop bx : restore registers

E630 58 C pop ax

E631 C3 C ret

E632 C DColon endp

C ====:

C ; Display Hexadecimal Number in CII Utilities

C :»============= ======== =========

E632 C DHexLong proc near ; Displays da:ax in ASCII
C assume cs:code. dsinothing, ea:nothing, sa:nothing

E632 50 C push ax ; all registers preserved
B633 8C D8 C mov ax, da ; display segment first
E635 88 E63C R C call DHexHord

B638 88 E626 R C call DColon ; display a colon

E63B 58 C pop ax ; restore ax
c ; Jap short DHexHord ; fall through: display offset second

B63C c DHexLong endp

E63C c DHexHord proc near ; Displays ax in ASCII
c assume OS:code. ds:nothing, esinothing, ssrnothing

E63C 50 c push ax ; all registers preserved
B63D 8A C4 c fflOV al,ah

E63P 88 E643 R c call DHexByte ; display high byte first
E642 58 c pop ax ; restore ax

c ; Jmp short DBexByte ! fall through: display low byte second

86 43 c DHexHord endp

E643 c DHexByte proc near ;; Displays al in ASCII
c assume cs:oode. ds:nothing, es:nothing, as:nothing

B643 50 c push ax ; all registers preserved
B644 DO C8 c ror al, 1
B646 DO C8 c ror al,1
E648 DO C8 c ror al,1
B64i DO C8 c ror al,1 move high nibble to low nibble

E64C 88 8650 R c call DHexNib display high nibble in ASCII
B64P 58 c pop ax restore ax

c : Jap short DHexNib fall through: display low nibble in ASCII

B650 c DBexByte endp

B650 c DHexNib proc near ; Displays low nibble of al in ASCII
c assume cs:code. da:nothing, es:nothing, as:nothing

B650 50 c push ax ; all registers preserved
B651 53 c push bx

B652 B3 01 c mov bl,1 i select foreground color for grafix modes
B654 24 OP c and al.Ofh ; clear high nibble
8656 04 30 c add al, '0'
8658 30 39 c cop al,'9'
B65A 76 02 c Jbo NibOk 1 '0« <= al <= '9' ?
865 C 04 07 c add al, 'A'- '0'-10

8658 B4 08 c NibOk: oov ah.OBb ; tty emulator
8660 CD 10 c INT 10b
8662 5B c pop bx ; restore registers
B663 58 c pop ax

8664 C3 c ret

8665 c DHexNib endp

c :E3SSEE3SSSSSSSS3SS3SSSS3E3SS3S3S3S333S

c ; Display Decimal Number in ASCII Utilities

c !==============•======== ==========
:SSSSEEEEE3EEEEC3EESESC3SE3S33EE.E3EEE3

B665 c DNum proc near ; Displays decimal of ax in ASCII in min widtt
c assume cs:code. ds:nothing, es;nothing, ss:nothing

8665 53 c push bx ; all registers preserved
E666 33 DB c xor bx, bx ; minimum width
E668 E8 E66D R c call DNumH ; display ax
B66B 5B c pop bx ; restore bx

B66C C3 c ret

E66D c DNun endp

E66D c DHumH proc near ;; Displays decimal of ax in ASCII of width bx
c assume cs: code. ds:nothing, es .-nothing, sa:nothing

E66D 50 c push ax j all registers preserved
866 8 53 c push bx

866P 51 c push cx

8670 52 c push dx

8671 56 c push si

8672 BE OOOA c oov si, 10 ; decimal modulus

8675 33 C9 c xor cx, cx ; clear digit counter
8677 c DNuoH_loop:
E677 33 D2 c xor dx, dx ; dx:ax s decimal number

8679 F7 F6 c div si ; dh 3 0
c ; dl s remainder = (0-9)
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B67B 52 C

B67C 41 C

E67D OB CO C

B67F 75 F6 C

C

E6ei 2B D9 C

B683 76 08 C

C

B685 C

B685 B8 OE20 C

E688 CD 10 C

B68A 4B C

E68B 75 F8 C

C

B68D C

B68D B3 01 C

B68F 58 C

B690 04 30 c

E692 B4 OB c

B694 CD 10 c

B696 B2 F5 c

c

B696 5B c

B699 5A c

B6 9A 59 c

B69B 5B c

B69C 58 c
B69D C3 c

B69B c

c
B69E c

ax = quotient s higher order digits
save the digit on stack
Increoent count of uhat's on stack
are we done?

B69B

B6F2

Berz

B6P2 B9 F860 1

B6P5

E6F5

i 0080

: 0020
I 0008

: 0004

: 0002

^ 0001

DNumW_spaces:
aov

IMT

dec

Jnz

ax, (OBb*100b)f'

DNumH_spaces

display a space

decrement count of space
keep going

pop ax

add al

oov ab

INT 10

loop DN

pop si
pop dx
pop cx

pop bx
pop ax

ret

DNuoH endp

oode ends

Include bootl.asm

foreground color for graflx modes
remove digit from stack
convert to ASCII

display the digit

code

restore registers

Filename: bootl.src

This module Includes the ORG'd Jump to INT 19h (boot2.

segment public 'ROH'
assume cs:code, ds:nothlng, esrnothlng, ss:nothlng

ORG

bt_Jmp proo

Jap

bt_Jmp endp

0B6F2h

near

bt_lnt ; necessary Jump for (

Filename: coml.src

This module, com2, and com3 supply INT 14h.

oode segment public 'ROM'
assume cs:coda, d3:nothlng, es:nothlng, 3s:nothlng

INS8250 Compatible Line Status Bits (ah) for Z8530 SCC Re-Mapping

com_pe
com_oe

com_rxd

04h

02h

Olh

time out error (bit #7)
transmit ready (bit #5)
framing error (bit #3)
parity error (bit #2)
overrun error (bit #1)
receive ready (bit #0)

INS8250 Compatible Modem Status Bits (al) for Z8530 SCC Re-Mapping

INS8250 Compatible Modem Control Bits.

i request to send (bit #1)
; data terminal ready (bit FO)

Z8530 SCC Status Register (Read Register #0)

transmit ready (bit #2)
receive ready (bit #0)

Z8530 SCC Error Register (Read Register #1)
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: 0040

: 0020

: 0010

framing error (bit #6)
overrun error (bit #5)
parity error (bit #4)

INS8250 Asynchronous Communication Chip Baud Rate Time Constants
(baud rate generator signal Is 3>6864 MHz put through a
dlvlde-by-2 circuit.

Time Constant

((3,686,400 Hz)/2) 3 Input Freq.

(I6)«(baud rate)

E729 C ORG 0E729h

E729 C oom_data1 proc

E729 0417 C com_baud dw 1047 110 baud (0)
E72B 0300 C dw 768 150 baud (1)
E72D 0180 C dw 384 300 baud (2)
E72F OOCO C dw 192 600 baud (3)
E731 0060 C dw 96 1200 baud (4)
E733 0030 c dw 48 2400 baud (5)
E735 0018 c dw 24 4800 baud (6)
E737 OOOC c dw 12 9600 baud (7)

c .list

E739 c

c
c

com_data1 endp

Z8530 Serial Communication Controller Baud Rate Time Constants
(baud rate generator signal la 3.6864 KHz)
(NO dlvlde-by-2 clrcultlltl)

(3,686,400 Hz) = Input Freq.

(I6)*(2)*(baud rate)

NOTE; These values are the SAME as the above EXCEPT for the - 21111

B739

B739

E740 8B E8
E742 80 FC FF
E745 75 02
E747 32 B4

E749
E749 80 FC 03
E74C 77 2F

E74E 52
E74F 51
E750 53

E751 IB

8-110

Time Constant ^

C soc_baud dw 1045 110 baud (0)
C dw 766 150 baud (1)
C dw 382 300 baud (2)
C dw 190 600 baud (3)
C dw 94 1200 baud (4)
C dw 46 2400 baud (5)
C dw 22 4800 baud (6)
C dw 10 9600 baud (7)

- 2

RS-232 Software Interrupt Request Routine

INS8250 port addresses are > 256. That Is, the
high byte of the port address Is nonzero, If and
only If, the port la a INS8250. (e.g. com_a ports
are 03F8h - 03FFh A com_b ports are 02F8h - 02FFh.)

Z8530 port addresses are < 256. That Is, the
high byte of the port address Is zero. If and
only If, the port Is a Z8530. (e.g. scc_a ports
are 0050h - 0051h A acc_b ports are 0052h - 0053h.)

i: For the reset during power-up, DTR and RTS must be
set low which Is the only difference from a normal
reset (AHsO). This Is accomplished by a special
function code (AHsOFFh).

stl

push

push
push
push

ah,03h
rs_nop

assume cs:code, ds:data, es:nothlng, ss:nothlng

dx I save registers

othlng

enable Interrupts

save register

4 RS-232 channels allowed max

save original function code
power-up reset?
jump If no
same as reset, BP remembers FF

Input out of range?
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E752 2E: 8E IE E5F2 R

E757

E759
E75B

E75F
E761

33 C9
8A 8F 007C R
D1 E3
8B 97 0000 R mov

pop

<ls,word ptr cs: [aet_da_word ] j

bx, dx
cx, cx

cl.byte ptr ds:[bx+serlal_t_out ]
bx, 1
dx,word ptr ds:[bx+r3232_addr]

satisfy assumptions

; get port number (0-3)
: clear ch
i get RS-232 time-out
; make word index
; get address of RS-232
; data port
j restore ds

!ode, ds;nothing, es:nothing, nothing

E76A OA F6
E76C 75 03

E76E 80 C4 Ol

; are we a INS8250 chip?
; if so, take Jump

; if SCO Z8530 ^ 4 to functio

E771
E771

E773
E775

8A DC
D1 B3
2E: FF 97 E77F R

bl.ah
bx, 1
OS:[bx+(offset r8_tbl)]

bx = function number

bx a 2*(funotlon number)
perform r8232 function

E77A

E77A 5B
E77B 59
E77C 5 A
E77D
E77D 5D
E77E CF

pop

pop

pop

tore registers

E77F
E781

5783
E785
B787
E789
E78B
E78D

E78F

E7 8F R
E8EC R
E92A R
E87F R
F573 R
E91B R
E9'ID R
E88A R

INT 14b Jump Table

c rs_tbl dw com_lnlt ; ah a OOh for INS8250
c dw eom_pb ; ah a Olh for INS8250
c dw com_gb ; ah a 02h for IKS8250
c dw com_stat ; ah a 03h for INS8250
0 dw scc_lnl t ; ah a OOh for see Z8530
c dw scc_pb ; ah a Olh for see Z8530
c dw aco_gb ; ah a 02h for see Z8530
c dw soo_stat ; ah a 03h for see Z8530

c aerlal_io endp

Initialize RS-232 Interfac

Input:

Output: i

al initializes port with: bit #76543210

IBIBIBIPIPISIDIDI

input parameters
address of RS-232 channel
RS-232 channel status

Baud (BBS):
0 a 110 4 a 1200
1 a 150 5 a 2400

2 a 300 6 a 4800

3 = 600 7 - 9600

Assumes: cc

Parity (PP):
xO a Hone
01 a Odd

11 a Even

Stop Bits (S): Data Bits (DD):

proc near

assume cs:code, ds:nothlng.

E78F 52 e push dx

E790 8A EB e mov ch, al

E792 BO 80 e mov al ,080h

E794 83 02 03 e add dx,3
E797 EE e out dx,al
E7 98 E8 E8E2 R e call rs_dly

E79B 8A DD c mov bl, ch
E79D 81 E3 OOEO c and bx,11100000b
E7A1 B1 04 c mov cl ,4
E7A3 D2 EB c ahr bl,ol

E7A5 2E:: 8B 87 E729 R e mov ax,word ptr 1

E7AA 5A c pop dx
E7AB EE e out dx, al
E7AC E8 E8E2 R e call rs_dly

E7AF 8A C4 c mov al, ah
E7B1 42 e Inc dx
E7B2 EE e out dx, al
E7B3 E8 E8E2 R e call rs_dly

E7B6 8A C5 e mov al,ch

s: [bx+com_baud]

(00 a 5?)
(01 a 67)

! ah a oob
lothlng, ss:nothlng

: save dx a com_data_x

; save Input parameters.

; access divisor latch of
; baud count register.
; dx a com_lctl_x
I write to line control register

: get Input parameters,
get bits #5, 6, 47 (clear bh)

move to bits #1,2,4 3
bx Is word Index
get 8250 baud count

restore dx = com_data_x
output low byte of baud rate

; transfer high byte to low byte
; dx a com_lnt_x
: output high byte of baud rate

: get Input parameters.
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E7B8 24 IF C

E7BA 42 C

E7BB 42 C

E7BC EE C

E7BD E8 E8E2 R C

C

C

E7C0 32 CO C

E7C2 4A C

E7C3 4A C

E7C4 EE C

C

E7C5 4A C

E7C6 E9 B87F R C

C

E7C9 C

C

E7C9 C

C

C

C

C

c

c

c

c

c

E7C9 c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

E82E c

c

E82E c

c

c

B82E FB c

E82P IE c

E830 2E: 8E IE E5F2 R 0
B835 53 c

c

c

c

E836 80 FC 01 c

E839 72 OA c

E83B 74 23 c

E83D 80 FC 02 c

E840 74 27 c

c

E842 5B c

E843 IF c

E84lt CF c

c

E845 c

c

c

c

c

c

c

c

c

c

c

c

c

c

E845 c

c

c

E845 FB c

E846 E8 E854 R c
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and
ino

inc

out

call

dx.al
P8_dly

; get bits #0 thru IH

; dx s oom_lotl_x
: write to lino control register
; disable access divisor latch,
; set data & stop bits, & parity

; disable all interrupts!I

Filename: kbi.src

This module includes INT 09h & l6h.

code segment public 'ROM'
assume csicode, ds:notbing, ea:notbingi ss:notblng

INT l6h — i8041A Keyboard Software Interrupt Request Routine

Trash:

Note:

sti

push

push

assume

cmp

Jb

pop

pop

iret

ab = function number (00b <= ab <s 03h)
ah (ab - 2) if ab >:: 2

None, (bx & ds if ROM stack)

The stack never gets deeper than 6 words!11

I return few flags

High Address
<— sp (at entry & exit)

I return ip offset
<— sp after kb trap

cs:code, ds:notbing, es:nothing, ss:nothlng

ds,word ptr OS:[set_ds_word]
bx

os:code, ds:data, estnotbing,

k_read
k_look
ab,2
k_8tat

enable interrupts!!
save da

avoid potential stack problems
save bx

: lump if ab ^
: Jump if ah :
; ahs2 ?

restore registers

Wait for key and extract if from the keyboard buffer

Trash: Hone.



E8»9 79 FA
E84B E8 E86E R
E89E 89 IE 001A R
E852 EB EE

E889 FA
E858 8B IE 001A R
E859 3B IE 001C R
E85D 8B 07
E85F C3

E860 B8 E854

B863 FB
E869 SB
8865 IF
B866 CA 0002

E869 AO 0017 R
E86C BB D9

B86E 93
E86F 93
B870 3B IE 0082 R
E879 75 09
E876 8B IB 0080 R
E87A
E87A 03

J2 k_read
call k_a<lv_ptr
Dov word ptr da:[burrer_bead],bx
Jap abort k_ret

C k_aee: cli
C mov

C cap
C mov

C ret

C

C k_read endp

bx.word ptr da:[buffer_bead]
bx.word ptr da:[buffer_tail]
ax,word ptr da:[bx]

ROM BIOS
Listing

Intarrupta come back diaabledl
loop until aometblng in buffer
move pointer to next poaition
atore value in variable

diaable interruptalI
got pointer to bead of buffer
if equal, tben nothing tbere
get acan code and aacii oode

Cbecka for key in keyboard buffer, but doea not extract it.

Output: if key ia in buffer, then:
zf s 0 (nz s reaet)
ab s raw acan code
al s ASCII tranalated key

zfs 1 (zs aet)
ax s iStb previoua key

Traab: ax ia traabed if keyboard buffer ia empty.

k_look proc

ati

pop

pop

ret

k_look endp

far ; must be fart 111
ca:oode, da:data, ea:nottaing.

: ia tbere a character preaent?
; interrupta come back diaabledl

muat return interrupta enabled
reatore regiatera
blow away flaga returning:
zf A ax n k_eee output, A ati

Returna keyboard abift atate kb_flag in al.

Output: ab s 0.
al = kb_flag

Traab: None.

k_atat proc near
aaaume c8:code, da:data, ea:notbing, a8:notbing

; get the abift atatua flaga

C k_atat endp

Advancea kb_buffer ring buffer pointer.

Input: bx
Output: bx
Traab: None.

0 k_adv_ptr
C

C

C inc

C inc

C Jne
0 mov
C k_adv_end:
C ret

C

C k_adv_ptr

aaaume cs:code, da:data, ea:nothing, aa:notbing

; move to next word in liat

bx,word ptr da:[buffer_end3
k_adv_end
bx,word ptr da:[buffer_atart]

include comR.aam

Filename:

code segment public 'ROM'
assume cs:code, dsrnotbing, earnothing,

end of buffer 7
no, continue

yea, buffer to beginning

Read Status of RS-232 Interface. (ra_atat)

Input: dx = if dh = 0, then address of Z8530 channel (8cc_ctl_x).
if dh <> 0, then address of 8250 data port (con data x).

Output: ax = RS-232 (INS8250-conpatible) channel status.
Trash: None.
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C

C

C

; Assumes com_lstat_x :
eom_mstat_x •-

: com_data_x + 5 = dx + 5 (line status)
: oom_data_x ♦ 6 = dx + 6 (modem status)

E87B

C

C ra_8tat proc near ; ah 03h

C assume cs:code, ds:nothing, es:nothlng, ss:nothing

E87B OA F6

C

c or dh,dh : are we a SCC Z8530 chip?
E87D 74 OB c

c
Jz scc_8tat ; if so, take Jump

E87F
c

c coB_stat: ; INS8250 read status routine.

c ; Get Line Status.

E87F 52 c push dx j save dx = com_data_x

E880 83 C2 05 c add dx,5 i dx = eom_lstat_x

E883 EC c in al,dx ; get line status

E884 8A EO c mov ah,al ; line status comes back in high byti

c ; Get Modem Status.

8866 42 c ino dx j dx = com_Bstat_x

E887 EC c in al,dx ; get modem status in low byte
E888 5A c pop dx ; restore dx s coffl_data_x

E889 C3 c

c

ret

E88A
c

c scc_stat: ; SCC Z8530 read status routine.

c ; Get Channel Status.

E88A 33 CO c xor ax, ax ; al s selects 0 ; ah = no errors

E88C EE c out dx.al J dx = aco_ctl_x

E88D E8 E8E2 R c cal 1 rs_dly

E890 EC c in al,dx ; get channel status

B891 A8 04 c teat al,sco_txd ; test for transmit ready

E893 74 03 c Jz soo_no_txd

E895 80 CC 20 c or ah,com_txd ; if so, set INS8250-compatible bit.
E898 c soe_no_txd:

E89B A8 01 c test al,soc_rxd J test for receive ready

E89A 74 03 c Jz sce_no_rxd

E89C 80 CC 01 c or ah,com_rxd ; if so, set IHS8250-compatible bit.
E89F c ace_no_rxd:

B8 9F
E8A1
E8 A2

E8A5

BO

EE

E8

EC

01

E8B2 I

E8A6

E8A8

A8

74

40

03

E8AA

E8AD

80 CO 08

E8AD

E8AF
A8

in

10

03

E8B1
E8B4

80 CO 04

E8B1I

E8B6
A8
74

20

03

E8B8
E8BB

80 CO 02

E8BB

ESBD
BO

03

30

E8BE
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i Get Error Status.

sco_no_fe:

test

80c_no_po :

al,1
dx, al
ra_dly
al,dx

al,see_fe
3oc_no_fe

ah,C0B_fe

al,acc_pe
soc_no_pe

ah,coB_pe

ah,oom_oe

; Set Modem Status.

mov al, (eom_dsr+com_eta)
ret

rs_stat endp

; get error status

; test for framing error

: if so, set INS8250-compatitle bit.

; test for parity error

i if so, set INS8250-compatible bit.

; test for overrun error

; if so, set INS8250-compatible bit.

; al = DSR and CTS

Vait for Status of RS-232 Interface. (rs_ws}

Input: a!

Output: AH =

RS-232 channel status for which to wait

RS-232 time-out
if dh s 0, then address of Z8530 channel (3cc_otl_x
if dh <> 0, then address of 8250 data port to poll.

Status,

set,
reset.

Trash: al & bx destroyed.

Assumes: com_l8tat_x = oom_data_x + 5 = dx + 5 (line status)
coffl_mstat_x : coB_data_x +6 = dx + 6 (modem status)



ROM BIOS
Listing

B8BE C rs_ws proo near

C assume csicode, ds:nothing, esznothing, ssrnothing

B8BE 51 C push cx ; save time-out
B8BP 33 DB c xor bx,bx ; clear bx
B8C1 87 CB c xohg cx,bx ; BL now has r8232_time_out.

B8C3 c r8_wa_lp:
B8C3 OA P6 c or dh,db ; are we an INS8250 chip?
B8C5 75 06 c jns rs_ws_com ; if so, take Jump

B8C7 32 CO c xor al.al ; al n selects 0 on SCC Z8530
B8C9 EE c out dx.al ; dx = acc_ctl_x
B8CA B8 E8E2 R c call rs_dly

B8CD c rs_ws_oom:
E8CD EC c in al,dx ; get channel status
B8CE 8A P8 c mov bh.al ; save status in BH.
B8D0 22 C4 c and al,ah ; mask bits we're waiting for
B8D2 3A 04 c cap al,ah ; are they all on?

E8D1I 74 08 c rs_ws_exit ; if so, exit with zf set

B8D6 B2 EB c loop rs_ws_lp ; inner loop
B8D8 PB CB c dec bl

E8DA 75 E7 c Jnz rs_ws_lp ; outer loop

B8DC OA E4 c or ah,ah ; time-out, exit with zf reset
B8DB c r8_wa_exit;
B8DB 8A E7 c mov ab,bh ; move status to AH.
B8B0 59 c pop ex ; restore time-out
B8E1 C3 c ret

B8B2 c

c

r8_w8 endp

B8B2
c

c rs_dly proo near

c assume cs:code, ds:notbing, es:nothing, ss;nothing

B8B2 9C c pushf
B8B3 51 c push cx

B8B1I B9 0008 c mov cx,8
B8B7 B2 PB c rs_lp: loop ra_lp
B8B9 59 c pop cx

B8EA 9D c pcpf
B8BB C3 c ret

B8BC c rs_dly endp

c

c

c

c

assume csrcode, ds:nothing, es:nothing, ss:nothing

INSeaSO Put Byte (eoB9_pb) & SCC Z8530 Put Byte (soe_pb)

Transnlt Cbaraoter to RS-232 Interface.

Input: al s character to transmit
cx 3 RS-232 time-out
dx = if dh = 0, then address of Z8530 channel (aoc_ctl_x).

if dh <> 0, then address of 8250 data port <oom_dateux).
line statusOutput; al

Trash: bx destroyed.

com_notl_x = com_data_x + b ;
oom_lstat_x = cooL.data_x + 5
eom_m3tat_x = con_data_x + 6 :

sco_data_x = scc_etl_x * 1 = i

com_pb proc
C assume csieode, ds:i

E8EC 52 C push dx
E8ED 50 C push ax

B8EB BO 03 C mov al,{com_rts+
E8P0 83 C2 04 C add dx,4
E8P3 BE C out dx, al

E8P4 B4 30 C mov ah, (com_dsr+i
E8F6 42 C inc dx

E8P7 42 C inc dx

B8PB E8 E8BE R C call rs_ws

E8PB 75 13 C Jnz rs_pbe

E8PD B4 20 C mov ah, com_txd
E8FF 4A C dec dx

E900 E8 E8BE R C oal 1 r3_ws

E903 75 OB C Jnz rs_pbe

B905 58 C pop ax

B906 8A D8 C mov bl,al
E90B E8 E87B R C call rs stat

B90B 8A C3 C mov al, bl
E90D 5A C pop dx

B90E EE C out dx,al

; save dx = com_data_x
; save character to output in al

; signal RTS & DTR
: dx = com_mctl_x
; send to modem control register

i wait for DSR & CIS

: dx = com_mstat_x
; wait for modem status register
; if time-out, take Jump

; wait for transmit ready
: dx = con_lstat_x
; wait for line status register
; if time-out, take Jump

: restore character to output in al
; save character input/output in bl
j get return status
; restore character input/output in al
j restore dx = com_data_x
; else, output the character

; exit for put and get byte
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E90F C i'a_p4_gb: : if see Z8530, dx S aco_ctl_x

E90P C3 C ret

E910 C s_pbe : : exit for put byte error

B910 5B C pop bx ; restore character to output in bl
E91 1 5A C pop dx i if sec Z8530, restore dx s scc_ctl_x

C ; else INS8250, restore dx s coB_data_x

E912 £8 £87 B R C call ra_stat ; get return status

E915 8A C3 C BOV al.bl ; restore character to output in al
E917 80 CC 80 C or ab,oom_te ; indicate timeout error
E91A C3 C ret

E91B C

C

eom_pb endp

E91B
C

C aco_pb pr oc near ; ab s 01b
C aaauae ca:code, da:notbing, ea:notbing, 8a:nothing

B91B 52 C push dx ; save dx s ace_otl_x
E91C 50 C puab ax ; save character to output in al

B91D B4 04 C BOV ab,acc_txd ; wait for transmit ready
B91F £8 £8B£ R C call ra_ws

B922 75 £C c Jnz rs_pbe ; if time-out, take jump

E924 58 c pop ax ; restore character to output in al
E925 42 c i&o dx ; dx 3 aoo_data_x
E926 £B c out dx, al ; else, output the character

E927 5A c pop dx j restore dx s 8co_ctl_x
E928 £B £5 c JBP short ra_pb_gb

B92A c

c

aoo_pb endp

c

c INS8250 Get Byte (con_gb) A see Z8530 Get Byte (scc_gb)

c Receive Character to RS-232 Interface.

c Input: cx s RS-232 tine-•out

c dx = if db = 0, then address of Z8530 channel (scc_otl_x).
c if db <> 0, then address of 8250 data port (ooB_data_x}.
c Output: al = character received

c ab s line atatus

c Tra ah: bx destroyed.

c AaauBes : oom_BCtl_x 3 coB_data_x 4 s dx + 4
c eoB_latat_x 3 coflL.data^x *5 s dx 5

c C0B_B8tat_X 3 coB_data_x •» 6 s dx 6

c 8cc_data_x =! soo_otl_x •» 1 3 dx -f 1

E92A
c

c SOB_gb proc near ; ah 3 02b
c aaauae cs:code, da:notbing. es:nothing, ss:nothing

E92A 52 c puab dx ; save dx s coB_data_x
B92B BO 01 c BOV al,coB_dtr ; signal DTR
E92D 83 C2 04 c add dx,4 ; dx 3 ooB_Botl_x
E930 ££ c out dx,al ; send to modem control register

E931 B4 20 c BOV ah,ooB_dar ; uait for DSR

E933 42 c Inc dx

E93 4 42 c Ino dx i dx 3 coB_Bstat_x
E935 £8 E8BE R c call rs_w8 ; wait for modem status register
E938 75 0£ c J nz ra_gbe ; if tiBe-out, take jump

E93A B4 01 c BOV ah,coB_rxd ; wait for receive ready
E93C 4A c dec dx ; dx 3 coB_latat_x
E93D £8 £8BE R c call rs_ws ; wait for line atatus register
E940 75 06 c jnz rs_gbe ; if time-out, take junp

£9 42 80 £4 0£ c and ab,0£h ; Only interested on low nibble.
E945 5A c pop dx i restore dx 3 eoa_data_x
E9 46 £C c in al, dx ; else get character
E947 C3 c

c

ret

£948
c

c r3_gbe: : exit for get byte error
£94 8 5A c pop dx ; if see Z8530, restore dx 3 scc_otl_x

c ; else INS8250, restore dx 3 coB_datB_x
E949 80 CC 80 c or ab,coa_te ; indicate timeout error

E9 4C C3 c ret

B94D c

c

som_gb endp

£940
c

c aco_gb proc near ; ah 3 02h

c assume ca:code, ds:notbing,, es;nothing, ss:nothing

£940 52 c push dx : save dx s seo_ctl_x

£94£ B4 01 c BOV ab,sce_rxd ; wait for receive ready
£950 £8 E8BE R c call rs_ws

E953 75 F3 c jnz rs_gbe ; if time-out, take jump

E955 42 c inc dx ; dx 3 scc„data_x
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E95A

E987

E989 50
B98A 53
B98B 51
B98C 52
B98D 56
E98B 57
B98F IE

E996
E998

E99A BA 006
B99D EC
B99E 8 A D8

E9A2 EE

8A 03E9A3
E9A5

E9AC

E9AP
E9B2

E9BC

E9BE

E9 CO

E9CII
E9C6
E9C8

33 OB
33 C9
BA 2E 0017

8A D8
D1 E3
D1 E3

ROM BIOS

Listing

al, dx

dx

short r8_pb_eb

; else get character

; restore dx = scc_etl_x

scc_gb endp
code ends

include kb2.ai

Pllenaoe: kb2.8rc

This module includes INT 09h & l6h.

segment public 'ROM'
assume cs:code, ds:nothing, es:nothing, ss:nothing

INT 09h — i80HA Keyboard Hardware Interrupt Service Routine

-> key is depressed -> OOh -i- key scan code
r is released -> 80h * key scan code

c ; Note: * make'

c ; 'break'

C ;===ss SSZ3SSS3!

C

C

C k_int proc near

C assume cs:code,
C

C sti

C eld

C

C push ax

C push bx

C push cx

C push dx

C push si

C push di

C push
C mov ds,Hord
C push e s

: [set_ds_word]

; re-enable interrupts
; clear direction flag

avoid potential stack problems

assume cs;oode, ds:data, es:nothing, ss:nothing

I Get the scan code.

Reset the keyboard

mov

Retrieve the

dx,p_kctrl
al, dx
bl,al

al,080b
dx, al

al,bl
dx, al

scan code in both al & ah.

al, ah

al,07Fh

di , dw

lode (sake/break)

get control port address
get the status
save the status in bl

set bit #7 -- reset

reset keyboard

retrieve original status
send it back to keyboard

scan code in both registers

keyboard.

beep the speaker

al = scan code (make/break)

d ptr ds:[m
di,dword ptr es : [dlf0002h]

bx, bx
cx, cx

ch,byte ptr d3:[kb_flag)

tbl_ptr] : estdi points to master table
; esidi points to p_k3can table

mov

mov bx = scan code make

bx = 2*(scan code make)
bx = A*(scan code make)
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C

C

C

C

C

C

C

C

C

E9CA 4B C

C

E9CB P6 C5 08 C

E9CE 75 32 C

C

E9D0 4B C

C

E9D1 P6 C5 04 C

E9D4 75 2C C

c

E9D6 4B c

c

c

c

E9D7 3C 37 c

E9D9 77 OC c

c

E9DB P6 C5 40 c

B9DE 74 1C c

c

E9E0 E8 EB85 R c

E9E3 73 17 c

c

89 E5 EB OD c

c

E9E7 c

c

c

c

B9E7 3C 47 c

B9E9 72 11 c

E9BB 3C 53 c

E9ED 77 00 c

E9EP P6 C5 20 c

E9P2 74 08 c

c

E9P4 c

E9P4 P6 C5 03 c

E9P7 74 09 c

c

E9P9 4B c

E9PA EB 06 c

c

E9PC c

E9PC P6 C5 03 c

E9PP 75 01 c

EA01 4B c

c

c

c

EA02 c

EA02 D1 E3 c

EA04 03 PB c

c

EA06 26:: 8B 15 c

c

EA09 33 DB c

EAOB 8A DA c

EAOD F6 06 0018 R 01 c

EA12 74 02 c

c

EA1 4 8A DE c

c

EA16 c

c

c

c

c

c

c

c

c

c

c

c

EAie OA 02 c

EA18 74 1C c

c

c

c

EA1 A 80 FB CO c

EA1D 72 17 c

EA1F 80 PB 08 c

EA22 77 12 c

c

c

c

EA2 4 80 FB C8 c

EA27 72 04 c

c

EA29 OA E4 c
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test

Jnz

: scan code (make/break)
: 4*(scan code sake) s lt*al
: kb_flag
: 7

: p_kaoan base

scan code (sake)

4*(scan code oake)-

bx = 4*(scan code make)-2

: 4*(scan code nake)-3

; Handle CapLk (

CDP

test

Js

call

Jnb

Jmp

k_no_cap:

; Handle NumLk

cnp

Jb
cnp

Ja
test

Jz

k_lock:
test

Jz

oov

xor

mov

test

cb,oaps_lock_Bode
k_no_lock

k_no_look

short k_lock

Case.

al.TI
k_no_lock
al,e3
k_no_lock
cb,nuB_lock_mode
k_no_look

short k_ix

dx,word ptr es:[di}

honor caps look.

I scan code >= 717

; scan code <= 837

; nuBlock state7
; If not, test shift states

: either caps or nua lock.
: if so, and shift state
; also true

; bx s 4*(sean code aake}-4
; (base case) fall through

; bx = index into p_ksoan table

i bx = p_kscan word index
; add p_kscan base & index

; get data word from table

; clear bh
move translated key to bx
are we a deluxe keyboard

key

move translated deluxe

key to key
bx has translated byte (bh:0)

bx, bx
bl,dl
byte ptr ds:[kb_flag^l],dlx_kb
k_xlat

s scan code (make/break) al = scan code (make)
= deluxe keyboard translated byte (bh = 0)
= kb_flag ol a 0
= es:[di] (could be deluxe key code)
a p_ksoan base -f p_kscan scan code word index

; Registers are all loaded i

or dl.dl
jz k_no_case

i Test for special cases.

cmp bl,OCOh
Jb k_no_case
cmp bl,0D8h

; Test for 'break

jb
bl ,0C8h
k_jnp

Start going through the i

deluxe scan codes are

NEVER special cases! 11 I

xlated byte special case7
if not, handle unspeeial case
OCOh <a xlated byte <a 0D8h
if so, do the special function

is xlated byte a shift key?
if so, do 'break' of shift key
OCOh <= xlated byte < 0C8h



EA2B 78 2E

EA2D

EA2D

EA2F

EA31

8B P3
D1 E6

2E: FF A4 EA66 :

EA36 OA Ell
EA38 78 21

EA3A
EA3F
EA41

EA1I3
EA15
EAllA

EA4C

F6 06 0018 R 08
74 OB
3C 45

EA56
EA59

EA5B E8 EBA4 R

EASE 07

EA5F IF

EA60 5F
EA61 SE
EA62 5A

EA63 59
EA64 SB
EA65 S8
EA66 CF

EA67 80 ES OC
EA6A 80 FD OC

EA6D 75 EC

EA78 80 OE 0018 R I

EA7D E8 EBA4 R

EA87
EA8B

EA8E

EA91

8B 16 0063 :
83 C2 04
AO 006s R

EA92 F6 06 0018 R 08
EA97 75 F9
EA99 EB C3

EA9B E8 EBA4 R
EA9E CD OS
EAAO EB BC

Js k_none

ROM BIOS
Listing

BOV

3hl

Jmp

si.bx
si, 1
cs : [ sl+((offset k_(

t_no_case :

; Test for 'break' of non special case.

or ab,ah
Js k_none

; Test for 'unpause* ease.

test byte ptr ds:tkb_flaB_1],
J z k_n o_h ol d
enp al,nua_lock_key
le k_none

byte ptr da:fkb flag 1 1 •
short k_none

nothing for 'break' of others.

juop to special case routine.
If so, si gets special Index
make It a word index

e)-(2*0C0h)) )

and

Jnp

:_no_hold :

: Test for deluxe scan code.

or dl.dl
jnz k_no_xcode

Jmp short k_buf

:_no_xcode :

Send specific end of Interrupt (SEOI)

call k_eol

:_nop: pop os

pop da
pop dl
pop si
pop dx
pop cx

pop bx
pop ax

Iret

Test for system reset sequi

do nothing If 'break' of key.

not pause_fflode

; are we In hold state?
; If not, continue.
; don't clear hold state
; on num_lock_key (Pause).
; reset hold state bit A
i Ignore the key.

move deluxe key to scan code
put ax Into the buffer

; move translated key to key

; put ax into kb_buffer.
j try to put ax Into kb_buffer.
; zf set (z) if buffer Is full
; zf reset (nz) if buffer got ax

; scan code translate to nothing

to plo 'command' port.

; send specific end of Interrupt

; restore registers without Issuing SEOI

eh,(alt_shlft+cntrl_shlft)
oh,(alt_shlft+ontrl_shift)
k_none

Is it CTL ALT shift?

C : CTL ALT DEL ays

mov word ptr ds:[reset_flag],01234h
Jmp dlagno3tlcs_1

Pause waiting for another key. 'make' only.

k_pause:
or byte ptr ds;Lkb_flag_1],pause_Bode ; set the pause bit.

call k_eol ; send specific end of Interrupt

; Note: Video not disabled during vertical retrace,

cmp

Je

k_hold: test
jnz
Jmp

dx,word ptr ds:[v_base684S] ; get 684S pointer register
dx,4 ; get 6845 mode control register
al,byte ptr ds:[v_3x8] ; get the video mode last sent
dx,al ; enable video

ode ; test the pause bit.
; loop until pause bit cleared

Print Screen sequence. 'make' only.

k_prt: call k_eol
INT 5h
Jmp short k_nop

send specific end of Interrupt
Issue print, screen Interrupt
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C

C Deluxe code put HUL Into kb_bufrer. 'aake' only.

EAA2 B8 0300

C

C k_nul! nov ax,0300h ; NUL=X03

EAA5 EB AF C

C

Jmp abort k_buf ; put ax into tbe buffer

C j Four state abirta. 'aake' & 'break' in kb_flag_1 plua biatory in kb_flag.

BAA7 BO 80

C

C k_lna: DOV al, inaert_ahif t ; INS toggle lock

EAA9 E8 EAD4 R C call k_4tog ; toggle 4 atate

EAAC OA E4 C or ab, ab : ia INS toggle 'make' ?
BAAE 78 AB C J8 k_none ; if not, exit

EABO B8

EB

5200 C mov ax,(in8ert_key*100b)+00b ; elae, ax geta deluxe INS

EAB3 A1 C

c

JBP k_buf ; put ax into tbe buffer

BAB5 BO 40

c

c k_oap; BOV al, capa_locl^_8bift ; CAPS LOCK toggle lock

EAB7 E8 EAD4 R c call k_4tog ; toggle 4 atate

EABA B1 01 c BOV cl,00000001b ; CAPS LOCK LED ia bit #0.
BABC E8 EB63 R c call k_LED_cap ; aend LED inforaation
EABF EB 9A c

c

k_non1 jBp abort k_nono

EAC1 BO 20

c
c k_nua: BOV al,nuB_lock_ablft ; NQM LOCK toggle lock

BAC3 E8 EAD4 R c call k_4tog : toggle 4 atate
EAC6 B1 02 c BOV cl,00000010b ; HUH LOCK LED la bit #1.
BAC8 E8 BBS 9 R c call k_LED_nuB ; aend LED Inforaation
BACB EB F2 c

c

Jap abort k_non1

EACD BO 10

c

c k_sor: BOV al,acrl_locE_8bift ; SCROLL LOCK toggle lock
EACF E8 EAD4 R c call k_4tOB ; toggle 4 atate
EA02 EB EB c

c

jBp abort k_non1

EAD4 OA B4

c

c k_4tog: ab, ab ; ia toggle abift 'make' 7
EAD6 78 OF c Ja k_4rea ; if 'break' reaet kb_flag_1

BAD8 64 06 0018 n c teat byte ptr da:[kb_flag_1],al ; if 'make', teat bit.
BADC 75 08 c J nz k_4ret ; return if already preaaed

BADE 08 06 0O18 R c OP byte ptr da;[kb_flag^l],al ; aet tbe bit.
BAB2 30 06 0017 R c xor byte ptr da:[kb_flag],al : toggle kb_flag biatory.
EAB6 C3 c k_4rot:1 ret

BAE7 F6 DO c k_4roa ii not al

EAB9 20 06 0018 R c and byte ptr da:[kb_flag_1],al ; if 'break', reaet bit only.
BABD C3 c

c

ret

c Two atate ablfta. 'Bake' & 'break* in kb_flag only.

BABE BO 08
c

c k_al t; BOV al,alt_abift ; ALT aet/reaet kb_flag
EAFO E8 EBOF R c call k_2tog : toggle 2 atate

BAF3 33 CO c xor ax, ax ; aean code of ab s 0.
EAF5 86 06 0019 R c xcbg al,byte ptr da:[alt_input] ; alt_input geta 0.
EAF9 OA CO c or al,al : uaa alt_input 0?
BAFB 74 C2 c Je k_non1 ; if ao, do nothing.
BAFD E9 EA56 R c

c

jmp k_buf ; elae, put it into buffer.

EBOO BO 04
c

c k_otl : mov al,ontrl_abift : CTL aet/reaet kb_flag
EB02 EB 06 c

c

jap abort k_2ret ; toggle 2 state and return

BB0 4 BO 02
c

c k_l8h : aov al,lert_8bift i LEFT SHIFT aet/reaet kb_flag
EB06 EB 02 c

c

Jap abort k_2ret ; toggle 2 atate and return

EBOa BO 01

c

c k_rah : aov al,rigbt_abift : right shift aet/reaet kb_flag
c

c

Jmp abort k_2ret ; fall tbrougb

EBOA

c

c k_2ret;
EBOA E8 EBOF R c call k_2tog ; toggle 2 atate
EBOD EB BO c Jap abort k_non1

EBOF OA E4 c k_2 tog;! or ab, ab ; ia aet/reaet abift 'make' ?
EB11 78 05 c Ja k_2re3 ; if 'break', reaet bit only.

BBI3 08 06 0017 R c or byte ptr da:[kb_flag],al ; if 'aake', set bit only.
EB17 C3 c ret

EB18 F6 DO c k_2rea : not

EB1 A 20 06 0017 R c and byte ptr da:[kb_flag],al ; if 'break', reaet only.
EB1E C3 c

c

ret

c Alternate Nuaerlc Keypad. 'make' 0 nly.

EB1F 41

c

c k_alt9 : inc cx ; Alternate Numeric Keypad #9
EB20 41 c k_alt8 : inc ox ; Alternate Numeric Keypad f8
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EB21 41 C k_alt7: inc
EB22 41 C k_alt6: inc
EB2 3 41 C k_alt5: inc
EB24 41 C k_alt4: inc
EB25 41 C k_alt3: inc
EB26 41 C k_alt2: inc
EB27 41 C k_alt1 : inc
EB28 C k_altO:

EB28 BO OA C mov

EB2A F6 26 0019 R C mul
EB2E 02 Cl C add
EB30 A2 0019 R C mov

EB33 EB 8A C Jmp

al,10
byte ptr da:[alt_input]
al, cl
byte ptr da :[alt_input]
abort k_non1

Double Zero on Keypad. 'make' only.

EB35 BO 30
EB37 EB EBAO R
EB3A 7A 03
EB3C E9 EA56 R

EB3F E9 EASE R

EB42

EBAS
EB4 9
BB.tlD
BBS2
EBSI
EB56

EB59

BB 001E R

89 IE 001A R
69 IE 001C R
C6 06 0071 R I

C k_00: mov al,•0'
C call k_try
C jz k_nop1
C Jmp k_buf
C

C k_nop1: Jmp k_nop

Break key aequenoe. 'make' only.

mov

mov

mov

mov

INT

xor

Jmp

bx,da:(offaet kb_buffer)
word ptr da ; [buffer_bead],bx
word ptr da : [buffer_tail],bx
byte ptr da:[bioa_break],80b
IBb

; Alternate
: Alternate

Alternate

Alternate

Alternate

Alternate

Alternate

Alternate

ROM BIOS
Listing

Numeric
Numeric

Numeric

Numeric

Numeric

Numeric

Numeric

Numeric

Keypad #7
Keypad f6
Keypad #5
Keypad #4
Keypad #3
Keypad #2
Keypad #1
Keypad #0

alt_input = (10«alt_input)+cl

1 try to put ax into kb_buffer.
; zf aet (z) if buffer ia full

zf react (nz) if buffer got ax
: put it into buffer, again.

; reaet buffer to empty

; turn on bioa_break bit
; break interrupt vector
; ax geta deluxe OOh
; put ax into the buffer

Puta keyboard LED'a in correct atate after CAPS/NUM LOCK.

Input: ah s acan code (make or break)
al = kb_flag bit for CAPS/NOM LOCK (cap8_lock_ahift or num_lock ahift)
ol s 00000001b for CAPS LOCK LED or 00000010b for NOM LOCK LED."

Output: None.

Traah: al & cl deatroyed.

BB59 P6 06 0018 R 01
EB5E 74 03

BB63
EB63 OA E4
EB65 78 ID

EB67 84 06 0017
EB6B 74 03
EB6D 80 F1 80

EB70

EB70 E4 64
EB72 A8 02
EB74 75 FA

BB7A
EB7A
EB7C

EB7E

E4 64

A8 02

75 FA

EB80 8A C1
BB82 E6 60
EB84
EB84 C3

C k_LED_num

byte ptr da:[kb
k_LED_cap
cl,10000000b

da:data, ea:notbiag, aa:notbing

.flag-l ] ,dlx_kb

C k_LED_cap:

k_LED_cmd;
in

teat

Jnz

mov

out

k_LED_dat:

ab, ab
k_LED_ret

byte ptr da:[kb_]
k_LED_cmd

cl,10000000b

al,kb_8tatua
al,00000010b
k_LED_cmd

al,kb_3tatu8
al,00000010b
k_LED_dat

al, cl
p_kacan, al

; are we a deluxe keyboard
; if kb, LED ia num_lock
; if deluxe kb, LED is
: ~num_loek

; la CAPS/NUM LOCK 'make' ?
; if not, exit

; la CAPS/NOM LOCK kb_flag aet 7
; if not, LEO data ia ok.
; elae, flip aenae of LED data.

; polling loop to aend command.
; get 8041 status
i test input buffer bit
; if not ok to write cmd, loop.

• keyboard 'LED' command.
; aend keyboard 'LED' command.

; polling loop to aend data.
; get 804l status
: teat input buffer bit
; if not ok to write data, loop.

; retrieve keyboard 'LED' data.
; send keyboard 'LED' data.

Get kb_oap_flaga bit into the carry flag (of).

Input: al s acan code (make)

ea:di s p_kscan base
Output: of aet if kb_cap_flaga bit

Traab: ai destroyed.

k_bit proc near
assume os:oodo, da:data, es:notbing, a8:nothing
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EB85 8B F3

EB8B B1 03
BB8D D3 CB

EB8F

EB91

EB97 26: 8A 59 F9

EB9B D2 D3

EB9D 32 C9
EB9F DO D3

EBAb FA
EBA5 BO 61
EBA7 BA 0020
EBAA EE

EBAB FB

EBAC C3

EBAD

EBAD 8B IE 001C R

EBB1 8B F3

BBB3 E8 E86E R

EBBC 89 Ot
EBBE 89 IE 001C R
EBC2 C3

EBC3 E8 EBAt R

EBC6 BA 0061
EB C9 EC
EBCA 8 A EC

EBCC B3 80

EBCE 2 4 PC

8-122

rcl

xor

rcl

ret

endp

bz, bx
bl,al

el.3
bx, cl

cl,3
bb,cl

bl.byte ptr e8:[di+bx-7j

bl,ol
cl, cl
bl,1

Input: Hone.
Output: None.

Traab: al 4 dx deatroyed.

k_eoi proo near

• Send apecifio ond of interrupt (SEOI) to pic

cli

mov

nov

out

ati

ret

al, pio_a<
dx,pio_0
dx, al

clear bb
: bx = scan code (oake) Index
; bx 3 00000000 OOxxxyyy

rotate rlgbt bx 3
; bx s yyyOOOOO OOOOOxxx

rotate left bb 3
bx s OOOOOyyy OOOOOxxx

; bb s remainder = (0-7)
; bl = quotient s (0-6)

bx

; remainder = (0-7)
•• quotient = (0-6)

bl s proper cap_flaga byte

rotate (0-7) timea into bit #7
cl = 0

rotate into of bit #7

; reatore bx

'command* port.

; diaable interrupta
; apecifio end of interrupt
• command to pic 'command* port.

; enable interrupta

Try to put ax into tbe kb_buffer.

Input: ax = word to put in kb_buffer.
Output: zf aet (z) if buffer ia full, (ax traabed)

zf reaot (nz) if buffer got ax. (ax aaved)

Traab: bx, ox, dx, & ai deatroyed (in general).

nov

nov

call

C k_try endp

a:code, da:data, e3:notbing, aa:notbing

bz,word ptr da:[buffer_tail]
ai, bx
k_adv_ptr

bx,uord ptr da:[buffer_bead]
k_beep

word ptr da:[ai],ax
word ptr da:[buffer_tail],bx

& dx deatroyed.

da:data, ea:notblng.

dx,p_kctrl
al, dx
ah,al

al ,OFCh
dx, al

; get buffer end pointer
; aave tbe value
; advance tbe tail

; baa tbe buffer wrapped around

; zf ia reaet (nz)
; atore tbe value
; move tbe pointer up
; return zf reaet (nz)

i:notbing

; aend apecific end of interrupt

; get kb control port addreaa
; get control data
; aave control data

; outer loop counter

; turn off apeaker data



EBD6 OC 02
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dec

Jna
deorenent outer loop counter

BBE2 8A C4

EBB4 EE C out dx, al
EBE5 C3 C ret

EBE6 C

C

lc_beep endp

EBE6
C

C k_datal prcc

EBB6 EAA7 R C k_ca se dw k_ins
EBE8 BAB5 R C dw k_cap
EBEA EAC1 R C dw k_nun
BBEC BACD R C dw k_ser
EBEE BABE R C dw k_alt
EBFO BBOO R C dw k_ctl
EBF2 BB0 4 R C dw k_lsh
EBF4 BB08 R C dw k_rsh

EBF6 EA67 R C dw k res
EBP8 BB42 R C dw k_brk
BBPA BA78 R C dw k_pause
EBPC EA9B R C dw k_prt
EBPE EAA2 R C dw k_nul
ECOO EA5B R C dw k_none

BC02 BB1P R C dw k_alt9
EC04 EB20 R C dw k alt8
EC06 BB21 R C dw k_alt7
BC08 EB22 C dw k_al t6
ECOA BB23 R c dw k_alt5
ECOC EB24 R c dw k_alt4
ECOE EB25 R c dw k_alt3
EC10 EB26 R c dw k_al t2
EC12 EB27 R c dw k_alt1
BC14 EB2 8 R c dw k_al to

EC16 EB35 R c dw k_00

BC18 c k_data1 endp

EC18 c code ends

c

c

include fdu4.asm

EC18
c

c code segment public <
c

c

assume cs: code,

return zf aet (z)

kbina (OCOh) -

kbcap 1
kbnum 1
kbsor 1
kbalt 'make' &
kbctl 1
kbl ah 1
kbrsb V

kbr es (0C8b) .

kbbrk 1
pause 1
kbprt 1
kbnul 1
NONE 1

kdec9
1
1

kdecS 1
kdec7 'make'
kdec6 1
kdec5 1
kdec4 1
kdeo3 1
kdec2 1
kdeol 1
kdecO 1

kdblO (0D8b}
1
V

NEC status port

EC18

EC18 BA 03F4 90
EC1C EC

EC1D 3C 10

EC1P 75 OE

EC21 AO 0041 R

EC24 50

EC25 33 CO

EC27 8B DO

EC29 CD 13
EC2B 58
EC2C A2 0041 R

EC2F

EC2F C3

EC30

EC30

c f_nec_reset proc near

c mov dx, f_nee_status
c in al, dx
c cmp al,10b
c Jne f_ne c_r0 se t_re t
c mov al,diskette_status
c push ax

c xor ax, ax
c mov dx,ax
c int 13b
c pop ax

c mov di skette_status,al
c f_nec_reae t_ret
c ret

; save from previous operation,

reset call.

: oooc

: OOOE

r GOOF

; OOOl

t 0000

: 0025

C f_nec_reset endp
C

0 code ends

C include fdut.asm

C f_srt_J|8
C f_srt_96
C f_hut
C f_hl t
C f_ndma
C

C f_notor_wait

Controller constants

= C f_drive equ tbp+0 ]
= c f_head equ [bp*1)
= c f_numsecs equ Cbp+2]

c f_comnand equ Cbp..3]
= c f_buroff equ [bp-»4]
= c f_secnum Cbp+6]
= c f_cy 1 equ Cbp+7]

c f_real_drive equ tbp+8]

; restore from previous op.

; 48TPI step Rate Time (6 ms 6 4 Mhz)
; 96TPI Step Rate Time (4 ms 6 4 Khz)
; Head Unload Time (480 ms § 4 Mbz)
; Head Load Tine (4 ms § 4 Hhz)
; Not DMA bit (0 s dna on)

; byte pointer.
; byte pointer.
; byte pointer.
; byte pointer,
j word pointer.
; byte pointer.
; byte pointer.
; byte pointer.

8-123



ROM BIOS
Listing

C Floppy Diak port addreaaea

= 03F2 C f motor _por t equ 03F2h ; drive select port

= OSFH C f_neo_3tatua equ 03F4h ; disk controller status port

= 03F5 C f_nee_data equ 03F5h : disk controller data port

C : Floppy Disk commands

= 00E6 C f_read_ end equ 0E6h ; read data

= 00C5 C fwrite_cmd equ OCSh : write data

= OOID C f format_end equ 04Dh i format

= 0007

= 0008

C frecal omd equ 007h ; recalibrate

C f_8nslnt_omd equ OOSh ; sense Interrupt
B 0004 C f_8nadrv_ond 004h ; sense drive

= 0003 C f_8peolfy_cmd equ 003h j specify

= OOOF C

C

f_800k_ end equ OOFh ; seek

EC30

C

C code aegment public 'ROM'
C

C

C

888ume catcode, ds:dat a, ea:oothlng, aainothlng

EC59

C

C

c ORG 0EC59h

EC59 c fd_lo proc far

ECS 9 FB c 8tl ; enable Interupta

ECS A SS c puab bp

ECSB IE c pu8h da

ECSC 56 c pu8h 8l

ECSD S7 c pu8h dl
; head & drive#ECSE 52 c push dx

ECSF 51 c push ; oyl. & sec#

EC60 53 c puab bx ; buffer offset

BC61 50 c puah ax ; command & #seoa

EC62 52

SB

c push dx ; this one gets modlfled(96 TPl]

EC63 EC c mov bp, ap ; BP preserves SP throughout

c ; t e at command code & uae Jump table to Jump to appropriate routine

EC6S 2E: SE IE E5F2 R c mov da,word ptr ca: [aat_d8_word] ; DS = data_8eg (40h)
EC6A SO 26 003F R OF c and motor_atatua,OFh ; preserve motor on bits.

EC6F SO FA 01 c omp dl,1 ; max. drives

EC72 77 05 c Ja f_lo1 ; drive out of range.

EC74 SO FC 05 c omp ah,5 ; max. command.

EC77 76 07 c Jbe di3kette_lo1 ; command In range

EC79 c f_io1:

EC79 C6 06 0041 R 01 c mov dlakette.atatua ,omd_error ; Olh

EC7E EB IB c Jmp short f_io_ret ; quick return
EC80 c dlakett e_lo1;
EC80 PC c eld ; Autolncrement for strings.

BC61 ES EPAD R c call f_check_valid ; Will not return If error.
EC84 32 FF c *or bh, bb ; clear high byte

BC86 SA DC c mov bl,ah ; move selection Into low byte
ECSB D1 E3 c 8bl bx, 1 ; multiply by 2

EC8A 2E:; FF A7 ECSF R c

c
Jmp 03:[f_table. bx]

ECSF
c

c f_table label word

ECSF ECBF R c dw f_reaet ; AH = 0 (reset)

EC91 BC9B R c dw f_io_rot ; AH = 1 (status)
EC93 El>65 R c dw f_rdata ; AH s 2 (read)
EC9S E039 R c dw f_wdata ; AH s 3 (write)
EC97 ED65 R c dw f_rda ta j AH = 4 (verify)
BC99 ED39 R c

c

dw f_wdata ; AH s 5 (format)

EC9B
c

c f_lo_ret:
c ; f_noei_reaet iLa located In the1 module called special.arc.

EC9B ES EC18 R c call f_nec_re3et ; reset If necessary.
EC9E BB 0002 c mov bx,2 ; motor_walt parameter.
ECA1 ES EDFF R c call f_get_var ; Returns 0 In AH.
ECA4 A2 0040 R c mov notor_count,al ; motor shut off value.

ECA7 32 CO c xor al, al ; zero AL.

ECA9 SA 26 0041 R c mov ah,dlakette_atatus

ECAO SO FC 01 c omp ah,1

ECBO F5 c omo

ECB1 SB E5 c mov ap,bp ; for safety sake.

ECB3 SB c pop bx ; discard DX.

ECB4 SB c pop bx ; discard AX.

ECBS SB c pop bx

ECB6 59 c pop cx

ECB7 SA c pop dx

ECBS 5F c pop dl

ECB9 5E c pop al

ECBA IF c pop ds

ECBB 5D c pop bp

ECBC CA 0002 c ret 2

ECBF c fd_lo endp
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ECCO BO 66

ECC2 BA 0020

ECC5 EE

ECC6 42

ECC7 EC
ECC8 24 BF
ECCA EE

BCCB AO 003F R
BCCE 24 OF

ECDO 74 OB
ECD2 8A EO

ECD4 B1 04

ECD6 02 EO

EC 08

BCD8

EC DA

BCDC

ECOE

ECBO

00 EC

72 04
FE CO

BB F8

ECBO

ECE5

BCB7
ECEA

ECBB

ECBO

BCF2

ECF3
ECF4

C6 06 0041 R 00
OC 08
BA 03F2

ECF7 B4
BCF9 E8
ECFC BB

ECFF E8
E002 8A
E004 E8

E007 BB
BOO A E8
EOOD 8A

EOOF E8

BEOC R

0000

EOFF R

EBOC R

0001

EOFF R

E012 BB 87

ROM BIOS
Listing

c

c

c

c

c

; Reset and reprogram the FDC without turning the motors off.

c

c

c

f_reset proc near

c

c

c

01 i ; disable interrupts

c mov al, pie_8eoi_6 : specific end of interrupt
c mov dx,pic_0 : to pic 'command' port.
c out dx, al

c inc dx : pic 'data' port.
c in al,dx ; read mask.
c and al, 1 0111111 h : enable IR6.
c out dx,al

c
c

; Develop mask for motor control port.

c mov al,motor_status ; which motor is running?
c and al.OFh ; blow off high 4 bits.
c Jz f_r2 ; no motors running.
c mov ah, al
c mov cl,4
c

c

shl al,ol ; move to high nib.

c ; A motor is on. Find out which one.

c f_r1:
c shr ah, 1 ; determine drive select
c Jo f_r2 ; from motor enable bit.
c inc al

c Jmp short f_r1
c

c

f_r2:

c ; Reset signal has to be maintained for at least 14 clocks.

c mov diskette status,0
c or al,8 ; set bit 3.
c mov dx, f_motor_por t
c out dx, al ; send reset signal.
c or al ,4 ; set bit 2.
c mov seek_status,0
c out . dx, al : clear reset.
c sti

c

c
call f_sis ; sense int. status

c mov ah, f_specify_cmd
c call f_put_by te
c mov bz,0 ; 1st specify byte.
c call f_get_var
c mov ah, al
c call f_pwt_byte
c mov bx, 1 : 2nd specify byte.
c call f_get_var
c mov ah, al
c call f_put_byte

c Jmp f_io_ret

(f_ootop_o

INPUT:

OUTPUT:

DESTRCTS:
C

c

C

E014 C

C

C

f_motor_on

E014 C6 06 0040 R FF C mov

E019 8A 4E 00 C mov

B01C BO 01 C mov

E01E 02 EO C shl
EO20 84 06 003P R C test
E024 75 12 C Jnz
E026 A2 003F R C mov

E029 8A El C mov

B02B B1 04 C mov

E02D 02 £0 C shl
E02r OC OC c or

E031 OA C4 c or

ED33 BA 03F2 c mov

E036 EE c out

E037 F9 c

c

stc

E038 c f_mo_ret:
ED38 C3 c ret

Carry set if motor was off, cleared otherwise.

AX, CZ

motor_count,OFFh
cl,f_drive
al, 1
al, 01
al,motor_status
f_mo_ret
motor_3tatus,al
ah, cl
cl,4
al,cl
al,OCb
al, ah
dx,f_moto
dx, al

; mask for motor status.
; test always clears carry.
: already running.
; set correct bit. ^
; drive into AH.

motor on bit to high nibble
set bits 2 & 3 (0000 1100).
drive bits ( 0 & 1).
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0

0

0

ED39 0

0

c

ED39 B8 ED14 R 0

ED3C 73 IE 0

0

ED3E E4 67 0

ED40 F6 DO 0

ED42 24 02 0

Eb4 4 8A 08 0

ED46 BA 007D 0

BD49 D3 E2 0

ED4B BB OOOA 0

ED4B E8 EDFF R 0

ED51 32 E4 0

ED53 F7 E2 0

ED55 8B 08 0

ED57 0

ED57 E8 EF47 R 0

BD5A E2 FB c

0

ED5C 0

BD5C 80 OE 003F R 80 0

ED61 BO 4 A 0

0

ED63 EB 22 0

ED65 0

0

0

0

B065 0

0

BD65 80 26 003F R 7F 0

BD6A B8 ED14 R 0

BD6D 73 OE 0

0

0

0

ED6F B4 67 0

BD71 A8 02 0

ED73 75 08 c

BD75 B9 OlFt

ED78
BD78 E8 EFn7
ED7B E2 FB

BD7F

ED83
EC85

80 7E 03 04
75 02
BO 42

mov

f_wd_loop:
oall

loop

Jmp
f_wdata endp

f_rdata proc

al,sys_eonf_b
al

al,2
cl,al
dx,125
dx, cl

motor_atatu8,080h
al.OUAb

short f_rw_comBon

and Botor_atatus, 07Fh
call f_motor_on
jnc f_rd1

slow Botor delay loop

test

jnz
BOV

al, sy a_eonf_b
al,2 .
f_rd1
ex.500

byte ptr r_eomDand,i
f_rw_comBon

al,042b

C f_rdata endp

C6 06 0040 R FF
E8 EB73 R

ED8F
BD90

Eb91
ED92
ED94
ED97
ED9A
ED9C

32 CO
B9 0007
BF 0042 R
F3/ AA

ED9D E8 EECD R

EDAO

ED A3
BDA5
EDA8
EDAA

EDAC

8A 56 03
B4 05
80 FA 03
74 09
B4 4D
80 FA 05
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COBBon (f_rw_coBBon)

INPUT: AL dma aode byte.

OUTPUT:

DESTROYS:

f_rw_comaon

BOV notor_count,0FFh
call f_set_daa

Hear out status from previous operation.

push es
push ds
pop es
zor al,al

mov di,'offset nec_statu3
rep stosb

je''
BOV

cap

dl.byte ptr f_coBmand
ah,f_write_oBd
dl,3
f_rw1
ah, f_forBat_eBd
dl,5

j sets carry If aotor was off.
; Botor was on, skip delay.

; read switob.
; toggle the sense.
; Isolate slow aotor bit.

; 125 ms delay to start with.
; 125 X 4
: motor start delay parameter.
; returns param. in AL.
; for good measure.
; AX has total delay

set high bit, indicate write.
DKA mode byte; channel 2,
single mode, road transfer

clear high bit, indicate road

motor was on, no delay.

read configuration awitch{7W)
bit 1 s slow drive bit
1 = 250 BS Botors, no delay
approx. 500 as delay for
slow notors

DHA mode byte: channel 2,
single mode, write transfer.
Is it a verify coaaand?
Ho, Bust have been a read.
DMA mode byte: channel 2,
single mode, verify transfer.

long wait.
pass mode byte on through.

; On return, f_drive has
; head bit or'd in.

; get command

; Is it a write command?
>

; Is it a format coaaand?
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EDAP 74 02 C Je f_rw1 i y OS
EDB1 Bt E6 C ah,f_read_ond ; must be read or verify.
EDB3 C f_ni1:

EDB3 E8 EEOC R C call f_Pht_by te ; send command.
EDB6 8A 66 00 C DOV ah,f_drlve ; has head and drive bits.
EDB9 E8 EEOC R C call f_put_by te
EDBC 80 7E 03 05 C OOP byte ptr f_comm and,5 ; was It a format command?
EDCO 74 15 C Jo f_rw_sklp : yes, skip next 3 params.
BDC2 8A 66 07 C eov ah, f_cy 1
EDC5 E8 EEOC R C oall f_Pht_by te
EDC6 8A 66 01 C DOV ah,f_head
EDCB 80 E4 01 C and ah, 1 ; blow off high 7 bits.
EDGE B8 EEOC R C call f_put_byte
EDD1 8A 66 06 C nov ah,f_secnum
BDDll E8 EEOC R C call f_put_byte

C Get bytes 3|4 ,5,6 from table.
C If wo are formatting then we need bytes 3|4,7,8 from table.

EDD7 C r_rw_alclp:

BDD7 B9 0004 C mov cx, 4
EDDA BB 0003 C DOV bx,3 ; no. bytes per sector.

EDDD C r_rw2:
EDDD B8 EDFP R C call f_get_var

EDEO 8A EO C mov ah, al
BDB2 E8 EEOC R c call f_put_by te
EDB5 43 c Inc bx

BDE6 83 FB 05 c omp bx,5 : tine to check for format?

BDB9 75 09 c J ne f rw3 ; No.

BDBB 80 7E 03 05 c cap byte ptr f_coBmand,5 ; was It a format command?

EDEP 75 03 c J ne f_rw3 ; no.

EDP1 BB 0007 c mov bx,7 ; 7th parameter In table.
EDP4 C f_rw3:

EDPn E2 E7 C loop f_rw2

BDP6 E8 EF8D R C call f_walt_for_neo

BDF9 E8 EE29 R C call f_get_byte ; get the results.

BDPC C f pw ret:

EDPC B9 EC9B R C Jmp f_lo_rot

BDPP C 1

c

r_rw_ common endp

c

c Get specified byte from fdu parameter table (f_get_var)

c INPUT: BX parameter number (0 - 10)

c OUTPUT: AL The requested byte.

c

c

c

DESTROYS: AH

EDFF

c

C 1'_get_var proc near

EDFP IE c push ds

EBOO 33 CO c xor ax, ax

EB02 8E D8 c mov ds,ax ; segment 0

c assume ds:absO ; tell assembler seg 0:

EE04 C5 36 0078 R c Ids sl,dword ptr [1 ntlElocn] ; DS:SI points to table
EE08 8A 00 c mov al, [bxt-sl ]
EEOA IF c pop ds

c assume ds:data ; tell assembler seg 40:
EEOB C3 c ret

EEOC C 1

c
c

'_got_var en^p

c

c Send a byte to the NEC controller (f_put_byte)

c INPUT: AH byte to output.

c

c

OUTPUT:

EEOC

c

c i'_put_by te proc near

EEOC E8 EF6B R c call f_neo_rdy ; returns MSR byte In AL.
EEOF A8 40 c test al,40h ; direction bit.

c . list

EE1 1 75 05 c jnz f_pb_erret ; wrong direction.
EE13 42 c Inc dx : NEC data port 3F5h
EE1 A 8A C4 c mov al, ah
EE16 EE c out dx, al

EE17 C f_pb_ret:

EE17 C3 C ret

EE18 C f_pb_orret:
EE18 06 06 0041 R 20 C nov diskette status ,fdo_error
EE1D E9 EC9B R C Jmp f_io_ret

EE20 C f_put_byte endp
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C

C

C Read tb e results bytes from the NEC controller (fdu_data1)

C IHPOT: none

C

C

OUTPUT:

C

C

C

DESTROYS: DX, SI

EE20

C

C du_data1 proc

EE2 0 C f_8l>_table label byte
EE20 04 C db 4 ; record not found.
EE21 00 C db 0 ; dummy
EE22 10 c db lOh ; ore error.

EE23 08 c db 8 ; dma error.

EE2I> 00 c db 0 ; dummy.

EE25 04 c db 4 ; sector not found.
EE26 03 c db 3 ; write proteot.

EE27 02 c db 2 ; address mark error.

EE28 20 c db 20h ; fdo error.

BE29 c fdu_data1 endp

BB2 9 c f_get_byto proc near

EE29 06 c push es

BE2A IB c puah ds

EB2B 07 c pop es

BB2C BF

8B
0042 R c oov dl,offset nec_status ; ES:DI is now ready for stosb.

BB2F P7 c nov si, di ; offset of nec_status in SI.

EE31 B9 0007 c nov cx,7 ; maximum no. of bytes.

EB34 c f_gb_loop i

EE3il B8 EF6B R c oall f_nec_rdy ; Returns HSR byte in AL.
c ; will not return if error.

EB37 A8 10 c test al,10h ; busy bit.

BB39 74 36 c Jt f_gb_ret ; done.

BE3B A8 40 c test al,40h ; direction bit.
EB3D 74 05 c Jz f_84_out ; wrong direction.

BE3F 42 c Inc dx ; point to nec data port (3F5h)
BEIO EC c In al, dx
BB41 AA c stosb

EE1I2 B2 FO c loop f_gb_loop
BBUI c f_gb_out J
EEIH 80 7B 03 00 c OOP byte ptr f_comnand,0 ; was it reset command?

BB48 74 27 c Jo f_8b_rot ; yes.

BBIA AC c lodsb ; get STO in AL.
BEDB A8 20 c test al,20h ; seek end?
BBID 75 22 c Jnz f gb ret i yes.

BBIF A8 CO c test al,OCOh

BB51 74 1A c Jz f_gb_Jmp

EE53 06 06 0041 R 20 c nov diskette_status,fdc_orror

BB58 AC c lodsb j get ST1 in AL.

EES 9 B9 0008 c mov cx, 8
EE5C 33 DB c XOP bx,bx

EE5E c f_gb_loop1!
EB5B DO CO c rol al,1

EE60 72 03 c Jo f_gb_dooode
EE62 43 c inc bx

BE63 E2 F9 c loop f_gb_loop1
BE65 c f gb decode:
EB65 2E : 8A 87 EE20 R c nov al,es:f_gb_table[bx]
BB6A A2 0041 R c mov diskette_status,al

BE6D c f_gb_jBp:
EB6D 07 c pop es

BB6B E9 EC9B R c Jnp f_io_ret

BB71 c f_gb_ret:
EE71 07 c pop es

EE72 C3 c ret

EE73 c

c

1r_got_byte endp

c

c Teat for boundary crossing case then program the
c DMA controller (f_set_dma).

c INPUT: AL mode byte
c ES segment of user buffer.

c OUTPUT:

c

c

DESTROYS: AX, BX, CX, DX

EE73

c

c 1r_set_dma proc near

EE7 3 C6 06 0041 R 09 c mov diskette_status,dna_seg_error

EE78 E6 OC c out dma_ff_olr, al ; set to known state.

EE7A B6 OB c out dm a_Bode,al ; send mode byte.

EE7C 8B SE 04 c mov bx,Hord ptr f_bufoff ; offset of user buffer.

EE7F 8C CO c nov ax, es ; offset of user buffer.
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BO 06
E6 OA
8A C3
£6 04

8A C7
£6 04
8B 03
BB QQ03
£8

8A C8
8A 66 02
32 CO
01 £8

03 £0

IS?I»

EE81

EESB
EE85
EE87
EE8A

EE8C
EE8E

EE90
EE92
EE92
££91
EE96
EE98
EE9A
EE9C
EE9E
EEAO

EBA2

EEAX

BEAT
BEAA

BBAC

BEAP

EBB1

EEB3
EEB5
BEB6

48

03 00
73 03
£9 £09B R

£6 05
8A C4
B6 05
BO 02

£6 OA
06 06 0041 R 00

03

EEBF

EECt

BBC3
EECS

BEC7
BBCC

EBCC

EBCD

and

and

add

jnc
Inc

mov

fflOV

call

mov

ahl

dec
add

Jnc
Jmp

•_8d2;
out

mov

out

mov

out

mov

'_8d_ret:

cl.4

ch|al
ch.OFh
al,OFOb
bx, ax
f_sd1

al, oh
dma_segm_2, al
al,6
dma_fflaak_blt,al
al,bl
dma_addr_2,al
al,bh
dma_addr_2,al
dx, bx
bx,3
f_get_var
cl, al
ah,f_nufflaec8
al.al
ax, 1
ax, ol
ax

dx, ax
f_8d2
f_io_pet

dma_oount_2,al
al,ah
dma_count_2, al
al,2

Seek (f_aeek)

IN POT;

OOTPOT:

OESTROIS:

EEOD 0 f_a<sek proc near

EEOD 8A 4£ 00 0 mov el,f_drive
EEDO BO 01 0 al,1
EED2 D2 £0 0 ahl al, ol
EED4 84 06 003E R 0 teat seek_atatua,al
BED8 75 28 0 jnz

or

f_a1
EEDA 08 06 003E R 0 3eek_statua, al

ROM BIOS
Listing

; ahlft count
; move high nib around.
; aave high nib.
i iaolate high nib
I prepare for offaet calculation
; 20 bit calculation.

; high nib

; high nib. to latoh

; diaable channel 2.

; low byte of addreaa.

; high byte of addreaa.
; aave buffer offaet.
; bytea/aector paras
; get pa ram from table
; aave for ahift count

; get #aectora.
; AX s Aaeotora x 256
; AX = Aaeotora x 128
; multiply by bytea/aector.
; DMAO oounta zero.
: add count to offaet

exit boundary croaaing.

low byte of oount.

high byte of oount.

: enable channel 2

I get drive# aa ahift count.

: mask for recal.

Two recalibrate nda required in the case of 96 TPI drives.

; loop count for 96 IPXEEDE

EEB1

££E1

£££3
BBB4

£££7
EEEA

B££D

EEFO

£8 ££00 R

8A 66 00
£8 ££00 R
£8 EP82 R

££P1

EEF6
EEF8

EEFA

EEFF

F6 06 0042 R CO
74 OA
£2 £7
06 06 0041 R 40

£9 EC9B R

EF04 £8 ££00 1

EF07
EFOA

EFOO

£F0£

EF10

BF13
BF16
EF18
EF1B

£F1£

BF22

EF2 4
EF26
EF26

EF29

8 A 46 01
24 01

DO £0

DO £0

OA 46 00
88 46 00
8A £0
£8 ££00 R
8A 66 07
F6 46 01 81
74 02
DO £4

0 mov cx,2
0 f_8_reeal:
0 mov ah, f_reeal_cnd
0 push cx

0 call f_put_by te
0 ah,f_drive
0 call f_put_by te
0 call f_8is
0 pop ox

0

0 ; possibly teat bit 4 aa well (equips^
0 test nec_atatus,OOOh
0 jz f_8l
0 loop f_s_recal
0 mov diskette_statua,aeek_
0 Jmp f_io_ret
0

0 f_a1 :
0 mov ah,f_aeek_cmd
0 call f_put_byte
0 ; prepa re seciend byte of seek command.
0 mov al,f_head
0 and al, 1
0 ahl al, 1
0 ahl al, 1
0 or al,f_drive
0 mov f_drive,al
0 mov ah, al
0 call f put_byto
0 • ov ah, f_oyl
0 test byte ptr f_head,80h
0 Jz f_cont
0 ahl ah, 1
0 f_cont:
0 call f_put_byte
0 call f_sis

; drive bit.
; end of command phase.
: Sense Interrupt Status
; restore it.

..track 0 not reached)

; equipment OK so restore.

end of seek command.
; Sense Interrupt Statu
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EF2C F6 06 0042 R CO C test nec_status,OCOh

EF31 75 13 C jnx f_s_ret

EF33 BB 0009 C mov bx,9
EF36 E8 EDFF R C call f_got_var

EP39 OA CO C or al.al

EF3B 74 09 C Ja f_a_ret

EF3D 8A C6 C mov cl.al

EF3F 32 ED C xor oh, oh
EF41 C f_head_settle;
EFUI E8 EF47 R C call f_wait_one_ms

EFU4 E2 FB C loop f_hoad_settle

EF46 C f_8_rot;
EFlie C3 C rot

EF47 C f_seek endp

; teat for aeeic end.

; head settle parameter.

; head settle s 0.
; use settle parm. al loop Index

One millisecond delay loop (approximately)

The CALL is 19 clocks.
The callers LOOP statement is 17 clocks.
No flags affeoted.

EFH7
EF17
BFtS

EFlIF BO OC

EF51 BA 03F2
EF51 EE
EF55 C3

8-130

f_wait_one_ms proc
push cx
mov ex,37

w_one: loop w_one
pop cx

ret

f_wait_one_ms endp

11 clocks

4 clocks

(17 X CX) + 5 clocks
8 clocks
16 clocks

This routine is called by the timer_int routine whan motor_count ;

C atop_disk
C

C mov

C mov

C out

C ret

C stop_disk ei
C

C include fdu2.asm

al.OCh
dx,f_motor_port
dx, al

INPUT;

ODTPOT:

DESTHOYS:

MSB of seek_status is set if NEC interrupts,

nothing



EF57

C

C ORG 0EF57h

EF57 C fd_int
C

proc near

EF57 FB

C

C stl

EF58 50 C push ax

EF59 IE C push da

EF5A BO 66 C mov al, pio_aeoi_6
EF5C B6 20 C out pi o_0, al
EF5E 2E:! 8E IE E5F2 R C mov da,word ptr cs:[set_da_word]

BF63 80 OE 003E R 80 C or seek_atatua,80h
EF68 IF C pop da

EF69 58 C pop ax

EF6A CF C iret

EF6B C fd_int endp

ROM BIOS
Listing

; enable Interupts

: apeolfio end of interupt
; aend to 8259

aet DS to aegaent 40h
interupt indicator

NEC ready (f_nee_rdy)

INPUT; none

OUTPUT:
DX

Hain Statue Regiater byte.
Pointa to port BPIb

EF6B

EF6B
EF6C
EF6E
EP6E

EF71

EF72
BF7n
EF76
EF78
EF7D
BF80
EF80
EF81

EF82

BA 03F1I
EC

A8 80
75 OA
E2 F6
06 06 0041
E9 EC9B R

59

DESTROYS:

C f_nec_rdy proc near

C push cx

c xor ox, ox

c f_nr1 :
c mov dx,f_nec_3tatua ; Hain status regiater(3F4h)
c in al,dx
c tost al,080h ; RQM
c Jnz f_nr_ret ; NEC is ready.
c loop f_nr 1
c mov diakette_statua,time_out
c jap f_io_ret ; Took too long to respond.
c f_nr_rot:
c pop cx

C f_nec_rdy

Senae Interrupt Status (r_sia).

INPUT: none

OUTPUT:

DESTROYS:

EF82 C f_8i8 proc near

BF82 E8 EF8D R C call f_wait_for_nec

EF85 B4 08 C mov ah,f_snaint_cnd

EF87 E8 EEOC R C call f_put_byte
EF8A E9 EE29 R C Jap f_get_byte

EF8D C f_ai3 endp

no return on error,

end of oonmand phaae.

no return on error.

EF8D

EF8D

EF8E

EF8F

EF92
EF92

EF97

EF99
EF9C

EF9E

EFA3
EFA6
EFA6

EFAB

EFAC

EFAD

B9 03E8

F6 06 003E R 80
75 OD
E8 EF47 R

E2 F«
C6 06 0041 R 80

E9 EC9B R

80 26 003E R 7F

Walt for NEC to interupt on completion of execution phaae
time out if NEC never Interupta (f_Hait_for_nec).

C f_walt_for_nec proc

teat

Jnz
call

loop

C f_wait_for_nec

cx,1000

3eek_statua,80h
w_nec_rot
f_wai t_one_na
w_nec
diskette_status,time_out
f_lo_ret

aeek_statua,07Fh

: enable interupta

wait a while

teat MSB (int_flag)
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EFAD

EFAD

KKAE

EFBO

KFB?

EFB4

EFB7

EFB9
KFBB

EFBD

E4 6 7

0 1

DO C8

30 46 01
79 OC
AS 80

7 9 08
C6 06 0041

E9 EC9B R

EFC7

EFC7

EFC7

EFC7 CF

EFC8 02

EFC9 25

EFCA 02

EFCB 08
EFCC 2A

EFCD FF

EFCE 50

EFCF F6
EFDO 19

EFD1 04

EFD2

EFD2

8-132

Cbeck Valid (f_ebeck_valid)

Tbla routine deteralnea the validity of the request based on
drive type (40 or 60 trk) and media type (40 or 80 trk)

Bit 7 of sys_conf_b port: 0 = 40 trk drive, 1 = 80 trk drive
Bit 7 of head parameter(DH): 0 = 40 trk media, 1 = 80 trk media

drive

1 !
I 0 I 1 I

---I I
I 0 I r/w i r/w 1

medi a I 1
I 1 I n/a I r/w 1
—-I- I

OUTPUT: The HSB of the drive parameter at bp-^l is set
if the drive is 80 track and the media is 40 track.
This is used by seek to determine if double stepping
is necessary.

eck_valid

push

and

r or

xor

Jna
test

J nz
mov

Jmp

_ret :
pop

ret

eck_valid

ude fdu3.a

al >ay s_conf_b
al, 1
al, 1
f_head,al
f_cv_ret

dl3kette_statu

switch port
blow off high 7 bits
move it into the high bit
head param. (xor clears carry)
media & drive agree
Is drive 80 track.
It was.

This is the set of parameters required for diskette operation.
They are pointed to by interrupt vector 1 Eh (0:78h). To modify
the parameters, build another parameter block and point disk_pointer

fdu_data2

C fdu_data2

(f_srt_48 shl 4) + f_hut
(f_hlt shl 1) ♦ f_ndna
f_motor_wait

02Ah

OFFh

050h

0F6h

Filename: prt.src

This module includes INT 17h.

SRT * HOT

HLT DHA mode
motor off delay

512 bytes per sector
EOT last sector on cyl

gap length
DTL

gap length for format
fill byte for format
bead settle time (ms)
motor start time

segment public 'BOH'
assume cs:code, ds:notbing, es:nothing, ss:nothing

INT 17h — Printer Software Interrupt Request Routine

Input: ah s 0 print character
al s character to print
dx = printer port number (0,1,2,3)

Output: ah = status of printer: bit #0 set if time out
al 3 character to print (preserved)

Input: ah 3 1 initialize the printer port
dx 3 printer port number (0,1,2,3)

Output: ah 3 status of printer
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read the printer status
printer port nunber (0,1,2,3)
status of printer

(ah - 2) if ah > 2
preserved

prt_stat_x = prt_data_x *1 = dx + 1
prt_cind_x = prt_data_x + 2 = dx + 2

I froB prt_3tat_x:

time-out on printing character (p_out).
set by software; no hardware significance,
no significance (always cleared),
hardware: I/O error,
hardware: selected,
hardware: out of paper,
hardware: acknowledge,
hardware: not busy.

C al

C

C Input: ah : 2

C dx =

C Out put: ah =

C

C Trash : ah
C al

C

C Assumes

0

C

C Print er Statu s Byte fi
C

C bit #0 =

C

C bits # 1-2 =

C bit #3 =
C bit #4 =

C bit #5 =
0 bit #6 =
C bit #7 =
0

C "G ood " Statuses are:

c

c

c
EFD2 c ORG 0EF02h

c

EFD2 C p_io proc near

c assume cs:code,
c

EFD2 FB c sti

c

EFD3 83 FA 0 4 c cmp dx,4
EFD6 73 32 c Jae p_nop

c

c assume

c

EFD8 51 c push cx

EFD9 52 c push dx
EFDA 57 c push di
EFDB 86 C4 c xchg al, ah

c

EFDD IE c push ds

EFDE 2E : 8E 1 E E5F2 H 0 da,word
0

EFE3 8B FA c mov di,dx
EFE5 33 C9 c xor cx, cx
EFE7 8A 80 0078 R c mov cl,byte
EFEB D1 El c sal cx, 1
EFED 03 FF c add di,di
EFEF 8B 95 0008 R c mov dx,word

0

EFF3 1 F c pop ds

c

c assume

c

EFF4 OB 02 c or dx, dx
EFF6 74 00 c Jz p_rot

c

EFF8 33 FF c xor di,di
c

EFFA OA CO c or al , al
EFFC 74 00 c Jz p_out

c
EFFE 42 c inc dx

c

EFFF 2C 02 c sub al ,2
F001 72 24 c Jb p_i nit

c

F003 74 2F c Je p_stat
c

F005 86 C4 C p_ret: xchg al, ah
c

FOOT 5F c pop di

F008 5A 0 pop dx
F009 59 c pop cx

FOOA CF C p_nop: iret

0

c :
c : Print Character

c J
c ; Input; ah s

c ; cx 3

c : dx S

c ; di =

C 1 Output: ah s

c : al

c : dx =

c : Trash: ox & di

c :
c : Assumes:

90h & lOh if a printer is c
30h if printer is disconnec

:ted.

ds:nothing, e3:nothing, ss:nothing

; enable interrupts

; 4 printers allowed max

C3:code, ds:data, e3:nothing, s3:nothlng

ptr s:[3 d]

ptr ds:[di+printer_t_out

ptr ds:[di+printer_addr]

cs:code, ds.-n ithing.

; reverse al & ah

; ah saves al throughout
: save ds

; satisfy assumptions

get port number (0-3)
clear ch

get printer time-out
double it 4 faster cpu
make word index
get address of printer
data port
restore ds

ss:nothing

is a printer there?

; dx = prt_data_x

; dx = prt_stat_x

: al = 1 < 2?
; dx = prt_3tat_x
: al = 2?
: dx = prt_stat_x

; reverse al & ah back

; ah saved al throughout
: restore registers

character to print
printer time-out
address of printer data port (prt_data_x).

ter to print
status of printer: bit #0 set if time out
address of printer status port (prt_3tat_x).

prt_stat_x = prt_data_x
prt_cmd_x = prt_data_x

assume ea:code, ds:nothing, es:nothing,

mov al,ab
out dx,al
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24 re

3" '•9

F016

F017

F019
F01B

F01D

F01E

F020

F021

F022

F023
F024

4F

75 F6
E2 F4

EB E8

42

BO CD

EE

90
48

EE

4A

F027

F029
F02A

F045

F045

F045 FOFC R
F047 F1E9 R

8-134

dec

Jni
loop
Jmp

Inc

out

al, dx
al.OFSh
al ,049h

P_lP
P_lp
short p_ret

al.ODh
dx,al

ax

dx, al
dx

short p_atat

dx = prt_stat_x

get printer status
clear bogus printer bits
flip acknowledge & I/O err bit
& set printer time-out bit #0

: wait for not busy bit #7 set

inner

set strobe high (al = ODh)

set strobe low (al = OCh)

dx = prt_stat_x

Initialize Parallel Printer Interface.

Input: ah = byte to return in al.
dx = address of printer status port (prt_stat_x).

Output: al = status of printer
dx = address of printer status port (prt_stat_x).

Trash: cx = 0 destroyed.

Assumes: prt_stat_x = prt_data_x +1 = dx + 1

Jmp

cs:code, ds:nothing,

al ,08h
dx

dx.al

ch,05h

short p_3tat

request init (hold line low)
dx = prt_omd_x

delay awhile (cx = 05?7h)

disable interupts,

: dx = prt_stat_x
; fall through

Read Status of Parallel Printer Interface.

Input: dx = address of printer status port (prt_3tat_x).

Output: al :
dx

Assumes: prt_stat_x = prt_data_i

assume cs:code, ds:nothlng, es:nothing, ss:nothing

p_stat: in

jmp

endp

al, dx
al,0F8h
al ,048h
short p_ret

; get printei
; clear bogus printer bits
; flip acknowledge & I/O err bit
: exit

Filename: vid.src

This module includes INT lOh, the display routines.

These constants must be defined (ai
V_KSCROLL equ 4
V_KCLEAR equ 7

' during vert retrace):

code segment public 'ROM'
assume cs:code, ds:nothing, es:nothing, ss:nothing

ORG

_data1 proc

_tbl dw
dw

OF045b

near



F0«9
P04B

F04D

F0 4F

F051

F053
F055

F057

F059
F05B

F05D

FOBF

F061

F06 3

F065

F065

F065

F1F7 R

F215 H
D7CD H

F22C H

F27F R

F358 R
F37C R
F3A6 R
F3DF R
F4I A R

D7EA R

D7D0 R

F446 R

F4CF R

FOe^j FB
F066 80 FC OF

F069 Tl 38

F06B 06

F06C IE

F06D 2t:

F072 57

F073
F074

56

8E IE E5F2

F076
F078

F07A

F07B

F07C

F07F

F082

F084

F086

F088

F08 A

F08E

F08E

8A CU

02 C4

98
50

BF B800

AO 0010

A8 20

F091

F092
F096

81 C7 F800

8A 26 0049 R

F09E 5D

F09F 5E
FOAO 5F

F0A1 IF

F0A2 07

F0A3

F0A3 CF

F0A4

F0A4

F0A4

F0A4

v_cura_poa

v_r_eur a_po3

grf_llght_pon
v_page

v_8crl_up
v_scpl_dn

v_wc

v_eol
grf_wrlte_dol
grf_read_dot
v_terBlnal
v_stat

02b

: 03b
04b

t 05b

: 06b
; 07 h

08b
I 09)>

OAb

OBb

OCb

00b

OEb

OFb

ROM BIOS
Listing

(see grapb.src)

(see grapb.src)
(see grapb.src)

INT lOh -- Video Intei upl Sen Routine.

-- Set CPU flags.
-- Segment registers properly loaded.
-- CALLS routines witb: -- al, bx, cx, dx intact

-- ab = v_mode
-- si = 2 * (function that was in ab)
-- di = bits #4 4 5 of switch_bits
-- bp = value of ax to be returned

Input: ah = function number (00b <= ab <= OFb)

Trash: None, (bp, si, di, da, 4 es if ROM stack)

ORG

proc

push
push
push

0F065b

near

assume cs:code, ds:nothing,

ah,OFb
v_nop

ds

ds,word ptr cs:(set_d3_word)

save 'trasbable' registers

avoid potential stack problems

pop

pop

pop

pop

pop

pop

pop

i ret

endp

s:code, ds:dat; es:notb ing, s

; save i

save for CALL late

getdi, para_graph
al,byte ptr ds:[switch_bits]
al,20b
v_colour
al.lOb
v_colour
di,para_mono-para_grapb ; .. it's a monochrome board

; set es = video ram

; Get index to call table.

; restore ax

get display driver mode
; bp saves ax throughout
; (return ah = v_mode
; unless specific ret. value)

s, di

ab,byte ptr ds:[v_mode]
bp, ax

s; [ di+(offse t

ORG OFOA4b

'_data2 proc near

•_parBS label byte

6845 Parameters except register 3b (Horizontal Synch Width).

8-135



ROM BIOS
Listing

F0A4 38 28 2D 06 G v_md_40 db 38h,28h,2Dh,06h ; text 40 x 25
F0A8 IF 06 19 1G C db 1Fh,06h,19h,IGh ; mode 0 -> monochrome
FOAC 02 07 06 07 G db 02h,07h,06b,07h : mode 1 -> coll

FOBO 00 00 00 00 C db OOh,OOh,OOh,OOh

F0B4 71 50 5A OC C v_md_80 db 71h,50h,5Ah,0Ch i text 80 X 25
F0B8 IF 06 19 1C G db 1Fh,06h,19h,1Ch ; mode 2 -> monochrome
FOBC 02 07 06 07 C db 02h,07h,06h,07h i mode 3 -> ool<
FOCO 00 00 00 00 C db OOh,OOh,OOh,OOh

F0C4 38 28 2D 06 G v_md_graph db 38h,28h,2Dh,06h ; graphics
F0C8 7F 06 64 70 C db 7Fh,06h,64h,70h j mode 4 -> 320 X 200 color

FOGG 02 01 06 07 C db 02h,01h,06h,07h ; mode 5 -> 320 X 200 monochrome

FODO 00 00 00 00 C db OOh,OOh,OOh,OOh ; mode 6 -> 640 X 200 monochrome

F0D4 61 50 52 OF C v_md_mono db 6lh,50h,52h,0Fh ; monochrome caird 80 X :25

F0D8 19 06 19 19 C db 19h,06h,19h,19h : mode 7 -> monochrome icard

FODC 02 OD OB OC C db 02h,0Dh,0Bh,0Ch
FOEO 00 00 00 00 C db OOh,OOh,OOh,OOh

C . list

F0E4 0800 C v_md_len dw 2048 40x25 modes 0 & 1

F0E6 1000 C dw 4096 80x25 modes 2 4 3
F0E8 4000 C dw 1 6384 graphIcs modes 4 4 5

FOEA 4000 G dw 16384 mode 6
C ;only In 1050 dw 32768 modes 64 & 72

FOEG 28 G v_md_wld db 40 0 -> text 40x 25 monochrome

FOED 28 G db 40 1 -> text 40x 25 col or

FOEE 50 G db 80 2 -> text 80x 25 monoch rom e

FOEF 50 G db 80 3 -> text 80x 25 color

FOFO 28 C db 40 4 -> graphics 320x200 col or

FOFl 28 C db 40 5 -> graphics 320x200 monochrome

F0F2 50 0 db 80 6 -> graphics 640x200 monochrome

F0F3 50 C db 80 7 -> text 80x 25 monochrome

C . list

F0F4 2G C v_md_enable db 2Ch 0 -> text 40x 25 monochrome

F0F5 28 C db 28h 1 -> text 40x 25 color

F0F6 2D C db 2Dh 2 -> text 80x 25 monochrome

F0F7 29 C db 29h 3 -> text 80x 25 col or

F0F8 2A C db 2 Ah 4 -> graphics 320x200 color

F0F9 2E G db 2 Eh 5 -> graphics 320x200 monochrome

FOFA 1 E C db lEh 6 -> graphics 640x200 monoch rome

FOFB 29 C db 29h 7 -> text 80x 25 monochrome

C . list

POFG C v_data2 endp

G

G
C

!»"" = = = = = = = = = ====== ===================• ========

G

FOFC 52 G

FOFD 51 C

C

G

C

FOPE 32 E4 C

FIDO BA 03D4 G

G

F103 F6 06 0010 R 10 G

F108 74 OD G

F10A F6 06 0010 R 20 C

F10F 74 06 G

C

Fill B8 0107 C

C

P114 83 G2 EO G

C

F1 17 C
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Set Mode & Clear Screen ah = OOh

= 0 -> text tOx 25 monochrome

= 1 -> text UOx 25 color
= 2 -> text 80x 25 monochrome

= 3 -> text 80x 25 color
= 1 -> graphics 320x200 color
= 5 -> graphics 320x200 monochrome
= 6 -> graphics 6ii0x200 monochrome
= 7 -> text 80x 25 monochrome <
= 64 -> graphics 640x400 monochrome
= 72 -> graphics 640x400 monochrome

ontents of v_base6845
(contents of
(contents of
(contents of
(contents of
(contents of

_base6845)+l
;_ba3e6845)+4
»_ba3e6845)+5
^_ba se684 5) '••6
/_ba3e6845)+1(

si & dl destroyed.

s pointer register
= data register
= mode control register
= overscan register
= status register
: mode control register #2

proc near

assume cs:code, ds;data, es:v_ram,

: Get Color/Monochrome dependent stuff.

(3D4h)
(3D5h)
(3D8h)
(3D9h)
(3DAh)
(3DEh)

mode Ctrl., color board
ir 6845 pointer register.

test byte ptr ds:[sHltch_blts], 1 Oh
jz v_set_mode_color
test byte ptr ds:[swltch_blts],20h
Jz y_aet_mode_color

; It's a monochrome board, so.
; (AH.AL) s (overwrite mode
• for monochrome, mono, mode)

dx, v_polnter-color_polntor; monochrome pointer register.

mov ax,0107h

add

'_set_mode_col or:

Save CRT Mode S 6845 address, and reset display monitor with mode control.
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F117 A2 0009 R

0

0 BOV byte ptr ds:[v_Bode],al ; save
P11 A 89 16 0063 R C BOV word ptr ds:[v_base68h5],dx ; save 6845 pointer register.
P11E 86 EO C xcbg ah, al ; AHsaode, ALsmode Ctrl.
P120 83 02 OO 0 add dx.ii ; get 6845 mode control register
P123 EE 0 out dx,al ; reset display
P121I 83 EA 00 C aut> dx,ii ; restore 6845 address.
P127 8A CO 0 BOV al,ah ; restore mode in al

0 Get pointer to display parameters.

P129 1 E 0 push ds ; save ds = data_seg

0 assume os:code, dstabsO, es:v..ram, ss:nothing

P12 A 33 P6 0 xor si, si
P12C 8E DE 0 BOV da, si ; satisfy assumptions
P12E C5 36 OO70 R 0 ids si,dword ptr ds:[int1Dlocn] ; display parameter pointer

0 ds:si in effect points to cs:v_paras.

0 assume cs:code, ds;code, es:v..ram, ss:nothing

0 Deteraine which set of parameters to use freeI mode.

P132 B9 0010 0 oov cx, 16 count of parameters
F135 3C 02 0 cap al,2 40x25 mode? (0 & 1?)
F137 72 OE 0 Jb v_set_mode_lp if so, we're done
F139 03 PI 0 add si, cx next set of parameters
F13B 3C 00 0 CD p al ,14 60x25 mode? (2 & 3?)
PI 3D 7 2 08 0 Jb v_set_mode_lp if so, we're done
P13P 03 PI 0 add si , cx next set of parameters
PI m 3C 07 0 cm p al ,7 graphics mode? (4,5,6,64,72?)
F11I3 75 02 0 Jne v_sot_Bode_lp if so, we're done
Pt15 03 PI 0 add si, cx else, fflonochroae card (7)

c Loop through 68115 initialization table outputting register nuBber and data

PI 117 0 V. .3et_mode_lp:

F1U7 BO 10 0 BOV al, 16 1 get 6845 register number =
c ; = (16 - cl) (unscrambled)

P1tt9 2A 01 0 sub al, cl
F1UB EE 0 out dx,al ; output to register port
Fine l»2 0 Inc dx ; point to 6845 data register
PlUD AC 0 1 odsb ; get parm value: al gets ds:si
PUE EE 0 out dx, al ; output to data port
P1UF OA c de c dx ; point back to pointer register
F150 E2 F5 0 loop v_set_Bodo_lp ; next register

c ; dx : pointer register

c assume cs:code, dsidata, es:v..raa, sa:nothing

F152 IF c pop ds ; restore ds = data_seg

F153 8A CO 0 oov al, ah save mode in ah & al

P155 32 EO 0 xor ah, ah ; ax = mode

PI 57 8B PO c BOV si, ax : si 3 mode hence. . .

c? ; Clear the screen.

P159 B9 2000 0 BOV cx,2000h ; assume 8k words to clear

P15C 30 00 0 cop al ,U ; 40x25 or 80x25 text modes 0-3?

P15E 72 OE 0 Jb V od_clr_8k ; if so, clear 8k words.
P160 30 07 0 cop al ,7 ; monochrome card mode 7?

P162 70 08 0 Je v_md_cl r_2k ; if so, clear 2k words.
F15U 72 02 0 Jb v_md_clr_graph ics ; graphics mode 4-6 clear Bk wds
P166 D1 El 0 shl cx , 1 ; mode 64 & 72 clear I6k wds
P168 0 V..od_cl r_graph ics:
P158 33 00 c xor ax, ax ; graphics mode
n6A EB 05 0 Jop short v_Bd_clr ; clear screen with zeroes

PI 6C 0 V nd_elr_2k :
F15C B5 08 0 BOV ch,08h ; cx 3 0800h
P16E c v_ .Bd_ol r_8k :
PUE B8 0720 0 BOV ax,{7»100h)*(' •) ; clear with attribute & space

F171 0 V. _Bd_clr:
F17 1 33 FF 0 xor di , di

P173 F3/' AB 0 rep stosw ; es :di get s ax

0 Set mode control register #2

c Handle underline on shades-of-gray monitor.
0 ; dx 3 pointer register

F175 83 02 06 0 add dx, 6 get 6845 status register
P178 EO 0 in al,dx get CRT status
P179 20 10 0 and al,010h isolate color/shades bit #4
F17B DO EO 0 shl al,1 move it to underline bit #6
P17D DO EO c shl al, 1

c Handle doubl e scan line modes 61) & 72.
0 : dx 3 6845 status register

Fi7r 83 PE 00 0 cop si, 64 : modes 0 through 77
PI 82 72 00 0 Jb v_m d_d bl : if so, single scan line mode
F18U 00 0 inc ax else mode 64 or 72, set bit #0
F185 BE 0006 0 BOV si,6 : modes 64 & 72 look like mode 6

0 from now on

n88 0
*-

Bd.dbl : : double scan line mode.
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F18C

F191

2E: 8A 84 F0F4 R
A2 0065 R

F198 33 CO
F19A 2E: 8A 84 FOEC 1
F19F A3 004A R

F1A2 81 E6 OOOE

F1A6 2E: 8B 84 F0E4 I
F1AB A3 004C R

F1 AE

F1B0

F1B4

F1B7

BO 30

8A 26 0049 R
80 FC 06
72 OD

D1 26 004C R

BO 3F

A2 0066 R

07

F1CD

FIDO

F1D3

F1D5

BF 0050 I

B9 0008
33 CO
F3/ AB

A3 004E R
A2 0062 R

C7 06 0060 R 0607

P1E3 AO 0066 R

F1E9 89 OE 0060 R

PIED 8B F9

FIEF B4 OA

F1F1 E8 F262 R

F1F4

F1F6
P1P7
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dx,4
dx,al

; get mode control register #2

Enable display monitor with mode control.

al,byte ptr cs:[al+v_nd_enable]
byte ptr ds:[v_3x8],al save the value Tor later

dx = mode control register #2
get 6845 mode control register
enable display

; Determine width A length or screen,

xor ax,ax

mov al.byte ptr cs:[sl+v_md_wid]
mov word ptr ds:[v_wldth],ax

and sl.OEh
mov ax,word ptr cs:[sl+v_md_len]
mov word ptr ds:[v_helght],ax

; Set up overscan register & v_colorpal.

make word Index divided by 2

shl

ot_ok:

; Clear all cu

v_colorpal for modes 0-5 & 7
ah,byte ptr ds;[v_mode] ; retrieve v_mode

ah,64
•_ok

word ptr ds:[v_helght],1

al,03Fh

byte ptr da:[v_color pal],al
dx

dx, al

'sor positions,

assume cs;code, ds:data, e3:dat

ds

: v_colorpal for nodes 6,64,72

dx = 6845 mode control register
save the value for later

get 6845 overscan register

ss:nothlng

et es = firmware data area

dl,ds:(offset v_curpos) ; get address [defined by DB]
cx,8
ax,ax ; ax = 0
stosw ; es:dl gets ax s 0

Clear other firmware data variables (ax 0) .

word ptr ds:(v_top],ax i set :
byte ptr ds:[v_apage],al

anting offset to 0
; set current active page to 0

word ptr ds:[v_curslze],0607h ; set cursor mode

al,byte ptr ds : [v_color pal]
cx

dx

C ; Clean up.

ndp

Set Cursor Value

Input: ch = bits I
cl = bits t

Output: ah s 10
al = cl

Trash: si & dl destroyed, (al s dxj dl = ox)

proc near

cs:code, ds:data, es:v_ram,

word ptr ds:[v_ourslze],ox

dl, ox

al, ol

endp

ss :nothlng

; save the oursor value

I dl saves ox

; 6845 oursor set register : II
; set oursor; ah 6845 gets ox
; si s dx destroyed
; ah s preserved s 10; al s c^
; dl restores ox
; restore al with original ol



Set Cursor Poaltl(

In put : bh s

ROM BIOS
Listing

page nuaber (0-7)
,eol) of current cursor from (0,0)

c Out put I; if bh = v_apage, ah = 19
c al = low byte of cursor position
c alse, ah = v_oode
c
c

al = preserved

c

c

Trash : si & di destroyed, (si = dx, di = cx)

F1F7

c

c »_curs_pos proc near

c a s s um e cs:code, ds;data, es:v_ram, S3;nothing

F1F7 8B F9 c mov di.e* ; save cx

F1F9 8A CF c DOV cl, bh
FIFB 8B F1 c mov si , cx
FIFD 81 E6 0007 c and sifT ; mask to 8 pages
F?01 03 F6 c add sitsi : *2 => word index

F?03 89 99 0050 R c mov word ptr ds : [3i*v_curpos],dx ; save the cursor position

F207 3* 3E 0062 R c CD p bh.byte ptr ds:[v_apage] ; if active page, put the cursor
F20B 79 03 c Je v_set_curs ; on the screen.

c i not active page, so Just
F20D SB CF c ! restore cx
F20F C3 c ret ; and exit

F210 c /_3et_ cur s : ; active page, so set cursor..
F2t0 88 C? c oov a*idx ; ax gets cursor position
F212 EB 92 90 c Jmp v_set_cur_pos ; set cursor; ah 6895 gets cx

c ; si s dx destroyed
c ; ah = preserved = 19
c ; al s low byte of cursor posn

F21S c

c

^_cur s _P03 endp

c Read Cursor ah = 03h

c Input; bh = page number (0-7)
c Output: (dh,dl) = (row,col) of current cursor from (0,0)
c (ch,cl) = current cursor mode setting
c ax = dx

c

c
Trash: None.

F215

c

c r_r_cuiC3_pos proc near

c assuoe cs:code, dsidata, es:v_rao, ssrnothing

F215 8B C2 c nov ax,dx
F217 8B CB c mov cx,bx ; save bx
F219 8A DF c DOV bl, bh
F21 B 81 E3 0007 c and bx,07h ; page nuober mod 8
F21F D1 E3 c shl OXtl ; page number mod 8 word index
F221 SB 97 0050 R c DOV dx,word ptr ds : [bx-fV.curpos]
F225 8B 09 c DOV bx,cx ; restore bx
F227 8B 0£ 0060 R c oov cx,word ptr ds : [v_cursi2e]
F22B C3 c ret

F22C c

c

c

'_r_cui"s.pos endp

c

c

Read Light Pen (see graph,arc) ah = 09h

c

c

c Set Active Display Page ah = 05h

c Input; al = new page number (0-7 for modes 0-1; 0-3 for 2-3)
c Output: 6895 is reset to display the new active page
c ah =14
c al = low byte of cursor position

c

c
Trash: bp, si & di destroyed, (si = dx, di = cx)

F22C

c

c '_page proe near

c assume csicode, ds:data, es:v_raD, ss;nothing

F22C 25 0007 c and ax,07h ; page number mod 8
F22F 8B E8 c oov bp,ax • save ax = page number mod 8

F231 A2 0062 R c mov byte ptr ds:[v_apage],al ; save active page number (0-7)
F23U 79 08 c v_page_0 ; page number = 0?

F236 8B FA c oov di,dx • save dx
F238 F7 26 009C R c oul word ptr ds:[v_height] ; dx:ax = (page number)*v_helght
F23C 8B 07 c oov dx,di ; restore dx

F23E c _pago_.0:
F23E A3 009E R c oov word ptr da:[v_top],ax ; save starting address of page
Fsm D1 re c

c

sar ax,1 ; divide by 2 for byte oount
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C

F243 8B F9 C mov di, cx

F245 8B C8 C mov cx, ax

F247 B4 OC C mov ah,12

F249 E8 F262 R C

c

c

cal 1 v_6845

F24C 8B C5

c

c

c mov ax, bp

F24E DI EO c shl ax, 1

F250 8B FO c mov si, ax

F252 8B 84 0050 R c mov ax,word

F256 C v_set_cur_pos:

F256 E8 F52B R c call v_po8n

F259 03 06 004E R c add ax,word

F25D DI F8 c sar ax, 1

F25F B5 OE c mov ch, 1 4
F261 91 c xchg cx, ax

save cx

ex gets offset of active page
6645 cursor set address = 12
set cursor; ah 6845 gets cx
si s dx destroyed
ah s preserved s 12; al = cl
dl restores cx

; restore ax = page number mod 8
; page number mod 8 word index

; get page's cursor position

;(ah,al) = (row,col) cursor pos.
; di = value to return in cx
; (ah,al) -> ax offset; si trash
; add offset of active page
; divide by 2 for byte count

6845 cursi pos egiste

6845 register selection
first data byte to (ah) 6845 internal register
second data byte to (aht^l) 6845 internal register
value to return in cx

F262

P262
F264

F267
F269
F26B

F26E

F270

F272
F27 3

8B F2
E8 F273 R
FE C4

8A E9
E8 F27 3 R
8B D6
8B CF

F27 3

F277

F27 9

F27A
F27B

F27D
F27E

8B 16 0063 I
8A C4

F27F

F2 82
F284

F287

E8 F53C
72 03
E9 D874

8-140

mov

call

inc

mov

call

mov

mov

ret

endp

program 6845 cursi

ch, cl
v_out_by te
dx.si
cx, di

save dx

output to 6845
next 6845 register
get the register inpu
output to 6845

set up I 1 valu

Output two byte to the selected 6845 registers

Input: ah = 6845 register selection
s first data byte to (ah) 6845 internal register
= second data byte to (ah+1) 6845 internal registe
= value to return in cx

contents of

(contents of

Assume:

Out put :

_base6845
_base6845)+

ret

.out_by te

proe near

cs:code, dstdata, es:v_raB,

dx,word ptr ds:[v_base6845]
al,ah

; get 6845 pointer register
; get the register address
; select the data register

; next register
; get second data byte
: output a data byte to 6845

roll Active ;je Op ah 06h

Input: if al 0, then clear entire window with attribute in bh
else, al s number of rows to ^scroll' up

= number of rows to clear at bottom of window

bh s attribute to be used on blank row(3)
(ch,ol) = (row,col) of upper left corner of window from (0,0)
(dh,dl) = (row,col) of lower right corner of window from (0,0)

Output; ah : attribute to be used on blank row(s)
if v_B0de =7, al = 20h = space
else al = v_3x8

Assume: (contents of v_base6845)-i-b = status register

Trash: bp, si, & di destroyed, (bx thru dx destroyed if ROM stack)

call

Jb
Jmp

'_txt_up:

proc neai

assume os:(

v_txt_md
v_txt_up
grf_graph ioi

ode, ds:data, es:v_ram, ss:nothing

; all registers preservi

_up ; Jump if graphics



F287 52
F288 51

F289 53

F28A 8A D8

F28C 8B C1

F28E E8 FUDE R

F291 71 62

F293 03 FO

F29E 8A CA

F2A0

F2A0 52

F2A1 88 16 I

F2A5 83 C2 I

F2AA

F2AA EC

F2AB DO D8

F2AD 72 FB

F2B0

F2B0

F2B1

F2B3

F2B7

F2BA

F2BC

DO D8

7 3 FB

75 OA

03 F5

F2C8 8A CA

F2CF BO 04

F2D1

F2D1 IE

F2D2 06

F2D3 IF
F2D4 F3/ A5
P2D6 IF

push
push
push

cal 1 v_3crl_poa
v_clr_bot

roll cl rows up.

save registers

ROM BIOS
Listing

save line count

pass upper left coordinates....
to coBBon scroll positioning routine
clear rows If nothing to move

up/down (based on bp & direction flag DF).

DOV

cap

ah gets number of rows to Bove

Jump to fast loop

no. of columns to move up/down

>rd ptr ds : [ v_baae68il5]

e cs:code, ds:v_raB, e

; save dx
; get 6845 pointer register
: get 6845 status register

(alt for horizontal retri

iv_hl :

: get CRT status
; test display enable (bit #0}
; wait for display enable low (cf)
; Interupta are disabled ..

; disable now

BOV sw

Worst case:

BOV

BOV

pop

Jnz

add

Jz

BOV

al.dx
al, 1
V_BV_l0

08 get CRT status
02 test display enable (bit #0)
16/04 wait for display enable hi (of)

; 18 move word (es:dl gets ds:sl)

(8+2+16)+(8*2*4)♦(18) s 58 cycles = 72.5< of 80 cycles

i 08 get CRT status (vert synch slow)

assume csrcode, dsrdata, e3:v_ram, ssrnothlng

; 04 satisfy assumptions
; 02

; 08 restore dx

dx,da ta_seg
ds, dx

v_mv_nxt

si, bp add/subtract nuaber of bytes
to skip In row to/from "from*
address for scroll up/down
add/subtract number of bytes
to skip In row to/from *to'
address for scroll up/down

imns to move

Worst case: [58)+(8+4+2+8)+(3+4)+(3+3)+(3+4+2) 12.75 usec

al.08h
v_mv_past

; enable interrupts Immediately
: 04 check for vertical retrace
; 16/04 Junp past vertical retrace code

We get here If vertical retrace has started.

BOV al,V_KSCROLL

push ds
push es
pop ds
rep Bovsw

pop ds

add al, bp

NOTE: Interrupts disabled for l.li
04 at most V_KSCROLL rows per

vertical retrace ...

11+17*80 Bove row (es:dl gets es:sl)

03 add/subtract nuaber of bytes
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C to skip in row to/frOB 'froB'
C address for scroll up/down

F2D9 03 FD C add di, bp 03 add/subtract nuBber of bytes
C to skip in row to/froB 'to'
C address for scroll up/down

F2DB FE CC C dec ah ;: 03 decrcBent rows to aove
F2DD 71 15 C iz Y_BY_end ;; 04/16 did we nove the last row

F2DF 8A CA C BOV cl, dl 02 nuBber of coluans to Bove

C up/down per row
F2E1 FE C8 C dec al 03

F2E3 75 EC C Jnz Y_nv_row 04/16

C Worst case: [98]+(4*4 +I4)*[6*( 1369*3+3 +3+4+2+3) ] + [5*16) + (4)
C : = 98+12t-8322 +80 +4 = 8516 cycles = 88.7H • 9600 cycles = 1.065b3 < 1.2b3

F2E5 c V._BV_pa3t :

F2E5 EB B9 c

c

jnp short Y_BY_lp

F2E7

c

c V. _mv_fIp: ah has number of rows to move

F2E7 SA CA c mov cl, dl number of columns to move

F2E9 F3/ 26 ; A5 c rep BOYS word ptr esrtdi] word ptr es:[si]
c move the row (es:dl gets es:3i)

F2EC 03 F5 c add si , bp add number of bytes to skip in row to
c 'from' address for scroll

F2EE 03 FD c add di, bp add number of bytes to skip in row to
c 'to' address for scroll

F2F0 FE CC c dec ah

F2F2 75 F3 c

c

Jnz v_av_flp

F2F9

c

c mv end-

F2F1I FB c sti : enable interrupts immediately

c : Clear bl rows below.

F2F5 c V. .elr_bot:

c Clear bl rows below/above if scroll up/down (based on bp 4 direction flag DF).

F2F5 c V. _clr :

F2F5 8A E7 c BOV ah, bh
F2F7 80 3E 0049 R 07 c CB p byte ptr ds:tv_Bode],7
F2FC 74 41 c Je v_olr_fa3t ;; jump to fast loop

F2FE 8A CA c BOY cl,dl 11 cl = no. of columns to clear per row
c ; (bl = number of rows to clear)

F300 c V..clr_lp ;
F300 B7 20 c BOY bh, ' • i: bh = blanking character

F302 52 c push dx ; save dx
F303 8B 16 0063 R c BOY dx,word ptr ds:[v_ba3e6845] ; get 6845 pointer register
F307 83 C2 06 c add dx,6 : get 6845 status register

c Wait for horizontal retrace...

F30A c v_ .clr_hi: 1 wait till we're in a scanline
F30A EC c in al,dx ;; get CRT status
F30B DO D8 c ror al,1 ;; test display enable (bit AO)
F30D 72 FB c Jc Y_clr_hi 1; wait for display enable low (cf)

F30F FA c cli 1 disable ints first.

F310 c V_.cl r_lo: wait till start of horiz. blanking
F310 EC c in al.dx ] 08 get CRT status
F311 DO D8 c rcr al, 1 ; 02 test display enable (bit AO)
F313 73 FB c jnc v_clr_lo ; 16/04 wait for display enable hi (cf)

F315 8A C7 c BOY al,bh ;; 02 al= bh= • ' = blanking character
c .list

F317 AB c stosw ; 11 clear word (es:di gets ax)

c Worst case: (8+2+16)+(8+2+4)+(2+11) = 53 cycles = 66.25* of 80 cycles

F318 EC c in al.dx ;; 06 get CRT status (vert synch slow)
F319 5A c pop dx ;; 08 restore dx

F31A 49 c dec cx ;; 03 decrement columns to clear
F31B 75 08 c jnz Y_olr_nxt i; 04/16 did we nove the last column?

F31D 03 FD c add di,bp 03 add/subtract number of bytes
c to skip in row to/from 'to'
c address for clear for up/down

F31F FB CB c dec bl 1; 03 decrement rows to clear
F321 74 28 c Jz Y_acrl_ret ; 04/16 did we clear the last row?

F323 8A CA c BOY cl.dl i; 02 number of columns to clear

c per row

c : Worst case: [53} +(8+8)*(3*4)4.(3) + (3+J|+2) = 88 cycles = 11.00 usec

F325 c V. _clr_nxt:

F325 FB c sti

F326 A8 08 c test al,08h ;; 04 check for vertical retrace
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P32A 8A C7

F3?C B7 07

F330 03 FD

F33C

F3 3C

F3 3r

SA CA

F3/ AB

03 FD

F34C

F3bl

F353
F356

80 3E 0049 B 07
74 03
AO 0065 R

F356 FC
F357 5B

F358 59
F359 5A
F35A C3

F35B

F35C

F35F

F361
F364

E8 F53C R
72 03

E9 D909 R

F364 52

P365 51
P366 53

ROM BIOS
Listing

Jz v_clr_pa3t

We get here If vertical retraci

; 16/04 Junp past vertical retrace code

atarted...

; NOTE; interrupts disabled for l.lasi

; 02 al: bh= ' ' = blanking characte

; 04 at most 7 (not 10) rows per pas

al , bh

bh, V_ICCLEAR

v_scrl_

cl ,dl

09+10»80 clear the row (es:di gets ax)

03 add/subtract number of bytes
to skip in row to/from 'to'
address for clear for up/down

number of colu

up/down per ro
still working

ins to clear

n 10 scan lines??

ia3e:I88)*(4+4*2*4)+[10»(809+3*3*4+2f3)]+[9»l6]+(4)
♦8240*144»4 : 8490 cycles : 88.44J • 9600 cycles = 1.061ns < 1.2ms

_clr_flp:

rep

cl , dl
stosw

dl, bp

upts immediately

ah has attribute for blank line(s)
al : blanking character

(bl = number of rows to clear)

number of columns to clear

clear the row (es:dl gets ax)
add number of bytes to skip In row t
'to' address for scroll

common clean up routine
enable Interrupts Immediately

cmp byte ptr ds:Iv_node],7
je v_scrl_node_7
mov al.byte ptr ds:[v_3x8] ;

'_scrl_node_7 :

We did't disable display during vertical retrace

Clean up.

; In case ield

pop

pop

pop

bx estoi

we are 'call'ed & scroll down
registers

Scroll Active Page Down

Input: i f al

ah : 07h

v_scrl_dn

Jb
Jmp

txt_dn:

push
push
push

then clear entire window with attribute In bh
else, al : number of rows to 'scroll' down

= number of rows to clear at top of window
bh = attribute to be used on blank row(a)
(ch,ol) : (row,col) of upper left corner of window from (0,0)
(dh,dl) : (row,col) of lower right corner of window from (0,0)

Output: ah : attribute to be used on blank row(s)
if v_mode : 7, al = 20h = space
else al = v_3*8

Assume: (contents of v_base6845)'^6 = status register

Trash: bp, si, 6 dl destroyed, (bx thru dx destroyed If ROM stack)

cs:code, ds:data, es:v_ram, aa:notblng

; NOTE: scroll down everything backwards

; all registers preserved

; Jump If graphics

v_txt_md
v_txt_dn
grf_graphlcs_dow

; save registers
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F367
F369
F36B
F36E

F377
F377

F379

8B C2
B6 FIDE

71 07

F37C
F37F
F381
F381

E8 F53C 1
72 03
E9 D96C I

F389 8B F2
F38B BA 0006
F38E 03 16 0063 R

F392

F392 EC
F393 DO D8

F398
F398 EC
F399 DO D8
F39B 73 FB

F3A1 8B I
F3A3 8B 1
F3A5 C3

F3A6
F3A9
F3AB
F3AE

B8 F53C ]
72 03
E9 DA59 1

8-144

mov bl,al
mov ax,dx
call v_8orl_pos
J2 v_olr_top

; Scroll cl rows

•_mv_dn:
si , ax

bp

_clr_top:
neg

Jap '_clr

save line count
paaa lower rlgbt coordinates....
to coamon scroll positioning routine
clear rows if nothing to move

subtract (bytes/row)*(rows to acroi:
froB 'from' address for scroll

negate nuaber of bytes to skip per i
now identical to scroll upl

Read Attribute & Character at Cursor

current active display page (C-7)
character read

attribute of character read

Assuae: (contents of v_ba3e6815 )-t-b

Trash: si & di destroyed, (si = dx

status registei

_rac proc

assume

cal 1

Jb
Jap

_txt_rac:

BOY

mov

add

cs:code, ds:data, es.M

v_txt_Bd
v_txt_rac
grf_graph ics_read

IB, ssrnothing

all registers pre;

jump if graphics

save bx

si, dx
dx.6
dx.word ptr ds:[v_baae68l5]

; save dx
; get 6815 status reg. offset
; add 6815 pointer

; Wait for horizontal retrace... we can't read the
: without disturbing the screen image.

_rac_inline:
al.dx
al,1
v_rac_inlin

:_inblank

i:[bx]

dx, si
bx,di

: make sure we're in a scanline

: get horiz. retrace blanking status
test for horiz. retrace

; wait for display enable low (cf)
disable ints FIRST

wait for blanking:

get retrace blanking status
test display enable (bit #0)
try again if still in scanline.

Write Attribute & Character at Cursor ah = 09h

Input: al = character to write
bh s current active display page (0-7)
bl s attribute of character to write
cx = counter of characters to write

bp s value to return in ax
Output: al s character to write

ah = attribute of character to write

Assuae: (contents of v_base6815}-»6

Trash: bp, si & di destroyed, (si ;

s status register

cx; dx if ROM stack)

'_wac proc

assuae

call

Jb
Jap

'_txt_wac:

near

cs:eode, d8;data, es:v_raB, sa:nothing

i all registers preserved

; Jump if graphics

v_txt_Bd
v_txt_wao
grf_graph io8_write



dl, bx

v_fpoa

bx, dl

ROM BIOS
Listing

ax & 9l destroyed.
bx 2 offset into current page
restore bx; dl = transfer offset

F3AE 8B FB C mov

C

F3B0 ES F50D R c cal 1

c

F3B3 87 DF c xchg
c

F3B5 8B C5 c mov

F3B7 8A E3 C mov

F3B9 8B E8 C mov

c

F3BB 8B F1 c mov

F3BD 52 c push
F3BE 8B 16 0063 R c mov

F3C2 83 C2 06 C add

c

c ; Walt for h(

c

c

F3C5 c v_wac_hi:

F3C5 EC c in

F3C6 DO D8 c rcr

F3C8 72 FB c Jc
F3CA FA c cl 1

c

F3CB c v_wac_lo:
F3CB EC c in

F3CC DO D8 c rcr

F3CE 73 FB c Jnc
c

F3D0 8B C5 c mov

F3D? AB c stosx

c

F3D3 49 c dec

c .list
F3D4 74 04 c Jz
F3D6 AB c sto sw

c

c ; Worst case:

c

F3D7 FB c sti

F3D8 E? EB c loop
c

F3DA c v_wa c_end:
F3DA FB c sti

c

F3DB 5A c pop
F3DC 8B CE c mov

F3DE C3 c ret

dx.uord ptr ds : [ v_ba3e68il5 ]
dx,6

xontal retrace blank interval

get 6845 pointer register
get 6845 status register

F3DF E8 F53C R
F3E2 72 03
F3E4 E9 DA59 R

F3E7

F3E7 8B FB

F3E9 E8 F50D R

F3EC 87 DF

F3EE 8B F1
F3F0 52

F3F1 8B D5
F3F3 8A C2
F3P6 8B E8

BA 0006

03 16 0063 R

P3PE
P3FE EC

P3PF DO D8

wait till we're in a scanline..
get CRT status
test display enable (bit #0}
wait for display enable low (cf)
disable ints FIRST

now wait till start of blanking..
08 get CRT status
02 test display enable (bit #0)
16/04 wait for display enable hi (cf)

02

esrdi gets ax (attribute & char)

1/16
es:di gets ax (attribute & char)

1) = 70 cycles s 87.5J of 80 cycles

I immediately

(8-2 +16)*(8-2*4)*(2+1 1) + (2+4*

Write Character at Curs

Input: al

rrupts immediately

restore dx

character to write

current active display page (0-7)
counter of characters to write

(contents of v_base6845)+6 = status register

si & di destroyed, (si = ex; dx if ROH stack)

call

Jb
Jmp

near

cs:code, dsrdata, e

v_txt_md
v_t xt_wc

grf_graph ics_wrlte

mov di,bx

call v_fpos

xchg bx,di

dx, bp
al, dl
bp, ax

add <

; Wait for horizi

v_wc_noxt:

v_wc_hi:

x,word ptr ds:[v.

ntal retrace...

_ram, ss:nothing

; all registers preserved

; Jump if graphics

; save bx

; si destroyed.
; ax = offset Into page 0
; bx = offset into current page
,* restore bx; di = transfer offset

; retrieve character in dl
; get char in al (ah s attr.)
; bp s (attr. char)

; get 6845 status register
; get 6845 pointer register
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F101

F103
72
FA

FB C

C

JC
eli

v_wc_hi ; wait for display enable low (of)
; disable ints FIRST

F101

F101

F105
F107

EC

DO

73

DB
FB

C

C

C

C

v_wc_lo

rer

jnc

al ,dx
al,1
v_wc_lo

; 08
; 02
; 16/01

get CRT status
test display enable (bit fO)
wait for display enable hi (cf)

F109
F10B

8B

AA

C5

C

C

C

mov

stosb

ax, bp ; 02 restore ax = (attr, char)
es:di gets al (character)

F10C

F10D

F10F

19

71
17

06

C

C

C

c

dec

.list

inc

cx

v_wc_end
di

: 02

; 01/16
; 02 skip past attribute byte

F110 AA

C

C stosb : 11 es:di gets al (character)
c

c ; Worst ease: (8*2fl6)*(8*2*1)*(2*rl)-(2+1+2+11 ) = 72 cycles = 90* of 80 cycles

Fill

F112

F113

FB

17
E2 E9

c

c

c

c

sti

inc

loop

di

v_wc_noxt

; e na bl
; skip
; do it

e interrupts immediately
past attribute byte

cx times

F115
F115 FB

c

c

V wc end:
sti ; enable interrupts immediately

F116

F117
F11 9

5A

8B

C3

CE

c

c

c

c

pop

mov

ret

dx

cx, si

; restore dx
; restore cx

F11 A c v_wo endp

F11 A AO 0066 R C

C

F11D 8B FA C

F11F 8B F3 C

C

F121 OA FF C

F123 71 OA C

C

F125 21 DF C

F127 DO DB C

F129 73 OB C

F12B OC 20 C

F12D EB 07 C

C

F12F C

F12F 80 E3 IF C

F132 21 EO c

F131 OA C3 c

c

F136 c

F136 BA 0005 c

F139 03 16 0063 R c

F13D EE c

c

F13E 8B DE c

F110 8B D7 c

c

F112 A2 0066 R c

F115 03 c

c

F116 c
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Set Overacan, Back, 4 Foreground Col

Input:

Out put :

: OBh

al

palette color ID to set (0-127)
color value to be used with that coloi
v_aiode
new v_colorpal

Assume: (contents of v_ba3e68'l5)+5

Trash: si 4 di destroyed, (si = bx

proc

a s s UD e

near

cs:code, ds:data,

mov al,byte ptr ds:tv_colorpal

mov di,dx
3i,bx

or bh, bh

Jz v_col_0

and al,ODFh
rcr bl, 1
jnb v_col_1

or al,20h
jmp short v_col_1

bl.OIFh
al.OEOh
al.bl

mov d X, 5
add dx,word ptr ds : [ v_base68'i5 ]
out dx,al

: overscan register

di = dx)

nothing

; get current pale

; save bx

clear palette select bit tS
test new color (bit 00)
if bit 00 set, all done
else set palette select bit 05

save bits OO-b of new color
clear bits 00-1 of old color
and combine the two.

get 6815 overscan reg. offset
; add 6815 pointer register
: output selection

byte ptr ds:[v_colorpal],al save the value for later

Write Dot (see graph.

Read Dot (see graph.arc)

to active pageTerminal Emulate

Input: al = character to write

= foreground color in graphics mode
bp = value to return in ax

Output: All registers saved.

Trash: si 4 di destroyed, (si s cx; di = bx; dx if ROM stack)



ROM BIOS
Listing

as:noth ing

; la It bell character?

0

P116 0 v_terni nal proc near

C

C assume cs:code, ds:data, es:v_ram,

F116 3C 07 C cmp al.BEL

P418 75 03 0 Jne v_term_nobol1

P*1 A E9 F51E B 0 Jmp v_bell

P11D 0 v_term_nobell:

PUD 52 0 push dx

F11E 8B F1 0 mov si, cx

F150 8B FB 0 mov di , bx

0 : Get c ursor position in active page.

F452 B7 07 0 mov bh ,07h

F151 22 3E 0062 R 0 and bh.byte ptr ds:(v_apage]

F458 B1 0 3 0 mov ah,03h

FISA CD 10 0

0

INT lOh

F15C 8E 05

0

0 mov ax, bp

FiiSE B9 0001 0 mov cx, 1

F16 1 B1 OA 0 mov ah.OAh

0 ; Handl e special. cases: dx has (row,col) of

F16 3 30 OA 0 cmp al , LF

F165 71 11 0 Je v_lf

F16V 30 OD 0 cmp al , OR

F169 71 60 0 Je

FUbB 30 08 0 cmp al, BS

F16D 71 51 0 Je v_bs

0

0 ; Normal Case: write the character
0

F16F OD 10 0 INT lOh

F17 1 FK 02 0 i nc dl

F173 3A 16 001A R 0 cmp dl.byte ptr ds:[v_width]

F17 7 72 13 0 Jb v_sot_new_cur

F17 9 32 02 0 xor dl , dl

F17B 80 3E 0019 R 18 0 v_lf : cmp byte ptr ds:[v mode],72
F180 B1 3 1 0 mov ah,19
F182 71 02 c Je v_lrow

F181 B1 18 0 mov ah,21

F186 3A F1 0 v_lrow; cmp dh , ah

Fise 71 07 0 Je v_scrl_t ty

FU8A FE 06 0 inc dh

F18C 0 v_3et_riew_cur :

F18C B1 02 0 mov ah,02h

F18F EB 29 90 0 Jmp v_tero_ret

F191 0 v_scrl_.tty : ; (•
F191 B1 02 0 ah,02h

F193 CD 10 0

0

INT lOh

F195 32 El

0

0 xor ah, ah

F197 E8 F53C R 0 call v_txt_md

F19A 73 01 0 jnb v_scrl_tty_graph ics

F19C B1 08 0 mov ah,06h
F19E OD 10 0 INT lOh

F1 AO 0 v_3crl..tty_graphics :

F1A0 33 C9 0 xor cx.cx

F1A2 8A FO 0 mov bh, ah

F1 A1 B8 0601 0 mov ax,0601h

F1A7 8a i6 ooia R 0 mov dl,byte ptr ds:[v width]
F1 AB 80 EA 01 0 sub dl , 1

F1 AE 80 3E 0019 R 18 0 cmp byte ptr ds:[v_mode],72
F1B3 B6 31 0 mov dh,19

F1B5 71 02 0 Je V term ret

F1B7 B6 18 0 mov dh,21
0

F1B9 0 v_term. ret:

F1B9 CD 10 c INT lOh

FIBS c v_term_.nop :

c : Clean up.

0

F1BB 8B 05 0 mov ax, bp

F1BD 8B DP c mov bx, di

F1BP 8B CE 0 mov cx, si

F1C1 5A c pop dx

F1C2 C3 0 ret

0

c

F1C3 OA D2 0 v_bs : or dl ,dl

F1C5 71 PI 0 J2 v_term_nop

F1C7 PE OA c de c dl

F1C9 EB 01 c Jmp v_sot_now_cur

mask for page number, MOD 8
get active page number (0-7)

call v_r_cura_poa
(dh,dl) = (row,col) of cursor
(ch,cl) a cursor mode setting

i restore ax

; character count for write char
function code for write char

ursor position,

it a line feed?

it a carriage return?

it a backspace?

write the character

ent the column

overflow?

w cursor position

i ncr e

col us

set n

; carriage return cursor

is this mode 72 ?

; mode 72 has 50 rows

Jump if mode 72
: modes I|,5|6,6<I have 25 rows

are we at last row yet?

: if yeSf 8o scroll the screen
; otherwise, inc to next row

a (row,col) = (24,0) or (Hg.O)
call v_curs_pos to set cursor
and so that we can read back

the proper attribute byte

ah s 0 for graphics
are we text mode?

Jump if graphics

call v_rac
; to get attribute byte in ah

(ch,el)= upper left (row,col)
= (0,0)

store attribute in bh

call v_scrl_up to scroll
one line with attribute bh
(dh,dl)= lower right (row,col)
column = v_width-1
is this mode 72 ?
if yes then row = 19
Jump if mode = 72
if not mode 72 then row = 21

restore ax

; restore bx
restore cx
restore dx

back space -- column = 0 ?
don't change cursor positioi
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FICF

FttD3
F1id6

FDDA

FhDD

FIDE

8A 26 OOhA R

AO 0049 R
8A 3E 0062 R
80 E7 07

C3

F4DE E8 F52B 1

F4E1

F4E3
F4E5
F4E7

2A F5

FE C6
2A D1

PB C2
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carriage return

_terninal ondp

Read Current Video Status ah s OFh

Input: None.
Output: ah = nuaber of character columns on sere

ai = display mode currently set
bh = current active display page (0-7)

Trash : None.

_stat proc near

assume cs:code, ds:data, es:v_ram, ss:nothing

mov

mov

and

ret

_3tat endp
page

ah,byte ptr ds:[v_width]
al.byte ptr ds:(v_mode]
bh.byte ptr ds:[v_apage]
bh,07h

Common scroll positioning and regist

Input: (ah,al)

initialization routine.

( ch , cl)
(dh.dl)

starting (row,col) position from (0,0)
(ch,cl) for up / (dh,dl) for down
attribute to be used on blank row(s)

then clear entire window with attribute in bh
s number of rows to 'scroll' up / down
s number of rows to clear at top / bottom of window

(row,col) of upper left corner of window from (0,0)
(row,col) of lower right corner of window from (0,0)

state of bl at entry (nz if scroll; z if clear only)
(number of bytes/row) • (number of rows to scroll)
(2 • bl • v_width)
attribute to be used on blank line(s)
at entry, then clear entire window with bl attribute

= dh = window height to clear
= number of rows to 'scroll' up / down
= number of rows to clear at top / bottom of window

zero

number of rows to move

delta of upper and lower coordinates-bl = (dh-bl)
delta of upper left and lower right coordinates
window height and width
number of bytes NOT to move per
'from' address for scroll

'to' address for scroll
data_seg (preserved)
para_mono

zf = !

ax : (

bh = S

if bl = 0 i

bl

el se, bl

ch

cl
= '

(dh,dl)
s \

bp = 1

si =

di =

ds

es
=

<— bp ->

I si, di offset if up

i l<—-
I I

(2»(v_width -dl))

->l I
I I
I I dh

I

I I

si, di offset if down

proc

assume

v_po8n

dh , ch
db

dl, ol
dl

near

cs:code, ds:data, es:v.

; (ah,al) -> ax offset; si trash

; (dh,dl) gets delta (drow,dcol)
; dh z number or rows

; dl s number or columns



F4E9 BB 36 004E R
F4ED 03 FO
F4EF SB FE

F4ri

F4F3
F4F5

F4F8

F4FA

F4FC

33 C9
8A CA

A1 004A R

8B E8
2B E9

Dl E5

F4FE DO EO

F50A 8A DE

F50D 8A C7

F50F 33 DB

F511 25 0007

03 1E 004C R

F51D 75 F9

F521

F525
F528
F52A

F52B

F52D

F531

F533
F537
F539
F53B

F53C

6B 84 0050 R
E8 F52B R
03 D8

8B FO

81 E6 OOFF
8A C4

F6 26 004A I

03 C6
EO

C3

ROM BIOS
Listing

31,word ptr da:[v
al.ax
dl, si

get offset of active page
; add offset in page =>
; , 'to' addresses.

cl, dl

ax,word ptr ds:[v_wldth]
bp, ax

; Inlt count register to zero.
; cx = number of columns s dl

get screen width

; bp s v_wldth

bp = (v_wldth - dl)
bp = 2 • (v_wldth - dl)

al :

bl , bl
v_s c rl_m v_a n d_ e1r

bl, dh

_cl r :

; cl <: number of rows to mov

; If rows to scroll,
; then, move & clear row, return nz.

else clear dh rows only, return z.

ZF Indicates state of BL at entry

Ideo ram buffer offset of a character In text mode

= current active display page (0-7)
= offset of character In text mode at display page
= (page number)»(v_helght)+offset of v_curpos(bh)
= offset of character In text mode from page 0

ash: si : destroyed.

C v_fpos_lp:

shl

mov

call

add

ret

endp

cs:code, ds:data, es:v_raffl,

al , bh
bx,bx
ax,07h
si,ax
v_fpos_0

bx,word ptr ds : [v_helght]
ax

v_fpos_lp

ax,word ptr da:[sl+v_curpos]
v_posn

bx, ax

i:nothlng

; al gets page number
; bx = 0
; ax = page numbei* mod 8
; si keeps page number mod 8
; page number = 07

optimization: word multipli
cation by less than 8 without
destroying dx (or cx).

bx = (page number)•(v_height)
page number mod 8 word index

(ah,al) -> ax offset; si trash
bx = (page)»(v_height)+offset

tes video ram buffer offset of a character In

(ah,al) = (row,col) position
ax = offset of character In text mode.

pr oc

assume cs:code, ds:data, es:v_ram, ss;nothlng

3l,0FFh
al,ah
byte ptr ds:(v_wldth]

ndp

si keeps column (al)
al gets row (ah)
ax gets (row • v_width)
ax gets (row * v_wi(lth)-f column
ax gets 2*((row • v_width)••• column)

Is v_mode text or graphics or black/white card?

Input: None.
Output: carry flag (cf) set if text. carry flag cleared if graphics.

Text Hodes: 0 to 3 and 7
Graphics Hodes: 4 to 6, 64, and 72

Trash: None.
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Listing

aasuoe csicode, da:data, ea:v_raD, aarnotblng
C

P53C 80 3E 0049 R 04 c cmp byte ptr ds:[v.
F5 4\ 72 09 c Jb v_txt_ok

c

F543 80 3E 0049 R 07 c cm p byte ptr da:(v.
F548 74 02 c Je v_txt_ok

F54A F8 0 cl c

F54B C3 c ret

0

F5 4C c v_txt_ok;
F54C F9 c ate

F5 4D C3 0 ret

F54E c

0

v_t *t_md endp

c

0 ; Handle BEL character: 1

0

0 : No parameters.

0

c

F5 4E 0 v_bell proc neiir
0

0 assume cs.'codi

0

F54 E 50 0 push ax

Kb4F BO B6 0 mov al,t2cmd

Fbb1 E6 43 0 out P_8253_otrl,al

F553 BO 00 0 mov al,00h

Fbbb E6 4? 0 out P 8253_2,al
F5b7 BO 06 0 mov al,06h

F559 E6 42 0 out P_8253_2,al

F'.bB E4 61 0 in al,p_kctrl

FbbD 8A EO 0 mov ah, al

F55F 00 03 0 or al,03h

F56 1 E6 6 1 0 out p_ketrl,al

Fb63 51 0 push cx

F56a B9 0008 0 mov ex,200

F567 0 bell_vai t:
Fb67 E8 EF47 R 0 cal 1 F_walt_one_ms

F56A E? FB 0 loop bell_walt

Fb6C 59 0 pop cx

F56D 8 A 04 0 mov al, ah
F56F E6 61 c out p_kctrl,al

F571 58 c pop ax

Fb7 2 C3 c ret

F57 3 c v_bell endp
c

F573 0 code ends

File name :

: grapblca node (CF = 0)
; fflodea I to 6, 64, aad 72

; text node (CF = 1)
; modes 0 to 3 and 7

: p_8253_2, Isb lat, mode 3,no BCD

; most significant byte

; get control data
; save control status

; turn speaker on

;512 msec

;walt for

restore control status

return from v_term

INSS250 Asynchronous Communication Chip Baud Rate Time Constants
(baud rate generator signal la 3.6864 HHz put through a
dlvlde-by-2 circuit).

((3,686,400 H2)/2) s Input Freq.
C

C

i Time Constant =

(16)*(baud rate)

F57 3

C

C ace_lnl t proc near ; ah s OOh
C aasume cs : code. da:oothlng, es:nothlng, sa:nothing

F57 3 8A E8 C mov ch, al ; save Input parameters.

F575 32 CO C xor al,al

F577 EE C out dx,al ; dummy read on scc_ctl_x
F578 E8 E8E2 R C call rs_dly

; Insures proper register addr.F57B EO C In al, dx
F57C se E8E2 R C call rs_dly

F57F BO 09 C mov al ,9 j select write register #9

F581 EE C dx, al ; reset and disable int

F582 E8 E8E2 R C call rs_dly
; hw reset, atsO, mlesdis, nvalF585 BO Cl C mov al, 1 1000001b

F5e7 EE C dx, al

Fsae E8 E8E2 R C call rs_dly

F58B BO 04 C mov al ,4 1 select write register #4
F5 8D EE C dx, al ; transfer parameters
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F58E E8 E8E2 R C cal 1 rs_dly

F591 BO 44 C mov al,01000100b

F593 6k E5 C mov ah, ch
F595 80 EH 04 C and ah,00000100b
F598 DO E4 c shl ah, 1
F59A OA 04 c or al, ah

F59C 8A E5 c mov ah,ch
F59E 80 E4 18 c and ah,00011000b
F5A1 B1 03 c mov cl ,3
F5A3 D2 EC c shr ah, cl
F5A5 OA C4 c or al, ah

F5A7 EE c out dx, al
F5A8 E8 E8E2 R c call rs_dly

F5AB BO OB c mov al, 1 1
F5AD EE c out dx, al
F5AE E8 E8E2 R c cal 1 rs_dly
F5B1 BO 55 c mov al,01010101b
F5B3 EE c out dx, al
FSBU E8 E8E2 R c call rs_dly

F5B7 BO OC c mov al, 12
F5B9 EE c out dx, al
F5BA E8 E8E2 R c call rs_dly

F5BD 8A DD c mov bl, ch
F5BF 81 E3 OOEO c and bx,11100000b
F5C3 B1 04 c nov cl, 4
F5C5 D2 EB c

c

shr bl, cl

c

C ; MOTE ; These values are the

C ! mov ax,word ptr c
C

F5C7 2E: 8B 87 E729 R C mov ax,word ptr c
axF5CC 48 C dec

F5CD 48 C dec ax

C

F5CE EE C out dx, al
F5CF E8 E8E2 R C cal 1 rs_dly

F5D2 BO OD C mov al,13
FSDh EE C out dx, al
F5D5 E8 E8E2 R C call rs-dly

F5D8 8A C4 C mov al, ah
F5DA EE c out dx, al
F5DB E8 E8E2 R c call r3_dly

F5DE BO OE c mov al, 1 4
F5E0 EE c out dx, al
F5E1 E8 ESEB R c call rs_dly
F5E1I BO 03 c mov al,0000001 lb
F5 E6 EE c out dx, al
F5E7 E8 E8E2 R c cal 1 rs_dly

F5EA BO 0 1 c mov al, 1
F5EC EE c out dx, al
F5ED E8 E8E2 R c oall r8_dly
F5FC 32 CO c xor al, al
F5F2 EE c out dx,al
F5F3 E8 E8E2 R c call rs_dly

F5F6 BO 03 c mov al ,3
F5F8 EE c dx, al
F5F9 E8 E8E2 R c call rs_dly

F5FC BO 01 c mov al,00000001b

F5FE 8A DD c mov bl,ch
F600 81 E3 0003 c and bx,0000001 lb
F6C4 2E: 8A A7 F62E R c mov ah,byte ptr ea
F609 B1 06 c mov cl,6
F60B D2 E4 c shl ah, cl
F6 CD OA C4 c OP al,ah

F60F EE c out dx, al
F610 E8 E8E2 R c oall rs_dly

F613 BO OS c mov al,5
F615 EE c out dx, al
F6l6 E8 E8E2 R c call rs_dly

F619 BO 08 c mov al ,00001000b
F61B 95 c xcbg ax, bp
F61C OA E4 c or ah, ah
F61E 95 c xchg ax, bp
F61F 75 02 c J nz scc_pwrup
F621 BO 8 A c mov al,10001010b

F623 C soo_pwr up :

F623 DO EC c shr ah, 1
F625 OA C4 c or al, ah
P627 EB c out dx,al
P628 E8 E8E2 R c call rs_dly

ROM BIOS
Listing

16*, 8-blt synch, 1

get Input paraaeters
get bit #?
move to bit #3
'or* the bit

al1 done I I I

; get bit:

: move to bits #1 ,2,4 3
; bx Is word index

the com_baud EXCEPT for the - 2111

cc_baud] : get 8530 baud count

om_baud]

I I I I

I: [bx+3cc_dblt]

itput low byte of baud rati

select write register #13
high byte of baud rate const

output high byte of baud rate

baud generator enable 4 source

rx dls, pty no spec, tx dls

RxD enable

TxD enabled, (power-up value)
get original function code
Is It 0 or FF?

restore AX

Jump If original AH=OFFh
TxD,DTR,HTS enabled, (normal)
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F62B E9 E88A 1

F62E 00

F62F 02

F630 01
F631 03

F632

F8I12 IE

F8«l3 B8 OOUO
F81i6 8E D8

F81C CF

FSMD

F8HD FB

FBUE IE

F8iiF B8 0040

F852 8E DB

FB5B CF

FB59

F859

F859

F859 F9
F85A BI 86
F85C C2 0002

F85F

F85F
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return status

Z8530 Compatible Data-Bit Definitions for Happing bits

Bcc_lnit

code eni

include mei

5 data bits (0) (non- )
6 data bits (1} (non- )
7 data bits (2)
8 data bits (3)

Filename: mem.src

This module includes INT 12h, lib, & 15h.

INT 12h -- memory size detect

sti

push
mov

fflOV

assume

mov

pop

iret

m_size endp

INT

sti

cs:code, ds:nothing, es:nothing, ss:nothing

ds

ax,data_seg
ds,ax

cs:code, ds:data, es:nothing, ss:nothing

ax,word ptr ds:[memory_size]

equipment check

OFBlDh

near

ode, dsinothing, es:nothing, ss:nothing

push ds
mov ax,data_seg

mov ds,ax

assume cs:code, ds:data, es:nothlng, ssinothlng

ax,word ptr ds:[switch_blts]
pop

iret

ds

INT 15h -- cassette I/O

mov

ret

; iret

m_cass endp

Filename: nml.src

This module includes INT 02b.



ROM BIOS
Listing

F85F

F85F

F85F CF

F860

F86 0

lode segment public 'ROM'
assume csicode, ds;nothing, es:nothing, ssinothlng

n_lnt

Iret

endp

ends

0F85Fh

near

cs:code, ds:nothing, s:nothlng, as:nothlng

include bootZ.a

Filename: boot.src

This module Includes IHT I9h.

code segment public 'ROM'
assume cs:code, ds:nothlng, nothing, ssinothlng

INT 19h — Cold boot routine;

This code reads Track 0, Side 0, Sector 0 Into memory at
OOOOiTCOO and Iret's Into the secondary boot-strap loader

stack looks like thl

return fsw flags

return cs segment

return Ip offset

saved si, bp

(DH)
(OH)
(CD

(AH)
(AL)

: Head Number

Cylinder Number
Sector Number

[ OOh -> Floppy Drive (A:)i
01h -> Floppy Drive (B:);
80h -> Fixed Disk (C :) . ]

[ These three parameters will
specify the booted partition
In the case of the fixed disk.

(CSiIP)

(SSiSP)

(In order to

Address of the transfer [0000:7C00]

Address of entry point (OOOOiTCOO]

Stack Segment and Pointer are left Intact from the INT
19h invocation for multi-tasking environments.

read 512 byte

C

C

C : Trash :
C ;s:===z==:s=ss:

C

F860 C bt_lnt proc
C assume

C
F860 FB C stl

F861 55 C push
F862 56 C push

C

C assume

F863 2E:I 8B IE E5F2 R C mov

F868 C7 06 0081 R E2CE R C mov

F86E 8C OE 0086 R C mov

C

F872 BE DBB7 R C mov

F875 E8 E5FA R c call
c

F878 32 DB c xor

F87A 53 c push
c

c assume

F87B c bt_o:
F87B 33 CO c xor

F87D 8E D8 c mov

F87F 8E CO c mov

c

The rupt enable flag Is left Intact from the INT
ation for multl-tasklng environments.

destoryed. (si, di, & bp preserved.)

ar

icode, dsinotblng, esinothlng, ssinothlng

si

dsidata ; reset master table ptr
ds,word ptr es;[set_da_word] j satisfy assumption
word ptr ds:(master_tbl_ptr*OOOOh],csi(offset mastab)
word ptr ds:(ma3ter_tbl_ptr+0002h],os

si,cs I (offset bt_m)
DRomStrlng

bl.bl
bx

dsiabsO, esiabsO

ax, ax

d8,ax
es, ax

boot strap outer lo
AX a ab80_seg.
satisfy assumptions
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C ; Reset fd_pa ras table vector.

F881 C7 06 0078 B EFC7 R C BOV word ptr da:[int1 Eloen*0],cs:(offset fd_parBs)
F887 8C OE 007A R C BOV word ptr ds:[intiElocn+2],cs

C ; Initialize retry loop.

F88B

F88E
BD 0003 C BOV bp,3 ; retry counter

C bt_i : ; boot retry inner loop

C ; Initialize the driver.

F88E 33 CO C xor ax,ax ; AX : 0.
F890 8B D8 C BOV bx,ax ; BX :: 0.

F892 8B C8 C BOV cx,ax : CX = 0.

FBgt 8B DO C dx.ax ; DX = 0.
F896 CD 13 C INT 1 3h
F898 72 OA C Jc bt_nxt : try again, if error

C ; Read tbe bo ot sector.

F89A B8 0201 C BOV ax,0201b ;read one sector
C : bl = 0.

F89D B7 7C C BOV bh,7Cb ; xfer address = ES:BX = 0:7C00
C ; cx s 0.

F89F 11 C i nc CX ; track 0; sector 1
C ; dx = 0.
C ; head 0; drive 0

F8A0 06 C push es ; save return registers
F8 A1 CD 1 3 C INT 13h ; BX,CX,DX,SI,DI,BP, & DS saved
FeA3 07 c pop es i restore return registers

F8A« c bt_nxt:
F8AII 73 1 E c Jnc bt_ok j Jump if no error during read

F8A6 8B c pop bx ; get blink status

F8A7 OA DB c or bl,bl i have 3 retries been completedl
F8A9 71 OE c Jz bt_dec ; Juap if no

F8AB BE DBD1 R c BOV si,cs:(offset bt_Berr) ; blink error message on
F8AE 78 03 c J3 bt_blnk ; blink state from BL above
F8B0 BE DBF6 B c si,cs ; (offset bt_spaces) ; blink error message off

F8B3 c bt blnk:

F8B3 E8 E5FA R c call DRomString ; blink error message
F8B6 80 F3 80 c xor bl,10000000b ; toggle blink state

F8B9 c bt_dec :
F8B9 53 c push bx ; resave blink status
F8B A iiD c dec bp ; decrement retry count
F8BB 75 D1 c Jnz bt_i ; and, try again

F8BD 5B c pop bx ; get blink status
F8BE 80 CB 0 1 c or bl,1 ; enable error message blinking
F8C1 53 c push bx ; save new status

F8C2 EB B7 c Jmp bt_o ; and try again, for now.

F8CM c bt_ok:
F8CH BE DBF6 R c BOV si,cs:(offset bt_spaces) ; blink error message off
F8C7 E8 E5FA R c call DRomString
F8CA 5E c pop si i discard blink status
F8CB 5E c pop si i restore SI
F8CC 86 EC c BOV bp,sp
F8CE 89 5E 02 c BOV word ptr ss:[bp+2],bx ; return IP = BX = 7C00b
F8D1 8C 146 OH c word ptr ss:[bp*Hj,es ; return CS = ES = 0000b
F8DI1 5D c pop bp ; restore BP
F8D5 CF c iret ; return flags

F8D6 c bt_int endp

F8D6 c code ends

c

c

Include calendar.asa

c

c ; Filenaae: cal.src

c ! This module includes c_road and c_writo of INT lAb.

c ===.======.===„=====,=========================

F8D6 c code segae nt public 'ROH'
cs:code, dsrnotblng, ea:nothlag,

e_data1 proc

C ; Days per year.

F8D6 0000 C c_dy_y r dw (0«366)+(0«365) : year 0 = leap year 0

F8D8 016E C dw ( 1*366)*(0*365) : year 1 = leap year •f 1

F8DA 02DB C dw ( 1«366) + ( 1«365) ; y ear 2 = leap year 2

F8DC 01)118 C dw (1»366)*(2*365) i year 3 = leap year + 3
F8DE 05B5 C dw (1*366)>(3*365) ; year 1) = leap year .«• 0

F8E0 0723 C dw (2*366)+(3*365) ; year 5 = leap year * 1

F6E2 0890 C dw (2»366) + (Ii*365) ; y ear 6 = leap year 4- 2

FBED 09FD C dw (2*366)*(5*365) i year 7 = leap year + 3

Days per montb.
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F8E7 1C
F0E8 IF

F8E9 1E
F8EA IF
F8EB IE

F8EC IF

F8ED IF
F8EE IE

F8EF IF
F8F0 IE
F8F1 IF

F8F2

F8F3 BA C07F
F8F6 EC
F8F7 EC

E8 F9'I5 RF8F8

F8FB 8 A 1

F90F
F90F E8 F9FD R
F912 03 DO
F91'l 1IB
F915 79 F8

F917

F917

F919
F91B
F91D

33 DB
8A DD

Dl E3
2E: 03 97 F8D6

P92»l B2 77

db 31 month 0 : Jan
db 28 month 1 = Feb
db 31 month 2 s Har
db 30 month 3 = Apr
db 31 month 4 : Hay
db 30 month 5 = Jun
db 31 month 6 = Jul
db 31 month 7 = Aug
db 30 month 8 = Sep
db 31 month 9 = Oot
db 30 month A = Nov
db 31 month B = Dec

endp

ROM BIOS
Listing

• Write Clock Calendar Device (c_read)

Input:
Output:

-1 Write Clock Calendar Devi
day (frott 1-1 of leap yea
(0-2921) = (0-B69h)
hour (0-23)
minutes (0-59)

-1 implies date/tine error
0 implies date/time OK

Read Clock Calendar Devlci
day (from 1-1 of leap yea
hour

bx =

cl =

dh =

dl = ndredths of seconds

up to 12-31 of leap year+7)

12-31 of leap yea r+7)

ode, ds:nothing, esinothing, ss:nothing

; Save register

push

; Years.

in

dx,7Fh
al.dx
al , dx
c_rBCD

dec ax

; Calculate Day (ax has day).

mov dx,ax

; Calculate Konth (bx has month),

de c bx

Js

:_rml p :

o_rmO :

: Calculate Year (ch has month).

bl, ch
bx, 1

interrupts (years mod 8)

al = years

oh = saves year mod 8

: dl = tens of months port = 7Ch
: Input: dl = tens of mon.s port = 7Ch
: Output; ax i hex of months (1-12)
: dx = day of week port = 7Ah
i ax = map month (1-12) to month (0-11)

: bx = saves month (0-11)

dl = tens of days port = 79h
Input: dl = tens of days port = 79h
Output: ax = hex of days (1-?)

dx = tens of hours port = 77h
ax = map days (1-?) to days (0-?)

; get days per month
j dx = day + current month
: previous month

; clear bh
; get year mod 8

make word index
word ptr cs:(bx+c_dy_yr]

Bov bx.dx ; bx = day

i dl = tens of hours port = 77h
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F926 e8 P958 R

F929 8A E8

F92B E8 F958 R

F92E 8A C8

F930 E8 F95B R

F933 8A FO

F935 52

F936
F939
F93B

F93D

E8 F915 R
8A EO

32 CO
E8 F962 R

F9t5 51
F916 B9 0003
F999 32 F6

F91B EC

FgiC 29 OF
F99E 3C OA
F950 72 09

F956
F956 59
F957 C3

F958
F95B
F95D
F95E

F96 1

F962
F969
F966
F968
F96A

8A F9

DO E6

DO E6
02 F9

DO E6

8-156

Minutes.

cal 1

; Seconds.

cal 1

c_pbo*

ch, al

c_rhe*

C : Hundredtbs of Seconds.
C

C

C call c_rBCD
C fflov ah,al
C xor al,al
C call c_BCD2he;
C

C pop dx

: Restore registe

pop a

c_rBCD: push
mov

xor

c_rBlp: in
and

cmp

Jb

loop c_rBlp
al, 1

Convert to Hex (c_rhex)

Inputs both BCD bytes and i

tens of bours port = 77h
: bexadecioal of hours

tens of min.s port ^ 75b

dl = tens of Blnutes port : 75b
Input: dl = tens of min.s port = 75b
Output: ax - hexadecimal of minutes

dx = tens of sec.a port : 73b
cl = minutes

dl = tens of seconds port = 73h
Input: dl = tens of sec.s port = 73h
Output: ax s hexadecimal of seconds

dx = tenths of sees port = 71b

! tenths of seconds port = 71b
! tenths of seconds
! tenths of seconds to high byte
; BCD of hundredtbs of seconds
: hex of hundredtbs of seconds

:ore seconds (dh)
! hex of hundredtbs of seconds

get the byte
clear high nibble
is it less than 10?
if so, return

restore cx

verts to hexdecimal word.

pointer to tens of whatever port
hexadecimal word (ah = 0}
pointer to tens of previous port (dh

Trash : None.

!_rhex proc

call

mov

dec

cal 1

dec

1 Jiap

:_rhex ondp

cs:code, ds:nothing.

short c_BCD2hex

othing, ss:notbing

in from tens of whatever
move tens of whatever to high byte
dx points to units of whatever port
in from units of whatever
dx points to tens of previous port

fall through

BCD to Hexadecimal (c_BCD2hox)

Input: ah = high BCD digit
al 3 low BCD digit

Output: ax = hexadeeimal byte (ah :
dh 3 0

Trash: None.

C c_BCD2hex

shl

add

shl

assume cs:code, ds:nothing, es:nothing, ss:notblng

dh.ah ; dh 3 hi BCD digit
dh.l : db = 2»(hi BCD digit)
db,1 : dh = 9*(hl BCD digit)
dh.ah ; dh = 5*(hl BCD digit)
db 1 ; dh = 10*(hi BCD digit)



F96C
P96E
P970
F972

F973

02 C6

32 Bt
32 F6

P973
F976
F978
F97B
F97D

F981

80 F9 3C
73 73
80 PD 18

73 6E
81 PB 0B6A

73 68

F983 50
P984 53
F985 51
P966 52

P987 33 CO
P989 E6 70
F98B E6 7E

F98D B2 71
P98P 8A C1
P991 E8 P9EC R

F999 8B D3
P99B BB 0010

P99E
F99E 4B
F99P 4B
F9A0 2E: 38 97 F8D6
P9A5 72 P7

P9A7 2E: 2B 97 P8D6
P9AC D1 EB
P9AE 8A EB

P9B0 BB PPP

P9B3
F9B3 43
P9B4 E8 P9P
P9B7 2B DO

P9B9 73 P8

P9BB 03 C2

P9BD B2 78
P9BP 40
F9C0 B8 F9EC 1

42

8B C3
P9C3
P9 C4
F9C6

P9C7 E8 P9BC R

add

xor

*6p

ret

C o_BCD2hex

al,dh
ah, ah
dh.dh

ROM BIOS
Listing

! 10*(hl BCD digit)*(low BCD digit)
> 10*(hi BCD dlglt)^(iow BCD digit)

Write Clock Calendar Device (c_write)

ear up to 12-31 of leap year+7)day (from 1-1 of leap y
(0-2921) = (0-B69h)
hour (0-23)
minutes (0-59)

-1 Implies date/time error
implies date/time OK

Trash: None.

othing, es:nothing, ss:nothing

; Check for errors

cmp cl,60
jae c_¥err
cmp ch,24
Jae e_werr
cmp bx,(2»366)*(6*
Jae c_werr

; Save registers.

push
Dush
push
push dx

; Initialite and Stop Clo

xor

out

out

Mi nut e

mov

DOV

call

ax, ax

70h,al
7Eh,al

dl,074h
al, cl
c_whex

Calculate Year.

minutes (0-59)

hour (0-23)

; test only port = out of test i
1 stop/start port s stop clock

dl : units of minute
al = minutes (0-59)
Input; al = hexadecimal of minutes

dl = units of mln.s port = 74h
Output: ax = trash

dx = units of hours port = 76h

I port

dl = units of hours
al = hours (0-23)
Input: al = hexadecimal of hours

dl = units of hours port = 76h
Output: ax = trash

dx = units of days port = 78h

I port

; dx = day from leap ye
; word index of year

76h

dec

dec

Jb

sub

shr

mov

; Calculate Days & Months.

dx,word ptr cs
bx, 1
ch, bl

; [bx+c_dy_yr]

: [bx+c_dy_yr) saves day of year
year mod 8

saves year mod 8

mov

inc

call

sub

Jae

add

mov

inc

call

ino

mov

inc

call

bx,-1

bx
c_gdays
dx, ax
c_wmlp

ax, dx

dl,078h
ax

o_whex

start at January

month (0-11)
day (0-?)

1 dl z units of days port s 78h
; al z map days (0-?) to days (1-7)
i Input: al : hexadecimal of days
; dl e units of days port s 78h
: Output: ax z trash
! dx = day of week port = 7Ah

dl s units of months port z 7Bh
al z month (0-11)
al s map month (0-11) to month (1-12)
Input: al s hexadecimal of months

dl z units of mon.s port z 7Bh
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P9CE

P9D1

F9D3

P9DII

F9D5
F9D6
F9D8
F9DA

F9DB

F9DC

F9DD

F9DE

F9DF
F9E0

F9E1

F9E3
F9E<»

F9E5
F9E6
F9E7

F9E8

F9E9

F9EC

F9EE

F9F0

98

32 E»

32 E4
B6 OA
F6 F6

F9F'» 32 F6
F9F6 EE

F9FA EE
F9FB 92
F9FC 03
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inc

inc

mov

nop

in

nop

out

re regiat

pop

pop

pop

pop

al ,08h
cL , cb
cl ,03b
al, cl
dx, al

al , cb
al ,08h
dx,al

al , dx

al ,dx

al.dx

al ,OFFh
dx

dx, al

dx = leap year port s 70b
aet leap year bit
get year mod 8
get year mod <l
ablft leap year bit Into poaltion

dx = atop/atart : 7Eb
dx = interrupt s 7Fh
get year mod 8
aet 'repeated interrupt' bit

r OFFb

= atop/atart
art clock

no error

error

Converta bexadocimal byte to BCD and outputa botb bytea. (c_wbex)

Input: al : bexadecimal byte
dl : pointer to unita oF whatever port

Output: dx : pointer to unita of next port (db = 0)

Traab : ax deatroyed.

ab, ab
db, 10

db, db
dx, al
al , ah

nothing

ax & hexadecimal byte
db = diviaor

ab = remainder = low BCD digit (0-9)
al = quotient : high BCD digit
ab = quotient = high BCD digit
al = remainder s low BCD digit (0-9)

dx pointa to unita of whatever port
out to unita of whatever

move tena of whatever to low byte

dx pointa to tena of whatever port

Get Daya per Month. (o_gdaya)

Tbia routine calculatea the number of daya
per month baaed on the year without checking validity of month.

Input: bx
cb

Output: ax

Traab: Done.

= month (aaaumea bx <

= year

= daya in month, if t

12)

intb valid; ela<

J nz

teat

jnz

near

ea;code, da:notbiag, ea:aotbing, aa:notbing

ax,ax ; clear ab
al,oa : [bx+c_dy_mo]

Ob ,03b
o_gret

if year = 0 mod 9, leap year
if not leap year, ax s 28tb, so return

; load ax with February 29tb



FAOF C3

FA10

FAIO

c_grot: ret

c_gdays endp

code ends

! ORG'd Font Table

ode, ds:nothing, esinothlng,

OSG 0FA6Eh
>_8x8 label
I rontlo8.asn

FA6E

0

0 fo ntlo8 pro c near ; System Font

FA6E 00 00 00 00 0 DB 00h,00h,00h,00h

FA72 00 00 00 00 0 DB 00h,00h,00h,00h 0

FA76 7E 81 A5 81 0 OB 07eh,08lh,0a5h,08lh
FA7A BD 99 81 7E 0 DB 0bdh,099h,08lh,07eh 1

FA7E 7E FF DB FF 0 DB 07eh,0rfh,0dbh,0ffh
FA82 C3 E7 FF 7E 0 DB 0c3h,0e7h,0rfh,07eh 2

FA86 36 7F 7F 7F 0 DB 036h,07fh,b7fh,07fh
FA8A 3E 10 08 00 0 DB 03eh,01ch,08h,00h 3
FA8E 08 10 3E 7F 0 DB 08h,01ch,03eh,07fh
FA92 3E 10 08 00 0 DB 03eh,01cb,08h,00b 4

FA96 18 3C E7 E7 0 DB 0l8h,03ch,0e7h,0e7h
FA9A 66 18 18 3C 0 DB 066h,0l8h,0l8h,03ch 5
FA9E 18 3C 7E FF 0 DB Ol8h,03ch,07eh,0ffh
FAA2 FF 7E 18 3C 0 DB Offh,07eh,018h,03ch 6

FAA6 00 00 18 3C 0 DB 00h,00h,018h,03oh
FAAA 3C 18 00 00 0 DB 03ch,0l8h,00h,00h 7

FAAE FF FF E7 C3 c DB 0ffh,0ffh,0e7h,0c3h
FAB2 C3 E7 FF FF 0 DB 0c3h,0e7h,0ffh.Offh 8

FAB6 00 3C 24 42 0 DB 00h,03ch,024h,042h
FAB A 42 24 3C 00 0 DB 042h,024h,03ch,0Ch 9

FABE FF C3 99 BD 0 DB 0ffh,0c3h,099h,0bdh
FAC2 BD 99 C3 FF 0 DB 0bdh,099h,0c3h,0ffh a

FAC6 IF 07 OD 19 0 DB 01fh,07h,0dh,019h
FACA 78 00 00 78 0 DB 078h,0ccb,0cch,078h b

FA CE 3C 66 66 3C 0 DB 03cb,066b,066h,03cb
FAD2 18 7E 18 18 0 DB 0l8b,07eb,0l8b,018b
FAD6 18 1 4 12 12 0 DB 018h,014b,012b,012b
FA DA 14 70 FO 60 0 DB 014b,070b,0f0b,060b d

FADE IF 11 IF 1 1 0 DB Olfh,011b,Olfb,011b
FAE2 13 37 72 20 0 DB 013b,037b,072b,020b e

FAE6 18 DB 3C E7 0 DB 0l8b,0dbb,03cb,0e7b
FAEA 3C DB 18 00 0 DB 03cb,0dbb,0l8b,00b f

FA EE 40 70 70 7F 0 DB 040b,070b,07ch,07fh
FAF2 7C 70 40 00 0 DB 07cb,070b,040b,OOh 10

FAF6 01 07 IF 7F 0 DB 01b,07b,Olfb,07fh
FAFA IF 07 01 00 c DB Olfb,07b,01b,OOb 1 1

FAFE 18 3C 7E 1 3 0 DB 018b,03cb,07eb,018b
FB02 18 7E 3C 18 0 DB 0l8b,07eb,03ob,018b 12

FB06 00 33 33 33 0 DB OOb,033b,033b,033h
FBOA 33 00 33 00 0 DB 033b,OOb,033b,OOb 13
FBOE 7F DB DB 7B 0 DB 07fb,0dbb,0dbb,07bb
FBI 2 1 B IB 00 0 DB 01bb,01bb,01bb,00b 14

FB16 3E 61 3C 66 0 DB 03eb,061b,03cb,066b
FBI A 66 3C 86 70 0 DB 066b,03cb,086b,07cb 15

FBI E 00 00 00 00 0 DB OOb,OOb,OOb,OOh
FB22 7E 7E 7E 00 0 DB 07eb,07eb,07eb,00b 16

FB2e 18 3C 7E 1 8 0 DB 0l8b,03cb,07eb,0l8b
FB2A 7E 3C 18 7E 0 DB 07eb,03cb,0l8b,07eb 17
FB2E 18 3C 7E 18 0 DB 0l8b,03cb,07eb,018b
FB32 18 18 18 18 0 DB 018b,018b,018b,0l8h 18
FB36 18 18 18 1 8 0 DB 0l8h,018b,018b,018b
FB3A 1 8 7E 3C 18 0 DB 018b,07eb,03cb,018b 19
FB3E OC 06 7F 06 0 DB 0cb,06b,07fh,06b
FB42 OC 00 00 00 0 DB Ocb,OOb,OOb,OOb la

FB4e 18 30 7F 30 0 DB 018b,030b,07fb,030b
FB4A 18 00 00 00 0 DB 0l8b,00b,00b,00b 1 b

FB4E 00 00 60 60 0 DB OOb,OOb,060b,060b
FB52 60 7F 7F 00 0 DB 060b,07fb,07fb,OOb 1 c

FB56 00 24 66 FF 0 DB OOb,024b,066b,Offb
FB5A 66 24 00 00 0 DB 066b,024b,OOb,OOb Id

FB5E 00 00 18 3C 0 DB OOb,OOb,018b,03cb
FB62 7E FF 00 00 0 DB 07eb,0ffb,00b,00b 1 e

FB66 00 FF 7E 3C 0 DB OOb,Offb,07eb,03eb
FB6A 18 00 00 00 0 DB 018b,OOb,OOb,OOb 1 f

FB6E 00 00 00 00 0 DB OOb,OOb,OOb,OOb
FB72 00 00 00 00 0 DB OOb,OOb,OOb,OOb • ' 20

FB76 18 3C 3C 18 0 DB 018b,03cb,03cb,018b
FB7A 18 00 18 00 0 DB 018b,OOb,018b,OOb ' I • 21

FB7E 36 36 14 00 0 DB 036b,036b,014b,OOh
FB82 00 00 00 00 0 DB OOb,OOb,OOb,OOb ... 22

FB86 36 36 7F 36 0 DB 036b,036b,07fb,036b
FB8A 7F 36 36 00 0 DB 07fb,036b,036b,OOb •#• 23
PB8E 18 3E 60 3C 0 DB 0l8h,03eb,060b,03cb
FB92 06 7C 18 00 0 DB 06b,07cb,018b,00b •$' 24
FB96 00 63 66 00 0 DB OOb,063b,066b,Ocb
FB9A 18 33 33 00 0 DB 018b,033b,033b,OOb <%< 25
FB9E 1C 36 10 3B 0 DB 01ob,036h,01cb,03bb
FBA2 6E 66 3B 00 0 DB 06eb,066b,03bb,OOb 26

FBA6 18 18 30 00 0 DB 0l8b,018b,030b,OOb
FBAA 00 00 00 00 0 DB OOb,OOb,OOb,OOb ... 27
FBAE OC 18 30 30 0 DB Ocb,018b,030b,030b
FBB2 30 30 18 00 0 DB 030b,030b,018b,Ocb •(• 28

Font Table for M2U

ROM BIOS
Listing
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ROM BIOS
Listing

FBB6 30 18 OC OC C DB 030h,0l8b,0cb,0eb
PBBA OC OC 18 30 C DB 0eli,0cb,0l8b,030h •)' 29
FBBE 00 66 3C FF C DB 00b,066h.03ch,0rrb
FBC2 3C 66 00 00 c DB 03ob,066b,00b,OOh 2a

FBC6 00 18 18 7E c DB 00b,018b,018b,07eb
FBCA 18 18 00 00 c DB 018b,0l8b,00b,00b 2b

FBCE 00 00 00 00 c DB 00b,00b,00b,00b
FBD2 00 18 18 30 c DB 00b,Ol8b,018b,030b ' , ' 2c
FBD6 00 00 00 7E c DB 00b,00b,00h,07eb
FBDA 00 00 00 00 c DB 00b,00b,00b,00b t_t

FBDE 00 00 00 00 c DB 00b,00b,00b,00b
^B E2 00 18 18 00 c DB 00b,0l8b,'0l6b,00b ' . • 2e

FBE6 03 06 OC 18 c DB 03b,06b,0ob,0l8b
FBEA 30 60 10 00 c DB 030b,060b,010b,00b •/• 2f

FBEE 3E 63 67 6F c DB 03eb,063b,067b,06fb
FBF2 7B 73 3E 00 c DB 07bb,073b,03eb,00b •0* 30

FBF6 OC 1C OC OC c DB 0cb,01cb,0ob,0cb

FBFA OC OC 3F 00 c DB 0cb,0ob,03rb,00b •1' 31

FB FE 1 F 33 03 OE c DB 01fb,033b,03h,0eb
FC02 18 33 3F 00 c DB 018b,033b,03fb,00b •2' 32

FC06 IE 33 03 OE c DB 01eh,033h,03b,0eh
FCO A 03 33 IE 00 c DB 03b,033b,Oleb,00b •3' 33

FCOE OE 1 E 36 66 c DB 0eb,01eb,036bv066b
FC12 7F 06 OF 00 c DB 07fb,06b,0fb,00b •1' 31

FC16 3F 30 3E 03 c DB 03fh,030b,03eb,03b
FC1 A 03 33 1 E 00 c DB 03b,033b,Oleb,00b •5' 35

FCIE OE 18 30 3E c DB Oeb,018b,030b,03eb
PC22 33 33 1 E 00 c DB 033b,033b,Oleb,00b •6' 36
FC26 3F 33 03 06 c DB 03fb,033h,03b,06b
FC2A OC OC OC 00 c DB 0cb,0cb,0ob,00b .7. 37

FC2E 1 E 33 33 1 E c DB Oleb,033b,033b,Oleb
FC32 33 33 1 E 00 c DB 033h,033b,Oleb,00b •8' 38
FC36 IE 33 31 IF c DB 01eb,033h,031h,01fb
FC3A 03 06 1C 00 c DB 03b,06h,01ch,00b .9, 39

FC3E 00 18 18 00 c DB 00b,0l8b,0l8h^00b
FCU2 00 18 18 00 c DB OOh,018b,018b,00b 3a

FCU6 00 18 18 00 c DB 00b,0l8b,018b,00b
FCU A 00 18 18 30 c DB 00b,018b,Ol8b,030b 3b

FC«IE 06 OC 18 30 c DB 06b,Ocli,018b,030b
FC5 2 18 OC 06 00 c DB Ol8b,0cbt06b,00b •<• 3c

FC56 00 00 7E 00 c DB 00h,00b,07eb,00b
FC5 A 00 7E 00 00 c DB 00b,07eb,00b,00b '=• 3<1

FC5E 30 18 OC 06 c DB 030b,0l8b,0cb,06h
FC62 OC 18 30 00 c DB Ocb,018b,030b,00b •>• 3e

FC66 3E 63 03 06 c DB 03eb,063b,03b,06b
FC6 A OC 00 OC 00 c DB Ocb,00b,Ocb,00b '?• 3f

FC6E 3E 63 6F 6F c DB 03eh,063h,06fh,06fb
FC72 6E 60 3E 00 c DB 06eb,060b,03eb,00b 10

FC76 08 1C 36 63 c DB 08b,0 lob,036b,063b
FC7A 7F 63 63 00 c DB 07fh,063h,063b,00b 'A' 11

FC7E 7E 33 33 3E c DB 07eh,033h,033h,63eb
FC82 33 33 7E 00 c DB 033b,033b,07eb,00b •B' 12

FC86 IE 33 60 60 c DB 01eb,033h,060b,060b
FC8A 61 33 IE 00 c DB 06lb,033b,Oleb,00b •c 13

FC8E 7C 36 33 33 c DB 07cb,036b,033h,033b
FC92 33 36 7C 00 c DB 033b,036b,07ol),00b 'D» 11

FC96 7F 31 31 3C c DB 07rh,031h,031b,03cb
FC9A 31 31 7F 00 c DB 031b,031h,07rb,00b •E' 15

FC9E 7F 31 31 3C c OB 07fb,031b,031b,03ob
•F' 16FCA2 31 30 78 00 c DB 031b,030b,078b,00b

FCA6 IE 33 60 60 c DB Oleb,033b,060b,060b
FCAA 67 33 ID 00 c DB 067b,033b,Oldb,00b •G' 17

FCAE 63 63 63 7F c DB 063b,063b,063b,07rb
FCB2 63 63 63 00 c DB 063b,063b,063h,OOh •H* 18

FCB6 3C 18 1 8 18 c DB 03cb,018b,018b,0l8h
FCBA 18 18 3C 00 c DB Ol8b,018b,03ob,00b •I' 19

FCBE OF 06 06 06 c DB orb,06b,06b,06b
066b,066b,03ob,00bFCC2 66 66 3C 00 c DB •J' la

FCC6 73 36 3C 38 c DB 073b,036b,03ob,036b
FCCA 3C 36 73 00 c DB 03ob,036b,073b,00b 'K' lb

FCCE 78 30 30 30 c DB 078h,030b,03.0b,030b
FCD2 30 33 7F 00 c DB 030b,Q33b,07rb,00b •L' 1e

FCD6 63 77 7F 6B c DB 063b,077b,07rb,06bb
FCDA 63 63 63 00 c DB 063h.063b,063b,00b •H* Id

FCDE 63 73 7B 6F c DB 063b,073b,07bb,06rb
FCE2 67 63 63 00 c DB 067b,063b,063b,00b •N' 1e

FCE6 1C 36 63 63 c DB Oleb,036b,063b,063b
FCEA 63 36 1C 00 c DB 063b,036b,Oleb,00b •C If

FCEE 7E 33 33 3E c DB 07eb,033b,033b,03eb
FCF2 30 30 78 00 c DB 030b,030b,078b,00b ipt 50

FCF6 1C 36 63 63 c DB Oleb,036b,063b,063b
FCFA 63 36 1C 07 c DB 063b,036b,Olob,07b 'Q' 51

FCFE 7E 33 33 3E c DB 07eb,033b,033h,03eb
FDD 2 36 33 33 00 c DB 036b,033b,033b,00b •R' 52

FD06 3E 63 30 18 c DB 03eb,063b,030h,018b
FDOA 06 63 3E

18

00 c DB 06b,063b,03eb,00b •S' 53

FDOE 7E 5A 18 c DB 07eb,05ab,0l8bi018b
FD12 18 18 3C 00 c DB 018b,0l8b,03ob,00b •T« 51

FD16 63 63 63 63 c DB 063b,063b,063b,063b
FD1A 63 63 3E 00 c DB 063b,063b,03eb,00b •0' 55

FD1E 63 63 63 63 c DB 063b,063b,063b,063b
'V 56FD22 36 1C 08 00 c DB 036b,Oleb,08b,00b

FD26 63 63 63 6B c DB 063b,063b,063b,06bb
FD2A 6B 7P 36 00 c DB b6bh,07rb,036b,00b •M' 57

FD2E 63 63 36 1C c DB 063b,063b,036b,Oleb
PD32 36 63 63 00 c DB 036b,063h,063b,00b •X' 58

FD36 6iS 66 66 3C c DB 066b,066b,066b,03ob
FD3A 18 1 8 3C 00 c DB Ol8b,018b,03ob,00b 'I' 59

FD3E 7F 63 06 OC c DB 07rb,063b,06b,Oeb
FD1I2 IB 33 7F 00 c DB OlSb,033b,07rb,00b •Z' 5a
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FDh6 3C 30 30 30 C DB
FDhA 30 30 3C 00 C DB

FD4E 20 30 18 OC C DB

FD52 06 03 01 00 C DB

FD56 3C OC OC OC C DB

FD5 A OC OC 3C 00 C DB
FD5E 08 1C 36 63 C DB

FD62 00 00 00 00 C DB

FD66 00 00 00 00 C DB
FD6A 00 00 7F 00 C DB

FD6E 18 18 OC 00 c DB
FD72 00 00 00 00 c DB

FD76 00 00 3C 06 c DB
FD7A 3E 66 3B 00 c DB

FD7E 70 30 3E 33 c DB
FD82 33 33 6E 00 c DB
FD86 00 00 3E 61 c DB

FD8A 60 61 3E 00 c DB

FD8E OE 06 3E 66 c DB
FD92 66 66 3B 00 c DB

FD96 00 00 3E 63 c DB
FD9A 7F 60 3F 00 c DB

FD9E IE 33 30 7C c DB

FDA2 30 30 78 00 c DB

FDA 6 00 00 3B 66 c DB
FDAA 66 3E 46 3C c DB

FDAE 70 30 36 3F c DB

FDB2 33 33 73 00 c DB
FDB6 OC 00 1C OC c DB
FDBA OC OC IE 00 c DB
FDBE OC 00 IE OC c DB
FDC2 OC CC CC 78 c DB
FDC6 70 30 33 36 c DB
FDCA 3C 36 73 00 c DB

FDCE 1C OC OC OC c DB
FDD2 OC OC IE 00 c DB

FDD6 00 00 66 7F c DB

FDDA 6B 6B 6B 00 c DB

FDDE 00 00 6E 33 c DB

FDE2 33 33 33 00 c DB

FDE6 00 00 IE 33 c DB

FDEA 33 33 IE 00 c DB
FDEE 00 00 6E 33 c DB

FDF2 33 3E 30 78 c DB

FDF6 00 00 3B 66 c DB

FDFA 66 3E 06 OF c DB

FDFE 00 00 6E 3B c DB
FE02 30 30 78 00 c DB

FE06 00 00 3F 60 c DB
FEOA 3C 03 7E 00 c DB
FEOE 08 18 3E 18 c DB
FE12 18 IB OE 00 c DB
FE16 00 00 66 66 c DB
FE1 A 66 66 3B 00 c DB
FE1 E 00 00 63 63 c DB

FE22 36 1C 08 00 c DB
FE26 00 00 63 6B c DB
FE2A 6B 7F 36 00 c DB
FE2E 00 00 63 36 c DB
FE32 1C 36 63 00 c DB
FE36 00 00 66 66 c DB

FE3A 66 3E 06 7C c DB
FE3E 00 00 7E 4C c DB
FEIt2 18 32 7E 00 c DB

FE46 OE 18 18 70 c DB

FEU A 18 18 OE 00 c DB
FE4E 18 18 18 00 c DB
FES 2 18 18 18 00 c DB
FES 6 70 18 18 OE c DB
FES A 18 18 70 00 c DB
FE5E 3B 6E 00 00 c DB

FE62 00 00 00 00 c DB
FE66 00 08 1C 36 c OB
FE6A 63 63 7F 00 c DB

03oh,030h,030h,030h
030h,030h,03oh,00h
020h,030h,0l8b,0ch
06h,03h,01h,00h
03ch,Och,Och,Och
0cb,0cb,03ch,00h
08h,01ch,036h,063h
00b,00b,00h,00h
OOh.OOh ]0h,00b
00b,001 )7fh,00b
0l8h,0Ub,0cb,00b
00b,00b,00b,OOh
00b,00b,03cb,06h
03eb,066b,03bb,00h
070h,030b,03eb,033b
O33h,033h,o6eb,00h
00b,00h,03eb,06lh
060b,06lb,03eb,00h
0eb,06b,03eb,066b
066b,066b,03bb,OOh
00b,00b,03eh,063b
07fb,060h,03fb,00h
Oleb,033b,030b,07eb
030h,030b,078b,OOh
00b,00b,03bh,066h
066h,03eh,0il6b,03cb
070h,030b,036b,03fh
033b,033b,073h,OOh
0ch,00b,01ch,0cb
Ocb,Och,Oleb,00b
Ocb,00b,Oleb,Ocb
0cb,0cch,0cch,078h
070b,030h,033b,036b
03ob,036b,073h,00b
Oleb,Ocb,Ocb,Ocb
Ocb,0cb,01eb,00b
00b,00b,066b,07fb
06bb,06bb,06bh,00h
00b,00b,06eh,033b
O33h,033h,033h,00h
00b,00b,Oleb,033b
033h,033b,Oleb,00b
00b,00b,06eh,033b
033b,03eb,030b,078b
00b,00h,03bb,066h
066b,03eb.06b,Ofb
00b,00h,06eb,03bb
030h,030b,078b,OOh
00b,00b,03fb,060h
03cb,03b,07eb,00b
08h,0l8b,03eb,018b
018b,01bb,0eb,OOh
00b,OOh,066b,066b
066b,066b,03bb,OOh
00b,00b,063b,063b
036b,Oleb,08b,00b
00b,00b,063b,06bb
06bb,07rb,036b,00b

00b,OOh,066b,066h
066b,03eb,06b,07cb
00b,00h,07eb,0llcb
018b,032b,07eh,00b
Oeb,018b,018b,070b
018b,0l8h,0eb,00b
Ol8h,018b,Oieb,00b
018b,Ol8b,018b,00b
070b,018b,OlSb,Oeb
018b,Ol8b,070b,00b
03bb,06eb,00b,00b
00b,OOh,00b,00b
00b,08h,Oleb,036b
063h,063b,07fb,00b

id of font matrix

FE6E

FE6E

ndp

include rtc.i

Filename: rtc.src

This module includea INT 08h & lAb.

code aegnent public * ROM'
aaaume ea:code, darnotbing, ea:notbing, aarnotbing

ROM BIOS
Listing

INT 1Ab -- Time of Day Software Interrupt Requeat Routine

Input: ab = 0 Read the Clock, then:
Output: cx = High Portion of Clock {t_bi_order)

dx = Low Portion of Clock (t_low_order)
al = 1 if 2h boura have elapaed (t_overflow); 0 otberwiae
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ROM BIOS
Listing

c

C Input: ah : 1 Set the Clock, then:
C cx = High Portion of Clock (t_h i_ordor)
c dx = Low Portion of Clock (t_low_order)

c Trash: ah : (ah - 1) if ah <> 0,- 1, or -2

c Input: ah = -1 Write Clock Calendar Device, then:
c bx : day (from 1-1 of leap year up to 12-31 of leap year-t-7)
c (0-2921) = (C-B69h)
c ch = hour (0-23)
c cl = minutes (0-59)
c Output : ah = -1 implies date/time error
c ah : 0 implies date/time OK

c Input: ah s -2 Read Clock Calendar Device, then:
c Output : bx = day (from 1-1 of leap year up to 12-31 of leap year+7)
c ch = hour

c cl s minutes

c dh s seconds

c dl = hundredths of seconds

c

c

Trash: N one.

FE6E
c

c ORG 0FE6Eh

FE6E c -day proc near

c assume cs:code, ds:nothing, es:nothing, ss:notbing

FE6E FB c sti i enable interrupts

FE6F 80 FC FE c cmp ah,OFEh ; 2F set if FEh, CF reset if FFh
FE72 75 04 c jne t_nFE ; ah : -2 : OFEh 7

FE7H E8 F8F2 B c call c read ; read calendar chip

FE77 CF c Iret

FE7 8 c _nFE:

FE7 8 72 04 c Jb t_nFF ; ah = -1 = OFFh > OFEh 7

FE7A E8 F973 R c cal 1 o_write ; set calendar chip
FE7D CF c Iret

FE7E c t_nFF:

C assume cs:code, ds.iata, es:nothing. ss:nothing

FE7E 1 E C push ds -, save registers
FE7F E8 E5F4 R c call set_ds ; satisfy assumptions

FE82 FA c cl 1 ; interrupts off)
c i (shared variables)

FES 3 80 EC 01 c sub ah, 1 ; DON'T DECREMENT (CF neededl)
FE86 73 OD c Jae t-set ; ah 3 0 < 17

c ;; Read Time of Day,

FE88 32 E4 c xor ah, ah ; ah = 0 & ZF setl
FES A SB OE 006E R c mov cx,word ptr ds:[t_hi_order]
FE8E SB 16 006C R c fflOV dx,word ptr ds : [t_low_order]
FE92 AO 0070 B c mov al.byte ptr ds:[t_overflow] : t_overflow = 0 by setting tlmol

c ; fall through (ah s 0 & ZF set)

FE95 75 OC c ti-set : Jnz t_end ; was ah s 17 (is ah s 0 now)7

c 1; Set Tlooe or Day .

FE97 89 OE 006E R c mov word ptr ds:[t_hi_ordor],ox ; it's ok, if we fell through.
FE9B 89 16 006c R c mov word ptr ds:[t_low_order],dx ; (a bit slower, but soallerl)
FE9F 88 26 0070 R c mov byte ptr da:[t_overflow],ah ; ah E 0 (in all cases...)

FEA3 IF C t_end: pop ds ; restore registers
FEA4 CF C Iret

FEA5 C t;_day endp

C EEEEESSESEESEEEEESESEEEEEE

C INT 08 h -- 18253 p—timer Hardware Interrupt Service Routine
C

=======
SESESSSSSEEEEEEEESESESEESS

FEA5 C ORG OFEASh

FEA5 C t_int proc near

C assume cs:code, ds:nothing, es:notbing, ss:notbing

C i interrupts offi
C ; (shared variables)

FEA5 50 C push ax ; preserve registers
FEA6 52 C push dx

FEA7 IE C push ds

C assume cs:code, ds:data, es:nothing. ss :notbing

FEA8 2E: 8E IE E5F2 R C mov ds,word ptr cs : [set_ds_word] ; satisfy assumption

c 1 Handl e turning off floppy disk drive motor.

FEAD FE OE 0040 R C dec byte ptr ds:[motor_count] ; decrement motor on count

8-162



FEB1 75 08

ROM BIOS
Listing

1 turn off drive?

FEB3 E8 EF1F R C call stop_disk j if 80, stop disk motor
FEB6 80 26 003F R FO C and byte ptr ds:[motor_statua),OFOh j clear low nibble of status

FEBB C t_ine:

C ; Increment long p_timer count

FEBB FF 06 006c R C inc word ptr ds: [t_low_order] ; increment low byte of i
FEBF 75 Ob C J nz t_hi ; skip t_hi_order

FEC1 FF 06 006B R C inc word ptr ds:[t_hi_order] ; increment high byte of counter
FEC5 C t_hi :

C ; Handle 2b hour overflow situation

FEC5 81 3E 006C R OOBO C cm p word ptr ds:[t_low_order],00B0h j has 2b hours elapsed?
FECB 75 lb C Jne t_ofl ; if not, skip t_overflow

FECD 83 3E 006B R 18 C cmp word ptr ds:[t_hi_order],2b j has 2b hours elapsed?
FED2 75 OD C Jne t_ofl ; if not, skip t_overflow

FEDD C6 06 0070 R 01 C mov byte ptr ds :[t_overflow],01h
FED9 33 CO C xor ax, ax

FEDB A3 006c R C mov word ptr ds:[t_low_order],ax
FEDE A3 006E R c mov word ptr ds:[t_hi_order],ax
FEE1 c t_ofl:

FEE1 FB c sti ; enable interrupts
c ; (no more shared variables)
c ; Invoke any user p_timer break routine.

FEE2 CD 1C c INT ICh

c ; Send specific end of interrupt (SEOI) to pie "command' port AFTER p_timer
c ; break , because user may be out-to-lunch for quite awhile....

FEEh BO 60 c mov al1Plo_seoi_0 ; specific end of interrupt command
FEE6 E6 20 c out pic_0,al ; to pic "command port.

FEE8 IF c pop ds ; restore registers
FEE9 5A c pop dx

FEEA 58 c pop ax

FEEB OF c iret

FEEC c t_int endp

FEEC c code ends

C include vecto)

Filename ;

This module includes the table of ROM interrupt vectors & ill_int
hardware diagnostic & illegal software interrupt service routine.

segnent public 'ROM'
assume cs:code, ds .-nothing,

FEF3 C ORG

FEF3 C l_vec_tbl

FEF3 FBA5 R C dw
FEF5 E987 R C dw

FEF7 FF23 R C dw

FBF9 FF23 R C dw

FEFB FF23 R C dw

FEFD FF23 R C dw

FEFF EF57 R C dw

FF01 FF23 R C dw

FF03 F065 R C dw

FF05 F8bD R C dw

FF07 F8b1 R C dw

FF09 EC59 R C dw

FFOB E739 R C dw
FPOD F859 R C dw

FPOF E82E R C dw

FF11 BFD2 R C dw

FF13 F860 R C dw
FF1 5 F860 R C dw

FF17 FE6E R C dw

FF19 FFbB R c dw
FF1B FFbB R c dw
FF1D FOAb R c dw

FF1F EFC7 R c dw
PF21 C860 R c dw

FF23 c i_vee_tbl

pro^

t_int
k_int
ill_int
ill_int
ill_int
ill_int
fd_int
ill_int

v_io
m_equip
m_sl2e
fd_io
serial_io
m_ca8s

k_io
p_io

bt_int
bt_int
t_day
dumffly_iret
dummy_iret
v_parms

f d_pa rms
font_hi_8x8

endp

othing, ss:nothing

nt08locn
ntogiocn
ntOAloen

ntOBlocn

ntOClocn

ntODlocn

ntOElocn

ntOFlocn

ntiOlocn

ntlllocn

nti21ocn

nt131ocn
ntiUlocn

ntlBlocn

nti6locn
ntlTlocn

nti81ocn

nti91oon
ntiAlocn

ntlBlocn
ntiCloon

nt1Dlocn

ntiElocn

ntlFlocn

see kb.src

see Vid.arc
see mem.arc

see mem.arc

see dsk.src

see com.arc

see mem.arc

see kb.src

see prn.src

(We Don't Have BASICI}
see boot.arc

see rtc.sre

see kb.src

see rtc.arc
see vid.arc

Interrupt Routine for Unused Hardware i Illegal Software Interrupts
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Listing

C

C

C as sum e cs:code, ds:notblng, ea:Dotbing, sa:nothing

FPa3 C ORG 0FF23h

FF23 C ill_int proc near i; trap for illegal interrupts

FF23 50 C push ax save registers

C ah = -1| illegal software trap

FF24 B8 FFOB C sov ax,(0FFh«100h)+0Bh al s 0CW3 -- read PIC s

FF27 E6 20 C out pi c_0, al in-service register

FF29 1 E C push ds ;1 save registers & delay

C ; Determine whether it is a hardware or software interrupt.

FF2A E4 20

C

c in al , pi o_0 get active PiC IR#

FF2C OA CO C or al, al are any active?

FF2E 74 OE c Jz lll_sw if not, illegal software trap.

c ; ir hardware interrupt, disable the 8259 PIC frc)m further interrupts.

FF30 8A EC

c

c mov ah,al ;; return active PIC IR#

FF32 E4 21 c in al, pi e_1 ; 0CW1 — get PIC interrupt mask
FF34 OA C4 c or al,ah ; shut off (set) IR# bit.
FF36 E6 21 c out pic_1,al ; send PIC new mask.

FF38 BO 20 c mov al,pic_nooi 1 0CW2 -- send PIC a

FF3 A E6 20 c out pic_0,al ; nonspecific end_of_int

c ; Return ah = active PIC Interrupt Number in intr_flag.

FF3C EB 03 c Jnp short ill_flg

FF3E c lll_sw: ; illegal software trap; ah = -1

c : Turn off fl oppy disk drives and notify user

FF3E E8 E5 8C R
c

c call lll_trap ; every register but ds saved 1
c .list

c

c

assume Gs:code, ds:nothing, es:nothing, ss:nothing

FF41

c

c lll_flg: ; set illegal trap flag.

c ; illegal software trap; ah = -1
c

c assum e C3:code, ds:data, es:nothing, ss :nothing

FF41 E8 E5F4 R c call se t_ds ; satisfy assumptions.

FF44 68 26 006B R c mov byte ptr ds:[intr_flag],ah 1 return interrupt flag.

FF48 IF c pop ds ; restore registers.

FF49 58 c pop ax ; give user a second chance

FF4A CF c i ret

FF4B c ill_int endp

c assume cs:code, da:nothing, esrnothing, as:nothing

FF4B c ORG 0FF4Bh ; ORG 0FF4Bh through OFF53h

FF4B

c

c dummy_lret proc near ; 'BREAK' key interrupt (IBh)
FF4B CF c iret ; p_timer break interrupt (1Ch)

FF4C CF c i ret 0PF4Ch -- in case someone is

FF4D CF c iret 0FF4Dh

FF4E CF c iret 0FF4Eh

FF4F CF c iret 0FF4Fh

FF50 CF c iret 0FF50h

FF51 CF c iret OFFSIh

FF52 CF c iret 0FF52h

FF53 CF c iret OFF53h

FF54 c dumny_iret endp
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Filenane: prnscr.sre

This module Includes INT 05h.

segment public 'ROK'
assume cs;code, ds:notblng, eatnothlng, ss:DOthlng

INT 05h -- Print Screen

Input: None.
Output: None.
Trash: Hone. (0 es byte at 50:0 = 40:0100 as monitor look:

0 Indioates monitor not locked.
1 indicates monitor locked.

-1 indicates printer error.



ROM BIOS
Listing

FF51

PPSI

FF55 2E: 8E IE E5F2 I

ORC

proc

aaauoe

puah

OFFSIh

near

ca:eode, ds:nothlng, ea:nothlng, aajnothlng

da ; aave da

aaaume ca:code, daidata, ea:nothlng, aa.-notblng

da,word ptr ca;(8et_da_word] ; aatlafy aaauaptlona

puab
aov

xchg

dx

dl.l
FF5A
FF5B

FF5D FO/ 86 16 0100
FF62 FE CA C dec dl
FF6II 71 1C C Jz 3_nop
FF66 FB C stl

C

C

FF67 51 C push cx

FF68 53 C puab bx
FF69 50 C push ax

C ; Get Current Video Width.

FF6A B1 OF C mov ah,OFb
FF6C CD 10 C INT 10b

C

C

C

FF6E 8 A DC C mov bl,ab

C ; Get Current Cursor Fosltl(

FF70 B1 03 C mov ab,03h
FF72 CD 10 c INT 10b

c

c

c

FF71 8A EB c mov cb, bl
FF76 52 c puab dx

FF77 B1 FF c mov cl,-1
c

c ; Loop Through the Screen.

c

FF79 BA 0000 c mov dx,0
c

FF7C E8 FFB5 R c call s_eol
FF7F 75 21 c Jnz s_err

FF81 E8 FFC9 R c s_lp: call 8_get
c

c : Hap InvalId Characters to

FF8«I 3C 00 c cm p al ,0
FF86 75 02 c jne s_ok
FF88 BO 20 c Q OV al, • '
FF8A c a_ok :

c ; Print the Cb aracter.

FF8A E8 FFBC R c call s_out
FF8D 75 16 c Jnz s_err

c ; Advance to Next Character.
c

FF8F FE C2 c Inc dl

FF91 3A D5 c cap dl,ob
FF93 7C EC c jl s_lp

c

FF95 E8 FFB5 R c call s_eol
FF98 75 OB c Jnz a_err

c

FF9A 32 D2 c xor dl,dl
FF9C FE C6 c Inc db
FF9E 80 FE 19 c cmp db,2 5
FFA1 7C DE c Jl s_lp

c

FFA3 33 C9 c xor cx, cx

c Jap short s_err

FFA5 5A c a_err: pop dx

FFA6 B1 02 c mov ab,02b
FFA8 CD 10 c

c

INT 10b

FFAA FB

c

c atl

c

FFAB 88 OE 0100 c mov byte ptr ds:
c

FFAF 58 c pop ax

PFBO 5B c pop bx

FFB1 59 c pop ox

FFB2 5A c a_nop; pop dx

FFB3 IF c pop ds
FFBA CP c Iret

c

c

1 = locked
cbeck monitor lock

already locked ?
if aet, do nothing
enable Interrupta aftei
monitor lock codelitt

reglat era

call v_
Output ;

ldeo_atate

r t_mode
otlve_page

aave ab = crt_col3

: call v_read_cur3or
i Input: bb = actlve_page
; Output:
; (db,dl) = (row,col) of cursor
: (cb,cl) a cursor mode setting

:get
; save row, col of cursor
; Initialize cl = printer

_col s

(dh.dl) = (row,col) of

print a new line

any errors?

get next character from

cbeck validity of character.
If valid, we're ok.
If Invalid, print a space.

advance column (1-ort_eols)
dl < cb = crt_cols7
If so, continue

move column back to

advance row (1-25)
db < 25
If so, continue

restore dx =(row,col) of cu:
call v_aet_cpo3
Input: bb = actlve_page

dx :(row, col) of cui

disable Interrupts during
monitor lock codelMt
reset monitor lock

restore registers
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FFB5 BO OA c a_eol : al.LF i; print LF & CR

FFB7 E6 FFBC R c call a_out

FFBA BO OD c mov al.CR ;; print CR
c Jmp short a_out i; fall through

FFBC c a_out: prints out byte In al

FFBC 52 c pu sb dx save dx

FFBD BA 0000 c mov dx,0 address printer port 0.
FFCO Bt 00 c mov ah,0 write byte to port 0

FPC2 CD 17 c IHT 17h

FFCt 5A c pop dx 1; restore dx

c t est ab,025h |1 test for any errors?

FFC5 F6 Ct 0 1 c test ah,001h i1 test for time out?

FFC8 C3 c ret

FFC9 c s.get : i Set Cursor Position and get character @ curs, posltli

FFC9 Bt 02 c mov ah,02h call v_3et_cpo3
FFCB CD 10 c INT lOh Input: bh = actlve_page

c dx =(row,eol) of cursi
c ; Read Chara cter at Cursor Position.

FFCD B4 08 c mov ah.OSh call v_read_ac_ourrent
FFCF CD 1 0 c INT 10b Input: bh = aetlve_page

c Output: al : character read
FFD1 C3 c ret ah s attribute

FFD2 c s_l nt endp

FFD2 c code ends

KFFO

FFFO

FFFO EA

FFFl DD^A R

FFF3 FOOO

FFF5 30 35 2F 30 33 2F
38 St

FFFD 00

FFFE

FFFE

IMPORT

JHPF

OUTPORT

Structures and recori

N a [

COB 1
22P

DRIVENUM

HEADNUM

H_CMD_STRUC
BX_OPCODE
H_CHD_SUBR . . . .
H_CHD_M0DE_DMA . .

PARAMETER_TABLE. , .
P_CTLS
P_HEADS
P_WHITE_CUR. . . .
P_PRECOMP
P_ECC_LEN
P_CONTROL_BYTE . .
P_TIMEOUT
P_FHT_TIHEOUT. . .
P_DRVD1 AO_TIHEOOT.
P_22J

Segments and groups:

N a I

ABSO

CODE

DATA

STACK_RAH
V_RAH

Symbols:
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CPU System Reset Vector

.egoent public 'ROM'
ssume cs:code, ds:nothing, es:nothlng, ss.-nothlng

iRG OFFFOh i FOOO:FFFO = FFFFO = FFFF:0000

chk_hl db

0005

0001

0005

0008

0006

0005
0000

0001

0000

0001

0003
001 0

0000

0002

0003
0005

0007
0008

0009
OOOA

OOOB

OOOC

OEAh

diagnostics.
oode_seg

Width

0003
0002

0001

0005

0003

ooco

0020

001F

; Jmp Intersegment FOOO:(offset dlagnoatioa_1)
; Instruction pointer cs:(offset dlagnostles_l)
; code segment FOOOh

; release marker (exactly 8 bytesllll)

; space for checksum of FOOO:EOOO to FOOO:FFFF

0000

0000

0000

Size align combine claa:

0080 PARA PUBLIC 'RAH'

FFFE PARA PUBLIC 'ROH<

0088 PARA PUBLIC 'RAH'

0000 PARA PUBLIC 'HAH'

0000 PARA PUBLIC 'RAH<
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ROM BIOS

Listing

C HAIT L NEAR DtOb CODE

C WEBR L NEAR F9EB CODE

C WHEX N PROC F9EC CODE Length =0011
C WHLP L NEAR F9B3 CODE

C WRITE N PROC P97 3 CODE Length =0079
C WYLP L NEAR F99E CODE

DATA OUT H PROC D59D CODE Length =0014
DATA SEC Nuaber 0040
DCOLON N PROC E626 CODE Length =000C
DCRLF N PROC E£19 CODE Length =000D
DELETE KEY Nufflber 0053
DHEXBYTE N PROC E643 CODE Length =OOOD
DHEXLONG N PROC E632 CODE Length =000A
DHEXNIB N PROC E650 CODE Length =0015
DHEXWORD N PROC E63C CODE Length =0007
DIAGNOSTICS 1 N PROC DD5A CODE Length =038F
DISABLE DISK INTERRUPTS. . . . N PROC D5FA CODE Length =0035
DISALLOW DMA3 Number 0007

DISKETTE 101 L NEAR Ecao CODE

DISKETTE STATUS L BYTE 0041 DATA

DISK STATUS L BYTE 0074 DATA

DISP PASS L NEAR DF1 A CODE

DLX KB Number 0001

DMA ADDR 0 Number 0000

DMA ADDR 1 Number 0002

DMA ADDR 2 Number 0004

DMA ADDR 3 Number 0006

DMA CHD DISABLE Number 0004

DMA CHD ENABLE Number 0000

DMA COMMAND Number oooa

DMA COUNT 0 Number 0001

DMA COUNT 1 Number 0003
DMA COUNT 2 Number 0005
DMA COUNT 3 Number 0007

DMA ERROR Number oooa

DMA FF CLR Number oooc

DMA MASK BIT Number OOOA

DMA MASK CLR Number OOOE

DMA MASK WRITE Number OOOF

DMA_HASTEH_CLR Number OOOD

DMA MODE Number OOOB

DMA_MODE_0 Number 005a
DMA MODE 1 Number 0041

DMA MODE 2 Number 0056
DMA_MODE 3 Number 0043
DMA REQUEST Number 0009
DMA SEGM 0 0080

DMA SEGM 1 Number 0082

DMA SEGM 2 Number 0081

DMA SEGM 3 Number 0083
DMA_SEC_ERROR Number 0009
DMA STATUS Number 0008
DMA TEMP Number OOOD

DMA UNMASK 0 Number 0000

DNUH N PROC E665 CODE Length =0008
DNUHW N PROC E66D CODE Length =0031
DNUMW LOOP L NEAR E677 CODE

DNUMW SKIP . . L NEAR E68D CODE

DNUMW SPACES . L NEAR £685 CODE

DO_READY L NEAR D5A7 CODE

DROHSTRING N PROC E5FA CODE Length =0008
DRVDIAG BX Number OOE3
DSTRING N PROC E602 CODE Length =0017
DS LP L NEAR E609 CODE

DS RET L NEAR E6l 4 CODE

DUMMY IRET N PROC FF4B CODE Length =0009
ECC USED ERR Number 0011

E LOSE L NEAR D3D3 CODE

E READ SENSE L NEAR D366 CODE

FAIL M L BYTE DC45 CODE

FAR CALLS F PROC C004 CODE Length =0050
FDC_ERROH Nuaber 0020

FDU DATA1 N PROC EB20 CODE Length =0009
FDU DATA2 N PROC EFC7 CODE Length =000B
FD INT N PROC EF57 CODE Length =0014
FD 10 F PROC EC59 CODE Length =0066
FD_PARMS L BYTE EFC7 CODE

FINISHED L NEAR D693 CODE

FLAGS DATA1 N PROC COOO CODE Length =0004
FMTBAD_BX Number 0007
FMTDRV BX Number 0004

FMTDRV INT Number 0007

FMTTRK BX Nuaber 0006
FONTHia N PROC C860 CODE Length =0400
F0HTL016 N PROC CO6O CODE Length =0800
FONTLOa N PROC FA6E CODE Length =0409
FONT HI axa L BYTE C86 0 CODE

FONT LO axi6 L BYTE C060 CODE

FONT LO axa L BYTE FA6E CODE

FORMAT_ERROH L NEAR D69F CODE

F_BUFOFF Text [bp+4]
F_CHECK_VALID N PROC EFAD CODE Length sOOIA
F COMMAND Text [bp+3]
F CONT L NEAR EF26 CODE

F CV RET L NEAR EFC5 CODE

F CYL Text [bpi-7]
F_DHIVE Text [bp«0]
F FORMAT CMD Nuaber 004D

F GB DECODE L HEAR EE65 CODE

F GB JMP L NEAR EE6D CODE
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ROM BIOS
Listing

C LDS W . L NEAR DA9F CODE
G LINBLP L NEAR DAD7 CODE

G HASK L NEAR D5E2 CODE

G MATCHB L NEAR DAOP CODE

G HEDGET L NEAR D9DC CODE

G MED_B1T L NEAR D9F5 CODE

G MED lA L NEAR D9E1 CODE

G HED STORE L NEAR DB3B CODE

G MED WR L HEAR DB0 3 CODE

G M AREA L NEAR D8CC CODE

G RDLOOP L NEAR D9AC CODE
G RD lA L NEAR D9B0 CODE

G RD HED L NEAR D9DA CODE

C REPCHAR L NEAR DADO CODE

G RETURN L NEAR DBS 7 CODE

C SCAN LP L NEAR DB1 A CODE

G SCROLLER N PROC D8C9 CODE Length =0022
C SELFOHT L NEAR DA91 CODE

G.SETDOWN L NEAR D93D CODE

G SET UP L NEAR D8A9 CODE

C SKP 1 L NEAR D826 CODE

G SKP 2 L NEAR D82C CODE

G SKP 3 L HEAR D832 CODE

G SKP H L HEAR D855 CODE

0 SKP 5 L HEAR D87 3 CODE

G SUPER WR L HEAR DAC7 CO DB

G TEST ADDR L HEAR DAI 9 CODE

C TINYTEXT L HEAR DAC3 CODE

C TST MOD L NEAR De9A CODE

G T XOR L HEAR 0AE3 CODE

C UNREVERSE VIDEO LOOP .... L NEAR D9D3 CODE

C W BYTE L NEAR DAEA CODE

C XORBIT L NEAR D7FF CODE

HARD DISK INT13 L NEAR DIBS CODE

HDU BSY NuDber 0008
HDU CD Number OOOb

HDU DMA SEGH Number 0082
HDU 10 Number 0002

HDU IRQ5 Number 0020

HDU PARM TBL L NEAR DIKB CODE

HDU REQ Number 0001

HD ERROR L BYTE 0092 DATA

HF HUM L BYTE 007S DATA

H ABS M L BYTE DOAE CO DE

H BAD COMMAND L NEAR D2SA CODE

H BAD M L BYTE D0A2 CODE

H BOOT F PROC D0B9 CODE Length =0091
H CMD TABLE L NEAR D26D CODE

H CMD WAIT N PROC D93B CO DE Length =0069
H C ERR Number 0002

H DATA1 H PROC D99F CODE Length =0090
H DATA2 H PROC D6AC CODE Length =0121
H DMA H PROC D2C1 CODE Length =0070
H DMA BUFF L NEAR D32C CODE

H DMA ERR L NEAR D336 CODE

H DMA LEN L NEAR D309 CODE

H DMA LONG L NEAR D322 CODE

H ERR CHK H PROC D39A CODE Length =0093
H ERR H L BYTE D7B7 CODE

H ERR RET L NEAR D3D2 CODE

H FINISH L HEAR D292 CODE

H FMT N PROC D690 CODE Length =006C
H FMT M L BYTE D733 CODE
H GOOD M L BYTE D0A6 CODE

H HAD ERR L HEAR D352 CO DE

H INIT N PROC CP9F CODE Length =011C
H INT N PROC D62F CODE Length =0011
H INTRO H L BYTE D6AC CODE

H 10 F PROC D1AB CODE Length =0116
H MAKE CDB L NEAR D1DE CODE
H NDMA H PROC D33E CODE Length =0000
H NONE M L BYTE D789 CODE

H PASS M L BYTE D750 CODE
H SAVE REGS L NEAR D1C9 CODE
ILL FLG L HEAR FFbl CODE
ILL INT N PROC FP23 CODE Length =0028
ILL LN L HEAR ES C9 CODE
ILL LP L NEAR E5C9 CODE

ILL HI L BYTE DC1B CODE

ILL M2 L BYTE DC39 CODE

ILL M3 L BYTE DC3A CODE

ILL SW L NEAR PP3E CODE

ILL TRAP H PROC BS8C CODE Length =0099
INIT CONTROLLER LP L NEAR CFED CODE

INIT DRIVE LP L NEAR D022 CODE

INIT_DRIVE_WIN L NEAR DO 97 CODE

INIT_ERR Number 0007
INIT START TIMER L NEAR 0028 CODE

INIT TRY DRIVE L HEAR 0036 CODE

INSERT KEY Number 0052

INSERT MODE Number 0080
INSERT_SHIFT Number 0080

IHTOOLOCN L DWORD 0000 ABSO

INT01LOCN L DWORD 0009 ABSO

IHT02L0CN L DWORD 0008 ABSO

INT03LOCN L DWORD OOOC ABSO

INTOALOCN L DWORD 0010 ABSO

INT05LOCN L DWORD 0019 ABSO

INT06L0CN L DWORD 0018 ABSO

INT07L0CN L DWORD 001C ABSO
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ROM BIOS

Listing

I PIC HO HOT NEAR DF05 CODE

I PIC OK NEAR DFOB CODE

I PIC SOFT NEAR DE8E CODE

I PIC TEST NEAR DEBB CODE

I PRT EXIT NEAR E39B CODE

I PHT LOOP NEAR E382 CODE

I PRT M ... L BYTE DCDO CODE

I RAM H BYTE DCEA CODE

I BOH NEAR DDB2 CODE

I ROM ERR NEAR DDBA CODE

I ROM H BYTE DCS 8 CODE

I ROM_OK ... L NEAR DDCO CODE

I BOM RET NEAR DDB8 CODE

I RTC ... L NEAR E07B CODE

I RTC END NEAR E0E1 CODE

I RTC ERR NEAR E0B9 CODE

I RTC HI H BYTE DCB7 CODE

I RTC LO H BYTE DCB3 CODE

I RTC M BYTE DCA6 CODE

BYTE DCBB CODE

I RTC OK ... L NEAR E0D5 CODE

I VECO NEAR El BO CODE

1 VEC8 ... L NEAR E1CC CODE

I VECTOR ... N PROC El AO CODE

1 VEC TBL PROC FEF3 CODE

KBALT jm be r OOCI

KBBRK OOC9

KBCAP 00C1

KBCTL OOC5
KBINS OOCO

KBLSH OOC6
KBNUL ... Nijnber OOCC

KBNUM ... Mljmber 00C2

KBPRT OOCB

KBRES OOC8

KBRSH JO her 00C7

KBSCR 00C3

KB_BUFFEH ... L WORD 00 IE DATA

KB CAP FLAGS BYTE CC60 CODE

KB CMD SEND ... N PROC E5 81 CODE

KB CMD HLUP ... L NEAR E5 81 CODE

KB DATA1 ... N PROC CC60 CODE

KB DATA TABLE BYTE CC67 CODE

KB_FL AG BYTE 0017 DATA

KB FL AG 1 BYTE 0018 DATA

KB_FLUSH ... L NEAR E30lt CODE

KB FLUSH BACK NEAR E313 CODE

KB_NOT_DLX ... L HEAR E361 CODE

KB STATUS 0064

KB_TYPE READ ... L NEAR E351 CODE

KB TYPE WAIT NEAR E346 CODE

K DB LO 00D8
KDECO OOD7
KDECl OOD6
KDEC2 00D5

KDEC3 OOD4

KDECft JO her 00D3
KDEC5 00D2

KDEC6 00D1

KDEC7 OODO

KDEC8 OOCF

KDEC9 OOCE

KNONE OOCD

K_00 NEAR EB35 CO DE

K_2RES ... L NEAR EB18 CODE

K_2RET NEAR EBOA CODE

K 2T0G NEAR E30F CODE
K lIRES NEAR EAE7 CODE

K.hRET NEAR EAE6 CODE

K hTOG NEAR EAD4 CODE

K ADV END NEAR E87A CODE

K_ADV_PTR ... N PROC E86E CODE

K ALT NEAR EAEE CODE

K ALTO NEAR EB28 CODE

K_ALT1 ... L NEAR EB27 CODE

K ALT2 NEAR EB26 CODE

K_ALT3 NEAR EB25 CODE

K_ALTlt HEAR EB24 CODE

K_ALT5 NEAR EB23 CODE

K_ALT6 NEAR EB22 CODE

K ALT? NEAR EB2 1 CODE

K_ALT8 HEAR EB20 CO DE

K_ALT9 NEAR EB1F CODE

K_BEEP ... N PROC EBC3 CODE

K_BIT ... N PROC EB85 CODE

K_BRK NEAR EB42 CODE

K_BUF NEAR EA56 CODE

K CAP NEAR EAB5 CODE

K_CASE ... L WORD EB Ee CODE

K_CTL NEAR EBOO CODE

K_DATA1 ... N PROC EBE6 CODE

K_EOI PROC EBA4 CODE

K_HOLD NEAR EA92 CODE

K_INS NEAR EAA7 CODE

K_INT PROC E987 CODE

K_IO PROC E82E CODE

K IX NEAR EA02 CODE

K JHP NEAR EA2D CODE

K_LED_CAP NEAR EB63 CODE

K_LED_CMD NEAR EB70 CODE
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Lengtb :003C
Length =0030

Length =0010

Length =OOOB

Length =033F

Lengtb =0000

Length =0023
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Length =0032
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K_LED_DAT
K_LED_NtJM
K_LED_RET
K_LOCK
K_LOOK
K_LP
K_LSH
K_»0N1
K_NONE
K_NOP
K_N0P1
K_NO_CAP
K_HO_CASE
K_NO_HOLD
K_NO_UOCK
K_NO_XCODE
K_NOL
K_NUH
K_OK
K_PAOSE
K_PRT
K_READ
K_RES
K_RET
K_RSH
K_SCR
K_SEE
K_STAT
K_THY
K_XLAT
LEFT_SHIFT
LEFT_SHIFT_KEY . . .

LF

HASK_PORT
MASK_PORT_DMAE . . .
MASK_PORT_IHTE . . .
HASTAB
MASTER_TBL_PTR . . .
MAX_INT
MAYBE_SHOW_SENSE . .
MEMORY_SIZE
HEHTST

MEMTST_ERR .....
MEMTST_ERR_C ....
MEMTST_H1
MEHTST_R2
HEHTST_W1
HEHTST_W2
HPG_ERR_FLAG . . . .
MFG_TST
MOTOR_COUHT
MOTOR_STATaS ....
MT_END
M_CASS
H_EQUIP
H_EXIT
M_SIZE
NEC_STATUS
NIBOR

HO_HAHD_DISK ....
NUL

MUH_LOCK_KEY ....
NUH_LOCR_MODE. . . .
NUH_LOCK_SHIFT . . .
N_INT
OPT_ROH_H
P0_DATA1
P1_DATA1
P«I_DATA1
PARA_GRAPH
PARA_MOHO
PASS_M
PAUSE

PAUSE_MODE
PCINIT

P1C_0
PIC_1
PIC_ICW1
PIC_ICW2
PIC_ICW3
PIC.ICHU
PIC_HEOI
PIC_OFF_HSK
PIC_SBOI_0
PIC_SE0I_1
PIC_SE0I_6
PORT_OFF
POST_LOSB
POST_HO_HORE_DRIV ES.
POST_WXN
PR1NTER_ADDR . . . .
PRIHTER_T_ODT. . . .
PRT_DATA_A
PRT_DATA_B
PRT_DATA_C
P_8253_0
P_8253_1
P_8253_2
P_8253_CTRL
P_DISP

L NEAR EB7A CODE
N PROC EB59 CODE

L NEAR EB81 CODE

L NEAR E9F1 CODE

F PROC E860 CODE

L NEAR EBCE CODE

L NEAR EB01 CODE

L NEAR EABF CODE

L NEAR EA5B CODE

L NEAR EASE CODE

L NEAR EB3F CODE
L NEAR E9E7 CO DE

L NEAR EA36 CO DE

L NEAR EAIC CODE

L NEAR E9FC CODE

L NEAR EA51 CODE

L NEAR EAA2 CODE

L NEAR EAC1 CODE

L NEAR E9B2 CODE

L NEAR EA78 CODE

L NEAR EA9B CODE

N PROC E815 CODE

L NEAR EA67 CODE

L NEAR E812 CODE

L HEAR EB0 8 CODE

L NEAR EACD CODE

L NEAR E851 CODE

N PROC E869 CODE

N PROC EBAD CODE

L NEAR EA16 CODE

Number 0002

Number 002A

Number OOOA

Number 0323
Number 0001

Number 0002

L WORD E2CE CODE

L DWORD 0081 DATA

Numbe r 0011

N PROC DOCE CODE

L WORD 0013 DATA

N PROC E266 CODE

L NEAR E2AB CODE

L NEAR E2A7 CODE

L NEAR E279 CODE

L HEAR E2 90 CODE

L NEAR E26D CODE

L NEAR E2 86 CODE

L BYTE 0015 DATA

L BYTE 0012 DATA

L BYTE 0010 DATA

L BYTE 003F DATA

L WORD E2E1 CODE

N PROC F859 CODE

N PROC F81D CODE

L NEAR D0E7 CODE

N PROC F811 CODE

L BYTE 0012 DATA

L NEAR E65E CO DE

L NEAR D697 CODE

Number 0000

Number 0015
Number 0020

Number 0020

N PROC F85F CODE

L BYTE E2AD CODE

N PROC E2AD CODE
N PROC DB7D CODE

N PROC E5F2 CODE

Number B800

Numbe r BOOO

L BYTE DC3D CODE

Number OOCA

Number 0008
N PROC E2E1 CO DE

Number 0020
Number 0021

Number 0013
Number 0008
Number 0008

Number OOOD

N urn be r 0020

Number OOFF

Number 0060

Number 0061
Number 0066
L BYTE 0077 DATA

L NEAR D071 CODE

L NEAR D06A CODE

L NEAR D083 CODE

L WORD 0008 DATA

L BYTE 0078 DATA

Number 03BC
Number 0378
Number 0278
Number 0010

Number 0011

Number 0012

Number 0013
L NEAR D09B CODE

Length s002C

Length =0009

Length =001B

Length =0017

Length =0002

Length =0006
Length =000C

Length =000C
Length =0007

Length =0037
Length =01DD
Length =0002

Length =0290

ROM BIOS
Listing
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ROM BIOS
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P IHIT HEAR F027 CODE
P 10 PROC EFD2 CODE

P ICTRL 0061
P_ISCAM 0060
P LP NEAR FOOF CODE

P HOP HEAR FOOA CODE
P OK HEAR F01D CODE

P OUT NEAR FOOB CODE

P BET HEAR F005 CODE
P SOME NEAR D092 CODE
P STAT HEAR F034 CODE

P TBL WORD B2BE CODE

RAHDIAG BX OOEO

RAMDIAG IHT umber 0012
HAM ERROR NEAR DPC9 CODE

RAM SIZE BHD NEAR DFAB CODE

RAM SIZE EHO 1 NEAR DPB5 CODE
RAM SIZE LP HEAR DF6C CODE

RAM SIZE HXT . . L NEAR DFA3 CODE
RAM SIZE TST NEAR DF5C CODE

RBOFF BX OOOE

READ BX umber 0008
READ ECC BX OOOD

BEAD INT UD bo r 0002
BEAD MODE 0047
READ PARAM . . N PROC D4DF CODE

READ PORT 0320
RECAL BX LIQbo r 0001

RECAL INT jQ bo r 0011

RESET BX PROC D5B1 CODE

RESET FLAG . . L WORD 0072 DATA

RESET INT umber 0000

RESET PORT 0321
RET FROM 40 NEAR D1B2 CODE

RIGHT SHIFT 0001

RIGHT SHIFT KEY 0036
RLONG BX 00E5
ROM CHECKSUM PROC E5E5 CODE

ROM_CHECKSUM CNT . . L NEAR E5 E8 CODE

ROM_CHECKSUM_LOOP NEAR E5EA CODE

ROM CHKSOM OK HEAR E435 CODE

ROM ERR PROC E5D5 CODE

BOM ID . . . . . L BYTE C001 CODE

ROM MT WORD C002 CODE
ROM SCAN EXIT . . L NEAR E44E CODE

ROM SCAN LOOP NEAR E3FD CODE

ROM SCAN NEXT . . L NEAR E44A CODE
RS232 ADDR WORD 0000 DATA
RS DLY PROC E8E2 CODE
RS GBE NEAR E94 8 CODE

RS INIT NEAR C3P0 CODE
RS LP NEAR E8E7 CODE
RS NOP NEAR E77D CO DE
RS NORM NEAR E749 CODE
RS OK HEAR E771 CODE
RS PBE HEAR E910 CODE
RS PB GB NEAR E90F CODE
RS RET NEAR B77A CODE

RS STAT PROC E87B CODE
RS TBL . . L WORD E77F CODE

RS WS PROC E8BE CODE
RS WS COM NEAR E8CD CODE
RS WS EXIT HEAN E8DE CODE

RS WS LP HEAR B8C3 CODE

RTC_CHK PROC E1F6 CODE

RTC CHK HIGH NEAR E265 CODE
RTC CHK LOW NEAR E265 CODE
RTC CHK RESET ERR NEAR E217 CODE
RTC_CHK_RESET_LP . . L NEAR E2 05 CODE

RTC_CHK_HESET_OK . . L HEAR E21 A CODE

RTC CHK SET ERR NEAR E238 CODE
RTC CHK SET LP NEAR E224 CODE
RTC CHK SET OK NEAR E23B CODE
R FINISH . HEAR D435 CODE
R WAITING NEAR D41D CODE
see CTL A 0050
see CTL B 0052
see DBIT BYTE F62E CODE

sec FE 0040
see GB PROC E94D CODE
see INIT . . PROC F57 3 CODE
SCC_NO_FE . . L NEAR E8AD CODE
sec NO OE NEAR E8BB CODE
sec HO PE NEAR E8 B4 CODE

SCC_NO RXD NEAR E89F CODE
see HO TXD NEAR B898 CODE
see OE . 0020
SCC_PB PROC B91B CODE

see PE 0010
sec PWRUP NEAR F623 CODE

see RXD 0001
SCC_STAT NEAR B88A CODE

sec TBL . . L WORD B2C6 CODE
SCC_TXD 0004
SCRL_LOCK_KEI 0046
SCHL_LOCK_MODE 0010

SCHL L0CK_SH1FT 0010
SECTORS PER_TRACK imber 0011
SECT NOT FOUND 0004
SEEK BX OOOB
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Langtb s0,069

Length s0025

Length sOOOD

Length sOOlO

Length sOOOh
Length sOOOA

Length b0043

Length >0024

Length >0070

Length >0000
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Length >000F



SBBLBRROR 0040
SEEK STATUS BYTE 003E DATA
SBLBCT PORT 0322
SEND CDB BYTE NEAR D3F8 CODE
SENSEO HSK 003F
SENSE BZ 0003
SEHSE_BRR OOFF
SERIAL 10 PROC E7 39 CODE Length =0056
SERIAL_T 00 T BYTE 007C DATA Length =0004
SET OS PROC E5F4 CODE Length =0006
SET DS WORD WORD E5F2 CODE
SBOW_SEHSE PROC DOBB CODE Length =0013
STACK_ROH WORD DB7E CODE

STACK_SEG 0030
STATOS NEAR D263 CODE
STATUS INT 0001

STATOS_PORT 0321
STOP_DISK PROC EF4F CODE Length =0007
SWITCH BITS WORD 0010 DATA

SWITCH PORT um bd r 0322
SIS CONF A umbe r 0066
SIS CONF B 0067
S EOL NEAR FFB5 CODE
S ERR NEAR FFA5 CODE
S GET NEAR FFC9 CODE
S INT PROC FF54 CODE Length =007E
S LP NEAR FF81 CODE
S NOP NEAR FFB2 CODE

S OK NEAR FF8A CODE
S OUT NEAR FFBC CO DE

TOCHD 0036
TOCOONT 0000

T1CHD 0074
TICdONT 0013
T2CMD 0 0B6
T2COONT 0266
TIME OUT 0080

TST DRY RDI BX unber 0000

TST_DRV_RDY_INT 0010

T_DAY PROC FE6E CODE Length =0037
T_BND NEAR FEA3 CODE

T_HI NEAR FEC5 CODE
T_HI_ORDER WORD 006E DATA
T_INC NEAR FEBB CODE
T INT PROC FEA5 CODE Length =0047
T LOW ORDER WORD 006C DATA
T NFE NEAR FE7 8 CODE
T NFF NEAR FE7E CODE
T OFL NEAR FEE1 CODE
T_OVERFLOW BYTE 0070 DATA
T SET NEAR FE95 CODE

VECTOR PROC FFFO CODE Length =000E
V 3X8 BYTE 0065 DATA

V_6815 NEAR F262 CO DE

V APAGE BYTE 0062 DATA
V BASE6845 WORD 0063 DATA
V BELL PROC F54E CODE Length =0025
V_BS HEAR F4C3 CODE

V CLR NEAR F2F5 CODE
V CLR BOT. HEAR F2F5 CODE

V CLR FAST HEAR F33F CODE

V CLR_PLP HEAR F341 CODE

V CLILHI HEAR F30A CODE

V_CLE LO NEAR F310 CODE

V CLR LP HEAR F300 CODE

V_CLR_NXT HEAR F325 CODE
V CLR PAST HEAR F33C CO DE
V CLR ROW NEAR F32E CODE
V CLR TOP HEAR F377 CODE
V COL PROC F41 A CODE Length =002C
V COLORPAL BYTE 0066 DATA
V COLOUR NEAR F08E CODE
V COL 0 HEAR F42F CODE
V_COL 1 NEAR F436 CODE
V CR HEAR F4CB CODE
V CURPOS WORD 0050 DATA Length =0008
V_CURSIZE WORD 0060 DATA
V CURS POS PROC F1F7 CODE Length =001E
V CURS_TYPE. PROC F1E9 CODE Length sOOOE
V_DATA1 PROC F045 CODE Length =0020
V_DATA2 PROC F0A4 CODE Length =0058
V_DISALLOH HEAR D626 CODE
V FPOS PROC F50D CODE Length sOOlE
V_PPOS 0 NEAR F51F CODE
V FPOS LP HEAR F518 CODE
V HEIGHT WORD 004C DATA
V_IO PROC F065 CODE Length =003F
V KaEAR 0007
V KSCROLL 0004
V LF HEAR F47B CODE
V LROW HEAR F486 CODE
V MD «I0 BYTE F0A4 CODE
T HD_80 BYTE F0B4 CODE
V HD CLR HEAR P171 CODE

V HD CLR_2K HEAR F16C CODE
V_MD_CLR 8K . . L NEAR F16E CODE
V hd_cle_graphics NEAR F168 CODE
V MD DBL NEAR F188 CODE

V_MD ENABLE BYTE F0F4 CODE

V_HD GRAPH BYTE F0C4 CODE

ROM BIOS
Listing
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V_MD_LEH
V_MD_MONO
V_HD_WID
V_HODE
V_HV
V_MV_DN
V_MV_END
V_MV_FLP
V_HV_HI
V_HV_LO
V_MV_LP
V_MV_NXT
V_MV_PAST
V_MV_ROW
V_NOP
V_OOT_BITE
V_OVR_NOT_OE ....
V_OVR_OK
V_PAGE
V_PAOE_0
V_PARHS
V_POINTER
V_POSH
V_RAC
V_RAC_IHBLANK. . . .
V_RAC_INLINE . . . .
V_RESET_BX
V_R_CURS_POS ....
V_SCRL_DN
V_SCRL_H0DE_7. • . .
V_SCRL_HV_ABD_CLR. .
V_SCRL_POS
V_SCRL_RET
V_SCRL_TTY
V_SCRL_TTY_GRAPHICS.
V_5CRL_0P
V_SET_CURS
V_SET_CUR_POS. . . .
V_SET_MODE .....
V_SET_KODE_COLOR . .
V_SET_KODE_LP. . . .
V_SET_NEU_COR. . . .
V_STAT
V_TBL
V_TERMINAL
V_TERH_H0BELL. . . .
V_TERM_KOP
V_TERH_RET
V_TOP
V_TXT_DN
V_TXT_MD
V_TXT_OK
V_TXT_RAC
V_TXT_OP
V_TXT_WAC
V_TXT_WC
V_WAC
V_WAC_END
V_WAC_HI
V_WAC_LO
V_WC
V_WC_END
V_WC_HI
V_WC_LO
V_WC_NEXT
V_WIDTH
W1
W2

WAIT_FOR_IR05 . . . .
WAIT_FOR_STATUS. . .
WBUFF_BX
WBOFF_INT
HLONG_BX
WRITE_BX
HHITE_MODE
WRITE_PORT
wbite_pr6tect. . . .
W_FIHISH
W_ITS_DONE
W_NEC
W_NEC_RET
W_ONE

Harnlns Severe
Errors Errors
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L WORD F0E4 CODE
L BYTE FODb CODE

L BYTE FOEC CODE

L BYTE 0049 DATA

L NEAR F295 CODE

L NEAR F370 CODE

L NEAR F2F4 CODE

L NEAR F2E7 CODE

L NEAR F2AA CODE

L NEAR F2B0 CODE

L NEAR F2A0 CODE

L NEAR F2CA CODE

L NEAR F2E5 CODE

L NEAR F2D1 CODE

L NEAR F0A3 CODE

H PROC F273 CODE

L NEAR F1C4 CODE

L NEAR F1C6 CODE

N PROC F22C CODE

L NEAR F23E CODE

L BYTE F0A4 CODE

Hufflber 03B4
N PROC F52B CODE

N PROC F37C CODE

L NEAR F398 CODE

L NEAR P392 CODE

L NEAR D616 CODE

N PROC F215 CODE

N PROC F35B CODE

L NEAR F356 CODE

L NEAR F50C CODE

N PROC F4DE CODE

L NEAR F34B CODE

L NEAR F4 91 CODE

L NEAR F4A0 CODE

N PROC F27F CODE

L NEAR F210 CODE

L NEAR F256 CODE

N PROC FOFC CODE

L NEAR F117 CODE

L NEAR F147 CODE

L NEAR F48C CODE

N PROC F4CF CODE

L WORD F045 CODE

N PROC F446 CODE

L NEAR F44D CODE

L NEAR F4BB CODE

L NEAR F4B9 CODE

L WORD 004E DATA

L NEAR F364 CODE

N PROC F53C CODE

L NEAR F54C CODE

L NEAR F384 CODE

L NEAR F2 87 CODE

L NEAR F3AE CODE

L NEAR F3E7 CODE

H PROC F3A6 CODE

L NEAR F3DA CODE

L NEAR F3C5 CODE

L NEAR F3CB CODE

N PROC F3DF CO DE

L NEAR F415 CODE

L NEAR F3FE CODE

L NEAR F404 CODE

L NEAR F3FE CODE

L WORD 004A DATA

L NEAR D46 0 CODE
L NEAR D46B CODE

L NEAR D46D CODE

H PROC D418 CODE

Nunher OOOF

Number OOOF

Number 00E6

Number OOOA

Number 004B

Number 0320
Number 0003
L NEAR D494 CODE

L NEAR D486 CODE

L NEAR EF92 CODE

L NEAR EFA6 CODE

L NEAR EF4B CODE

Length sOOOC

Length =00h7

Length sOOII
Length n002A

Length s00l7
Length s0021

Length s002F

Length sOODC

Length bOOED

Length sOOOF

Length s0089

Length s0012

Length s0039

Length s003B

Length >0023



ROM BIOS Change List

ROM BIOS
Change List

ROM Rev 1.1 August 10, 1984
Aug 8 16:40 1984 fdul.src:
Fix random value in I)X during reset causing
problem

Line 73 Add

push es
cmp ah, 0 ;Is it a reset command?
jz diskette_i01 ;Yes, so ignore drive

;param.

Line 123 Add

pop es

Aug 8 16:40 1984 fdul.src:
Allow verify operation without valid buffer point-
er (buffer not required)

xor bx,bx ;Fool the DMAC into
mov es,bx ;thinking there is a full

;segment to play with.

Do not range check head number
Change

and ah,l ;blow off high 7 bits.
to

and ah,07Fh ;blow off bit 7.

Aug 8 16:41 1984 flags.src:
Change date of release in ROM

db '05/03/84' ;release marker (exactly
;8 bytes!!!!)

to

db '08/10/84' ;release marker (exactly
;8 bytes!!!!)

Aug 8 16:43 1984 fontl08.src:
Change 8X8 font to improve italics as dis
played by 3rd party software
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ROM BIOS
Change List

8-180

DB 01ch,036h,01ch,03bh
DB 06eh,066h,03bh,00h ; 26

DB 018b,018b,030b,00b
DB 00b,00b,00b,00b ' > ) 27

DB 0cb,018b,030b,030b
DB 030b,030b,018b,0cb : '(' 28

DB 030b,018b,0cb,0cb
DB 0cb,0cb,018b,030b ; ')' 29

DB 00b,066b,03cb,0ffb
DB 03cb,066b,00b,00b 2a

DB 00b,018b,018b,07eb
DB 018b,018b,00b,00b ; 2b

DB 00b,00b,00b,00b
DB 00b,018b,018b,030b j f

J 9 2c

DB 00b,00b,00b,07eb
DB 00b,00b,00b,00b 9 9

2d

DB 00b,00b,00b,00b
DB 00b,018b,018b,00b 9 9

2e

DB 03b,06b,0cb,018b
DB 030b,060b,040b,00b ; '/' 2f

DB 03eb,063b,067b,06fb
DB 07bb,073b,03eb,00b ; '0' 30

DB 0cb,01cb,0cb,0cb
DB 0cb,0cb,03fb,00b ; '1' 31

DB 01fb,033b,03b,0eb
DB 018b,033b,03fb,00b ; '2' 32

DB 01eb,033b,03b,0eb
DB 03b,033b,01eb,00b : '3' 33

DB 0eb,01eb,036b,066b
DB 07fb,06b,0fb,00b ; '4' 34

DB 03fb,030b,03eb,03b
DB 03b,033b,01eb,00b ; '5' 35

DB 0eb,018b,030b,03eb
DB 033b,033b,01eb,00b ; '6' 36

DB 03fb,033b,03b,06b
DB 0cb,0cb,0cb,00b ; '7' 37

DB 01eb,033b,033b,01eb
DB 033b,033b,01eb,00b ; '8' 38
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ROM BIOS

Change List

8-188

DB 0e0h,30h,30h,lch,30h,30h,0e0h,00h
DB 76h,0dch,00h,00h,00h,00h,00h,00h
DB 00h,10h,38h,6ch,0c6h,0c6h,0feh,00h

7d

7e
> >

7f

Aug 8 16:44 1984 graph.src:
Solved 640 X 400 inverse video mode problem

Changed
test byte ptr [si],80H

to

test byte ptr ss:[si],80H

Changed
not byte ptr [si]

;is upper left bit of
;char = 0 or 1?

;is upper left bit of
;char = 0 or 1?

;reverse the reversed
;byte for matching

;reverse the reversed
;byte for matching

to

not byte ptr ss:[si]

Aug 8 16:48 1984 pwrupl.src:
Changed release date and display on boot

Changed
banner_m db

db

to

db

banner_m db

db

"Resident Diagnostics",CR,LF
"Rev 1.0 May 1984",CR,LF,LF,
NUL

"Rev 1.1 Aug 1984",CR,LF,LF
"Resident Diagnostics",CR,LF,
LF

NUL



Notes on Enhancements
in ROM BIOS 1.21

ROM BIOS
1.21

Introduction These notes describe the differences between the
1.0,1.1 and 1.21 ROM BIOS for the AT&T PC
6300. The notes first describe the differences
between the 1.0 and 1.1 ROMs, then describe the
differences between the 1.1 and 1.21 ROMs.

The differences between the 1.0 and 1.1 ROM
are:

In the floppy disk utility, the random value of
the DX register is fixed.

In the floppy disk utility, the verify operation
without a valid buffer pointer is allowed.

In the floppy disk utility, the value checking for
head number has been eliminated.

The ROM release date has been changed to
08/10/84.

The 8x8 font has been changed to improve ital
ics displayed by some third-party software.

The 640x400 inverse video mode now works
properly.

The displayed release marker has been changed
to "Rev 1.1."

Differences

Between

ROM 1.0

and

ROM 1.1

LOTUS"'"'*'' Symphony runs on the 1.1 ROM.

These changes are explained in detail in the
"System Programmer's Guide" on pages 8-177 to
8-188.

8-189
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1.21

Differences ROM BIOS 1.21 was introduced to solve prob-
Between lems with the use of external vendor's hard disk
ROM 1.1 expansion boxes, to support the 20 megabyte
and hard disk drives, and to better initialize the
ROM 1.21 second communications port.

8-190

The differences between ROM 1.1 and 1.21 are:

• The code sent to the parallel port during power
up diagnostics has been changed from 80H to
3fH.

• In INT 15H, a near return has been changed to
a far return.

• INT 18H is enhanced to display a message
"ROM BASIC not present. Press RESET to
reboot..." and wait for a key press before
re-booting.

9 Code has been added to reset the Display
Enhancement Board during a warm boot.

9 The reset code has been changed to origin at
OEOSBh.

9 The floppy disk drive motor delay has been
changed from a range of 0-500 milliseconds to
250-750 milliseconds.

The order of executing HDU code and external
ROM code has been reversed to execute the
internal HDU code, then check for optional
ROMs.



ROM BIOS
1.21

• In order to simplify support for external hard
disk drives with controllers other than the DTC
controller, a check of DIPSW-1 position 3 on the
motherboard (at location 7W) has been added.
Position 3 of DIPSW-1 has been defined as:

ON = use indigenous hard disk code
OFF = use external hard disk code

• A test has been added to check for the presence
of the 8530 alternate communications chip.

• The initialization of COM2: has been improved.

• Code has been added in an INT lOH routine that
enables the video after scroll up is performed.

An incompatibility that prevented the Softech
P-System from booting has been corrected.

The high 128 characters of the 8x8 font and the
low 128 characters of the 8x16 font have been
changed to provide better alignment of the
characters within the 8x8 and 8x16 fonts.

Support for 20 megabyte disk drives has been
added to the disk parameter table. Drive type 6
is a Seagate ST225, drive type 7 is a Miniscribe
3425, and drive type 8 is a CMI 6426.
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8-192

• The disk parameters for the CDC WREN drive
have been changed to 697 cylinders to allow for
the full capacity of the drive.

• Support in INT llH was added for 8087 switch
setting.

• The ROM release date has been changed to
02/28/85.

• The displayed release marker has been changed
to "Rev 1.21."
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ROM Revision 1.1 to ROM
Revision 1.21 Source File Differences

8/10/B4

< = roml.1

2/14/85

> = roml.20

Source Module: comm2.src

< call rs_stat ; get return status

> ;; call rs_stat *E912* ; get return status

Source Module: -Fdul.src

> » mi kef 9/18/84 Changed motor delay routine.
> * mikef 01/11/85 If reset cmd don't do check valid.

> * mikef 02/14/85 Made the reset code callable.

< jz diskette_iol ; Yes, so ignore drive parm.

> jz diskette_io2 *EC73# ; Yes, so ignore drive parm.

< eld ; Autoincrement for strings.

mov ex,250 *ED60*
jnz f_rd_loop *ED63*

Source Module:

> * mikef

> ♦

> * mi kef

flags.src

1 = 250 ms motors, no delay

1 = 500 ms motors.

9/18/84 Changed reset pointer to point to org'ed
location.

10/02/84 Included hdul.asm

> include pwrupla.asm

> include hdul.asm

> include intlS.asm

>

<

>

<

dw

dw

db

db

diagnostics_l

i _hard_reset

'08/10/84'

'02/14/85'

; instruction pointer cs:(offset diagnostics_l)

; instruction pointer cs:(offset i_hard_reset)

; release marker (exactly 8 bytes!!!I)

; release marker (exactly 8 bytes!!!!)
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Source Module: •f onthiS. src

< * NAME DATE ACT

< * robert 4/30/84

< ♦ robert 5/01/84

date

Corrected

Corrected char 182

> ♦ name

> ♦ seagrave 12/13/84 new font table
< fonthlB endp

> fonthlB endp

Source Module:

< * NAME DATE

< ♦ robert 4/30/84 corrected 'p'.
< * robert 5/4/84 corrected '!'

> « NAME DATE ACTION

> * seagrave 12/14/84 new font table
> id yin 2/5/85 new font table

Source Module:

> * mi kef

action

fontlol6.src

ACTION

graph.src

2/13/85 Moved grf_1ight_pen to vid.src.

Read Light Pen function code = 04h

Input:
Output:

ah

None.

ah =0 light pen switch not down/not triggered
= 1 implies:
(dh,dl) = (row,col) of character light pen

position from (0,0)
ch = raster line (0-199)

bx = pixel column (0-319,0-639)

None. 7'>7

grf_1ight_pen

xor ah,ah

proc near

; return ah = 0 for now (al intact).
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< ret

<

< grf_light_pen

Source Hodules

< /*

< *

< * NAME DATE

> /% NAME DATE

endp

hdu.src

ACTION

ACTION

10/02/84 Moved h_data2 to hdul.src to make rom in
low rom for an ORG.

10/23/84 Changed documentation describing dip
switches.

11/02/84 Fij<ed bug in reset call.
12/06/84 Corrected no. of cyls for CDC drive.
12/18/84 Added type 6 and type 7 drives.
12/20/84 Corrected write precomp for Seagate ST22S.
01/08/84 Changed int 19 to jmp bt_int.
01/21/84 Added type 8 in parameter_table and changed

some other parameters per Olivetti memo.

* mi kef

t

t mi kef

«

* mi kef

m mi kef

* mi kef

* mi kef

* mi kef

* mi kef

«

int

> jmp bt_int
> ; int 19h
INT.

initiate reboot through ROM BASIC INT.

; initiate reboot through floppy.
; initiate reboot through ROM BASIC

< hdu_parm_tbl;

> hdu_parm_tbl proc near

< ; The next six are the supported drives:

> ; The next nine are the supported drives:

< paramBter_table <> jtype 3: lOmb drive

> *D17C# parameter_table <,,,128> ;type 3: lOmb drive

< parameter_table <644d,5d,128d,128d> ;type 5: CDC Wren

> parameter_table <697d,5d,697d,0> jtype 5: CDC Wren
> parameter_table <612,4,256,256,,3> jtype 6: Seagate ST225.
> parameter_table <612,4,128,128,,3> jtype 7: Miniscribe 3425
> j and CMI CM 4426.
> ♦Dice* parameter_table <640,4,256,256,,3> jtype 8: CMI CM6426.

> hdu_parm_tbl endp

if not, pass to the FDD driver
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<

> ;i1 int 40h

> jmp near ptr
>

< int 40h

> ; i; int 40h

> pushf
>

> push cs

> cal I near ptr

> ; Test to see if

> ; means that an 1

return.

< ; drive 0
< ; drive 1

> ;; drive 0
> : ; dri ve 1

< and al,07-fh

> ; ; and al, 07-f h

< h_data2 proc
<

< h_intro_m
< ~ db
< db

< db

<

< h_fmt_m
<

< h_pa5S_m
< db

<

< h_none_m
number.*,NUL
<

•< h_err_m
<

< h_data2 endp

i+ not, pass to the FDD driver
*D1E1* ;; rom -floppy driver.

; will not return.

i-f so, must reset FDD also

i-f so, must reset FDU also
;; simulate an int because

; 'fd_io simulates an iret.
«DlEEi|( ;; Make it look like a -far call.

»D1EF* ;; rom -floppy driver.

;ignore top switch!

;ignore top switch!

I-f it does it

db 'Fixed Disk Formatting Uti1ity',CR,LF
'All data on the speci-fied fixed disk will be erased.'
CR,LF
'Enter fixed disk number <1 to 8) or "Q" to quit: ',NUL

db CR,LF,'Formatting Fixed Disk...',CR,LF,NUL

db 'Format is complete.',CR,LF
'Proceed with FDISK and FORMAT.',NUL

db 'Error: No fixed disk drive exists for this

db 'Format Error. Code: ',NUL

8-196



ROM BIOS
1.21

Source Module: mem.src

< /«

< *

< « NAME DATE ACTION

> /* NAME DATE ACTION

^ < *

> * mi kef 9/18/84

>

< m_cass proc near

> m_cass proc far *F8F9#

Source Module:

< /*

< *

< * NAME DATE

> /* NAME DATE

nmi.src

ACTION

ACTION

Changed m_cass proc to far.

♦ mi kef 12/06/84 Added code to inform user that a parity
♦ error happend.

; And ENABLE PARITY

assume cs:code, dsrnothing, es:nothing, ssrnothing

*F85F*> push a;<
> in aljControlC
> and al, OCOh
> jz n_out
> mov si,offset parityl_m
> rol al,1
> jc n_l
> mov si,offset parity2_m
> n_l:
> call DRomString
> hit

> n_out:
> pop ax

Source Module:

*F874*

pwrupO.src

; High two bits indicate parity.
; Mask of low 6 bits.
; It wasn't a parity interrupt!
; System board message.

; Expansion board message.

<

< /%

< *

< * NAME DATE

> /* NAME DATE

> * mi kef

ACTION

ACTION

9/18/84 Changed OK code to parallel port for mfg.
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> * mike-f 10/02/84 Changed int 18 trap to go to 'basic_trap'. ^
> * mi kef 10/11/84 Added test to see if 8530 is really there.
> * mi kef 11/20/84 Now executes internal HDU code before
> * optional ROM checking.
> * mi kef 12/07/84 Changed OK code to '3Fh' for mfg.
> * mi kef 12/13/84 Added call to enable parity interrupt.
> * mikef 12/17/84 Added switch reading for indiginous HDU code.

mov al,0Fh
out scc_ctl_a,al
in al,scc_ctl_a
test al,1
jnz i_no_scc5

Call internal HDU init code.

>

>

read register 15.

LSB of rrl5 is always 0.

csrcode, dsrabsO, esinothing, ss:stack_ram

*E33D* ; satisfy assumptions::or ax , ax

mov ds,ax

in al,sys_conf_b ;; port 67h.
> test al ,4 5 5 test switch bit 2

> jnz i _hdu_ok 5 5 if set, skip init

> mov si,cs;(offset i _hdu_m)

> cal 1 DRomString ; print test message

> cal 1 h_init

> assume csrcode, dsrdata, es:nothing, ss:stack_ram
"y"

?• mov ds,word ptr cs: Cset_ds_wordD ; satisfy assumptions
> cmp byte ptr ds:Chf _num],0 ; number of hard disks
> jnz i _hdu_ok if ok, leave everything alone.

> mov sp,lOOh ; re-initialize stack
> cli disable interrupts
> cal 1 i_vector j re-install old vectors

> sti *E363*

> i_hdu_ok:
>

> ;
<

< ;
< ; HDU Test

< ;
<

< assume cs:code, ds:absO, es:nothing, ss;stack_ram
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<

< xor ax, ax ; satis-fy assumptions
< mov ds,ax
<

< ; Check int 41h to see i-f any one installed a HDL) parameter table
pointer.
<

< mov ax,word ptr ds:C(4*41h)+0000h1
< or ax,word ptr ds;C(4*41h)+0002h3
< jns i_hdu_ok ; i-f so, let them be...
<

< ; If not, call HDD initialisation routine.
<

< mov si,cs!(offset i_hdu_m)
< call DRomString ; print test message
<

< call h_init

< assume cs:code, ds:data, es:nothing, ss:stack_ram
<

< mov ds,word ptr cs: i:set_ds_word3 ; satisfy assumptions
< cmp byte ptr ds:Chf_num3,0 ; number of hard disks.
< jnz i_hdu_ok ; if ok, leave everything alone.
<

< mov 5p,100h ; re-initialise stack
< cli ; disable interrupts

call i_vector ; re-install old vectors
<

< i_hdu_ok:
<

> call DCrLf *E3BE* ;;

< ; and al, 10111100b ; p_timer ?< kb & dsk at this point.

<

< assume cs:code, ds:absO, es:nothing, ss:stack_ram
<

< Xor ax, ax
< mov ds,ax
< mov word ptr ds:tint181ocn+OOOOh3,cs:(offset bt_int)
< mov word ptr ds:Cintl81ocn+0002h3,cs ; (ROM BASIC not
available)

<

< ; Initialise & enable NMI's (parity register).

< mov dx,p_kctrl
< in al,dx
< or al,030h ; enable bits #5 & #4
< out dx.al
<
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< mov al,80h ; OK status

> mov al,3Fh *E49E# J OK status

Source Rodule: pwrupl.src

> * mi kef 09/18/84 Put in org for reset vector.
> < mi kef 12/10/84 Added parity stuff.
> * mi kef 01/08/85 Clear the screen before printing messages.

< db 'Rev 1.1',CR,LF,LF

> db 'Rev 1.20',CR,LF,LF

> or c::,c>{ #0068* ;; if zero then it was a parity error.
> jnz i_d_e jj
> mov si ,,cs: (of f set parityl_m) ♦DD6C* ;;
> i_d_e; ;;

> mov ax,3 *0028* ; mode co80
> int lOh *0028* ; Clear screen.

> skip_parity:

< assume cs:code, ds:data, esrabsO, ss:stack_ram
<

> ORG OEOSBh ;;

> i_hard_reset proc ;;
> jmp diagnostics_l ;;
?•=• i_hard_reset endp ;;
>

< push ds ; save registers

> ;; Here is the code for putting the OEB in Transparent Mode.

> push ax *E05E*

> push dx

> mov dx,0300h ; ; OEB I/G Address Register port address
> mov al, 1 5 ; select Mode Control Register

out dx, al
>

> inc dx f ; OEB Mode Control Register address
> inc dx

> dec al ? ; set OEB Transparent Mode
> out dx, al i 9

> pop dx

:> pop ax *E06C*
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>

>

push ds save registers

< mov al,cl ; get data from switches.

> in al,sys_conf_a «E0B4« ; Read port 66h.
> and aljOlOh ; Keep 8087 bit only.
> shr al, 1 5 Move to bit one.
> shr al, 1
> shr al, 1
> or al,cl *EOBE« ; get data from switches.

> ; NOTE: If CX is zero and ZF is nz then parity error occured

VV

Toggle parity latch
> in al,p kctrl »E1A1« ;; read B port. (61h)
> or al,30h ;; toggle bits 4 & 5.
> out p_kctr1,al 5 ?
> and aljOCFh 5 5
>

>

out p_kctr1,al *E1A9* 5 5

Source Module:

< /*

< *

< * NAME DATE

> /« NAME DATE

> ♦ mi kef

pMrup4.src

ACTION

ACTION

12/06/84 Added 'enable_parity'

Bnable_pari ty proc

push ax *E5C
in al,p_kctrl
or aljiSOh

p_kctrl,al
al,OCFh
p_kctrl,al
al,nmi_enable
nmi_enable_port, al

out

and

out

mov

out

pop

ret ;;

read B port. (61h)
enable bits 4 S< 5.

»

; 80h.
; defined in sysdata.src (AOh)

> parityl_m db 'Parity error on system board',NUL ;;
> parity2_m db 'Parity error on expansion board',NUL
> ♦E61C*

> enable_parity endp ;;
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Source Modules sysdata.src

< Controls equ 062h ; 8087, etc.

> ControlC

>

>

equ 062h ; bit #7: Ram parity check.
; bit #6: I/O channel parity check.
; bit #1: 8087 installed

; bits #3 - #2: reserved -for HDU type

bit #3 not defined.

bit #2 - 0 = use indiginous HDU code.
1 = do not use indiginous HDU code.

> nmi_enable equ 80h
> nmi_enable_port equ OAOh

Source Modules

< dw bt_int

> dw basic_trap

Source Module:

< /*

< ♦

< * NAME DATE

> /» NAME DATE

vector.src

ACTION

ACTION

intlSlocn (We Don't Have BASIC!)

intlSlocn see intlS.src

> * mi kef

> ♦ mi kef

10/25/84 Added code in scroll up to enable video.
02/13/85 Moved grf_1ight_pen from graph.src to here.

mov dx,03D8h
out dx, al

*F356* ;; video enable register.
♦F359* ;; enable video.

< ; We did't disable display during vertical retrace...

> ; We did't disable display during vertical retrace...but enable it
anyway.

Read Light Pen function code = 04h

Input: None.
Outputs ah =0 light pen switch not down/not triggered

ah =1 implies:
(dh,dl) = (row,col) of character light pen

position from (0,0)
ch = raster line (0-199)

bx = pixel column (0-319,0-639)
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> ; Trash:
>

>

> gr-f_1 ight_pen proc near
y

> xor ah, ah ; return ah = 0 for now (al intact).
> ret

>

> grf_1ight_pen endp

ROM BIOS
1.21
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9 MS-DOS
Device Drivers

Overview

MS-DOS Device Drivers

Asynchronous Communications
Element

DMA Controller

Floppy Diskette Interface and
Controller

Hard Disk Controller

Keyboard Interface

Parellel Printer Interface

Programmable Interrupt
Controller

Programmable Interval Timer

Real Time Clock and Calendar

Serial Communications
Controller

Speaker

Video Controller
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Overview

Interested This section contains information on how to

Audience write device drivers. You may not use it often
since many input and output capabilities are
implemented by the BIOS routines discussed in
Section 6. BIOS routines allow you to do general
input and output without a detailed understand
ing of the hardware and shield your program
from hardware changes.

However, there are times when BIOS routines do
not perform the necessary function or do so in
an inefficient fashion. Then your own driver is
necessary. Implementation of operating sys
tems, of high speed graphics packages, and of
unusual keyboard mapping are examples of
software which require specialized drivers.

Pro

grammable
Devices

9-2

This is a list of programmable devices.

INS 8350B Asynchronous Communications
Element

INTEL 8237A DMA Controller

NECE UPD765 Floppy Diskette Controller
DTC 5150BX Hard Disk Controller

INTEL 8041 Keyboard Interface
INTEL 8259A Programmable Interrupt

Controller

INTEL 8253 Programmable Interval Timer
58174A Real Time Clock and Calendar

AMD Z8530 Serial Communications

Controller

Speaker Interface
HD 6845 Video Controller
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Port A port is a place to read or write information to
Addresses an I/O device. An I/O device is hardware which

the CPU controls. It is hoth input and output
peripherals as well as hardware such as the
DMA controller, the Interrupt controller and the
Interval Timer. Each device needs different

information, hut they all need some combination
of control, status, and data.

Each port has an address. Sixteen of the twenty
possible address lines are available for I/O
addressing. This means there are 65,535 possible
port addresses.

I/O IN and OUT instructions distinguish an I/O
Instructions access from a memory access. These instructions

translate into control signals which define the
direction and path of the data.

The port address can be specified in one of two
ways — fixed or variable. In the fixed method,
the absolute port address is specified in the
instruction. The following instruction is an
example of fixed port addressing:

OUT 020H, AL

Only 8-bit port addresses can be used in this
format.

The variable method allows 16-bit port
addresses to be specified. In this case, the port
address is loaded into the DX register and then
the DX register is used in the I/O instruction.
An example of variable port addressing follows:

MOV DX,03F2H
OUT DX,AL

9-3



Overview

Interrupts External devices do not need the CPU's atten
tion all the time. When they need servicing, they
ask for it either by interrupting or by setting a
polled flag. External interrupts are ignored
when the CLI instruction has cleared the inter

rupt enable flag and are recognized when the
STI instruction has set the flag.

The first 1024 bytes of memory contain an inter
rupt table. This table has 255 interrupt pointers
defining the start address of interrupt service
routines. This is the pointer format.

INTERRUPT POINTER
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IP

cs

When the CPU recognizes the interrupt, an 8-bit
interrupt type identifies the device. The interrupt
type is an index into the table of pointers. To
obtain the interrupt pointer address, the type is
multiplied by four. The CPU saves the flag reg
ister on the stack, disables interrupts and single
step mode, and saves the CS and IP registers on
the stack. Then the interrupt pointer is loaded
into IP and CS, and control is transferred to the
interrupt service routine. The stack looks like
this when the service routine gets control.



Interrupt
Devices

Interrupt
Devices

Overview

SYSTEM STACK

IP

cs

FLAGS
When the service routine begins, interrupts are
disabled. Depending on the nature of the appli
cation, interrupts can he enabled immediately or
just prior to releasing control.

The service routine must preserve the value of
all internal registers. Therefore it saves the reg
isters it uses on the stack. Before returning, it
restores these registers from the stack.

To return control to the interrupt program, the
service routine executes IRET. All the informa

tion necessary to do this was carefully placed on
the stack

INS 8250B Asynchronous Communi
cations Element

INTEL 8237A DMA Controller

NEC UPD765 Floppy Diskette Controller
DTC 5150BX Hard Disk Controller

INTEL 8041 Keyboard Interface
INTEL 8259A Programmable Interrupt

Controller

INTEL 8253 Programmable Interval
Timer

58174A Real Time Clock and

Calendar

AMD Z8530 Serial Communications

Controller
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Block Block diagrams are a pictorial description of the
Diagrams electrical connection between the CPU, the inter

face, and the external device. In general, the
CPU's bus signals appear on the left. The mid
dle of the diagram describes the internals of the
interface. The right side of the diagram de
scribes the electrical interface. This physically
connects the interface to the external device. The

connection is often through a dual inline pack
age (DIP) of pins. Each pin carries one signal.

Individual signals are represented by lines.
Busses are shown as double lines. Each of these

have arrows which indicate the direction of the

data. Often they are bidirectional.

There are several common CPU control bus sig
nals. There mnemonics and definitions follow:

• A0-A19

These are the lines used to transmit the address

of memory or the address of an I/O port. Only
A0-A15 are used for I/O addressing.

• CS

This signal selects the chip. No reading or writ
ing will occur unless the device is selected.

• D0-D7

These are the bidirectional data lines used to

exchange information with a memory location
or an I/O port. D7 is the most significant bit.

• INT0-INT7

These are the priority interrupt request lines. See
the description of the Interrupt Controller.
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• lORD

This signal indicates that an input port address
has been placed on the address bus. The data at
the specified port is to be placed on the data bus.

• lOWR

This signal indicates that an output port
address has been placed on the address bus and
the data has been placed on the data bus to be
output to the specified port.

• RESET

This signal resets the system to a predetermined
state.
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MS-DOS Device

Drivers

What Is A device driver is binary code which manipu-
a Device lates hardware in the MS-DOS environment. A

Driver? special header at the beginning identifies it as a
driver, defines the strategy and interrupt entry
points, and describes various attributes of the
device. The file must have an origin of zero.

There are two kinds of devices:

9-8

Character devices

• Block devices

Character devices perform serial character I/O
like CONSOLE, AUXILIARY, and PRINTER.
These devices are named and users open chan
nels to do I/O to them.

Block devices are the disk drivers on the system.
They perform random I/O in pieces called
blocks. This is usually the physical sector size.
These devices are not named as the character

devices are, and cannot be opened directly.
Instead they are identified by drive letters
(A:,B:,C:, etc.).

Drive letters are assigned to device drivers based
on their ordering in the CONFIG.SYS file. Start
ing with the letter 'A', each device driver is
assigned as many consecutive alphabetic char
acters as the driver has units. The theoretical

limit is 63, but after 26 the drive letters are non-
alphabetic (such as ] and ).

Character devices cannot define multiple units
because they have only one name.
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Device A device header is required at the beginning of a
Headers device driver. A device header looks like this:

DWORD pointer to next device
(Must be set to -1)

WORD attributes

Bit 15 = 1 if char device, 0 if hlk
if bit 15 is 1

Bit 0 = 1 if current sti device

Bit 1 = 1 if current sto device

Bit 2 = 1 if current NUL device

Bit 3 = 1 if current CLOCK dev

Bit 4 = 1 if special
Bits 5-12 Reserved; must be set

to 0

Bit 14 is the lOCTL hit

Bit 13 is the NON IBM FORMAT bit

WORD pointer to device strategy
entry point

WORD pointer to device interrupt
entry point

8-BYTE character device name field

Character devices set a device name.

For block devices the first byte is
the number of units

The strategy and interrupt routines are in the
same segment as this device header.
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Pointer to The pointer to the next device header field is a
Next Device double word field, offset followed hy segment.
Field MS-DOS chains the device headers together

using this field. If you have a single device
header in your driver, initialize this field to -1. If
you have more than one device header, the first
word of the double word pointer is the offset of
the next driver's Device Header.

Attribute The attribute field is used to tell the system
Field whether this device is a block or character

device (Bit 15). Most other hits are used to give
selected character devices special treatment and
are meaningless on a block device. For example,
assume that you have a new standard input and
output device driver. Besides installing the
driver, you must tell MS-DOS that you want this
new driver to override the current standard

input and standard output device. This is
accomplished hy setting the attributes to the
desired characteristics, so you set Bits 0 and 1 to
1. Similarly, a new CLOCK device could he
installed hy setting the appropriate attribute.
Although there is a NUL device attribute, it is
reserved for MS-DOS.
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The NON PC-DOS FORMAT hit applies only to
block devices and affects the operation of the
BUILD BPB (Bios Parameter Block) device call.
The implementation of all block devices is PC-
DOS software and hardware compatible.

The lOCTL hit is meaningful for both types of
devices. This hit tells MS-DOS whether the
device can handle control strings with the
lOCTL system call. Function 44H.
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If a driver cannot process control strings, this
bit is 0. MS-DOS returns an error if an attempt
is made to handle control strings. A device
which can process control strings sets the
lOCTL bit to 1. For drivers of this type, MS-DOS
calls lOCTL INPUT and OUTPUT device func

tions to send and receive lOCTL strings.

The lOCTL functions allow data outside of the

normal user's reads and writes to he sent to the

driver. The interpretation of this information is
up to the driver.

Strategy and These two fields are the entry points of the strat-
Interrupt egy and interrupt routines. They are word values
Routines and they must be in the same segment as the

Device Header.

Name Field This 8-byte field contains the name of a charac
ter device or the number of units of a block

device. If it is a block device, the number of units
can be put in the first byte. This is optional
because MS-DOS fills in this location with the

value returned by the driver's INIT code.

How to

Create a

Device

Driver

To create a device driver, write a binary file with
a Device Header at the beginning of the file. The
code originates at 0.
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MS-DOS always processes installable device
drivers before handling the default devices. To
install a new CON device, simply name the
device CON. Remember to set the standard

input device and standard output device bits in
the attribute word on the new CON device. The

scan of the device list stops on the first match,
so the installable device driver takes precedence.

MS-DOS installs the driver anywhere in
memory; therefore, be careful with memory ref
erences. Do not expect the driver to be loaded in
the same place.

Installation MS-DOS allows new device drivers to be

of Device installed dynamically at boot time. This is
Drivers accomplished by INIT code in the BIOS which

processes the CONFIG.SYS file.

At load time, DOS searches the root directory for
a file named CONFIG.SYS. Declare the files

containing your device drivers using the
DEVICE command.

DEVICE = [C:] [path] filename [.ext]

DOS loads your drivers as an extension of itself.
Include a separate DEVICE command for each
driver to be loaded.
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Request When MS-DOS calls a device driver to perform a
Header function, it passes a Request Header in ES:BX to

the strategy entry point. This is a fixed length
header followed by data pertinent to the opera
tion being performed. It is the device driver's
responsibility to preserve the machine state. For
example, save all registers on entry and restore
them on exit. There is enough room on the stack
when strategy or interrupt is called to do about
20 pushes. If more stack is needed, the driver
sets up its own stack.

The following figure illustrates a Request
Header.

O

2

3

REQUEST HEADER ->

BYTE length of record (the
length in bytes of perti
nent data, plus the length
of this Request Header)

BYTE unit code

The suhunit the operation
is for (minor device)
(no meaning on character
devices)

BYTE command code

WORD status

8 bytes RESERVED

Unit Code If your device driver has three units, then the
possible values of the unit code field are 0,1,
and 2.
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Command The command code field in the Request Header
Code Field can have the following values:

Command

Code Function

0 INIT

1 MEDIA CHECK

(Block only, NOP for character)
2 BUILD BPB

3 lOCTL INPUT

(Only called if device has lOCTL)
4 INPUT (Read)
5 NON-DESTRUCTIVE INPUT NO WAIT

(Char devices only)
6 INPUT STATUS
7 INPUT FLUSH

8 OUTPUT (Write)
9 OUTPUT (Write) with verify
10 OUTPUT STATUS

11 OUTPUT FLUSH

12 lOCTL OUTPUT

(Only CEilled if device has lOCTL)

Status Word The following figure illustrates the status word
in the Request Header.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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E B D

R RESERVED U 0 ERROR CODE

R
1 1—1 1—

s N (bit 15 on)

The status word is set by the driver interrupt
routine.

Bit 8 is the done bit. When set, it means the
operation is complete.
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Bit 15 is the error bit. If it is set, then the low 8
bits indicate the error. The errors are:

0 Write protect violation
1 Unknown Unit

2 Drive not ready
3 Unknown command

4 CRC error

5 Bad drive request structure length
6 Seek error

7 Unknown media

8 Sector not found

9 Printer out of paper
A Write fault

B Read Fault

C General failure

Bit 9 is the busy hit which is set only by status
calls.

• For output on character devices:
If bit 9 is 1 on return, a write request waits for
completion of a current request. If it is 0, there is
no current request and a write request starts
immediately.

• For input on character devices with a buffer:
If bit 9 is 1 on return, a read request goes to the
physical device. If it is 0 on return, then there
are characters in the device buffer and a read

returns quickly. MS-DOS assumes all character
devices have an input type-ahead buffer. Devices
that do not have a type-ahead buffer return
busy=0 so that MS-DOS does not wait for non
existent buffer input.
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Media Check

and Build

BPB

MEDIA CHECK and BUILD BPB are used with

block devices only. MS-DOS calls MEDIA
CHECK first for a drive unit and passes its cur
rent media descriptor byte. MEDIA CHECK
returns one of the following results:

• Media Not Changed — current DPB and media
byte are OK.

• Media Changed — Current DPB and media are
wrong. MS-DOS invalidates buffers for this unit
and calls the device driver to build the BPB.

• Not Sure — If there are dirty buffers for this
unit, MS-DOS assumes the DPB and media byte
are OK. If nothing is dirty, MS-DOS assumes
the media has changed. It invalidates buffers for
the unit and calls the device driver to build the

BPB.

• Error — If an error occurs, MS-DOS sets the
error code.

MS-DOS calls BUILD BPB under the following
conditions:

• If Media Changed is returned

• If Not Sure is returned and there are no dirty
buffers

Init Routine The Init Routine is called only once when the
device is installed. It returns a location DS:DX

which is a pointer to the first free byte of
memory after the device driver. To save space,
this pointer method can be used to delete initial
ization code that is only used once.
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Additional information that block drivers return

is:

The number of units

A pointer to a BPB

The media decriptor

The number of units determines the logical
device names. This mapping is determined by
the position of the driver in the device list and
by the number of units on the device.

BPB blocks are used to build an internal MS-

DOS data structure for each of the units. The

driver passes MS-DOS a pointer to an array of n
word BPB pointers, where n is the number of
units. If all units are the same, they can share a
BPB to save space. This array must he before
the free space pointer since MS-DOS builds an
internal DOS structure starting at this free byte.
The defined sector size must be less than or

equal to the maximum sector size defined at
INIT time; otherwise, the install fails.

The media descriptor byte means nothing to MS-
DOS. It is passed to drivers so that they know
what parameters MS-DOS is currently using for
a drive unit.

Block devices are either dumb or smart. A dumb

device defines a unit and an internal DOS struc

ture for each possible media drive combination.
For example, unit 0 = drive 0 single side, unit 1 =
drive 0 double side. In this case, media descrip
tor bytes mean nothing.
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MS-DOS Device

Drivers

Function

Call

Parameters

A smart device allows multiple media per unit.
In this case, the BPB tahle returned hy INIT
defines space large enough to accommodate the
largest possible media supported. Smart drivers
use the media descriptor byte to pass informa
tion about the media currently in a unit.

Strategy routines are called with ES:BX point
ing to the Request Header. The interrupt rou
tines get the pointers to the Request Header
from the queue that the strategy routines store
them in. The command code in the Request
Header tells the driver which function to
perform.

All DWORD pointers are stored offset first, then
segment.

INIT

Command code = 0

INIT - ES:BX ->

13-BYTE Request Header

oo /3

0^

10 /t

BYTE # of units

DWORD break address

DWORD pointer to BPB array
(Not set hy character devices)

9-18

The number of units, break address, and BPB
pointer are set by the driver. On entry, the
DWORD points to the character after the '=' on
the line in CONFIG.SYS. This allows drivers to
scan the CONFIG.SYS invocation line for
arguments.



Media Check

MS-DOS Device

Drivers

If there are multiple device drivers in a single
.COM file, the ending address returned by the
last INIT is the one MS-DOS uses. All of the

device drivers in a single .COM file return the
same ending address.

Command Code = 1

MEDIA CHECK - ES:BX ->

13-BYTE Request Header

BYTE media descriptor from DPB

BYTE returned

In addition to setting the status word, the driver
sets the return byte to one of the following:

-1 Media has been changed
0 Don't know if media has been changed
1 Media has not been changed

If the driver can return -1 or 1 because it has

a door-lock or other interlock mechanism,
MS-DOS performance is enhanced because
MS-DOS does not need to reread the FAT

for each directory access.
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MS-DOS Device

Drivers

Build BPB

(BIOS
Parameter

Block)

9-20

Command code = 2

BUILD BPB - ES:BX ->

13-BYTE Request Header

BYTE media descriptor from DPB

DWORD transfer address

(Points to one sector worth of
scratch space or first sector
of FAT depending on the value
of the NGN PC-DOS FORMAT bit)

DWORD pointer to BPB

If the NON PC-DOS FORMAT hit is 1, then the
DWORD transfer address points to a sector
scratch buffer.

If the NON PC-DOS FORMAT hit is 0, then this
buffer contains the first sector of the first FAT

and the driver must not alter this buffer.

The first sector of the first FAT must be located

in the same sector for all media. This is because

the FAT sector is read BEFORE the media is

actually determined. Use this mode to read the
FAT ID byte.

In addition to setting status word, the driver
must set the pointer to the BPB on return.

To allow different OEMs to read each other's

disks, the information relating to the BPB for
the media is kept in the hoot sector of the media.
The format of the boot sector is:

n



MS-DOS Device

Drivers

3 BYTE near JUMP to hoot code

8 BYTES OEM name and version

WORD bytes per sector

BYTE sectors per allocation unit

B

P

B

WORD reserved sectors

BYTE number of FATs

WORD number of root dir entries

WORD number of sectors in logical image

BYTE media descriptor

WORD number of FAT sectors

WORD sectors per track

WORD number of heads

WORD number of hidden sectors

Sectors per track, number of heads, and number
of hidden sectors are optional. They are intended
to help the BIOS understand the media. Sectors
per track may he redundant since it can he cal
culated from total size of the disk. Number of

heads supports different multi-head drives with
the same storage capacity hut a different
number of surfaces. Number of hidden sectors

supports drive-partitioning schemes.
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MS-DOS Device

Drivers

Media The last two digits of the FAT ID byte are called
Descriptor the media descriptor byte. Currently, the media
Byte descriptor byte has been defined for a few media

types.

9-22

Bit Meaning

0 1 = 2 sided; 0 = not 2 sided

1 1 = 8 sector; 0 = not 8 sector

2 1 = removahle; 0 = not removable

3-6 must be set to 1

7 1 = not 80 track; 0 = 80 track

5 1/4" disks:

FEh 160K

FCh 180K

FFh 320K formatted single sided
FDh 360K formatted single sided
7Dh 720K

HDU: F8h

Although these media bytes map directly to FAT
ID bytes which must be F8-FF, media bytes can,
in general, be any value in the range 0-FF.

rN



Read or

Write

MS-DOS Device

Drivers

Command codes = 3,4,8,9, and 12

READ or WRITE - ES:BX (Including lOCTL) ->
c

rz

13-BYTE Request Header

BYTE media descriptor from DPB

DWORD transfer address

WORD byte/sector count

WORD starting sector number
(Ignored on character devices)

In addition to setting the status word, the driver
must set the sector count to the actual number of

sectors (or bytes) transferred. No error check is
performed on an lOCTL I/O call. The driver
must set the return sector (byte) count to the
actual number of bytes transferred.

A user program can not request an I/O of more
than FFFFH bytes and cannot wrap around in
the transfer segment.
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MS-DOS Device

Drivers

Non

Destructive

Read No

Walt

9-24

Command code = 5

NON DESTRUCTIVE READ NO WAIT -

ES:BX ->

13-BYTE Request Header

BYTE read from device

If the character device returns husy hit = 0
(characters in buffer), then the next character
that would be read is returned. This character is

not removed from the input buffer, hence the
term Non Destructive Read. Basically, this call
allows MS-DOS to look ahead one input
character.



Status Command codes = 6 and 10

STATUS Calls - ES:BX ->

13-BYTE Request Header

MS-DOS Device

Drivers

The driver sets the status word and the busy hit
as follows:

For output on character devices:
If bit 9 is 1 on return, a write request waits for
completion of a current request. If it is 0, there is
no current request and a write request starts
immediately.

For input on character devices with a buffer:
A return of 1 means a read request goes to the
physical device. If it is 0 on return, then there
are characters in the device's buffer and a read

returns quickly. A return of 0 also indicates that
the user has typed something. MS-DOS assumes
that all character devices have an input type-
ahead buffer. Devices that do not have a type-
ahead buffer return busy = 0 so that the DOS
does not wait for something to get into a non
existent buffer.
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MS-DOS Device

Drivers

Flush

Clock Device

9-26

Command codes = 7 and 11

FLUSH Calls - ES:BX ->

13-BYTE Request Header

The FLUSH call tells the driver to terminate all
pending requests. This call is used to flush the
input queue on character devices.

One of the special enhancements for the Safari-3
is the battery-backed 58174A clock-calender chip
and related driver. This chip is integrated into
the system as the CLOCK device and is accessed
with the TIME and DATE command.

This CLOCK device defines and performs func
tions like any other character device. When a
read or write to this device occurs, exactly 6
bytes are transferred. The first two bytes are the
count of days since 1-1-80. The third byte is min
utes, the fourth, hours, the fifth, hundredths of
seconds, and the sixth, seconds.

Reading the CLOCK device gets the date and
time; writing to it sets the date and time.

o



Asynchronous Communications
Element

Functional The Asynchronous Communications Element
Description (ACE) performs serial-to-parallel conversion on

input data characters received from a modem
and parallel-to-serial conversion on output data
characters received from the CPU. You can read
the status of transfer operations at any time.
This device gives you modem control capability.

The baud rate and serial interface characteris
tics are programmable. The ACE has a software-
tailored interrupt system whose interrupt
request is on INT4.

Block

Diagram

3.6864 MHz

INTERRUPT

ENABLE

8250

ACE
SOUT

1488
LINE

DRIVERS TxD

PINS

RTS RTS 4DO: 7

-DTR DTR 23

MR

-DOSTR

-DISTR

SIN

1489

LINE
RxD

-CS2 RECEIVERS

-GTS CTS
AO

5

-DSR DSR
A1

-Rt Rl 22A2

-DCD
_

DCD

XTAL1 INTERFACE

CONNECTOR

INT

-0UT2
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Asynchronous Communications
Element

Registers

PORT NAME

A B

3F8 2F8 DATA

3F9 2F9 INTERRUPT ENABLE

3FA 2FA INTERRUPT IDENTIFICATION

3FB 2FB LINE CONTROL

3FC 2FC MODEM CONTROL

3FD 2FD LINE STATUS

3FE 2FE MODEM STATUS

3FF 2FF SCRATCH

3F8 2F8 DIVISOR LATCH

3F9 2F9 DIVISOR LATCH

READ/ DESCRIPTION

WRITE

R/W Receive Buffer,
W Transmitter Holding

Register
W See layout
R See layout

R/W See layout
R/W See layout

R See layout
R/W See layout
R/W Scratch pad register

W Least significant byte
W Most significant byte

Layout

INTERRUPT ENABLE REGISTER
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Enable Modem Status Interrupt

Enable Receiver Line Status
Interrupt

Enable Transmitter Holding
Register Empty Interrupt

Enable Receive Data Ready
Interrupt

/-N



Asynchronous Communications
Element

INTERRUPT IDENTIFICATION REGISTER

, -i

Modem Status

Interrupt pending

LINE CONTROL REGISTER

Odd Parity

1 Stop bit

5 Bit Word Length

01: Transmitter Holding Register
Empty

10: Receiver Data Ready
11: Receiver Line Status

No interrupt pending

iccess divisoHafhft
enerator.

erialoutput IS forcedtospacin|
state (logic 0). Used to alert t

inal in communication systen

Reverse meaning of type of parl1

Even Parity

Parity Bit generated for transmit
data and checked for in receive
data

1 Vz Stop Bits if 5 Bit Word
Length 2 Stop Bits if 6, 7,
or 8 Bit Word Length

01: 6 Bit Word Length
10: 7 Bit Word Length
11: 8 Bit Word Length
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Asynchronous Communications
Element

MODEM CONTROL REGISTER

LINE STATUS

9-30

ftiisRggiste'P^
I reset to zero wtienever the J

gfsfer is read,

feitherlransmitter Holding
legister or the Transmitter Shift
legisters have a character

Sets local loop-back feature for
diagnostic testing

Forces Output 2, an auxiliary
user designated output, to 0

Forces Output 1, an auxiliary
user designated output, to 0

Request to Send

Data Terminal Ready

-'Transmitter HoldingRegister and
Transmitter Shift Registers are

iy empty

Transmitter Holding Register
Empty

^Break Interrupt
Received data is in Spacing State

\for full word transmission time

/Framing Error
Received character has invalid

\stop bit
'Parity Error

Received character has incorrect
\ parity
'Overrun Error — Character in re

ceive buffer not read before
\ another character transferred there

' Data Ready
Complete character in to receive

Vbuffer



MODEM STATUS REGISTER

Asynchronous Communications
Element

^ gister are
fegver tne registeg^lyj

Ring }ndicatO|

Data Set Ready

Clear to Send

Delta Data Garner Detect
The -DCD input has changed
status

Trailing Edge of Ring Indicator
The-RI input has changed from a
logical 1 to a logical 0

Delta Data Set Ready
Modem has changed status since
last read

Delta Clear To Send
Modem has changed status since
last read

Functions • IDENTIFY INTERRUPTS

INPUT: INTERRUPT IDENTIFICATION

REGISTER

• READ LINE STATUS

INPUT: LINE STATUS REGISTER

• READ MODEM STATUS

INPUT: MODEM STATUS REGISTER

• RECEIVE CHARACTER

INPUT: DATA

• SEND CHARACTER

OUTPUT: DATA
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Asynchronous Communications
Element

• SET BAUD RATE

To set the baud rate, you load the divisor which
yields the correct rate (16 x divisor = clock fre
quency (1.8432 MHz)/haud rate x 16)

OUTPUT: LINE CONTROL REGISTER

BIT 7 = 1

DIVISOR LATCH - Least significant hyte
DIVISOR LATCH - Most significant hyte

• SET INTERRUPTS

OUTPUT: INTERRUPT ENABLE

REGISTER

• WRITE LINE CONTROL

CHARACTERISTICS

OUTPUT: LINE CONTROL REGISTER

• WRITE MODEM CONTROL

CHARACTERISTICS

OUTPUT: MODEM CONTROL REGISTER

Sequencing To transmit a character, first issue a Request to
and Timing Send and Data Terminal Ready to the Modem

Control Register. Then wait for the Modem Stat
us to have Data Set Ready and Clear to Send
set. When the Transmitter Holding Register is
empty as indicated in the Line Status Register,
write the character to the data register.
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To receive a character, set Data Terminal Ready
in the Modem Control Register. Then wait for
Data Set Ready m the Modem Status Register.
When Data Ready in the Line Status Register is
set, input the character from the data register.



Asynchronous Communications
Element

The following table states the divisors to use to
obtain a given baud rate.

BAUD RATES USING 1.8432 MHz CLOCK

BAUD RATE DIVISOR

110 1047

150 768

300 384

600 192

1200 96

1800 64

2000 58

2400 48

3600 32

4800 24

7200 16

9600 12

If you wish to use the break control feature to
alert a terminal in a communication system, the
following sequence assures that no erroneous or
extraneous characters are transmitted.

• Load an all O's pad character into the transmit
ter holding register.

Set break when the transmitter holding register
is empty.

• Wait for transmitter empty (Bit 6 = 1 in Line
Status Register) and clear break.

Note that the transmitter operates normally dur
ing a break sequence and can be used as a char
acter timer to establish an accurate break

length.
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Asynchronous Communications
Element

TYPE

If the ACE is programmmed to interrupt, the
interrupt is on INT4. The ACE acknowledges
the highest priority interrupt as indicated in this
chart. The Interrupt Identification Register
states which interrupt is pending.

SOURCE - RESET

Receiver Line Status Overrun Error — Read Line Status

Register
Parity Error
Framing Error
Break Interrupt
Receive Data Ready — Read data
Transmitter Holding — Write data
Register Empty
Clear To Send — Read Modem Status

Register
Data Set Ready
Ring Indicator
Data Carrier Detect

Received Data Ready
Transmitter Holding
Register Empty
Modem Status
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Asynchronous Communications
Element

Sample ;This program sets the baud rate to 1200 baud
Program LINE.CTL EQU 3FB

DVSR^L EQU3F8
DVSR_M EQU3F9

SET_BAUD:

MOV AL,080H ;access divisor
MOV DX,LINE_CTL ;Iatcb
OUT DX,AL

MOV AX,096 ;divisor for 1200 baud
MOV DX,DVSR_L
OUT DX,AL ;least significant bjde

MOV DX,DVSR_M
MOV AL,AH
OUT DX,AL ;most significant byte

XOR AL,AL ;tum off access to latcb
MOV DX,LINE_CTL
OUT DX,AL
RET
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DMA Controller

Functional The DMA controller allows devices to transfer

Description data directly to and from memory without CPU
involvement. It has four channels.

9-36

Channel 0 has the highest priority and is used to
refresh memory. The Interval Timer is pro
grammed to periodically request a dummy DMA
transfer. This creates a memory read cycle
which refreshes memory.

Channel 1 is available on the I/O expansion bus
to support high speed transfer between I/O
devices and memory. Channel 3 has the lowest
priority.

Channel 3 is dedicated to the hard disk con-

troller. Channel 2 is dedicated to the floppy disk
controller.

The DMA controller has four transfer modes.

Single transfer mode makes only one transfer.
Block transfer mode continues transferring until
the count goes from 0 to FFFFH. Demand
transfer allows transfers to continue until the

I/O device has exhausted its capacity. The cas
cade mode allows more than one DMA controller

to be used and is not applicable in the AT&T
Personal Computer 6300.

When autoinitialize is requested, the original
values of the Current Address and Current

Count registers are restored at the end of the —,
operation. ' ^



Block

Diagram

TIMING

PRIORITY

ENCODER

AND

ROTATING
PRIORITY

LOGIC

DMA Controller

The DMA controller has two types of priority
schemes. The fixed scheme bases the priority on
the descending value of their numbers. In this
scheme, Channel 3 has the lowest priority. The
second scheme is rotating priority. The last
channel to get service becomes the lowest prior
ity channel.

Compressed Timing allows greater throughput
by compressing the transfer time into two clock
cycles.

TEMP WORD

COUNT REG (16)

READ BUFFER .

16 BIT BUS

WORD

COMMAND (8)

MASK (4)

REQUEST (4)

INC/OECREMENTOR

TEMP ADDRESS

REG (16)

CURRENT

ADDRESS

(16)

STATUS (8)
[TEMPORARY I

(81 I

I/O BUFFER

I/O BUFFER
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DMA Controller

Registers

3RT NAME READ/ DESCRIPTION

WRITE

0 CHANNEL 0 ADDRESS W 16 bit address

1 CHANNEL 0 COUNT W I's complement of # of bytes
to transfer

0 CHANNEL 0 CURRENT ADDRESS R 16 bit address

1 CHANNEL 0 CURRENT COUNT R I's complement of # of bytes
to transfer

2 CHANNEL 1 ADDRESS W 16 bit address

3 CHANNEL 1 COUNT W I's complement of # of bytes
to transfer

2 CHANNEL 1 CURRENT ADDRESS R 16 bit address

3 CHANNEL 1 CURRENT COUNT R I's complement of # of bytes
to transfer

4 CHANNEL 2 ADDRESS W 16 bit address

5 CHANNEL 2 COUNT w I's complement of # of bytes
to transfer

4 CHANNEL 2 CURRENT ADDRESS R 16 bit address

5 CHANNEL 2 CURRENT COUNT R I's complement of # of bytes
to transfer

6 CHANNEL 3 ADDRESS W 16 bit address

7 CHANNEL 3 COUNT w I's complement of # of bytes
to transfer

6 CHANNEL 3 CURRENT ADDRESS R 16 bit address

7 CHANNEL 3 CURRENT COUNT R I's complement of # of bytes
to transfer

8 STATUS R See layout
8 COMMAND W See layout
9 REQUEST w See layout
A SINGLE MASK w See layout
B MODE w See layout
C CLEAR FLIP/FLOP w Execute prior to read or

write of address or count

D TEMPORARY R Contains last byte of
memory-to-memory transfer
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Registers

D MASTER CLEAR

E CLEAR MASK

F WRITE ALL MASK

80 CHANNEL 0 SEGMENT

82 CHANNEL 1 SEGMENT

81 CHANNEL 2 SEGMENT

83 CHANNEL 3 SEGMENT

Layout

COMMAND

DACK Low

DREQ High

Late Write Selection

Fixed Priority

Normal Timing

Controller Enable

Memory-to-Memory Disable

STATUS

DMA Controller

W Any write clears controller
W Clear mask, all channels

accept DMA commands
W See layout
W Address segment nybble
W Address segment nybble
W Address segment nybble
W Address segment nybble

PACK High

DREQ L

Extended wme

Rotating Priority

Compressed Timing

Controller Disable

Memory-to-Memory Enable

..Channel 3 Has Request

Channel 2 Has Request

Channel 1 Has Request

Ctiannel 0 Has Request

Channel 3 Finished Transfer

Channel 2 Finished Transfer

Channel 1 Finished Transfer

Channel 0 Finished Transfer
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DMA Controller

REQUEST REGISTER

0

Reset Request Bit

Select Channel 0

MARK REGISTER

0

Clear Mask Bit

Se ect Channe 0

9-40

01; Set Request Bit

01: Select Channel 1

10: Select Channel 2
11: Select Channel 3

01: Set Mask Bit

01: Select Channel 1
10: Select Channel 2

11: Select Channel 3



WRITE ALL MASK REGISTER

Enable Channel 3

Enable Channel 2

Enable Channel 1

Enable Channel 0

MODE

Demand Mode;

Increment Address

Verify Function

Select Channel 0

DMA Controller

Disable Channel 3

Disable Channel 2

Disable Channel 1

Disable Channel 0

01: Single Mode
10; Block Mode

11: Cascade Mode1
Decrement Address

Autoinitialize Enabled

01: Write Function

10: Read Function

01: Select Channel 1
10: Select Channel 2

11: Select Channel 3
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DMA Controller

^
Functions • DISABLE CONTROLLER

This function disables the controller.

OUTPUT: COMMAND REGISTER
BIT 2 = 1

• MASTER CLEAR CONTROLLER

This function clears the controller. The

Command, Status, Request, Temporary and
Flip/Flop Registers are cleared.
OUTPUT: MASTER CLEAR

• DMA READ, WRITE OR VERIFY
This function sets up the controller to do the
desired operation.
OUTPUT: CLEAR FLIP/FLOP

MODE REGISTER ^
BITS 0-1 channel

BITS 2-3 function

BIT 4 autoinitialize

BIT 5 address increment or

decrement

BITS 6-7 mode

ADDRESS REGISTER

16 BIT address, first output the
LSB and then the MSB

SEGMENT NYBBLE

One nybhle. The significant nybble
of the segment register is in hits
12-15. Rotate to Bits 0-3 before

output.
COUNT REGISTER

16 bit I's complement of the # of
bytes. First output the LSB and r
then the MSB.
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DMA Controller

• REQUEST DMA SERVICE
This is a software request for DMA services.
OUTPUT: REQUEST REGISTER

• READ STATUS

This function reads the channel status.

INPUT: STATUS REGISTER

• WRITE COMMAND REGISTER

This function controls the operation of the DMA
controller.

OUTPUT: COMMAND REGISTER

• WRITE ALL MASK REGISTER

This function enables and disables automatic

DMA transfer for all channels.

OUTPUT: WRITE ALL MASKS REGISTER

• WRITE MASK REGISTER

This function enables and disables automatic

DMA transfers for a channel.

OUTPUT: MASK REGISTER

• WRITE MODE REGISTER

This function specifies the mode for the specified
channel.

OUTPUT: MODE REGISTER

• CLEAR MASKS

This function clears all the masks so that all

channels accept DMA commands.
OUTPUT: CLEAR MASK REGISTER
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DMA Controller

Sequencing When the system is powered-up, it is recom-
and Timing mended that all mode registers be set with valid

data even if the channel is not used.

Before loading the address and count registers,
disable the controller (BIT 2 of COMMAND
REGISTER) or mask the channel. This prevents
erroneous transfers before a complete address is
loaded.

A write to the Clear Flip/Flop sets the controller
so that an access to an address or count is to the

upper and lower byte in the correct sequence.

Sample ;This program initializes an unused channel
Program ;at start-up

COMMAND EQU 8
MODE EQU B
INIT-CHAN:

MOV AL,04H ;disable controller
OUT COMMAND,AL
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MOV AL,041H

OUT MODE,AL
RET

;channel 1, verify, inc.
;addr
;single mode
;now setup other
;channels

/-N



Floppy Diskette
Interface and Controller

Functional The diskette interface and NEC uPD765 con-

Description troller read and write 5 1/4 inch diskettes on as
many as two drives. Single density (FM) or dou
ble density (MFM) formats are supported. Single
density diskettes contain 163,840 bytes and dou
ble density diskettes contain 327,680 bytes.

Each sector on the diskette contains an ID field

and the Data field. The ID field contains the

cylinder number, the bead number, the sector
number and the number of bytes per sector.

The diskette controller performs 15 separate
functions. It operates in either DMA or non-
DMA mode. Interrupts can be enabled on INT6.

Block

Diagrams

CLK4

DACK2

2MHz

OUTPUT

CONTROL

REGISTER

WRCLK

Ifdcrst I

500 KHz

PSO

IWDA

VCOSYNC

DATA

RDCLK

CLK4

WRtTE

PRE

COMPENSATION

CIRCUIT

READ
DATA

WP

TRO

INDEX

HDSEL

STEP

DIR

WE

motorc

MOTOR1

PIN#
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Floppy Diskette
Interface and Controller

TERMINAL

COUNT

DATA

READ/
WRITE/

DMA

CONTROL

LOGIC

o-

o
SERIAL

INTERFACE
CONTROLLER

-WR CLOCK

• WR DATA

• WR ENABLE

- PRE-SHIFTO

- PRE-SHIFT1

- RO DATA

-READ DATA WINDOW

•VCD SYNC

READY

WRITE PROTECT/TWO

"SIDE
• INDEX

- FAULT/TRACK 0

DRQ-"

-DACK-

INT-.

lORD

-RD-

-WR-

lOWR

AO-

o
O

INPUT
PORT

o

Registers

DRIVE

INTERFACE
CONTROLLER

• UNIT SELECT 0

• UNIT SELECT 1

• MFM MODE

- -RW/SEEK

- HEAD LOAD

HEAD SELECT
LOW CURRENT/
DIRECTION

" FAULT RESET/STEP

OUTPUT

PORT

PORT NAME READ/

WRITE

DESCRIPTION

3F2 INTERFACE OUTPUT CONTROL W

3F4 FDC MAIN STATUS REGISTER R

3F5 FDC DATA R/W
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See layout
See layout
Transfers data, commands,
parameters, and status

o



Layout

INTERFACE OUTPUT CONTROL

Drive 1 motor off

Drive 0 motor off

Disables FDC

interrupt and DMA

Resets FDC

Selects drive 0

Floppy Diskette
Interface and Controller

Drive 1 motor on

Drive 0 motor on

Enables FDC interrupt
request and DMA

Selects drive 1

FDC MAIN STATUS REGISTER (MSR)

Data register not ready

Transfer from FDC to data
register

FDC in result phase
on non-DMA operation

FDC not busy

Drive 1 not busy

Drive 0 not busy

Data register ready to send or
receive data

Transfer from data register to
FDC

FDC in execution phase of non-
DMA operation

FDC busy, read or write
command in process

Drivel busy seeking

Drive 0 busy seeking
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FloppyDiskette
InterfaceandController

STATUSREGISTER0

0

NormalComDietion

Head0atinterrupt

STATUSREGISTER1

0

!
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01:Abnormalcompletion
10:Invalidcommand
11:Drivenotreadyafterstartof

command

Seekcomplete

Equipmentcheck.Faultcondition
wiIuriveortrack0notfoundduring
recallbration.

FDCnotreadyonRead/Writeor
Read/Writeissuedtoside1ofa
singlesidedfloppy.

Head1atinterrupt

Drive1selectedatinterrupt

Drive0selectedatinterrupt

ControlMarkDeleteddata
addressmarkencountered-
duringreadorscan.^^

DataError.CRCerrorindata:;
field.

Wrongcylinder.Cylinderondis
ketteisnotwhatitshouldbe.

Equalconditionsatisfiedduring
Scancommand.

Scannotsatisfied

Badcylinder.Cylinderondis
ketteisincorrect.

FDCcannotfindadataaddress

markordeleteddataaddress
markduringaread.

n



STATUS REGISTER 2

0

STATUS REGISTER 3

0

S de 0 Se ected

Head 0 selected

Floppy Diskette
Interface and Controller

^beyond end of cylinder. 1
•fData error. CRC error tn data fiel#
^or ID field.

Data overrun. FDC not serviced
during data transfer within curtain
time.

No data. Data sector not found dur
ing read data, write deleted data or
scan command. Failure, to read

/sector ID during readID command.
Starting sector not found during

.read cylinder command.

Write protect error.

ID address mark not detected.

Fault on drive

Drive write protected

Drive ready

Track 0

Side 1 Selected

Head 1 selected

Drive 1 selected

Drive 0 selected
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Floppy Diskette
Interface and Controller

Parameters

SYMBOL NAME

DTL Data Length

EOT End of Track

GPL Gap Length

HD Head

HLT Head Load Time

HUT Head Unload Time

MF MF or MFM Mode

MT Multi-track

N Number of bytes/
sector

ND Non-DMA

SRT Step Rate Time

ST0-ST3 Status Registers
STP Scan Test Flag

USO.USl Unit Select
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DESCRIPTION

Only applies when there are 128 bytes per
sector. If so, number of bytes to read or
write. Otherwise, DTL = EE.
Last sector number on cylinder. If there are
8 sectors per cylinder, then EOT = 8.
Gap 3 length between sectors. Different for
format and read/write commands.

Selected Head number.

4ms to 508ms in 4ms increments for 8Mhz

clock. In this case, 4ms.
Cms to 480ms in 32ms increments for 8Mhz

clock. This is the amount of time to wait

after a read or write before the heads are

unloaded. If a new command is issued

quickly, this saves head load time.
0 = MF, 1 = MFM
MT = 1, multi-track operation. After com
pleting an operation on side 0, the FDC con
tinues on side 1.

0 = 128 bytes, 1 = 256 bytes, 2 = 512 bytes
3 = 1024 bytes
0 = DMA mode, 1 = non-DMA mode
32ms to 2ms in 2 ms increments for 8Mhz

clock. This is the amount of time to move

the head from track to track. At 48 TPI,
SRT = 6 ms. At 96 TPI, SRT = 4ms.
See layout
STP = 1, sector by sector compare
STP = 2, alternate sectors

USx = 0, drive not selected
USx = 1, drive selected
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Functions • FORMAT A TRACK

This function formats an entire track. The ID

Field for each sector is supplied hy the pro
grammer during the execution phase.

OUTPUT:

EXECUTION:

INPUT:

POSSIBLE

ERRORS:

0 MF 0 0 1 1 0 1

0 0 0 0 0 HD USl uso

Number of bytes/sector
Sector/track

Gap Length
Filler Byte

Sector ID Field transfer

Status Register 0
Status Register 1
Status Register 2
Cylinder
Head

Sector

Number of bytes/sector

Equipment check, and not ready
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• READ DATA

This function reads data from the diskette.

9-52

OUTPUT:

EXECUTION:

INPUT:

POSSIBLE

ERRORS:

MT MF SK 0

1o1

1 1 0

0 0 0 0

1̂1

HD USl uso

Cylinder
Head

Sector

Number of bytes/sector
End of Track

Gap Length
Data Length
Data Transfer

Status Register 0
Status Register 1
Status Register 2
Cylinder
Head

Sector

Number of bytes/sector

No data, data error, data error
in data field, and control mark

n
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• READ DELETED DATA

This function reads deleted data.

OUTPUT:

MT MF SK 0 1 1 0 0

0 0 0 0 0 HD USl uso

Cylinder
Head

Sector

Number of bytes/sector
End of Track

Gap Length
Data Length

EXECUTION: Data Transfer

INPUT: Status Register 0
Status Register 1
Status Register 2
Cylinder
Head

Sector

Number of bytes/sector

• READ ID

This function reads the first correct sector ID

field.

OUTPUT:

EXECUTION:

INPUT:

0 MF 0 0 1 0 1 0

0 0 0 0 0 HD USl uso

Status Register 0
Status Register 1
Status Register 2
Cylinder
Head
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POSSIBLE

ERRORS:

Sector

Number of bytes/sector

Missing address mark and
no data

READ TRACK

This function reads all data fields from the

index hole to EOT. The EDO continues reading
even if it finds a CRC error in the ID or data

fields.

OUTPUT:

EXECUTION:

INPUT:

POSSIBLE

ERRORS:

0 MF SK 0 0 0 1 0

0 0 0 0 0 HD USl uso

Cylinder
Head

Sector

Number of bytes/sector
End of Track

Gap Length
Data Length
Data transfer

Status Register 0
Status Register 1
Status Register 2
Cylinder
Head

Sector

Number of bytes/sector

No data, data error and missing
address mark

n
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• RECALIBRATE

This function positions the head to head 0,
cylinder or track 0.

OUTPUT:

EXECUTION:

POSSIBLE

ERRORS:

0 0 0 0 0 1 1 1

0 0 0 0 0 0 USl uso

Head repositioned

Equipment check

• SCAN EQUAL
This function scans for an equal data compare.

OUTPUT:

MT MF SK 1 0 0 0 1

0 0 0 0 0 HD USl uso

Cylinder
Head

Sector

Number of bytes/sector
End of track

Gap Length
Contiguous or alternate sectors

EXECUTION: Data transfer

INPUT: Status Register 0
Status Register 1
Status Register 2
Cylinder
Head

Sector

Number of bytes/sector
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SCAN LOW OR EQUAL
This function scans for a low or equal data
compare.

OUTPUT:

EXECUTION:

INPUT:

MT MF SK 1 1 0 0 1

0 0 0 0 0 HD USl uso

Cylinder
Head

Sector

Number of bytes/sector
End of track

Gap Length
Contiguous or alternate sectors
Data transfer

Status Register 0
Status Register 1
Status Register 2
Cylinder
Head

Sector

Number of bytes/sector

O
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• SCAN HIGH OR EQUAL
This function scans for a high or equal data
compare.

OUTPUT:

MT MF SK 1 1 1 0 1

0 0 0 0 0 HD USl uso

Cylinder
Head

Sector

Number of bytes/sector
End of track

Gap Length
Contiguous or alternate sectors

EXECUTION: Data transfer

INPUT: Status Register 0
Status Register 1
Status Register 2
Cylinder
Head

Sector

Number of bytes/sector

• SEEK

This function positions the head at the requested
cylinder.

OUTPUT:

0 0 0 0 1 1 1 1

0 0 0 0 0 HD usi uso

New cylinder number
EXECUTION: Heads repositioned
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SENSE DRIVE STATUS

This function obtains the current drive status.

OUTPUT:

INPUT:

0 0
1

1̂1
1 0 0

0 0 0 0 0 HD USl uso

Status Register 0

• SPECIFY

This function defines the drive parameters.

OUTPUT:

0 0 0 0 0 0 1 1

SRT HUT

HLT ND

• WRITE DATA

This function writes data.

OUTPUT:

MT MF 0 0 0 1 0 1

0 0 0 0 0 HD USl uso

Cylinder
Head

Sector

Number of bytes/sector
End of Track

Gap Length
Data Length

EXECUTION: Data Transfer

INPUT: Status Register 0
Status Register 1
Status Register 2
Cylinder
Head

Sector

Number of bytes/sector
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• WRITE DELETE DATA

This function writes deleted data.

OUTPUT;

MT MF 0 0 1 0 0 1

0 0 0 0 0 HD USl uso

Cylinder
Head

Sector

Number of bytes/sector
End of Track

Gap Length
Data Length

EXECUTION: Data Transfer

INPUT: Status Register 0
Status Register 1
Status Register 2
Cylinder
Head

Sector

Number of bytes/sector

Sequencing
and Timing

There are three phases to each function:

• command - The programmer writes the required
information to the FDC.

• execution - The FDC performs the operation.

• result - The programmer reads the FDC's status.
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Before any data can be read or written to the
FDC the Main Status Register (MSR) must be
read to determine the status of Bit 6 and Bit 7.

In the command phase, Bit 6 must be 0 and Bit 7
must be 1. In the result phase both bits must be
1. You must wait 12 usec after a data read or

write before reading the MSR.

In the command phases, all output must be writ
ten. The same is true in the result stage. All sta
tus information must be read.

During the execution phase, the FDC operates in
DMA mode or non-DMA mode. In DMA mode,
there is one interrupt at the end of the phase. In
non-DMA mode, there is an interrupt after the _
transfer of each byte. In the format command,
the ID field information for all the sectors in a

track is sent to the FDC (cylinder, head, sector
and bytes/sector). In DMA mode, 4 DMA
requests per sector are issued. In non-DMA
mode, there are 4 interrupts per sector. If inter
rupts cannot be handled every 13 ms in MFM
mode or every 27 ms in FM then the FDC is
polled. When polling. Bit 7 in the MSR functions
just like the interrupt.

When it is not executing a command, the FDC
polls the drives looking for a change in drive
ready. If there is a change, the FDC interrupts.
You can determine the cause of the unexpected
interrupt with the Sense Drive Status function.

The drive motors should be off when the drives

are not in use. However, they must be on prior to
a drive select.

During the execution phase of read and write
commands, the following occurs:
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The heads are loaded if unloaded.

The FDC waits for the head settle time to elapse.

The FDC begins reading the ID address marks
and ID field.

When the requested sector number compares
with the one on the diskette, the transfer begins.

After completion of the transfer, the FDC waits
the head unload time before unloading the
heads.

The amount of data that can he transferred in

one instruction depends on MT, MF, and N.

Multi-Track MFM/FM Bytes/Sector Maximum Transfer

MT MF N (Bytes/Sector)(Number of Sectors)

0 0 00 128*26 = 3,328
0 1 01 256*26= 6,656

1 0 00 128*52= 6,656
1 1 01 256*52 = 13,312

0 0 01 256*15= 3,840
0 1 02 512*15= 7,680

1 0 01 256*30= 7,680
1 1 02 512*30 = 15,360

0 0 02 512*8 = 4,096
0 1 03 1024*8 = 8,192

1 0 02 512*16= 8,192
1 1 03 1024*16 = 16,384

If a read or write terminates on error, then the
values for cylinder, head, sector, and number of
bytes per cylinder depends on the state of MT
and EOT.
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LAST SECTOR

MT HD TRANSFERRED ID INFORMATION IN RESULTS

EOT C H S N

0 0 Less than EOT NC NC S+1 NC
0 0 Equal to EOT C+1 NC S=1 NC

0 1 Less than EOT NC NC s+1 NC

0 1 Equal to EOT C+1 NC S=1 NC
1 0 Less than EOT NC NC s+1 NC
1 0 Equal to EOT NC LSB S=1 NC
1 1 Less than EOT NC NC s+1 NC
1 1 Equal to EOT C+1 LSB S=1 NC

NO = No Change
LSB = Least Significant Bit
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The Write Deleted Data is the same as Write

Data except that the FDC writes a Deleted Data
Address mark at the beginning of the Data Field
instead of the normal Data Address Mark. When

reading deleted data, the FDC sets the CM error
in Status Register 2 and reads the data. A Read
Data would not read the data. If SK = 1, then
the FDC skips the sector with the Deleted Data
Address mark and reads the next one.

The Gap Length is different for read, write, and
format commands. This table suggests approp
riate values.

O
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FORMAT SECTOR SIZE N SO GPL(l) GPL(

FM 128 00 12 07 09

FM 128 00 10 10 19

FM 256 01 08 18 30

FM 512 02 04 46 87

FM 1024 03 02 C8 FF

FM 2048 04 01 C8 FF

MFM 256 01 12 OA OC

MFM 256 01 10 20 32

MFM 512 02 08 2A 50

MFM 1024 03 04 80 FO

MFM 2048 04 02 C8 FF

MFM 4096 05 01 C8 FF

GPL(l) - Suggested GPL in read and write commands
GPL(2) - Suggested GPL in format commands

The scan commands terminate when a scan

condition is met, last sector on the track is
reached, or a terminal count is received. The
DMA issues the terminal count when it has no

more data to send. This chart determines the

result of the scan.

COMMENTCOMMAND STATUS REGISTER 2

BIT 2 BITS

SCAN EQUAL 0 1 DISKETTE

SCAN EQUAL 1 0 DISKETTE

SCAN LOW OR EQUAL 0 1 DISKETTE

SCAN LOW OR EQUAL 0 0 DISKETTE

SCAN LOW OR EQUAL 1 0 DISKETTE

SCAN HIGH OR EQUAL 0 1 DISKETTE

SCAN HIGH OR EQUAL 0 0 DISKETTE

SCAN HIGH OR EQUAL 1 0 DISKETTE

DATA = PROCESSOR DATA

DATA > < PROCESSOR DATA

DATA = PROCESSOR DATA

DATA < PROCESSOR DATA

DATA > PROCESSOR DATA

DATA = PROCESSOR DATA

DATA > PROCESSOR DATA

DATA < PROCESSOR DATA

Scans allow the compare to be on contiguous
sectors (STP = 1) or alternate sectors (STP = 2).
However, for normal termination of the com
mand the last sector on the track must be

compared.
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When a seek is requested, the FDC checks its
current position and decides in which direction
to move. Then step pulses are issued to move the
heads. The speed of the pulse is controlled by the
Step Rate Time in the Specify function. While
the drive is seeking, the seek bit in the MSR is
set. It must be cleared by Sense Interrupt Status
at the completion interrupt. While a drive is
seeking, the FDC is not busy. Another seek
command to the other drive can be requested.

Interrupts occur as the result of:

1) Entering Result Phase of:
Read Data

Read Track _
Read Deleted Data

Write Data

Write Deleted Data

Format Track

Scans

2) The execution phase in non-DMA mode
3) The Drive Ready line changing state
4) The end of Seek or Recalibrate

When the latter two occur, a Sense Drive Status
determines the cause of the interrupt. It is man
datory to follow Seek and Recalibrate functions
with a Sense Drive Status. This chart shows

how to interpret the results of a Sense Drive
Status.

STATUS REGISTER 0 CAUSE
BITS BIT 6 BIT 7

0 1 1 Ready line changed state
1 0 0 Normal termination of Seek or

Recalibrate

1 1 0 Abnormal termination of Seek or

Recalibrate
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The Specify command defines internal timers.
Head Unload Time (HUT) is programmable
from 32ms to 480ms in increments of 32ms.

Therefore 1 = 32ms, 2 = 64ms, and F = 480ms.
The Step Rate Time is programmable from 2ms
to 32ms in increments of 2ms. In this case, F =
2ms, E = 4ms, and 1 = 32ms. The Head Load
Time is programmable from 4ms to 508ms in
increments of 4ms. In this case, 1 = 4ms, 2 =
8ms, 7F = 508ms.

GET_RESULTS

This subroutine obtains a variable amount

of status information in the result phase.
INPUT: ES:DI points to the area that receives

the status bytes

NEC-STATUS EQU 3F4

GET-RESULTS:

MOV CX,7

GETl:

MOV DX, NEC-STATUS
IN AL,DX
TEST AL,080H

JZ GETl

TEST AL,40H
JZ GET2

INC DX

IN AL,DX
STOSB

DEC CX

JNZ GETl

GET2:RET

;max. bytes in status

;port address of MSR
;get MSR
;Data register ready to
;send or receive
;jump if not ready yet
{direction bit
{jump if wrong
{direction
{port addr of data
{register
{get one byte of status
{move it to status area
{maximum number
{jump if not max yet
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Functional The DTC-5150BX hard disk controller reads and

Description writes to a maximum of two standard 5 1/4"
Winchester disk drives. A sector size of 256, 512,
or 1024 hytes is selectable. The sectors can he
interleaved in 16 different ways.

The hard disk controller operates in DMA or
non-DMA mode. Interrupts can he enabled on
INT5.

Extensive diagnostics are implemented. If a cor
rectable data error is discovered, the error is
automatically corrected using ECC.

Registers

JKTtt NAME READ/ DESCRIPTION

WRITE

320 COMPLETION STATUS R See layout
REGISTER

320 DATA R/W Transfers data, function bytes, and
controller sense bytes. See layout.

321 RESET CONTROLLER W Initialize Controller

321 STATUS R See layout
322 SELECT CONTROLLER W Select Controller

322 DRWE TYPE R See layout
323 CONTROL REGISTER W See layout
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COMPLETION STATUS REGISTER

U.Wl'i U ^Ul IVtt

CONTROL REGISTER

Hard Disk
Controller

LUN1 (Dfivel)

Enables interrupts when function
completes

Enable DMA transfer of data
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STATUS REGISTER

0

COMMAND/DATA

Data bytes

IN/OUT

Data from CPU to controller

READY

CONTROL COMMAND

0

3 milliseconds per step

9-68

INTR

Interrupt Is requested

DREQ

Controller Is requesting data to ogi:
from CPU

SELECTED

Controller is selected

COMMAND/DATA

Command or Status bytes

IN/OUT

Data from controller to CPU

Controller is ready.

t?::Disable retry

Disable reread

3 milliseconds per step

11: 13 microseconds per step

100: 200 microseconds per step

101: 70 microseconds per step

110: 3 milliseconds per step

111; 3 rriilllseconds per step

n
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SENSE BYTE

DRIVE TYPE

Type of Error

Driver error

Error Code

ector Address valid

• ype of Error
oil: Controller error

ID: Command error
LI. Miscellaneous error

Most significant bits of drive Otyp,eii

Most significant bits of drive 1 type

Least significant bits of drive 0 type

Least significant bits of drive 1 type

NUMBER DRIVE TYPE

0 5 MB

1 24 MB

2 15 MB

3 10 MB

4 SQ306
5 CDC Wren
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Error Codes

fPE CODE DESCRIPTION

0 0 No error status

0 1 No index signal
0 2 No seek complete within 1.0 seconds
0 3 Write fault

0 4 Drive not ready
0 6 No track 0

0 8 Seek in progress
1 0 ID read error. ECC error in the ID field.
1 1 Uncorrectable data error during a read
1 2 Address Mark not found

1 4 Record not found. Found correct cylinder and
head.

1 5 Seek error. Read/Write head positioned on
wrong cylinder and/or wrong head selected.

1 8 Correctable data field error

1 9 Bad sector found

1 A Format error. An unexpected format
discovered during the Check Track function.

1 C Unable to read the alternate track address
1 E Attempted to directly access and alternate

track

2 0 Invalid function

2 1 Illegal disk address. Address is beyond
maximum.

3 0 RAM error. Data error detected during RAM
diagnostic

3 1 Program Memory Checksum error
3 2 ECC Polynominal error
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Parameters

NAME

CONTROL COMMAND

CYLINDER LOW

CYLINDER HIGH

ECC0,ECC1,ECC2

HEAD#

LUN#

SECTOR #

SENSE BYTE

TYPE

Hard Disk
Controller

DESCRIPTION

Tells controller how to react to an error
condition and defines step mode. See
layout.
Eight least significant bits of the
cylinder number
Two most significant bits of the
cylinder number
ECC bytes of sector. ECCO is least sig
nificant byte.
Head number

Logical Unit Number. Winchester Drive
1 = Lun 0, Winchester Drive 2 = Lun 1.
Sector number

Gives detailed error information. See

layout.
0 = good track, 1 = alternate track,
2 = bad track, 3 = alternate bad track

Functions • ASSIGN ALTERNATE TRACK

This function formats the primary track speci
fied in the function block with the alternated

and bad track flags set in the ID fields and with
the track address of the alternate track written

in the data fields. The data field is written with

the data in the sector buffer.

Future read/write accesses to the primary track
cause the drive to seek to the alternate track and

to perform the operation there. This is transpar
ent to the software. Alternate tracks can be

assigned once. An alternate track cannot point
to another alternate track.
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OUTPUT:

DATA

OUTPUT:

LUN

CYL

HI

11

PRIMARY

HEAD#

PRIMARY CYLINDER

LOW

INTERLEAVE

CONTROL

7 6 5 4 3 2 1 0

0 0 0 SECONDARY

HEAD#

CYL HI 0

SECONDARY CYLINDER

LOW

0

CHECK TRACK

This function checks the track format on the
specified track for the correctness of the ID fields
and the interleave of the sectors. It does not read
the data.



OUTPUT:

Hard Disk
Controller

10

LUN HEAD#

CYL HI

CYLINDER LOW

INTERLEAVE

CONTROL

CONTROLLER INTERNAL DIAGNOSTICS

This function performs the controller internal
diagnostics. The controller checks the internal
processor, data buffer, ECC circuit and the
checksum.

OUTPUT: 7 6 5 4 3 2 1 0

E4

0

COPY

This function transfers the data blocks from the

source unit to the destination unit. The number
of sectors to copy is specified in the number of
blocks field. If the field is zero, 15,777,216 sectors
are copied.
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OUTPUT:

AO

LUN/S HEAD #/S

CYL HI/S SECTOR #/S

CYLINDER LOW/S

LUN/D HEAD #/D

CYL HI/D SECTOR #/D

CYLINDER LOW/D

# OF BLOCKS 2

# OF BLOCKS 1

# OF BLOCKS 0

CONTROL

S = Source D = Destination

DRIVE DIAGNOSTIC

This function performs a diagnostic on the spec
ified unit. It reads sector 0 on sequential tracks
and then reads sector 0 on 256 random tracks.



OUTPUT:

LUN

CONTROL

Hard Disk

Controller

E3

• FORMAT BAD TRACK

This function formats the track with the bad

block flag set in all ID fields. It fills the data
field with the data pattern in the sector buffer.
The interleave must he the same for the entire

drive.

OUTPUT:

LUN HEAD#

CYL HI

CYLINDER LOW

INTERLEAVE

CONTROL
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FORMAT TRACK

This function formats the specified track with
no flags set in the ID fields. It fills the data field
with the data pattern in the sector buffer. The
interleave must be the same for the entire drive.

OUTPUT: 6 1 0

LUN HEAD#

CYL HI

CYLINDER LOW

INTERLEAVE

CONTROL

• FORMAT DRIVE

This function formats all of the tracks starting
with the one specified in the function block to
the end of the drive. The selected track format is

used. The sectors are placed on the tracks
according to the interleave code. The data fields
are filled with the data pattern from the sector
buffer.

OUTPUT: 6 1 0

LUN HEAD#

CYL HI 0

CYLINDER LOW

INTERLEAVE

CONTROL
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• INITIALIZE DRIVE CHARACTERISTICS

This function sets up the drive with different
capacities and characteristics.

OUTPUT:

DATA

OUTPUT:

6

LUN

MAX # OF CYLINDERS HIGH

MAX # OF CYLINDERS LOW

MAX # OF HEADS

REDUCED WR. CUR.

CYLINDER HIGH

REDUCED WR. CUR.

CYLINDER LOW

WRITE PRECOMP.

CYLINDER

HIGH

WRITE PRECOMP.

CYLINDER

LOW

MAX ECC DATA BURST

LENGTH
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• RAM DIAGNOSTIC

This function performs a data pattern test on
the controller RAM.

OUTPUT:

EO

0

• READ

This function reads the specified number of
blocks. The function specifies the initial sector
address. The data is transferred to the CPU.

OUTPUT:

LUN HEAD#

CYL HI SECTOR #

CYLINDER LOW

# OF BLOCKS

CONTROL
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READ ECC BURST ERROR LENGTH

This function transfers one byte of data to the
CPU. This byte contains the ECC hurst length
that the controller detected for the correctable

ECC data error during the last read function.

OUTPUT:

DATA

INPUT:

76543210

D

ECC BURST LENGTH
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• READ ID

This function reads three bytes and three ECC
bytes from the specified sector address given in
the function block and transfers them to the

CPU.

OUTPUT:

DATA

INPUT:

E2

LUN HEAD#

CYL HI SECTOR #

CYLINDER LOW

INTERLEAVE

CONTROL

CYLINDER LOW

TYPE CYL HI HEAD #

SECTOR #

ECC 2

ECC 1

ECCO
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• READ LONG

This function reads sectors of data and ECC
bytes from the disk and transfers them to the
CPU. If an ECC error occurs during the read,
the controller does not attempt to correct the
data.

OUTPUT:

DATA

INPUT:

E5

LUN HEAD#

CYL HI SECTOR #

CYLINDER LOW

# OF BLOCKS

CONTROL

256/512/1024 E E E 0

BYTES OF DATA C C C 0

2 1 0

READ SECTOR BUFFER

This function reads one sector from the con
troller sector buffer. No data transfer occurs

between the controller and the drives.
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OUTPUT:

E

0

READ VERIFY

This function reads the specified number of
blocks but does not transfer the data to the CPU.
The function specifies the sector number where
verification begins.

OUTPUT:

LUN HEAD#

CYL HI SECTOR #

CYLINDER LOW

# OF BLOCKS

CONTROL

• RECALIBRATE

This function positions the read/write arm at
track 0 and clears errors in the drive.



OUTPUT:

LUN

CONTROL

Hard Disk

Controller

REQUEST LOGOUT
This function retrieves the four bytes of error log
for the specified unit. Each device has its own
error log which is incremented every time cer
tain errors occur and is cleared after this func

tion is executed.

OUTPUT:

E7

LUN
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DATA

INPUT: RETRY COUNT HIGH

RETRY COUNT LOW

PERMANENT ERROR HIGH

PERMANENT ERROR LOW

REQUEST SENSE
This function sends the four Sense Bytes to the
CPU as data.

OUTPUT:

DATA

INPUT:

LUN

SENSE BYTE

LUN HEAD#

CYL HI SECTOR #

CYLINDER LOW
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• REQUEST SYNDROME
This function returns the four hytes of the ECC
syndrome to the CPU as data.

OUTPUT:

DATA

INPUT:

LUN

MSB bit offset

LSB bit offset

MASK
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SEEK

This function seeks to the cylinder of the speci
fied block. For Winchester drives capable of
overlap seeks, this function returns completion
status before the seek is complete.

OUTPUT:

B

LUN HEAD#

CYL HI

CYLINDER LOW

CONTROL

TEST DRIVE READY

This function selects the specified drive and
verifies the drive is ready, the seek is complete,
and there are no drive faults.

OUTPUT: 6 0

LUN

rN
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WRITE

This function writes the data starting at the
initial block address given in the function.

OUTPUT: 1

LUN HEAD#

CYLHI SECTOR #

CYL NDER LOW

# OF BLOCKS

CONTROL

WRITE LONG

This function writes blocks of data and ECC
bytes from the CPU to the disk without generat
ing ECC for the data.

OUTPUT:

DATA

OUTPUT:

6 5 4 3 2 1 0

E6

LUN HEAD#

CYL HI SECTOR #

CYLINDER LOW

# OF BLOCKS

CONTROL

256/512/1024 E E E 0

BYTES OF DATA C C C 0

2 1 0
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Sequencing
and Timing

WRITE SECTOR BUFFER

This function writes one sector's worth of data
to the controller sector buffer. No data transfer
occurs between the controller and the drives.

OUTPUT:

There are three phases to each function:

• function initiation

• function execution

• function results

To initiate a function, you select the controller
with the Select Controller Register. Then you
wait for Ready in the Status Register to be set.
The In/Out bit and the Command/Data bit
should indicate function transfer to the con
troller. You then write six function bytes to the
Data Register.

If the Ready is set after this transfer, either
there was an error in the function bytes or the
controller is ready to receive another group of six
function bytes and/or data.
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Data can be transferred in DMA or non-DMA

mode. If the transfer is in DMA mode, the DMA
Controller is programmed in Single Transfer
mode (See DMA Controller). The count word is
set to:

(number of sectors to transfer)(hytes/sector) -1

If data is transferred in non-DMA, you use
Ready, In/Out, Command/Data and Interrupt
Request to time the transfer during execution.

Execution begins when the last function byte is
received. In data transfer functions, the con
troller temporarily stores the data in the sector
buffer. This prevents data overruns. When the
function completes and the Completion Status
byte is loaded, the controller issues interrupts if
requested.

You clear the Interrupt Enable and the DMA
enable hits in the Control Register after reading
the Completion Status. This allows the con
troller to clear Interrupt Request and Data
Request in the Status Register. It also clears the
Selected hit.

The controller does extensive error recovery. If
an error is found, four retries are attempted. If a
retry is successful, the error is not reported; how
ever, the retry count is incremented.

The following errors result in a retry:

• Seek error

• Sector not found

• Uncorrectahle data error
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• Correctable data error

• No data address mark

• No ID address mark

• ECC error in ID field

On a seek error, a recalibrate and reseek is done
by the controller.

The following errors are accumulated in the log:

• ECC error in ID field

• Correctable error in data field

• Uncorrectable error in data field

• No ID address mark

• No data address mark

• Seek error

• Record not found

If rereads are disabled, the controller does not
reread before applying the ECC correction.

When a reset is done, the controller defaults to
the following characteristics:

• Maximum number of cylinders = 306

• Maximum number of heads = 4

• Starting reduced write current cylinder = 306

• Starting write precompensation cylinder = 0

• Maximum ECC data hurst length = 4 hits



Physical
Sector

Logical
Sector

Hard Disk

Controller

The interleave factor states how many physical
sectors logical sectors are apart. For example, if
the Interleave Factor is 6 and there are 16 sec
tors in a track, then a sector looks like this:

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

0 3 6 9 12 15 1 4 7 10 13 16 2 5 8 11 14

The track layout for 256 bytes per sector, 33 sec
tors per track is:

13 a F c h s e 0 0 13 a F 256 e 0 0 10

bytes m E y d e c 0 0 bytes m 8 bytes c 0 0 bytes
OO's 1 c c OO's data c 4E's

am, FE, cyl, hd, sec, 00, F8 = 1 byte
ecc = 3 bytes

Track capacity = 10416

16 = Index Gap (4E)
10197 = 33 sectors @ 309 bytes/sector

203 = Speed Tolerance Gap (4E)
10416

309 bytes/sector including ID and overhead

The track layout for 512 bytes per sector, 17 sec
tors per track is:

13 a F c h s e 0 0 13 a F 512 e 0 0 37

bytes m E y d e c 0 0 bytes m 8 bytes c 0 0 bytes
OO's 1 c c OO's data c 4E's

am, FE, cyl, hd, sec, 00, F8 = 1 byte
ecc = 3 bytes
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Track capacity = 10416

16 = Index Gap (4E)
10064 = 17 sectors @ 592 bytes/sector

336 = Speed Tolerance Gap (4E)
10416

592 bytes/sector including ID and overhead

The track layout for 1024 bytes per sector, 9 sec
tors per track is:

13 a F c h s e 0 0 13 a F 1024 e 0 0 58

bytes m E y d e c 0 0 bytes m 8 bytes c 0 0 bytes
OO's 1 c c OO's data c 4E's

9-92

am, FE, cyl, hd, sec, 00, F8 = 1 byte
ecc = 3 bytes

Track capacity = 10416

16 = Index Gap (4E)
10125 = 9 sectors @ 1125 bytes/sector

275 = Speed Tolerance Gap (4E)
10416

1125 bytes/sector including ID and overhead



Sample
Program

Hard Disk

Controller

INIT_CTLR

This routine prepares the controller to
receive a function.

OUTPUT: Carry set if error
SELECT EQU 322
STATUS EQU 321
CONTROL EQU 323
INIT-CTLR:

MOV DX,SELECT ;Select Port Address
OUT DX,AL ;Output anything
MOV DX,CONTROL ;Control Port Address
MOV AL,3H ;Enable interrupts and

;DMA
OUT DX,AL
MOV DX,STATUS ;Status Port Address

INITl:

IN AL,DX ;Get status
TEST AL,1H ;Is it ready?
LOOPZ INITl ;Loop if not ready
CMP AL,DH ;Jump if ready for a
JE INIT2 ;function and selected
STC ;Flag error
RET

INIT2:

CLC

RET
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Functional

Description

Block

Diagram

9-94

Keyboard
Interface

The keyboard interface converts the parallel
data into serial data for transmission to and

from the keyboard.

To provide maximum flexibility in defining key
board operations, the keyboard uses scan codes
rather than ASCII codes. In addition, all keys
generate a make scan code when pressed and a
break scan code when released. The break scan

code is 80H plus the make scan code.

The keyboard is responsible for keeping track of
the amount of time a key is depressed and for
generating the repeat key signal. All the keys
have this repeat function.



Registers

PORT NAME

60 DATA

60 DATA

60 CONTROL

64 STATUS

Layout

CONTROL

READ/

WRITE

R

W

R/W

R

Keyboard clock rese

I/O channel disabledife^

Parity interrupt disabled

m

Speaker pulse train, see
Speaker Interface

Speaker off

Keyboard
Interface

DESCRIPTION

8 bit scan code when pressed, 8 bit
scan code plus BOH when released
See scan code chart.

Keyboard command codes
See layout
See layout

•et inteprupl pending

No reset

w channel enabled

^ffty interrupt enabled

Speaker on
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Keyboard
Interface

STATUS

OK to write byte

Byte to read

Functions • READ STATUS

This function allows you to determine when
there is a character to read and when the key
board is ready to receive a character.
INPUT: STATUS

• READ DATA

This function allows you to read the scan code of
the key that was pressed or released.
INPUT: DATA

• WRITE CONTROL

This function allows you to issue control com
mands to the keyboard.
OUTPUT: CONTROL
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GET KEYBOARD TYPE

This function determines if the keyboard is an
Olivetti M20 type keyboard.
OUTPUT: DATA REGISTER

5

INPUT: DATA REGISTER

1 = Olivetti M20 keyboard

KEYBOARD LEDS

This function controls the illuminations of the
CAPS LOCK and NUM LOCK LEDS.
OUTPUT: DATA REGISTER

13H

Value Operation

00b No operation
01b Cap lock LED OFF
02b Num lock LED OFF

03b Both LEDS OFF

80b No operation
81b Caps lock LED ON
82b Num lock LED ON

83b Both LEDS ON

Any other value will cause one of the above
operations.
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Scan Codes

KEY NO SCAN CODE KEY NO SCAN CODE KEY NO SCAN CODE

1 OIH 36 24H 71 47H

2 02H 37 25H 72 48H

3 03H 38 26H 73 49H

4 04H 39 27H 74 4AH

5 05H 40 28H 75 4BH

6 06H 41 29H 76 4CH

7 07H 42 2AH 77 4DH

8 08H 43 2BH 78 4EH

9 09H 44 2CH 79 4FH

10 OAH 45 2DH 80 50H

11 OBH 46 2EH 81 51H

12 OCH 47 2FH 82 52H

13 ODH 48 30H 83 53H

14 OEH 49 31H 84 54H

15 OFH 50 32H 85 55H

16 lOH 51 33H 86 56H

17 IIH 52 34H 87 57H

18 12H 53 35H 88 58H

19 13H 54 36H 89 59H

20 14H 55 37H 90 5AH

21 15H 56 38H 91 5BH

22 16H 57 39H 92 5CH

23 17H 58 3AH 93 5DH

24 18H 59 3BH 94 5EH

25 19H 60 3CH 95 5FH

26 lAH 61 3DH 96 60H

27 IBH 62 3EH 97 61H

28 ICH 63 3FH 98 62H

29 IDH 64 40H 99 63H

30 lEH 65 41H 100 64H

31 IFH 66 42H 101 65H

32 20H 67 43H 102 66H

33 21H 68 44H 103 67H

34 22H 69 45H 104 68H

35 23H 70 46H - -
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Keyboard
Interface

Sequencing To send a character to the keyboard, wait for Bit
and Timing 1 of the Status Register to he set and write the

byte to the data register.

To receive a character, wait for Bit 0 of the Sta
tus Register to be set and read the character.
The keyboard interface can be programmed to
interrupt on INTl when there is a character to
read.

Sample ;This program sets the CAPS LOCK LED
Program STATUS EQU 64

DATA EQU 60
SET_LED;

IN AL,STATUS
TEST AL,2
JNZ SET_LED

MOV AL,013H
OUT DATA,AL

SETl:

IN AL,STATUS
TEST AL,2
JNZ SETl

MOV AL,81
OUT DATA,AL
RET

;read status
;keyhoard ready to receive
;input? Jump if ready.
;keyboard LED command

;read status
;ready to receive input?
;jump if not
;CAPS LOCK
;write out code
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Parallel Printer

Interface

Functional

Description
The parallel printer interface connects to print
ers with a Centronics-like parallel interface or
any other device with identical interface charac
teristics. The input and output signals are pre
sented to the external device through a 25-pin
"D" type connector.

The interface has 5 buffered outputs — data,
strobe, initialize printer, automatic linefeed, and
select. These can be read and written. In addi

tion, the interface has five inputs — acknowl
edge, busy, paper out, error and select. An inter
rupt can he enabled on INT7.

Block

Diagram

-lOWR -

-lORD -

-PNTRCS -

AO

COM

MAND

DECODER

Registers

PORT#

378

379

37A
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NAME

DATA

STATUS

CONTROL

WRITE

LATCH

CLOCK

READ

DATA

BUFFER

ENABLE

WRITE

CONTROL
LATCH

READ

CONTROL
BUFFER

ENABLE

READ

STATUS

BUFFER

INTERRUPT

ENABLE

READ/

WRITE

R/W

R

R/W

PTD0:7

DRIVERS

PTDO:7

•AUTO

INIT

-SLCTIN

-ERROR

-SLCT

DESCRIPTION

Print character

See layout
See layout

o



Layout

STATUS

CONTROL

char print

paper

not selected

error

interrupts requestej^;

select

automatic LF

strobe low

Parallel Printer

Interface

not busy

r no char print

out of paper

selected

d.p Interrupts requested

do not select

do no initialize

no automatic LF

strobe high
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Parallel Printer

Interface

Functions • RESET

After a power on or a hardware reset, the data
buffer is cleared and the control register is
initialized to:

bit 0: 0

bit 1: 0

bit 2: 0

bit 3: 0

bit 4: 0

• WRITE DATA

This instruction enables the data on the data

bus to be written to the printer data bus. The
actual writing occurs when the strobe line is
activated.

OUTPUT: DATA

• WRITE CONTROL

This instruction inverts DO, Dl, and D3 on the
data bus and writes the data to the control regis
ter. If D4 is a 1 then interrupts are requested.
OUTPUT: CONTROL

• READ DATA

This instruction enables the data on the printer
data bus to be read onto the data bus. It normal

ly is the last character written to the printer.
INPUT: DATA

• READ CONTROL

This instruction enables the data on the printer
control lines and the interrupt control bit to be
placed on the data bus.
INPUT: CONTROL

• READ STATUS

This instruction enables the data on the printer
status lines to be placed on the data bus.
INPUT: STATUS
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Parallel Printer
Interface

Sequencing To send a character to the printer, the character
and Timing is put on the data bus. When the printer is not

busy, it is ready to accept the next character.
The character must be strobed into the printer
by setting the strobe bit to 1 for at least 5 jj-
seconds and then resetting it.

Interrupt can be enabled on INT7 by writing D4
= 1 in the control register. An interrupt will be
triggered everytime Bit 6 of the status register
goes from 0 to 1 (end of the acknowledge cycle
from the printer).

To initialize the printer, first select it. Then issue
the initialize command setting the automatic
line feed and interrupt parameters.
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Interface

Sample
Program

9-104

PRINT_CHAR

Send character to printer and get status
INPUT AL - character to print
OUTPUT: AL - status

DATA EQU 378H
PRINT_CHAR:

MOV DX,DATA
OUT DX,AL

INC DX

IN AL.DX
TEST AL,080H
JNZ PRINT_NOT_BUSY

PRINT_NOT_BUSY;

MOV AL,ODH
INC DX

OUT DX,AL
NOP

NOP

MOV AL,OCH
OUT DX,AL
DEC DX

IN AL,DX
RET

;get data port
;put char on data
;line
;get status port
;read in status
;is the printer busy?
;jump if not busy

jstrobe high
;get control port
;to control register
;wait
;wait
;strobe low
;to control register
;get status port
;read in status

O,



Programmable
Interrupt Controller

Functional The Intel 8259A Programmable Interrupt Con-
Description troller (PIC) manages external interrupts. It

receives requests from peripheral equipment,
decides which request has the highest priority,
and issues an interrupt to the CPU. Each PIC
handles 8 maskable priority interrupts. PIC's
can be cascaded allowing up to 64 priority inter
rupts. However, on the AT&T Personal Comput
er 6300 this is not done.

Each interrupt device runs to one of eight inter
rupt lines (INT0-INT7). If more than one device
interrupts at once, the PIC decides which device
to service according to one of several schemes.

The following schemes apply to a single PIC:

• Fully Nested Mode
This is the default mode. The interrupt requests
have an ordered priority from 0 (highest) to 7
(lowest). The highest priority is acknowledged
first and those of lower priority are inhibited.

• Special Mask Mode
This mode is similar to fully nested mode except
that the interrupt mask register (IMR) deter
mines which interrupts are disabled.

• Polled

This mode allows the CPU to poll the devices. It
is selected by disabling interrupts with the CLI
instruction. Periodically the CPU polls the PIC
to receive the interrupt type of the highest prior
ity device requesting service.
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Programmable
Interrupt Controller

Block

Diagram
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• Automatic Rotation

In this mode, a device receives the lowest prior
ity after it is serviced. All other devices have
their priorities adjusted accordingly. The next
highest interrupt line receives the highest
priority.

• Programmable Rotation
In this mode, the programmer declares the low
est priority device.

The PIC keeps track of devices that are waiting
for service in the interrupt request register (IRR).
If not in polled mode, the PIC notifies the CPU
of the pending interrupt. When it receives an
interrupt acknowlege from the CPU (INTA), it
sends the interrupt type of the device to the
CPU. The device is then in-service. This is noted
in the in-service register (ISR). The type of INTO
is programmable. It must be a multiple of 8.

After the interrupt service routine services the
interrupt, it notifies the PIC of end of interrupt
(EOI). The device is then removed from the in-
service register.

-lORD—

-lOWfl—

o

nr
SERVICE

(ISR)

PRIORITY /— F
TESOLVER ^

CASCADE
BUFFER/ -

COMPARATOF
o

T. L

- INTERNAL BUS

If



Programmable
Interrupt Controller

ROTATION OF PRIORITIES INDEPENDENT
OFEOI

This function requests an immediate change in
priorities.

OUTPUT: 0CW2 BITS 5-7 = 6

0CW2 BITS 0-2 = level of lowest

priority

SPECIFIC END OF INTERRUPT (SEOI)
This function is issued in an interrupt service
routine to declare end of interrupt service for the
specified level.

OUTPUT: 0CW2 BITS 5-7 = 3
BITS 0-2 = interrupt level

NON-SPECIFIC END OF INTERRUPT (EOI)
When the PIC is operating in Fully Nested
Mode, it can determine which interrupt is com
pleting. This function signals completion of an
interrupt service routine.

OUTPUT: 0CW2 BITS 5-7 = 1

AUTOMATIC END OF INTERRUPT
This function requests the PIC to declare end of
interrupt automatically after delivering the
interrupt to the CPU.

OUTPUT: ICW4 BIT 1 = 1

• READ IRR

This function reads the devices requesting
service.

OUTPUT: 0CW3 BITS 0-1 = 2
INPUT: IRR

• READ ISR

This function reads the in-service register.
OUTPUT: 0CW3 BITS 0-1 = 3
INPUT: ISR
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Interrupt Controller

READ IMR

This function reads the interrupt mask register.
INPUT: OCWl

Sequencing When the ICWl command is issued, the initiali-
and Timing zation process begins. The following automati

cally occurs:

• IMR is cleared.

• 1NT7 is assigned the lowest priority.

• Single mode is assumed.

• Special Mask Mode is cleared.

• A status read fetches IRR.

• If Bit 0 equals zero, then 1CW4 functions are set
to zero.

Next 1CW2 is output. 1CW3 is skipped in all sin
gle PIC systems. If the 1CW4 was requested by
ICWl then it is output. This completes
initialization.

Once the initialization process is complete, the
PIC is ready to accept interrupts. Any of the
functions to change the priority scheme can be
executed. In addition, the IRR, IMR, and ISR
can he read.

If automatic EOl is not specified then the inter-
rupt service routine must declare EOl. Either »
specific or non-specific EOl can be used depend
ing on the priority scheme in use.
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Program

Programmable
Interrupt Controller

When a write command is issued to the PIC, 480
nanoseconds must elapse before another com
mand is issued. In the read case, 395 nanosec
onds must elapse.

SEND_SEOI

Send end of INTl service at the end of the

interrupt service routine.

0CW2 EQU 20 ;port address of 0CW2
COMMAND EQU 61 ;6 = SEOI, 1 = INTl

SEND.SEOI:

MOV AL,COMMAND
MOV DX,0CW2
OUT DX,AL
STI

RET

;set AL = command
;set DX = port address
;send command
;enable external interrupts
;retum to service routine
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Programmable
Interval Timer

Functional The Intel 8253 Interval Timer has three identi-

Description cal, 16-hit, settable, decrementing counters. Each
counter is totally independent. The counters
have either a BCD or binary value and operate
in one of five modes:

• Interrupt on Terminal Count
The output remains low after the mode is set. It
continues low after the counter is loaded until

the counter counts down to zero. Then the output
goes high. It remains high until a new mode is
selected or a new count is loaded.

• Programmable One-Shot
The output goes low one count following the ris
ing edge of the gate input. The output goes high
on the terminal count.

• Rate Generator

The output is low for one period of the input
clock. The period from one output pulse to the
next equals the number of input counts in the
count register.

• Square Wave Rate Generator
The output remains low for one period of the
input clock. The output remains high until one
half the count has elapsed. If the count is odd,
the output is high for (n-i-l)/2 and low for
(n-l)/2.

• Software Triggered Strobe
After the mode is set, the output will be high.
When the count is loaded, the counter begins
counting. On the terminal count,the output goes
low for one clock period and then goes high.
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• Hardware Triggered Strobe
The counter starts counting after the rising edge
of the trigger input and goes low for one clock
period when terminal count is reached.

These timing diagrams illustrate the different
modes.

TXDB

RTSB

DTRB

TRXCB

< >

Z8530
TXDB

see
-RTSB

-DTRB

-TRXCB

D0:7
RXDB

-CTSB

-WR -DCDB

-RD
-RTXCB

-CS

D/-C

A/-B

TXDA

-RTSA

-DTRA

-TRXCA

PCLK

RXDA

-CTSA

-INT

-DCDA

-RTXCA

-DSR2-«
-RI2-*

RXDB

CTSB
-DSR2

-RI2

DCDB

RTXCB

3.6864

MHz

OSC

INTERRUPT ,
ENABLE

-DSRU

-RIU

1488

LINE

DRIVERS

-01489

-OLINE

-O RECEIVERS

PARITYISTOP

Z8350 CHANNEL B
CONNECTOR

1PIN#

TO

RTS

DTR

TXCLK

TC

RD

CIS

DSR

Ri

DCD

RC

2

4

23

24

15

3

5

6

22

8

17

INTERFACE

CONNECTOR

MARKING LINE DATA DATA MARKING LINE

ASYNCHRONOUS

SYNC DATA DATA CRC1 CRC2

MONOSYNC

SYNC SYNC DATA I DATA CRC1 CRG2

SIGNAL

DATA CRC1 CRC2

EXTERNAL SYNC

I FLAG ADDRESS INFORMATION CRC1 CRC2 FLAG

SDLC/HDLC/X.25
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Interval Timer

Block

Diagram

D7:D0

-lORD-

-lOWR.

-CS
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In the AT&T Personal Computer 6300 system,
Counter 0 provides real time interrupts on INTO,
counter 1 requests memory refreshes, and count
er 2 generates a pulse train for the audio
speaker.

OATABUS
BUFFER

READ/
WRITE
LOGIC

CONTROL
WORD

REGISTER

COUNTER

•CLK1

COUNTER

•CLKO

COUNTER



Registers

PORT# NAME

40

41

42

COUNTER 0

COUNTER 1

COUNTER 2

43 CONTROL

Layout

CONTROL

READ/

WRITE

Programmable
Interval Timer

DESCRIPTION

R/W Provides real time interrupt INTO
R/W Provides signals to refresh memory
R/W Generate pulse train for the audio

speaker
W See Layout

Counter 0, Real Time Clock 01: Counter 1, DMA Refresh
10: Counter 2. Tone Generator

Read Counter

Interrupt on terminal count

Binary

01: Load MSB only
10: Load LSB only
11; Load LSB first, MSB next

01: Programmable one-shot
10; Rate Generator
11: Square Wave Rate Generator

100: Software Triggered Strobe
101; Hardware Triggered Strobe

Binary Coded Decimal
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Interval Timer

Functions • LOAD COUNTER

This function allows you to set a specific
counter.

OUTPUT: CONTROL REGISTER
BITSO binary or BCD
BITS 1-3 mode

BITS 4-5 1,2 or 3
BITS 6-7 counter

8 or 16 bit count value

• READ COUNTER

This function allows you to read a specific
counter.

OUTPUT: CONTROL REGISTER

BITS 4-5 0

BITS 6-7 counter
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Programmable
Interval Timer

Sequencing All counters must be initialized with the control
and Timing register. The control register specifies the

number of bytes which must be loaded.

Whenever a read or a load command is issued,
the requested counter bytes must be read or writ
ten. In the read case, two reads are necessary,
the first for the least significant byte (LSB) and
the last for the most significant byte (MSB). In
the write case, the control register specifies the
byte to write.

1 microsecond recovery time is required between
a read or a load and any other control signal.

Input to the timer is 1.2288MHz. Therefore, there
are 18.75 interrupts per second. To generate a
1.00 KHz tone with the audio speaker, a square
wave rate generator is used with a count of 614
(1.2288MHz/2*614 = IKHz).
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Programmable
Interval Timer

Sample
Program

9-122

ASK_FOR_INTR

This program requests an interrupt in
approximately 10 usec (9765.6 nsec)

TIMER_CONTROL EQU 43
TIMERO EQU 40

INTJMASK

ASK_FOR_INTR:

MOV AL,OFEH

EQU 21

OUT int_mask,al
MOV AL,00110000B

;allow only INTO
;interrupt
;send mask
;binary counter,
;interrupt on terminal
;count, set counter 0

J

;12 * 813.8 nsec

;output counter, LSB
;then MSB

OUT TIME_CONTROL,AL
MOV AX,12
OUT TIMERO,AL
MOV AL,AH

OUT TIMERO,AL
RET



Real Time Clock

and Calendar

Functional The real time clock and calendar keep the cur-
Description rent data and time. All of the date and time

fields can he read hut the second fields cannot be
written. The calendar keeps up to eight years. A
rechargeable battery keeps the unit running
even when the computer is turned off.

Block

Diagram

D3

D2

D1

DO

-CLK8

r
JL

X

T

BCLK8

• D83

D82-

• D81

• D80

• VDD

INT —

• GND

• AD3 -

• AD2 -

• AD1 -

. ADO-

OSCILLATOR

DIVIDERS

Tl

ADDRESS

DECODE

LOGIC

READ/

WRITE

MUX

READ

MUX

DAY

OF
WEEKl

10

MOS

1

MO

10

DAYS

10

HRS

1

HR

10

MifvS

1

MIN

10

SECS

1

SEC

1/10

SEC

0Hzt
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Real Time Clock
and Calendar

Registers

)RT# NAME READ/ DESCRIPTION

WRITE

70 TEST PORT W O=not test mode, l=test mode
71 1/10 OF A SECOND R nybble, 0-9
72 UNIT SECONDS R nybble, 0-9
73 lO'SOF SECONDS R nybble, 0-5
74 UNIT MINUTES R/W nybble, 0-9
75 lO'S OF MINUTES R/W nybble, 0-5
76 UNIT HOURS R/W nybble, 0-9
77 lO'S OF HOURS R/W nybble, 0-1
78 UNIT DAYS R/W nybble, 0-9
79 lO'S OF DAYS R/W nybble, 0-3
7A DAY OF WEEK R/W nybble, 1-7
7B UNIT MONTHS R/W nybble, 0-9
7C lO'S OF MONTHS R/W nybble, 0-1
7D LEAP YEAR W See layout
7E STOP/START W 0 = stop, FF = start
7F INTERRUPT/YEAR R/W See layout

MODS
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Layout

INTERRUPT/YEAR MOD 8

Single interrupt

LEAP YEAR

Real Time Clock
and Calendar

repeated interrupt

year mod 8

leap year

leap year +1

leap year + 2

leap year+ 3
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Real Time Clock

and Calendar

Functions • READ CALENDAR AND CLOCK

All of the calendar and time registers are read
able. Those from port address 71 to 7D and 7F
contain a nibble of data.

• WRITE CALENDAR AND CLOCK

All of the calendar and time registers except
seconds are writable. The registers from port
address 74 to 7D and 7F each contain a nibble of

data.

Sequencing To write data to the clock and time registers, the
and Timing unit must be out of test mode and stopped. After

writing to the clock, it must be restarted.

To initialize interrupts, set Bit 4 in the Inter
rupt/Year mod 8 register. Write the register once
and then read it in three times.

9-126

If an update occurs while reading a register, the
illegal code of F is returned.

n



Sample
Program

Real Time Clock

and Calendar

SET TIME

This routine sets the time to 12:00 noon

TEST_PORT EQU 70
STOP_START EQU 7E
TENS-HOURS EQU 77
WRITE-TIME:

XOR AX,AX
MOV DX,TEST-PORT
OUT DX,AL

OUT STOP-START,AL

MOV DX,TENS_HOURS

MOV AL,1
OUT DX,AL

DEC DX

MOV AL,2
OUT DX,AL

DEC DX

XOR AL,AL
OUT DX,AL

DEC DX

OUT DX,AL

MOV AL,OFFH
OUT STOP_START,AL

RET

AX = 0

setup dx
take out of

test mode

stop the clock

port addr of
lO's of hours

ten's of hours

= 1

;unit hours = 2

;tens of minutes
;=0

;minutes - 0

;start the clock
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Functional Z8530 Serial Communications Controller (SCC)
Description performs serial-to-parallel conversion on input

data characters received from a modem and

parallel-to-serial conversion on output data
characters received from the CPU. It supports
the following common asynchronous and syn
chronous data communication protocols.

TXDB

RTS8

DTRB

TRXCB

< )

28530
TXDB

SCC
-RTSB

-DTRB

-TRXCB

D0:7 RXDB

-CTSB

-WR -DCDB

-RD
-RTXCB

-CS

D/-C

A/-B

TXDA

-RTSA

-DTRA

-TRXCA

PCLK

RXDA

-CTSA

-INT

-DCDA

-RTXCA

RXDB

CTSB

-DSR2

-RI2

DCDB

RTXCB

3.6864

MHz

OSC

INTERRUPT

ENABLE
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1488

LINE

DRIVERS

1489

LINE

RECEIVERS

Z8350 CHANNEL 8
CONNECTOR

IPIN#

TO

RTS

DTR

TXCLK

TC

RD

CIS

DSR

Rl

DCD

RC

2

4

23

24

15
3

5

INTERFACE

CONNECTOR

START parity

i, Li .
MARKING LINE DATA

SYNC DATA I

ISYNC ISYNC I DATA |
SIGNAL

1

I DATA MARKING LINE

ASYNCHRONOUS

DATA CRC1 I CRC2 1

DATA CRC1 CRC2

DATA CRC1 I CRC2

EXTERNAL SYNC

FLAG ADDRESS INFORMATION CRC1 CRC2 FLAG

SDLC/HDLC/X.25
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Figure 20

DATA

NRZI

MANCHESTER

Serial Communications

Controller

In addition, the SCC supports five encoding
methods — NRZ, NRZI, FMl (bi-phase mark),
FMO (bi-phase space), and Manchester (bi-phase
level).
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Registers

PORT#

A B

The see has the following capabilities:

Asynchronous
5,6, 7, or 8 bits per character
1,1 1/2, or 2 stop bits
Odd or even parity
Times 1, 16, 32, or 64 clock modes
Break generation and detection
Parity, overrun and framing error detection

Byte-oriented synchronous
Internal or external character synchronization
1 or 2 sync characters in separate registers
Automatic sync character insertion and deletion
Cyclic redundancy check (CRC) generation/
detection

6- or 8-bit sync character

SDLC/HDLC

Abort sequence generation and checking
Automatic zero insertion and deletion

Automatic flag insertion between messages
Address field recognition
I-field residue handling
CRC generation/detection
SDLC loop mode with EOP recognition/loop
entry and exit

The baud rate is programmable for both
channels.

NAME READ/

WRITE

DESCRIPTION

51 53 DATA R/W

50 52 SCO REGISTER POINTER R/W

Transfer data

Transfer SCO register number
and SCO register data
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Serial Communications
Controller

READ/ NO NAME DESCRIPTION
WRITE

R 0 Buffer and External Status See layout
R 1 Special Receive Condition Status See layout
R 2 Modified Interrupt Vector (Channel B)

Unmodified Interrupt Vector (Channel A)
R 3 Interrupt Pending Bits (Channel A) See layout
R 8 Receive Buffer See layout
R 10 Miscellaneous Status See layout
R 12 Low Byte of Baud Rate Generator Constant
R 13 High Byte of Baud Rate Generator Constant
R 15 External/Status Interrupt Information See layout
W 0 CRC Initialize See layout
w 1 Transmit/Receive Interrupt and Data Transfer

Mode Definition See layout
w 2 Interrupt Vector
w 3 Receive Parameters and Control See layout
w 4 Transmit/Receive Miscellaneous Parameters

and Modes See layout
w 5 Transmit Parameters and Control See layout
w 6 Sync Characters or SDLC Address Field See layout
w 7 Sync Characters or SDLC Flag See layout
w 8 Transmit Buffer See layout
w 9 Master Interrupt Control and Reset See layout
w 10 Miscellaneous Transmit/Receive

Control Bits See layout
w 11 Clock Mode Control See layout
w 12 Low Byte of Baud Rate Generator Constant
w 13 High Byte of Baud Rate Generator Constant
w 14 Miscellaneous Control Bits See layout
w 15 External/Status Interrupt Control See layout
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Layout

READ REGISTER 0

0

READ REGISTER 1

0

9-132

Break Sequence/Abort Detected

Transfer Underrun/EOM

Clear to Send

Sync/Hunt (Receiver Trying to
Establish Sync)

Data Carrier Detect

Transfer Buffer Empty

Zero Count in Baud Rate
Generator

Receive Character Available

End of Frame (SOLO)

CRC/Framing Error

Receive Overrun Error

Parity Error

Length of l-field (SDLC only)

All Characters Sent
(Asynchronous)



READ REGISTER 3

0

READ REGISTER 10

0

Serial Communications
Controller

Channel A Transmit Interrupt
Pending

Channel A External/Status
Interrupt Pending

Channel B Receive Interrupt
Pending

Channel 8 Transmit Interrupt
Pending

Channel B External/Status
interrupt Pending

OneClock Missing (FM mode) |

Clocks Missing (FM mode]

^ • • jti

SpLC Loop Sending Mode>.

On loop in SDLC Loop Sending
Mode
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READ REGISTER 15

0

WRITE REGISTER 0

0

9-134

Null Code

Null Code

Three Least Significant
Register Number

Break/Abort Interrupt Enable

YansmitUnderrun/EOM Interrupi
:nable

Clear to Send Interrupt Enable

Sync/Hunt Interrupt Enable

Data Carrier Detect Interrupt
Enable

Zero Count Interrupt Enable

1: Reset Receive CRC Checker
0: Reset Transmit CRC Checker
1: Reset Transmit Underrun/

EDM Latch*

^:MSB of Register Number 8-15
10 Reset External/Status Interrupts

1^11 Send Abort (SDLC)
|00: Enable Interrupt on Next

Receive Character
|01; Reset Transmit Interrupi

Pending
llO: Reset Error Bits in Read Reg.
|11: Reset Highest Interrupt

Under Service

ry



WRITE REGISTER 1

0

Receive Interrupt Diable

WRITE REGISTER 3

0

5 Bits per Receive Character

DCDandCTS Input toReadRegi^,
terOOnly

Bii

Serial Communications

Controller

Wait/DMA Request Enable

^ait/DMA Request Function

Wait/DMA Request on Receive/
Transmit

01: Receive Interrupt on First...
Character of Special Condition

^lOilnterrupt on AllReceive
Characters or Special Condition

11>Receive Interrupt on Sj
Condition Only

Treat Parity as Special Condition

Transmit Interrupt Enable

External/Status Interrupt Enable

1; 7 Bits per Receive Character
per Receive Character

tt 8 Bits per Receive Character

•uto Enable. CTS Becomes !
Transmit Enable. DCD Becomesl
,deceive Enable j

k Enter Huntfor Sync Mode

Enables CRC Checker on Receive
Character

Address Search Mode (SDLC)

Inhibit Sync Character Load into
Message

Receive Enable
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WRITE REGISTER 4

XI, Clock Rate = Data Rate

8 Bit Sync Character

Enable Sync Modes

Parity Even

WRITE REGISTER 5

0

5 Bits per Transmit Character

SDlC-16 CRC polynomial

9-136

01: X16. Clock Rate = 16 * Data
Rate

10: X32, Clock Rate = 32 ^ Data
Rate

11: X64, Clock Rate = 64 x Data
Rate

01:16 Bit Sync Character
10: SDLC Mode (01111110 Flag)
11; External Sync Mode

01:1 Stop Bit per Character
10: V/z Stop Bits per Character
1T. 2 Stop Bits per Character

Parity Odd

Enable Parity

Data Terminal Ready

01: 7 Bits per Transmit Characteif
ilO: 6 BitsperTransmit Charactel

11:8 Bitsper TransmitCharacteil

Send Break

Transmit Enable

CRC-16 polynomial

Request to Send

Transmit CRC Enable

O
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WRITE REGISTER 6

MONO,8 BITS M0N0,16 BITS BISYNC,16 BITS BISYNC,12 BITS SDLC SDLC

0 SYNCO SYNCO SYNCO 1 ADRO X

1 SYNCl SYNCl SYNCl 1 ADRl X

2 SYNC2 SYNC2 SYNC2 1 ADR2 X

3 SYNCS SYNCS SYNCS 1 ADR3 X

4 SYNC4 SYNC4 SYNC4 SYNCO ADR4 ADR4

5 SYNCS SYNCS SYNCS SYNCl ADR5 ADR5

6 SYNC6 SYNCO SYNC6 SYNC2 ADR6 ADR6

7 SYNC7 SYNCl SYNC7 SYNCS ADR7 ADR7

WRITE REGISTER 7

MONO,8 BITS M0N0,16 BITS BISYNC,16 BITS BISYNC,12 BITS
0 SYNCO X SYNCS SYNC4

1 SYNCl X SYNC9 SYNCS

2 SYNC2 SYNCO SYNCIO SYNC6

3 SYNCS SYNCl SYNCH SYNC7

4 SYNC4 SYNC2 SYNC12 SYNCS

S SYNCS SYNCS SYNCIS SYNC9

6 SYNC6 SYNC4 SYNC14 SYNCIO

7 SYNC7 SYNCS SYNCIS SYNCH

SDLC

0
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WRITE REGISTER 9

0

No Reset SS

Status in High Bits of Vector

WRITE REGISTER 10

0

9-138

Presei CRC Generator Checker
JloO

Transmit Sends Flags in Idle State

6-Bit Sync

1

01: Reset Channel 8
10; Reset Channel A
11: Reset Both Channels,.

•
Status in Low Bits of Vector

Master Interrupt Enable

Disable Lower Chain

Vector Includes 3 Bits of Status

" Preset CRC Generator Checker
^ to 1 3

01: NRZI
10: FM1
11: FMO

Go Active on Poll

Transmit Sends Continuous 1's in
idle State

On Underrun, Send Abort and Flag
Instead of CRC and Flag (SDLC)

Loop Mode

8-Blt Sync

O



WRITE REGISTER 11

RTxC PinInputisTTL Compatible '

Receive Clock = -RTxC Pin

Transmit Clock = -RTxC Pin

-TRxC Pin is Input

-TRxC Pin Out = Xtal Output

WRITE REGISTER 14

0

Null Command:

-DTR/-REQ Pin Follows State of
DTR

Serial Communications
Controller

RTxC Pin Input is Quartz Crystal

G1: Receive Clock = -TRxC Pin

10: Receive Clock = Baud Rate
Generator Output

11: Receive Clock = DPLL

Output

01: Transmit Clock = -TRxC Pin
10: Transmit Clock = Baud Rate

Generator Output
11: Transmit Clock = DPLL

Output

-TRxC Pin IS Output

01;-TRxC Pin Out = Transmit
Clock

10:-TRxC Pin Out = Baud Rate
Generator Output

11: -TRxC Pin Out = DPLL Output

01: Enter Search Mode
10: Reset Missing Clock
11; Disable DPLL

100: Set DPLL Clock Source
Baud Rate Generator

101: Set DPLL Clock Source =

-RTxC or Crystal Oscillator
110: Set DPLL FM Mode
111: Set DPLL NRZI Mode

Transmitter Connected to
Receiver and Transmits Out

Transmitter Connected to Re
ceiver as in Local Loopback but
Receiver Listens to Input

DTR/-REQ Pin Equals 0 When
Transmit Buffer Empty

Baud Rate Generator Source

Baud Rate Generator Enable
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WRITE REGISTER 15

0

Break/Abort Interrupt Enable-

^^ransmitUnderrun/EOM Interrup
able

Clear to Send Interrupt Enable

'Sync/Hunt Interrupt Enable

Data Carrier Detect Interrupt
Enable

Zero Count Interrupt Enable

Functions • READ DATA

This function reads character data.

INPUT: DATA
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READ see REGISTERS

This function reads Read Register 0-15.
OUTPUT: sec REGISTER POINTER =

register #
INPUT: see REGISTER POINTER = data

WRITE DATA

This function writes character data.

OUTPUT: DATA

WRITE sec REGISTER

OUTPUT: SCO REGISTER POINTER =

register #
OUTPUT: see REGISTER POINTER = data

n
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Sequencing The SCC has direct addressing for the data reg-
and Timing ister only. To access the other SCC registers,

first write the register number to the SCC Regis
ter Pointer and then read or write the register
using the SCC Register Pointer.

The SCC can operate in three basic modes to
transfer data, status and control information:

• polling

• interrupt

• block

The block mode is not used on the AT&T Per

sonal Computer 6300.

In the polling mode. Receive Character Availa
ble and Transmit Buffer Empty in Read Register
0 are examined before receiving and sending a
character. All interrupt functions must be dis
able. To do this, clear the Master Bit Enable and
set the No Vector bit in Write Register 9. Then
clear Write Register 1. This disables specific
types of interrupts.

For interrupt mode, the Master Interrupt Enable
in Write Register 9 must be set. In addition, bits
3-4 in Write Register 1 specify interrupts on
receive character conditions. Bit 1 in Write Reg
ister 1 enables interrupts on Transmit Buffer
Empty. Bit 0 enables External/Status interrupt.
This interrupt is caused by transmit underrun
condition, a zero count in the baud rate genera
tor, a break detection (Asynchronous Mode),
Abort (SDLC Mode), or EOP (SDLC Loop Mode).
Write Register 15 enables or disables more spe
cific types of interrupts.
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Interrupt sources have the following priority:

Receive Channel A

Transmit Channel A

External/Status Channel A

Receive Channel B

Transmit Channel B

Receive Channel B

A bit in Read Register 3 is set to indicate the
highest priority device needing service. You can
read the vector address of the interrupt service
routine in Read Register 2 if it was programmed.
If this vector is read on Channel B, it includes
status bits. Vectors are initialized with Write

Register 2. The interrupt service routine resets
the Highest Interrupt Under Service in Write
Register 0. Other interrupts are reset in Write
Register 0.

To set the baud rate, first clear bits OT in Write
Register 14. Then load Write Register 12 and 13
with the time constant. Last set hit 0-1 in Write

Register 14 to enable the baud rate generator. To
use the baud rate, set the transmit and receive
clocks in Write Register 11 to the baud rate
generator.

To determine the time constant to use for a

given baud rate, use this formula:

3,686,400 .2 - Time Constant
(16)(2)(Baud Rate)

The following table states the divisors to use to
obtain a given baud rate.
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BAUD RATES USING 3.6864 MHZ CLOCK

BAUD RATE TIME CONSTANT
110 1045

150 766

300 382

600 190

1200 94

2400 46

4800 22

9600 10

In Asynchronous mode, you initialize:

Write Register 1 to disable DMA transfers and to
enable or disable interrupts,

Write Register 3 to set Receive Enable and the
number of bits per receive character, to disable
synchronous functions, and to enable or disable
Auto Enable,

Write Register 4 to set parity, stop bits, and data
rate, and to disable synchronous mode.

Write Register 5 to set Transmit Enable and the
number of bits per transmit character, to enable
or disable Request to Send, Data Terminal
Ready and Send Break, and disable synchro
nous functions.

Write Register 9 to force a reset and set interrupt
parameters.

Write Register 10 to choose an encoding method.

Write Register 11 to select clock sources.

Write Register 12 and 13 to set the baud rate
time constant, and

Write Register 15 to enable the baud rate
generator.
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To transmit a character, wait for Transmit
Buffer Empty to be set in Read Register 1 of the
see. Then write the character to the Data
Register.

To receive a character, wait for Receive eharac-
ter Ready in the Read Register 1 of the See.
Then read the character from the Data Register.

In synchronous mode, you must transfer the
data using interrupts. The External/Status
interrupt is used to monitor the status of eiear to
Send and Transmit Underrun/EGM latch.

In bisynchronous mode, you initialize;

Write Register 0 to reset Transmit Under
run/EGM Latch, receive CRC checker, external/
status interrupts, and enable interrupts on next
receive character.

Write Register 3 to enable the receiver, and to
program Sync Character Load Inhibit, Enter
Hunt For Sync Character, and number of bits
per receive character.

Write Register 4 to set parity, enable sync
modes, number of hits per sync character, and
clock mode.

Write Register 5 to enable Transmit CRC, to
request 16-bit CRC polynomial, enable transmit,
transmit 8 bits per character, and to set Data
Terminal Ready and Request to Send,

Write Register 6 and 7 to set the sync bytes.

Write Register 9 first to reset the hardware and
later to set interrupts and vector variables.
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Write Register 10 to set length of sync character,
the encoding method, to preset the CRC genera
tor and to set the loop mode and go active on
poll if wanted.

Write Register 11 to set the clock sources, and

Write Register 15 to set interrupt enable
conditions.

The monosync transmitter is initialized as a
bisynchronous transmitter with two exceptions:

Only one sync character is written, and

The 6-bit or 8-bit selection in Write Register 10
must be made.

In SDLC mode, you initialize:

Write Register 0 to reset the transmit CRC gen
erator after transmit enable has been done and

to enable interrupts.

Write Register 1 to enable interrupts.

Write Register 3 to select bits per receive charac
ter, to set address search mode, to enable CRC
receiver and receive enable.

Write Register 4 to set SDLC mode before any
thing else is initialized and later to set clock
mode,

Write Register 5 to select the SDLC-CRC poly
nomial, to set Request to Send, Data Terminal
Ready, transmit character length, transmit en
able, and transmit CRC enable

Write Register 6 to contain the secondary
address field.
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Write Register 7 to contain flag character
01111110,

Write Register 9 to reset the hardware and to set
interrupt parameters,

Write Register 10 to set loop mode. Go Active on
Poll, Mark/Idle Flag, Abort on Underrun, the
CRC preset condition, and the encoding mode.

Write Register 11 to set clock sources.

Write Register 14 to set the clock source for the
DPLL, and

Write Register 15 to set interrupt enable
condition.

Sample ; RECEIVE
Program ; This routine receives one character
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PTER EQU 50
DATA EQU 51
RECEIVE:

MOV DX,PTER
XOR AL,AL
OUT DX,AL

RECl:

IN AL,DX
TEST AL,1
JZ RECl

MOV DX,DATA
IN AL,DX
RET

Pointer Port Address

AL = 0

Select Read Register 0

;Get Read Register 0
;Receive character available
;Jump if no character
;Data Port Address
;Read character

n



Speaker

Functional The speaker uses a permanent magnet speaker
Description which is driven by one of two sources. Counter 2

of the Interval Timer can he programmed to
automatically generate a pulse train. A bit in the
Keyboard Control Register controls this pulse
train. A bit in the Keyboard Control Register
can also be programmed to manually generate a
pulse train.

Block

Diagram

01, PORT ADDRESS G1

1.2288 MHz
CLK2

0UT2

TMR2GSPKR
GATE2

DO.PORTADDRESS 61

t>

9-147



Speaker

Registers

PORT # NAME

61 KEYBOARD CONTROL

42 COUNTER 2

43 TIMER CONTROL

READ/

WRITE

W .

R/W

W

DESCRIPTION

Contains speaker enable and
manual pulse train bits. See
Keyboard documentation.
Counter for audio speaker tone
generation. See Timer
documentation.

Control register for Interval
Timer. See Interval Timer

documentation.

Functions •
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AUTOMATIC PULSE TRAIN

This function automatically generates an audi
ble sound.

OUTPUT:

INTERVAL TIMER CONTROL REGISTER

BITS 1-3 = 3, square wave rate
generator

BITS 4-5 = 3, set counter
BITS 6-7 = 2, generator

INTERVAL TIME COUNTER 2

KEYBOARD CONTROL

BIT 0= 1, turns on speaker

MANUAL PULSE TRAIN

This function manually generates an audible
sound.

OUTPUT: KEYBOARD CONTROL

BIT 1 This bit is set and cleared to

generate a pulse train.



Speaker

Sequencing Input to the timer is 1.2288MHz. To generate a
and Timing 1.00 KHz tone with the audio speaker, a square

wave rate generator is used with a count of 614
(1.2288MHz/2*614 = IKHz).

Sample
Program BEEP

: This program sounds the beep manually

KEY-CONTROL EQU 61
TIMER_CONTROL EQU 43
BEEP:

MOV DX, TIMER_CONTROL ;port address
MOV AL, B8H
OUT DX, AL

MOV DX, KEY_CONTROL
IN AL,DX
MOV AH,AL
OR AH, OIH
MOV BL, 80H

BEEPl:

MOV AL, AH
AND AL, OFDH
OUT DX, AL
MOV CX, 48H
LOOP$
MOV AL, AH
OR AL, 02H
OUT DX, AL
MOVE CX, 48H
LOOP$
DECBL

JNZ BEEPl

MOV AL,AH
OUT DX,AL
RET

;of timer
;set channel 2
;in mode 4

;tum on Gate

;restore value
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Video Controller

Functional The AT&T Personal Computer 6300 Display
Description Controller interfaces the CPU to either mono

chrome or color displays. It uses a HD6845 CRT
Controller. The Display Controller operates in
two basic modes — text or all points addressable
(APR) graphics. Several resolutions are avail-
able depending on the mode and display.

RESOLUTION PC GRAPHIC/ COLOR/

COMPATIBLE TEXT MONOCHROME

80X25 YES T C/M

40X25 YES T C/M

640X400 NO G M

640X200 YES G M

320X200 YES G C
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In text mode, character attributes include
reverse video, blinking, highlight, hide and
underline. In color mode if blinking is not
requested, one of 16 colors can he chosen. Other
wise, one of 8 colors can be chosen.

In graphic mode, each pixel on a color monitor is
one of four selected colors. These four colors are
from a choice of 16. In a monochrome monitor,
these 16 colors are shades of gray from black to
white.

The Display Controller has 32K of RAM to
refresh one screen page.

n



Block

Diagram

Video Controller

The Display Controller can be upgraded with an
optional board. This board gives you the follow
ing features:

Up to three additional screen pages in RAM

Software controlled look-up table for an interna
tional character set

High resolution characters (16 X 16 pixels
instead of 8 X 16 pixels)

Hardware smooth scroll

The ability to mix text and graphic modes
simultaneously

Up to 16 colors can be displayed at once
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Registers

PORT# NAME READ/

WRITE

DESCRIPTION

3D8 MODE SELECT REGISTER 1 W See layout
3D9 COLOR SELECT REGISTER W See layout
3DA STATUS REGISTER R See layout
3DE MODE SELECT REGISTER 2 W See layout
3D4 POINTER TO HD6845 REGISTER W

3D5 HD6845 DATA REGISTER R/W

HD6845 Registers

NO NAME READ/ INITIALIZATION VALUE

WRITE 40X25 80X25 GRAPHIC

0 HORIZONTAL TOTAL W 38 71 38

1 HORIZONTAL DISPLAYED w 28 50 28

2 HORIZONTAL SYNC POSITION w 2D 5A 2D

3 HORIZONTAL SYNC WIDTH w 06 OC 06

4 VERTICAL TOTAL w IF IF 7F

5 VERTICAL TOTAL ADJUST w 06 06 06

6 VERTICAL DISPLAYED w 19 19 64

7 VERTICAL SYNC POSITION w IC IC 70

8 INTERLACE MODE w 02 02 02

9 MAX. SCAN LINE ADDRESS w 07 07 01

A CURSOR START LINE (SIZE) w 06 06 06

B CURSOR END LINE w 07 07 07

C ACTIVE PAGE START ADDR (H) w 00 00 00

D ACTIVE PAGE START ADDR (L) w 00 00 00

E CURSOR ADDRESS (H) R/W

F CURSOR ADDRESS (L) R/W

10 LIGHT PEN (H) R

11 LIGHT PEN (L) R
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Layout

MODE SELECT REGISTER 1

text mode, attribuio
char bit 7 defines
background intensilv

medium resolution
graphics

blank display

text mode

40 X25 test mode

MODE SELECT REGISTER 2

enable 24 MHz cloc

enable 16K RAM

primary char set

not 512 X 256 graphics

Video Controller

text mode,
blinking character

high resolution
graphics

enable display

graphic mode

80 X 25 text mode

nable 19 MHz
clock (28001)

underline
•t-4'. t- 'i :in color text

enable 32K RAM

alternate char set

Request degauss

512 X256 graphics
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COLOR SELECT REGISTER 1 (Graphics Mode Only)

0 1

N/A

Select Foreground Palette
(320 X 200)
Cyan, Magenta, White

Set Foreground Intensity Off
(320x200)

Modified Colors (Bit 3)
640 x 200

640 x 400
Foreground

320 X 200 Background
000; Dark Gray
001: Light Blue
010: Light Green
Oil: Light Cyan
100: Light Red
101: Light Magenta
110; Yellow

111: White

STATUS REGISTER

0

Display option t

9-154

V

N/A

Select Foreground Palette
(320 X 200)
Green. Red. Yellow

Set Foreground Intensity On
(320 X200)

Modify Color Selected By Bits 0-2

Select Color Shade
i40 X 200

640 X 400

Foreground

id6'320 X 200 Background
000: Black

001: Blue

101: Green

010: Cyan
100: Red

101: Magenta
110: Brown

111: Light Gray

001: Darkest

Gray

"11; No expansion

01: 12" Color monitor

11: 12" Monochrome monitor,:

First half of vertical retrace

Light Pen switched off

Light Pen triggered

Horizontal Retracing

n



Registers

Programmable
Interrupt Controller

PORT# NAME READ/ DESCRIPTION

WRITE

20 INIT COMMAND WORD 1 (ICWl) W See layout

21 INIT COMMAND WORD 2 (ICW2) W INTO interrupt type,
multiple of 8

21 INIT COMMAND WORD 3 (ICW3) W Cascade mode only

21 INIT COMMAND WORD 4 (ICW4) W See layout

21 OPERATION COMMAND WORD 1 R/W Interrupt Mask
Register

(OCWl, IMR) See layout

20 OPERATION COMMAND WORD 2 W See layout
(0CW2)

20 OPERATION COMMAND WORD 3 w . See layout

(0CW3)
20 IN-SERVICE REGISTER (ISR) R See layout

21 INTERRUPT LEVEL R See layout

20 INTERRUPT REQUEST REGISTER R See layout
(IRR)
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Layout

ICWl

ICW4

9-108

level triggered interrupt

byte interrupt pt

cascade mode

no ICW4 needed

not fully nested mode

always 0, non-buffered

normal EOl

edge triggered interrupt

4 byte interrupt pt

single PIC

CW4 needed

fully nested

o

automatic EO

always 1 8086}



Programmable
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OCWl or INTERRUPT MASK REGISTER

0 1

INT7 disabled %
INT6 disabled

INT5 disabled

INT4 disabled

INT3 disabled

INT2 disabled

INT1 disabled

INTO disabled

0CW2

i INT7 enabled

INT6 enabled

INT5 enabled

INT4 enabled

INT3 enabled

INT2 enabled

INT1 enabled

INTO enabled

,ui: non-speciiic bui
10; no operation
11: specific EOl. Bits 0-2 lowest

priority
100: set rotation mode
101: rotate automatically at EOl
110: rotate priority independent of

EOl, Bit 0-2 lowest priority
111: rotate at EOl

interrupt level (0-7)
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Interrupt Controller

0CW3

no action

not polled

no action

IN SERVICE REGISTER

INT7 not in service

INT6 not in service

INTS not in service

INT4 not in service

INT3 not in service

INT2 not in service

INT1 not in service

INTO not in service

9-110

01: no action

10; reset special mask
11: set special mask

01: no interrupt requested
10: read IRR on next read

11: read ISR on next read

1NT7 in service

INT6 in service

1NT5 in service

INT4 in service

INT3 in service

INT2 in service

INT1 in service

INTO in service



Programmable
InterruptController

INTERRUPTREQUESTREGISTER

01

3INT7norequest"f

INT6norequestJ

INT6norequest-

INT4norequest

INT3norequest

INT2norequest

INT1norequest

INTOnorequest

INTERRUPTLEVEL

0

f|^T7requestservice

^INT6requestservice

INT5requestservice

INT4requestservice

INT3requestservice

INT2requestservice

INT1requestservice

INTOrequestservice

levelofhighestprioritylevel
requestingservice(0-7)
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Functions • INITIALIZATION

This function prepares the PIC to accept inter
rupts by setting it to an initial state.

OUTPUT: ICWl

ICW2

ICW3 (Cascaded PIC's only)
ICW4

• SET SPECIAL MASK MODE

This function sets the priority scheme to Special
Mask Mode. The Interrupt Mask Register (IMR)
defines enabled priorities.

OUTPUT: 0CW3 BITS 5-6 = 3

IMR

• RESET SPECIAL MASK MODE

This function resets the priority structure to the
Fully Nested Mode. The IMR is ignored.

OUTPUT: 0CW3 BITS 5-6 = 1

• SET POLLED MODE

This function sets the priority scheme to Polled
Mode. The CLI instruction must be executed to

disable external interrupts. The next read
fetches the interrupt level.

OUTPUT: 0CW3 BIT 2 = 1

INPUT: interrupt level

• AUTOMATIC ROTATION OF PRIORITIES
ATEOI

This function requests an automatic rotation of
priorities at EOI.

OUTPUT: ICW2 BITS 5-7 = 5

• PROGRAMMED ROTATION AT EOI

This function requests a specific change in prior
ities at EOI.

OUTPUT: ICW2 BITS 5-7 = 7
ICW2 BITS 0-2 = level of lowest

priority
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Text Mode Every character position is defined by two bytes:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

I R G B I R G B ASCII CHAR CODE
Background Foregrounc

Attribute Byte

If neither the underline or blinking capabilities
are specified, the color choice for foreground and
background with a color monitor is:

Black

Blue

Green

Cyan
Dark Gray
Light Blue
Light Green
Light Cyan

Red

Magenta
Brown

Light Gray
Light Red
Light Magenta
Yellow

White

With a monochrome monitor, the color choice is:

Black

Darkest Gray

Lightest Gray

White

The codes for common monochrome choices
follow:

normal 00001111

reverse video 11110000
non-display black 00000000
non-display white 11111111
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When the blinking capability is specified in
Mode Select 1, then Bit 15 of the attribute byte
specifies whether the character blinks.

If the underline capability is specified in the
Mode Select Register 2, then Bit 11 specifies
whether the character is underlined.

The first position in the left-hand comer of the
screen is defined in the first two bytes of
memory starting at BOOOO. The next position,
one column to the right, is defined in the next
two bytes of memory at B0002. The first charac
ter in the next row follows immediately after the
definition for the last character in the first row.

For 80 column X 25 rows, memory looks like
this:

BOOOO

BOOAO

B0140

B0E60

BOFOO

Row 1

Row 2

Row 3

Row 24

Row 25

The 80 column display uses 4K of RAM and the
40 column display uses 2K of RAM. The rest of
the 32K is used for multiple screen images called
pages. There are either 16 or eight pages
available. n
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Graphics In graphics mode, the display screen is a grid of
Mode pixels, the smallest displayable unit on a video

monitor. In medium resolution, there are 640
across and either 200 or 400 down.

In high resolution, each pixel is defined hy one
bit. Bit 7 of each byte defines the first pixel and
bit 0 defines the last pixel to he displayed. The
background color is always black and is dis
played when the pixel is off. When the pixel is
on, the foreground color is one of 16 shades of
gray as defined in the Color Select Register Bits
0-2 and 3.

In medium resolution, each pixel is defined hy
two bits:

76 54 32 10

1st 2nd 3rd 4th PIXELS

The value of two bits define one of four prese
lected colors.

0 — background color
1 — color 1

2 — color 2

3 — color 3

The background color is defined by Bits 0-3 in
the Color Select Register. Colors 1, 2, and 3 are
cyan, magenta and white if Bit 5 of the Color
Select Register is zero and are green, red, and
yellow if Bit 5 is one.

Unlike the text mode, rows of pixels do not fol
low one after another in memory. The following
memory maps illustrate the layouts.
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MEMORY MAP (640 X 400 GRAPHICS MODE)

B8000

B9F3F

BAOOO

BBF3F

BCOOO

BDF3F

BEOOO

BFF3F
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NOT USED

NOT USED

NOT USED

LINES 0,4,8 396
8000 BYTES

LINES 1,5,9 397
8000 BYTES

LINES 2,6,10,....398
8000 BYTES

LINES 3,7,11,....399
8000 BYTES



Video Controller

MEMORY MAP (320 X 200 GRAPHICS MODE)

B8000

B9F3F

NOT USED

BAOOO

BBF3F

NOT USED

BCOOO

BDF3F

NOT USED

BEOOO

BFF3F

EVEN LINES 0,2,4, 198
8000 BYTES

PAGEO

ODD LINES 1,3,5, 199
8000 BYTES

PAGEO

EVEN LINES

8000 BYTES

PAGE 1

ODD LINES

8000 BYTES
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Functions • INITIALIZE HD6845

This function initializes the 16 registers of the
HD6845 with predetermined values.
OUTPUT: POINTER TO HD6845 REGISTER

Number of HD6845 register
HD6845 DATA REGISTER

Value of HD6845 register
(Repeat 16 times for each register)

• SET MODE

Set different mode characteristics such as text or

graphics, type of graphics, blinking character,
etc.

OUTPUT: MODE SELECT 1

MODE SELECT 2

• SET COLOR TYPE

Choose the different color or shades of gray to
display.
OUTPUT: COLOR SELECT REGISTER

• SET CURSOR SIZE

Set starting and ending line for cursor.
OUTPUT: POINTER TO HD6845 REGISTER

OAH

HD6845 DATA REGISTER

start line

POINTER TO HD6845 REGISTER

OBH

HD6845 DATA REGISTER

end line

n
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• SET CURSOR POSITION

Set cursor to location in memory.
OUTPUT: POINTER TO HD6845 REGISTER

OEH

HD6845 DATA REGISTER

most significant byte of address
POINTER TO H36845 REGISTER

OFH

HD6845 DATA REGISTER

least significant byte of address

• READ CURSOR POSITION

Read the current position of the cursor.
INPUT: POINTER TO HD6845 REGISTER

OEH

HD6845 DATA REGISTER

most significant byte of address
POINTER TO H36845 REGISTER

OFH

HD6845 DATA REGISTER

least significant byte of address

• SET ACTIVE PAGE

Set the address of the current page to display.
OUTPUT: POINTER TO HD6845 REGISTER

OCH

HD6845 DATA REGISTER

most significant byte of address
POINTER TO H36845 REGISTER

ODH

HD6845 DATA REGISTER

least significant byte of address

Sequencing There are two methods of communicating with
and Timing the video display. One is with I/O commands.

This method is used to set the modes of opera
tion, the cursor position, the cursor size or the
current active page.
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Scrambler ROM

For programs which do not use the regular
BIOS calls, the 6845 CRT controller requires
some additional circuitry to translate the data
sent to it by application programs into the
appropriate data for the display controller.
This circuitry (called the scrambler circuitry)
converts the IBM6845 register values to the
values which the display controller requires.
A listing of these conversions follows. For
additional information see the AT&T Per

sonal Computer 6300 reference manual.

SCRRM7' (USED ON: REV. Pl- P2R j

Unrecogni zed cofiimand

^DIS . . 350

0000 39 39 39 39 39 39 39 39 39 39 39 39 39 39 39 39 9999999999999999

0010 39 39 39 39 39 39 39 39 39 39 39 39 39 39 39 39 9999999999999999

0020 39 39 39 39 39 39 39 39 39 39 39 39 39 39 39 39 9999999999999999

0030 39 39 39 39 39 39 39 39 39 39 39 39 39 33 39 39 9999999999999999

0040 39 39 33 39 39 39 39 39 39 39 39 39 39 39 39 39 9999999999999999

0050 39 39 39 39 39 39 73 73 73 73 73 73 73 73 73 73 99999gssssssssss

0060 73 73 73 73 73 73 73 73 73 73 73 73 73 73 73 73 ssssssssssssssss

0070 73 73 73 73 73 73 73 73 73 73 73 73 73 73 73 73 ssssssssssssssss

0080 00 01 02 03 04 05 ©6 07 08 09 0H 08 0C: 0D 0E 0F

0080 10 11 12 13 14 15 16 17 18 19 IR IB IC ID IE IF

00ft0 20 21 22 23 24 25 26 27 28 29 2h 28 20 2D 2E 2F ! "#$%&'0^+,-./

00B0 30 31 32 33 34 35 36 37 38 39 3R 38 30 3D 3E 30 0123456789: ;<=>?

00C0 40 41 42 43 44 45 46 47 48 49 4R 48 40 4D 4E 4F @fi8CDEFGHIJl<LMNG

00D0 50 51 52 53 54 55 56 57 58 59 5R 58 50 5D 5E 5F PQRSTUVUXVZ[\]A_

00E0 60 61 62 63 64 65 66 67 68 69 6R 68 60 6D 6E 6F ' abcde f gh i j l-< 1mno

00F0 70 71 72 73 74 75 76 77 78 79 7R 78 70 70 7E 7F pqrstLi'v'i )xyz{|}—.
0100 00 01 02 03 04 05 06 07 08 09 0R 08 00 0D 0E 0F

0110 10 11 12 13 15 16 17 18 19 Ifl IB 10 ID IE IF

0120 20 21 22 23 24 25 26 27 28 29 2R 28 20 2D 2E 2F

0130 30 31 32 33 34 35 36 37 38 39 3R 38 30 3D 3E 3F 0123456789: ;<=>?

0140 40 41 42 43 44 45 46 47 48 49 4R 48 40 4D 4E 4F @fiBCDEFGHIJKLI1N0

0150 50 51 52 53 54 55 56 57 58 59 5R 58 50 5D 5E 5F P0R5TUVNXY2[\]A_

0160 60 61 62 63 64 65 6b 67 68 69 6R 68 60 6D 6E 6F ' abcde fgh i j l<i mno

0170 70 71 72 73 74 75 76 77 78 79 7R 78 70 7D 7E 7F pqrstuvuxyz{j}—.
0180 00 01 02 03 04 05 06 07 08 09 0R 08 00 0D 0E 0F

0190 10 11 12 13 14 15 16 17 18 19 IR 18 10 ID IE IF

01R0 20 21 22 23 24 25 26 27 28 29 2R 28 20 2D 2E 2F

0180 30 31 32 33 34 35 36 37 38 39 3R 38 30 3D 3E 3F 0123456^89: ;<=>?

01C0 40 41 42 43 44 45 46 47 48 49 4R 48 40 4D 4E 4F @RBODEFGHIJI<LnNG

01D0 50 51 52 53 54 55 56 57 53 59 5R 58 SO 5D 5E 5F PQRSTUVUXVZ[\]A_

0iE0 60 61 62 63 64 65 66 67 68 69 6h 68 60 6D 6E 6F 'abcdefghij kimno

0ir0 70 07 72 73 74 75 76 77 TQ 79 7h 78 70 7D 7E 7F p. rstuv''i.-.ixyz{ |
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0200 02 03 04 05 06 07

CO

09 0R 08 0C 0D 0E 0F 10 11

0210 12 13 14 15 16 17 18 19 IR 18 IC ID IE IF 20 21 1

0220 22 23 24 25 26 27 28 29 2R 28 2C 2D 2E 2F 30 31 '•#$%&' ( J*+,-./01
0230 32 33 34 35 36 37 38 39 3R 38 3C 3D 3E 3F 40 41 23456739: ;<=>?@R

0240 42 43 44 45 46 47 48 49 4R 48 4C 4D 4E 4F 50 51 BCDEFGHIJKLnNOPQ

0250 52 53 54 55 56 q-n 58 59 5R 58 5C 5D 5E 5F 60 61 RSTUVUXVZ[\]A_'a
02G0 62 63 64 65 66 67 68 69 6R 68 6C 6D 6E 6F 70 71 bcde fgh i j k1mnopq
0270 72 73 74 75 76 77 78 79 7R 78 7C 70 7E 7F 80 81 rstuvi.)xyz(1..
0280 00 01 02 03 04 05 06 07 08 09 0R 08 0C 0D 0E 0F

0290 10 11 12 13 14 15 16 17 18 19 IR 18 IC ID IE IF

02R0 20 21 22 23 24 25 26 27 28 29 2R 28 2C 2D 2E 2F ! {

0280 30 31 32 33 34 35 36 37 33 39 3R 38 3C 3D 3E 3F 0123456789: ;<=>?

02C0 40 41 42 43 44 45 46 47 48 49 4R 48 4C 40 4E 4F @RBCDEFGHIJI<LriNO

02D0 50 51 52 53 54 55 56 57 53 59 5R 58 5C 50 5E 5F PQR5TUVWaVZ[\]/\_
02E0 60 61 62 63 64 65 66 67 68 69 6R 68 6C 6D 6E 6F ' abcdefghi j k.lmno
02F0 70 71 72 73 74 75 76 77 78 79 7R 78 7C 7D 7E 7F pgrstuvuxyzd}-^.
0300 06 06 06 06 06 06 06 06 06 06 09 06 0C 0C 0C 0C

0310 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09

0320 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09

0330 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09

0340 09 09 09 09 09 09 09 09 09 ©9 09 09 09 09 09 09

0350 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09

0360 09 09 09 09 0^9 09 09 09 09 09 09 09 09 09 09 09

0370 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09

0380 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09

0390 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09

03A0 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09

0380 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09

03C0 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09

03D0 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09

0380 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09

03F0 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09 06

0400 IR IR IR IR IR IR IR IR IR IR IR IR IR IR IR IR

0410 IR IR IR IR IR IR IR IR IR IR IR 16 IR IR IR IR

0420 IR IR IR IR IR IR IR IR IR IR IR Ifi IR IR IR IR

0430 IR IR IR IH IR IR IR IR IR IR IR IR IR IR IR IR

0440 IR 68 68 68 68 68 68 68 68 68 68 68 68 68 68 68 -kkkkkkkkkkkkkkk

0450 68 68 68 68 68 68 68 68 68 68 68 68 68 68 68 68 kkkkkkkkkl<l<l<kkkk

0460 68 60 68 68 68 68 68 68 68 68 68 68 68 68 68 68 kkkkkkkkkkkkkkkk

0470 68 68 68 68 68 68 68 68 68 68 68 68 68 68 68 68 kl-,l<l<kl<kkk!<kkkkkk

0480 68 68 68 68 68 68 68 68 68 68 68 68 68 68 68 68 kl<l<kkkkkkkkkkkkk

0490 68 68 68 68 68 68 68 68 68 68 68 68 68 68 68 68 kkkkkkkl<kkkkkl<l<k

04R0 68 68 68 68 68 68 68 68 68 68 68 68 68 68 68 68 kkkkkkkkkkkkkkkk

04B0 68 68 68 68 68 68 68 68 68 68 68 68 68 68 68 68 kkkkkkl<l<kkkkkkkk

04C0 68 68 68 68 68 68 68 68 68 68 68 68 68 68 68 68 kkkkkkkkkkkkkkkk

0400 68 68 68 68 68 68 68 68 68 68 68 68 68 68 68 68 l-:kkkl<!<kkkkkkkkkk

04E0 68 68 68 68 68 68 68 68 68 68 68 68 68 68 68 68 l<l<l<kkkk:kkkkkkkkk

04F0 68 68 68 68 68 68 68 68 68 68 68 68 68 68 68 68 k.kkkkkkkkkkkkkkk

0500 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0510 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0520 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0530 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
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0540 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0550 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0560 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0570 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0580 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0580 00 00 00 00 00' 00 00 00 00 00 00 00 00 00 00 00

0580 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

05B0 00 00 00 00 00 00 00 00 00 00 00 00 ©0 00 00 00

05C0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

05D0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

05E0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

05r0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0600 00 01 02 03 04 05 06 07 08 09 08 0B 0C 00 0E 0F

0610 10 11 12 13 14 15 16 17 18 19 18 IB IC 10 IE IF

0620 20 21 22 23 24 25 26 27 28 28 28 28 2C 20 2E 2F

0630 30 31 32 33 34 35 36 37 38 39 38 38 3C 3D 3E 3F 0123456788: ;<=>?

0640 40 41 42 43 44 45 46 47 48 48 48 48 4C 40 4E 4F ©RBCDEFGHIJKLMNO

0650 50 51 52 53 54 55 56 57 58 59 58 58 5C 50 5E 5F PQRSTUVWXV2[\]A_

0660 60 61 62 63 64 65 66 67 68 68 68 68 6C 60 6E 6F 'abcdefghijklmno

0670 70 71 72 73 74 75 76 77 78 78 78 78 7C 70 7E 7F pqrstuvwxyz{ |}—.
0680 80 81 82 83 84 85 86 87 88 89 88 88 BC 80 BE 3F

0680 80 81 82 83 94 95 86 87 98 88 98 9B 9C 80 8E 8F

0680 80 81 82 83 84 85 86 87 88 89 88 88 8C 80 8E 8F

0680 B0 B1 B2 B3 B4 B5 B6 B7 88 89 BR 88 BC BO BE BF

06C0 C0 C1 C2 C3 C4 C5 C6 C7 C8 C9 C8 CB CC CD CE CF

06D0 D0 D1 02 03 04 05 06 07 08 08 08 OB OC DO DE OF

06E0 E0 El E2 E3 E4 E5 E6 E7 E8 E9 E8 EB EC EO EE EF

06F0 F0 F1 F2 F3 F4 F5 F6 F7 F3 F9 F8 FB FC FD FE FF

0700 18 19 18 18 18 18 18 19 19 18 18 19 18 19 19 18

0710 18 18 18 19 19 19 19 19 19 19 19 18 19 18 18 18

0720 18 18 18 18 18 19 19 19 19 19 19 19 18 19 19 18

0730 18 18 19 18 19 19 19 19 19 18 19 18 18 19 18 19

0740 19 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 .ddddddddddddddd

0750 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 dddddddddddddddd

0760 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 dddddddddddddddd

0770 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 dddddddddddddddd

0780 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 dddddddddddddddd

0780 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 dddddddddddddddd

0780 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 dddddddddddddddd

07B0 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 dddddddddddddddd

07C0 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 dddddddddddddddd

07D0 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 dddddddddddddddd

07E0 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 dddddddddddddddd

07F0 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 dddddddddddddddd

0800 00 00 00 03 00 00 00 00 00 00 00 00 00 00 00 00

0810 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0820 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0830 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0840 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0850 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0860 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

©870 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
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0880 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0830 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0880 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

08B0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

08C0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0SD0 00 00 00 00 00 00 00 06 00 00 00 00 00 00 00 00

08E0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

08F0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0900 01 03 05 03 09 0B 0D 0F 11 13 15 17 19 IB 10 0F

0910 21 23 25 27 29 2B 2D 2F 31 33 35 37 33 3B 30 3F !r^' }+-'-•13579;=?

0920 41 43 45 47 49 4B 4D 4F 51 53 55 57 59 5B 50 5F 8CEGIKMGQSUHY[]_

0930 61 63 65 67 69 6B 6D 6F 71 73 75 77 79 7B 70 7F acegikfnoqsuuy{}.
0940 81 83 85 87 39 8B 80 8F 91 93 35 97 99 9B 90 9F

0950 81 83 85 87 89 88 8D 8F B1 B3 B5 B7 B9 BB BO BF

0960 C1 C3 C5 C7 C9 CB CD CF D1 03 05 07 09 OB 00 OF

0970 El E3 E5 E7 E9 EB ED EF F1 F3 F5 F7 F9 FB FO FF

0980 01 03 05 07 09 0B 00 0F 11 13 15 17 19 IB 10 IF

0990 21 23 25 27 23 2B 20 2F 31 33 35 37 39 3B 30 3F !#%' |+--a3579;=?

09R0 41 43 45 47 49 4B 40 4F 51 53 55 57 59 SB 50 5F 8CEGII<M0QSUHY[ ]_

0980 61 63 65 67 69 6B 60 6F 71 73 75 77 79 7B 70 7F acegikrfioqsijijy{}.
03C0 81 83 85 37 89 88 80 8F 91 93 95 97 99 9B 90 3F

09D0 81 83 85 87 89 8B 80 8F Bi B3 B5 B7 B9 BB BO BF

0980 C1 C3 C5 C7 C9 CB CO CF 01 03 OS 07 09 OB 00 OF

0980 El E3 E5 E7 E9 EB EO EF F1 F3 F5 F7 Fg FB FO FF

0800 00 02 04 06 08 08 0C 0E 10 10 10 10 10 10 10 10

0810 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

0820 20 22 24 26 28 28 2C 2E 30 30 30 30 30 30 30 30 .00000000

0830 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 0000000000000000

0840 40 42 44 46 48 48 4C 4E 50 50 5© 50 50 56 50 50 @BOFHJLNPPPPPPP

0850 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 PPPPPPPPPPPPPPPP

0860 60 62 64 66 68 68 6C 6E 70 70 70 70 70 70 70 70 'bdfhjInpppppppp
0870 70 70 70 70 70 70 70 70 70 70 70 70 70 70 70 70 PPPPPPPPPPPPPPPP

0880 00 02 04 06 08 08 0C 0E 10 10 10 10 10 10 10 10

0830 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

0880 26 22 24 26 28 28 2C 2E 30 30 30 30 30 30 30 30 ^ . 00000000

08B0 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 0000000000000000

08C0 40 42 44 46 48 48 4C 4E 50 50 50 50 50 50 50 50 @BDFHJLNPPPPPPP

08D0 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 PPPPPPPPPPPPPPPP

08E0 60 62 64 66 68 68 6C 6E 70 70 70 70 70 70 70 70 'bdfhJInpppppppp

08r0 7© 70 70 70 70 70 70 70 70 70 70 70 70 70 70 70 PPPPPPPPPPPPPPPP

0B00 00 02 04 06 08 08 0C 0E 10 12 14 16 18 18 IC IE

0B10 20 22 24 26 28 28 2C 2E 30 32 34 36 38 38 3C 3E .02468:< >

0B20 40 42 44 46 48 48 4C 4E 50 52 54 56 58 58 5C 5E @BDFHJLNPRTVX2\

0B30 60 62 64 66 68 68 6C 6E 70 72 74 76 78 78 7C 7E 'bdfhjinprtvxz —

0B40 80 82 84 86 88 38 BC 8E 90 92 94 96 98 98 9C 9E

0BS0 80 82 84 86 88 88 8C 8E B0 B2 B4 B6 B8 B8 BC BE

0B60 C0 C2 C4 C6 C8 C8 CC CE • 0 02 04 06 08 08 DC OE

0B70 E0 E2 E4 E6 E8 E8 EC EE F0 F2 F4 Fe F8 F8 FC FE

0BS0 00 02 04 06 08 08 0C 0E 10 12 14 16 18 18 IC IE

0B90 20 22 24 26 28 28 2C 2E 30 32 34 36 38 38 3C 3E .02468 :< >

0B80 40 42 44 46 48 48 4C 4E 50 52 54 56 58 58 5C 5E @BOFHJLNPRTVXZ\

0BB0 60 62 64 66 68 68 6C 6E 70 72 74 76 78 78 7B 7E 'bdfhj inprtv.'xz ~
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0BC0 80 82 34 86

CO
CO

8R 8C

LJ
CO

90 92 94 96 98 9R 9C 9E

0BD0 m R2 R4 R6 R8 RR RC RE 80 82 84 86 88 BR BC BE

0BE0 C0 C2 C4 C6 ca CR CC CE • 0 02 04 06 08 OR OC DE

0BF0 E0 E2 E4 E6 E8 ER EC EE F0 F2 F4 F6 F8 FR FC FE

0C00 00 01 02 03 04 05 06 07 08 03 0R 08 0C 00 0E 0F

0Ci0 10 11 12 13 14 15 16 17 18 19 IR IB IC ID IE IF

0C20 20 21 22 23 24 25 26 27 28 29 2R 28 2C 20 2E 2F

0C30 30 31 32 33 34 35 36 37 38 39 3R 38 3C 3D 3E 3F 0123456789: ;<=>?

0C40 40 41 42 43 44 45 46 47 48 49 4R 48 4C 40 4E 4F @RBCDEFGHIJKLMNO

0C50 50 51 52 S3 54 55 56 57 58 59 5R 58 5C 50 5E 5F P0RSTUVWXY2[\]A_

0C60 60 61 62 63 64 65 66 67 68 69 6R 68 6C 60 6E 6F 'abcdefghijklmno

0C70 70 71 72 73 74 75 76 77 78 79 7R 78 7C 70 7E 7F pqrst.uvutxy2{! }—.
0C80 80 81 02 83 84 85 86 87 88 89 8R 88 8C 80 8E 3F

0C90 90 91 92 93 94 95 96 97 98 99 9R 98 9C 90 9E 9F

0CR0 R0 R1 R2 R3 R4 R5 R6 R7 R8 R9 RR RB RC RO RE RF

0CB0 B0 B1 B2 83 B4 B5 B6 87 88 89 BR 88 BC 80 BE 8F

0CC0 C0 C1 C2 C3 C4 C5 C6 C7 C8 C9 CR C8 CC CD CE CF

0CD0 00 01 02 03 04 05 06 07 08 09 OR 08 OC 00 DE OF

0CE0 E0 El E2 E3 E4 E5 EG E7 E8 E9 ER E8 EC EO EE EF

0CP0 F0 F1 F2 F3 F4 F5 F6 F7 F8 F9 FR FB FC FD FE FF

0000 00 01 02 03 04 05 06 07 08 09 0R 08 0C 00 0E 0F

0D10 10 11 12 13 14 15 16 17 18 19 IR IB IC ID IE IF

0020 20 21 22 23 24 25 26 27 28 29 2R 28 2C 20 2E 2F

0030 30 31 32 33 34 35 36 37 38 39 3R 38 3C 30 3E 3F 0123456789:;<=>?

0040 40 41 42 43 44 45 46 47 48 49 4R 48 4C 40 4E 4F @RBCOEFGHIJI<LMNO

0050 50 51 52 53 54 55 56 57 58 59 5R 58 5C 50 5E 5F PQRSTUVNXYZ[\]a_

0060 60 61 62 63 64 65 66 67 68 69 6R 68 6C 60 6E 6F 'abcdefghijklmno

0070 70 71 72 73 74 75 76 77 78 79 7R 78 7C 70 7E 7F pqrst.uvi)xyz{ 1
0030 30 81 82 83 84 85 86 87 88 89 8R 88 8C 80 BE 8F

0090 90 91 92 93 94 95 96 97 98 99 9R 98 9C 90 9E 9F

0DR0 R0 R1 R2 R3 R4 R5 R6 R7 R8 R9 RR RB RC RO RE RF

0DB0 B0 B1 B2 83 B4 B5 BG 87 88 89 BR 88 BC 80 BE 8F

0DC0 C0 C1 C2 C3 C4 C5 C6 C7 C8 C9 CR CB CC CD CE CF

0DD0 00 01 02 03 04 05 06 07 08 09 OR 08 DC DO DE OF

0DE0 E0 El E2 E3 E4 E5 E6 E7 E8 E9 ER E8 EC EO EE EF

0DF0 F0 F1 F2 F3 F4 F5 F6 F7 F8 F9 FR F8 FC FO FE FF

0E00 00 01 02 03 04 05 06 07 08 09 0R 08 0C 00 0E 0F

0E10 10 11 12 13 14 15 16 17 18 19 IR IB IC 10 IE IF

0E20 20 21 22 23 24 25 26 27 28 29 2R 28 2C 20 2E 2F

0E30 30 31 32 33 34 35 36 37 38 39 3R 38 3C 30 3E 3F 0123456789: ;<=>?

0E40 40 41 42 43 44 45 46 47 48 49 4R 48 4C 40 4E 4F @R8C0EFGHIJI<LMN0

0E50 50 51 52 53 54 55 56 57 58 59 5R 58 5C 50 5E 5F PQRSTUVWXYZ[\]A_

0E60 60 61 62 63 64 65 66 67 68 69 6R 68 6C 60 GE 6F 'abode f gh i J l<1mno

0E70 70 71 72 73 74 75 76 77 78 79 7R 78 7C 70 7E 7F pqrstuvuxy2{l}—.
0330 30 81 82 83 84 85 86 87 88 89 8R 88 BC 80 8E 8F

0E90 90 91 92 93 94 95 96 97 98 99 9R 98 9C 90 9E 9F

0ER0 R0 R1 R2 R3 R4 R5 R6 R7 R8 R9 RR RB RC RO RE RF

0EB0 B0 B1 82 B3 B4 B5 86 87 88 89 8R 88 BC 80 BE BF

0EC0 C0 C1 C2 C3 C4 C5 C6 C7 C8 C9 CR CB CC CD CE CF

0ED0 00 01 02 03 04 05 06 07 08 09 OR 08 DC DO OE OF

0EE0 E0 El E2 E3 E4 E5 E6 E7 EB E9 ER EB EC EO EE EF

0EF0 F0 F1 F2 F3 F4 F5 F6 F7 F8 F9 FR FB FC FO FE FF
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Video Controller

0F00 00 01 02 03 04 05 06 07 08 09 08 08 0C 00 0E 0F

0F10 10 11 12 13 14 15 16 17 18 19 18 IB IC ID IE IF

0F20 20 21 22 23 24 25 26 27 28 29 28

ru
CD

2C 20 2E 2F

0F30 30 31 32 33 34 35 36 37 33 39 38 38 3C 3D 3E 3F 0123456789:;<=>?

0F40 40 41 42 43 44 45 46 47 48 49 48 48 4C 40 4E 4F @88C0EFGHIJKLMN0

0F50 50 51 52 S3 54 55 56 57 58 59 58 58 5C 50 5E 5F PQRSTUVWXYZ[\]A_

0F60 60 61 62 63 64 65 66 67 68 69 68 68 6C 60 6E 6F 'abcdefghljklmno

0F70 70 71 72 73 74 75 76 77 78 79 78 78 7C 70 7E 7F pqrstuuuxyzf 1
0F80 80 81 82 83 84 85 86 87 88 89 38 88 8C 80 8E 8F

0F90 90 91 92 93 94 95 96 97 98 99 98 98 9C 90 9E 9F

0FR0 fl0 fil 82 83 84 85 86 87 88 89 88 88 8C 80 8E 8F

0FB0 80 81 82 83 84 85 86 87 88 89 88 88 8C 80 BE BF

0FC0 C0 C1 C2 C3 C4 C5 C6 C7 C8 C9 C8 C8 CC CO CE CF

0FD0 D0 D1 02 03 04 05 06 07 08 09 08 08 oc 00 DE OF

0FE0 E0 El E2 E3 E4 E5 E6 E7 E8 E9 E8 EB EC EO EE EF

0FF0 F0 F1 F2 F3 F4 F5 F6 F7 F8 F9 F8 FB FC FO FE FF

Rt enc1 of current range

SCRRMSB (USEO ON REV. P3 8N0 L8TER)

Unrecognized command

*DIS . .350

0000 39 39 39 39 39 39 39 39 39 39 39 39 39 39 39 39 9999999999999999

0010 39 39 39 39 39 39 39 39 39 39 39 39 39 39 39 39 9999999999999999

0020 39 39 39 39 39 39 39 39 39 39 39 39 39 39 39 39 9999999999999999

0030 39 39 39 39 39 39 39 39 39 39 39 39 39 39 39 39 9999999999999999

0040 39 39 39 39 39 39 39 39 39 39 39 39 39 39 39 39 9999999999999999

0050 39 39 39 39 39 39 73 73 73 73 73 73 73 73 73 73 999999SSSSSSSSSS

0060 73 73 73 73 73 73 73 73 73 73 73 73 73 73 73 73 ssssssssssssssss

0070 73 73 73 73 73 73 73 73 73 73 73 73 73 73 73 73 ssssssssssssssss

0080 00 01 02 03 04 05 06 07 08 09 08 00 0C 00 0E 0F

0090 10 11 12 13 14 15 16 17 18 19 18 IB IC 10 IE IF

0080 20 21 22 23 24 25 26 27 28 29 28 28 2C 20 2E 2F ( )*+,-./

0080 30 31 32 33 34 35 36 37 38 39 38 38 3C 30 3E 3F 0123456789: ;<=>?

00C0 40 41 42 43 44 45 46 47 48 49 48 48 4C 40 4E 4F @8BC0EFGHIJKLMNG

0000 50 51 52 S3 54 55 56 57 58 59 58 58 5C 50 5E 5F PQRSTUVWXVZ[\]A_

00E0 60 61 62 63 64 65 66 67 68 69 68 68 6C 60 6E 6F 'abodefghijkimno

00F0 70 71 72 73 74 75 76 77 78 79 78 78 7C 70 7E 7F pqrstuvwxyzl []—.
0100 00 01 02 03 04 05 06 07 08 09 08 08 0C 00 0E 0F

0110 10 11 12 13 14 15 16 17 18 19 18 IB IC 10 IE IF

0120 20 21 22 23 24 25 26 27 28 29 28 28 2C 20 2E 2F !

0130 30 31 32 33 34 35 36 37 38 39 38 38 3C 30 3E 3F 0123456789:;<=>?

0140 40 41 42 43 44 45 46 47 48 49 48 48 4C 40 4E 4F @8BC0EFGHIJI<LMN0

0150 50 51 52 53 54 55 56 57 58 59 58 58 5C 50 5E 5F PgR3TUVNXYZ[\]A_

0160 60 61 62 63 64 65 66 67 68 69 68 68 GC 60 6E 6F 'abcdefghijkimno

0170 70 71 72 73 74 75 76 77 78 79 78 78 7C 70 7E 7F pqrstuvwxyz{!
0180 80 81 82 83 84 85 86 87 88 89 88 3B 8C 80 BE OF

0190 90 91 92 93 94 95 96 97 98 99 98 9B 9C 90 9E 9F

0180 80 81 82 83 84 85 86 87 88 89 88 88 8C 80 8E 8F

0180 80 81 82 83 84 85 86 87 88 89 88 88 BC 80 BE BF
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Video Controller

01C0 C0 C1 C2 C3 C4 C5 C6 C7 C8 C9 C8 CB CC CD CE CF

01D0 00 01 02 03 04 05 06 07 08 09 08 08 DC DO DE OF

01E0 E0 El E2 E3 E4 E5 E6 E7 EB E9 E8 EB EC ED EE EF

01F0 F0 F1 F2 F3 F4 F5 F6 F7 F8 F9 F8 FB FC FD FE FF

0200 02 03 04 05 06 07 0S 03 08 08 0C 00 0E 0F 10 11

0210 12 13 14 15 16 17 18 19 18 IB IC ID IE IF 20 21

0220 22 23 24 25 26 27 28 29 28 28 2C 20 2E 2F 30 31 ()^+,-./01

0230 32 33 34 35 36 37 38 39 38 38 3C 3D 3E 3F 40 41 23456789: ;<=>?@8

0240 42 43 44 45 46 47 48 49 48 48 4C 40 4E 4F 50 51 BCOEFGHIJKLMNQPQ

0250 52 53 54 55 56 57 58 59 58 58 5C 50 5E 5F 60 61 RSTUVNXYZ[\]A_'a

0260 62 63 64 65 66 67 68 69 68 68 6C 60 6E 6F 70 71 bcdefghi JkliTinopq

0270 72 73 74 75 76 77 78 79 78 78 7C 70- 7E 7F 30 81 rstuvijxyz{ 1 . .
0280 00 01 02 03 04 05 06 07 08 09 08 0B 0C 00 0E 0F

0290 10 11 12 13 14 15 16 17 18 19 18 IB IC ID IE IF

02fi0 20 21 22 23 24 25 26 27 28 29 28 2B 2C 20 2E 2F

02B0 30 31 32 33 34 35 36 37 38 39 38 38 3C 3D 3E 3F 0123456789: ;<=>?

02C0 40 41 42 43 44 45 46 47 48 49 48 4B 4C 40 4E 4F @8BC0EFGHIJ!<LMN0

02D0 50 51 52 53 54 55 56 57 58 59 58 58 5C 50 5E 5F PQRSTUVHXY2[\]A_

02E0 60 61 62 63 64 65 66 67 68 69 68 6B 6C 60 6E 6F 'abcdefghijkimno

02F0 70 71 72 73 74 75 76 77 78 79 78 78 7C 70 7E 7F pqrstuvwxyz{ |}—.
0300 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E

0310 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E

0320 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E

0330 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E

0340 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E

0350 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E

0360 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E

0370 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E

0380 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E

0390 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E

0380 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E

03B0 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E

03C0 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E

0300 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E

03E0 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E

03F0 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E

0400 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18

0410 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18

0420 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18

0430 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18

0440 18 68 6B 6B 6B 6B 6B 68 68 68 68 6B 68 6B 68 6B .kkkkkkkkkkkkkkk

©450 6B 6B 6B 6B 68 6B 68 6B 68 6B 6B 6B 6B 68 68 68 kkkkkkl<kkkl<kkl<kl<

0460 6B 6B SB 6B SB 6B 6B 68 68 68 6B 6B 68 68 68 68 l<l<kkkkkkkkkkkkkk

0470 6B GB SB 6B 6B 6B 68 68 68 68 68 68 68 6B 6B 68 kkkkkkkkkkkkkkkk

0480 00 01 02 03 04 05 06 07 03 09 08 08 0C 00 0E 0F

0490 10 11 12 13 14 15 16 17 18 19 18 IB IC 10 IE IF

0480 20 21 22 23 24 25 26 27 28 29 28 2B 2C 20 2E 2F ! ( 1^+,-./

04B0 30 31 32 33 34 35 3 b 37 38 39 38 38 3C 30 3E 3F 0123456739: ;<=>?

04C0 40 41 42 43 44 45 46 47 48 49 48 4B 4C 40 4E 4F @8BCDEFGHIJKLMNQ

0400 50 51 52 53 54 55 .56 57 58 59 58 58 5C 50 5E 5F pqrstuvw>:y2[\]a_

04E0 G'0 61 62 63 64 65 66 67 68 69 68 6B 6C 60 6E 6F ' abcdefghijlclmno

04F0 70 71 72 73 74 7 c 76 77 78 79 78 78 7C 70 7E 7F pqfstuvLi>'yz{ 1}—.
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Video Controller

0500 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

©510 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0520 00 00 ©0 00 00 00 00 00 00 00 00 00 00 00 00 00

0530 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0540 00 00 00 00 00 ©0 00 00 00 00 00 00 00 00 00 00

0550 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0560 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0570 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0580 00 01 02 03 04 05 06 07 08 09 0fl 08 08 00 0E 0F

0590 10 11 12 13 14 15 16 17 18 19 IR IB 18 ID IE IF

05R0 20 21 22 23 24 25 26 27 28 29 2R 28 28 20 2E 2F !

05B0 30 31 32 33 34 35 36 37 38 39 3R 38 38 3D 3E 3F 0123456789: ;<=>?

05C0 40 41 42 43 44 45 46 47 48 49 4R 48 48 40 4E 4F @RBCOEFGHIJI<LMNG

05D0 50 51 52 53 54 55 56 57 58 59 5R 58 58 50 SE 5F PQRSTUVUXYZ[\]A_

05E0 60 61 62 63 64 65 66 67 68 69 68 68 68 60 6E 6F ' abcde f gh i j l< 1mno

05F0 70 71 72 73 74 75 76 77 78 79 7R 78 78 70 7E 7F pqrstuvijxyzl 1}—.
0600 00 01 02 03 04 05 06 07 08 09 0R 08 08 00 0E 0F

0610 10 11 12 13 14 15 16 17 18 19 IR IB 18 10 IE IF

0620 20 21 22 23 24 25 26 27 28 29 2R 28 28 20 2E 2F

0630 30 31 32 33 34 35 36 37 38 39 3R 38 38 30 3E 3F 0123456789: ;<=>?

0640 40 41 42 43 44 45 46 47 48 49 4R 48 48 40 4E 4F @RB80EFGHIJI<LMN0

0650 50 51 52 53 54 55 56 57 58 59 5fi 58 58 50 5E 5F PQR5TUVUXYZ[\]A_

0660 60 61 62 63 64 65 66 67 68 69 6R 68 68 60 BE 6F ' abcde f gh i J l<1mno

0670 70 71 72 73 74 75 76 77 78 79 7R 78 78 70 7E 7F pqrstuvuxyz{ [
0680 80 81 82 83 84 85 86 87 88 89 8R 88 88 80 8E 8F

0690 90 91 92 93 94 95 96 97 98 99 9R 98 98 90 3E 9F

06R0 R0 R1 R2 R3 R4 R5 R6 R7 flS R9 RR RB R8 RD RE RF

0680 80 B1 82 83 84 85 86 87 88 89 BR 88 88 80 BE BF

06C0 C0 C1 C2 C3 C4 C5 C6 C7 C8 C9 CR CB 88 CO 8E 8F

0600 D0 D1 02 03 04 05 06 07 08 09 OR 08 08 DO OE OF

06E0 E0 El E2 E3 E4 E5 E6 E7 E8 E9 ER EB EC ED EE EF

06F0 F0 F1 F2 F3 F4 F5 F6 F7 F8 F9 FR FB FC FO FE FF

0700 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19

0710 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19

0720 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19

0730 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19

0740 19 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 .ddddddddddddddd

0750 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 dddddddddddddddd

0760 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 dddddddddddddddd

0770 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 dddddddddddddddd

0780 00 01 02 03 04 05 06 07 08 09 0R 08 08 00 0E 0F

0790 10 11 12 13 14 15 16 17 18 19 IR IB 18 ID IE IF

07R0 20 21 22 23 24 25 26 27 28 29 2R 28 28 20 2E 2F 1

0780 30 31 32 33 34 35 36 37 38 39 3fi 38 38 3D 3E 3F 0123456789: ;<=>?

07C0 40 41 42 43 44 45 46 47 48 49 4R 48 48 40 4E 4F @ReCOEFGHIJI<LNMO

07D0 50 51 52 53 54 55 56 57 53 59 5R 58 58 50 5E 5F PORSTUVWXYZ[\]A_

07E0 60 61 62 63 64 65 66 67 68 69 6R 68 68 60 6E 6F ' abcde f ghl J l<1mno

07F0 70 71 72 73 74 75 76 77 78 79 7R 78 78 70 7E 7F pqrstuvuxyz{ I]" .
0800 00 00 00 03 00 00 00 00 00 00 00 00 00 00 00 00

0310 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0820 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0830 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
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Video Controller

0840 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0850 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0860 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0870 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0880 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0890 00 00 00 00 ©0 00 00 00 00 00 00 00 00 00 00 00

0880

0880

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

08C0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

©8D0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0880 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

08F0 00 00 00 80 00 00 00 00 00 00 00 00 00 00 00 00

0900 01 03 05 03 09 00 0D 0F 11 13 15 17 19 IB 10 0F

0910 21 23 25 27 29 28 2D 2F 31 33 35 37 39 38 30 3F !#^' j+-.''13579;=?

0920 41 43 45 47 49 4B 40 4F 51 53 55 57 59 5B 50 5F 8CEGII<M0QSUUY[ ]_

0930 61 63 65 67 69 6B 60 6F 71 73 75 77 79 78 70 7F acegil<moqsui.)Ci(}.
0940 81 83 35 87 89 8B 80 8F 91 93 95 97 99 38 90 9F

0950 81 83 85 87 89 8B 80 8F B1 B3 B5 B7 B9 BE BO BF

0960 Ci C3 C5 C7 i::9 CB CO CF 01 03 05 07 09 08 00 OF

0970 81 83 85 87 83 EB 80 EF F1 F3 F5 F7 F9 FB FO FF

0980 00 01 02 03 04 05 06 ©7 08 09 08 08 0C 00 08 0F

0990 10 11 12 13 14 15 16 17 18 19 18 18 IC 10 IE IF

0980 20 21 22 23 24 25 26 27 28 29 28 28 2C 20 28 2F ()^+,-./

09B0 30 31 32 33 34 35 36 37 38 39 38 38 3C 3D 38 3F 0123456789: ;<=>?

09C0 40 41 42 43 44 45 46 47 48 49 48 48 4C 40 48 4F @8BC08FGHIJI<LNND

09D0 50 51 52 53 54 55 56 57 58 59 58 58 5C 50 58 5F PQRSTUVWXYZ[\]A_

09E0 60 61 62 63 64 65 66 67 68 69 68 68 6C 60 68 6F ' abcdefghi j I'iimno

09F0 70 71 72 73 74 75 76 77 78 79 78 78 7C 70 78 7F pqrstuvu>:yz{ 11"""*.
0800 00 02 04 06 08 08 0C 08 10 10 10 10 10 10 10 10

0810 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

0820 20 22 24 26 28 28 2C 28 30 30 30 30 30 30 30 30 ^.00000000

0830 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 0000000000000000

0840 40 42 44 46 48 48 4C 48 50 50 50 50 50 50 50 50 @BDFHJLNPPPPPPP

0850 50 50 50 50 50 50 50 50 50 50 50 50 5© 50 50 50 PPPPPPPPPPPPPPPP

08b0 60 62 64 66 68 68 6C 68 70 70 70 70 70 70 70 70 'bdfhjlnpppppppp
0870 70 70 70 70 70 70 70 70 70 70 70 70 70 70 70 70 PPPPPPPPPPPPPPPP

0880 00 01 02 03 04 05 06 07 03 09 08 0B 0C 00 08 0F

0890 10 11 12 13 14 15 16 17 18 19 18 IB IC ID 18 IF

0880 20 21 22 23 24 25 26 27 28 29 28 2B 2C 20 28 2F ( }^f+,-.^

08B0 30 31 32 33 34 35 36 37 38 39 38 3B 3C 3D 38 3F 0123456789; ;<=>?

08C0 40 41 42 43 44 45 46 47 48 49 48 4B 4C 40 48 4F @8BC08FGHIJI<LNNG

08D0 50 51 52 53 54 55 56 57 58 59 58 5B SC 50 58 5F PQRSTUVWXYZ[\]A_

0880 60 61 62 63 64 65 66 67 68 69 68 6B 6C 60 68 6F ' abcdefghi.j klmno
08F0 70 71 72 73 74 75 76 77 78 79 78 7B 7C 70 78 7F pqrstuvuxyzf j}—.
0800 00 02 04 06 08 08 0C 08 10 12 14 16 18 18 IC 18

0810 20 22 24 26 28 28 2C 28 30 32 34 36 38 38 3C 38 .02468:<>

0820 40 42 44 46 48 48 4C 48 50 5"^ 54 56 58 58 5C 58 @BDFHJLNPPTVXZ\

0830 60 62 64 66 68 68 6C 68 70 72 74 76 78 78 70 78 'bdfhjInprtvxz —

0840 80 82 84 36 88 38 8C 88 90 92 94 36 93 98 9C 98

0850 80 82 84 86 88 88 8C 88 80 B2 84 86 88 B8 EC BE

0860 C0 C2 C4 C6 88 C8 cc C8 00 02 04 06 08 08 DC 08

0B70 80 82 84 86 88 88 EC 88 F0 F2 F4 F6 F8 F8 FC F8
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Video Controller

0B80 00 01 02 03 04 05 06 07 08 09 08 08 0C 00 0E 0F

0B90 10 11 12 13 14 15 16 17 18 19 18 18 IC 10 IE IF

0BB0 20 21 22 23 24 25 26 27 28 29 28 28 2C 20 2E 2F

0BB0 30 31 32 33 34 35 36 37 38 39 38 38 3C 30 3E 3F 0123456789: ;<=>?

0BC0 40 41 42 43 44 45 46 47 48 49 48 48 4C 40 4E 4F @8BC0EFGHIJI<LMNG

0BD0 50 51 52 53 54 55 56 57 58 59 58 58 5C 50 5E 5F PgRSTUVUXYZ[\]'\_

0BE0 60 61 62 63 64 65 66 67 68 69 68 68 6C 60 6E 6F 'abcdefghijk1mno

0BF0 70 71 72 73 74 75 76 77 78 79 78 78 7C 70 7E 7F pqrstuvijxyz{ i}—.
0C00 00 01 02 03 04 05 06 07 08 09 08 08 0C 00 0E 0F

0C10 10 11 12 13 14 15 16 17 18 19 18 IB IC 10 IE IF

0C20 20 21 22 23 24 25 26 27 28 29 28 28 2C 20 2E 2F !

0C30 30 31 32 33 34 35 36 37 38 39 38 38 3C 30 3E 3F 0123456789:;<=>?

0C40 40 41 42 43 44 45 46 47 48 49 48 48 4C 40 4E 4F @88C0EFGHIJI<LMN0

0C50 50 51 52 53 54 55 56 57 58 59 58 58 5C 50 5E 5F PQRSTUVWXY2[\]A_

0C60 60 61 62 63 64 65 66 67 68 69 68 68 6C 60 6E 6F ' abcde f gh i j l<1mno

0C70 70 71 72 73 74 75 76 77 78 79 78 78 7C 70 7E 7F pqrstuvLJxyz{ [}~-
0C80 80 81 82 83 84 85 86 87 88 89 88 88 8C 80 8E 8F

0C90 90 91 92 93 94 95 96 97 98 99 98 98 9C 90 9E 9F

0CA0 80 81 82 83 84 85 86 87 88 89 88 88 8C 80 8E 8F

0CB0 80 81 82 83 84 85 86 87 88 89 88 88 8C 80 BE BF

0CC0 C0 i::i C2 C3 C4 C:5 C6 C7 C8 C9 C8 CS CC CO CE CF

0CD0 D0 D1 D2 03 04 05 06 07 08 09 08 08 OC 00 OE OF

0CE0 E0 El E2 E3 E4 E5 E6 E7 E8 E9 E8 EB EC EO EE EF

0CF0 F0 F1 F2 F3 F4 F5 F6 F7 F8 F9 F8 FB FC FO FE FF

0D00 00 01 02 03 04 05 06 07 08 09 08 08 00 00 0E 0F

0D10 10 11 12 13 14 15 16 17 18 19 18 IB IC 10 IE IF

0D20 20 21 22 23 24 25 26 27 28 29 28 28 2C 20 2E 2F ()«+,-./

0D30 30 31 32 33 34 35 36 37 38 39 38 38 3C 30 3E 3F 0123456789:;<=>?

0D40 40 41 42 43 44 45 46 47 48 49 48 48 4C 40 4E 4F @8BC0EFGHIJI<LMNG

0D50 50 51 52 53 54 55 56 57 58 59 58 58 5C 50 5E 5F PQRSTUVWXY2[\]A_

0D60 60 61 62 63 64 65 66 67 68 69 68 68 6C 60 6E 6F 'abode f gh i J l<i mno

0D70 70 71 72 73 74 75 76 77 78 79 78 78 7C 70 7E 7F pqrstuvi..j>::yz{!}—.
0D80 80

CO

82 83 84 85 86 87 88 89 88 88 8C 80 8E 8F

0D90 90 91 92 93 94 95 96 97 98 99 98 98 9C 90 9E 9F

0Dfi0 80 81 82 83 84 85 86 87 88 89 88 88 8C 80 8E 8F

0DB0 80 81 82 83 84 85 86 87 88 89 88 88 8C 80 BE BF

0DC0 C0 C1 C2 C3 C4 C5 C6 C7 C8 C9 C8 CB CC CO CE CF

0DD0 D0 D1 02 03 04 05 06 07 08 09 08 08 OC 00 OE OF

0DE0 E0 El E2 E3 E4 E5 E6 E7 E8 E9 E8 E8 EC EO EE EF

0DF0 F0 F1 F2 F3 F4 F5 F6 F7 F8 F9 F8 F8 FC FO FE FF

0E00 00 01 02 03 04 05 06 07 08 09 08 08 0C 00 0E 0F

0Ei0 10 11 12 13 14 15 16 17 18 19 18 18 IC 10 IE IF

0E20 20 21 22 23 24 25 26 27 28 29 28 28 2C 20 2E 2F

0E30 30 31 32 33 34 35 36 37 38 39 38 38 3C 30 3E 3F 0123456789: ;<=>?

0E40 40 41 42 43 44 45 46 47 48 49 48 48 4C 40 4E 4F (5)88C0EFGHIJI<LMNG

0E50 50 51 52 53 54 55 56 57 58 59 58 58 5C 50 5E 5F PgRSTUVUXYZ[\]A_

0E60 60 61 62 63 64 65 66 67 68 69 68 68 6C 60 6E 6F 'abcdefghijklmno

0E70 70 71 72 73 74 75 76 77 78 79 78 78 7C 70 7E 7F pqrstuvwxyz(! |—-
0E80 80 81 82 83 84 85 86 87 88 89 88 88 8C 80 8E 8F

0E90 90 91 92 93 94 95 96 97 98 99 98 98 9C 90 9E 9F

0ER0 80 81 82 83 84 85 86 87 88 89 88 88 8C 80 8E 8F

0EB0 80 81 82 83 84 85 86 87 88 89 88 88 BC 80 BE 8F
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0EC0 C0 C1 C2 C3 C4 C5 C6 C7 C8 C9 CR CB CC CD CE CF

0ED0 D0 D1 D2 D3 04 05 06 07 08 03 OR OB DC DO OE OF

0EE0 E0 El E2 E3 E4 E5 E6 E7 E8 E3 ER EB EC ED EE EF

0EF0 F0 F1 F2 F3 F4 F5 F6 F7 FB F9 FR FB FC FO FE FF

0F00 00 01 02 03 04 05 06 07 08 09 0R 0B 0C 00 0E 0F

0F10 10 11 12 13 14 15 16 17 18 13 IR IB IC 10 IE IF

0F20 20 21 22 23 24 25 26 27 28 23 2R 2B 2C 20 2E 2F !"#$%&'(

0F30 30 31 32 33 34 35 36 37 38 39 3R 3B 3C 30 3E 3F 0123456783: ;<=>?

0F40 40 41 42 43 44 45 46 47 48 49 4R 4B 4C 40 4E 4F @RBCDEFGHIJI<LP1N0

0F50 50 51 52 53 54 55 56 57 58 59 5fl 5B 5C 50 5E 5F PQRSTUVWXVZ[\]'\_
0Fe0 60 61 62 63 64 65 66 67 68 63 6R 6B 6C 60 6E 6F 'abode fgh i j k1mno

0F70 70 71 72 73 74 75 76 77 78 79 7R 7B 7C 70 7E 7F pqrstuvHxy2{!
0F80 80 81 82 83 84 85 86 37 88 89 8R 8B 8C 80 8E 8F

0F30 30 31 32 93 94 95 96 37 38 33 3R 9B 9C 3D 3E 3F

0FR0 R0 R1 R2 R3 R4 R5 R6 R7 R8 R9 RR RB RC RD RE RF

0FB0 B0 81 B2 B3 B4 B5 B6 B7 B8 89 BR BB BC BO BE BF

0FC0 C0 C1 C2 C3 C4 C5 C6 C7 C8 C9 CR CB CC CD CE CF

0FD0 D0 D1 D2 03 04 05 06 •7 08 03 OR DB DC 00 DE OF

0FE0 E0 El E2 E3 E4 E5 E6 E7 E8 E9 ER EB EC ED EE EF

0FF0 F0 F1 F2 F3 F4 F5 F6 F7 F8 F9 FR FB FC FD FE FF

Rt end1 of current range
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Index

A (assemble) DEBUG
command 3-9 to 3-12

Absolute disk read (INT 25H)
7-19 to 7-21

Absolute disk write (INT 26H)
7-22 to 7-24

Addressing 4-1 to 4-14
Aligned words 4-5
Allocate memory (Function
48H) 7-140 to 7-141
ASCII 3-15, 8-22 to 8-27
ASCIIZ strings 5-11 to 5-12
Assembler 1-4

modules 2-7 to 2-8, 2-12
in DEBUG 3-9 to 3-12

DEBUG list 3-39 to 3-40

using system calls 7-6
Attribute (see File attribute
and Video control)
ARF (see Automatic response
file)
Asynchronous communica
tions (see communications)
Automatic response file 2-9,
2-19 to 2-20

Auxiliary input (Function 03H)
7-31

Auxiliary output (Function
04H) 7-32

B
BASIC 1-4, 7-6
BIOS

Memory usage 5-4, 5-5
Service routines 8-1 to 8-44

Block devices 9-8

Bootstrap loader (INT 19H) 8-4,
8-30

Break ON/OFF Command 8-33

Breakpoints 3-21 to 3-23
Buffered keyboard input
(Function OAH) 7-40 to 7-41
Buffers Command 8-34

Bus lines 9-6 to 9-7

C (compare) DEBUG command
3-13 to 3-14

Calendar (see Clock)
Calculated addressing 4-14
Change file attributes (Function
43H) 7-130 to 7-131
Change current directory
(Function 3BH) 7-117
Character devices 9-8

Control-C check (Function
33H) 7-106 to 7-107
Check keyboard status
(Function OBH) 7-42
Class 2-7

CLOCK

device 9-26, 9-123 to 9-127
(also see Time and Date)

Close file

(Function lOH) 7-50 to 7-51
(Function 3EH) 7-122

Clusters 5-13 to 5-23, 7-109
COM files 3-5, 3-26, 3-30, 6-1 to
6-7, 6-10, 6-21
Command line

MS-LINK 2-9, 2-18 to 2-19
DEBUG 3-3, 3-7 to 3-8
direct commands 6-18
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COMMUNICATIONS

BIOS routines (INT 14H) 8-4,
8-19 to 8-21

device drivers 9-27 to 9-35,
9-128 to 9-146

Compilers 1-4
COMSPEC 6-18
CON device (see Console)
CONFIG.SYS

Break ON/OFF 8-33

Buffer 8-34

Device 8-34

Files 8-35

Shell 8-35

Console 2-12

Direct I/O 7-35 to 7-36

Direct input 7-37
(also see Keyboard and
Video)

Control blocks (see File
control block)
Control-C check (Function
33H) 7-106 to 7-107
Country-dependent informa
tion 7-110 to 7-114

Create file

(Function 16H) 7-64 to 7-65
(Function 3CH) 7-118 to 7-119

Create sub-directory (Function
39H) 7-115
Current disk (Function 19H)
7-68

D
D (display) DEBUG command
3-15 to 3-16

1-2

Date

read 7-93 to 7-94, 7-157 to
7-158

set 7-95 to 7-96,7-157 to
7-158

DEBUG 3-1 to 3-44

Commands:

A (assemble) 3-9 to 3-12
C (compare) 3-13 to 3-14
D (display) 3-15 to 3-16
E (enter) 3-17 to 3-19
F (fill) 3-20
G (go) 3-21 to 3-23
H (bexaritbmetic) 3-24
I (input) 3-25
L (load) 3-26
M (move) 3-28
N (name) 3-5, 3-29 to 3-31
O (output) 3-32
Q (quit) 3-33
R (register) 3-34 to 3-36
S (search) 3-37
T (trace) 3-38
U (unassemble) 3-39 to 3-40
W (write) 3-41 to 3-43

Delete directory entry (Function
41H) 7-127
Delete file (Function 13H)
7-56 to 7-58

Determine memory size (INT
12H) 8-4, 8-31
DEVICES

character 9-8

drivers 1-4,9-4 to 9-161
installation 9-12

read 7-123 to 7-124

Device header 9-9 to 9-12

Direct addressing 4-13



Direct console I/O (Function
06H) 7-35 to 7-36
Direct console input (Function
07H) 7-37
Directory 5-14 to 5-17, 5-23

Change 7-117
Create sub-directory 7-115
Delete entry 7-127
Delete file 7-56 to 7-58

Move entry 7-115 to 7-156
Remove directory 7-116
Return current 7-139

Step through 7-153
Diskette

allocation 5-13 to 5-23

BIOS routines (INT 13H) 8-4,
8-17 to 8-18

Disk operations:
(also see Files)
Create sub-directory 7-115
Current disk 7-68

Select 7-46

Current directory 7-139
Delete directory entry 7-127
Duplicate file handle 7-137
Move directory entry 7-155 to
7-156

Read absolute 7-19 to 7-21

Remove directory 7-116
Reset 7-45

Space 7-109
Step through directory 7-153
Transfer address 7-69 to 7-70,
7-103

Verify flag 7-101 to 7-102,
7-154

Write absolute 7-22 to 7-24

System
Programer's

Guide

Display character (Function
02H) 7-30
Display string (Function 09H)
7-39

DMA controller 9-36 to 9-44

DOS version number 7-104

DSALLOCATE link switch
2-14

Duplicate file handle (Function
45H) 7-137

E
E (enter) DEBUG command
3-17 to 3-19

Equipment check (INT IIH)
8-4, 8-31
Error messages

MS-LINK 2-24 to 2-27

DEBUG 3-22, 3-44
EXE2BIN 6-8 to 6-9

EXE files (see Run files)
EXE2BIN 6-2, 6-5 to 6-9
EXEC (see Load and execute
program)
Exit address (INT 23H) 7-15

F (fill) DEBUG command 3-20
FAT (see File Allocation Table)
Fatal error abort address (INT
24H) 7-16 to 7-18
FCB (see File control block)
FILES

(also see Disk operations)
allocation table 5-13, 5-18 to
5-21,5-22, 5-23
attribute 5-15, 7-53
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change 7-130 to 7-131
close file 7-50 to 7-51, 7-122
control block 3-30, 5-6 to 5-12,
6-16 to 6-19

create file 7-64 to 7-65, 7-118
to 7-119

delete file 7-56 to 7-58

disk transfer address 7-69 to

7-70, 7-103
duplicate file handle 7-137
forced 7-138

find 7-151 to 7-152, 7-52 to
7-53, 7-54 to 7-55
header (Run files) 6-10 to 6-14
load and execute program
file 7-145 to 7-148

names 7-89 to 7-92, 7-66 to
7-67

open file 7-47 to 7-49, 7-120 to
7-121

pointer 7-128 to 7-129
random operations

block read 7-83 to 7-85

block write 7-86 to 7-88

record read 7-71 to 7-72

record write 7-73 to 7-75

set relative record 7-79 to

7-81

read 7-123 to 7-124

sequential operations
read 7-59 to 7-61

write 7-62 to 7-63

size 7-76 to 7-78

usage 2-3 to 2-6
write 7-125 to 7-126

Files Command 8-35

1-4

Find file (Function 4EH)
7-151 to 7-152

Flags 4-8 to 4-9
Floppy diskette interface
controller 9-45 to 9-65

Flush buffer, read keyboard
(Function OCR) 7-43 to 7-44
Force duplicate of handle
(Function 46H) 7-138
Free allocated memory
(Function 49H) 7-142
Function request (INT 21H)
7-13, 7-29 to 7-173
Functions (DOS) 7-2 to 7-3, 7-8
to 7-9, 7-13, 7-29 to 7-173, 7-160
to 7-173

FORTRAN 2-14, 7-6

G
G (go) DEBUG command 3-21
to 3-23

Get date

(Function 2AH) 7-93 to 7-94
(Function 57H) 7-157 to 7-158

Get disk free space
(Function 36H) 7-109

Get disk transfer address

(Function 2FH) 7-103
Get DOS version number

(Function 30H) 7-104
Get interrupt vector

(Function 35H) 7-108
Get time

(Function 2CH) 7-97 to 7-98
(Function 57H) 7-157 to 7-158



Global symbols (see Public
symbols)
Group 2-8, 2-14

H
H (hexarithmetic) DEBUG
command 3-24

Handles 5-12

Hard disk controller 9-66 to
9-93

HEX files 3-4, 3-27
HIGH Link switch 2-14

I (input) DEBUG command
3-25

I/O control for devices

(Function 44H) 7-132 to 7-136
I/O ports 9-3
Immediate addressing 4-12
Indirect addressing 4-13
INPUT

(also see files)
auxiliary device 7-31
control devices 7-132 to 7-136

file or device 7-123 to 7-124
keyboard

buffered 7-40 to 7-41

direct 7-38

echo 7-29

flush buffer 7-43 to 7-44

Installing a device driver 9-12
Interrupts

In general 5-3, 5-4, 7-4, 7-7,
7-10 to 7-28, 7-159, 8-1 to 8-32,
9-4 to 9-5

System
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Get vector 7-108

Set vector 7-82

Interrupt controller 9-105
to 9-115

Interval timer 9-116 to 9-122

K
Keep process (Function 31H)
7-105

KEYBOARD

(also see Console)
BIOS routines 8-4, 8-22 to
8-28

Buffered input 7-40 to 7-41
Control-C check 7-106 to
7-107

Device driver 9-94 to 9-99

Flush buffer read 7-43 to 7-44

Status check 7-42

L (load) Debug command 3-5
LIB files (see Libraries)
Libraries 2-4, 2-10, 2-12, 2-17,
2-18, 2-19, 2-22
LINENUMBERS link switch
2-15, 2-21
Linking object modules (see
MS-LINK)
List files (see MAP files)
Load module (see Run files)
Loading programs 6-18 to 6-22,
7-145 to 7-148

Load and execute program
(Function 4BH) 7-145 to 7-148
Logic lines (see Bus lines)
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M
M (move) DEBUG command
3-28

Macro assembler (see
Assembler)
MAP files 2-4, 2-10, 2-11, 2-15,
2-16, 2-18, 2-19, 2-23
MAP link switch 2-15, 2-21,
2-23

Media check 2-19,9-19
Memory

addressing 4-1 to 4-14
allocation 7-142 to 7-144

maps 5-1 to 5-5
size 8-4, 8-31

Messages (also see Error
messages) 1-3, 3-5,3-6, 3-35
Modifications to BIOS 8-32 to

8-44

Modify allocated memory
blocks (Function 4AH) 7-143 to
7-144

Move directory entry (Function
56H) 7-155 to 7-156
Move file pointer (Function
42H) 7-128 to 7-129
MS-LINK 1-4, 2-1 to 2-27

N
N (name) DEBUG command
3-5, 3-29 to 3-31
NO link switch 2-17

Non-aligned words 4-5
Notation 1-3

1-6

o
O (output) DEBUG command
3-32

OBJ files (see Object modules)
Object modules 2-2, 2-4, 2-10,
2-11, 2-18, 2-19, 2-20
Open file

(Function OFH) 7-47 to 7-49
(Function 3DH) 7-120 to 7-121

OUTPUT

Auxiliary device 7-32
Character 7-30, 7-33 to 7-34
Control devices 7-132 to 7-136

File or device 7-125 to 7-126

Printer BIOS routines 8-4,
8-29

Screen dump 8-4, 8-30
String 7-39

Parallel printer interface
9-100 to 9-104

Parse file name (Function 29H)
7-89 to 7-92

Pascal 2-14, 2-17, 7-6
PATH command 6-18

Pathname string (see ASCIIZ
strings)
PAUSE link switch 2-15 to

2-16, 2-20
Print character (Function 05H)
7-33 to 7-34

Print screen (INT 05H)
8-4, 8-30
Printer routines (INT 17H)
8-4, 8-29



Printer 2-12, 2-21, 8-4
(also see Output)
PRN device (see Printer)
Process control (also see
Memory allocation)

Keep process 7-105
Load and execute program
7-145 to 7-148

Return code 7-150

Terminate 7-11 to 7-12,
7-25 to 7-28, 7-149

Program files (also see Run
files and COM files)

Load and execute 7-145 to

7-148

Structure 6-1 to 6-22

Program segment prefix 3-5,
6-15 to 6-17, 6-19, 6-21, 7-11
Program terminate (INT 20H)
7-11 to 7-12

PROMPT command 6-18

Prompts 1-3, 2-10, 2-12, 3-4, 3-12
Public symbols 2-15, 2-20, 2-23

Q
Q (quit) DEBUG command
3-33

R
R (register) DEBUG command
3-34 to 3-36

Random block read (Function
27H) 7-83 to 7-85
Random block write (Function
28H) 7-86 to 7-88
Random Read (Function 21H)
7-71 to 7-72

System
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Random Write (Function 22H)
7-73 to 7-75

Read from file or device

(Function 3FH) 7-123 to 7-124
Read keyboard (Function 08H)
7-38

Read keyboard and echo
(Function OIH) 7-29
Registers 4-6 to 4-10, 7-9
Register addressing 4-12
Remove directory (Function
3AH) 7-116
Rename file (Function 17H)
7-66 to 7-67

Request header 9-13 to 9-15,
9-18 to 9-28

Reset disks (Function ODH)
7-45

Reset verify flag (Function
2EH) 7-101 to 7-102
Retrieve return code of child

(Function 4DH) 7-150
Return country-dependent info.
(Function 38H) 7-110 to 7-114
Return current verify flag
(Function 54H) 7-154
Return current directory
(Function 47H) 7-139
Run files 2-4, 2-11, 2-14, 2-15,
2-18, 2-19, 2-21, 3-4, 3-5, 3-27, 6-1
to 6-3, 6-5 to 6-7, 6-13 to 6-14,
6-20

S
S (search) DEBUG command
3-37

Scrambler ROM 9-162
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Search for first entry (Function
IIH) 7-52 to 7-53
Search for next entry (Function
12H) 7-54 to 7-55
Sector 5-21,5-22, 5-23, 7-109,
8-17

Segment 2-7, 2-14, 2-21, 3-7, 3-8,
3-10, 3-21, 3-28, 3-37, 4-3 to 4-4,
4-7, 4-11,6-6, 6-7, 6-16, 6-18, 6-21
Select disk (Function OEH) 7-46
Sequential read (Function
14H) 7-59 to 7-61
Sequential write (Function
15H) 7-62 to 7-63
SET command 6-18
Set date

(Function 2BH) 7-95 to 7-96
(Function 57H) 7-157 to 7-158

Set time

(Function 2DH) 7-99 to 7-100
(Function 57H) 7-157 to 7-158

Set disk transfer address
(Function lAH) 7-69 to 7-70
Set relative record (Function
24H) 7-79 to 7-81
Set interrupt vector (Function
25H) 7-82
Set verify flag (Function 2EH)
7-101 to 7-102

Shell command 8-35
Speaker 9-147 to 9-149
STACK link switch 2-16
Status hyte 5-5
Step through directory files
(Function 4FH) 7-153
Switches 2-13 to 2-17, 2-19
Syntax (general) 1-3
System calls 7-1 to 7-173

1-8

T (trace) DEBUG command 3-38
Terminate address (INT 22H)
7-14

Terminate hut stay resident
(INT 27H) 7-25 to 7-26
Terminate process (Function
4CH) 7-149
Terminate program (Function
OOH) 7-27 to 7-28
Time

get 7-97 to 7-98, 7-157 to 7-158
set 7-99 to 7-100, 7-157 to
7-158

Token (see Handle)

u
U (unassemble) DEBUG
command 3-39 to 3-40

Utility programs 1-4

V
Video control (also see Console
and Output)

BIOS routine (INT lOH) 8-4,
8-5 to 8-16

Video controller 9-150 to 9-161

VM.TMP file 2-5, 2-6, 2-16

w
W (write) DEBUG command
3-41 to 3-43

Write to file or device (Function
41H) 7-125 to 7-126
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DEB Capabilities

Introduction

1-2

The Display Enhancement Board (DEB) option
adds improved color and graphics functionality to
your AT&T PC 6300. When you use the DEB with
the PC 6300 color monitor, you can display graph
ics in up to 16 color combinations simultaneously
or treat the screen as two screens in one and over

lay one screen treatment on top of the other. When
you use the DEB with the PC 6300 monochrome
monitor, you have the same capabilities you have
with the color monitor, except that colors are dis
played as "shades of green."

The DEB is compatible with existing software, so
all the programs you have already can be used now
as if the DEBwerenot installed. Ofcourse, these ^
programs may not have access to any of the new
capabilities.

This supplement describes the functionality of the
DEB device driver. Although it is not necessary to
use the driver in order to use the DEB, the driver
is designed to work with MS-DOS, GWBASIC, and
other AT&T software products. Ifyou wish to pro
gram the DEB hardware directly, you must con
sult the AT&T Technical Reference Manual. Such
programming is considered a circumvention of the
AT&T operating system and we advise against it.

This supplement assumes that you are familiar
with video programming through the Interrupt
lOH interface and with INTEL® 8086 assembler

programming. Information on the Interrupt lOH
interface can be found in the System Program
mer's Guide, in the section on the ROM BIOS Ser
vice Routines.



DEB Capabilities

Before you begin writing programs for the DEB,
follow the procedures in the DEB Installation
Manual for installing the DEB hardware and
device driver software.

The DEB is an optional hardware component for
the AT&T PC 6300 that works in conjunction with
the PC 6300's built-in Video Display Controller
(VDC) to provide improved color and graphics
functionality.

The built-in VDC contains circuitry and memory
that support either 4 color medium resolution
(320 X 200 pixels) graphics, 1 color high reso
lution (640 X 200 pixels) graphics, or 1 color
super resolution (640 X 400 pixels) graphics.

The DEB contains additional circuitry and mem
ory that can be combined with the capabilities of
the built-in VDC to produce up to 16 color combi
nations in either high or super resolution. You can
also program the VDC and DEB separately, treat
ing them as two separate images that are com
bined on one screen to produce an overlaying
effect. The overlay modes let you use up to 8 colors
on the DEB screen and up to 16 colors on the VDC
screen.
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The DEB Driver

1-4

You load the DEB device driver by entering a
"DEVICE" statement in the CONFIG.SYS file

(see Chapter 2, Programming Tips). The driver
installs an Interrupt lOH "filter" during the load
ing process.

When you are using the DEB and are running
some programs that use the DEB and some that
do not, the "filter" provides video support for both
kinds of programs. For programs that do not use
the DEB, the filter passes control to the standard
Interrupt lOH ROM BIOS routine.

The DEB driver installs a filter for Interrupt 9H.
This filter resets the.DEB to transparent mode
whenever you warmstart the system through
CTRL/ALT/DEL. The filter controls scrolling
when you press CTRL/NUMLOCK.



DEB Capabilities

16-Color Graphics

This feature lets you display 16 colorcombinations
in either high resolution (640 x 200)or super reso
lution (640 X 400). Not only can you use the stan
dard 16 colors, you can also combine colors to form
new colors and cause pixels to blink from one color
to another.

The DEB provides 5 palettes for you to use when
programming in color. At any point in your pro
gram, you select one of the palettes as the "active"
palette. The color combinations contained in that
palette determine what colors and effects show on
the screen.

Each of the first 4 palettes contains a default set of
16color combinations,but to suit the needs ofyour
program you can change the contents ofthe palette
to any one of the following:

any ofthe 16 standard colorswith which you are
already familiar from the standard applications.
The standard colors are:

0 = black 8

1 = blue 9

2 = green 10

3 = cyan 11

4 = red 12

5 = magenta 13

6 = brown 14

7 = white 15

a mixture, or "dithering," of any 2 of the 16 stan
dard colors

• an alternation, or blinking, between any 2 ofthe
standard 16 colors
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The last palette contains no default combinations.
You program the fifth palette by loading color val
ues into a 256-byte array. The DEB device driver
uses this special palette to program the DEB's
color Look-Up Table (LUT). By using the LUT you
can add the capability of dithering or blinking
between any four colors.



DEB Capabilities

Look-Up Table (LUT)

The LUT resides in RAM on the DEB board, and is
accessed through write-only hardware registers.
The device driver keeps a copy of the register val
ues in the LUT. The register values are accessible
to software applications through the device driver.
The LUT contains 256 values that determine the
colors, blinking, and dithering that appear on the
screen. Whether you need to learn about the use
and layout ofthe LUTdepends on the application
you are writing.

Ifyou use the standard palettes, you need not be
concerned with the LUT. The DEB device driver
automatically programs the LUT to correspond to
the way you set up the palettes. Ifyou program a
custom LUT, you greatly increase the color combi
nations and blinking effects available to you.
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Overlay Modes

1-8

The overlay modes let you use the screen to
display two images at once, independently. For
example, you can display a high resolution color
graphics image with its own foreground and back
ground. Then, on "top" of that image, you can dis
play a box of text and scroll the text without
affecting the graphics image.

The overlay modes use the DEB to control one
image and use the standard controller board to
control the other image. You can select from many
combinations of graphics, text, color, and high or
super resolution in designing the two images.
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The overlay modes offer 5 palettes. Each of the
first 4 palettes has 8 positions. These four palettes
have default colors that you can change to suit
your needs. You can choose 8 color combinations
from any of the 16 standard colors, or blink
between 2 of the standard colors. The dithering
combinations of the 16-color graphics modes are
not available. You can also use the last palette to
custom program the LUT.
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• Presence ofHardware/Software

• Hardware/Software Compatibilily

• Setup
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Programming Tips

Presence ofHardware/Software

2-2

Whenever you plan an application, it is important
to use the DEB device driver to test for the pres
ence ofboth the DEB and the associated driver.

Test for the presence of the hardware by checking
for DEB video memory. This is accomplished by
writing and reading back data patterns into mem
ory, in the range AOOOH:OH to B800H:0H. Test for
the software device driver by issuing a function
call to open the device called "DEBDRIVE," then
immediately issuing a call to close "DEBDRIVE."
If the open fails (carry set on return from Inter
rupt 21H) then the driver is not present. No func
tions are implemented in the driver, which is used
only to detect the presence of the software.



Programming Tips

Hardware/Software
Compatibility

The driver software has been designed to fit into
the structure of MS-DOS programs. The DEB
hardware uses the same range of addresses as the
standard video ports on any compatible machine.
Ifyour application uses a light pen, consult the
DEB supplement in the AT&TPersonal Computer
Technical Reference Guide.

The DEB driver makes minor modifications to the

ROM BIOS video interrupt. Mode setting and color
selection offer additional functionality. Be careful
when you use the following functions.

• SET MODE — uses an additional register BL
• SCROLLING — uses an additional register BH
• STATUS — returns an additional register pair

ES:DI. No application should count on
ES:DI not changing.
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Setup
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Install the DEB driver just as you would install
any device driver. Be sure the CONFIG.SYS file
is in the root directory. Put the line DEVICE =
DEDRIVER.DEV in CONFIG.SYS. This line puts
the DEB driver in the device driver chain. The
driver makes patches in INT lOH and INT 9H to
add the new functionality. The driver has two
features:

• the INIT function, which deallocates itselfafter
it runs

• chaining, which allows you to test for the driver's
presence by issuing an open function call



3 How to Program
the DEB

• Overview

• Mode Setting

• Setting Colors and Effects

• Displaying Graphics Images
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Overview

There are three steps for video programming that
apply whether or not you are using the DEB
capability:

1 Set the hardware's mode. You also must set the
active page ifyou are in an overlay mode and want
to select the DEB screen.

2 Select the color combinations and effectsyouwant
to use.

3 Constructthe graphicsimagesyouwant to display.

This chapter describes each of these steps in
detail. This chapter does
gram the LUT directly (s
gramming the LUT").

detail. This chapter does not describe how to pro-
gram the LUT directly (see Chapter 5, "Pro- '



16-Color

Graphics
Modes

Overlay
Modes

Mode Setting

How to Program
the DEB

The DEB is controlled by invoking one of the DEB
video modes through the Set Mode function (INT
lOH, function OH). The Set Mode function estab
lishes the mode for both the DEB and the VDC.

These modes fall into four categories: 16-color
graphics, overlay, transparent, and disabled.

There are two DEB modes that provide 16-color
graphics: high resolution and super resolution.
Both these modes let you use 5 palettes and dis
play up to 16 color combinations simultaneously.

When overlaying the VDC on the DEB output,
you specify one of the modes for the VDC and one
mode for the DEB. The VDC modes are a subset of

the modes for non-DEB graphics: 80 x 25 text
mode, high and super resolution modes. The DEB
modes are both graphics modes: high and super
resolution.

Ifyou are using one of the four standard palettes,
the VDC's output takes precedence over the output
of the DEB, so that ifeach board writes a pixel to
the same screen location, the pixel sent by the
VDC is displayed. This precedence is programmed
into the LUT. Ifyou want to have the DEB take
precedence over the VDC, you must change the
values in the LUT. (For more information, see
Chapter 5, "Programming the LUT.")
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Transparent The non-DEB modes, modes 0-40H and mode 48H,
Mode work exactly as they work without the DEB device

driver installed.

Disabled In the disabled mode, you can cause the output of
Mode the VDC, the DEB, or both to be blacked out. This

allows you to draw a graphics image or to fill a
screen with text and not have them displayed
while you are building them. You can then have
the image "pop up" by taking VDC or DEB out of
the disabled mode. You can also achieve this result

by using the programmable palettes and the LUT.
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Setting Colors and Effects

Colors and effects are controlled by the Set Color
Palette command, (INT lOH function OBH). Use
this function to set color values in one of the four

palettes, to switch between palettes, or to reset
palettes to their default values. Youalso use Set
Color Palette to program the LUT directly.
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Displaying Graphics Images

There are two methods for displaying graphics
images using the DEB: writing dots at screen
locations or directly programming the VDC and
DEB memory.

To write dots (pixels) to the screen, use the Write
Dot function (INT lOH, function OCH). Write Dot
requires that you specify the display page, the row
and column where you want the dot to appear, and
the color or pattern for the dot.

Ifyou want to program the VDC and DEB graph
ics memory directly, you need to learn the details
of how the LUT is structured and how LUT

addresses are formed (see the section on "Pro- _
gramming the Bit Planes" in Chapter 5).



4 Interrupt lOH
Functions

• Introduction

• Functions
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Introduction

The following section describes the DEB device
driver software functions. This interface is an

extension of the INT lOH software function to the

PC6300 ROM BIOS that controls the VDC. The

ROM BIOS screen driver has 16 functions:

OH set the display mode

2H set the cursor position

3H read the cursor position

5H select the active display page

6H scroll the active page up

7H scroll the active page down

8H read character/attribute at the current cur

sor position

9H write character/attribute at cursor position

AH write only the character at current cursor
position

BH change the color palette

CH write a point on the screen



Interrupt lOH
Functions

DH read a point on the screen

EH write in teletype style to the active page

FH return information about the active video

state

Not all these functions are applicable to the DEB.
The filter receives the Interrupt lOH function call,
filters the functions that are applicable to the DEB
and performs them. The functions that are not
applicable to the DEB are passed on to the ROM
BIOS INT lOH routine or to a previously installed
filter or driver routine. The following section
describes the functions which are processed by the
DEB Interrupt lOH filter.
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Functions

Set Mode The function establishes the mode for both the

DEB and the VDC. Ifyou select a non-DEB related
mode, control is passed to the ROM resident Set
Mode function. Set Mode initializes palette 0 as
the active palette.

Input (AH) = OH function number for Set Mode
(AL) = new mode
(BL) = optional overlay mode

Setting AL bit 7 = 0 puts you in either the DEB
transparent mode or 16-color graphics mode:

(AL) = OH 40 X 25 monochrome, text
(AL) = IH 40 X 25 color, text
(AL) = 2H 80 X 25 monochrome, text
(AL) = 3H 80 X 25 color, text
(AL) = 4H 320 X 200 color
(AL) = 5H 320 X 200 monochrome
(AL) = 6H 640 x 200 color
(AL) = 40H 640 x 400 with 2-position program

mable palette, defaulting to black
and white

(AL) = 41H 640 X 200 16-color graphics with
four palettes

(AL) = 42H 640 x 400 16-color graphics with
four palettes

(AL) = 44H Disable mode (disables both DEB
and VDC output)
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VDC Settings

DEB settings

Output

Example

Interrupt lOH
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Setting AL bit 7 = 1 puts you in overlay mode. The
following values are only used in overlay mode. AL
contains the setting for the VDC; BL contains the
mode setting for the DEB. In overlay modes, the
active page defaults to zero.

(AL) = 82H 80 X 25 monochrome, text
(AL) = 83H 80 X 25 color, text
(AL) = 86H 640 x 200 color graphics
(AL) = OCOH 640 x 400 color graphics
(AL) = 0C4H Disable mode. Disables only the

VDC.

(BL) = 6H 640 X 200 graphics with four
8-position palettes.

(BL) = 40H 640 x 400 graphics with four
8-position palettes.

(BL) = 44H Disable mode. Disables only the
DEB.

Contents of all registers are preserved.

MOVAH,0
MOVAL,41H
INT lOH

; Select Set Mode
; Select 16 color graphics
; Change the mode
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Set Cursor This function sets the cursor position for either the
Position DEB, the VDC, or both.

Input (AH) = 2H Function number for Set Cursor
Position

(DH,DL) = row, column of new position
(BH) = page number

Valid page numbers for DEB modes
are 0 for the VDC and 80H for the

DEB in overlay mode. Row values
are 0 thru 23, column values are 0
thru 79, in DEB modes.

Output Contents of all registers are preserved.

Example MOVAH,2 ; SCP function
MOVDH,ROW
MOV DL,COL
MOV BH,PAGE
INT I OH ; Moves cursor to position defined in

above variables.
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Read Cursor This function returns the position of the cursor for
Position the DEB, VDC, or both.

Input (AH) = 3H Function number for Read Cursor
Position

(EH) = page number
Valid page numbers for DEB modes are
0 for VDC and 80H for the DEB in over
lay mode. Row values are 0 thru 23, col
umn values are 0 thru 79, in DEB
modes.

Output (DH,DL) = row, column of current position.

Contents of all other registers are preserved.

Example MOVAH,3
MOVBH,PAGE
INT lOH

MOVROW,DH
MOVCOL.DL
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Select

Active

Display

Input

Output

Example

4-8

This command allows selection of the DEB display
in overlay mode.

(AH) = 5H Function number for Select Action
Display

(AL) = active page
Values for the active page in DEB modes
are, 0 for the VDC and 80H for the DEB.

Contents of all registers are preserved.

MOVAH,5
MOVAL,PAGE
INT lOH
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Input (AH) = OBH Function number for Set Color
Palette

(AL) = palette function selector
(BH) = positional pointer
(BL) = color value

For simple palette programming functions, use the
following

(AL) = 0
(BH) = palette color ID

BH = FFH switches to the palette
specified in BL, without
changing to the default

_ palettes unless there is a
^ ^ change in palette type

(e.g., change from a 16-
position palette to an 8-
position palette).

BH = 80H switches to the palette
specified in BL and resets
the palette to its default.

BH = 0-16 sets this palette position to
the color or attribute in

BL.

(BL) = actual color value or code for blinking
and dithering
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Input
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The special settings for using a customized LUT in
Set Color Palette are as follows:

(AL) = non-zero (a zero here selects a standard
palette)

AL bit 0 = 1 means use ESrSI to program the
palette and registers BH and BL to
indicate an offset and length into
the LUT. ES:SI points to the LUT
table (in the above example,
LUT-STRING).

In this case, BH = offset into LUT
andBL = length of portion of LUT
to be changed. Ifyou are loading
an entire new table, set BH and BL
to 0.

AL bit 1 = 1 means use BH and BL to program
the LUT one location at a time.

In this case, BH = position in LUT
and BL = the value to put in that
position.

AL bit 2 = 1 means use the short LUT address

ing mode. (Only uses the first 16
LUT entries).



Interrupt lOH
Functions

The DEB driver lets you automatically load
your customized LUT and use it in place of one of
the standard palettes.

The steps for loading and using the customized
LUT are:

1 Define the tablewithDB (Define Byte)
statements.

2 Load thetableinbyusing theSetColor Palette
command.

3 Use the Read Dot and Write Dot commands to
access the LUT (see Chapter 4, "Interrupt lOH
Functions").

The code for defining the table would be similar to
this:

LUT-STRING DB 4 ! Signifies active palette 4
DB 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,
DB 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,
DB 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,
DB 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,

DB 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,
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To load a new table ofvalues into the LUT, where
the table in your program is named LUT-STRING,
you can use these statements:

PUSH DS ! save the data segment address
POPES
MOV SI,LUT-STRING
MOV AL,1
MOV AH,II
XOR BH,BX !SetsBH = BL = 0
INT 10
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The defaults for each of the four palettes are:

Default Palette Number 0

Palettes Position Color

0 0 = black

1 2 = green
2 4 = red

3 6 = brown

4 1 = blue

5 3 = cyan
6 5 = magenta
7 7 = white

8 8 = gray
9 9 = light blue

10 10 = light green
11 11 = light cyan
12 12 = light red
13 13 = light magenta
14 14 = yellow
15 15 = high-intensity white
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Palette Number 1

Position Color

0 0 = black

1 3 = cyan
2 5 = magenta
3 7 = white

4 1 = blue

5 2 = green
6 4 = red

7 6 = brown

8 8 = gray
9 9 = light blue

10 10 = light green
11 11 = light cyan
12 12 = light red
13 13 = light magenta
14 14 = yellow
15 15 = high-intensity white
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Palettes 2 and 3 are the same, and they contain the
standard colors in numerical order.

Palette Number 2 and Palette Number 3
Position Color

0 0 = black

1 1 = blue

2 2 = green
3 3 = cyan
4 4 = red

5 5 = magenta
6 6 = brown

7 7 = white

^ 8 8 = gray
^ 9 9=lightblue

10 10 = light green
11 11 = light cyan
12 12 = light red
13 13 = light magenta
14 14 = yellow
15 15 = high-intensity white
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DITHER COMBINATIONS FOR
DEB PALETTES 0-3

Color combinations 136-255 have been pre-assigned to allow you easy
access to dithering effects while using the standard palettes. The fol
lowing table describes the available combinations.

C - S
<ij o 5 tuo

•3 ^ ^ 3 y. ^

•R-^o (DO) C ^ ^ ^
S.'S § 2-g

I
black

blue 136

green 137 138
cyan 139 140 141
red 142 143 144 145

magenta 146 147 148 149 150 f ^
brown 151 152 153 154 155 156

white 157 158 159 160 161 162 163

gray 164 165 166 167 168 169 170 171
light blue 172 173 174 175 176 177 178 179 180
light green 181 182 183 184 185 186 187 188 189 190
light cyan 191 192 193 194 195 196 197 198 199 200 201
light red 202 203 204 205 206 207 208 209 210 211 212 213
light magenta 214 215 216 217 218 219 220 221 222 223 224 225 226
yellow 227 228 229 230 231 232 233 234 235 236 237 238 239 240
high-intensity 241 242 243 244 245 246 247 248 249 250 251 252 253 254 255

white

NOTE: To select a value that combines colors A and B to create a new color, find
the number at the intersection of row A and column B.
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BLINKING COLOR EFFECTS
FOR DEB PALETTES 0-3

Color combinations 16-135 have been pre-assigned to allow you easy
access to blinking effects while using the standard palettes. The fol
lowing table describes the available combinations.

C CO

o 0) C bo ojP p p P y ci -M

a g g 0. 3 a? S ^ .S
:3 0) p y g g ^ g § .'S § .'S § 13

^ <-C3
^SH>.Oc'-''^/MapbOOOQOQ£

B-^-^SdoS; S ^ ^ Go :p p:: :s: p: p:

A

I black 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
blue 31 32 33 34 35 36 37 38 39 40 41 42 43 44

green 45 46 47 48 49 50 51 52 53 54 55 56 57
cyan 58 59 60 61 62 63 64 65 66 67 68 69

red 70 71 72 73 74 75 76 77 78 79 80

magenta 81 82 83 84 85 86 87 88 89 90
brown 91 92 93 94 95 96 97 98 99

white 100 101 102 103 104 105 106107

gray 108 109 110 111 112 113 114
light blue 115 116 117 118 119 120

light green 121 122 123 124125
light cyan 126 127 128129

light red 130 131132
light magenta 133 134

yellow 135

NOTE: To select a value that will cause blinking between colors A and B, find
the number at the intersection of row A and column B.
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Write

Dot

Input

Output

Example

4-24

The Write function writes a pixel to the location on
the screen that you specify. If the screen is in the
DEB mode, Write Dot may also write a pattern.

(AH) = OCH, Function number for Write Dot
(AL) = Palette position to be written.
(BH) = display page designator (bit 7 = 1

selects the DEB)
(CX) = column number
(DX) = row number

Contents of all registers are preserved.

MOVAH,OCH
MOVAL,PALPOS
MOVBH,PAGE
MOVCX,COL
MOVDX,ROW
INT ;WritethePot
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Read Dot This function reads a dot from the screen. If the
screen is in the DEB mode this function returns
the value in the LUT that corresponds to this dot.
(For more information, see Chapter 5, "Pro
gramming the LUT.")

Input (AH) = ODH Function number for Read Dot
(BH) = display page designator (bit 7 = 1

selects the DEB)
(CX) = column number

(DX) = row number

Output (AH) = VDCvalue or DEB palette position
Contents of all other registers are
preserved.

Example MOVAH.ODH
MOVBH.PAGE
MOVCX,COL
MOVDX.ROW
INT

MOV DOTCOL.AH ;Save the Dot
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Input (AH) = OEH, Function number for Write
Teletype

(AL) = character to write
(BL) = foreground color (in ^aphics modes)

Ifbit 7 = 1, color is XOR'd to current
contents.

Output Contents ofall registers are preserved.

Example MOV AH,OEH
iyiOVAL,CHAR
MOVBL.FGCOL
INT lOH
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Current

Video

State

Input

Interrupt lOH
Commands

This function returns the current video state. It
indicates whether the DEB or VDC is active in the
overlay mode and returns the number of the active
palette.

(AH) = OFH Function number for Read Cur
rent Video State

Output (BH) = display page designator
(AL) = mode currently set
(ES:DI) = pointer to a copy of the current LUT

Example MOVAH,OFH
INT lOH
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Overview

This chapter describes programming the DEB
Look-Up Table (LUT). By programming the LUT
yourself, you can create color patterns that are not
available when you use standard palettes. You
need not read this chapter ifyou do not want to use
this extended functionality.

The hardware uses the LUT to translate the con
tents of video memory patterns into graphics
effects. In the standard palettes, INT lOH filter
programs the LUT for you and thereby provides the
preassigned color combinations and effects as
described in previous chapters.

To program the LUT directly, you select Palette 4
in Set Color Palette function. Palette 4, also called
the "LUT palette," has a minimum of 256 posi
tions. Each palette position contains a value
between 0 and 15. These values map into the LUT
locations on the DEB. The 256 locations on the

DEB collectively determine the color and special
effects displayed when you specify a particular
palette position. The color and special effect for
each pixel on the screen are determined by:

• the palette position you specify

• the values in the LUT

• the active mode

There are some differences in the way the LUT is
structured for 16-color graphics modes and overlay
modes. This chapter describes LUT operation for
16-color graphics modes and overlay modes
separately.



LUT

Row

15

Programming the LUT

16-Color Graphics Lut
Programming

In these modes, the LUT can be viewed as a two-
dimensional array (16 X 16). Each location con
tains one of the standard 16 colors.

Palette Position

Column

15

The locations in the LUT are numbered consecu
tively from left to right and top to bottom. Thus,
location 17 corresponds to Row 1, palette position 1.
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LUT

Row

5-4

11

12

15

In the 16-color graphics mode, the LUT is divided
into four "time states." At any one time, only one
quarter of the LUT determines the display on the
screen.

Palette Position

15

The hardware cycles through the LUT every sec
ond, so each quarter of the LUT is active for Vi of
each second. The cycling mechanism produces
blinking. The following examples show the details
of how you can produce several different blinking
effects by setting different values in the LUT.
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In this example, the Write Dot or Write Character
functions specify palette position 7 and the LUT is
set up as shown. Pixels are displayed as a solid red
color. In the first Vi second, the DEB displays the
color in the first quarter of the LUT, which in this
case is red. In the second, third, and fourth Vi sec
onds, the DEB displays the color in the second,
third, and fourth quarters of the LUT, respec
tively. In this example, the DEB keeps finding the
color value for red, so what you see on the screen is
a solid (non-blinking) red color.

Palette Position

LUT

Row 0 15

0

t(0)

t(l)

t(2)

11

12

t(3)

15

Non-Blinking Color
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In this example, any item displayed on the screen
with palette position 7 blinks between red and
blue. For the first two Viseconds, the DEB picks
up the color value for red from the first and second
quarters of the LUT. For the second two Vi seconds,
the DEB obtains the color value ofblue from the

LUT. The net effect is a slow blink between red

and blue.

Palette Position

LUT

Row 0 15

0

t(0)

t(l)

t(2)

11

12

t(3)

15

Slow Blink
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In this example, any item displayed using palette
position 7 blinks rapidly between red, blue, green,
and brown.

Palette Position

LUT

Row 0 15

0

t(0)

t(l)

t(2)

11

12

t(3)

15

4-Color Fast Blink
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For dithering colors, the DEB uses a scheme simi
lar to the blinking scheme. Dithering is accom
plished by manipulating groups of 4 adjacent
pixels. The screen is divided into blocks of 4 pixels.
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Each of the 4 time states is divided into four dither

states that determine the dithering effect. The
rows of the time state blocks correspond to the 4-
pixel blocks on the screen in the following way:

Time

LUT Block
Row Row

0 0
1 1

2 2

3 3

4

5

6

7

8

9

10

11

12

13

14

15

0 1

2 3

Palette Position

15
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Time

Block

Row

t(0)

t(l)

t(2)

t(3)

5-10

The pixels in the pixel blocks are so closetogether
that our eyes cannot perceive them as separate. If
each ofthe pixels in a pixel block is a different
color,our eyes perceive the pixel block as one color
— a combination of the color of the individual pix
els. If the adjacent pixels are the same color,our
eyes see just that one color.

red red

red red

2

3

0

1

2

3

Palette Position

7

red

red

red

red

red

red

red

red

red

red

red

red

15

"Solid" Dither showing correspondence between pixel
positions in a pixel block and time state rows
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Remember the table of "pre-assigned" dithered
colors. To combine colors, you check the table for
the color number for a particular dither effect. For
example, you would choose this number to produce
a dither between red and hlue.

RED

BLUE
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t(0)

t(i)

t(2)

t(3)

5-12

If youwant to program the LUT directly to dither
red and blue together, the LUT would look like
this:

blue red blue red

blue red blue red

Time

Block

Row 0

Palette Position

7

2-Color Dither

15



^ t(0)

t(l)

t(2)

t(3)

Programming the LUT

You can set up the LUT to dither two, three, or four
colors together.

red blue

grn brn

Palette Position
Time

Block

Row 0

4-Color Dither

brown

green

brown

green

brown

green

brown

15
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t(0)

t(l)

t(2)

t(3)

5-14

The following examples show the actual LUT val
ues for each of the previous cases of blinking and
dithering.

LUT

Row 0

Palette Position

15

Palette Position 7 programmed for Non-Blinking Red



t(0)

t(l)

t(2)

t(3)

LUT

Row 0

Palette Position

Programming the LUT

15

Palette Position 7 programmed to blink slowly between red
and blue.
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t(0)

t(l)

t(2)

t(3)

LUT

Row 0

Palette Position

(blue)

(green)

(brown)

4-Color Fast Blink

5-16

15



t(0)

t(l)

t(2)

t(3)

LUT

Row 0

Solid Red Dither

Palette Position

7

Programming the LUT

15
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t(0)

t(l)

t(2)

t(3)

5-18

LUT

Row 0

Palette Position

7

2-Color Dither: Red and Blue

15



t(0)

t(l)

t(2)

t(3)

Programming the LUT

LUT

Row 0

Palette Position

(green)

(brown)

4-Color Dither Between Red, Green, Blue, and
Brown

15
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t(0)

t(l)

t(2)

t(3)

5-20

The following is an example that combines blink
ing and dithering:

LUT

Row 0

Palette Position

(green)
(brown)

15



t(o)

t(l)

t(2)

t(3)

Programming the LUT

The following table of values can be used to pro
gram the LUT for normal 16-color graphics.

Palette Position

LUT

Row 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

4

5

6

7

8

9

10

11

12

13

14

15

0,1,2,3,4,5,6, 7,8, 9,10,11,12,13,14,15,
0,1, 2,3,4,5,6,7,8, 9,10,11,12,13,14,15,
0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,
0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,

0,1,2,3,4, 5,6, 7,8, 9,10,11,12,13,14,15,
0,1, 2,3,4,5,6, 7,8, 9,10,11,12,13,14,15,
0,1, 2,3,4,5,6,7,8, 9,10,11,12,13,14,15,
0,1,2,3,4, 5,6,7,8, 9,10,11,12,13,14,15,

0,1,2,3,4, 5, 6,7, 8, 9,10,11,12,13,14,15,
0,1,2,3,4, 5,6, 7, 8, 9,10,11,12,13,14,15,
0,1, 2,3,4, 5,6, 7,8, 9,10,11,12,13,14,15,
0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,

0,1,2,3,4, 5,6,7,8,9,10,11,12,13,14,15,
0,1,2,3,4, 5, 6,7, 8,9,10,11,12,13,14,15,
0,1,2,3,4, 5, 6,7, 8, 9,10,11,12,13,14,15,
0,1,2,3,4,5,6, 7,8, 9,10,11,12,13,14,15,

Non-Blinking Standard Colors
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t(o)

t(l)

t(2)

t(3)

5-22

Note that palette position 7 in the first two time
states has been programmed to show white and in
the second two time states to show red.

Palette Position

LUT

Row 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

4

5

6

7

9

10

11

12

13

14

15

0,1,2,3,4,5,6,7,8, 9,10,11,12,13,14,15,
0,1,2,3,4,5, 6,7,8, 9,10,11,12,13,14,15,
0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,
0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,

0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,
0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,
0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,
0,1,2,3,4,5,6,7,8, 9,10,11,12,13,14,15,

0,1,2,3,4,5, 6,4,8,9,10,11,12,13,14,15,
0,1,2,3,4, 5, 6,4,8, 9,10,11,12,13,14,15,
0,1,2,3,4, 5, 6,4,8, 9,10,11,12,13,14,15,
0,1,2,3,4, 5, 6,4,8, 9,10,11,12,13,14,15,

0,1, 2,3,4, 5, 6,4, 8, 9,10,11,12,13,14,15,
0,1, 2,3,4, 5,6,4,8,9,10,11,12,13,14,15,
0,1, 2, 3,4, 5, 6,4, 8, 9,10,11,12,13,14,15,
0,1, 2,3,4,5,6,4,8,9,10,11,12,13,14,15,

LUT for Blinking Between White and Red in Palette
Position 7



Overlay
Modes LUT

Programming

Programming the LUT

Overlay Modes LUT
Programming

When the LUT is used in the overlay modes it can
be viewed as a two-dimensional array with 8 col
umns and 32 rows. The column values are DEB
palette positions. The row values are VDC color
values.

In overlay modes, there are 2 separately controlled
images: the VDC image and the DEB image. The
2 images are combined on the display screen. Each
pixel on the screen has 2 values associated with it:
the VDC color and the DEB palette position. The
LUT is used to resolve contention between the 2

values associated with each pixel.

VDC

image
DEB

image

page 0 page 128

Screen Display
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VDC Color

0 = black

1 = blue

15=high

intensity

white

5-24

The LUT for overlay modes looks like this:

DEB

Palette

Position

a
t

This LUT entry contains the
color that will appear on the
screen for the particular
combination ofVDC color

and DEB palette position

As in the 16-color graphics modes, the locations in
the LUT are numbered consecutively from left to
right and top to bottom. For example, location 17
corresponds to Row 2, Palette Position 0.



Programming the LUT

In the overlay modes, as in the 16-color graphics
mode, the LUT is divided into time states that
control blinking effects. However, in the overlay
modes, the LUT is only divided into two time
states. Halfof the LUT determines what is heing
displayed at any time. The top half is used for the
first yi ofeach second and the bottom half is used
for the second V2ofeach second.

Using the overlay modes, you create blinking by
making the values in the top halfof the table dif
ferent from the corresponding values in the bottom
halfof the table.

DEB Palette Position

LUT

Row 0

0

15

16

31
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t(0)

5-26

The following example shows the LUT values for
standard Palette 2 of an overlay mode. The LUT is
programmed so that the DEB image is displayed
only if the VDC color is 0 (black). If the VDC
requests any other color, then that color is dis
played no matter what the DEB requests. This has
the effect of overlaying the VDC image "on top" of
the DEB image.

DEB Palette Position

VDC

Color

Values 01234567

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

0,

1,
2,
3,
4,
5,
6,
7,
8,
9,
10,
11,
12,
13,
14,
15,

1, 2, 3,

1, 1, 1,
2, 2, 2,
3, 3, 3,
4, 4, 4,
5, 5, 5,
6, 6, 6,

7, 7, 7,
8, 8, 8,

9, 9, 9,
10.10.10,

11.11.11,
12.12.12,
13.13.13,
14.14.14,
15.15.15,

4, 5,
1, 1,

2,
3,
4,
5,
6,
7,

8, 8,
9, 9,
10.10,

11.11,
12.12,
13.13,
14.14,
15.15,

6, 7,

1, 1,
2, 2,
3, 3,
4, 4,
5, 5,
6, 6,

7, 7,
8, 8,
9, 9,
10.10,

11.11,
12.12,
13.13,
14.14,
15.15,



t(l)

DEB Palette Position

VDC

Color

Values 0

0

1
2

3

4

5

6

7

8

9

10

11

12

13

14

15

1 2 3 4 5 6 7

0,

1,
2,
3,
4,
5,
6,
7,
8,
9,
10,

11,
12,

13,
14,
15,

1, 2, 3,

1, 1, 1,
2, 2, 2,
3, 3, 3,
4, 4, 4,
5, 5, 5,
6, 6, 6,
7, 7, 7,
8, 8, 8,

9, 9, 9,
10.10.10,

11.11.11,
12.12.12,
13.13.13,
14.14.14,
15.15.15,

4, 5,

1, 1,
2, 2,
3, 3,
4, 4,
5, 5,

6, 6,
7, 7,
8, 8,
9, 9,
10.10,

11.11,
12.12,
13.13,
14.14,
15.15,

6, 7,

1, 1,
2, 2,
3, 3,
4, 4,
5, 5,
6, 6,
7, 7,
8, 8,
9, 9,
10.10,
11.11,

12.12,
13.13,
14.14,
15.15,

Programming the LUT
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t(0)

5-28

In this example, the standard Palette 2 is modified
so that position 2 is a blinking between blue (color
1) and red (color 4).

DEB Palette Position

VDC

Color

Values 0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

1 2 3 4 5 6 7

0,

1,
2,
3,
4,
5,
6,
7,
8,
9,
10,

11,
12,

13,
14,

1, 1,
1, 1,
2, 2,
3, 3,
4, 4,
5, 5,
6, 6,

7, 7,
8, 8,
9, 9,
10.10,

11.11,
12.12,
13.13,

14.14,
15.15,

3, 4,

1, 1,
2, 2,
3, 3,
4, 4,
5, 5,
6, 6,

7, 7,
8, 8,
9, 9,
10.10,

11.11,
12.12,
13.13,
14.14,
15.15,

5, 6, 7,

1, 1, 1,
2, 2, 2,
3, 3, 3,
4, 4, 4,
5, 5, 5,
6, 6, 6,
7, 7, 7,
8, 8, 8,
9, 9, 9,
10.10.10,

11.11.11,
12.12.12,
13.13.13,
14.14.14,
15.15.15,



t(l)

DEB Palette Position

VDC

Color

Values 0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

1 2 3 4 5 6 7

0,

1,
2,
3,
4,
5,
6,
7,
8,
9,
10,
11,
12,

13,
14,
15,

1, 4,
1, 1,
2, 2,
3, 3,
4, 4,
5, 5,
6, 6,

7, 7,
8, 8,
9, 9,
10.10,
11.11,

12.12,
13.13,
14.14,
15.15,

3, 4, 5,
1, 1, 1,
2, 2, 2,
3, 3, 3,
4, 4, 4,
5, 5, 5,
6, 6, 6,

7, 7, 7,
8, 8, 8,
9, 9, 9,
10.10.10,

11.11.11,
12.12.12,
13.13.13,
14.14.14,
15.15.15,

6, 7,

1, 1,
2, 2,
3, 3,
4, 4,
5, 5,
6, 6,
7, 7,
8, 8,
9, 9,
10.10,

11.11,
12.12,
13.13,
14.14,
15.15,

Programming the LUT
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t(0)

5-30

VDC

Color

Values

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

In this example, valuesin the LUT Cause the
DEB's output to take precedenceoverthe VDC's
output. The VDC's output is only displayed when
you specify DEB palette position 0 in a graphics
statement.

DEB Palette Positions

01234567

0,

1,
2,
3,
4,
5,
6,
7,
8,

10,

11,
12,
13,
14,

1^

1,2,3,
1,2,3,
1,2,3,
1,2,3,
1,2,3,
1,2,3,
1,2,3,

1,2,3,
1,2,3,
1,2,3,
1,2,3,
1,2,3,

1,2,3,
1,2,3,
1,2,3,
1.2.3.

4,5,6,7,
4,5,6,7,
4,5, 6, 7,
4,5, 6, 7,
4,5,6,7,
4,5,6,7,
4,5,6,7,
4,5,6,7,
4,5,6,7,
4,5,6,7,
4,5,6,7,

4, 5, 6, 7,
4,5,6, 7,
4, 5,6, 7,
4,5,6,7,
4.5.6.7,



t(i)

VDC

Color

Values

1

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

DEB Palette Positions

01234567

0,1,2,
0,1,2,
2,1,2,

3,1,2,
4,1, 2,
5,1,2,
6,1, 2,
7,1,2,
8,1,2,

9,1, 2,
10,1,2,
11,1,2,
12,1,2,
13,1,2,
14,1, 2,

3, 4, 5, 6,7,
3, 4, 5, 6,7,
3,4, 5, 6,7,
3,4, 5, 6,7,
3, 4, 5, 6,7,
3,4, 5, 6,7,
3,4, 5, 6,7,
3,4, 5, 6,7,
3,4, 5, 6, 7,
3,4, 5, 6, 7,
3,4, 5, 6,7,
3,4, 5, 6, 7,
3,4, 5, 6, 7,
3,4,5, 6, 7,
3,4, 5, 6, 7,
3,4, 5, 6, 7,

Programming the LUT
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t(0)

5-32

VDC

Color

The following LUT entirely blocks out VDC output:

DEB Palette Positions

Values 01234567

0 0,1,2,3,4,5,6,7,
1 0,1,2,3,4,5,6,7,
2 0,1,2,3,4,5,6,7,
3 0,1,2,3,4,5,6,7,
4 0,1,2,3,4,5,6,7,
5 0,1, 2, 3, 4, 5, 6,7,
6 0,1, 2,3,4, 5, 6, 7,
7 0,1,2,3,4,5, 6, 7,
8 0,1,2,3,4, 5,6,7,
9 0,1, 2, 3,4, 5,6, 7,

10 0,1,2, 3,4, 5, 6,7,
11 0,1,2, 3,4,5, 6, 7,
12 0,1,2,3,4,5,6,7,
13 0,1, 2,3,4,5, 6, 7,
14 0,1, 2,3,4,5, 6, 7,
15 0,1,2,3,4,5,6,7,



t(l)

DEB Palette Positions

VDC

Color

Values 01234567

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

1,2,3,
1,2,3,
1,2,3,
1,2,3,
1,2,3,
1,2,3,
1,2,3,
1,2,3,
1,2,3,
1,2,3,
1,2,3,
1,2,3,
1,2,3,
1,2,3,
1,2,3,

4,5,6,7,
4,5,6,7,
4,5,6,7,
4,5,6,7,
4,5,6,7,
4,5,6,7,
4,5,6,7,
4, 5, 6, 7,
4, 5,6, 7,
4,5, 6, 7,
4,5,6,7,
4,5,6,7,
4,5,6,7,
4,5,6,7,
4,5,6, 7,
4,5.6,7,

Programming the LUT
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Programming the Bit Planes

Introduction Once you have learned to program the LUT
directly using the Set Color Palette command, you
can make further use of the LUT's capabilities by
programming the VDC and DEB video memory
directly.

By directly programming the video memory of the
VDC and DEB boards, you can increase the graph
ics display speed. The values you load into the
video memory planes determine how the LUT is
accessed. This section assumes that you have read
and understood how to program the LUT directly.

In the 16-color graphics modes, the device driver
combines the 3 bit planes of the DEB with one bit
plane from the VDC to create the four bit planes
necessary for 16-color graphics.

In the overlay modes, the device driver uses the 3
DEB bit planes for 8-color graphics output and
uses the VDC board separately for either text or
graphics output.

A0000:0

A8000:0

B000:0

B8000:0

5-34

DEB Bitplane
0

DEB Bitplane
1

DEB Bitplane 2

VDC Bitplane

Memory Map



Programming the LUT

LUT A LUT address is an 8-bit value that points to one
Addressing of the 256 locations within the LUT. The method of

address formation depends on the current video
mode.

For transparent and disabled modes, LUT address
ing is irrelevant. In the transparent mode, VDC
color values bj^ass the LUT processing and go
directly to the monitor output. In the disabled
mode, all output from the LUT is forced to the
value ofzero.

For the 16-color graphics and overlay modes, the
LUT address is composed of bits from the DEB
video bit planes, the VDC's video output, and DEB
timing bits.

Timing Bits The timing bits are called BLINKl, BLINK2,
PATl, and PAT2. BLINKl and BLINK2 effect
blinking; PATl and PAT2 effect patterning
(dithering).

All of the timing bits are applicable in the 16-color
graphics mode; only BLINKl is part of the address
formation in the overlay mode. Therefore, you have
fewer options for blinking and no ability to dither
in the overlay mode.

The operation of the timing bits is very fundamen
tal to creation of special effects. The bits always
cycle on and off, each at a different rate. BLINKl
cycles on and off each 1/4 second. BLINK2 cycles
on and offeach 1/8 second.

5-35



Programming the LUT

5-36

PATl and PAT2 cycle on and off so fast that the eye
cannot perceive a blink (PATl is the fastest). A
dithered color is really 2-4 separate colors that are
changing so rapidly that the eye perceives them as
one solid color.

PATl changes value at the same rate that the mon
itor's cathode ray moves from one pixel to the next.
PATl's effect on LUT addressing is that it switches
the address by 16 LUT entries — in the previous
table, between pairs of rows. PAT2 changes value
at the same rate that the cathode ray changes
scanlines — in the previous table, between one
pair of rows and the next pair of rows.

PAT2 PATl Portion of LUT

0 0 1st 16 entries of each quarter
0 1 2nd 16 entries ofeach quarter
1 0 3rd 16 entries of each quarter
1 1 4th 16 entries ofeach quarter
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1. 16-color Graphics Mode

DEB Timing Bits
IND

Video

Video Ram

00

I

BLUE

U

4-bit

Color Value

MONITOR

8-bit

LUT

Address

FF

To output a color to the monitor, the DEB concat
enates the DEB timing bits BLINKl, BLINK2,
PATl, PAT2, the BLUE output bit from the VDC,
and a bit from corresponding locations on each of
the three DEB bit planes.
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2. Overlay Mode

DEB

Timing
bit

5-38

IND

HI-

LIGHT

00

IND Video Output

IND

GREEN

IND

RED

IND

BLUE

DEB

VID

U

j 4-bit

Color Value

MONITOR

DEB Video Ram

DEB

VID

DEB

VID

8-bit

LUT

Address

FF

To output a color to the monitor, the DEB concat
enates the following bits: BLINKl, the HILIGHT,
GREEN, RED, and BLUE output bits from the
VDC, and a bit from corresponding locations on
each of the three DEB bit planes.



Interrupt lOH
Functions

Write In DEB modes, this function is the same as "Write
Character Character and Attribute."

Only at
Current

Cursor

Position

4-13



Interrupt lOH
Functions

Set Color This function is used to set color values in one of

Palette the four palettes, to switch between palettes, or to
reset palettes to their default values.

In the overlay modes, the Set Color Palette func
tion works on the active page. If the active page
is set to display to the VDC board, this function
works the same as the standard ROM BIOS INT

lOH (function OBH).

Ifyou specify a palette position greater than the
value allowed for the mode in which you are work
ing, the value you specify will be put in that
palette's highest position. For example, ifyou
attempted to set palette position 13 to red when
working in overlay mode, which has 8-position pal
ettes, the 8th palette position would be set to red.

Note:

The following discussion covers the use of the sim
ple palette programming functions. You can also
use "Set Color Palette" to program the LUT. (For
more information, see Chapter 5, "Program
ming the LUT").
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Short LUT The DEB supports a method for you to access only
Addresses the first sixteen LUT locations. This lets you use

normal 16-color graphics without needing to man
age all of the 256 LUT locations. You invoke this
short addressing mode by a setting bit 2 in AL in
the "Set Color Palette" command.

3. Short LUT Addresses

DEB Mode Control Register
7654 3 210

bit3:
(LITTLEBIT)

1 = "BLOCK BITS"
0 = "PASS BITS"

8-bit
LUT

address

DEB

timing
bits,

IND

board
Output
bits,

DEB

video
RAM bits

4/8-bit
LUT

address

-0

-0

-0

-0

-0

-0

-0

-0

0

00b

FFb

bit

color
value
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4. Modes. Address Formation. & DEB Mode Control Register

DEB

timing bits
BLKl
BLK2

PAT2

PATl

IND vid output
HI

5-40

bit4 = 1

bit4 = 0

8-bit

bits LUT
1 = 0FF a
0 = ON d

1 = 0N
0 = OFF



Interrupt lOH
Functions

Scroll This function defines a pattern that is to be dis-
Active played on the blank lines as the screen scrolls. The
Page Up pattern consists of ones and zeros. Zeros are inter

preted as the background color (palette position
zero). Ones are interpreted as the foreground color,
which is defined in BL. Care should be taken when

scrolling in DEB modes, to insure that all applica
tions set the additional argument in BH correctly.

Input

Output

Example

(AH) = 6H function number for Scroll

Active Page Up
(AL) = number of lines to scroll
(CH,CL) = row, column of upper left corner to

scroll

(DH,DL) = row, column of lower right corner to
scroll

(BH) = pattern to be used on blank lines
(BL) = foreground color

The range of lines to be scrolled is
0 thru 23 (where 0 specifies clear
screen).

Row values are 0 thru 23, column
values are 0 thru 79, in DEB modes.
Valid foreground colors are specified
by palette position 0-FH for 16-color
graphics, and 0-7H for 8-color
graphics.

Contents of all registers are preserved.

MOV AH,6 ;Scroll Active Page Up
MOVAL,LINES
MOV CH,UPROW
MOV CL,UPCOL
MOV DH,LOWROW
MOVDL,LOWCOL
MOV BH,0
MOVBL,FGCOLOR
INT lOH
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Interrupt lOH
Functions

Scroll

Active

Page Down

Input

Output

Example

4-10

This function permits you to define a pattern that
is to be displayed on the blank lines as the screen
scrolls downward. The pattern consists of ones and
zeros. Zeros are interpreted as the background
color (palette position zero). Ones are interpreted
as the foreground color, which is defined in BL.
Care should be taken when scrolling in DEB
modes, to insure that all applications set the addi
tional argument in BH correctly.

(AH) = 7H function number for Scroll
Active Page Down

(AL) = number of lines to scroll
(CH,CL) = row, column of upper left corner to

scroll

(DH,DL) = row, column of lower right corner to
scroll

(BH) = pattern to be used on blank lines
(BL) = foreground color

The range of lines to be scrolled is
0 thru 23 (where 0 specifies clear
screen).

Row values are 0 thru 23, column
values are 0 thru 79, in DEB modes.
Valid foreground colors are specified
by palette position 0-FH for 16-color
graphics, and 0-7H for 8-color
graphics.

Contents of all registers are preserved.

MOV AH, 7 ; Scroll Active Page Down
MOVAL,LINES
MOVCH,UPROW
MOV CL,UPCOL
MOVDH,LOWROW
MOVDL,LOWCOL
MOVBH,0
MOVBL,FGCOLOR
INT lOH



Read

Character

and

Attribute

at Current

Cursor

Position

Input

Output

Interrupt lOH
Functions

This function returns the value of the character at

the current cursor position. The value of the char
acter's foreground color is returned in AH.

(AH) = 8 Function number for Read Character
and Attribute at Current Cursor

Position.

(BH) = Valid page numbers for DEB modes are
0 for the VDC and BOH for the DEB in

overlay mode.

(AL) = ASCII character code
(AH) = foreground palette position or VDC

attribute

Contents of all other registers are preserved.

Example MOVAH,8 ;Read CHR function
MOVBH,PAGE
INT lOH

MOV CHAR,AL ;Save CHAR/COLOR
MOVCURCOLOR,AH
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Interrupt lOH
Functions

Write

Character

and

Attribute

at Current

Cursor

Position

Input

Output

Example

4-12

This function displays the character whose ASCII
code is in register AL. The character is displayed
according to the color values in BL.

(AH) = 9H Write Character function
(AL) = ASCII character code
(BL) = foreground color
(BH) = page
(CX) = count of characters to write

Ifbit 7 ofBL = 1, the color value is XOR'd with the
current dots in that location. Valid page numbers
for DEB modes are 0 for the VDC and 80H for the

DEB in overlay mode.

Valid foreground colors are specified by palette
position 0-FH for 16-color graphics, and 0-7H for 8-
color graphics.

Contents of all registers are preserved.

MOVAH,9
MOVAL,CHAR
MOVBL,CURCOLOR
MOVBH,PAGE
MOVCX,!
INT lOH
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