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MANUAL PRINTING CONVENTIONS

This manual uses two-color printing in examples to differentiate 
computer messages from user entries. Computer output is black, and 
user entries are grey.

The following symbols and abbreviations are used in examples to 
represent pressing certain keys: -«-* represents pressing the Return key, 
and represents pressing the Space bar.

Examples and parts of tables show Alternate function (Alt key) 
characters as bold face upper case letters. For example, the key 
sequence Alt C is indicated as C.

XI
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1. INTRODUCTION

This manual describes the CP/M-86 operating system, as used with the 
SIRIUS 1 Computer. The manual is an introduction to the system 
for new users. It can also serve as a quick reference guide for users 
experienced with CP/M-based operating systems. The manual contains 
basic operating-system information necessary for using CP/M-86 and for 
developing programs that run on the SIRIUS 1 Computer.

1.1 MANUAL 
CONTENTS

This manual contains the following six chapters and five appendixes:

► “ Introduction" describes manual contents, conventions, and related 
documentation.

(

► “ CP/M-86 Overview” provides an overview of the operating 
system.

► “ Basic CP/M-86 Operating Procedures” describes loading the 
operating system, changing the default disk drive, and controlling 
console and printer output.

► “ Device and Media Management" describes formatting and 
copying diskettes: displaying diskette file statistics; marking files or 
drives as read-only or as read-write; and assigning physical 
devices to logical devices.

► “ File System Management” describes displaying the diskette 
directory and the contents of ASCII files; deleting, renaming, and 
moving files; and executing command files.

► “ Creating and Editing Text Files” describes using the ED program 
to create and modify ASCII files.

► Appendix A, “ CP/M-86 Command Format Summary," provides an 
alphabetic list of the syntax of each CP/M-86 command.

► Appendix B, "CP/M-86 Error Messages," describes the error 
messages generated by the CP/M-86 operating system.

► Appendix C, "BDOS Error Messages," describes the error 
messages issued by the Basic Disk Operating System portion of 
CP/M-86, as used with SIRIUS 1.

► Appendix D, "SIRIUS Error Codes and Definitions," error 
messages.

► Appendix E, "SIRIUS Utility Error Messages," describes the error 
messages generated by the SIRIUS utility programs DCOPY, 
FORMAT, and BOOTCOPY.
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1.2 M AN U AL 
CO NVENTIO NS

1.3 RELATED 
PUBLICATIO NS

A form for readers’ comments has been included at the back of the 
manual. If the comment form has been removed, please send 
comments to your SIRIUS 1 representative. A list of Sirius offices, 
subsidiaries, and distributors appears at the back of this manual.

This manual uses the following conventions:

► Examples present computer- and user-generated material 
differently: computer output is black: user entries are grey.

► In examples and command-format illustrations, nonprinting ASCII 
characters, such as line feeds and carriage returns, appear as 
symbols. For instance, J represents the character for a line feed;

represents a carriage return; represents a space.

► In examples and parts of tables, Alternate function (Alt key) 
characters are represented with boldface upper case letters. For 
example, the key sequence Alt C appears in examples as C. (Use 
of the Alt key is described in Section 2.3.)

► Command names, file names, and system prompts or responses 
embedded in text appear in upper case.

► When command formats and standard user entries appear in text 
for the first time, they are presented in bold-faced single lines..

► In command formats and in Appendix A:

— Braces ({ }) indicate that one item in the enclosed group must 
be selected.

— A vertical bar (|) separates alternatives.
— Brackets ([ ]) indicate that the enclosed item(s) are optional.
— An ellipsis in brackets ([...]) indicates that the preceding 

parameter can be repeated any number of times. A comma 
preceding the ellipsis ([,..]) indicates that each parameter must 
be separated from the others by a comma.

— General forms (which represent specific entries to be supplied 
by the user - such as file names, drive names, and device 
names) appear as single words, such as filename, drivename, 
and logicaldevice. in command and error message formats, 
general forms are italicized.

— The term system diskette refers to any diskette that contains 
the CP/M-86 operating system.

Several publications on SIRIUS 1 and on CP/M and CP/M-86 are 
available. Introduction to the SIRIUS 1 Computer presents basic 
operating procedures for SIRIUS 1. Users who are inexperienced with 
computers should familiarize themselves with these procedures before 
using this manual, SIRIUS 1 User’s Guide for CP/M-86.



The following manuals provide additional technical information on
CP/M-86:

► SIRIUS 1 Programmer’s Guide for CP/M-86 describes the 8086 
assembler (ASM-86) and the Dynamic Debug Tool (DDT-86) used 
to test and debug assembly language programs.

► SIRIUS 1 System Guide for CP/M-86 describes the internal 
structure of CP/M-86, how to create an executable command file, 
and the use of device, disk, and memory-management routines 
provided by the operating system.
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2. CP/M-86 OVERVIEW

2.1 COMPONENTS

2.2 INPUT/OUTPUT 
DEVICES

CP/M-86 is an operating system for the SIRIUS 1 Computer. The 
structure of the CP/M-86 file system allows dynamic allocation of file 
space and both sequential and random file access. Using this file 
system, many programs can be stored in both source and machine- 
executable form on one diskette. CP/M-86 includes a text editor (ED), 
an 8086/8088 assembler (ASM86), and a dynamic test and debug 
program (DDT).

There are four main components of CP/M-86: (1) the Basic Input/ 
Output System (BIOS): (2) the Basic Diskette Operating System 
(BDOS); (3) the Console Command Process (CCP); and (4) the 
Transient Program Area (TPA). Component functions follow:

► BIOS — provides the primitive input/output interface to the 
diskette drives and input/output devices.

► BDOS — controls the diskette drives and file system.

► CCP — reads the keyboard and processes commands.

► TPA — holds programs loaded from diskette.

CP/M-86 performs its input and output based on the four "logical” 
devices described in Table 2-1. A logical device is the name of a 
device (e.g„ LST:) that programmers or operators refer to when doing 
input or output processing. Special-purpose programs, called drivers, 
handle the transfer of data to and from these logical devices. These 
drivers interface with specific physical devices, which are actual 
input/output devices such as disk drives and line printers.

The operator can assign a physical device to a logical device name 
through the STAT command (as described in Section 4.4). For example, 
the operator can direct output to any of four physical devices by 
changing the physical-to-logical device association, as described in 
Section 4.4.8.

Table 2-1 describes the CP/M-86 logical and physical devices.

The names of the actual devices attached to the SIRIUS 1 computer 
may or may not correspond to the physical device names listed in 
Table 2-1. For example, the device TTY: is actually an RS-232-C serial 
communications port to which a printer, plotter, or modem might be 
attached. The driver programs in the BIOS define the correspondence 
of physical device to actual device.

Section 4.4.8 contains instructions for assigning a physical device to 
a logical device name.
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Table 2-1: Logical and Physical Devices

DEVICE TYPE/NAME DESCRIPTION

Logical Devices

CON: Console device — the principal interactive console which 
communicates with the operator. Typically, CON: is a 
device such as a CRT or teletype.

LST: List device — the principal listing device: usually a hard­
copy device, such as a printer or teletype.

RDR: Paper tape reader device — the principal tape punching 
device: normally a high speed paper tape punch or teletype.

PUN: Paper tape punch device — the principal tape reading 
device, such as a simple optical reader or teletype.

BAT: Batch mode-reader (RDR:) as input: a printer (LST:) as output.

Physical Devices

TTY Serial output-port A (teletype-style printer — RS-232-C)

CRT Keyboard and cathode ray tube display

UC1 External console (to be developed)

PTR High speed read (to be developed)

UR1 (To be developed)

UR2 (To be developed)
PTP High speed punch (to be deveioped)

UP1 (To be developed)

UP2 (To be developed)

LPT Parallel port line printer (Centronics)

UL1 Serial printer — port B (RS-232-C)

2.3 BASIC OPERATING This section (1) describes basic operating principles for using CP/M- 
PRINCIPLES AND 86’s commands and (2) notes certain general characteristics of the
NOTES operating system. Some of the operating principles are expanded in

Chapter 3.

► The operator initiates CP/M-86 functions by entering commands at 
the keyboard. The CP/M-86 commands and utility programs that 
can be used to manipulate the data contained on diskettes are 
described in Chapters 4, 5, and 6.

► The “ default drive” is the currently selected drive, the drive to or 
from which CP/M-86 is recording or obtaining data. Commands 
entered to manipulate data act on the diskette in the default drive, 
unless the operator specifies another drive name in the command.

► Once CP/M-86 is loaded (as described in Section 3.1), the 
console displays the letter name of the default drive, followed by 
the command prompt. At the operating-system level, CP/M-86 
always displays the name of the default drive with the system 
command prompt (e.g., A or B). Because drive A is preferred for 
loading the operating system, the screen always displays A after 
loading.

► Commands the user enters in response to the prompt are referred 
to as “ system-lever commands.



2.4 ENTERING AND 
MODIFYING CP/M-86 
COMMANDS

2.5 FILE SYSTEM

2.5.1 FILE 
SPECIFIERS

► All the commands described in this manual — except the ED 
commands described in Section 6.2 — can be entered in upper or 
lower case. CP/M-86 automatically converts commands entered in 
lower case at the keyboard into upper case.

► The SIRIUS Alt (Alternate function) key has two functions:

— It displays the symbol or invokes the function shown on the 
front face cf another key.

— It acts as the Control key (for example, the function generally 
referred to as a Control C is an Alt C on SIRIUS 1 and is 
accomplished by striking C while keeping the Alt key 
depressed).

The user communicates with the operating system by entering CP/M- 
86 commands at the keyboard. Pressing the Return key at the end of 
a command line sends the command to the operating system. A 
command line can be up to 127 characters long.

The user can modify CP/M-86 commands at any time during entry, 
until the Return key is pressed. To modify the command line, use the 
Alt key functions described in Table 2-2.

Table 2-2: Alt-Key Command-Line Editing Functions

FUNCTION

Causes physical end of line; display is shifted to 
beginning of next line, but line is not sent to CPU until 
Return key is pressed. Useful for entering command 
lines that are longer than physical iine on screen.

Moves cursor back one character position and deletes 
last character entered.

Terminates input (line feed).

Terminates input (carriage return).

Redisplays current command line.

Cancels current command line.

Backspaces (deletes) to beginning of current line. 

ASCII end-of-file character; ends input from console.

The SIRIUS 1 computer stores information on diskettes in the form of 
files; a file is one or a group of related characters. A single file can 
be any length, up to the data storage capacity of a diskette (600- 
kbytes per side); a diskette directory can contain up to 128 entries. All 
CP/M-86 file-related functions can be used in user-written programs.

A CP/M-86 file is identified by its file specifier, which consists of one 
to three parts: a file specifier must contain a file name; it may also 
contain a file extension and/or a drive name (the name of the drive 
containing the diskette on which the file is recorded). If the drive 
name is omitted from a file specifier, CP/M-86 assumes that the file 
is on the diskette in the default drive.

ALT CHARACTER 

Alt E

Alt H or 
Backspace key

Alt J

Alt M or 
Return key

Alt R

Alt U

Alt X

Alt Z



The three elements of a file specifier are arranged in the following 
sequence, with no intervening spaces:

► Drive name — one letter followed by a colon.

► File name — one to eight characters.

► Fiie extension — one to three characters.

Characters in a fiie specifier may be entered in upper or lower case. 
The following characters may not be used in a file name or a file 
extension: < > . , ; : = ? * [ ]

Examples and command formats in this manuai present fiie specifier 
elements as follows: "filespecifier" represents a file specifier, 
"drivename" represents a fiie specifier’s drive name, "filename" 
represents a file name, and “ ext” represents a fiie extension. The 
three parts of a file specifier are illustrated in Figure 2-1 and are 
further described in the next subsections.



Figure 2-1: File Specifier Structure

drivename:fiiename.ext
j 1 I_____  File extension — contains up to 3
i { characters. Any character can be used,
I [ except < > . , ; : = ? * [ ]

i Extensions are an optional part of file
I ! specifiers, except for the file types shown
l 1 in Table 2-3.
i i| I
I i_____________  File name — contains up to 8
I characters. Any character can be used
j except < > . , ; : • = ? * [ ]

i______________________  Drive name — either A or B. The drive
name need not be specified when the 
file resides on the diskette in the default 
drive.
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2.5.2 CP/M-86 FILE
EXTENSION
CONVENTIONS

2.5.3 VALID AND 
INVALID FILE 
SPECIFIERS

Examples:

A file specifier’s file extension typically describes the form of the data 
in the fiie. Conventions govern some types of files, and some 
languages and application software packages assign file extensions 
automatically. For example, BASIC-86 assigns the extension .BAS to 
programs saved from that language. In addition, CP/M-86 defines the 
meanings of several file extensions, as presented in Table 2-3.

Files can also be assigned extensions at the operator’s discretion. For 
example, an operator might use the extension .TXT for all text files.

Table 2-3: CP/M-86 File Extension Conventions

FILE EXTENSION CP/M-86 INTERPRETATION

.•A86 8086 assembly language source code

.BAK Backup file created by ED program and some other 
text editors

.BAS BASIC source code (Microsoft BASIC)

.CMD Executable command file

.COB COBOL source code

.DAT Data file (assumed to be ASCII)

.FOR FORTRAN source code

.H86 Hex fiie produced by assembler

.INT Intermediate compiled code (CBASIC/86. CIS COBOL)

.LST Listing of compilation or assembly

,OVR Overlay module

PRN Listing of compilation or assembly

.REL Relocatable object code moaule

.SUB Command file executed by SUBMIT command

.SYM Symbol table of assembly or compilation

.XRF Cross-reference

.$$$ Temporary, system-generated file

Examples of valid fiie specifiers follow:

PJSEOLL
B:1EEP0KT
PIP.CMD
BJACELBAS
AJOEBMO

The following examples present invalid file specifiers; the notations 
describe why the examples are invalid:

10



Examples:

2.5.4 WILD-CARD 
CHARACTERS

MAECHEÄTROL
B:SALES[2]

2:J0EBM0

File name contains more than 8 characters.
File name contains brackets, which are illegal 
characters.
Drive name is entered as a number, rather 
than a letter.

If the user attempts to name or save a file with a file name or 
extension of more than the legal number of characters, CP/M-86 
accepts the first eight letters of the file name and the first three 
letters of the extension as a valid file specifier.

However, if the user attempts to name or save a file with a file 
specifier that is invalid in any other way, CP/M-86 responds with the 
message Invalid Format.

CP/M-86 wild-card characters allow the operator to use a single 
command to perform one task on a group of files.

Use of wild-card characters in CP/M-86 is similar to the use of wild 
cards in card games; the wiid-card characters take on the meaning 
that the system operator assigns to them by matching existing file 
names.

The two CP/M-86 wild-card characters are the question mark (?) and 
the asterisk (*).

The ? wild-card character means “ match any character — or no 
character — in this particular location in the fiie name or file extension.” 
For example. PAY-???.ROL matches each of these fiie specifiers:

PAY-JAN.ROL
PAY-FEB.ROL
PAY-MAR.ROL
PAY-JLROL

The * wild-card character means “ pad with ?s.” This enables the 
operator to refer to entire families of files. For example, *.BAS refers to 
all files with the extension BAS. As another example, WS*.* identifies 
any file whose file name (no matter how long) starts with WS, 
regardless of extension.

Note that * pads ail possible characters that follow it, within the file 
name or the extension where it appears. This means that CP/M-86 
cannot read or match any characters following the * in a file name or 
extension. For example, *86.CMD matches all files with extension .CMD 
(????????.CMD), not just files ending in 86 with extension .CMD.

Wild-card characters can be used in combination. For example,
?TEST* refers to all files whose file name is four or five characters 
long, the last four of which are TEST, regardless of file extension.

Note that the file specifier *.* refers to all files on the default or 
designated drive.
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3.1 LOADING 
CP/M-86

3.2 CHANGING THE 
DEFAULT DRIVE

Example:

3.3 CHANGING 
DISKETTES AT THE 
CP/M-86 SYSTEM 
LEVEL

3. CP/M-86 BASIC OPERATING PROCEDURES

This chapter elaborates on some of the operating procedures 
presented in Section 2.3 and describes procedures for loading CP/M- 
86, changing the default drive, and controlling console and printer 
output via the operating system.

Additional background information on basic operating procedures for 
SIRIUS 1 appears in the Introduction to the SIRIUS 1 Computer.

Use the following procedure to load CP/M-86:

1. Be sure both diskette drives are empty.

2. Turn on the system by pressing the switch located at the left rear 
corner of the processor unit. The LED busy indicator on diskette 
drive A lights up, and the system displays a power-up display 
sequence which includes a symbolic request for insertion of the 
system diskette (e.g., a flashing arrow and a diskette symbol).

3. Insert the system diskette (label up and label-edge last) into drive 
A and close the drive door. When CP/M-86 is loaded, the system 
displays a sign-on message (which presents system information, 
including a keyboard configuration summary) and the CP/M-86 
command prompt for the default or logged drive (A>).

As described in Section 2.3, the default drive is the working or 
currently selected drive. The name of the default drive appears in the 
CP/M-86 system prompt; for example, the system prompt B> 
indicates that drive B is the default drive. To change the default drive, 
respond to the system prompt by entering the letter of the desired 
drive, a colon (:), and a carriage return. The following example 
illustrates changing the default drive to B from A.

A>b ■; 
B >

As a general practice, enter Alt C whenever you change diskettes at 
the CP/M-86 system level (i.e., when the prompt is >). Entering Alt C 
at the >  prompt resets or clears the disk system and logs all active 
drives. Active drives include the default drive, drive A (if it is not the 
default drive), and any drive specified in CP/M-86 operations since 
the last loading of the operating system.



3.4 CONTROLLING 
CONSOLE OUTPUT

3.5 LOADING CP/M-86 
OR PROGRAMS 
FROM DRIVE B

CP/M-86 "logs" a drive by building and holding in memeory an 
allocation map of the directory of the diskette in that drive. When the 
user enters Alt C at the >  prompt, the operating system always logs 
drive A. However, if drive B is the default drive or has been active in 
CP/M-86 operations, entering Alt C logs both drives.

If you attempt to write to a newly inserted diskette without first 
resetting the disk system, CP/M-86 will not perform the write 
operation and will display the following error message:

Bdos Err On X: R/O

where X represents the name of the drive containing the diskette. See 
Appendix C for explanation of error messages.

When operating at the system level (i.e., when the command prompt 
is > ) anc when working with DDT and PIP, the user can start or stop 
computer output to either the console or the printer. Starting output to 
the printer this way causes the printer to “ echo” console display. 
Stopping output to the console temporarily freezes the screen display. 
Table 3-1 lists the Alternate characters used to control console 
output.

Table 3-1: Console Output Alternate Characters

ALTERNATE
CHARACTER FUNCTION

Alt P

Alt S or
Pause/Cont Key

Sends all console output to both LST: (for hardcopy) 
and CON: (for screen display, if CON: is assigned as 
CRT:). Re-entering Alt P stops output to LST:. CAUTION: 
Unless a printer is on-line, entering Alt P freezes the 
operating system; the operating system must be 
reloaded, and all data in memory is lost.

Temporarily stops output to CON:. Console (and printer, 
if output is being echoed to printer) remains frozen until 
any key is pressed. Alt S sends Device Control 3 (X- 
OFF) to CPU.

Although CP/M-86 always attempts to load from drive A, the 
operating system can be loaded from drive B. The option of loading 
from B is useful if drive A is inoperable for any reason. To load the 
system from drive B, follow steps 1 and 2 in the procedure in Section 
3.1. Then insert the system diskette in drive B. After the sign-on 
message appears, the screen displays this disk operating system 
error message:

Drive = 0, Track = 0, Sector = 0, Error = FA 
Bdos Err On A: Bad Sector

Enter Alt C to reset the disk system and to display the system 
prompt, A>. Then log onto drive B by entering “ b:” followed by a 
Return.

14



In addition, you can load any CP/M-86 utility or program from a drive 
other than the default drive by entering the drive name before the 
command. For example, to load PIP from the B drive while working on 
the A drive —

Example:

A >b:pip -4-“
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4. DEVICE AND MEDIA MANAGEMENT

4.1 DISKETTE 
FORMATTING — THE 
FORMAT PROGRAM

4.1.1 USING FORMAT

CP/M-86 includes these four programs for managing diskette files:

► FORMAT formats diskettes for system use.

► DCOPY copies a diskette’s contents onto another diskette.

► BOOTCOPY copies the operating system tracks from one diskette 
to another.

► STAT reports statistics and controls certain characteristics of 
diskettes and files.

The FORMAT program prepares diskettes to receive data. In the 
process, FORMAT automatically erases any previous files on the 
diskette. New diskettes must be formatted before they can be used by 
the system.

The basic procedure for formatting a diskette follows:

1. Insert the system diskette in drive A and enter 

format

SIRIUS 1 loads FORMAT and displays the utility’s one-line sign-on 
banner near the top of the screen.

2. Once FORMAT is loaded, the system diskette can be removed. 
Insert the diskette to be formatted in either drive.

3. At the bottom of the screen, FORMAT asks which drive contains 
the diskette to be formatted, as follows:

Format drive? (A or B; press return key to end)

. Enter the letter name of the correct drive.

4. The system responds by displaying

Format drive X. Press space bar when ready.

where X is the drive name entered in step 3.

Check that the diskette to be formatted is in the correct drive (to 
avoid possible data loss) and press the Space bar.
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5. The formatting procedure takes approximately one minute for a 
single-sided diskette. At the bottom of the screen, FORMAT 
displays the number of each track as it is formatted. Near the top 
of the screen, FORMAT displays the message —

Format drive X

where X is the drive name entered in step 3.

6. When formatting is complete, near the top of the screen, FORMAT 
displays —

Format drive X complete.

7. FORMAT prompts to repeat the process. To format another 
diskette, repeat steps 2 through 5. To end the FORMAT program, 
insert the system diskette in drive A, and enter Alt C or press the 
Return key.

The following example illustrates a sample session using FORMAT to 
format one diskette. The example shows FORMAT prompts and 
messages consecutively, as they appear on the screen, but does not 
indicate where on the screen the prompts and messages are 
displayed.

Example: m h h

A >  format ^

Diskette FORMAT Utility - Version 2.7

Format drive? (A  or B; press return key to end)b

Format drive B. Press space bar when ready. >

Format drive B

Format drive B complete.

Format drive? (A  or B; press return key to end) «-1 

A >

4.1.2 USING The user can expand the FORMAT command by including a drive
FORMAT SWITCHES name and optional “ switches" that modify FORMAT program

operation. These additions must appear in the command line with the 
FORMAT command stem; a switch value or group of switches must 
be preceded by a $ (dollar sign). There are four switches:

C — Display the count of the tracks copied and the number of soft 
errors encountered.

E — Display the locations of soft errors encountered.

Z — Display disk zone information (size of tracks and gaps).

D — Format a double-sided diskette (to be developed).
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Example:

4.2 DISKETTE 
BACKUP — THE 
DCOPYPROGRAM

Tracks are circular sections of a diskette; SIRIUS diskettes have 80 
tracks on a side. These tracks are grouped into eight zones; the drive 
motor runs at a different speed on each zone. Soft errors are hard-to- 
read sections or worn or flawed spots on the diskette that may make 
it unreliable for use. The $C switch (for counting tracks and soft 
errors) allows the user to gauge the reliability of a diskette for 
recording data. If 15 to 20 or rnore errors appear, repeat the FORMAT 
process a few times. If this number of errors persists, discard the 
diskette and try another.

One to four switches may be included in the FORMAT command line, 
as follows:

format [drivename:] [SC I E I Z I D] •*->

The next example presents the command to format a disk in drive B 
and then to display (1) the number of tracks copied and (2) the 
number and the locations of soft errors encountered in the process. 
(See Appendixes D and E for explanation of FORMAT error 
messages.)

A>form al b:$ ce «-i

Soft format error: D = l, T=01, S=12, E=4C 

Soft format error: D = l, T=01, S=FF, E=41 

Soft format error: D = l, T=01, S=06, E=4A

Format complete.

80 tracks formatted: 3 soft errors.

A >

The DCOPY program copies the contents, including the system 
tracks, of one diskette onto another diskette, creating a literal twin of 
the source or copy-from diskette. In the process, DCOPY formats the 
destination or copy-to diskette for CP/M-86 (eliminating the need to 
run the FORMAT program separately).

There are two methods — long and short — for using DCOPY. With 
the long method, the program prompts the user for the names of the 
copy-from and copy-to drives. With the short method, the user enters 
the program name and the copy-from and copy-to drive names in a 
single command line, without prompts from DCOPY. The long DCOPY 
method (described in Section 4.2.1) can be used to copy the contents 
of one or more diskettes in either drive and to make more than one 
copy. The short method (described in Section 4.2.2) can be used to 
make a single copy of the diskette in the default drive; the copy-from 
diskette must contain DCOPY. With this method, the system exits the 
program immediately after the copy is completed.

Several of the optional switches described for the FORMAT program 
can be included in the DCOPY command (see Sections 4.1.2 and 
4.2.2).
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4.2.1 USING DCOPY 
WITH INTERACTIVE 
SYSTEM PROMPTS

Use the following procedure to copy a diskette from either drive and 
to make multiple copies.

1. Insert the system diskette in drive A, clear the disk system by 
entering Alt C. and enter the following command:

dcopy +-1

SIRIUS 1 loads DCOPY and displays the utility’s one-line sign-on 
banner at the top of the screen.

2. Remove the system diskette from drive A if it is not the copy-from 
diskette.

3. At the bottom of the screen. DCOPY asks for the name of the 
drive containing the diskette to be copied:

Copy from drive? (A or B; press return key to end)

Insert the copy-from diskette in either drive and insert the copy-to 
diskette in the other drive. Answer the DCOPY query with the 
correct copy-from drive name. DCOPY assumes that the remaining 
drive is the copy-to drive.

4. DCOPY repeats the particulars of the copy command and asks for 
confirmation:

Copy from drive f to drive t. Press space bar when ready.

where f is the name of the copy-from drive, and t is the name of 
the copy-to drive. Press the Space bar to start the DCOPY 
process. Pressing any other key cancels the DCOPY command.

5. During the copy process, at the bottom of the screen, DCOPY 
displays the number of each track as it is copied.

Near the top of the screen, DCOPY displays the message:

Copy from drive f to drive t

At the bottom of the screen, DCOPY displays the number of each 
track as it is copied. When the copy is complete, the system 
prompts with:

Copy from drive f to drive t complete.
Copy from drive? (A or B: press return key to end)

6. To make another copy, follow steps 3 and 4 above.

To exit DCOPY (return to the operating system), insert the system 
diskette in drive A and enter Alt C or press the Return key.

The following example illustrates a sample session using DCOPY to 
copy one diskette. The example shows DCOPY prompts and 
messages consecutively, as they appear on the screen, but does not 
indicate where on the screen the prompts and messages are 
displayed.
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Example:

4.2.2 USING DCOPY 
WITHOUT SYSTEM 
PROMPTS

EXAMPLE

A>dcopy <*j

Diskette COPY Utility • Version 2.4

Copy from drive? (A  or B; press return key to end)a

Copy from drive A  to drive B. Press space bar when ready. >—■

Copy from drive A  to drive B

Copy from drive A  to drive B complete.

Copy from drive? (A  or B; press return key to end)

A >  * 1 2

Use the following procedure for the short, one-command DCOPY
method:

1. To copy the system diskette or any diskette containing DCOPY, 
insert the copy-from diskette in the default drive, insert the copy-to 
diskette in the other drive, and clear the disk system with Alt C. 
Then enter the following command:

dcopy f: to t

' where f represents the copy-from drive name, and t represents the 
copy-to drive name.

2. At the bottom of the screen, DCOPY displays the number of each 
track as it is copied. When DCOPY has completed the copy 
process, the system displays the following message:

Copy from drive f to drive t complete.

NOTE DCOPY's short command .form can include the switches C, E, 
and Z, as for the FORMAT program (see Section 4.1.2). For 
example, to display the count of tracks copied and of soft 
errors encountered, and to copy the contents of a diskette in 
drive A to a diskette in drive B, enter —

A >  dcopy a: to b: $c ^
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4.3 OPERATING- 
SYSTEM COPY — THE 
BOOT COPY PROGRAM

The CP/M-86 BOOTCOPY program creates a system diskette by 
copying the system tracks from a system diskette onto another 
diskette. The system tracks contain the portion of the operating 
system that '‘boots’’ or loads into memory when the user inserts the 
system diskette at power-up or when the user presses the Reset 
button to re-load the operating system. The system tracks also 
contain the resident CP/M-86 commands, such as DIR and TYPE, 
that do not appear on the diskette directory. If the destination diskette 
already contains an operating system, BOOTCOPY writes over it. For 
BOOTCOPY to run, the destination diskette must have been formatted 
with the CP/M-86 FORMAT program. The BOOTCOPY process does 
not affect any files on either diskette’s directory.

Like DCOPY, the BOOTCOPY program has both a short and a long 
command form (see Section 4.2). The following procedure and 
example depict the long form of BOOTCOPY (with interactive queries 
from the program). The short, one-command version is described at 
the end of this section.

To copy the operating system tracks from one diskette to another, 
use the following procedure:

1. Load the operating system (if it is not already loaded) and enter 
the following command:

bootcopy -4-I

After loading, the BOOTCOPY program identifies itself with a sign- 
on banner and then asks which drive contains the source or copy- 
from diskette:

Source drive (A/B) ?

2. Enter the source drive name. The program identifies the selected 
drive and requests confirmation:

Source disk in drive X and press <space>.

where X is the name of the drive entered in step 1.

Make sure that drive X contains the diskette whose system tracks 
you want to copy.

3. Press the Space bar to begin the BOOTCOPY process.
BOOTCOPY reads the operating-system sectors into memory and 
then xasks which drive contains the destination or copy-to diskette:

Destination drive (A/B) ?

4. Place the destination diskette in either drive and enter the drive 
name. BOOTCOPY displays the following request for confirmation:

Destination disk in drive X and press <space>.

where X is the name of the drive entered in step 3. Press the 
Space bar to complete the BOOTCOPY process.



5. When the copy is complete, BOOTCOPY displays a confirming 
message and again prompts for a destination drive:

Bootcopy complete.
Destination drive (A/B) ?

If you want to BOOTCOPY the same system tracks to another 
diskette, insert another destination diskette and follow step 4 
above.

To exit the program, press the Return key.

To BOOTCOPY from a different source diskette, exit the program 
and then enter a new BOOTCOPY command.

The following example illustrates a sample session of BOOTCOPY:

Example: mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

A>bootcopy «j 

BOOTCOPY Version 1.6 

Source drive (A/B) ?a
Source disk in drive A  and press <space>. >—. 

Beading system sectors...

Destination drive (A/B ) ?b
Destination disk in drive B anti press <space>. >—< 

Writing system sectors...

Bootcopy complete.

Destination drive (A/B) ? «-1 

A >

The command format for the short, one-command version of 
BOOTCOPY follows:

bootcopy [drivename: to drivename:] «->

With the short command form, BOOTCOPY exits to CP/M-86 after 
completing one copy. To BOOTCOPY again, enter another 
BOOTCOPY command.

4.4 DEVICE AND 
FILE STATUS — THE 
STAT PROGRAM

Use the STAT program to display information about diskettes and files, 
to specify whether file names are to be displayed in the directory, to 
specify whether diskette contents can be user-modified, and to 
change physical-to-logical device assignments.
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Parameters specified in the STAT command determine what 
information about the system, the diskettes, or the files is displayed. 
Refer to Table 4-1 for STAT commands, parameters, and formats.

4.4.1 AVAILABLE SPACE 
ON ALL DRIVES

Example:

Table 4-1: STAT Command Options

COMMAND/PARAMETER BRIEF DESCRIPTION

stat -«-i 

stat dev:

stat drivenam e: V

stat [drivenam e:] dslc -4-1

stat drivenam e: =  r/o

stat filespecifier

stat filespecifier Ss 

stat filespecifier {$r/o| r/w}

stat filespecifier {Ssys| Sdir} -4-1 

stat logtca idevice=physicaldevice  -4- “ 

stat vat

Displays amount of available storage space on 
diskette in default or active drives).

Displays physical-to-logical device assignments.

Displays amount of available storage space in 
specified drive.

Displays diskette characteristics for active 
drive(s) or specified drive.

Temporarily sets a drive to read-only; enter Alt C 
to restore R/W status

Displays file characteristics and read-write 
status.

Displays file size and read-write status.

Sets file access attribute to read-only (R/O) or 
read-write (R/W).

Takes file a system file or a directory file. 

Changes physical-to-logica! device assignments. 

Lists available STAT command parameter options.

When entered with no parameters, the STAT command displays the 
amount of available disk space and the read/write status of all active 
diskette drives.

Active drives, as defined in Section 3.3, include the default drive and 
any drive previously specified in CP/M-86 operations. As an 
illustration, once the DIR B: command has displayed the directory of 
drive B, that drive is an active drive even if it is not the default drive.

To display file information concerning the diskettes in drives A and B 
when both drives are active, enter the following command:

stat -4-1

The following example demonstrates using STAT when drive A 
contains a diskette with 120K bytes of available storage and drive B 
contains a read-only diskette with 215K bytes of available storage.

A>stat«J
A: R/W, Space: 120k 

B: R/O, Space: 215k

A>



4.4.2 AVAILABLE 
SPACE ON A 
SPECIFIED DRIVE

Example:

4.4.3 FILE 
INFORMATION

Example:

The STAT command followed by a drive name displays space 
information for the diskette in the specified drive.

The following example illustrates using STAT to display the statistics 
for a diskette in drive B that contains 120K bytes of available 
memory.

A>stat b:
Bytes Remaining On B:120k 

A >

When followed by a file specifier, the STAT command displays 
information about the specified fiie(s). Wild-card characters (? and *) 
can be used in the manner described in Section 2.5.

The CP/M-86 STAT display incorporates the following column heads:

Rees — The number of 128-byte records in the file.

Bytes — The number of 8-bit bytes allocated to the file.

Ext — The number of 16-Kbyte extents allocated to the file.

Acc — The accessing attribute of the file, which indicates whether 
the file is read-only (i.e., write-protected) or read-write.

The next example demonstrates using STAT to display file information 
for all files on the diskette in the logged drive that have names 
beginning with S and extensions of .CMD.

A >  stat S’ .cmd. V

Rees______ Bytes_______ Ext______ Acc

4 2K 1 R/W ASET.CMD
5 2K 1 R/W ASETDP.CMD

84 12K 1 R/W ASTAT.CMD
32 4K 1 R/W ASUBMTT.CMD

Bytes Remaining on A  364K

A >

When working with random (sparse) files, the $S parameter following 
the file specifier adds an additional column, Size, to the display. The 
following example illustrates using STAT to display information for a 
random file. The final record number is 10000, although far fewer 
records have actually been allocated.
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Example:

4.4.4 SETTING A FILE 
OR DISKETTE TO 
READ-ONLY OR 
READ-WRITE STATUS

Example:

Example:

4.4.5 EXCLUDING 
FILE NAMES FROM 
THE DIRECTORY

A>stat tesLdat $s <*J

Size Rees Bytes
0000 17 4K

A >

Ext Acc
2 R/W ATESTJDAT

As indicated in Section 4.4.3, if the user sets the accessing attribute 
of a diskette or fiie to read-only, the data in the file or diskette cannot 
be written over or erased (except under FORMAT or DCOPY). If a 
diskette or file is set to read-write status, the user can modify or 
erase the data.

Use STAT to change the accessing attribute of a file or diskette. The 
command format to change a file's access attribute follows:

stat filespecifler ( $r/ol $r/w j «u

The command format to set a diskette to temporary read/only status 
follows:

stat drivename: =  r/o

where drivename is the name of the drive containing the diskette.

The following example sets the file JOE.TXT on drive B to read-only.

A>sta£ btjoe.txt $r/o «-J

You will not be able to write to (record on) the file JOE.TXT unless 
you reset its accessing attribute. To reset the fiie to read-write status, 
replace Sr/o with Sr/w in the STAT command in the preceding 
example.

The next example demonstrates temporarily setting an entire diskette 
on drive B to read-only status.

A>stat b:=r/o + 1

To restore a diskette to read-write status, enter Alt C at the system 
prompt.

You can ensure permanent write-protection for a diskette by using a 
write-protect tab. Covering the write-enable notch on the diskette 
jacket with an adhesive write-protect tab will prevent any writing to 
the disk until the tab is removed.

STAT can be used to exclude fiie names from the diskette directory 
display. The excluded files, known as system files, are still available for 
use although their presence is not indicated in the directory. The user 
might set machine-readable files, such as command files, to system file 
status in order to protect them from being accidentally written over or 
altered. Names of system fiies appear in parentheses when file status 
information is listed by STAT.
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4.4.6 DISPLAYING 
STAT COMMAND 
PARAMETERS

Example:

4.4.7 DISPLAYING 
DRIVE
CHARACTERISTICS

Example:

Use the following command format to exclude a file name from the 
diskette directory:

stat filespecifier $sys ■*->

To reinstate a file name in the diskette directory, use the following 
command format

stat filespecifier $dir

Enter the following command to display all the parameters that can be 
manipulated with STAT:

stat vat «->

The system responds with a listing of the CP/M-86 STAT parameters, 
as follows:

A>stat va± «-1

Ttemp R/O Disk: ct=R/0
Set Indicator: dfilename.typ $R/0 SR/W/ $SYS $DIR 
Disk Status: DSK d-DSK 
Ioqyte Assign:
CON: =  TTY: CRT: BAT: UC1:
RDR- _  T t jy . PTR: UR1: UR 2:
HUT: =  TTY: FTP. D P I: U P2:
LST: _  rpjry. CRT: LPT: UL1:

A >

To display disk drive characteristics, enter the STAT command followed 
by a disk drive name and the special term, DSK:. The system responds 
with a listing of the sizes of the tracks, blocks, and sectors on the 
diskette, as well as the capacity of the diskette and its directory.

The following example illustrates using STAT to display the disk drive 
characteristics of a diskette in drive B.

A>stat b:dsk: «-J

B: Drive Characteristics
4592: 128 Byte Record Capacity

574: Kilobyte Drive Capacity
128: 32 Byte Directory Entries
128: Checked Directory Entries
128: Records/Extent
16: Records/Block
64: Sectors/Track
0: Reserved Tracks

A >



4.4.8 PHYSICAL-TO- 
LOGICAL DEVICE 
ASSIGNMENTS

Example:

Example:

For explanation of the technical terms that appear in the preceding 
display, see the SIRIUS 1 System Guide for CP/M-86.

The STAT command assigns a physical device to a logical device 
name, within allowable physical-to-logical device relationships, as listed 
in Table 4-2. Four logical devices appear in the first table column. For 
each logical device, the user can assign any of the four physical 
device names listed beside it in the second column. Physical devices 
and logical device names are described in Section 2.2.

Table 4-2: Physical-To-Logical Device Assignments

LOGICAL DEVICE ASSIGNABLE PHYSICAL DEVICES

CON: TTY: CRT: BAT: UC1:
LST: TTY: CRT: LPT: UC1:
RDR: TTY: PTR: URL UR2:
PUN: TTY: PTP: UP1: UP2:

One STAT command can assign all four logical devices, provided they 
are separated by single commas. The command format for assigning 
physical to logical devices follows:

stat logicaldevice =  physicaldevice [, . ]  4-1

The next example demonstrates changing the punch device to TTY:, 
changing the list device to LPT:, and changing the paper tape reader 
to TTY:.

A >stat pun: =tty: ,1st: =lpt: j*dr: =tty:

Use the STAT command with the DEV: parameter to check the 
physical/logical device assignments. The next example demonstrates 
displaying the four logical device assignments.

A>stat dev: 
CON: is CRT: 
RDR: is TTY: 
FUN: is TTY: 
LST: is TTY:

A >
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5. FILE SYSTEM MANAGEMENT

5.1 THE DIR 
COMMAND

5.1.1 DIR COMMAND 
FORMAT

5.1.2 DIR COMMAND 
EXAMPLES

CP/M-86 provides four system-level resident or built-in commands and
two utility programs that assist in managing files:

► The DIR command displays the file names and extensions for tbe 
files stored on the logged or specified diskette(s).

► The TYPE command displays the information stored in ASCII files.

► The ERA command deletes files from a diskette.
(

► The REN command renames an existing file.

► The PIP program (the Peripheral Interchange Program) moves files 
(or file parts) from one storage device or media to another.

► The SUBMIT program allows the operator to string several 
commands together in one file.

All CP/M-86 commands can be entered in either upper or lower case.

The DIR command displays all or part of the contents of a diskette's 
directory, a computer-maintained list of the file specifiers for the files 
and programs residing on the diskette.

The format of the DIR command is —

dir
drivename: 1 -*-1 

filespecifier ,

If the DIR command is entered without a drive name or file specifier, 
the system displays the directory for the diskette in the logged drive.
If a drive name is specified, the system displays the directory for the 
diskette in that drive. If a file specifier is given, the system lists the 
file or files (wild-card characters can be used in the file specifier) that 
match it.

If the diskette directory is empty or if DIR cannot find a file specifier 
that matches the given file specifier, the system responds with a 
message such as NO FILE.

To display the file directory for the diskette in the default drive, enter 
the following:

dir «-1
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The system responds as shown in the following hypothetical example:

Example:

A >d ir ■*-
A  PIP CMD : STAT CMD : ASM86 TXT : SUBMIT CMD
A  BOOTCOFY CMD : DCOPY CMD : ED CMD : FORMAT CMD
A >

Three DIR command line examples follow. To display all files on the 
diskette in drive B (regardlesss of which drive is currently logged) —

Example:

A >d ir P: -*-1

To display all files with the extension .CMD on the diskette in the 
default drive —

Example:

A >d ir *.cmd «-<

To verify the existence of a file named ACCRED.INT on the diskette 
in drive B —

Example:

A >d ir b:accrecLint -*-1

5.3 THE TYPE The TYPE resident command displays the contents of an ASCII text
(DISPLAY) COMMAND file. Use the Cont key to stop and start the display. A specific file

name must be given; wild-card characters cannot be used with TYPE.

The format of the command follows:

type filespecifier

Two command line examples follow. To display a file named 
SUMMARY on the diskette in the default drive —

Example:

A>type summary •*-*

To display the file named MEMO.BAK on the diskette in drive B —

Example:

A>type b:memo.bak •*-
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5.3 THE ERA 
(DELETE) COMMAND

Example:

Example:

5.4 THE REN 
(RENAME) COMMAND

Example:

The ERA resident command deletes the directory entries of one or 
more files. Unlike the FORMAT program, which erases the entire 
diskette, ERA deletes only the directory entry, thereby freeing 
previously allocated file space for re-use.

Wiid-card characters can be used (with caution) to delete groups of 
files with one ERA command.

The format of this command follows — 

era filespeciiier +-i

If no file is found with the file specifier entered in a command line, 
ERA responds with the message NO FILE.

The following example shows erasing a file named ACCOUNTS.BAS 
on a diskette in the default drive.

A >era  acccrunts.bas

All files on a diskette can be erased via use of the *.* wiid-card 
characters.

A >era  *.* ’ ♦J

The system responds to the preceding command (to erase all files on 
a diskette) with the message —

ALL (Y/N) ?

Enter Y to erase all files on the logged or specified drive(s). Any other 
response cancels the command.

The REN resident command changes the directory entry (the file 
specifier) for a file. The format of the command follows:

ren new fiiespecifier=oidfiiespecifier ^

Wild-card characters cannot be used with REN. If the new file 
specifier named in the REN command already exists, the system 
responds with the message FILE EXISTS and cancels the command.

Each REN operation takes place on one drive only — either the 
default drive or the drive named in the new file specifier. If the REN 
command line names two different drives, the system responds with a 
non-recognition query and cancels the command.

For example, to rename ACCOUNTS.BAS as BOOKS.BAS on the 
default drive —

A >ren  booics.bas=accouiits.bas:

To rename PIP.CMD to COPY.CMD on drive B —
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Example:

Example:

5.5 PIP — 
PERIPHERAL 
INTERCHANGE 
PROGRAM

5.5.1 LOADING PIP

Example:

A >ren  tr.copy.cmd:=pip.cmd.

If two drive names appear in a REN command, the system will repeat 
the second portion of the command, followed by a question mark.

A >ren  0: copy. cmd=: pip. cmd. *-J 
AFIP.CMD?

A >

When REN (or any CP/M-86 program) responds to a command with a 
non-recognition query such as the one above, check the format and 
spelling of the problematic command line. Then re-enter the 
command while making the necessary changes.

The user can employ PIP and its command parameters to perform 
many file-handling functions. PIP copies, prints, displays, and 
combines diskette files. PIP can read one or more source files and 
copy them individually (with the same or new file specifiers) onto 
another diskette, or concatenate (combine) them into a single file on 
the source diskette or on another diskette. It can also copy a portion 
of a file to another file. Further, PIP can output a file to a peripheral 
device such as a CRT or printer. Optional PIP command parameters, 
described in Table 5-1 and Section 5.5.3, can modify data as it is 
copied.

PIP commands can be entered in either of two ways. The first method 
is to load the PIP program without any file specifiers or parameters 
(i.e., enter PIP followed by a Return). Once loaded in this manner, the 
program displays its prompt, an asterisk (») to indicate that it is ready 
to accept the completion of a PIP command. The PIP program 
remains loaded until Alt C or a Return — each entered as a complete 
command line — returns the system to CP/M-86.

A >p ip  4-1

This method of loading the PIP program enables the user to perform 
a number of PIP operations without re-entering the command stem for 
each one.

The second method of loading the PIP program is to enter the PIP 
command stem on the same line with the file specifiers and any PIP 
parameters for the operation you are requesting. Pressing the Return 
key loads PIP and simultaneously enters and executes the command 
particulars (file specifiers and parameters). After execution, control of 
the system returns to CP/M-86 (which responds with a>  ). To load 
and run PIP again, you must re-enter the PIP command stem plus the 
command particulars for the next operation.
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5.5.2 COPYING FILES 
WITH PIP

Example:

Example:

Example:

The general formal for PIP commands that copy files follows:

pip destination=source[,source2...] [[param eterlis t]]

The definitions of the three general forms in the PIP command 
format follow:

Destination — the name of the file or device that will receive the 
data; destination can include a disk drive or a logical device 
name followed by a colon.

Source — the name(s) of the file(s) or device(s) that will be copied 
onto the destination; source can include a disk drive or 
device name followed by a colon.

Parameteriist — one or more command parameters (described in 
Table 5-1) enclosed in brackets, immediately following the 
name(s) of the affected filefs) or device(s).

Note that PIP parameters, when used, must be enclosed by square 
brackets entered with the PIP command. In the command format 
above, the first pair of brackets around parameteriist function as a 
typographical device that indicates optional elements (see Section
1.2, “ Manual Conventions"). The second pair of brackets are literal 
characters to be entered in the command line. The use of PIP 
parameters is discussed in Section 5.5.3.

The following example illustrates using PIP to make a copy of file X, 
calling the new file Y, on the logged drive.

A >  p ip y = x

You can abbreviate PIP commands under some circumstances. Only 
one file specifier requires a file name when a file is copied from one 
drive or device to another with no change in the file name itself; 
CP/M-86 assumes the file name to be the same for both destination 
and source.

The next three examples demonstrate alternative abbreviated 
command lines that can be entered to copy file JOE.TXT from the 
logged drive (A) to a different drive (B), without changing the file 
name. Note that PIP always assumes the default drive in any file 
specifier that contains no specific drive name.

A > p lp  b=^oe.txt -*->

A > p lp  trjoatxt=a:
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Example:

A>pip  b = a  jo&txt

The wild-card character * can be used to manipulate groups of files. 
For example, to copy all files with an extension of .CMD from drive A 
(as the default drive) to drive B, without changing the file names —

Example:

A >pip  tx=*.cmd «->

The next example demonstrates file concatenation with PIP. To 
concatenate (combine) files X, Y, and Z on drive A into one file 
named Q on drive B, regardless of which is the default drive —

Example:

A>pip  ttq=aapa:y,a:z «-1



5.5.3 USING PIP 
PARAMETERS

The user can modify copy operations by including command 
parameters in brackets in the PIP command. (Section 5.5.1 describes 
the use of brackets in PIP commands.) Table 5-1 describes the PIP 
command parameters included in CP/M-86; examples illustrating 
these parameters follow the table.

Table 5-1: PIP Command Parameters

PARAMETER EFFECT
•

B Transfers data in block mode; data is buffered until X-OFF (Alts) is 
received from the source device. This allows transfer of data to a file 
from a continuous reading device, such as a cassette. Diskette buffer 
is cleared and more input data is read.

Dn Deletes characters extending past column n. Use this parameter to 
truncate long lines sent to pnnter or display.

E Echoes or outputs to the console the characters in the file affected by 
the PIP operation.

F Filters or removes the existing form feeds from the file. Use the P 
parameter in the same PIP parameter list to insert new form feeds.

G User number (to be developed).

H Transfers hex data Checks all data for proper hex file format. Removes 
non-essential characters between hex records. System then prompts 
for corrective action if errors occur.

i Ignores :00 records in transfer of hex format file. (I parameter 
automatically sets H parameter.)

L Translates upper case letters to lower case.

N Numbers each line, starting at 1 and incrementing by 1. Suppresses 
leading zeros; line numbers are followed by colons. If N2 is specified, 
includes leading zeros and inserts tabs following the line numbers. 
Expands tabs if T parameter is set

0 Transfers object files (non-ASCII); normal CP/M-86 end-of-file 
terminator is ignored

Pn Includes one form feed (page eject) every n lines (with initial form 
feed). If n equals 1 or is omitted, form feeds occur every 60 lines, if F 
parameter is used, deletes existing form feeds before new ones are 
inserted

QsZ Stops copying from source device or file when string s is encountered. 
If no Q parameter is entered copying stops at end-of-file. Use S 
parameter to specify the string from which to start copying.

R Reads system files (files with directory display suppressed by STAT 
SSYS command).

SsZ Starts copying when stnng s is encountered. Use S and Q parameters 
(start and quit strings) to select a portion of a file for copying. Copying 
will start at the file beginning if no S parameter is entered. PIP 
translates start and quit strings into upper case if the user enters the 
string on the same line as the PIP command itself. Strings are not 
translated if the string is entered in response to the PIP prompt (*).

Tn Expands tabs (1 characters) to every nth column.

U Translates lower case letters to upper case.
V Verifies that data has been copied correctly by rereading after write 

operations (destination must be file).

W Writes over R/O files without console interrupts.

Z Forces parity (high order) bit of each ASCII character to zero.
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Example:

Example:

Example:

Example:

Example:

5.5.4 OUTPUTTING 
FILES TO LOGICAL 
DEVICES WITH PIP

Five examples illustrating the use of PIP parameters follow.

To make a copy of X.TXT, renaming it Y.TXT (when both files reside 
on drive B) and to instruct PIP to echo the file to the console, 
translate lower case letters to upper case, and verify the results —

■

A >p ip  b:y.txt=ti:x.txt[euv] «->

To copy a portion of file Y.TXT on drive B, starting at the beginning 
of the source file and ending at the words "Once upon" and 
continuing to the end of the file —

A >p ip  a:x.tet=b:y.trt[sOnce upon Z] -*-1

To copy a portion of file X.TXT on the default drive (A) into a file 
Y.TXT on drive B, starting at the beginning of the source file and 
ending at the words “ last straw.” —

A >p ip  y.txt=x.txt[ qlast straw.Z] + 1

You can use PIP to create and format disk files so that files entered 
with a text editor or word processing program can be printed within 
CP/M-86. For example, to output or copy the file X.TXT from drive B 
to the LST: device, expand tabs every 8 columns, and start a new 
page every 60 lines (standard text-entry format translated into CP/M- 
86 PIP parameters) —

A >p ip  1st =P:x.t2ct[ t8p60 ] V

To copy the file X.TXT on drive B to the diskette in drive A (keeping 
the same file name), delete the embedded form feeds, change the 
page length to 52 lines, and number each line —

A >p ip  a: =b:x.txt[ nfp52 ] «-1

PIP can “ copy" or output files to logical devices as well, as to storage 
media. Table 5-2 lists and describes the logical devices and the 
special terms you can use with PIP; examples follow Table 5-2 to 
illustrate the use of these terms.

When a logical device is specified as the source, PIP reads output 
from that device until encountering an end-of-file marker. When 
copying a keyboard entry to a logical device, enter Alt Z to indicate 
end-of-file.
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When a logical device is specified as the destination, PIP copies or 
outputs the specified file to that device. For example, specifying the 
logical device CON: as the destination in a PIP command will display 
the file contents on the console screen.

The specification of logical devices in PIP commands is subject to 
physical constraints. When a logical device name appears in either 
the destination or source fields of a PIP command, the physical 
device assigned to that logical device (see Section 4.4.8) must be 
able to receive or send data as specified. For example, the logical 
device LST: is an output device and cannot be a source of data.

Table 5-2: Logical Devices and Special Terms Used With PiP

DEVICE FUNCTION_____________________________________________________

CON: Sends the specified data to the console device.

LST: Sends the specified data to the list device.

PRN: Similar to LST:, except that tabs are expanded at every eighth
character position, lines are numbered, and form feeds are inserted 
at the beginning of the file and at every 60th line. PRN: is equivalent 
to LST: [t8np60].

PUN: Sends the specified data to the paper tape punch.

EOF: Sends CP/M-86 end-of-fiie marker (Alt Z) to destination device.

NUL Sends 40 nulls (ASCII Os) to destination device (this can be issued 
at the end of punched output).

RDR: Sends the specified data to the reader device.

Two examples follow.

To concatenate three .A86 files and output them to the CON: device, 
followed by an end-of-file marker —

Example:

A >p ip  con*=x.a86,y.aß6,z.a86,eo£ «-1

To send 40 nulls to PUN: and to copy the file X.A86 to PUN:, followed 
by an end-of-file marker and 40 more null characters —

Example:

A >p ip  pun-:=xaß6,eo£ Jiul:
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5.6 THE SUBMIT 
COMMAND AND 
SUB FILES

Example:

SUBMIT is a CP/M-86 utility that enables the user to perform a series 
of CP/M-86 tasks with one command. Each SUBMIT command 
executes a user-generated list of CP/M-86 commands stored in a 
specified diskette file identified by the file extension .SUB. The 
commands in the .SUB file can contain substitution parameters for 
which specific values — such as file names — are substituted via the 
SUBMIT command. For SUBMIT to run, SUBMIT.CMD must be on the 
diskette in the default drive (see Sections 2.3 and 3.2); if the 
submitted file is on another drive, the drive name must be included 
with the .SUB file name.

To create .SUB files, use the text editor ED (see Chapter 6) or a word 
processing application program. Each .SUB file is composed of a list 
of CP/M-86 commands that the computer performs when executing 
the .SUB file.

You can create master .SUB fiies by including in the .SUB file 
substitution parameters for which you insert values when entering the 
SUBMIT command. A variable for which a value must be supplied 
each time the .SUB file is executed is represented by a substitution 
parameter (a dollar sign $ followed by an integer, called the 
parameter number). The first variable in a command file is 
represented by the parameter $1; the second by $2; etc. If the .SUB 
file contains no substitution parameters, you cannot vary the contents 
of the submitted file.

When the .SUB file is executed, SUBMIT pairs the parameters 
specified in the SUBMIT command with subsitution parameters $1 
through $n in the .SUB file. If the number of parameters in the 
SUBMIT command and in the .SUB file do not correspond, the 
SUBMIT command is canceled, and the system displays an error 
message. Entering another SUBMIT command as the last command 
in a .SUB file creates chained command files.

The format of the SUBMIT command follows:

submit filename [param eteriist] «-i

where filename is the .SUB file name (entered with or without the 
.SUB extension) that contains the prototype commands to be 
executed, and parameteriist is the list of parameters, separated by 
blanks, to replace the substitution parameters named in the master 
.SUB file.

For example, suppose the file ASMBL.SUB contains the following 
CP/M-86 commands:

ASM86 $1 
DIR $1.*
ERA *.BAK 
PIP $2:=$1 .PRN 
ERA $1 .PRN

To execute the commands listed in file ASMBL.SUB and to substitute 
REPORT1 for $1 and PRN for $2 in the .SUB file —

A >  submit asmbl reportl pm  <*-*
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SUBMIT reads the .SUB file, substitutes REP0RT1 for all occurrences 
of $1 and PRN for $2, and creates a file named $$$.SUB that 
contains the following commands:

ASM86 REPORT1 
DIR REPORT1 *
ERA *.BAK
PIP PRN:=REP0RT1 .PRN 
ERA REPORT1 .PRN

SUBMIT creates the $$$.SUB file on drive A. When SUBMIT executes 
the $$$.SUB file, drive A is automatically logged. Therefore, all the 
commands listed in the .SUB file must reside on the diskette in drive 
A, and the diskette must be R/W. Command processing is aborted if 
any system error occurs during execution of a $$$.SUB file.
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6. CREATING AND EDITING TEXT FILES

6.1 ACTIVATING THE 
TEXT EDITOR

6.2 BASIC OPERATING 
PRINCIPLES

Use the CP/M-86 text editor (ED) to create or modify ASCII files. 
ASCII files can be programs, documents, or data for programs.

ED creates files from text entered at the keyboard. When used to 
modify an existing file, ED reads the file to be edited into a portion of 
memory called the edit buffer and modifies it according to operator 
commands. The edit buffer is empty until the operator loads it with 
either new text or text from an existing file. During the edit, the 
changed file can be written to a temporary file, to which ED assigns 
the same file name as the original file, with the extension of .$$$. ED 
keeps the original file, which is assigned the extension .BAK, as a 
backup file. After the edit, ED renames the temporary file to the 
original file specifier.

For example, to modify the existing file, SAMF)LE.TXT, ED creates a 
temporary file named SAMPLE$$$ to be used during the ED session 
to contain the newly modified file. When the operator terminates the 
session, ED renames the original file as SAMPLE.BAK and renames 
SAMPLE.$$$, the temporary file, SAMPLE.TXT. Refer to Section 6.7 for 
a sample ED session.

Use the ED command to activate the CP/M-86 text editor. To initiate 
ED, after the system prompt, enter —

ed fiiespecifier «->

where ED is the command stem, and fiiespecifier is the name of the 
file to be created or edited.

If no file with the given specifier exists, ED creates a new file, 
assigning it that file specifier as a name, as described in Section 6.3. 
If the file specifier is omitted from the command line, the system 
responds with the error message DISK OR DIRECTORY FULL.

When activated, ED displays an asterisk (*) as its command prompt.

While inputting at the keyboard, terminate each line with a carriage 
return (a line feed is supplied automatically with each carriage return).

ED assigns line numbers to each line of text for use during the 
editing session. The line numbers are not written into the file. Use the 
line numbers to refer to specific lines of text that are to be modified.

ED commands should be entered as lower case characters, even 
though ED accepts both upper and lower case. If the editing 
commands I, F, S, N, J, M, and R are entered in upper case, 
subsequent text wiil be translated to upper case, regardless of how it 
is entered or displayed on the screen.
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Save in-process work at regular intervals. If data is accidentally 
deleted from the edit buffer, this step will minimize the loss.

6.3 CREATING A 
TEXT FILE

To create a text file, after the system prompt (>) enter the ED 
command and the file specifier you wish to assign to the new file:

ed filespecifier <+•*

Unless a file with the given file specifier already exists, the system 
responds with the message NEW FILE and its command prompt.

Next prepare ED to accept text input by entering the 1 (insert)) 
command:

I «J

ED indicates it is ready to accept input by displaying the first line 
number. The following example illustrates opening a new text file 
named JOE.TXT.

Example:

A > e d jo e .tr t +*

NEW FILE 

1:

To terminate text insertion, enter Alt Z. ED responds to an Alt Z by 
displaying its prompt, an asterisk (*).

6.4 EDITING AN 
EXISTING FILE

To edit an existing file, enter the file's specifier with the ED command. 
After the ED command prompt, load the fiie to be edited into the edit 
buffer by entering the A (append) command:

#a

Enter a number before the A command to indicate the number of 
lines of the file to be loaded into the edit buffer. The pound sign (#) 
entered in the preceding command represents the number 65535, the 
largest number of lines that ED will allow; enter the pound sign before 
the A command to load the entire fiie into the edit buffer. If no integer 
is included in the A command, ED assumes the number 1 (see Table 
6-1).

In the following example, the file SAMPLE.TXT is loaded into the edit 
buffer for modification.
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Example:

6.5 TEXT TRANSFERS 
BETWEEN THE EDIT 
BUFFER AND ASCII 
FILES

A >ed  sample.txt «-1

: «*a 
1: *

Use of the A command is explained in detail in Table 6-1.

The edit buffer is a text storage area in the computer memory. Editing 
commands affect text in the editor buffer; they do not affect files on 
the diskette. Table 6-1 describes the commands that move lines of 
text between the edit buffer and the temporary file (with given 
extension .$$$) created by ED to store work during an editing 
session. Figure 6-1 illustrates use of these commands.

Table 6-1: Edit Buffer - Text File Transfer Commands

COMMAND FORMAT COMMAND FUNCTION

<C Appends to the last character in the edit buffer the next 
n lines from original text file to be edited. Entering #A 
loads 65535 lines of text or the entire file, whichever is 
smaller, into the edit buffer from the original text file.

nW + 1 Writes the first n lines of the edit buffer into temporary 
file. Remaining lines are moved up to the top of buffer.

E V Ends edit. Edit buffer is copied into temporary file, and 
files are renamed.

H ^ Allows work accomplished so far to be saved. Buffer is 
emptied, temporary file becomes new source file, and a 
new temporary file is created (equivalent to entering an 
E command, followed by the ED command with the file 
specifier for the source file).

0  «-1 Returns to original file. Edit buffer is emptied, temporary 
file is deleted, and edit starts over again on original file.

Q -*-1 Quits the edit with no file changes, erases the .BAK file 
if one existed, and returns control to the operating system.

rfilename* *■* Reads specified file (whose extension must be .LIB) into 
the edit buffer. If the file specifier is omitted, 
X$S$$$$$.LIB is read in. Input file is left intact. This 
command is useful in inserting boilerplate information 
into more than one file.

nX Transfers n lines of data from edit buffer to temporary 
file to which ED assigns the name X$$$$SS$.LJB.

NOTES: Many ED commands can be preceded by an integer represented in the
command format column by n. If no integer is entered, ED assigns a value 
of 1. If a pound sign (#) is entered for n, 65535 (the largest allowable 
integer) is assigned.

Commands can be entered in either upper or lower case, unless otherwise 
noted.

* To avoid translation of all text following an R command into upper case, enter the 
R command in lower case (see Section 62).
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Figure 6-1: Edit Buffer/Edit File Interaction

THE 6 AND 
H COMMAND 

RENAME THIS 
FILE

FILENAME . BAK >

CONSOLE



6.6 THE CHARACTER 
POINTER

Once ASCII characters are in the edit buffer, ED creates a character 
pointer (CP) in the buffer. The CP, not visible on the screen, is moved 
throughout the edit buffer under operator control. The location of the 
CP determines where the commands perform their tasks. The line that 
contains the CP is called the current line (CL).

The CP points to the imaginary space between two characters 
(spaces are considered characters); it never points to the character 
itself. The CP can also point to the beginning of the edit buffer 
(before the first character) or to the end of the buffer (the end of the 
last active character).

Always position the CP before editing text, or data may be 
accidentally lost or modified.

The commands that manipulate the CP or display text in the vicinity 
of the CP are described in Table 6-2. In the table, an n preceding a 
command indicates that an optional value can be specified. If no 
value is specified, ED assigns a value of 1. If the pound sign (#) is 
entered for n, ED assigns a value of 65535. In the table, commands 
may be entered preceded by either a plus (+) or a minus (—) sign. If 
neither sign is entered, ED assigns a +.

Table 6-2: Character-Pointer Related Commands

COMMAND FORMAT COMMAND FUNCTION

±B Moves CP to beginning (+) or end (-) of the edit buffer.

rnC Moves CP n characters toward the beginning (-) or end 
(+) of buffer. (Carriage return and line feed are counted 
as two characters.)

±nL If n equals 0, moves CP to beginning of CL If n does 
not equal 0, moves CP to beginning of CL. then up (-) 
or down (+) n lines. CP stops at top or bottom of edit 
buffer if n is too large.

±nT If n equals 0, displays CL up to CP. If n equals 1, 
displays CL from CP to end of the line. If n is greater 
than 1. displays CL and the following n-1 lines (+) or 
the preceding n lines (-). This command does not move 
the CP. (To display the CL. enter OTT.)

±n Moves CP as does the L command, and then displays 
new CL.

n: Moves CP to beginning of line number n.
:n Defines a range of text between the current line and 

line number n. This does not move the CP.

NOTE An n preceding a command indicates that an optional value can be
specified. If no value is specified, ED assigns a value of 1. If the pound sign 
(#) is entered for n, ED assigns a value of 65535. In the table, commands 
preceded by a plus or minus sign (+) may be entered preceded by either a 
plus (+) or a minus (-) sign to indicate CP movement forward or backward in 
the file. If neither sign is entered, ED assigns a plus (+).
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6.7 MODIFYING 
TEXT Once the CP has been positioned, text in the edit buffer can be 

modified. Single characters or complete lines of text can be deleted. 
Text from a different ASCII file can be added, or new data can be 
inserted. Existing strings — groups of contiguous characters — can 
be replaced with new strings. (Strings are limited to a maximum of 
100 characters; a string of 0-length, called a null string, is allowed.) 
The commands used to modify text are described in Table 6-3.

Table 6-3: Text Modification Commands

COMMAND FORMAT COMMAND FUNCTION

-i.nD Deletes n characters preceding (-) or following (+) CP.

±nK Deletes n lines preceding (-) or following (+) CL If CP 
is not at beginning of line, CL characters preceding (+) 
or following (-) CP are not deleted.

nfstring
or

nfstringZ

Finds specified string. Use Alt Z if additional commands 
will be entered in the same line. Search begins at CP. 
Match is made n times, and CP is positioned after last 
character in last matched string. If n matches cannot be 
made, CP remains at its initial position. String can 
include Alt L, which matches a carriage return/line feed 
in a string.

jstringl 2  
string2Z 
string 3 

or njstringIZ 
string2Z 
string3Z

Text between string i and string 3 is replaced with string 
2. Searches for string 1, inserts string 2, places CP after 
string 2, and deletes original characters between string t 
and string 3. Search begins at the CP, and substitution is 
made n times. If string 3 is not found, nothing is deleted.

nmstring
or

nmstringZ

Allows more than one command to be entered and or 
executed repeatedly. String represents a string of 
commands, rather than text. If n is greater than 1, 
command string is executed n times. If n equals 0 or 1, 
commandstring is executed repeatedly until an error 
condition is encountered (e.g., end of buffer is reached 
with F command). For example, the command string 
MSGAMMA ZDELTA ZOTT substitutes DELTA for each 
GAMMA in the buffer, and displays each changed line.

nnstring
or

nnstringZ

Finds specified string. Search begins at current or position 
of CP. If string cannot be found in edit buffer n times, 
contents of buffer are written to temporary file 
(automatic #W command), input lines from original file 
are read into edit buffer (automatic A command) until 
buffer is half full or original file has been completely 
transferred. Search continues in this manner until string 
has been found n times (or original file has been 
completely transferred). This command is used when 
entire original file cannot fit in edit buffer.

istring
or

istringZ

Inserts string in front of the CP. (A carriage return with­
out Alt Z is entered after string to put a carriage 
return/line feed at the end.)

n sstrin g IZ  string 2 
or n ss trin g IZ  

string2Z

Searches for string 1 and substitutes string 2 for string 
t n times. Search begins at current position of CP. 
Search is limited to contents of edit buffer.

Rstring Inserts file into edit buffer before CP. String represents a 
file specifier whose extension is assumed to be .LIB.
(i.e., the command RMACRO inserts MACRO.LIB file 
into buffer after CP).
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6.8 COMMAND 
STRING USAGE

Two or more commands can be entered as a string (up to 128 
characters); as in the case of single command entries, ED executes 
them only after a carriage return is entered. Table 6-4 lists the CP/M- 
86 Alt characters that manipulate the input command string.

Table 6-4: Command String Alternate-Characters

ALTERNATE
CHARACTER FUNCTION

Alt H or Backspace Deletes the preceding character.
Alt X Deletes the entire command string.
Alt C Clears the disk system and re-initializes the CP/M-86 

operating system. Returns control to the operating 
system without saving any of the text modifications that 
are in the edit buffer.

Alt E Returns carriage without transmitting command line (128 
characters maximum).
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6.9 SAMPLE ED 
SESSION

The following example illustrates use of some of the basic ED 
functions described in this chapter. Brief explanations of the user 
entries are shown on the right.

Example:

A > e d  sam platxt 
NEW FILE

Edit a file called SAMPLE .TXT.

* Insert text into edit buffer.
1: This is a  simple .
2 : file to he used
3: to dsmonsttrate
4: how to use
5: a program  called
6: ED.
7: z Terminate text insertion.
• *b Move CP to beginning of buffer.

1: *#t Display entire buffer.
1: This is a simple
2: hie to he used
3: to demonsttrate
4: how to use
5: a program  called
6: ED.
1: •ssimZsamZOtt Substitute SAM for SIM, changing 

simple to sample.
1: This is a sample
1: >3:sttZtZ0tt Move CP to line 3 and change tt to t and then 

display corrected line.
3: to demonstrate
3: *5:3cb*t Move CP to Hrift 5 and delete it, then move CP 

to beginning of buffer and 
display entire contents.

1 This is a sample
2 file to he used
3 to demonstrate
4. how to use
5 ED.
1 *5:1 Move CP to h™  5 aiiri insert new text.
S the text Editor
6 known as
7 Z
7 •3:#t Move CP to line 3 and display the rest 

of the buffer
3 to demonstrate
4 how to use
5 the text Editor
0 known as
7 ED.
3 »3cl 1 dishowZOtt Move CP 3 columns, delete next 11 characters, 

insert “show/’ display new line.
3: to show  
3: *b3t Move CP to beginning of buffer

and display 3 lines.
1 This is a sample
2 file to he used
3 to show
1 *2:i Move CP to une 2 and insert text.
2 ASCII text
3 Z
3 »h#t Move CP to beginning and display entire 

buffer.
1: This is a sample
2 : ASCII text
4 to show
5: how to use
6•: the text Editor
7 known as
6i: ED. Z
1 *e Exit ED.
A >
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6.10 ED ERROR 
MESSAGE AND 
ERROR INDICATORS

6.11 ALTERNATE
CHARACTER
SUMMARY

When errors occur, ED displays the last character read before the 
error and an error indicator. The following line shows the error 
message format

BREAK errorindicator AT lastcharacter

Table 6-5 lists and describes the ED error indicators.

Table 6-5: ED Error Indicators

ERROR INDICATOR MEANING

? Command is not recognized.

> Memory buffer full (use D, K, N, S, or W command to 
remove characters); F, N, or S strings are too long.

# Command cannot be executed number of times specified.

0 LIB file cannot be opened (R command).

Table 6-6 summarizes the alternate characters available in ED.

Table 6-6: Text Editor
ALTERNATE
CHARACTER

Alternate-Character Commands

FUNCTION

Alt C Restart (use with extreme care — loss of data may occur).

Alt E Physical carriage return (not actually entered in 
command) which allows commands longer than one line 
to be entered at console.

Alt H Character delete (same as BACKSPACE key).

Alt I or Tab Key Logical tab (columns t,  8, 15, etc.).

Alt L Logical carriage return/line feed for use in search and 
substitute strings.

Alt Z String terminator.
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6.12 COMMAND
SUMMARY

Table 6-7 summarizes the ED commands in an alphabetical listing.

Table 6-7: Alphabetical List of ED Commands

COMMAND FUNCTION

nA

±B

±nC

±nD

E

nf

H

i

nj
±nK 

±nL 

nm 

nn 

0 
n P 

Q 

R 

nS 

±nT 

nW 

nX 

±n

n;
±v

Appends lines.

Moves CP to beginning of buffer.

Moves CP by characters.

Deletes characters.

Ends edit and closes file (normal end).

Finds string.

Ends edit; closes and reopens file.

Inserts characters.

Places string in juxtaposition (between specified strings). 

Deletes lines.

Moves CP by lines.

Enters and executes more than one command at a time. 

Finds characters throughout original file.

Returns to original file.

Displays next 23 lines (1 screen) in buffer.

Quits edit with no fiie changes.

Reads library fiie into buffer.

Substitutes one string for another.

Displays lines.

Writes lines into temporary file.

Transfers text from edit buffer to temporary library fiie. 

Moves CP and displays (±nLT).

Moves CP to line n.

Enables/disables line numbering.
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APPENDIX A: CP/M-86 COMMAND-FORMAT SUMMARY

Table A-1 contains an alphabetical list of command formats for 
CP/M-86 commands. For descriptions of ED and PIP subcommand 
formats, refer to Chapters 5 and 6. Note that the brackets in the PIP 
command format are literal characters, as described in Section 5.5.2.

Table A-1: CP/M-86 Command Formats

bootcopy [drivenam e: to drivenam e] 

dcopy [d rivenam e  to drivenam e] «+J

ed filespecifier +* 

era filespecifier+*

format dr/Vename:[$switchf...]]

pip destinatiom =source[,source2..][[param eterlist]]

ren new filespecifier=oldfilespecifier

stat-

{filespecifier [{Sr/o($r/w}][{Ssys)Sdir}]} 
{vat}
[drivenam e]ds\c

d rive n a m e = r /0 
{dev:}
{log ica ldevice= physica ldevice [ ,..

submit filespecifier[parameterlist]

type filespecifier «J.

NOTE See Chapters 5 and 6 for aescriptions of PIP and ED command formats.

v
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APPENDIX B: CP/M-86 ERROR MESSAGES

Table B-1 presents the CP/M-86 error messages. Note that X: 
represents the drive name in the error message formats, and n 
represents a number.
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Table B-1: CP/M-86 Error Messages
_________Message Meaning_______

Bdos err on X: bad sector This can indicate a hardware problem, or a worn, 
improperly formatted or missing disk. Enter Alt C to 
terminate the program and return to CP/M-86; then 
enter Alt C again to reset the disk system. Or press the 
Return key to ignore the error.

Bdos err on X: R/O The drive has been assigned read-only status with a 
STAT command, or the disk in the drive has been 
changed without resetting the disk system with an Alt C. 
CP/M-86 terminates the current program as soon as 
you press any key.

COMMANDNAME? If CP/M-86 cannot find the command you specified, it 
returns the command name you entered followed by a 
question mark. Check that you have typed the 
command name correctly, or that the command you 
requested exists as a .CMD file on the default or 
specified disk.

DESTINATION IS R/O, 
DELETE (Y/N)?

PIP. The destination file specified in a PIP command 
already exists and it is read/only. If you type Y, the 
destination file is deleted before the file copy is done.

DISK READ ERROR: 
filespeciiier

PIP. The input disk file specified in a PIP command 
could not be read properly. This is usually the result of 
an unexpected end of file. Correct the problem in your file.

D ISK  W R ITE  ER R O R : 
filespecifier

PIP. A disk write operation could not be successfully 
performed during a PIP command, probably due to a full 
disk. You should either erase some unnecessary files or 
get another disk with more space and execute PIP again.

NO FILE^filespecifie r

CANNOT WRITE 
aevicenam e

PIP. Input file specified does not exist.

PIP. The destination specified in the PIP command is 
illegal. An input device has probably been specified as 
a destination.

INVALID FORMAT: 
invalidentry

CANNOT READ: 
devicenam e  or filename

PIP. The format of your PIP command is illegal. See the 
description of the PIP command.

PIP. The source specified in the PIP command is illegal. 
An output device has probably been specified as a source.

QUIT NOT FOUND: 
=source

PIP. The string argument to a Q parameter was not 
found in your input file.

START NOT FOUND:= 
source

PIP, The string argument to an S parameter could not 
be found in the source file.

ABORTED: filespecifier PIP, The user has aborted a PIP operation by pressing 
a key.

VERIFY ERROR: 
filespecifier

PIP. When copying with the V option, PIP found a 
difference when rereading the data just written and 
comparing it to the data in its memory buffer. Usually 
this indicates a bad copy on the destination disk or drive.

FILE EXISTS CP/M-86 has been asked to create a new file using a 
file specification that is already assigned to another file. 
Either delete the existing file or use another file specifier.

File Not Found CP/M-86 could not find the specified file. Check that 
you have entered the correct drive specification or that 
you have the correct disk in the drive.

Invalid Assignment STAT. An invalid device was specified in a ST AT device 
assignment. Use the STAT VAL display to list the valid 
assignments for each of the four logical ST AT devices: 
CON:, RDR:, PUN:, and LST:. See Section 4,4.

NO FILE CP/M-86 could not find the specified file, or no files exist.

invalid File Indicator STAT. This message results from an invalid command 
to set file attributes. These are the only options valid in 
a STAT filespeciiier [option] command: $r/o, $r/w. 
$sys, $dir.

Invalid Disk Assignment ST AT. An invalid STAT drive command was given. The 
only valid drive assignment in ST AT is ST AT d:=R/0.



APPENDIX C: BDOS ERROR MESSAGES

The SIRIUS 1 Basic Disk Operating System generates the error 
messages described below. The appropriate recovery procedure for 
each error situation is also presented. The upper case X: in the error 
messages represents the name of the drive on which the error 
occurred.

► Drive=nn, Track=nn, Sector=nn: Error=nn 
Bdos Err On X:=Bad Sector

The system generates this message in response to a read or write 
error. The nn represents the hexadecimal number of the drive, 
track, sector, or error-code number. The significance of the error- 
code number is explained in Appendix D.

To correct this error condition, press the Return key and the 
system will skip the problem sector. If the same error message 
continues to appear, enter Alt C to abort the operation.

This error message may also indicate that a non-existent drive has 
been selected or an attempt has been made to access a drive 
with no diskette inserted. Enter Alt C to return to the system 
prompt > ; then be sure a diskette is inserted in the correct drive.

► Bdos Err On X: R/O

The system generates this message when the user attempts to 
write on a disk in a drive set for read only (R/O) with the STAT 
command’ or if the user forgets to enter an Alt C to clear the disk 
system when inserting a new diskette. To correct this error 
condition, enter Alt C to return to the operating system. When the 
prompt appears, enter Alt C again to clear the disk system.
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APPENDIX D: ERROR CODES AND DEFINITIONS

Many of the error messages generated under CP/M-86 include error 
code numbers (in hexadecimal). This appendix defines the error 
codes. There are four general types of error codes:

1 x — Cannot find sector 

2x — Cannot read sector 
3x — Sector verify error 

4x — Formatting error

Table D-1 lists and defines the error codes that CP/M-86 and its 
utility programs display when an error condition arises.
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Table D-1 Sirius Error Code Definitions

ERROR CODE GENERAL DEFINITION
NUMBER DETAILED DEFINITION

11

COULD NOT COMPLETE READ-RELATED COMMAND 

Noise encountered on sync line
12 Bad header block ID
13 Checksum error in header
14 Header GCR error
15' Wrong track
16 Wrong sector
17 Bad job code

21

INVALID DATA ON DISKETTE 

Bad data block ID
22 Checksum error in data
23 GCR error
24 Sync time out

* 31

DEFECTIVE DRIVE OR DISKETTE 

Bad data block ID
32 Verify error
33 Checksum error
34 GCR error

41

FORMAT PROGRAM ERROR CODES

No sync found (bad or missing diskette)
42 Bad header ID
43 Wrong track
44 Wrong sector
45 Bad header checksum
46 Gap error
47 GCR error
48 No data sync
49 Bad data ID
4A Data verify error
4B Data checksum
40 Gap 2 error
4D GCR error

F3

MISCELLANEOUS

Data not written due to disk change
F4 Cannot write to disk untii logged (C)
F5 Wrong diskette type
F6 Cannot start disk operation
F7 Illegal track number
F8 Illegal drive number
F9 Illegal disk operation
FB Drive motor not up to speed
FC Write-protected diskette
FD Bad track on diskette
FE Cannot complete disk operation
FF Bad diskette or unformatted diskette



APPENDIX E: SIRIUS UTILITY ERROR MESSAGES

Table E-1 presents the error messages for the SIRIUS utility programs 
DCOPY, FORMAT, and BOOTCOPY.

Table E-1: DCopy and Format Error Messages

MESSAGE MEANING

Bad DCOPY command 
Bad FORMAT command

The DCOPY or FORMAT command was entered 
incorrectly. Re-enter the command.

Copy aborted at track xx. 
Format aborted at track xx.

The disk has a bad track and the program is 
unable to continue. Run program again, or try 
moving to another drive. If error persists, discard 
diskette.

Cannot COPY double-sided 
diskettes.
Cannot Format double-sided 
diskettes.

The computer being used does not have double 
sided disk drives.

Sector Write Error D=xx,
T  — y y  C  " * y y  P ----yy

CANNOT WRITE DISK LABEL

The program is unable to write the disk label to 
the disk. The drive, track, sector and error code 
numbers are indicated.

Operating system version 
mismatch.

The operating system being used is not compatible 
with the version of DCOPY or FORMAT. Use the 
correct version of the program or load the correct 
operating system.

DRIVE DOOR OPEN Close the drive door and restart the program.

WRITE PROTECTED DISK The disk being written to has a write-protect label 
on it. Remove the label and run the program again. 
Files on the disk may be altered if you do this.

Bad Drive Number press any 
key to continue.

Read error D=xx. T=xx, 
S=xx.E=xx CANNOT 
READ TRACK

An incorrect drive name was entered.

There was a disk read error on the indicated track 
and sector. Re-attempt the program; discard the 
diskette if the error persists.

Soft Format error D=xx, T=xx, 
S=xx, E=ee

A soft format error of type ee occurred at the 
indicated track and sector on the indicated drive. If 
there are more than 9 soft errors on a track, the 
program will abort. Soft errors in moderate 
numbers are not harmful to diskette performance.

CANNOT SIZE TRACK The disk that you are trying to format or copy to 
may be bad. Run the program again to see if the 
same error occurs. Discard the diskette if the error 
persists.

CANNOT FORMAT TRACK You have a possibly bad disk. Run the program 
again to see if the same error occurs. Discard the 
diskette if the error persists.
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Table E-1: Bootcopy Error Messages

MESSAGE

OPERATING SYSTEM 
MISMATCH

BAD BOOTCOPY COMMAND 

NOT ENOUGH MEMORY

CANNOT OPEN RLE

FILE READ ERROR

NO BOOT SECTORS ON 
SOURCE DISK

NOT A SYSTEM IMAGE

WRONG DESTINATION DISK 
LABEL TYPE

READ ERROR Drive=xx, 
Track=xx, Sector=xx. 
Error=xx

WRITE ERROR: Drive=xx 
Track=xx Sector=xx 
Error=xx

MEANING

This version of BOOTCOPY is not compatible with 
the currently running operating system. Use the 
correct version of BOOTCOPY or load the correct 
operating system.

The BOOTCOPY command was incorrectly typed. 
Re-enter the command.

There is not enough memory in the system to do the 
BOOTCOPY. Boot up a smaller operating system and 
then run BOOTCOPY or try to build a smaller system.

BOOTCOPY could not open the input file. Make sure 
that the file exists and that you spelled the file name 
correctly.

BOOTCOPY could not read the input file. The file is 
probably corrupt Try to re-create the file.

The source disk does not have boot tracks.
Therefore there is no operating system to copy. Use 
a source diskette with boot tracks.

The boot tracks on the source disk do not contain an 
operating system. Use a system disk.

The destination disk has an incorrect software 
label. Format the disk with the correct version of 
FORMAT; any fiies on the disk will be lost

There was a read or write error on the given track 
and sector. Try to run the program again to see if 
the same error occurs.
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Foreword

The C P / M - 8 6  S y s t e m  G u id e  p r e s e n t s  t h e  s v s t e m  p r o q ra m m in q  
a s p e c t s  o f  CP/M-86™-, a s i n g l e - u s e r  o o e r a t i n q  s y s t e m  f o r  t h e  I n t e l  
8 0 8 6  and 8 0 8 8  1 6 - b i t  m i c r o p r o c e s s o r s .  The d i s c u s s i o n  a s s u m e s  t h e  
r e a d e r  i s  f a m i l i a r  w i t h  CP/M t h e  D i g i t a l  R e s e a r c h  3 - b i t  o o e r a t i n q  
s y s t e m .  To c l a r i f y  s o e c i f i c  d i f f e r e n c e s  w i t h  C P /M -8 6 ,  t h i s  d o c u m e n t  
r e f e r s  t o  t h e  8 - b i t  v e r s i o n  o f  CP/M a s  CP/M-80TM. E l e m e n t s  common 
t o  b o t h  s y s t e m s  a r e  s i m p l y  c a l l e d  CP/M f e a t u r e s .

CP/M-80 and CP/M-86 a r e  e q u i v a l e n t  a t  t h e  u s e r  i n t e r f a c e  l e v e l  
and t h u s  t h e  D i q i t a l  R e s e a r c h  d o c u m e n t s :

•  An I n t r o d u c t i o n  t o  CP/M F e a t u r e s  and F a c i l i t i e s
•  ED: A C o n t e x t  E d i t o r  f o r  t h e  CP/M D is k  S y s te m
•  CP/M 2 U s e r ' s  G u id e

a r e  s h i p p e d  w i t h  t h e  CP/M-86 p a c k a q e .  A ls o  i n c l u d e d  i s  t h e  CP/M-86 
P r o g r a m m e r 's  G u i d e ,  w h i c h  d e s c r i b e s  A S M - 8 6 ^  and DDT-86™*, D i q i t a l  
R e s e a r c h ' s  8 0 8 6  a s s e m b l e r  and i n t e r a c t i v e  d e b u q q e r .

T h i s  S y s t e m  G u i d e  p r e s e n t s  an  o v e r v i e w  o f  t h e  CP/m -86 
programming i n t e r f a c e  c o n v e n t i o n s .  I t  a l s o  d e s c r i b e s  p r o c e d u r e s  f o r  
a d a p t i n g  CP/M-86 t o  a c u s t o m  h a r d w a r e  e n v i o r n m e n t .  T h i s  i n f o r m a t i o n  
p a r a l l e l s  t h a t  p r e s e n t e d  i n  t h e  CP/M 2 I n t e r f a c e  G u i d e  and t h e  CP/M 
2 A l t e r a t i o n  G u i d e .

S e c t i o n  1 g i v e s  an o v e r v i e w  o f  CP/M-86 and s u m m a r i z e s  i t s  
d i f f e r e n c e s  w i t h  C P /M - 8 0 .  S e c t i o n  2 d e s c r i b e s  t h e  q e n e r a l  e x e c u t i o n  
e n v i r o n m e n t  w h i l e  S e c t i o n  3 t e l l s  how t o  g e n e r a t e  command f i l e s .  
S e c t i o n s  4 a n d  5 r e s p e c t i v e l y  d e f i n e  t h e  p r o q r a m m in q  i n t e r f a c e s  t o  
t h e  B a s i c  D i s k  O o e r a t i n q  S v s tem  and t h e  B a s i c  I n p u t / O u t o u t  S y s t e m .  
S e c t i o n  6 d i s c u s s e s  a l t e r a t i o n  o f  t h e  BIOS t o  s u p p o r t  c u s t o m  d i s k  
c o n f i g u r a t i o n s ,  and S e c t i o n  7 d e s c r i b e s  t h e  l o a d i n g  o p e r a t i o n  and 
t h e  o r g a n i z a t i o n  o f  t h e  CP/M-86 s v s t e m  f i l e .



Section 1
CP/M-86 System Overview

1.1 CP/M-86 G en era l C h a ra c t e r is t ic s

C P /M -86  c o n t a i n s  a l l  f a c i l i t i e s  o f  CP/M-80 w i t h  a d d i t i o n a l  
f e a t u r e s  t o  a c c o u n t  f o r  i n c r e a s e d  p r o c e s s o r  a d d r e s s  s p a c e  o f  up t o  a 
m e g a b y t e  ( 1 , 0 4 8 , 5 7 6 )  o f  m ain  memory. F u r t h e r ,  CP/M-86 m a i n t a i n s  
f i l e  c o m p a t i b i l i t y  w i t h  a l l  p r e v i o u s  v e r s i o n s  o f  CP/M. The f i l e  
s t r u c t u r e  o f  v e r s i o n  2 o f  CP/M i s  u s e d ,  a l l o w i n g  a s  many a s  s i x t e e n  
d r i v e s  w i t h  up t o  e i g h t  m e g a b y t e s  on e a c h  d r i v e .  T h u s ,  CP/M-80 and 
C P / M - 8 6  s y s t e m s  may e x c h a n g e  f i l e s  w i t h o u t  m o d i f y i n g  t h e  f i l e  
f o r m a t .

CP/M-86 r e s i d e s  i n  t h e  f i l e  CPM.SYS, w h i c h  i s  l o a d e d  i n t o  
memory by a c o l d  s t a r t  l o a d e r  d u r i n g  s y s t e m  i n i t i a l i z a t i o n .  The 
c o l d  s t a r t  l o a d e r  r e s i d e s  on t h e  f i r s t  two t r a c k s  o f  t h e  s y s t e m  
d i s k .  CPM.SYS c o n t a i n s  t h r e e  p r o g r a m  m o d u l e s :  t h e  C o n s o l e  Command 
P r o c e s s o r  (C C P ) , t h e  B a s i c  D i s k  O p e r a t i n g  S y s t e m  (BDOS), and t h e  
u s e r - c o n f i g u r a b l e  B a s i c  I/O S y s te m  (BIOS) . The CCP and BDOS 
p o r t i o n s  o c c u p y  a p p r o x i m a t e l y  10K b y t e s ,  w h i l e  t h e  s i z e  o f  t h e  BIOS 
v a r i e s  w i t h  t h e  i m p l e m e n t a t i o n .  The o p e r a t i n g  s y s t e m  e x e c u t e s  i n  
any p o r t i o n  o f  memory a b o v e  t h e  r e s e r v e d  i n t e r r u p t  l o c a t i o n s ,  w h i l e  
t h e  r e m a i n d e r  o f  t h e  a d d r e s s  s p a c e  i s  p a r t i t i o n e d  i n t o  a s  many a s  
e i g h t  n o n - c o n t i g u o u s  r e g i o n s ,  a s  d e f i n e d  i n  a BIOS t a b l e .  U n l i k e  
C P/M -80,  t h e  CCP a r e a  c a n n o t  be u s e d  a s  a d a t a  a r e a  s u b s e q u e n t  t o  
t r a n s i e n t  p r o g r a m  l o a d ;  a l l  CP/M-86 m o d u l e s  r e m a i n  i n  memory a t  a l l  
t i m e s ,  and a r e  n o t  r e l o a d e d  a t  a warm s t a r t .

S i m i l a r  t o  C P /M - 8 0 ,  CP/M-86 l o a d s  and e x e c u t e s  memory image 
f i l e s  from d i s k .  Memory image f i l e s  a r e  p r e c e d e d  by a " h e a d e r  
r e c o r d , "  d e f i n e d  i n  t h i s  d o c u m e n t ,  w h i c h  p r o v i d e s  i n f o r m a t i o n  
r e q u i r e d  f o r  p r o p e r  p r o g r a m  l o a d i n g  and e x e c u t i o n .  Memory image 
f i l e s  u n d e r  CP/M-86 a r e  i d e n t i f i e d  by a "CMD" f i l e  t y p e .

U n l i k e  C P /M -8 0,  CP/M-86 d o e s  n o t  u s e  a b s o l u t e  l o c a t i o n s  f o r  
s y s t e m  e n t r y  o r  d e f a u l t  v a r i a b l e s .  The BDOS e n t r y  t a k e s  p l a c e  
t h r o u g h  a r e s e r v e d  s o f t w a r e  i n t e r r u p t ,  w h i l e  e n t r y  t o  t h e  BIOS i s  
p r o v i d e d  by a new BDOS c a l l .  Two v a r i a b l e s  m a i n t a i n e d  i n  low memory 
u n d e r  C P /M - 8 0 ,  t h e  d e f a u l t  d i s k  number and I / O  B y t e ,  a r e  p l a c e d  i n  
t h e  CCP and BIOS, r e s p e c t i v e l y .  D e p e n d e n c e  upon a b s o l u t e  a d d r e s s e s  
i s  m i n i m i z e d  i n  CP/M-86 by m a i n t a i n i n g  i n i t i a l  " b a s e  p a g e "  v a l u e s ,  
such a s  t h e  d e f a u l t  FCB and d e f a u l t  command b u f f e r ,  i n  t h e  t r a n s i e n t  
p r o g r a m  d a t a  a r e a .

U t i l i t y  p r o g r a m s  s u c h  a s  ED, P I P ,  STAT and SUBMIT o p e r a t e  i n  
t h e  same manner  u n d e r  CP/M-86 and C P /M -8 0 .  I n  i t s  o p e r a t i o n ,  DDT-86 
r e s e m b l e s  DDT s u p p l i e d  w i t h  C P / M - 8 0 .  I t  a l l o w s  i n t e r a c t i v e  
d e b u g g i n g  o f  8 0 8 6  and 8 0 8 8  m a c h i n e  c o d e .  S i m i l a r l y ,  ASM-86 a l l o w s  
assembly  l a n g u a g e  p ro g ram m in g  and d e v e l o p m e n t  f o r  t h e  8 0 8 6  and 8 0 8 8  
u s i n g  I n t e l - l i k e  m n em o n ics .

All Information Presented Here is Proprietary to Digital Research
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The GENCMD ( G e n e r a t e  CMD) u t i l i t y  r e p l a c e s  t h e  LOAD p r o g r a m  o f  
C P / M - 8 0 ,  a nd c o n v e r t s  t h e  hex f i l e s  p r o d u c e d  by ASM-86 o r  I n t e l  
u ^ i ^ - i t i e s  i n t o  memory image f o r m a t  s u i t a b l e  f o r  e x e c u t i o n  u n d e r  
C P /M - 8 6 .  F u r t h e r ,  t h e  LDCOPY ( L o a d e r  Copy) p r o g r a m  r e p l a c e s  SYSGEN, 
a n d  i s  u s e d  t o  c o p y  t h e  c o l d  s t a r t  l o a d e r  from a s y s t e m  d i s k  f o r  
r e p l i c a t i o n .  I n  a d d i t i o n ,  a v a r i a t i o n  o f  GENCMD, c a l l e d  LMCMD, 
c o n v e r t s  o u t p u t  f rom  t h e  I n t e l  LOC86 u t i l i t y  i n t o  CMD f o r m a t .  
F i n a l l y ,  GENDEF ( G e n e r a t e  DISKDEF) i s  p r o v i d e d  a s  an  a i d  i n  
p r o d u c i n g  c u s t o m  d i s k  p a r a m e t e r  t a b l e s .  ASM-86,  GENCMD, LMCMD, and 
GENDEF a r e  a l s o  s u p p l i e d  i n  "COM" f i l e  f o r m a t  f o r  c r o s s - d e v e l o p m e n t  
u n d e r  C P /M -8 0 .

S e v e r a l  t e r m s  u s e d  t h r o u g h o u t  t h i s  m a n u a l  a r e  d e f i n e d  i n  T a b l e  
1 - 1  b e lo w :

T a b l e  ]L—1 .  CP/M-86 Terms

Term Meaning

N i b b l e 4 - b i t  h a l f - b y t e

B y t e 8 - b i t  v a l u e

Word 1 6 - b i t  v a l u e

D o u b le  Word 3 2 - b i t  v a l u e

P a r a g r a p h 16  c o n t i g u o u s  b y t e s

P a r a g r a p h  B o u n d a r y An a d d r e s s  d i v i s i b l e  e v e n l y  
by 16  ( lo w  o r d e r  n i b b l e  0 )

Seg m en t Up t o  64K c o n t i g u o u s  b y t e s

Se g m en t  R e g i s t e r One o f  CS, DS, ES, o r  SS

O f f s e t 1 6 - b i t  d i s p l a c e m e n t  from  a 
s e g m e n t  r e g i s t e r

Group A s e g m e n t - r e g i s t e r - r e l a t i v e  
r e l o c a t a b l e  p r o g r a m  u n i t

A d d r e s s The e f f e c t i v e  memory a d d r e s s  
d e r i v e d  from t h e  c o m p o s i t i o n  
o f  a se g m e n t  r e g i s t e r  v a l u e  
w i t h  an o f f s e t  v a l u e

A g r o u p  c o n s i s t s  o f  s e g m e n t s  t h a t  a r e  l o a d e d  i n t o  memory a s  a s i n g l e  
u n i t .  S in c e  a g r o u p  may c o n s i s t  o f  more t h a n  64K b y t e s ,  i t  i s  t h e  
r e s p o n s i b i l i t y  o f  t h e  a p p l i c a t i o n  p r o g r a m  t o  manage s e g m e n t  
r e g i s t e r s  when c o d e  o r  d a t a  b eyond t h e  f i r s t  64K s e g m e n t  i s  
a c c e s s e d .

All Information Presented Here is Proprietary to Digital Research
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CP/M-86 s u p p o r t s  e i g h t  p r o g r a m  g r o u p s :  t h e  c o d e ,  d a t a ,  s t a c k  
a nd e x t r a  g r o u p s  a s  w e l l  a s  f o u r  a u x i l i a r y  g r o u p s .  When a c o d e ,  
d a t a ,  s t a c k  o r  e x t r a  g r o u p  i s  l o a d e d ,  CP/M-86 s e t s  t h e  r e s p e c t i v e  
segment r e g i s t e r  (CS, DS, SS o r  ES) t o  t h e  b a s e  o f  t h e  g r o u p .  CP/M- 
86  c a n  a l s o  l o a d  f o u r  a u x i l i a r y  g r o u p s .  A t r a n s i e n t  p r o g r a m  m anages 
t h e  l o c a t i o n  o f  t h e  a u x i l i a r y  g r o u p s  u s i n g  v a l u e s  s t o r e d  by CP/M-86 
i n  t h e  u s e r ^ s  b a s e  p a g e .

1*2 CP/M—80 and CP/M-86 D if fe r e n c e s

The s t r u c t u r e  o f  CP/M-86 i s  a s  c l o s e  t o  CP/M-80 a s  p o s s i b l e  i n  
o r d e r  t o  p r o v i d e  a f a m i l i a r  p r o g r a m m in g  e n v i r o n m e n t  w h ic h  a l l o w s  
a p p l i c a t i o n  p r o g r a m s  t o  b e  t r a n s p o r t e d  t o  t h e  8 0 8 6  a nd 8 0 8 8  
p r o c e s s o r s  w i t h  minimum e f f o r t .  T h i s  s e c t i o n  p o i n t s  o u t  t h e  
s p e c i f i c  d i f f e r e n c e s  b e t w e e n  CP/M-80 a nd CP/M-86 i n  o r d e r  t o  r e d u c e  
y o u r  t i m e  i n  s c a n n i n g  t h i s  m an u al  i f  you a r e  a l r e a d y  f a m i l i a r  w i t h  
C P / M - 8 0 .  The t e r m s  and c o n c e p t s  p r e s e n t e d  i n  t h i s  s e c t i o n  a r e  
e x p l a i n e d  i n  d e t a i l  t h r o u g h o u t  t h i s  m a n u a l ,  s o  you w i l l  n e e d  t o  
r e f e r  t o  t h e  T a b l e  o f  C o n t e n t s  t o  f i n d  r e l e v a n t  s e c t i o n s  w h ic h  
p r o v i d e  s p e c i f i c  d e f i n i t i o n s  and i n f o r m a t i o n .

Due t o  t h e  n a t u r e  o f  t h e  8 0 8 6  p r o c e s s o r ,  t h e  f u n d a m e n t a l  
d i f f e r e n c e  b e t w e e n  CP/M-80 and CP/M-86 i s  f o u n d  i n  t h e  m anagem ent  o f  
t h e  v a r i o u s  r e l o c a t a b l e  g r o u p s .  A l t h o u g h  CP/M-80 r e f e r e n c e s  
a b s o l u t e  memory l o c a t i o n s  by n e c e s s i t y ,  CP/M-86 t a k e s  a d v a n t a g e  o f  
t h e  s t a t i c  r e l o c a t i o n  i n h e r e n t  i n  t h e  8 0 8 6  p r o c e s s o r .  The o p e r a t i n g  
s y s t e m  i t s e l f  i s  u s u a l l y  l o a d e d  d i r e c t l y  a b o v e  t h e  i n t e r r u p t  
l o c a t i o n s ,  a t  l o c a t i o n  0 4 0 0 H ,  and r e l o c a t a b l e  t r a n s i e n t  p r o g r a m s  
"Load i n  t h e  b e s t  f i t  memory r e g i o n .  H o w ev er ,  you c a n  l o a d  CP/M-86 
i n t o  a n y  p o r t i o n  o f  memory w i t h o u t  c h a n g i n g  t h e  o p e r a t i n g  s y s t e m  
( t h u s ,  t h e r e  i s  no MOVCPM u t i l i t y  w i t h  C P / M - 8 6 ) ,  and t r a n s i e n t  
p r o g r a m s  w i l l  l o a d  and run  i n  any n o n - r e s e r v e d  r e g i o n .

Three g e n e r a l  memory m o d e l s  a r e  p r e s e n t e d  b e l o w ,  b u t  i f  you a r e  
c o n v e r t i n g  8 0 8 0  p r o g r a m s  t o  C P /M -8 6 ,  you c a n  u s e  e i t h e r  t h e  8 0 8 0  
Model o r  S m a l l  Model and l e a v e  t h e  Compact Model f o r  l a t e r  when y o u r  
a d d r e s s i n g  n e e d s  i n c r e a s e .  Y o u " l l  u s e  GENCMD, d e s c r i b e d  i n  S e c t i o n
3 . 2 ,  t o  p r o d u c e  an e x e c u t a b l e  p r o g r a m  f i l e  from a h ex f i l e .  GENCMD 
p a r a m e t e r s  a l l o w  you t o  s p e c i f y  w h ic h  memory m odel  y o u r  p r o g r a m  
r e q u i r e s .

CP/M -86  i t s e l f  i s  c o n s t r u c t e d  a s  an 8 0 8 0  M o d e l .  T h i s  means 
t h a t  a l l  t h e  s e g m e n t  r e g i s t e r s  a r e  p l a c e d  a t  t h e  b a s e  o f  C P /M -8 6 ,  
and y o u r  c u s t o m i z e d  BIOS i s  i d e n t i c a l ,  i n  m o st  r e s p e c t s ,  t o  t h a t  o f  
C P / M - 8 0  ( w i t h  c h a n g e s  i n  i n s t r u c t i o n  m n e m o n i c s ,  o f  c o u r s e ) . In  
f a c t ,  t h e  o n l y  a d d i t i o n s  a r e  f o u n d  i n  t h e  SETDMAB, GETSEGB, SETIOB, 
and GETIOB e n t r y  p o i n t s  i n  t h e  BIOS. Your warm s t a r t  s u b r o u t i n e  i s  
s i m p l e r  s i n c e  you a r e  n o t  r e q u i r e d  t o  r e l o a d  t h e  CCP a n d  BDOS u n d e r  
C P /M -8 6.  One o t h e r  p o i n t :  i f  you i m p l e m e n t  t h e  IOBYTE f a c i l i t y ,  
y o u " l l  have  t o  d e f i n e  t h e  v a r i a b l e  i n  y o u r  BIOS. T a k i n g  t h e s e  
c h a n g e s  i n t o  a c c o u n t ,  you n e ed  o n l y  p e r f o r m  a s i m p l e  t r a n s l a t i o n  o f  
y o u r  CP/M-80 BIOS i n t o  8 0 8 6  c o d e  in  o r d e r  t o  i m p l e m e n t  y o u r  8 0 8 6  
BIOS.
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I f  y o u ' v e  i m p l e m e n t e d  CP/M-80 V e r s i o n  2 ,  you a l r e a d y  h a v e  d i s k  
d e f i n i t i o n  t a b l e s  w h ic h  w i l l  o p e r a t e  p r o p e r l y  w i t h  C P / M - 8 6 .  You may 
wish t o  a t t a c h  d i f f e r e n t  d i s k  d r i v e s ,  o r  e x p e r i m e n t  w i t h  s e c t o r  skew 
f a c t o r s  t o  i n c r e a s e  p e r f o r m a n c e .  I f  s o ,  you c a n  u s e  t h e  new GENDEF 
u t i l i t y  w h ic h  p e r f o r m s  t h e  same f u n c t i o n  a s  t h e  DISKDEF m a c r o  u s e d  
by MAC u n d e r  C P /M - 8 0 .  Y o u ' l l  f i n d ,  h o w e v e r ,  t h a t  GENDEF p r o v i d e s  
you w i t h  more i n f o r m a t i o n  and c h e c k s  e r r o r  c o n d i t i o n s  b e t t e r  t h a n  
t h e  DISKDEF m a c r o .

A lthough g e n e r a t i n g  a CP/M-86 s y s t e m  i s  g e n e r a l l y  e a s i e r  t h a n  
g e n e r a t i n g  a CP/M-80 s y s t e m ,  c o m p l i c a t i o n s  a r i s e  i f  you a r e  u s i n g  
s i n g l e - d e n s i t y  f l o p p y  d i s k s .  CP/M-86 i s  t o o  l a r g e  t o  f i t  i n  t h e  
t w o - t r a c k  s y s t e m  a r e a  o f  a s i n g l e - d e n s i t y  d i s k ,  s o  t h e  b o o t s t r a p  
o p e r a t i o n  m u s t  p e r f o r m  two s t e p s  t o  l o a d  C P /M -86:  f i r s t  t h e  
b o o t s t r a p  m u s t  l o a d  t h e  c o l d  s t a r t  l o a d e r ,  t h e n  t h e  c o l d  s t a r t  
l o a d e r  l o a d s  CP/M-86 f ro m  a s y s t e m  f i l e .  The c o l d  s t a r t  l o a d e r  
i n c l u d e s  a LDBIOS w h i c h  i s  i d e n t i c a l  t o  y o u r  CP/M-86 BIOS w i t h  t h e  
e x c e p t i o n  o f  t h e  INIT e n t r y  p o i n t .  You c a n  s i m p l i f y  t h e  LDBIOS i f  
you wish b e c a u s e  t h e  l o a d e r  n e ed  n o t  w r i t e  t o  t h e  d i s k .  I f  you h a v e  
a d o u b l e - d e n s i t y  d i s k  o r  r e s e r v e  en o u g h  t r a c k s  on a s i n g l e - d e n s i t y  
d i s k ,  you c a n  l o a d  CP/M-86 w i t h o u t  a t w o - s t e p  b o o t .

To make a BDOS s y s t e m  c a l l ,  u s e  t h e  r e s e r v e d  s o f t w a r e  i n t e r r u p t  
# 2 4 4 .  The jump t o  t h e  BDOS a t  l o c a t i o n  0 0 0 5  f o u n d  i n  CP/M-80 i s  n o t  
p r e s e n t  i n  C P / M - 8 6 .  H o w ev e r ,  t h e  a d d r e s s  f i e l d  a t  o f f s e t  0 0 0 6  i s  
p r e s e n t  so  t h a t  p r o g r a m s  w h i c h  " s i z e "  a v a i l a b l e  memory u s i n g  t h i s  
word v a l u e  w i l l  o p e r a t e  w i t h o u t  c h a n g e .  CP/M-80 BDOS f u n c t i o n s  u s e  
c e r t a i n  8 0 8 0  r e g i s t e r s  f o r  e n t r y  p a r a m e t e r s  and r e t u r n e d  v a l u e s .  
CP/M-86 BDOS f u n c t i o n s  u s e  a t a b l e  o f  c o r r e s p o n d i n g  8 0 8 6  r e g i s t e r s .  
F o r  e x a m p l e ,  t h e  8 0 8 6  r e g i s t e r s  CH and CL c o r r e s p o n d  t o  t h e  8 0 8 0  
r e g i s t e r s  B and C. Look t h r o u g h  t h e  l i s t  o f  BDOS f u n c t i o n  n u m b ers  
i n  T a b l e  4 - 2 .  a nd y o u ' l l  f i n d  t h a t  f u n c t i o n s  0 ,  2 7 ,  and 3 1  h a v e  
ch an g e d  s l i g h t l y .  S e v e r a l  new f u n c t i o n s  h a v e  b e e n  a d d e d ,  b u t  t h e y  
do n o t  a f f e c t  e x i s t i n g  p r o g r a m s .

One m a j o r  p h i l o s o p h i c a l  d i f f e r e n c e  i s  t h a t  i n  C P /M - 8 0 ,  a l l  
a d d r e s s e s  s e n t  t o  t h e  BDOS a r e  s i m p l y  1 6 - b i t  v a l u e s  i n  t h e  r a n g e  
0000H t o  0FFFFH. I n  C P /M -8 6 ,  h o w e v e r ,  t h e  a d d r e s s e s  a r e  r e a l l y  j u s t  
1 6 - b i t  o f f s e t s  from  t h e  DS ( D a t a  S e g m en t )  r e g i s t e r  w h i c h  i s  s e t  t o  
t h e  b a s e  o f  y o u r  d a t a  a r e a .  I f  you t r a n s l a t e  an e x i s t i n g  CP/M-80 
p ro g ram  t o  t h e  CP/M-86 e n v i r o n m e n t ,  y o u r  d a t a  s e g m e n t  w i l l  be  l e s s  
th an  64K b y t e s .  I n  t h i s  c a s e ,  t h e  DS r e g i s t e r  n e ed  n o t  be c h a n g e d  
f o l l o w i n g  i n i t i a l  l o a d ,  a nd t h u s  a l l  CP/M-80 a d d r e s s e s  become s i m p l e  
D S - r e l a t i v e  o f f s e t s  i n  C P /M - 8 6 .

U n d e r  C P /M - 8 0 ,  p r o g r a m s  t e r m i n a t e  i n  one o f  t h r e e  w ays:  by 
r e t u r n i n g  d i r e c t l y  t o  t h e  CCP, by c a l l i n g  BDOS f u n c t i o n  0 ,  o r  by 
t r a n s f e r r i n g  c o n t r o l  t o  a b s o l u t e  l o c a t i o n  0 0 0 0 H .  C P / M - 8 6 ,  h o w e v e r ,  
s u p p o r t s  o n l y  t h e  f i r s t  two m e t h o d s  o f  p r o g r a m  t e r m i n a t i o n .  T h i s  
has  t h e  s i d e  e f f e c t  o f  n o t  p r o v i d i n g  t h e  a u t o m a t i c  d i s k  s y s t e m  r e s e t  
f o l l o w i n g  t h e  jump t o  0 0 0 0 H  w h i c h ,  i n s t e a d ,  i s  a c c o m p l i s h e d  by 
e n t e r i n g  a CONTROL-C a t  t h e  CCP l e v e l .
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Y o u ' l l  f i n d  many new f a c i l i t i e s  i n  CP/M-86 t h a t  w i l l  s i m p l i f y  
y o u r  p ro g ram m in g  and e x p an d  y o u r  a p p l i c a t i o n  p r o g r a m m in g  c a p a b i l i t y .  
B u t ,  w e ' v e  d e s i g n e d  CP/M-86 t o  make i t  e a s y  t o  g e t  s t a r t e d :  i n  
s h o r t ,  i f  you a r e  c o n v e r t i n g  from  CP/M-80 t o  C P / M - 8 6 ,  t h e r e  w i l l  be 
no m a j o r  c h a n g e s  b eyond t h e  t r a n s l a t i o n  t o  8 0 8 6  m a c h i n e  c o d e .  
F u r t h e r ,  p r o g r a m s  you d e s i g n  f o r  CP/M-86 a r e  upward c o m p a t i b l e  w i t h  
M P / M -8 6 , o u r  m u l t i t a s k i n g  o p e r a t i n g  s y s t e m ,  a s  w e l l  a s  CP/NET-86 
w h i c h  p r o v i d e s  a d i s t r i b u t e d  o p e r a t i n g  s y s t e m  i n  a n e t w o r k  
e n v i r o n m e n t .

All Information Presented Here is Proprietary to Digital Research
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Section 2
Command Setup and Execution Under CP/M-86

T h i s  s e c t i o n  d i s c u s s e s  t h e  o p e r a t i o n  o f  t h e  C o n s o l e  Command 
P r o c e s s o r  (C C P ) , t h e  f o r m a t  o f  t r a n s i e n t  p r o g r a m s ,  CP/M-86 memory 
m o d e l s ,  and memory image f o r m a t s .

2.1 CCP B u i l t - i n  and T ran s ien t  Commands

The o p e r a t i o n  o f  t h e  CP/M-86 CCP i s  s i m i l a r  t o  t h a t  o f  C P /M -8 0 .  
Upon i n i t i a l  c o l d  s t a r t ,  t h e  CP/M s i g n - o n  m e s s a g e  i s  p r i n t e d ,  d r i v e  
A i s  a u t o m a t i c a l l y  l o g g e d  i n ,  and t h e  s t a n d a r d  p r o m p t  i s  i s s u e d  a t  
t h e  c o n s o l e .  CP/M-86 t h e n  w a i t s  f o r  i n p u t  command l i n e s  from t h e  
c o n s o l e ,  w h i c h  may i n c l u d e  one o f  t h e  b u i l t - i n  commands

DIR ERA REN TYPE USER

(n o te  t h a t  SAVE i s  n o t  s u p p o r t e d  u n d e r  CP/M-86 s i n c e  t h e  e q u i v a l e n t  
f u n c t i o n  i s  p e r f o r m e d  by D D T - 8 6 ) .

A l t e r n a t i v e l y ,  t h e  command l i n e  may b e g i n  w i t h  t h e  name o f  a 
t r a n s i e n t  p r o g r a m  w i t h  t h e  a ssu m ed  f i l e  t y p e  "CMD" d e n o t i n g  a 
"command f i l e . "  The CMD f i l e  t y p e  d i f f e r e n t i a t e s  t r a n s i e n t  command 
f i l e s  u s e d  u n d e r  CP/M-86 f rom  COM f i l e s  w h ic h  o p e r a t e  u n d e r  C P /M -8 0 .

The CCP a l l o w s  m u l t i p l e  p r o g r a m s  t o  r e s i d e  i n  memory,  p r o v i d i n g  
f a c i l i t i e s  f o r  b a c k g r o u n d  t a s k s .  A t r a n s i e n t  p r o g r a m  s u c h  a s  a 
d e b u g g e r  may l o a d  a d d i t i o n a l  p r o g r a m s  f o r  e x e c u t i o n  u n d e r  i t s  own 
c o n t r o l .  T h u s ,  f o r  e x a m p l e ,  a b a c k g r o u n d  p r i n t e r  s p o o l e r  c o u l d  
f i r s t  be  l o a d e d ,  f o l l o w e d  by an e x e c u t i o n  o f  DDT-86.  DDT-86 may, i n  
t u r n ,  l o a d  a t e s t  p r o g r a m  f o r  a d e b u g g i n g  s e s s i o n  and t r a n s f e r  
c o n t r o l  t o  t h e  t e s t  p r o g r a m  b e t w e e n  b r e a k p o i n t s .  CP/M-86 k e e p s  
a c c o u n t  o f  t h e  o r d e r  i n  w h ic h  p r o q r a m s  a r e  l o a d e d  a n d ,  upon 
e n c o u n t e r i n g  a CONTROL-C, d i s c o n t i n u e s  e x e c u t i o n  o f  t h e  m o s t  r e c e n t  
p r o g r a m  a c t i v a t e d  a t  t h e  CCP l e v e l .  A CONTROL-C a t  t h e  DDT-86 
command l e v e l  a b o r t s  DDT-86 and i t s  t e s t  p r o g r a m .  A s e c o n d  CONTROL- 
C a t  t h e  CCP l e v e l  a b o r t s  t h e  b a c k g r o u n d  p r i n t e r  s p o o l e r .  A t h i r d  
CONTROL-C r e s e t s  t h e  d i s k  s y s t e m .  N o te  t h a t  p r o g r a m  a b o r t  d ue  t o  
CONTROL-C d o e s  n o t  r e s e t  t h e  d i s k  s y s t e m ,  a s  i s  t h e  c a s e  i n  C P /M -8 0 .  
A d i s k  r e s e t  d o e s  n o t  o c c u r  u n l e s s  t h e  CONTROL-C o c c u r s  a t  t h e  CCP 
command i n p u t  l e v e l  w i t h  no p r o g r a m s  r e s i d i n g  i n  memory.

When CP/M-86 r e c e i v e s  a r e q u e s t  t o  l o a d  a t r a n s i e n t  p r o g r a m  
from t h e  CCP o r  a n o t h e r  t r a n s i e n t  p r o g r a m ,  i t  c h e c k s  t h e  p r o g r a m ' s  
memory r e q u i r e m e n t s .  I f  s u f f i c i e n t  memorv i s  a v a i l a b l e ,  CP/M-86 
a s s i g n s  t h e  r e q u i r e d  amount  o f  memory t o  t h e  p r o g r a m  and l o a d s  t h e  
p r o g r a m .  Once l o a d e d ,  t h e  p r o g r a m  c a n  r e q u e s t  a d d i t i o n a l  memory 
fro m  t h e  BDOS f o r  b u f f e r  s p a c e .  When t h e  p r o g r a m  i s  t e r m i n a t e d ,  
CP/M-86 f r e e s  b o t h  t h e  p r o g r a m  memory a r e a  and any a d d i t i o n a l  b u f f e r  
s p a c e .
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2 . 2  T r a n s i e n t  P r o g r a m  E x e c u t i o n  M o d e l s

The i n i t i a l  v a l u e s  o f  t h e  s e g m e n t  r e g i s t e r s  a r e  d e t e r m i n e d  by 
o n e  o f  t h r e e  "memory m o d e l s "  u s e d  by t h e  t r a n s i e n t  p r o g r a m ,  and 
d e s c r i b e d  i n  t h e  CMD f i l e  h e a d e r .  The t h r e e  memory m o d e l s  a r e  
su m m a r iz e d  i n  T a b l e  2 - 1  b e l o w .

T a b l e 2 - 1 .  CP /M -86 Memory M o d e l s

Model Group R e l a t i o n s h i p s

8 0 8 0  Model Code and D a t a  G r o u p s  O v e r l a p

S m a l l  Model I n d e p e n d e n t  Code and D a t a  G r o u p s

Co mpact  Model T h r e e  o r  More I n d e p e n d e n t  G r o u p s

The 8 0 8 0  Model s u p p o r t s  p r o g r a m s  w h ic h  a r e  d i r e c t l y  t r a n s l a t e d  
f r o m  CP/M-80 when c o d e  and d a t a  a r e a s  a r e  i n t e r m i x e d .  The 8 0 8 0  
m odel  c o n s i s t s  o f  o ne  g r o u p  w h i c h  c o n t a i n s  a l l  t h e  c o d e ,  d a t a ,  and 
s t a c k  a r e a s .  S e g m en t  r e g i s t e r s  a r e  i n i t i a l i z e d  t o  t h e  s t a r t i n g  
a d d r e s s  o f  t h e  r e g i o n  c o n t a i n i n g  t h i s  g r o u p .  The s e g m e n t  r e g i s t e r s  
c a n ,  h o w e v e r ,  be m anaged by t h e  a p p l i c a t i o n  p r o g r a m  d u r i n g  e x e c u t i o n  
s o  t h a t  m u l t i p l e  s e g m e n t s  w i t h i n  t h e  c o d e  g r o u p  c a n  be a d d r e s s e d .

The S m a l l  Model i s  s i m i l a r  t o  t h a t  d e f i n e d  by I n t e l ,  w h e r e  t h e  
p r o g r a m  c o n s i s t s  o f  an i n d e p e n d e n t  c o d e  g r o u p  and a d a t a  g r o u p .  The 
Sm a ll  Model i s  s u i t a b l e  f o r  u s e  by p r o g r a m s  t a k e n  from  CP/M-8Ö w h e r e  
c o d e  and d a t a  i s  e a s i l y  s e p a r a t e d .  N o te  a g a i n  t h a t  t h e  c o d e  and 
d a t a  g r o u p s  o f t e n  c o n s i s t  o f ,  b u t  a r e  n o t  r e s t r i c t e d  t o ,  s i n g l e  64K 
b y t e  s e g m e n t s .

T h e  C o m p ac t  Model o c c u r s  when a n y  o f  t h e  e x t r a ,  s t a c k ,  o r  
a u x i l i a r y  g r o u p s  a r e  p r e s e n t  i n  p r o g r a m .  Each g r o u p  may c o n s i s t  o f  
o n e  o r  more s e g m e n t s ,  b u t  i f  a ny g r o u p  e x c e e d s  o n e  s e g m e n t  i n  s i z e ,  
o r  i f  a u x i l i a r y  g r o u p s  a r e  p r e s e n t ,  t h e n  t h e  a p p l i c a t i o n  p r o g r a m  
must manage i t s  own s e g m e n t  r e g i s t e r s  d u r i n g  e x e c u t i o n  i n  o r d e r  t o  
a d d r e s s  a l l  c o d e  and d a t a  a r e a s .

T h e  t h r e e  m o d e l s  d i f f e r  p r i m a r i l y  i n  t h e  m an n er  i n  w h ic h  
s e g m e n t  r e g i s t e r s  a r e  i n i t i a l i z e d  upon t r a n s i e n t  p r o g r a m  l o a d i n g .  
T h e  o p e r a t i n g  s y s t e m  p r o g r a m  l o a d  f u n c t i o n  d e t e r m i n e s  t h e  memory 
m o d e l  u s e d  by a t r a n s i e n t  p r o g r a m  by e x a m i n i n g  t h e  p r o g r a m  g r o u p  
u s a g e ,  a s  d e s c r i b e d  i n  t h e  f o l l o w i n g  s e c t i o n s .
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2.3 The 8080 Memory Model

The 8 0 8 0  Model  i s  assum ed when t h e  t r a n s i e n t  p r o g r a m  c o n t a i n s  
o n l y  a code g r o u p .  I n  t h i s  c a s e ,  t h e  CS, DS, a nd ES r e g i s t e r s  a r e  
i n i t i a l i z e d  t o  t h e  b e g i n n i n g  o f  t h e  c o d e  g r o u p ,  w h i l e  t h e  SS and SP 
r e g i s t e r s  r e m a i n  s e t  t o  a 9 6 - b y t e  s t a c k  a r e a  i n  t h e  CCP. The 
I n s t r u c t i o n  P o i n t e r  R e g i s t e r  ( I P )  i s  s e t  t o  1 0 0 H ,  s i m i l a r  t o  CP/M- 
8 0 ,  t h u s  a l l o w i n g  b a s e  p a g e  v a l u e s  a t  t h e  b e g i n n i n g  o f  t h e  c o d e  
g r o u p .  F o l l o w i n g  p r o g r a m  l o a d ,  t h e  8 0 8 0  Model a p p e a r s  a s  shown i n  
F i g u r e  2 - 1 ,  w h e r e  low a d d r e s s e s  a r e  shown a t  t h e  t o p  o f  t h e  d i a g r a m :

SS:

SS + SP:

CS DS ES: 
DS+0000H:

CS+0100H:

c o d e

d a t a

CCP

CCP S t a c k

b a s e
p a g e

IP = 0 1 0 0 H  
c o d e

d a t a

Figure 2-1 . CP/M—86 8080 Memory Model

The i n t e r m i x e d  c o d e  and d a t a  r e g i o n s  a r e  i n d i s t i n g u i s h a b l e .  The 
" b a s e  p a g e "  v a l u e s ,  d e s c r i b e d  b e l o w ,  a r e  i d e n t i c a l  t o  C P /M - 8 0 ,  
a l l o w i n g  s i m p l e  t r a n s l a t i o n  from  8 0 8 0 ,  8 0 8 5 ,  o r  Z80 c o d e  i n t o  t h e  
8 0 8 6  and 8 0 8 8  e n v i r o n m e n t .  The f o l l o w i n g  ASM-86 e x a m p l e  shows how 
t o  c o d e  an 8 0 8 0  m odel  t r a n s i e n t  p r o g r a m .

e s e g
o r g 1 0 0 h
♦

• (c o d e )
equ
d s e g

$

o r g o f f s e t  e n d c s
•

•

end
( d a t a )
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2.4 The Sm all Memory Model

The Sm a ll  Model i s  a ssu m ed  when t h e  t r a n s i e n t  p r o g r a m  c o n t a i n s  
b o t h  a c o d e  and d a t a  g r o u p .  ( I n  ASM-86,  a l l  c o d e  i s  g e n e r a t e d  
f o l l o w i n g  a CSEG d i r e c t i v e ,  w h i l e  d a t a  i s  d e f i n e d  f o l l o w i n g  a DSEG 
d i r e c t i v e  w i t h  t h e  o r i g i n  o f  t h e  d a t a  s e g m e n t  i n d e p e n d e n t  o f  t h e  
c o d e  s e g m e n t . )  I n  t h i s  m o d e l ,  CS i s  s e t  t o  t h e  b e g i n n i n g  o f  t h e  
c o d e  g r o u p ,  t h e  DS a nd ES a r e  s e t  t o  t h e  s t a r t  o f  t h e  d a t a  g r o u p ,  
and t h e  SS and SP r e g i s t e r s  r e m a i n  i n  t h e  CCP^s s t a c k  a r e a  a s  shown 
i n  F i g u r e  2 - 2 .

SS

SS + SP

CS IP = 0 0 0 0 H  
c o d e

DS ES

DS+0100H

Figure 2-2. CP/M-86 Small Memory Model

The m a c h in e  c o d e  b e g i n s  a t  C S +0000H, t h e  " b a s e  p a g e "  v a l u e s  b e g i n  a t  
DS+0000H, and t h e  d a t a  a r e a  s t a r t s  a t  DS+0100H . The f o l l o w i n g  ASM- 
8 6  e x a m p le  shows how t o  c o d e  a s m a l l  m odel  t r a n s i e n t  D r o g r a m .

c s e g
•

•

d s e g
( c o d e )

o r g 1 0 0 h

«

end
( d a t a )
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2.5 The Compact Memory Model

The Compact Model i s  a ssu m ed  when c o d e  and d a t a  g r o u p s  a r e
p r e s e n t ,  a l o n g  w i t h  one o r  more o f  t h e  r e m a i n i n g  s t a c k ,  e x t r a ,  o r
a u x i l i a r y  g r o u p s .  I n  t h i s  c a s e ,  t h e  CS, DS, and ES r e g i s t e r s  a r e  
s e t  t o  t h e  b a s e  a d d r e s s e s  o f  t h e i r  r e s p e c t i v e  a r e a s .  F i g u r e  2 - 3  
shows t h e  i n i t i a l  c o n f i g u r a t i o n  o f  se g m e n t  r e g i s t e r s  i n  t h e  Compact  
M o d e l .  The v a l u e s  o f  t h e  v a r i o u s  s e g m e n t  r e g i s t e r s  c a n  be 
p r o g r a m m a t i c a l l y  c h a n g e d  d u r i n g  e x e c u t i o n  by l o a d i n g  from t h e  
i n i t i a l  v a l u e s  p l a c e d  i n  b a s e  p a g e  by t h e  CCP, t h u s  a l l o w i n g  a c c e s s  
t o  t h e  e n t i r e  memory s p a c e .

I f  t h e  t r a n s i e n t  p r o g r a m  i n t e n d s  t o  u s e  t h e  s t a c k  g r o u p  a s  a 
s t a c k  a r e a ,  t h e  SS and SP r e g i s t e r s  m u st  be s e t  upon e n t r y .  The SS
and SP r e g i s t e r s  r e m a i n  i n  t h e  CCP a r e a ,  e v e n  i f  a s t a c k  g r o u p  i s
d e f i n e d .  A l t h o u g h  i t  may a p p e a r  t h a t  t h e  SS and SP r e g i s t e r s  s h o u l d  
b e  s e t  t o  a d d r e s s  t h e  s t a c k  g r o u p ,  t h e r e  a r e  two c o n t r a d i c t i o n s .  
F i r s t ,  t h e  t r a n s i e n t  p r o g r a m  may be u s i n g  t h e  s t a c k  g r o u p  a s  a d a t a  
a r e a .  I n  t h a t  c a s e ,  t h e  F a r  C a l l  i n s t r u c t i o n  u s e d  by t h e  CCP t o  
t r a n s f e r  c o n t r o l  t o  t h e  t r a n s i e n t  p r o g r a m  c o u l d  o v e r w r i t e  d a t a  i n  
t h e  s t a c k  a r e a .  S e c o n d ,  t h e  SS r e g i s t e r  would l o g i c a l l y  be s e t  t o  
t h e  b a s e  o f  t h e  g r o u p ,  w h i l e  t h e  SP w ould be s e t  t o  t h e  o f f s e t  o f  
t h e  end o f  t h e  g r o u p .  H o w ev e r ,  i f  t h e  s t a c k  g r o u p  e x c e e d s  64K t h e  
a d d r e s s  r an g e  from  t h e  b a s e  t o  t h e  end o f  t h e  g r o u p  e x c e e d s  a 1 6 - b i t  
o f f s e t  v a l u e .

The f o l l o w i n g  ASM-86 e x a m p le  shows how t o  c o d e  a c o m p a c t  model 
t r a n s i e n t  p r o g r a m .

c s e g

. ( c o d e )
d s e g
o r g  1 0 0 h
•

. ( d a t a )
e s e g  
•
. (more d a t a )
s s e g  
•
• ( s t a c k  a r e a )
end
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SS:

SS + SP:

CS: IP = 0 0 0 0 H  

c o d e

ES:

Figure 2-3 . CP/M-86 Compact Memory Model
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2.6 Base Page I n i t i a l i z a t i o n

CP/M-86 System Guide 2.6 Base Page Initialization

S i m i l a r  t o  C P / M - 8 0 ,  t h e  CP/M-86 b a s e  p a g e  c o n t a i n s  d e f a u l t  
v a l u e s  a n d  l o c a t i o n s  i n i t i a l i z e d  by t h e  CCP a nd u s e d  by t h e  
t r a n s i e n t  p r o g r a m .  The b a s e  p a q e  o c c u p i e s  t h e  r e g i o n s  from o f f s e t  
0 0 0 0 H  t h r o u g h  OOFFH r e l a t i v e  t o  t h e  DS r e q i s t e r .  The v a l u e s  i n  t h e  
b a s e  p a g e  f o r  CP/M-86 i n c l u d e  t h o s e  o f  C P /M - 8 0 ,  a n d  a p p e a r  i n  t h e  
same r e l a t i v e  o o s i t i o n s ,  a s  shown i n  F i g u r e  2 - 4 .

DS + 0 0 3 0  
• • •

DS + 005B

DS + 0 0 5 C  

DS + 0 0 8 0  

DS + 0 1 0 0

DS + 0 0 0 0 : LC0 LC1 LC 2

DS + 0 0 0 3 : BC0 BC1 M80

DS + 0 0 0 6 : LD0 LDl LD2

DS + 0 0 0 9 : BD0 BDl X X X

DS + 0 0 0 C : LEO LEI LE2

DS + 0 0 0 F : BE0 BEI X X X

DS + 0 0 1 2 : LS0 LSI LS2

DS + 0 0 1 5 : BS0 BS1 X X X

DS + 0 0 1 8 : LX0 LXl LX 2

DS + 0 0 1 B : 3X0 BXl X X X

DS + 0 0 1 E : LX0 LXl LX 2

DS + 0 0 2 1 : BX0 BXl X X X

DS + 0 0 2 4 : LX0 LXl LX2

DS + 0 0 2 7 : BX0 BXl X X X

DS + 0 0 2A: LX0 LXl LX 2

DS + 0 02 D : BX0 BXl X X X

Not
C u r r e n t l y

Used

D e f a u l t  FCB

D e f a u l t  B u f f e r

B e g i n  U s e r  D a t a

Figure 2-4 . CP/M-86 Base Page Values

All Information Presented Here is Proprietary to Digital Research
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Each b y t e  i s  i n d e x e d  by 0 ,  1 ,  and 2 ,  c o r r e s p o n d i n g  t o  t h e  s t a n d a r d  
I n t e l  s t o r a g e  c o n v e n t i o n  o f  l o w ,  m i d d l e ,  and h i g h - o r d e r  (m o st  
s i g n i f i c a n t )  b y t e ,  " x x x "  i n  F i g u r e  2 - 4  m a r k s  u n u s e d  b y t e s .  LC i s  
t h e  l a s t  co d e  g r o u p  l o c a t i o n  ( 2 4 - b i t s ,  w h e r e  t h e  4 h i g h - o r d e r  b i t s  
e q u a l  z e r o )  .

I n  t h e  8 0 8 0  M o d e l ,  t h e  low o r d e r  b y t e s  o f  LC (LCO and LC1) 
n e v e r  e x c e e d  OFFFFH and t h e  h i g h  o r d e r  b y t e  (LC2) i s  a l w a y s  z e r o .  
BC i s  ba se  p a r a g r a p h  a d d r e s s  o f  t h e  c o d e  g r o u p  ( 1 6 - b i t s )  . LD and BD 
p r o v i d e  t h e  l a s t  p o s i t i o n  and p a r a g r a p h  b a s e  o f  t h e  d a t a  g r o u p .  The 
l a s t  p o s i t i o n  i s  one b y t e  l e s s  t h a n  t h e  g r o u p  l e n g t h .  I t  s h o u l d  be 
n o t e d  t h a t  b y t e s  LDO and LDl a p p e a r  i n  t h e  same r e l a t i v e  p o s i t i o n s  
o f  t h e  b a s e  p a g e  i n  b o t h  CP/M-80 and C P / M - 8 6 ,  t h u s  e a s i n g  t h e  
program t r a n s l a t i o n  t a s k .  The M80 b y t e  i s  e q u a l  t o  1 when t h e  8 0 8 0  
Memory Model i s  i n  u s e .  LE and BE p r o v i d e  t h e  l e n g t h  and p a r a g r a p h  
b a s e  o f  t h e  o p t i o n a l  e x t r a  g r o u p ,  w h i l e  LS and BS g i v e  t h e  o p t i o n a l  
s t a c k  g r o u p  l e n g t h  and b a s e .  The b y t e s  m ark e d  LX and BX c o r r e s p o n d  
t o  a s e t  o f  f o u r  o p t i o n a l  i n d e p e n d e n t  g r o u p s  w h i c h  may be r e q u i r e d  
f o r  p r o g r a m s  w h ic h  e x e c u t e  u s i n g  t h e  Compact Memory M o d e l .  The 
i n i t i a l  v a l u e s  f o r  t h e s e  d e s c r i p t o r s  a r e  d e r i v e d  from  t h e  h e a d e r  
r e c o r d  i n  t h e  memory image f i l e ,  d e s c r i b e d  i n  t h e  f o l l o w i n g  s e c t i o n .

2.7 T ran s ien t Program Load and E x it

S i m i l a r  t o  C P / M - 8 0 ,  t h e  CCP p a r s e s  up t o  two f i l e n a m e s  
f o l l o w i n g  t h e  command and p l a c e s  t h e  p r o p e r l y  f o r m a t t e d  FC B 's  a t  
l o c a t i o n s  005CH and 006CH i n  t h e  b a s e  p a g e  r e l a t i v e  t o  t h e  DS 
r e g i s t e r .  Under C P /M -8 0 ,  t h e  d e f a u l t  DMA a d d r e s s  i s  i n i t i a l i z e d  t o  
0080H i n  t h e  b a s e  p a g e .  Due t o  t h e  s e g m e n t e d  memory o f  t h e  8 0 8 6  and 
8 0 8 8  p r o c e s s o r s ,  t h e  DMA a d d r e s s  i s  d i v i d e d  i n t o  two p a r t s :  t h e  DMA 
seg m en t  a d d r e s s  and t h e  DMA o f f s e t .  T h e r e f o r e ,  u n d e r  C P /M - 8 6 ,  t h e  
d e f a u l t  DMA b a s e  i s  i n i t i a l i z e d  t o  t h e  v a l u e  o f  DS, a nd t h e  d e f a u l t  
DMA o f f s e t  i s  i n i t i a l i z e d  t o  0 0 8 0 H .  T h u s ,  CP/M-80 and CP/M-86 
o p e r a t e  i n  t h e  same way: b o t h  a ssu m e t h e  d e f a u l t  DMA b u f f e r  
o c c u p i e s  t h e  s e c o n d  h a l f  o f  t h e  b a s e  p a g e .

The CCP t r a n s f e r s  c o n t r o l  t o  t h e  t r a n s i e n t  p r o q r a m  t h r o u g h  an 
8 0 8 6  " F a r  C a l l . "  The t r a n s i e n t  p r o g r a m  may c h o o s e  t o  u s e  t h e  9 6 - b y t e  
CCP s t a c k  and o p t i o n a l l y  r e t u r n  d i r e c t l y  t o  t h e  CCP upon p r o g r a m  
t e r m i n a t i o n  by e x e c u t i n g  a " F a r  R e t u r n . "  P r o g r a m  t e r m i n a t i o n  a l s o  
o c c u r s  when BDOS f u n c t i o n  z e r o  i s  e x e c u t e d .  N o t e  t h a t  f u n c t i o n  z e r o  
can t e r m i n a t e  a p r o g r a m  w i t h o u t  r e m o v i n g  t h e  p r o g r a m  from  memory o r  
c h a n g i n g  t h e  memory a l l o c a t i o n  s t a t e  ( s e e  S e c t i o n  4 . 2 ) . The 
o p e r a t o r  may t e r m i n a t e  p r o g r a m  e x e c u t i o n  by t y p i n g  a s i n g l e  CONTROL- 
C d u r i n g  l i n e  e d i t e d  i n p u t  w h ic h  h a s  t h e  same e f f e c t  a s  t h e  p r o g r a m  
e x e c u t i n g  BDOS f u n c t i o n  z e r o .  U n l i k e  t h e  o p e r a t i o n  o f  C P /M - 8 0 ,  no 
d i s k  r e s e t  o c c u r s  and t h e  CCP and BDOS m o d u l e s  a r e  n o t  r e l o a d e d  from 
d i s k  upon p r o g r a m  t e r m i n a t i o n .

All Information Presented Here is Proprietary to Digital Research
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Section 3
Command (CMD) File Generation

As m e n t i o n e d  p r e v i o u s l y ,  two u t i l i t y  p r o q r a m s  a r e  p r o v i d e d  w i t h  
C P / M - 8 6 ,  c a l l e d  GENCMD and LMCMD, w h i c h  a r e  u s e d  t o  p r o d u c e  CMD 
memory image f i l e s  s u i t a b l e  f o r  e x e c u t i o n  u n d e r  C P /M - 8 6 .  GENCMD 
a c c e p t s  I n t e l  8 0 8 6  " h e x "  f o r m a t  f i l e s  a s  i n p u t ,  w h i l e  LMCMD r e a d s  
I n t e l  L -m o d u le  f i l e s  o u t p u t  from t h e  s t a n d a r d  I n t e l  LOC86 O b j e c t  
Code L o c a t o r  u t i l i t y .  GENCMD i s  u s e d  t o  p r o c e s s  o u t p u t  from  t h e  
D i g i t a l  R e s e a r c h  ASM-86 a s s e m b l e r  and I n t e l ' s  OH86 u t i l i t y ,  w h i l e  
LMCMD i s  u se d  when I n t e l  c o m p a t i b l e  d e v e l o p m e n t a l  s o f t w a r e  i s  
a v a i l a b l e  f o r  g e n e r a t i o n  o f  p r o g r a m s  t a r g e t e d  f o r  CP/M-86 o p e r a t i o n .

3.1 In t e l  8086 Hex F i le  Format

GENCMD i n p u t  i s  in  I n t e l  " h e x "  f o r m a t  p r o d u c e d  by b o t h  t h e  
D i g i t a l  R e s e a r c h  ASM-86 a s s e m b l e r  and t h e  s t a n d a r d  I n t e l  OH86 
u t i l i t y  p r o g r a m  ( s e e  I n t e l  d o c u m e n t  # 9 8 0 0 6 3 9 - 0 3  e n t i t l e d  "MCS-86 
S o f t w a r e  D e v e l o p m e n t  U t i t i t i e s  O p e r a t i n g  I n s t r u c t i o n s  f o r  I S I S - I I  
U s e r s " ) .  The CMD f i l e  p r o d u c e d  by GENCMD c o n t a i n s  a h e a d e r  r e c o r d  
w h i c h  d e f i n e s  t h e  memory m odel  and memory s i z e  r e q u i r e m e n t s  f o r  
l o a d i n g  and e x e c u t i n g  t h e  CMD f i l e .

An I n t e l  " h e x "  f i l e  c o n s i s t s  o f  t h e  t r a d i t i o n a l  s e q u e n c e  o f  
ASCII r e c o r d s  i n  t h e  f o l l o w i n g  f o r m a t :

w here  t h e  b e g i n n i n g  o f  t h e  r e c o r d  i s  marked by an ASCII c o l o n ,  and 
each s u b s e q u e n t  d i g i t  p o s i t i o n  c o n t a i n s  an ASCII h e x a d e c i m a l  d i g i t  
i n  t h e  r a n g e  0 - 9  o r  A-F.  The f i e l d s  a r e  d e f i n e d  i n  T a b l e  3 - 1 .

All Information Presented Here is Proprietary to Digital Research
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Table 3 -1 . In te l Hex F ie ld  D e fin itio n s

F i e l d C o n t e n t s

1 1 R e co rd  L e n g t h  0 0 - F F  ( 0 - ■ 255 i n  d e c i m a l )

a a a a Load A d d r e s s

t t R e co rd  T y p e:
0 0  d a t a  r e c o r d ,  l o a d e d s t a r t i n g  a t  o f f s e t

d

c c

a a a a  f rom  c u r r e n t  b a s e  p a r a g r a p h
0 1  e nd o f  f i l e ,  c c  = FF
0 2  e x t e n d e d  a d d r e s s ,  a a a a  i s  p a r a g r a p h  

b a s e  f o r  s u b s e q u e n t  d a t a  r e c o r d s
0 3  s t a r t  a d d r e s s  i s  a a a a  ( i g n o r e d ,  IP s e t  

a c c o r d i n g  t o  memory m odel  i n  u s e )

The f o l l o w i n g
8 1  same a s  0 0
8 2  same a s  0 0
8 3  same a s  0 0
8 4  same a s  00
8 5  p a r a g r a p h
8 6  p a r a g r a p h
8 7  p a r a g r a p h
8 8  p a r a g r a p h

a r e  o u t p u t  from  ASM-86 o n l y :
, d a t a  b e l o n g s  t o  c o d e  s e g m e n t  
, d a t a  b e l o n g s  t o  d a t a  s e g m e n t  
, d a t a  b e l o n g s  t o  s t a c k  s e g m e n t  
, d a t a  b e l o n g s  t o  e x t r a  s e g m e n t  
a d d r e s s  f o r  a b s o l u t e  c o d e  s e g m e n t  
a d d r e s s  f o r  a b s o l u t e  d a t a  s e g m e n t  
a d d r e s s  f o r  a b s o l u t e  s t a c k  s e g m e n t  
a d d r e s s  f o r  a b s o l u t e  e x t r a  s e g m e n t

D a ta  B y t e

Check Sum ( 0 0  -  Sum o f  P r e v i o u s  D i g i t s )

A l l  c h a r a c t e r s  p r e c e d i n g  t h e  c o l o n  f o r  e a c h  r e c o r d  a r e  i g n o r e d .  
( A d d i t i o n a l  h ex  f i l e  f o r m a t  i n f o r m a t i o n  i s  i n c l u d e d  i n  t h e  ASM-86 

U s e r ' s  G u i d e ,  and i n  I n t e l ' s  d o c u m e n t  # 9 8 0 0 8 2 1 A  e n t i t l e d  "MCS-86 
A b s o l u t e  O b j e c t  F i l e  F o r m a t s . " )

3.2 Operation o f GENCMD

The GENCMD u t i l i t y  i s  i n v o k e d  a t  t h e  CCP l e v e l  by t y p i n g  

GENCMD f i l e n a m e  p a r a m e t e r - l i s t

where t h e  f i l e n a m e  c o r r e s p o n d s  t o  t h e  h e x  i n p u t  f i l e  w i t h  an a ssu m e d  
( a n d  u n s p e c i f i e d )  f i l e  t y p e  o f  H 8 6 .  GENCMD a c c e p t s  o p t i o n a l  

p a r a m e t e r s  t o  s p e c i f i c a l l y  i d e n t i f y  t h e  8 0 8 0  Memory Model  and t o  
d e s c r i b e  memory r e q u i r e m e n t s  o f  e a c h  s e g m e n t  g r o u p .  The GENCMD 
p a r a m e t e r s  a r e  l i s t e d  f o l l o w i n g  t h e  f i l e n a m e ,  a s  shown i n  t h e  
command l i n e  a b o v e  w h e r e  t h e  p a r a m e t e r - l i s t  c o n s i s t s  o f  a s e q u e n c e  
o f  k e y w o rd s  and v a l u e s  s e p a r a t e d  by commas o r  b l a n k s .  The k e y w o r d s  
a r e :

8 0 8 0  CODE DATA EXTRA STACK Xl X2 X3 X4
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The 8 0 8 0  keyword f o r c e s  a s i n g l e  c o d e  g r o u p  so  t h a t  t h e  BDOS l o a d  
f u n c t i o n  s e t s  up t h e  8 0 8 0  Memory Model f o r  e x e c u t i o n ,  t h u s  a l l o w i n g  
i n t e r m i x e d  c o d e  and d a t a  w i t h i n  a s i n g l e  s e g m e n t .  The form  o f  t h i s  
command i s

GENCMD f i l e n a m e  8 0 8 0

The r e m a i n i n g  k e y w o rd s  f o l l o w  t h e  f i l e n a m e  o r  t h e  8 0 8 0  o p t i o n  and 
d e f i n e  s p e c i f i c  memory r e q u i r e m e n t s  f o r  e a c h  s e g m e n t  g r o u p ,  
c o r r e s p o n d i n g  o n e - t o - o n e  w i t h  t h e  s e g m e n t  g r o u p s  d e f i n e d  i n  t h e  
p r e v i o u s  s e c t i o n .  I n  e a c h  c a s e ,  t h e  v a l u e s  c o r r e s p o n d i n g  t o  e a c h  
group a r e  e n c l o s e d  i n  s q u a r e  b r a c k e t s  and s e p a r a t e d  bv commas. Each 
v a l u e  i s  a h e x a d e c i m a l  number r e p r e s e n t i n g  a p a r a g r a p h  a d d r e s s  o r  
s e g m e n t  l e n g t h  i n  p a r a g r a p h  u n i t s  d e n o t e d  by h h h h ,  p r e f i x e d  by a 
s i n g l e  l e t t e r  w h ic h  d e f i n e s  t h e  m ea n in g  o f  e a c h  v a l u e :

Ahhhh Load t h e  g r o u p  a t  a b s o l u t e  l o c a t i o n  hhhh 
Bhhhh The g r o u p  s t a r t s  a t  hhhh i n  t h e  h ex f i l e  
Mhhhh The g r o u p  r e q u i r e s  a minimum o f  hhhh * 1 6  b y t e s  
Xhhhh The g r o u p  c a n  a d d r e s s  a maximum o f  hhhh * 1 6  b y t e s

G e n e r a l l y ,  t h e  CMD f i l e  h e a d e r  v a l u e s  a r e  d e r i v e d  d i r e c t l y  from  t h e  
h e x  f i l e  and t h e  p a r a m e t e r s  shown a b o v e  n eed n o t  be i n c l u d e d .  The 
f o l l o w i n g  s i t u a t i o n s ,  h o w e v e r ,  r e q u i r e  t h e  u s e  o f  GENCMD p a r a m e t e r s .

•  The 8 0 8 0  keyword i s  i n c l u d e d  w h e n e v e r  ASM-86 i s  u s e d  i n  
t h e  c o n v e r s i o n  o f  8 0 8 0  p r o g r a m s  t o  t h e  8 0 8 6 / 8 0 8 8  
e n v i r o n m e n t  when c o d e  and d a t a  a r e  i n t e r m i x e d  w i t h i n  a 
s i n g l e  64K s e g m e n t ,  r e g a r d l e s s  o f  t h e  u s e  o f  CSEG and 
DSEG d i r e c t i v e s  i n  t h e  s o u r c e  p r o q r a m .

•  An a b s o l u t e  a d d r e s s  (A v a l u e )  m u s t  be g i v e n  f o r  any g r o u p  
which m u st  be l o c a t e d  a t  an a b s o l u t e  l o c a t i o n .  N o r m a l l y ,  
t h i s  v a l u e  i s  n o t  s p e c i f i e d  s i n c e  C P / M - 8 6  c a n n o t  
g e n e r a l l y  e n s u r e  t h a t  t h e  r e q u i r e d  memory r e q i o n  i s  
a v a i l a b l e ,  i n  w h ic h  c a s e  t h e  CMD f i l e  c a n n o t  be l o a d e d .

•  T h e  B v a l u e  i s  u s e d  when GENCMD p r o c e s s e s  a hex f i l e  
p r o d u c e d  by I n t e l ' s  OH86, o r  s i m i l a r  u t i l i t y  p r o q r a m  t h a t  
c o n t a i n s  m o r e  t h a n  o n e  g r o u p .  The o u t p u t  from OH86 
c o n s i s t s  o f  a s e q u e n c e  o f  d a t a  r e c o r d s  w i t h  no 
i n f o r m a t i o n  t o  i d e n t i f y  c o d e ,  d a t a ,  e x t r a ,  s t a c k ,  o r  
a u x i l i a r y  g r o u p s .  I n  t h i s  c a s e ,  t h e  B v a l u e  m a r k s  t h e  
b e g i n n i n g  a d d r e s s  o f  t h e  g r o u p  named by t h e  k e y w o r d ,  
c a u s i n g  GENCMD t o  l o a d  d a t a  f o l l o w i n g  t h i s  a d d r e s s  t o  t h e  
named g r o u p  ( s e e  t h e  e x a m p l e s  b e l o w ) .  T h u s ,  t h e  B v a l u e  
i s  n o r m a l l y  u s e d  t o  mark t h e  b o u n d a r y  b e t w e e n  c o d e  and 
d a t a  s e g m e n t s  when no s e g m e n t  i n f o r m a t i o n  i s  i n c l u d e d  i n  
t h e  h ex f i l e .  F i l e s  p r o d u c e d  by ASM-86 do n o t  r e q u i r e  
t h e  u s e  o f  t h e  B v a l u e  s i n c e  s e g m e n t  i n f o r m a t i o n  i s  
i n c l u d e d  i n  t h e  hex f i l e .
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•  The minimum memory v a l u e  (M v a l u e )  i s  i n c l u d e d  o n l y  when 
t h e  h e x  r e c o r d s  do n o t  d e f i n e  t h e  m inimum memory 
r e q u i r e m e n t s  f o r  t h e  named g r o u p .  G e n e r a l l y ,  t h e  c o d e  
g r o u p  s i z e  i s  d e t e r m i n e d  p r e c i s e l y  by t h e  d a t a  r e c o r d s  
l o a d e d  i n t o  t h e  a r e a .  T h a t  i s ,  t h e  t o t a l  s p a c e  r e q u i r e d  
f o r  t h e  g r o u p  i s  d e f i n e d  by t h e  r a n g e  b e t w e e n  t h e  l o w e s t  
a n d  h i g h e s t  d a t a  b y t e  a d d r e s s e s .  The d a t a  g r o u p ,  
h o w e v er ,  may c o n t a i n  u n i n i t i a l i z e d  s t o r a g e  a t  t h e  end o f  
t h e  g r o u p  and t h u s  no d a t a  r e c o r d s  a r e  p r e s e n t  i n  t h e  hex 
f i l e  w h ic h  d e f i n e  t h e  h i g h e s t  r e f e r e n c e d  d a t a  i t e m .  The 
h i g h e s t  a d d r e s s  i n  t h e  d a t a  g r o u p  c a n  be d e f i n e d  w i t h i n  
t h e  s o u r c e  p r o g r a m  by i n c l u d i n g  a "DB 0 "  a s  t h e  l a s t  d a t a  
i t e m .  A l t e r n a t i v e l y ,  t h e  M v a l u e  c a n  be i n c l u d e d  t o  
a l l o c a t e  t h e  a d d i t i o n a l  s p a c e  a t  t h e  end o f  t h e  g r o u p .  
S i m i l a r l y ,  t h e  s t a c k ,  e x t r a ,  and a u x i l i a r y  g r o u p  s i z e s  
m u s t  be d e f i n e d  u s i n g  t h e  M v a l u e  u n l e s s  t h e  h i g h e s t  
a d d r e s s e s  w i t h i n  t h e  g r o u p s  a r e  i m p l i c i t l y  d e f i n e d  by 
d a t a  r e c o r d s  i n  t h e  h e x  f i l e .

•  The maximum memory s i z e ,  g i v e n  by t h e  X v a l u e ,  i s  
g e n e r a l l y  u s e d  when a d d i t i o n a l  f r e e  memory may be n e e d e d  
f o r  s u c h  p u r p o s e s  a s  I/O b u f f e r s  o r  svmbol t a b l e s .  I f  
t h e  d a t a  a r e a  s i z e  i s  f i x e d ,  t h e n  t h e  X p a r a m e t e r  n e e d  
n o t  be i n c l u d e d .  I n  t h i s  c a s e ,  t h e  X v a l u e  i s  assu m e d  t o  
b e  t h e  same a s  t h e  M v a l u e .  The v a l u e  XFFFF a l l o c a t e s  
t h e  l a r g e s t  memory r e g i o n  a v a i l a b l e  b u t ,  i f  u s e d ,  t h e  
t r a n s i e n t  p r o g r a m  m u st  be a w a re  t h a t  a t h r e e - b y t e  l e n g t h  
f i e l d  i s  p r o d u c e d  i n  t h e  b a s e  p a g e  f o r  t h i s  g r o u p  w h e re  
t h e  h i g h  o r d e r  b y t e  may be n o n - z e r o .  P r o g r a m s  c o n v e r t e d  
d i r e c t l y  from  CP/M-80 o r  p r o g r a m s  t h a t  u s e  a 2 - b y t e  
p o i n t e r  t o  a d d r e s s  b u f f e r s  s h o u l d  r e s t r i c t  t h i s  v a l u e  t o  
XFFF o r  l e s s ,  p r o d u c i n g  a maximum a l l o c a t i o n  l e n g t h  o f  
0FFF0H b y t e s .

The f o l l o w i n g  GENCMD command l i n e  t r a n s f o r m s  t h e  f i l e  X.H86  
i n t o  t h e  f i l e  X.CMD w i t h  t h e  p r o p e r  h e a d e r  r e c o r d :

gencmd x c o d e [ a 4 0 ]  d a t a [ m 3 0 , x f f f ]

I n  t h i s  c a s e ,  t h e  c o d e  g r o u p  i s  f o r c e d  t o  p a r a g r a p h  a d d r e s s  4 0H ,  o r  
e q u i v a l e n t l y ,  b y t e  a d d r e s s  4 0 0 H .  The d a t a  g r o u p  r e q u i r e s  a minimum 
o f  300H b y t e s ,  b u t  c a n  u s e  up t o  0FFF0H b y t e s ,  i f  a v a i l a b l e .
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Assuming a f i l e  Y.H86 e x i s t s  on d r i v e  B c o n t a i n i n g  I n t e l  hex  
r e c o r d s  w i t h  no i n t e r s p e r s e d  s e g m e n t  i n f o r m a t i o n ,  t h e  command

gencmd b : y  d a t a [ b 3 0 , m 2 0 ]  e x t r a [ b 5 0 ]  s t a c k [ m 4 0 ]  x l [ m 4 0 ]

p r o d u c e s  t h e  f i l e  Y.CMD on d r i v e  B by s e l e c t i n g  r e c o r d s  b e g i n n i n g  
a t  a d d r e s s  0 0 0 0 H  f o r  t h e  c o d e  s e g m e n t ,  w i t h  r e c o r d s  s t a r t i n g  a t  
300H a l l o c a t e d  t o  t h e  d a t a  s e g m e n t .  The e x t r a  s e g m e n t  i s  f i l l e d  
from  r e c o r d s  b e g i n n i n g  a t  5 0 0 H ,  w h i l e  t h e  s t a c k  and a u x i l i a r y  
s e g m e n t  # 1  a r e  u n i n i t i a l i z e d  a r e a s  r e q u i r i n g  a minimum o f  400H 
b y t e s  e a c h .  I n  t h i s  e x a m p l e ,  t h e  d a t a  a r e a  r e q u i r e s  a minimum o f  
200H b y t e s .  N o te  a g a i n ,  t h a t  t h e  B v a l u e  n e e d  n o t  be i n c l u d e d  i f  
t h e  D i g i t a l  R e s e a r c h  ASM-86 a s s e m b l e r  i s  u s e d .

3.3 O peration  o f  LMCMD

The LMCMD u t i l i t y  o p e r a t e s  i n  e x a c t l y  t h e  same m an n er  a s  
GENCMD, w i t h  t h e  e x c e p t i o n  t h a t  LMCMD a c c e p t s  an I n t e l  L -m o d u l e  
f i l e  a s  i n p u t .  The p r i m a r y  a d v a n t a g e  o f  t h e  L - m o d u l e  f o r m a t  i s  
t h a t  t h e  f i l e  c o n t a i n s  i n t e r n a l l y  c o d e d  i n f o r m a t i o n  w h i c h  d e f i n e s  
v a l u e s  w h ic h  would o t h e r w i s e  be r e q u i r e d  a s  p a r a m e t e r s  t o  GENCMD, 
such t h e  b e g i n n i n g  a d d r e s s  o f  t h e  g r o u p ' s  d a t a  s e g m e n t .  C u r r e n t l y ,  
however,  t h e  o n l y  l a n g u a g e  p r o c e s s o r s  w h ic h  u s e  t h i s  f o r m a t  a r e  t h e  
s t a n d a r d  I n t e l  d e v e l o p m e n t  p a c k a g e s ,  a l t h o u g h  v a r i o u s  i n d e p e n d e n t  
v e n d o r s  w i l l ,  m o s t  l i k e l y ,  t a k e  a d v a n t a g e  o f  t h i s  f o r m a t  i n  t h e  
f u t u r e .
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3.4 Command (CMD) F i le  Format

T h e CMD f i l e  p r o d u c e d  by GENCMD a nd LMCMD c o n s i s t s  o f  t h e  
1 2 8 - b y t e  h e a d e r  r e c o r d  f o l l o w e d  i m m e d i a t e l y  by t h e  memory i m a g e .  
Under n o r m a l  c i r c u m s t a n c e s ,  t h e  f o r m a t  o f  t h e  h e a d e r  r e c o r d  i s  o f  
n o  c o n s e q u e n c e  t o  a p r o g r a m m e r .  F o r  c o m p l e t e n e s s ,  h o w e v e r ,  t h e  
v a r i o u s  f i e l d s  o f  t h i s  r e c o r d  a r e  shown i n  F i g u r e  3 - 1 .

GD#1 GD#2 GD#3 GD#4 GD#5-GD#8.  . .

C o d e ,
Data ,

Extra ,
S tack ,

A u x i l i a r y

Figure 3 -1 . CMD F ile  Header Format

I n  F i g u r e  3 - 1 ,  GD#2 t h r o u g h  GD#8 r e p r e s e n t  " G ro u p  D e s c r i p t o r s . "  
E a c h  G r o u p  D e s c r i p t o r  c o r r e s p o n d s  t o  an i n d e p e n d e n t l y  l o a d e d  
p r o g r a m  u n i t  and h a s  t h e  f o l l o w i n g  f i e l d s :

8 - b i t 1 6 - b i t 1 6 - b i t 1 6 - b i t 1 6 - b i t

G-Form G - L e n g t h A-B ase G-Min G-Max

where G-Form d e s c r i b e s  t h e  g r o u p  f o r m a t ,  o r  h a s  t h e  v a l u e  z e r o  i f  
no more d e s c r i p t o r s  f o l l o w .  I f  G-Form i s  n o n - z e r o ,  t h e n  t h e  8 - b i t  
v a l u e  i s  p a r s e d  a s  two f i e l d s :

G-Form:
4 - b i t  4 - b i t

X  X  X  X G-Type

The G-Type f i e l d  d e t e r m i n e s  t h e  Group D e s c r i p t o r  t y p e .  The v a l i d  
Group D e s c r i p t o r s  h a v e  a G-Type i n  t h e  r a n g e  1 t h r o u g h  9 ,  a s  shown 
i n  T a b l e  3 - 2  b e l o w .
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Table 3-2. Group D escriptors

G-Type Group Type

1 Code Group
2 D a ta  Group
3 E x t r a  Group
4 S t a c k  Group
5 A u x i l i a r y  Group # 1
6 A u x i l i a r y  Group #2
7 A u x i l i a r y  Group #3
8 A u x i l i a r y  Group # 4
9 S h a r e d  Code Group

1 0  -  14 U n u s e d ,  b u t  R e s e r v e d
1 5 E s c a p e  Code f o r  A d d i t i o n a l  T y p e s

A l l  r e m a i n i n g  v a l u e s  i n  t h e  g r o u p  d e s c r i p t o r  a r e  g i v e n  i n  
i n c r e m e n t s  o f  1 6 - b y t e  p a r a g r a p h  u n i t s  w i t h  an a ssu m e d  l o w - o r d e r  0 
n i b b l e  t o  c o m p l e t e  t h e  2 0 - b i t  a d d r e s s .  G - L e n g t h  g i v e s  t h e  number 
o f  p a r a g r a p h s  i n  t h e  g r o u p .  G i v e n  a G - l e n g t h  o f  0 0 8 0 H ,  f o r  
e x a m p l e ,  t h e  s i z e  o f  t h e  g r o u p  i s  0 0 8 0 0 H  = 2 0 4 8 D  b y t e s .  A -B ase  
d e f i n e s  t h e  b a s e  p a r a g r a p h  a d d r e s s  f o r  a n o n - r e l o c a t a b l e  g r o u p  
w h i l e  G-Min and G-Max d e f i n e  t h e  minimum and maximum s i z e  o f  t h e  
memory a r e a  t o  a l l o c a t e  t o  t h e  g r o u p .  G-Type 9 m a r k s  a " p u r e "  c o d e  
g r o u p  f o r  u s e  u n d e r  MP/M-86 and f u t u r e  v e r s i o n s  o f  C P /M -86.  
P r e s e n t l y  a S h a r e d  Cede Group i s  t r e a t e d  a s  a n o n - s h a r e d  P r o g r a m  
Code Group u n d e r  C P /M -86.

The memory model  d e s c r i b e d  by a h e a d e r  r e c o r d  i s  i m p l i c i t l y  
d e t e r m i n e d  by t h e  Group D e s c r i p t o r s .  The 8 0 8 0  Memory Model i s  
a s s u m e d  when o n l y  a c o d e  g r o u p  i s  p r e s e n t ,  s i n c e  no i n d e p e n d e n t  
d a t a  group i s  named. The S m a l l  Model i s  i m p l i e d  when b o t h  a c o d e  
a n d  d a t a  g r o u p  a r e  p r e s e n t ,  b u t  no a d d i t i o n a l  g r o u p  d e s c r i p t o r s  
o c c u r .  O t h e r w i s e ,  t h e  Compact Model i s  a ssum ed when t h e  CMD f i l e  
i s  l o a d e d .
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Section 4
Basic Disk Operating System Functions

T h i s  s e c t i o n  p r e s e n t s  t h e  i n t e r f a c e  c o n v e n t i o n s  w h ic h  a l l o w  
t r a n s i e n t  p r o g r a m  a c c e s s  t o  CP/M-86 BDOS and BIOS f u n c t i o n s .  The 
BDOS c a l l s  c o r r e s p o n d  c l o s e l y  t o  CP/M-80 V e r s i o n  2 i n  o r d e r  t o  
s i m p l i f y  t r a n s l a t i o n  o f  e x i s t i n g  CP/M-80 p r o g r a m s  f o r  o p e r a t i o n  
under C P /M - 8 6 .  BDOS e n t r y  and e x i t  c o n d i t i o n s  a r e  d e s c r i b e d  f i r s t , 
f o l l o w e d  by a p r e s e n t a t i o n  o f  t h e  i n d i v i d u a l  BDOS f u n c t i o n  c a l l s .

4.1  BDOS Param eters and Function  Codes

E n t r y  t o  t h e  BDOS i s  a c c o m p l i s h e d  t h r o u g h  t h e  8 0 8 6  s o f t w a r e  
i n t e r r u p t  # 2 2 4 ,  w h i c h  i s  r e s e r v e d  by I n t e l  C o r p o r a t i o n  f o r  u s e  by 
CP /M -86 a nd MP/M-86.  The f u n c t i o n  c o d e  i s  p a s s e d  i n  r e g i s t e r  CL 
w i t h  b y t e  p a r a m e t e r s  i n  DL and word p a r a m e t e r s  i n  DX. S i n g l e  b y t e  
v a l u e s  a r e  r e t u r n e d  i n  AL, word v a l u e s  i n  b o t h  AX and BX, and d o u b l e  
word v a l u e s  i n  ES a nd BX. A l l  s e g m e n t  r e g i s t e r s ,  e x c e p t  ES, a r e  
saved upon e n t r y  and r e s t o r e d  upon e x i t  f rom  t h e  BDOS ( c o r r e s p o n d i n g  
t o  PL /M -86  c o n v e n t i o n s ) . T a b l e  4 - 1  s u m m a r i z e s  i n p u t  and o u t p u t  
p a r a m e t e r  p a s s i n g :

Table 4 -1 . BDOS Parameter Summary

BDOS E n t r y  R e g i s t e r s BDOS R e t u r n  R e g i s t e r s

CL F u n c t i o n  Code B y t e  v a l u e  r e t u r n e d  i n  AL
DL B y t e  P a r a m e t e r Word v a l u e  r e t u r n e d  i n  b o t h  AX and BX
DX Word P a r a m e t e r D o u b l e - w o r d  v a l u e  r e t u r n e d  w i t h
DS D a t a  Segm ent o f f s e t  i n  BX and

s e g m e n t  i n  ES

N o t e  t h a t  t h e  CP/M-80 BDOS r e q u i r e s  an " i n f o r m a t i o n  a d d r e s s "  a s  
i n p u t  t o  v a r i o u s  f u n c t i o n s .  T h i s  a d d r e s s  u s u a l l y  p r o v i d e s  b u f f e r  o r  
F i l e  C o n t r o l  B l o c k  i n f o r m a t i o n  u s e d  i n  t h e  s y s t e m  c a l l .  I n  C P /M - 8 6 ,  
h o w e v e r ,  t h e  i n f o r m a t i o n  a d d r e s s  i s  d e r i v e d  f rom  t h e  c u r r e n t  DS 
r e g i s t e r  c o m b in ed  w i t h  t h e  o f f s e t  g i v e n  i n  t h e  DX r e g i s t e r .  T h a t  
i s ,  t h e  DX r e g i s t e r  i n  CP/M-86 p e r f o r m s  t h e  same f u n c t i o n  a s  t h e  DE 
p a i r  i n  C P /M -8 0 ,  w i t h  t h e  a s s u m p t i o n  t h a t  DS i s  p r o p e r l y  s e t .  T h i s  
p o s e s  no p a r t i c u l a r  p r o b l e m  f o r  p r o g r a m s  w h i c h  u s e  o n l y  a s i n g l e  
d a t a  se g m e n t  ( a s  i s  t h e  c a s e  f o r  p r o g r a m s  c o n v e r t e d  f ro m  C P / M - 8 0 ) , 
b u t  when t h e  d a t a  g r o u p  e x c e e d s  a s i n g l e  s e g m e n t ,  you m u s t  e n s u r e  
t h a t  t h e  DS r e g i s t e r  i s  s e t  t o  t h e  s e g m e n t  c o n t a i n i n g  t h e  d a t a  a r e a  
r e l a t e d  t o  t h e  c a l l .  I t  s h o u l d  a l s o  be n o t e d  t h a t  z e r o  v a l u e s  a r e  
r e t u r n e d  f o r  f u n c t i o n  c a l l s  w h ic h  a r e  o u t - o f - r a n g e .
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A l i s t  o f  CP/M-86 c a l l s  i s  g i v e n  i n  T a b l e  4 - 2  w i t h  an a s t e r i s k  
f o l l o w i n g  f u n c t i o n s  w h i c h  d i f f e r  from o r  a r e  a d d e d  t o  t h e  s e t  o f  
CP/M-80 V e r s i o n  2 f u n c t i o n s .

Table 4-2 . CP/M-86 BDOS Functions

F# R e s u l t F# R e s u l t

0* S y stem  R e s e t 24 R e t u r n  L o g i n  V e c t o r
1 C o n s o l e  I n p u t 25 R e t u r n  C u r r e n t  D i s k
2 C o n s o l e  O u t p u t 26 S e t  DMA A d d r e s s
3 R e a d e r  I n p u t 2 7 * G et  A d d r ( A l l o c )
4 Punch O u t p u t 28 W r i t e  P r o t e c t  D isk
5 L i s t  O u t p u t 29 G e t  A d d r(R /O  V e c t o r )
6* D i r e c t  C o n s o l e  I/O 30 S e t  F i l e  A t t r i b u t e s
7 Get  I / O  B y t e 3 1 * G e t  A d d r ( D i s k  Parras)
8 S e t  I/O B y t e 32 S e t . / G e t  U ser  Code
9 P r i n t  S t r i n g 33 Read Random

10 Read C o n s o l e  B u f f e r 3 4 W r i t e  Random
1 1 G e t  C o n s o l e  S t a t u s 35 Compute F i l e  S i z e
12 R e t u r n  V e r s i o n  Number 36 S e t  Random R e c o r d
13 R e s e t  D isk  S y s te m 3 7 * R e s e t  d r i v e
14 S e l e c t  D i s k 40 W r i t e  Random w i t h  Z e r o  F i l l
1 5 Open F i l e 50* D i r e c t  BIOS C a l l
1 6 c l o s e  F i l e 51* S e t  DMA Se gment  B a s e
17 S e a r c h  f o r  F i r s t 52* G e t  DMA Segm ent  B a s e
1 8 S e a r c h  f o r  N e x t 5 3 * G e t  Max Memory A v a i l a b l e
1 9 D e l e t e  F i l e 5 4 * G et  Max Mem a t  Abs L o c a t i o n
20 Read S e q u e n t i a l 55* G e t  Memory R e g io n
2 1 W r i t e  S e q u e n t i a l 5 6 * G e t  A b s o l u t e  Memory R e g i o n
2 2 Make F i l e 57* F r e e  memory r e g i o n
23 Rename F i l e 5 8 *

5 9 *
F r e e  a l l  memory 
P r o g r a m  l o a d

The i n d i v i d u a l  BDOS f u n c t i o n s  a r e  d e s c r i b e d  b e lo w  i n  t h r e e  
s e c t i o n s  w h ic h  c o v e r  t h e  s i m p l e  f u n c t i o n s ,  f i l e  o p e r a t i o n s ,  and 
e x t e n d e d  o p e r a t i o n s  f o r  memory m an a g em en t  and p r o g r a m  l o a d i n g .

All Information Presented Here is Proprietary to Digital Research
24



CP/M-86 System Guide 4.2 Simple BDOS Calls

4.2 Sim ple BDOS C a l ls

The f i r s t  s e t  o f  BDOS f u n c t i o n s  c o v e r  t h e  r a n g e  0 t h r o u g h  1 2 ,  
a n d  p e r f o r m  s i m p l e  f u n c t i o n s  s ü c h  a s  s y s t e m  r e s e t  and s i n g l e  
c h a r a c t e r  I / O .

E n t r y

CL: 00H

DL: A b o r t  
Code

FUNCTION 0 

SYSTEM RESET

R e t u r n  
■ ............... >

The s y s t e m  r e s e t  f u n c t i o n  r e t u r n s  c o n t r o l  t o  t h e  CP/M o p e r a t i n g  
s y s t e m  a t  t h e  CCP command l e v e l .  The a b o r t  c o d e  i n  DL h a s  two 
p o s s i b l e  v a l u e s :  i f  DL = 00H t h e n  t h e  c u r r e n t l y  a c t i v e  p r o g r a m  i s  
t e r m i n a t e d  and c o n t r o l  i s  r e t u r n e d  t o  t h e  CCP. I f  DL i s  a 0 1 H ,  t h e  
p r o g r a m  r e m a i n s  i n  memory and t h e  memory a l l o c a t i o n  s t a t e  r e m a i n s  
u n c h a n g e d .

E n t r y  

CL: OlH
V ------  V

FUNCTION 1 

CONSOLE INPUT

R e t u r n
■" - ........  »

AL: ASCII C h a r a c t e r

The c o n s o l e  i n p u t  f u n c t i o n  r e a d s  t h e  n e x t  c h a r a c t e r  from t h e  
l o g i c a l  c o n s o l e  d e v i c e  (CONSOLE) t o  r e g i s t e r  AL. G r a p h i c  
c h a r a c t e r s ,  a l o n g  w i t h  c a r r i a g e  r e t u r n ,  l i n e  f e e d ,  a n d  b a c k s p a c e  
(CONTROL-H) a r e  e c h o e d  t o  t h e  c o n s o l e ' .  Tab c h a r a c t e r s  (CONTROL-I) 
a r e  e x p a n d e d  i n  c o lu m n s  o f  e i g h t  c h a r a c t e r s .  The BDOS d o e s  n o t  
r e t u r n  t o  t h e  c a l l i n g  p r o g r a m  u n t i l  a c h a r a c t e r  h a s  b e e n  t y p e d ,  t h u s  
s u s p e n d i n g  e x e c u t i o n  i f  a c h a r a c t e r  i s  n o t  r e a d y .

E n t r y
1 >

CL: 02H

DL: ASCII
C h a r a c t e r

FUNCTION 2 

CONSOLE OUTPUT

R e t u r n  
— — .... »

The ASCII c h a r a c t e r  from DL i s  s e n t  t o  t h e  l o g i c a l  c o n s o l e .  
Tab c h a r a c t e r s  e x p an d  i n  c o lu m n s  o f  e i g h t  c h a r a c t e r s .  I n  a d d i t i o n ,  
a c h e c k  i s  made f o r  s t a r t / s t o p  s c r o l l  (CONTROL-S).
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E n t r y
— .......— »
CL: 03H

...........................

FUNCTION 3 

s  READER INPUT

Return

AL: ASCII C h a r a c t e r

The R e a d e r  I n p u t  f u n c t i o n  r e a d s  t h e  n e x t  c h a r a c t e r  from  t h e  
l o g i c a l  r e a d e r  (READER) i n t o  r e g i s t e r  AL. C o n t r o l  d o e s  n o t  r e t u r n  
u n t i l  t h e  c h a r a c t e r  h a s  b e e n  r e a d .

E n t r y
. “ 1 >
CL: 04H

DL: ASCII
C h a r a c t e r

FUNCTION 4 

PUNCH OUTPUT

Return

The Punch O u t p u t  f u n c t i o n  s e n d s  t h e  c h a r a c t e r  from  r e g i s t e r  DL 
t o  t h e  l o g i c a l  p u n c h  d e v i c e  (PUNCH).

E n t r y

CL: 05H

DL: ASCII
C h a r a c t e r

FUNCTION 5 

LIST OUTPUT

Return

The L i s t  O u t p u t  f u n c t i o n  s e n d s  t h e  ASCII c h a r a c t e r  i n  r e g i s t e r  
DL t o  t h e  l o g i c a l  l i s t  d e v i c e  ( L I S T ) .
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E n t r y
1 »

CL: 06H

DL: OFFH ( i n p u t )  
o r

OFEH ( s t a t u s )  
o r

c h a r  ( o u t p u t )

D i r e c t  c o n s o l e  I / O  i s  s u p p o r t e d  u n d e r  CP/M-86 f o r  t h o s e  
s p e c i a l i z e d  a p p l i c a t i o n s  w h e re  u n a d o r n e d  c o n s o l e  i n p u t  and o u t p u t  i s  
r e q u i r e d .  Use o f  t h i s  f u n c t i o n  s h o u l d ,  i n  g e n e r a l ,  be a v o i d e d  s i n c e  
i t  b y p a s s e s  a l l  o f  C P / M - 8 6 ' s  n o r m a l  c o n t r o l  c h a r a c t e r  f u n c t i o n s  
( e . g . ,  CONTROL-S and CONTROL-P). P r o g r a m s  w h i c h  p e r f o r m  d i r e c t  I/O  
t h r o u g h  t h e  BIOS u n d e r  p r e v i o u s  r e l e a s e s  o f  C P /M - 8 0 ,  h o w e v e r ,  s h o u l d  
b e  c h a n g e d  t o  u s e  d i r e c t  I/O u n d e r  t h e  BDOS s o  t h a t  t h e y  c a n  be 
f u l l y  s u p p o r t e d  u n d e r  f u t u r e  r e l e a s e s  o f  MP/M and CP/M.

Upon e n t r y  t o  f u n c t i o n  6 ,  r e g i s t e r  DL e i t h e r  c o n t a i n s  ( 1 )  a 
h e x a d e c i m a l  F F ,  d e n o t i n g  a CONSOLE i n p u t  r e q u e s t ,  o r  ( 2 )  a 
h e x a d e c i m a l  FE,  d e n o t i n g  a CONSOLE s t a t u s  r e q u e s t ,  o r  ( 3 )  an ASCII 
c h a r a c t e r  t o  be o u t p u t  t o  CONSOLE w h e r e  CONSOLE i s  t h e  l o g i c a l  
c o n s o l e  d e v i c e .  I f  t h e  i n p u t  v a l u e  i s  F F ,  t h e n  f u n c t i o n  6 d i r e c t l y  
c a l l s  t h e  BIOS c o n s o l e  i n p u t  p r i m i t i v e .  The n e x t  c o n s o l e  i n p u t  
c h a r a c t e r  i s  r e t u r n e d  i n  AL. I f  t h e  i n p u t  v a l u e  i s  FE,  t h e n  f u n c t i o n  
6 r e t u r n s  AL = 0 0  i f  no c h a r a c t e r  i s  r e a d y  and AL = FF o t h e r w i s e .  
I f  t h e  i n p u t  v a l u e  i n  DL i s  n o t  FE o r  FF, t h e n  f u n c t i o n  6 a s s u m e s  
t h a t  DL c o n t a i n s  a v a l i d  ASCII c h a r a c t e r  w h ic h  i s  s e n t  t o  t h e  
c o n s o l e .

* — Sj
FUNCTION 6

\ DIRECT CONSOLE I/O

AL: c h a r  o r  s t a t u s  

(no v a l u e )

E n t r y
... »
CL: 07H FUNCTION 7 

GET I/O BYTE

R e t u r n  
—....  ■ >

AL: I/O  B y t e  V a l u e

The G et  I / O  B y t e  f u n c t i o n  r e t u r n s  t h e  c u r r e n t  v a l u e  o f  IOBYTE 
i n  r e g i s t e r  AL. The IOBYTE c o n t a i n s  t h e  c u r r e n t  a s s i g n m e n t s  f o r  t h e  
l o g i c a l  d e v i c e s  CONSOLE, READER, PUNCH, and LIST p r o v i d e d  t h e  IOBYTE 
f a c i l i t y  i s  i m p l e m e n t e d  i n  t h e  BIOS.
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Entry
... ........  — »

CL: 08H

DL: I / 0  B y t e  
V a l u e

FUNCTION 8 

SET I/O BYTE

Return
.......—— ■»

The S e t  I/O  B y t e  f u n c t i o n  c h a n g e s  t h e  s y s t e m  IOBYTE v a l u e  t o  
t h a t  g i v e n  i n  r e g i s t e r  DL. T h i s  f u n c t i o n  a l l o w s  t r a n s i e n t  p r o g r a m  
a c c e s s  t o  t h e  IOBYTE i n  o r d e r  t o  m o d i f y  t h e  c u r r e n t  a s s i g n m e n t s  f o r  
t h e  l o g i c a l  d e v i c e s  CONSOLE, READER, PUNCH, and L IS T .

E n t r y
----------- — » .

CL: 09H

DX: S t r i n g  
O f f s e t

FUNCTION 9 

PRINT STRING

Return

The P r i n t  S t r i n g  f u n c t i o n  s e n d s  t h e  c h a r a c t e r  s t r i n g  s t o r e d  i n  
memory a t  t h e  l o c a t i o n  g i v e n  by DX t o  t h e  l o g i c a l  c o n s o l e  d e v i c e  
(CONSOLE) , u n t i l  a " $ ” i s  e n c o u n t e r e d  i n  t h e  s t r i n g .  T a b s  a r e  

e x p an d e d  a s  i n  f u n c t i o n  2 ,  and c h e c k s  a r e  made f o r  s t a r t / s t o p  s c r o l l  
and p r i n t e r  e c h o .

E n t r y

CL: OAH

DX: B u f f e r  
O f f s e t

FUNCTION 1 0  

READ CONSOLE BUFFER

R e t u r n

C o n s o l e  C h a r a c t e r s  

i n  B u f f e r
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The Read B u f f e r  f u n c t i o n  r e a d s  a l i n e  o f  e d i t e d  c o n s o l e  i n o u t  i n t o  a 
b u f f e r  a d d r e s s e d  by r e g i s t e r  DX from  t h e  l o q i c a l  c o n s o l e  d e v i c e  
(CONSOLE). C o n s o l e  i n p u t  i s  t e r m i n a t e d  when e i t h e r  t h e  i n p u t  b u f f e r  
i s  f i l l e d  o r  when a r e t u r n  (CONTROL-M) o r  a l i n e  f e e d  (CONTROL-J) 
c h a r a c t e r  i s  e n t e r e d .  The i n p u t  b u f f e r  a d d r e s s e d  by DX t a k e s  t h e  
form:

DX: +0 +1 +2 +3 +4 +5 -1-6 +7 +8 . . .  -i-n

mx nc c l c 2 c 3 c 4 c 5 c 6 c 7 • • • ?9

where "mx" i s  t h e  maximum number o f  c h a r a c t e r s  w h i c h  t h e  b u f f e r  w i l l  
h o l d ,  and " n c "  i s  t h e  number o f  c h a r a c t e r s  p l a c e d  i n  t h e  b u f f e r .  
The c h a r a c t e r s  e n t e r e d  by t h e  o p e r a t o r  f o l l o w  t h e  " n c "  v a l u e .  The 
v a l u e  "mx" m ust  be s e t  D r i o r  t o  makinq a f u n c t i o n  10  c a l l  and mav 
range i n  v a l u e  from 1 t o  2 S 5 .  S e t t i n q  mx t o  z e r o  i s  e q u i v a l e n t  t o  
s e t t i n g  mx t o  o n e .  The v a l u e  " n c "  i s  r e t u r n e d  t o  t h e  u s e r  and may 
range  from 0 t o  mx. I f  nc < mx, t h e n  u n i n i t i a l i z e d  p o s i t i o n s  f o l l o w  
t h e  l a s t  c h a r a c t e r ,  d e n o t e d  by " ? ? "  i n  t h e  a b o v e  f i g u r e .  N o te  t h a t  
a t e r m i n a t i n g  r e t u r n  o r  l i n e  f e e d  c h a r a c t e r  i s  n o t  p l a c e d  in  t h e  
b u f f e r  and n o t  i n c l u d e d  i n  t h e  c o u n t  " n c " .

A number o f  e d i t i n g  c o n t r o l  f u n c t i o n s  a r e  s u p p o r t e d  d u r i n g  
c o n s o l e  i n p u t  u n d e r  f u n c t i o n  1 0 .  T h e s e  a r e  su m m a r iz e d  i n  T a b l e  4 - 3 .

Table 4-3. Line Editing Controls

K e y s t r o k e R e s u l t

r u b / d e l
CONTROL-C
CONTROL-E
CONTROL-H
CONTROL-J
CONTROL-M
CONTROL-R
CONTROL-U
CONTROL-X

rem o v e s  and e c h o e s  t h e  l a s t  c h a r a c t e r  
r e b o o t s  when a t  t h e  b e g i n n i n g  o f  l i n e  
c a u s e s  p h y s i c a l  end o f  l i n e  
b a c k s p a c e s  one c h a r a c t e r  p o s i t i o n  
( l i n e  f e e d )  t e r m i n a t e s  i n p u t  l i n e  
( r e t u r n )  t e r m i n a t e s  i n p u t  l i n e  
r e t y p e s  t h e  c u r r e n t  l i n e  a f t e r  new l i n e  
rem o v es  c u r r e n t  l i n e  a f t e r  new l i n e  
b a c k s p a c e s  t o  b e g i n n i n g  o f  c u r r e n t  l i n e

C e r t a i n  f u n c t i o n s  w h ic h  r e t u r n  t h e  c a r r i a g e  t o  t h e  l e f t m o s t  p o s i t i o n  
( e . g . ,  CONTROL-X) do so  o n l y  t o  t h e  c olum n p o s i t i o n  w h e r e  t h e  p r o m p t  
e n d e d .  T h i s  c o n v e n t i o n  m a k e s  o p e r a t o r  d a t a  i n D u t  and l i n e  
c o r r e c t i o n  more l e g i b l e .
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E n t r y  

CL: OBH
----  \

FUNCTION 11

GET CONSOLE STATUS

Return
' »

AL: Console Status

The C o n s o l e  S t a t u s  f u n c t i o n  c h e c k s  t o  s e e  i f  a c h a r a c t e r  h a s  
been t y p e d  a t  t h e  t o p i c a l  c o n s o l e  d e v i c e  (CONSOLE). I f  a c h a r a c t e r  
i s  re a d y ,  t h e  v a l u e  01H i s  r e t u r n e d  i n  r e g i s t e r  AL. O t h e r w i s e  a 00H 
v a l u e  i s  r e t u r n e d .

E n t r y  

CL: OCH FUNCTION 1 2  

RETURN VERSION NUMBER

R e t u r n
—■  1 ►
BX: V e r s i o n  Number

F u n c t i o n  1 2  p r o v i d e s  i n f o r m a t i o n  w h i c h  a l l o w s  v e r s i o n  
i n d e p e n d e n t  p r o g r a m m i n g .  A t w o - b v t e  v a l u e  i s  r e t u r n e d ,  w i t h  BH = 0 0  
d e s i g n a t i n g  t h e  CP/M r e l e a s e  (BF = 0 1  f o r  MP/M) , and BL = 0 0  f o r  a l l  
r e l e a s e s  p r e v i o u s  t o  2 . 0 .  CP/M 2 . 0  r e t u r n s  a h e x a d e c i m a l  20  i n  
r e g i s t e r  BL, w i t h  s u b s e q u e n t  v e r s i o n  2 r e l e a s e s  i n  t h e  h e x a d e c i m a l  
range 2 1 ,  2 2 ,  t h r o u g h  2 F .  To p r o v i d e  v e r s i o n  number c o m p a t i b i l i t y ,  
t h e  i n i t i a l  r e l e a s e  o f  CP/M-86 r e t u r n s  a 2 . 2 .

4.3 BDOS F i le  O p eration s

F u n c t i o n s  1 2  t h r o u g h  52  a r e  r e l a t e d  t o  d i s k  f i l e  o p e r a t i o n s  
u n d e r  C P /M -8 6 .  I n  many o f  t h e s e  o p e r a t i o n s ,  DX p r o v i d e s  t h e  DS- 
r e l a t i v e  o f f s e t  t o  a f i l e  c o n t r o l  b l o c k  (FCB) . The F i l e  C o n t r o l  
B l o c k  (FCB) d a t a  a r e a  c o n s i s t s  o f  a s e q u e n c e  o f  33  b y t e s  f o r  
s e q u e n t i a l  a c c e s s ,  o r  a s e q u e n c e  o f  36  b y t e s  i n  t h e  c a s e  t h a t  t h e  
f i l e  i s  a c c e s s e d  r a n d o m l y .  The d e f a u l t  f i l e  c o n t r o l  b l o c k  n o r m a l l y  
l o c a t e d  a t  o f f s e t  005CH fro m  t h e  DS r e g i s t e r  c a n  be u s e d  f o r  random 
a c c e s s  f i l e s ,  s i n c e  b y t e s  007UH, 007 E H ,  and 007FH a r e  a v a i l a b l e  f o r  
t h i s  p u r p o s e .  H ere  i s  t h e  FCB f o r m a t ,  f o l l o w e d  by d e f i n i t i o n s  o f  
e a c h  o f  i t s  f i e l d s :
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d r f l f  2 /  / rt) 00 t l t 2 t 3 ex s i s 2 r c d0 /  / dn c r r 0 r l r  2

0 0  0 1  0 2  . . .  0 8  0 9  10 1 1  12  13  14  1 5  16  . . .  3 1  3 2  33  34  35

where

d r  d r i v e  c o d e  (0 -  1 6 )
0 => u s e  d e f a u l t  d r i v e  f o r  f i l e
1 => a u t o  d i s k  s e l e c t  d r i v e  A,
2 => a u t o  d i s k  s e l e c t  d r i v e  B,
• • •

16=> a u t o  d i s k  s e l e c t  d r i v e  P .

f l . . . f 8  c o n t a i n  t h e  f i l e  name i n  ASCII 
u p p e r  c a s e ,  w i t h  h i g h  b i t  = 0

t l , t 2 , t 3  c o n t a i n  t h e  f i l e  t y p e  i n  ASCII 
u p p e r  c a s e ,  w i t h  h i g h  b i t  = 0 
t l " ,  t 2 ' ,  and t3'  d e n o t e  t h e  h i g h  
b i t  o f  t h e s e  p o s i t i o n s ,  
t l '  = 1 => R e a d / O n ly  f i l e ,  
t 2 '  = 1 => SYS f i l e ,  no DIR l i s t

ex

si
s 2

r c

c o n t a i n s  t h e  c u r r e n t  e x t e n t  n u m b e r ,  
n o r m a l l y  s e t  t o  0 0  by t h e  u s e r ,  b u t  
i n  r a n g e  0 - 3 1  d u r i n g  f i l e  I/O

r e s e r v e d  f o r  i n t e r n a l  s y s t e m  u s e

r e s e r v e d  f o r  i n t e r n a l  s y s t e m  u s e ,  s e t  
t o  z e r o  on c a l l  t o  OPEN, MAKE, SEARCH

r e c o r d  c o u n t  f o r  e x t e n t  " e x , ” 
t a k e s  on v a l u e s  from 0 -  1 2 8

d 0 . . . d n  f i l l e d - i n  by CP/M, r e s e r v e d  f o r  
s y s t e m  u s e

c r  c u r r e n t  r e c o r d  t o  r e a d  o r  w r i t e  i n
a s e q u e n t i a l  f i l e  o p e r a t i o n ,  n o r m a l l y  
s e t  t o  z e r o  by u s e r

r 0 , r l , r 2  o p t i o n a l  random r e c o r d  number i n  t h e  
r a n g e  0 - 6 5 5 3 5 ,  w i t h  o v e r f l o w  t o  r 2 ,  
r 0 , r l  c o n s t i t u t e  a 1 6 - b i t  v a l u e  w i t h  
low b y t e  rO, a n d  h i g h  b y t e  r l

F o r  u s e r s  o f  e a r l i e r  v e r s i o n s  o f  CP/M, i t  s h o u l d  be n o t e d  i n  
p a s s i n g  t h a t  b o t h  CP/M V e r s i o n  2 and CP/M-86 p e r f o r m  d i r e c t o r y  
o p e r a t i o n s  i n  a r e s e r v e d  a r e a  o f  memory t h a t  d o e s  n o t  a f f e c t  w r i t e  
b u f f e r  c o n t e n t ,  e x c e p t  i n  t h e  c a s e  o f  S e a r c h  and S e a r c h  N e x t  w h e re  
t h e  d i r e c t o r y  r e c o r d  i s  c o p i e d  t o  t h e  c u r r e n t  DMA a d d r e s s .
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There a r e  t h r e e  e r r o r  s i t u a t i o n s  t h a t  t h e  BDOS may e n c o u n t e r  d u r i n q  
f i l e  p r o c e s s i n g ,  i n i t i a t e d  a s  a r e s u l t  o f  a BDOS F i l e  I/O  f u n c t i o n  
c a l l .  When o ne  o f  t h e s e  c o n d i t i o n s  i s  d e t e c t e d ,  t h e  BDOS i s s u e s  t h e  
f o l l o w i n g  m e s s a g e  t o  t h e  c o n s o l e :

BDOS ERR ON x: e r r o r

w here  x. i s  t h e  d r i v e  name o f  t h e  d r i v e  s e l e c t e d  when t h e  e r r o r  
c o n d i t i o n  i s  d e t e c t e d ,  and " e r r o r "  i s  one o f  t h e  t h r e e  m e s s a g e s :

BAD SECTOR SELECT R/0

T h e s e  e r r o r  s i t u a t i o n s  a r e  t r a p p e d  by t h e  BDOS, and t h u s  t h e  
e x e c u t i n g  t r a n s i e n t  p r o g r a m  i s  t e m p o r a r i l y  h a l t e d  when t h e  e r r o r  i s  
d e t e c t e d .  No i n d i c a t i o n  o f  t h e  e r r o r  s i t u a t i o n  i s  r e t u r n e d  t o  t h e  
t r a n s i e n t  p r o g r a m .

The "BAD SECTOR" e r r o r  i s  i s s u e d  a s  t h e  r e s u l t  o f  an e r r o r  
c o n d i t i o n  r e t u r n e d  t o  t h e  BDOS fro m  t h e  BIOS m o d u l e .  The BDOS makes 
BIOS s e c t o r  r e a d  and w r i t e  commands a s  p a r t  o f  t h e  e x e c u t i o n  o f  BDOS 
f i l e  r e l a t e d  s y s t e m  c a l l s .  I f  t h e  BIOS r e a d  o r  w r i t e  r o u t i n e
d e t e c t s  a h a r d w a r e  e r r o r ,  i t  r e t u r n s  an e r r o r  c o d e  t o  t h e  BDOS 
r e s u l t i n g  i n  t h i s  e r r o r  m e s s a g e .  The o p e r a t o r  may r e s p o n d  t o  t h i s  
e r r o r  i n  two ways:  a CONTROL-C t e r m i n a t e s  t h e  e x e c u t i n g  p r o g r a m ,  
w h i l e  a RETURN i n s t r u c t s  CP/M-86 t o  i g n o r e  t h e  e r r o r  and a l l o w  t h e  
p r o g r a m  t o  c o n t i n u e  e x e c u t i o n .

The "SELECT" e r r o r  i s  a l s o  i s s u e d  a s  t h e  r e s u l t  o f  an e r r o r  
c o n d i t i o n  r e t u r n e d  t o  t h e  BDOS fro m  t h e  BIOS m o d u l e .  The BDOS makes 
a BIOS d i s k  s e l e c t  c a l l  p r i o r  t o  i s s u i n g  a ny BIOS r e a d  o r  w r i t e  t o  a 
p a r t i c u l a r  d r i v e .  I f  t h e  s e l e c t e d  d r i v e  i s  n o t  s u p p o r t e d  i n  t h e  
BIOS m o d u l e ,  i t  r e t u r n s  an e r r o r  c o d e  t o  t h e  BDOS r e s u l t i n g  i n  t h i s  
e r r o r  m e s s a g e .  CP/M-86 t e r m i n a t e s  t h e  c u r r e n t l y  r u n n i n g  p r o g r a m  and 
r e t u r n s  t o  t h e  command l e v e l  o f  t h e  CCP f o l l o w i n g  a ny i n p u t  from t h e  
c o n s o l e .  -v ■

The " R / 0 "  m e s s a g e  o c c u r s  when t h e  BDOS r e c e i v e s  a command t o  
w r i t e  t o  a d r i v e  t h a t  i s  i n  r e a d - o n l y  s t a t u s .  D r i v e s  may be p l a c e d  
i n  r e a d - o n l y  s t a t u s  e x p l i c i t l y  a s  t h e  r e s u l t  o f  a STAT command o r  
BDOS f u n c t i o n  c a l l ,  o r  i m p l i c i t l y  i f  t h e  BDOS d e t e c t s  t h a t  d i s k  
m e d i a  h a s  b e e n  c h a n g e d  w i t h o u t  p e r f o r m i n g  a "warm s t a r t . "  The 
a b i l i t y  t o  d e t e c t  c h a n g e d  m e d i a  i s  o p t i o n a l l y  i n c l u d e d  i n  t h e  BIOS, 
and e x i s t s  o n l y  i f  a ch ec k su m  v e c t o r  i s  i n c l u d e d  f o r  t h e  s e l e c t e d  
d r i v e .  Upon e n t r y  o f  any c h a r a c t e r  a t  t h e  k e y b o a r d ,  t h e  t r a n s i e n t  
p r o g r a m  i s  a b o r t e d ,  and c o n t r o l  r e t u r n s  t o  t h e  CCP.
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E n t r y  

CL: ODH
l\  N

FUNCTION 1 3  

RESET DISK SYSTEM
______________ I

Return 
...— »

The R e s e t  D is k  F u n c t i o n  i s  u s e d  t o  p r o g r a m m a t i c a l l y  r e s t o r e  t h e  
f i l e  s y s t e m  t o  a r e s e t  s t a t e  w h e re  a l l  d i s k s  a r e  s e t  t o  r e a d / w r i t e  
( s e e  f u n c t i o n s  28  and 2 9 )  , o n l y  d i s k  d r i v e  A i s  s e l e c t e d .  T h i s  
f u n c t i o n  c a n  be u s e d ,  f o r  e x a m p l e ,  by an a p p l i c a t i o n  p r o g r a m  w h i c h  
r e q u i r e s  d i s k  c h a n g e s  d u r i n g  o p e r a t i o n .  F u n c t i o n  3 7  ( R e s e t  D r i v e )  
c a n  a l s o  be u s e d  f o r  t h i s  p u r p o s e .

E n t r y
' »

CL: OEH

DL: S e l e c t e d  
D i s k

FUNCTION 1 4  

SELECT DISK

Return

The S e l e c t  D isk  f u n c t i o n  d e s i g n a t e s  t h e  d i s k  d r i v e  named i n  
r e g i s t e r  DL a s  t h e  d e f a u l t  d i s k  f o r  s u b s e q u e n t  f i l e  o p e r a t i o n s ,  w i t h  
DL = 0 f o r  d r i v e  A, 1 f o r  d r i v e  B, and s o - f o r t h  t h r o u g h  1 5  
c o r r e s p o n d i n g  t o  d r i v e  P i n  a f u l l  s i x t e e n  d r i v e  s y s t e m .  I n  
a d d i t i o n ,  t h e  d e s i g n a t e d  d r i v e  i s  l o g g e d - i n  i f  i t  i s  c u r r e n t l y  i n  
t h e  r e s e t  s t a t e .  L o g g i n g - i n  a d r i v e  p l a c e s  i t  i n  " o n - l i n e "  s t a t u s  
w h i c h  a c t i v a t e s  t h e  d r i v e ' s  d i r e c t o r y  u n t i l  t h e  n e x t  c o l d  s t a r t ,  
warm s t a r t ,  d i s k  s y s t e m  r e s e t ,  o r  d r i v e  r e s e t  o p e r a t i o n .  FCB's  
which s p e c i f y  d r i v e  code  z e r o  ( d r  = 00H) a u t o m a t i c a l l y  r e f e r e n c e  t h e  
c u r r e n t l y  s e l e c t e d  d e f a u l t  d r i v e .  D r i v e  c o d e  v a l u e s  b e t w e e n  1 and 
1 6 ,  h o w e v e r ,  i g n o r e  t h e  s e l e c t e d  d e f a u l t  d r i v e  and d i r e c t l y  
r e f e r e n c e  d r i v e s  A t h r o u g h  P.

E n t r y
-  ....  »
CL: OFH

DX: FCB
O f f s e t

FUNCTION 1 5  

OPEN FILE

R e t u r n

AL: R e t u r n  Code

The Open F i l e  o p e r a t i o n  i s  u s e d  t o  a c t i v a t e  a FCB s p e c i f y i n g  a 
f i l e  which c u r r e n t l y  e x i s t s  i n  t h e  d i s k  d i r e c t o r y  f o r  t h e  c u r r e n t l y  
a c t i v e  u s e r  n u m b e r .  The BDOS s c a n s  t h e  d i s k  d i r e c t o r y  o f  t h e  d r i v e  
s p e c i f i e d  by b y t e  0 o f  t h e  FCB r e f e r e n c e d  by DX f o r  a m a tc h  i n  
p o s i t i o n s  1 t h r o u g h  1 2  o f  t h e  r e f e r e n c e d  FCB, w h e r e  an ASCII 
q u e s t i o n  mark (3FH) m a t c h e s  any d i r e c t o r y  c h a r a c t e r  i n  any o f  t h e s e  
p o s i t i o n s .  N o r m a l l y ,  no q u e s t i o n  m a r k s  a r e  i n c l u d e d  a n d ,  f u r t h e r ,  
b y t e  " e x "  o f  t h e  FCB i s  s e t  t o  z e r o  b e f o r e  m aking t h e  o p e n  c a l l .
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I f  a d i r e c t o r y  e l e m e n t  i s  m a t c h e d ,  t h e  r e l e v a n t  d i r e c t o r y  
i n f o r m a t i o n  i s  c o p i e d  i n t o  b y t e s  dO t h r o u g h  dn o f  t h e  FCB, t h u s  
a l l o w i n g  a c c e s s  t o  t h e  f i l e s  t h r o u g h  s u b s e q u e n t  r e a d  and w r i t e  
o p e r a t i o n s .  N o te  t h a t  an e x i s t i n g  f i l e  m u st  n o t  be a c c e s s e d  u n t i l  a 
s u c c e s s f u l  o p e n  o p e r a t i o n  i s  c o m p l e t e d .  F u r t h e r ,  an FCB n o t  
a c t i v a t e d  by e i t h e r  an o p e n  o r  make f u n c t i o n  m ust  n o t  be u s e d  i n  
BDOS r e a d  o r  w r i t e  commands.  Upon r e t u r n ,  t h e  o p e n  f u n c t i o n  r e t u r n s  
a " d i r e c t o r y  c o d e "  w i t h  t h e  v a l u e  0 t h r o u g h  3 i f  t h e  o p e n  was 
s u c c e s s f u l ,  o r  OFFH ( 2 5 5  d e c i m a l )  i f  t h e  f i l e  c a n n o t  be f o u n d .  I f  
q u e s t i o n  m a r k s  o c c u r  i n  t h e  FCB t h e n  t h e  f i r s t  m a t c h i n g  FCB i s  
a c t i v a t e d .  N o te  t h a t  t h e  c u r r e n t  r e c o r d  ( " c r " )  m u s t  be z e r o e d  by 
t h e  p r o g r a m  i f  t h e  f i l e  i s  t o  be a c c e s s e d  s e q u e n t i a l l y  from  t h e  
f i r s t  r e c o r d .

E n t r y
■ ' » 
CL: 10H

DX: FCB
O f f s e t

FUNCTION 1 6  

CLOSE FILE

R e t u r n
...■■»»

AL: R e t u r n  Code

The C l o s e  F i l e  f u n c t i o n  p e r f o r m s  t h e  i n v e r s e  o f  t h e  o p e n  f i l e  
f u n c t i o n .  G i v e n  t h a t  t h e  FCB a d d r e s s e d  by DX h a s  b e e n  p r e v i o u s l v  
a c t i v a t e d  t h r o u g h  an o p e n  o r  make f u n c t i o n  ( s e e  f u n c t i o n s  1 5  and 
2 2 )  , t h e  c l o s e  f u n c t i o n  p e r m a n e n t l y  r e c o r d s  t h e  new FCB i n  t h e  
r e f e r e n c e d  d i s k  d i r e c t o r y .  The FCB m a t c h i n g  p r o c e s s  f o r  t h e  c l o s e  
i s  i d e n t i c a l  t o  t h e  o p e n  f u n c t i o n .  The d i r e c t o r y  c o d e  r e t u r n e d  f o r  
a s u c c e s s f u l  c l o s e  o p e r a t i o n  i s  0 ,  1 ,  2 ,  o r  3 ,  w h i l e  a OFFH ( 2 5 5  
d e c i m a l )  i s  r e t u r n e d  i f  t h e  f i l e  name c a n n o t  be f o u n d  i n  t h e  
d i r e c t o r y .  A f i l e  n e ed  n o t  be c l o s e d  i f  o n l y  r e a d  o p e r a t i o n s  h a v e  
t a k e n  p l a c e .  I f  w r i t e  o p e r a t i o n s  h a v e  o c c u r r e d ,  h o w e v e r ,  t h e  c l o s e  
o p e r a t i o n  i s  n e c e s s a r y  t o  p e r m a n e n t l y  r e c o r d  t h e  new d i r e c t o r v  
i n f o r m a t i o n .
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E n t r y  
—.......  »
CL: 11H

DX: FCB
O f f s e t

---------------------------
FUNCTION 1 7  

SEARCH FOR FIRST

R e t u r n
■ ' »

AL: D i r e c t o r y  
Code

S e a r c h  F i r s t  s c a n s  t h e  d i r e c t o r y  f o r  a m a t c h  w i t h  t h e  f i l e  
g i v e n  by t h e  FCB a d d r e s s e d  by DX. The v a l u e  2 5 5  ( h e x a d e c i m a l  FF) i s  
r e t u r n e d  i f  t h e  f i l e  i s  n o t  f o u n d ,  o t h e r w i s e  0 ,  1 ,  2 ,  o r  3 i s  
r e t u r n e d  i n d i c a t i n g  t h e  f i l e  i s  p r e s e n t .  I n  t h e  c a s e  t h a t  t h e  f i l e  
i s  f o u n d ,  t h e  b u f f e r  a t  t h e  c u r r e n t  DMA a d d r e s s  i s  f i l l e d  w i t h  t h e  
r e c o r d  c o n t a i n i n g  t h e  d i r e c t o r y  e n t r y ,  and i t s  r e l a t i v e  s t a r t i n g  
p o s i t i o n  i s  AL * 3 2  ( i . e . ,  r o t a t e  t h e  AL r e g i s t e r  l e f t  5 b i t s ) .  
A l t h o u g h  n o t  n o r m a l l y  r e q u i r e d  f o r  a p p l i c a t i o n  p r o g r a m s ,  t h e  
d i r e c t o r y  i n f o r m a t i o n  c a n  be e x t r a c t e d  from t h e  b u f f e r  a t  t h i s  
p o s i t i o n .

An ASCII  q u e s t i o n  mark ( 6 3  d e c i m a l ,  3F h e x a d e c i m a l )  i n  any 
p o s i t i o n  from " f l "  t h r o u g h  " e x "  m a t c h e s  t h e  c o r r e s p o n d i n g  f i e l d  o f  
any d i r e c t o r y  e n t r y  on t h e  d e f a u l t  o r  a u t o - s e l e c t e d  d i s k  d r i v e .  I f  
t h e  " d r "  f i e l d  c o n t a i n s  an ASCII q u e s t i o n  m a r k ,  t h e n  t h e  a u t o  d i s k  
s e l e c t  f u n c t i o n  i s  d i s a b l e d ,  t h e  d e f a u l t  d i s k  i s  s e a r c h e d ,  w i t h  t h e  
s e a r c h  f u n c t i o n  r e t u r n i n g  any m a t c h e d  e n t r y ,  a l l o c a t e d  o r  f r e e ,  
b e l o n g i n g  t o  any u s e r  n u m b e r .  T h i s  l a t t e r  f u n c t i o n  i s  n o t  n o r m a l l y  
u s e d  by a p p l i c a t i o n  p r o g r a m s ,  b u t  d o e s  a l l o w  c o m p l e t e  f l e x i b i l i t y  t o  
s c a n  a l l  c u r r e n t  d i r e c t o r y  v a l u e s .  I f  t h e  " d r "  f i e l d  i s  n o t  a 
q u e s t i o n  m a r k ,  t h e  " s 2 "  b y t e  i s  a u t o m a t i c a l l y  z e r o e d .

E n t r y
1 ------------------------------V

CL: 12H FUNCTION 1 8

SEARCH FOR NEXT
\

R e t u r n
...... —̂

AL: D i r e c t o r y  
Code

The S e a r c h  N e x t  f u n c t i o n  i s  s i m i l a r  t o  t h e  S e a r c h  F i r s t  
f u n c t i o n ,  e x c e p t  t h a t  t h e  d i r e c t o r y  s c a n  c o n t i n u e s  f rom  t h e  l a s t  
m a t c h e d  e n t r y .  S i m i l a r  t o  f u n c t i o n  1 7 ,  f u n c t i o n  18  r e t u r n s  t h e  
d e cim a l  v a l u e  2 5 5  i n  A when no more d i r e c t o r y  i t e m s  m a t c h .  I n  t e r m s  
o f  e x e c u t i o n  s e q u e n c e ,  a f u n c t i o n  1 8  c a l l  m u s t  f o l l o w  e i t h e r  a 
f u n c t i o n  1 7  o r  f u n c t i o n  1 8  c a l l  w i t h  no o t h e r  i n t e r v e n i n g  BDOS d i s k  
r e l a t e d  f u n c t i o n  c a l l s .
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E n t r y -------------------------------------

CL: 13H FUNCTION 1 9

DX: FCB
A f  4- k DELETE FILE

R e t u r n
- ' - ■' »
AL: R e t u r n  Code

T h e  D e l e t e  F i l e  f u n c t i o n  rem o v e s  f i l e s  w h ic h  m a t c h  t h e  FCB 
a d d r e s s e d  by DX. The f i l e n a m e  and t y p e  may c o n t a i n  a m b i g u o u s  
r e f e r e n c e s  ( i . e . ,  q u e s t i o n  m a r k s  i n  v a r i o u s  p o s i t i o n s ) ,  b u t  t h e  
d r i v e  s e l e c t  c o d e  c a n n o t  be a m b i g u o u s ,  a s  i n  t h e  S e a r c h  and S e a r c h  
N e x t  f u n c t i o n s .  F u n c t i o n  1 9  r e t u r n s  a OFFH ( d e c i m a l  2 5 5 )  i f  t h e  
r e f e r e n c e d  f i l e  o r  f i l e s  c a n n o t  be f o u n d ,  o t h e r w i s e  a v a l u e  o f  z e r o  
i s  r e t u r n e d .

E n t r y

CL: 14H

DX: FCB
O f f s e t

FUNCTION 20  

READ SEQUENTIAL

R e t u r n
... ' »
AL: R e t u r n  Code

G iven t h a t  t h e  FCB a d d r e s s e d  by DX h a s  b e e n  a c t i v a t e d  t h r o u g h  
an  open o r  make f u n c t i o n  (n u m b e r s  1 5  and 2 2 ) , t h e  Read S e q u e n t i a l  
f u n c t i o n  r e a d s  t h e  n e x t  1 2 8  b y t e  r e c o r d  from  t h e  f i l e  i n t o  memory a t  
t h e  c u r r e n t  DMA a d d r e s s .  The r e c o r d  i s  r e a d  from p o s i t i o n  " c r "  o f  
t h e  e x t e n t ,  a nd  t h e  " c r "  f i e l d  i s  a u t o m a t i c a l l y  i n c r e m e n t e d  t o  t h e  
n e x t  r e c o r d  p o s i t i o n .  I f  t h e  " c r "  f i e l d  o v e r f l o w s  t h e n  t h e  n e x t  
l o g i c a l  e x t e n t  i s  a u t o m a t i c a l l y  o p e n e d  and t h e  " c r "  f i e l d  i s  r e s e t  
t o  z e r o  i n  p r e p a r a t i o n  f o r  t h e  n e x t  r e a d  o p e r a t i o n .  The " c r "  f i e l d  
m u s t  be  s e t  t o  z e r o  f o l l o w i n g  t h e  o p e n  c a l l  by t h e  u s e r  i f  t h e  
i n t e n t  i s  t o  r e a d  s e q u e n t i a l l y  from  t h e  b e g i n n i n g  o f  t h e  f i l e .  The 
v a l u e  00H i s  r e t u r n e d  i n  t h e  AL r e g i s t e r  i f  t h e  r e a d  o p e r a t i o n  was 
s u c c e s s f u l ,  w h i l e  a v a l u e  o f  01H i s  r e t u r n e d  i f  no d a t a  e x i s t s  a t  
t h e  n e x t  r e c o r d  p o s i t i o n  o f  t h e  f i l e .  N o r m a l l y ,  t h e  no d a t a  
s i t u a t i o n  i s  e n c o u n t e r e d  a t  t h e  end o f  a f i l e .  H o w ev e r ,  i t  c a n  a l s o  
occur  i f  an a t t e m p t  i s  made t o  r e a d  a d a t a  b l o c k  w h i c h  h a s  n o t  b e e n  
p r e v i o u s l y  w r i t t e n ,  o r  an e x t e n t  w h ic h  h a s  n o t  b e e n  c r e a t e d .  T h e s e  
s i t u a t i o n s  a r e  u s u a l l y  r e s t r i c t e d  t o  f i l e s  c r e a t e d  o r  a p p e n d e d  by 
u s e  o f  t h e  BDOS W r i t e  Random commmand ( f u n c t i o n  3 4 ) .
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E n t r y

CL: 15H

DX: FCB
O f f s e t

FUNCTION 2 1  

WRITE SEQUENTIAL

Return
■■ >

AL: Return Code

Given t h a t  t h e  FCB a d d r e s s e d  by DX h a s  b e e n  a c t i v a t e d  t h r o u g h  
an open o r  make f u n c t i o n  (n u m b e r s  1 5  and 2 2 ) , t h e  W r i t e  S e q u e n t i a l  
f u n c t i o n  w r i t e s  t h e  1 2 8  b y t e  d a t a  r e c o r d  a t  t h e  c u r r e n t  DMA a d d r e s s  
t o  th e  f i l e  named by t h e  FCB. The r e c o r d  i s  p l a c e d  a t  p o s i t i o n  " c r "  
o f  t h e  f i l e ,  a nd  t h e  " c r "  f i e l d  i s  a u t o m a t i c a l l y  i n c r e m e n t e d  t o  t h e  
n e x t  r e c o r d  p o s i t i o n .  I f  t h e  " c r "  f i e l d  o v e r f l o w s  t h e n  t h e  n e x t  
l o g i c a l  e x t e n t  i s  a u t o m a t i c a l l y  o p e n e d  and t h e  " c r "  f i e l d  i s  r e s e t  
t o  z e r o  i n  p r e p a r a t i o n  f o r  t h e  n e x t  w r i t e  o p e r a t i o n .  W r i t e  
o p e r a t i o n s  c a n  t a k e  p l a c e  i n t o  an e x i s t i n g  f i l e ,  i n  w h ic h  c a s e  n ew ly  
w r i t t e n  r e c o r d s  o v e r l a y  t h o s e  w h ic h  a l r e a d y  e x i s t  i n  t h e  f i l e .  The 
" c r "  f i e l d  m u st  be s e t  t o  z e r o  f o l l o w i n g  an o p e n  o r  make c a l l  by t h e  
u s e r  i f  t h e  i n t e n t  i s  t o  w r i t e  s e q u e n t i a l l y  from  t h e  b e g i n n i n g  o f  
t h e  f i l e .  R e g i s t e r  AL = 00H upon r e t u r n  from a s u c c e s s f u l  w r i t e  
o p e r a t i o n ,  w h i l e  a n o n - z e r o  v a l u e  i n d i c a t e s  an u n s u c c e s s f u l  w r i t e  
due t o  one o f  t h e  f o l l o w i n g  c o n d i t i o n s :

0 1  No a v a i l a b l e  d i r e c t o r y  s p a c e  -  T h i s  c o n d i t i o n  o c c u r s  when 
t h e  w r i t e  command a t t e m p t s  t o  c r e a t e  a new e x t e n t  t h a t  
r e q u i r e s  a new d i r e c t o r y  e n t r y  and no a v a i l a b l e  d i r e c t o r y  
e n t r i e s  e x i s t  on t h e  s e l e c t e d  d i s k  d r i v e .

0 2  No a v a i l a b l e  d a t a  b l o c k  -  T h i s  c o n d i t i o n  i s  e n c o u n t e r e d  
when t h e  w r i t e  command a t t e m p t s  t o  a l l o c a t e  a new d a t a  
block t o  t h e  f i l e  and no u n a l l o c a t e d  d a t a  b l o c k s  e x i s t  on 
t h e  s e l e c t e d  d i s k  d r i v e .

E n t r y

CL: 16H

DX: FCB
O f f s e t

FUNCTION 2 2  

MAKE FILE

R e t u r n

AL: R e t u r n  Code

The Make F i l e  o p e r a t i o n  i s  s i m i l a r  t o  t h e  o p e n  f i l e  o p e r a t i o n  
e x c e p t  t h a t  t h e  FCB m u s t  name a f i l e  w h i c h  d o e s  n o t  e x i s t  i n  t h e  
c u r r e n t l y  r e f e r e n c e d  d i s k  d i r e c t o r y  ( i . e . ,  t h e  o ne  named e x p l i c i t l y  
by a n o n - z e r o  " d r "  c o d e ,  o r  t h e  d e f a u l t  d i s k  i f  " d r "  i s  z e r o ) . The 
BDOS c r e a t e s  t h e  f i l e  and i n i t i a l i z e s  b o t h  t h e  d i r e c t o r y  and m ain  
memory v a l u e  t o  an empty f i l e .  The p ro g r a m m e r  m u st  e n s u r e  t h a t  no 
d u p l i c a t e  f i l e  names o c c u r ,  and a p r e c e d i n g  d e l e t e  o p e r a t i o n  i s  
s u f f i c i e n t  i f  t h e r e  i s  a ny p o s s i b i l i t y  o f  d u p l i c a t i o n .  Upon r e t u r n ,  
r e g i s t e r  A = 0 ,  1 ,  2 ,  o r  3 i f  t h e  o p e r a t i o n  was s u c c e s s f u l  and OFFH 
( 2 5 5  d e c i m a l )  i f  no more d i r e c t o r y  s p a c e  i s  a v a i l a b l e .  The make 
f u n c t i o n  h a s  t h e  s i d e - e f f e c t  o f  a c t i v a t i n g  t h e  FCB and t h u s  a 
s u b s e q u e n t  o pen i s  n o t  n e c e s s a r y .
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E n t r y

CL: 17H

DX: FCB
O f f s e t

The Rename f u n c t i o n  u s e s  t h e  FCB a d d r e s s e d  by DX t o  c h a n g e  a l l  
d i r e c t o r y  e n t r i e s  o f  t h e  f i l e  s p e c i f i e d  by t h e  f i l e  name i n  t h e  
f i r s t  16 b y t e s  o f  t h e  FCB t o  t h e  f i l e  name i n  t h e  s e c o n d  1 6  b y t e s .  
I t  i s  t h e  u s e r ' s  r e s p o n s i b i l i t y  t o  i n s u r e  t h a t  t h e  f i l e  names 
s p e c i f i e d  a r e  v a l i d  CP/M u n a m b i g u o u s  f i l e  n a m e s .  The d r i v e  c o d e  
" d r "  a t  p o s i t i o n  0 i s  u se d  t o  s e l e c t  t h e  d r i v e ,  w h i l e  t h e  d r i v e  c o d e  
f o r  t h e  new f i l e  name a t  p o s i t i o n  1 6  o f  t h e  FCB i s  i g n o r e d ,  u p o n  
r e t u r n ,  r e g i s t e r  AL i s  s e t  t o  a v a l u e  o f  z e r o  i f  t h e  renam e was 
s u c c e s s f u l ,  and OFFH ( 2 5 5  d e c i m a l )  i f  t h e  f i r s t  f i l e  name c o u l d  n o t  
be  f o u n d  i n  t h e  d i r e c t o r y  s c a n .

FUNCTION 2 3  

RENAME FILE

AL: R e t u r n  Code

E n t r y
—— »
CL: 18H

BX: L o g i n  
V e c t o r

\
FUNCTION 2 4

RETURN LOGIN
VECTOR

R e t u r n
—...■■■■ ................»
BX: L o g i n  V e c t o r

The l o g i n  v e c t o r  v a l u e  r e t u r n e d  by CP/M-86 i s  a 1 6 - b i t  v a l u e  i n  
BX, w h e r e  t h e  l e a s t  s i g n i f i c a n t  b i t  c o r r e s p o n d s  t o  t h e  f i r s t  d r i v e  
A, a n d  t h e  h i g h  o r d e r  b i t  c o r r e s p o n d s  t o  t h e  s i x t e e n t h  d r i v e ,  
l a b e l l e d  P .  A " 0 "  b i t  i n d i c a t e s  t h a t  t h e  d r i v e  i s  n o t  o n - l i n e ,  
w h i l e  a " 1 "  b i t  m a r k s  an d r i v e  t h a t  i s  a c t i v e l y  o n - l i n e  d u e  t o  an 
e x p l i c i t  d i s k  d r i v e  s e l e c t i o n ,  o r  an i m p l i c i t  d r i v e  s e l e c t  c a u s e d  by 
a f i l e  o p e r a t i o n  w h ic h  s p e c i f i e d  a n o n - z e r o  " d r "  f i e l d .

E n t r y  

CL: 19H
r  \

FUNCTION 25

RETURN CURRENT
DISK

R e t u r n  
" >

AL: Current Disk

F u n c t i o n  2 5  r e t u r n s  t h e  c u r r e n t l y  s e l e c t e d  d e f a u l t  d i s k  number 
i n  r e g i s t e r  AL. T h e  d i s k  n u m b e r s  r a n g e  from  0 t h r o u g h  15  
c o r r e s p o n d i n g  t o  d r i v e s  A t h r o u g h  P.
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E n t r y
\ 1

CL: 1AH FUNCTION 26

DX: DMA SET DMA
O f f s e t ADDRESS

Return

"DMA” i s  an acro n y m  f o r  D i r e c t  Memory A d d r e s s ,  w h i c h  i s  o f t e n  
used i n  c o n n e c t i o n  w i t h  d i s k  c o n t r o l l e r s  w h ic h  d i r e c t l y  a c c e s s  t h e  
memory o f  t h e  m a i n f r a m e  c o m p u t e r  t o  t r a n s f e r  d a t a  t o  and from  t h e  
d i s k  s u b s y s t e m .  A l t h o u g h  many c o m p u t e r  s y s t e m s  u s e  non-DMA a c c e s s  
( i . e . ,  t h e  d a t a  i s  t r a n s f e r e d  t h r o u g h  program m ed I/O  o p e r a t i o n s ) ,  
t h e  DMA a d d r e s s  h a s ,  i n  CP/M, come t o  mean t h e  a d d r e s s  a t  w h i c h  t h e  
1 2 8  b y t e  d a t a  r e c o r d  r e s i d e s  b e f o r e  a d i s k  w r i t e  and a f t e r  a d i s k  
r e a d .  I n  t h e  CP/M-86 e n v i r o n m e n t ,  t h e  S e t  DMA f u n c t i o n  i s  u s e d  t o  
s p e c i f y  t h e  o f f s e t  o f  t h e  r e a d  o r  w r i t e  b u f f e r  from  t h e  c u r r e n t  DMA 
b a s e .  T h e r e f o r e ,  t o  s o e c i f y  t h e  DMA a d d r e s s ,  b o t h  a f u n c t i o n  2 6  
c a l l  and a f u n c t i o n  5 1  c a l l  a r e  r e q u i r e d .  T h u s ,  t h e  DMA a d d r e s s  
becomes t h e  v a l u e  s p e c i f i e d  by DX p l u s  t h e  DMA b a s e  v a l u e  u n t i l  i t  
i s  c h an g e d  by a s u b s e q u e n t  S e t  DMA o r  s e t  DMA b a s e  f u n c t i o n .

E n t r y  

CL: 1BH
\ _________________ s.

FUNCTION 2 7  

GET ADDR(ALLOC)

R e t u r n  
.....................»

BX: ALLOC O f f s e t  

ES: Segm ent  b a s e

An " a l l o c a t i o n  v e c t o r "  i s  m a i n t a i n e d  i n  m ain  memory f o r  e a c h  
o n - l i n e  d i s k  d r i v e .  V a r i o u s  s y s t e m  p r o q r a m s  u s e  t h e  i n f o r m a t i o n  
p r o v i d e d  by t h e  a l l o c a t i o n  v e c t o r  t o  d e t e r m i n e  t h e  amount  o f  
r e m a i n i n g  s t o r a g e  ( s e e  t h e  STAT p r o g r a m ) . F u n c t i o n  2 7  r e t u r n s  t h e  
segment b a s e  and t h e  o f f s e t  a d d r e s s  o f  t h e  a l l o c a t i o n  v e c t o r  f o r  t h e  
c u r r e n t l y  s e l e c t e d  d i s k  d r i v e .  The a l l o c a t i o n  i n f o r m a t i o n  may, . 
ho wever ,  be i n v a l i d  i f  t h e  s e l e c t e d  d i s k  h a s  b e e n  m ark ed  r e a d / o n l y .

E n t r y  

CL: ICH

R e t u r n
— s.

FUNCTION 2 8

\
WRITE PROTECT DISK

T h e d i s k  w r i t e  p r o t e c t  f u n c t i o n  p r o v i d e s  t e m p o r a r y  w r i t e  
p r o t e c t i o n  f o r  t h e  c u r r e n t l y  s e l e c t e d  d i s k .  Any a t t e m p t  t o  w r i t e  t o  
t h e  d i s k ,  b e f o r e  t h e  n e x t  c o l d  s t a r t ,  warm s t a r t ,  d i s k  s y s t e m  r e s e t ,  
o r  d r i v e  r e s e t  o p e r a t i o n  p r o d u c e s  t h e  m e s s a g e :

Bdos E r r  on d:  R /0
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E n t r y  
■ »
CL: IDH

X
FUNCTION 2 9

GET READ/ONLY
VECTOR

R e t u r n

BX: R/O V e c t o r  V a l u e

F u n c t io n  2 9  r e t u r n s  a b i t  v e c t o r  i n  r e g i s t e r  BX w h ic h  i n d i c a t e s  
d r i v e s  w h ic h  h a v e  t h e  t e m p o r a r y  r e a d / o n l y  b i t  s e t .  S i m i l a r  t o  
f u n c t i o n  2 4 ,  t h e  l e a s t  s i g n i f i c a n t  b i t  c o r r e s p o n d s  t o  d r i v e  A, w h i l e  
t h e  most s i g n i f i c a n t  b i t  c o r r e s p o n d s  t o  d r i v e  P .  The R / 0  b i t  i s  s e t  
e i t h e r  by an e x p l i c i t  c a l l  t o  f u n c t i o n  2 8 ,  o r  by t h e  a u t o m a t i c  
s o f t w a r e  m e c h a n i s m s  w i t h i n  CP/M-86 w h ic h  d e t e c t  c h a n g e d  d i s k s .

E n t r y  R e t u r n

CL: 1EH

DX: FCB
O f f s e t

T h e  S e t  F i l e  A t t r i b u t e s  f u n c t i o n  a l l o w s  p r o g r a m m a t i c  
m a n i p u l a t i o n  o f  p e r m a n e n t  i n d i c a t o r s  a t t a c h e d  t o  f i l e s .  Tn 
p a r t i c u l a r ,  t h e  R / 0 ,  S y s t e m  and A r c h i v e  a t t r i b u t e s  ( t l " ,  t 2 ' , and  
t 3 ' )  can be s e t  o r  r e s e t .  The DX p a i r  a d d r e s s e s  a FCB c o n t a i n i n g  a 
f i l e  name w i t h  t h e  a p p r o p r i a t e  a t t r i b u t e s  s e t  o r  r e s e t .  I t  i s  t h e  
u s e r ^ s  r e s p o n s i b i l i t y  t o  i n s u r e  t h a t  an a m b i g u o u s  f i l e  name i s  n o t  
s p e c i f i e d .  F u n c t i o n  30  s e a r c h e s  t h e  d e f a u l t  d i s k  d r i v e  d i r e c t o r y  
a r e a  f o r  d i r e c t o r y  e n t r i e s  t h a t  b e l o n g  t o  t h e  c u r r e n t  u s e r  number 
a nd t h a t  m a tc h  t h e  FCB s p e c i f i e d  name and t y p e  f i e l d s .  A l l  m a t c h i n g  
d i r e c t o r y  e n t r i e s  a r e  u p d a t e d  t o  c o n t a i n  t h e  s e l e c t e d  i n d i c a t o r s .  
I n d i c a t o r s  f 1 '  t h r o u g h  f 4 "  a r e  n o t  p r e s e n t l y  u s e d ,  b u t  may be u s e f u l  
f o r  a p p l i c a t i o n s  p r o g r a m s ,  s i n c e  t h e y  a r e  n o t  i n v o l v e d  i n  t h e  
m atch in g  p r o c e s s  d u r i n g  f i l e  o pen and c l o s e  o p e r a t i o n s .  I n d i c a t o r s  
f 5 > t h r o u g h  f 8 "  a r e  r e s e r v e d  f o r  f u t u r e  s y s t e m  e x p a n s i o n .  The 
c u r r e n t l y  a s s i g n e d  a t t r i b u t e s  a r e  d e f i n e d  a s  f o l l o w s :

t l " :  The R /0  a t t r i b u t e  i n d i c a t e s  i f  s e t  t h a t  t h e  f i l e
i s  in  r e a d / o n l y  s t a t u s .  BDOS w i l l  n o t  a l l o w  w r i t e  
commands t o  be i s s u e d  t o  f i l e s  i n  R / 0  s t a t u s .

t2"*: The S y s t e m  a t t r i b u t e  i s  r e f e r e n c e d  by t h e  CP/M DIR
u t i l i t y .  I f  s e t ,  DIR w i l l  n o t  d i s p l a y  t h e  f i l e  i n  
a d i r e c t o r y  d i s p l a y .

FUNCTION 30 AL: R e t u r n  Code

SET FILE 
ATTRIBUTES
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tS"’ : The A r c h i v e  a t t r i b u t e  i s  r e s e r v e d  b u t  n o t  a c t u a l l y
used by CP/M-86 I f  s e t  i t  i n d i c a t e s  t h a t  t h e  f i l e  
h a s  b e e n  w r i t t e n  t o  b a c k  uo s t o r a q e  bv a u s e r  
w r i t t e n  a r c h i v e  p r o g r a m .  To i m p l e m e n t  t h i s  
f a c . i l i t v ,  t h e  a r c h i v e  p r o g r a m  s e t s  t h i s  a t t r i b u t e  
when i t  c o p i e s  a f i l e  t o  b a ck  uo s t o r a g e ;  anv 
p r o g r a m s  u p d a t i n q  o r  c r e a t i n q  f i l e s  r e s e t  t h i s  
a t t r i b u t e .  F u r t h e r ,  t h e  a r c h i v e  p r o q r a m  b a c k s  up 
o n l y  t h o s e  f i l e s  t h a t  h a v e  t h e  A r c h i v e  a t t r i b u t e  
r e s e t .  T h u s ,  an a u t o m a t i c  b ack uo f a c i l i t v  
r e s t r i c t e d  t o  m o d i f i e d  f i l e s  c a n  b e  e a s i l y  
i m p l e m e n t e d .

F u n c t i o n  30  r e t u r n s  w i t h  r e q i s t e r  AL s e t  t o  OFFH ( 2 5 5  d e c i m a l )  
i f  t h e  r e f e r e n c e d  f i l e  c a n n o t  be f o u n d ,  o t h e r w i s e  a v a l u e  o f  z e r o  i s  
r e t u r n e d .

E n t r v
■ ........  »

CL: 1FH
*1

FUNCTION 3 1

GET
(DISK

ADDR 
PARMS)

R e t u r n  
.........  »

RX: DPR O f f s e t  

ES: Segm ent  R a se

The o f f s e t  and t h e  s e g m e n t  b a s e  o f  t h e  RIOS r e s i d e n t  d i s k  
p a r a m e t e r  b l o c k  o f  t h e  c u r r e n t l y  s e l e c t e d  d r i v e  a r e  r e t u r n e d  in  BX 
and ES as  a r e s u l t  o f  t h i s  f u n c t i o n  c a l l .  T h i s  c o n t r o l  b l o c k  c a n  be 
u se d  f o r  e i t h e r  o f  two p u r p o s e s .  F i r s t ,  t h e  d i s k  o a r a m e t e r  v a l u e s  
c a n  be  e x t r a c t e d  f o r  d i s p l a y  and s p a c e  c o m p u t a t i o n  p u r p o s e s ,  o r  
t r a n s i e n t  p r o g r a m s  c a n  d y n a m i c a l l y  c h a n g e  t h e  v a l u e s  o f  c u r r e n t  d i s k  
p a r a m e t e r s  when t h e  d i s k  e n v i r o n m e n t  c h a n g e s ,  i f  r e q u i r e d .  
N o r m a l l y ,  a p p l i c a t i o n  p r o g r a m s  w i l l  n o t  r e q u i r e  t h i s  f a c i l i t y .  
S e c t i o n  6 . 3  d e f i n e s  t h e  BIOS d i s k  o a r a m e t e r  b T o c k .

E n t r v

CL: 20H

DL: O F FH (g et)  
o r

U s e r  Code 
( s e t )

-------------------------------------

FUNCTION 3 2

SET/GET
USER CODE

R e t u r n

AL: C u r r e n t  Code 
o r  no v a l u e

An a p p l i c a t i o n  p r o g r a m  c a n  c h a n g e  o r  i n t e r r o g a t e  t h e  c u r r e n t l y  
a c t i v e  u s e r  number by c a l l i n g  f u n c t i o n  3 2 .  I f  r e g i s t e r  DL = OFFH, 
t h e n  t h e  v a l u e  o f  t h e  c u r r e n t  u s e r  number i s  r e t u r n e d  i n  r e g i s t e r  
AL, where t h e  v a l u e  i s  in  t h e  r a n g e  0 t o  1 5 .  IF r e g i s t e r  DL i s  n o t  
OFFH, t h e n  t h e  c u r r e n t  u s e r  number i s  c h a n g e d  t o  t h e  v a l u e  o f  DL 
(mod ulo 1 6 )  .
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Entry

CL: 21H

DX: FCB
O f f s e t

FUNCTION 33  

1READ RANDOM

Return

AL: Return Code

The Read Random f u n c t i o n  i s  s i m i l a r  t o  t h e  s e q u e n t i a l  f i l e  r e a d  
o p e r a t i o n  o f  p r e v i o u s  r e l e a s e s ,  e x c e p t  t h a t  t h e  r e a d  o p e r a t i o n  t a k e s  
p i a c e  a t  a p a r t i c u l a r  r e c o r d  n u m b e r ,  s e l e c t e d  by t h e  2 4 - b i t  v a l u e  
c o n s t r u c t e d  from t h e  t h r e e  b y t e  f i e l d  f o l l o w i n g  t h e  FCB ( b y t e  
p o s i t i o n s  rO a t  3 3 ,  r l  a t  3 4 ,  and r 2  a t  3 5 ) .  N o te  t h a t  t h e  s e q u e n c e  
o f  24  b i t s  i s  s t o r e d  w i t h  l e a s t  s i g n i f i c a n t  b y t e  f i r s t  (rO) , m i d d l e  
b y t e  n e x t  ( r l ) , and h i g h  b y t e  l a s t  ( r 2 ) . CP/M d o e s  n o t  r e f e r e n c e  
b y t e  r 2 ,  e x c e p t  i n  c o m p u t i n g  t h e  s i z e  o f  a f i l e  ( f u n c t i o n  3 5 )  . B y t e  
r 2  m ust  be z e r o ,  h o w e v e r ,  s i n c e  a n o n - z e r o  v a l u e  i n d i c a t e s  o v e r f l o w  
p a s t  t h e  end o f  f i l e .

T h u s ,  t h e  r O , r l  b y t e  p a i r  i s  t r e a t e d  a s  a d o u b l e - b y t e ,  o r  
"word" v a l u e ,  w h ic h  c o n t a i n s  t h e  r e c o r d  t o  r e a d .  T h i s  v a l u e  r a n g e s  
f rom  0 t o  6 5 5 3 5 ,  p r o v i d i n g  a c c e s s  t o  a n y  p a r t i c u l a r  r e c o r d  o f  any 
s i z e  f i l e .  I n  o r d e r  t o  a c c e s s  a f i l e  u s i n g  t h e  Read Random 
f u n c t i o n ,  t h e  b a s e  e x t e n t  ( e x t e n t  0)  m u s t  f i r s t  be o p e n e d .  A l t h o u g h  
t h e  b a s e  e x t e n t  may o r  may n o t  c o n t a i n  any a l l o c a t e d  d a t a ,  t h i s  
e n s u r e s  t h a t  t h e  FCB i s  p r o p e r l y  i n i t i a l i z e d  f o r  s u b s e q u e n t  random 
a c c e s s  o p e r a t i o n s .  The s e l e c t e d  r e c o r d  number i s  t h e n  s t o r e d  i n t o  
t h e  random r e c o r d  f i e l d  ( r 0 , r l ) ,  and t h e  BDOS i s  c a l l e d  t o  r e a d  t h e  
r e c o r d .  Upon r e t u r n  from  t h e  c a l l ,  r e g i s t e r  AL e i t h e r  c o n t a i n s  an 
e r r o r  c o d e ,  a s  l i s t e d  b e l o w ,  o r  t h e  v a l u e  0 0  i n d i c a t i n g  t h e  
o p e r a t i o n  was s u c c e s s f u l .  I n  t h e  l a t t e r  c a s e ,  t h e  b u f f e r  a t  t h e  
c u r r e n t  DMA a d d r e s s  c o n t a i n s  t h e  r a n d o m l y  a c c e s s e d  r e c o r d .  N o t e  
t h a t  c o n t r a r y  t o  t h e  s e q u e n t i a l  r e a d  o p e r a t i o n ,  t h e  r e c o r d  number i s  
n o t  a d v a n c e d .  T h u s ,  s u b s e q u e n t  random r e a d  o p e r a t i o n s  c o n t i n u e  t o  
r e a d  t h e  same r e c o r d .

Upon e a c h  random r e a d  o p e r a t i o n ,  t h e  l o g i c a l  e x t e n t  and c u r r e n t  
r e c o r d  v a l u e s  a r e  a u t o m a t i c a l l y  s e t .  T h u s ,  t h e  f i l e  c a n  be 
s e q u e n t i a l l y  r e a d  o r  w r i t t e n ,  s t a r t i n g  f rom  t h e  c u r r e n t  r a n d o m l y  
a c c e s s e d  p o s i t i o n .  N o t e ,  h o w e v e r ,  t h a t  i n  t h i s  c a s e ,  t h e  l a s t  
ran d o m ly  r e a d  r e c o r d  w i l l  be  r e - r e a d  a s  you s w i t c h  from random mode 
t o  s e q u e n t i a l  r e a d ,  and t h e  l a s t  record:  w i l l  be r e - w r i t t e n  a s  you 
s w i t c h  t o  a s e q u e n t i a l  w r i t e  o p e r a t i o n .  You c a n ,  o f  c o u r s e ,  s i m p l y  
a d v a n c e  t h e  random r e c o r d  p o s i t i o n  f o l l o w i n g  e a c h  random r e a d  o r  
w r i t e  t o  o b t a i n  t h e  e f f e c t  o f  a s e q u e n t i a l  I /O  o p e r a t i o n .
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E r r o r  c o d e s  r e t u r n e d  i n  r e g i s t e r  AL f o l l o w i n g  a random r e a d  a r e  
l i s t e d  i n  T a b l e  4 - 4 ,  b e l o w .

Table 4-4. Function 33 (Read Random) Error Codes

Code Meaning

0 1  R e a d i n g  u n w r i t t e n  d a t a  -  T h i s  e r r o r  c o d e  i s  r e t u r n e d  
when a random r e a d  o p e r a t i o n  a c c e s s e s  a d a t a  b l o c k  w h i c h  
h a s  n o t  b e en  p r e v i o u s l y  w r i t t e n .

0 2  ( n o t  r e t u r n e d  by t h e  Random Read command)

0 3  C a n n o t  c l o s e  c u r r e n t  e x t e n t  -  T h i s  e r r o r  c o d e  i s  
r e t u r n e d  when BDOS c a n n o t  c l o s e  t h e  c u r r e n t  e x t e n t  p r i o r  
t o  m o v i n g  t o  t h e  new e x t e n t  c o n t a i n i n g  t h e  r e c o r d  
s p e c i f i e d  by b y t e s  r 0 , r l  o f  t h e  FCB. T h i s  e r r o r  c a n  be 
c a u s e d  by an o v e r w r i t t e n  FCB o r  a r e a d  random o p e r a t i o n  
on an FCB t h a t  h a s  n o t  b e e n  o p e n e d .

0 4  Seek t o  u n w r i t t e n  e x t e n t  -  T h i s  e r r o r  c o d e  i s  r e t u r n e d  
when a random r e a d  o p e r a t i o n  a c c e s s e s  an e x t e n t  t h a t  h a s  
n o t  been c r e a t e d .  T h i s  e r r o r  s i t u a t i o n  i s  e q u i v a l e n t  t o  
e r r o r  0 1 .

0 5  ( n o t  r e t u r n e d  by t h e  Random Read command)

0 6  Random r e c o r d  number o u t  o f  r a n g e  -  T h i s  e r r o r  c o d e  i s  
r e t u r n e d  w h e n e v e r  b y t e  r 2  o f  t h e  FCB i s  n o n - z e r o .

N o rm ally ,  n o n - z e r o  r e t u r n  c o d e s  c a n  be t r e a t e d  a s  m i s s i n g  d a t a ,  w i t h  
z e r o  r e t u r n  c o d e s  i n d i c a t i n g  o p e r a t i o n  c o m p l e t e .

All Information Presented Here is Proprietary to Digital Research
43



CP/M-86 System Guide 4.3 BDOS File Operations

E n t r y

CL: 22H

DX: FCB
O f f s e t

FUNCTION 3 4  

WRITE RANDOM

R e t u r n

AL: R e t u r n  Code

T h e W r i t e  Random o p e r a t i o n  i s  i n i t i a t e d  s i m i l a r  t o  t h e  Read 
Random c a l l ,  e x c e p t  t h a t  d a t a  i s  w r i t t e n  t o  t h e  d i s k  f ro m  t h e  
c u r r e n t  DMA a d d r e s s .  F u r t h e r ,  i f  t h e  d i s k  e x t e n t  o r  d a t a  b l o c k  
w hich  i s  t h e  t a r g e t  o f  t h e  w r i t e  h a s  n o t  y e t  b e e n  a l l o c a t e d ,  t h e  
a l l o c a t i o n  i s  p e r f o r m e d  b e f o r e  t h e  w r i t e  o p e r a t i o n  c o n t i n u e s .  As i n  
t h e  Read Random o p e r a t i o n ,  t h e  random r e c o r d  number i s  n o t  c h a n g e d  
a s  a r e s u l t  o f  t h e  w r i t e .  The l o g i c a l  e x t e n t  number and c u r r e n t  
r e c o r d  p o s i t i o n s  o f  t h e  f i l e  c o n t r o l  b l o c k  a r e  s e t  t o  c o r r e s p o n d  t o  
t h e  random r e c o r d  w h i c h  i s  b e i n g  w r i t t e n .  S e q u e n t i a l  r e a d  o r  w r i t e  
o p e r a t i o n s  c a n  commence f o l l o w i n g  a random w r i t e ,  w i t h  t h e  n o t e  t h a t  
t h e  c u r r e n t l y  a d d r e s s e d  r e c o r d  i s  e i t h e r  r e a d  o r  r e w r i t t e n  a g a i n  a s  
t h e  s e q u e n t i a l  o p e r a t i o n  b e g i n s .  You c a n  a l s o  s i m p l y  a d v a n c e  t h e  
random r e c o r d  p o s i t i o n  f o l l o w i n g  e a c h  w r i t e  t o  g e t  t h e  e f f e c t  o f  a 
s e q u e n t i a l  w r i t e  o p e r a t i o n .  I n  p a r t i c u l a r ,  r e a d i n g  o r  w r i t i n g  t h e  
l a s t  r e c o r d  o f  an e x t e n t  i n  random mode d o e s  n o t  c a u s e  an a u t o m a t i c  
e x t e n t  s w i t c h  a s  i t  d o e s  i n  s e q u e n t i a l  mode.

I n  o r d e r  t o  a c c e s s  a f i l e  u s i n g  t h e  W r i t e  Random f u n c t i o n ,  t h e  
b a se  e x t e n t  ( e x t e n t  0 )  m u s t  f i r s t  be o p e n e d .  As i n  t h e  Read Random 
f u n c t i o n ,  t h i s  e n s u r e s  t h a t  t h e  FCB i s  p r o p e r l y  i n i t i a l i z e d  f o r  
s u b s e q u e n t  random a c c e s s  o p e r a t i o n s .  I f  t h e  f i l e  i s  e m p t y ,  a Make 
F i l e  f u n c t i o n  m ust  be i s s u e d  f o r  t h e  b a s e  e x t e n t .  A l t h o u g h  t h e  b a s e  
e x t e n t  may o r  may n o t  c o n t a i n  any a l l o c a t e d  d a t a ,  t h i s  e n s u r e s  t h a t  
t h e  f i l e  i s  p r o p e r l y  r e c o r d e d  i n  t h e  d i r e c t o r y ,  and i s  v i s i b l e  i n  
DIR r e q u e s t s .

Upon r e t u r n  from  a W r i t e  Random c a l l  , r e g i s t e r  AL e i t h e r  
c o n t a i n s  an e r r o r  c o d e ,  a s  l i s t e d  i n  T a b l e  4 - 5  b e l o w ,  o r  t h e  v a l u e  
0 0  i n d i c a t i n g  t h e  o p e r a t i o n  was s u c c e s s f u l .

Table 4-5 . Function 34 (WRITE RANDOM) Error Codes

Code Meaning

0 1  ( n o t  r e t u r n e d  by t h e  Random W r i t e  command)

0 2  No a v a i l a b l e  d a t a  b l o c k  -  T h i s  c o n d i t i o n  i s  e n c o u n t e r e d  
when t h e  W r i t e  Randötn command a t t e m p t s  t o  a l l o c a t e  a new 
d a t a  b l o c k  t o  t h e  f i l e  and no u n a l l o c a t e d  d a t a  b l o c k s  
e x i s t  on t h e  s e l e c t e d  d i s k  d r i v e .
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T a b l e  4 - 5 .  ( c o n t i n u e d )

Code Meaning

0 3  C a n n o t  c l o s e  c u r r e n t  e x t e n t  -  T h i s  e r r o r  c o d e  i s  
r e t u r n e d  when BDOS c a n n o t  c l o s e  t h e  c u r r e n t  e x t e n t  p r i o r  
t o  m o v i n g  t o  t h e  new e x t e n t  c o n t a i n i n g  t h e  r e c o r d  
s p e c i f i e d  by b y t e s  r 0 , r l  o f  t h e  FCB. T h i s  e r r o r  c a n  be 
caused by an o v e r w r i t t e n  FCB o r  a w r i t e  random o p e r a t i o n  
on an FCB t h a t  h a s  n o t  b e en  o p e n e d .

0 4  ( n o t  r e t u r n e d  by t h e  Random W r i t e  command)

0 5  No a v a i l a b l e  d i r e c t o r y  s p a c e  -  T h i s  c o n d i t i o n  o c c u r s  
when t h e  w r i t e  command a t t e m p t s  t o  c r e a t e  a new e x t e n t  
t h a t  r e q u i r e s  a new d i r e c t o r y  e n t r y  and no a v a i l a b l e  
d i r e c t o r y  e n t r i e s  e x i s t  on t h e  s e l e c t e d  d i s k  d r i v e .

0 6  Random r e c o r d  number o u t  o f  r a n g e  -  T h i s  e r r o r  c o d e  i s  
r e t u r n e d  w h e n e v e r  b y t e  r 2  o f  t h e  FCB i s  n o n - z e r o .

E n t r y

CL:
---------------

23H
r-  -------- \

FUNCTION 35

DX: FCB COMPUTE FILE
O f f s e t 's SIZE

R e t u r n  
— »
Random R e c o r d  

F i e l d  S e t

When c o m p u t i n g  t h e  s i z e  o f  a f i l e ,  t h e  DX r e g i s t e r  a d d r e s s e s  an 
FCB i n  random mode f o r m a t  ( b y t e s  rO, r l ,  and r 2  a r e  p r e s e n t ) .  The 
FCB c o n t a i n s  an u n a m b i g u o u s  f i l e  name w h ic h  i s  u s e d  i n  t h e  d i r e c t o r y  
s c a n .  Upon r e t u r n ,  t h e  random r e c o r d  b y t e s  c o n t a i n  t h e  " v i r t u a l ” 
f i l e  s i z e  w h ic h  i s ,  i n  e f f e c t ,  t h e  r e c o r d  a d d r e s s  o f  t h e  r e c o r d  
f o l l o w i n g  t h e  end o f  t h e  f i l e .  I f ,  f o l l o w i n g  a c a l l  t o  f u n c t i o n  3 5 ,  
t h e  h i g h  r e c o r d  b y t e  r 2  i s  0 1 ,  t h e n  t h e  f i l e  c o n t a i n s  t h e  maximum 
r e c o r d  c o u n t  6 5 5 3 6 .  O t h e r w i s e ,  b y t e s  rO and r l  c o n s t i t u t e  a 1 6 - b i t  
v a l u e  (rO i s  t h e  l e a s t  s i g n i f i c a n t  b y t e ,  a s  b e f o r e )  w h i c h  i s  t h e  
f i l e  s i z e .

D a ta  c a n  be a p p e n d e d  t o  t h e  end o f  an e x i s t i n g  f i l e  by s i m p l y  
c a l l i n g  f u n c t i o n  3 5  t o  s e t  t h e  random r e c o r d  p o s i t i o n  t o  t h e  e nd o f  
f i l e ,  t h e n  p e r f o r m i n g  a s e q u e n c e  o f  random w r i t e s  s t a r t i n g  a t  t h e  
p r e s e t  r e c o r d  a d d r e s s .

T h e  v i r t u a l  s i z e  o f  a f i l e  c o r r e s p o n d s  t o  t h e  p h y s i c a l  s i z e  
when t h e  f i l e  i s  w r i t t e n  s e q u e n t i a l l y .  I f ,  i n s t e a d ,  t h e  f i l e  was 
c r e a t e d  i n  random mode and " h o l e s "  e x i s t  i n  t h e  a l l o c a t i o n ,  t h e n  t h e  
f i l e  may i n  f a c t  c o n t a i n  f e w e r  r e c o r d s  t h a n  t h e  s i z e  i n d i c a t e s .  I f ,  
f o r  e x a m p l e ,  a s i n g l e  r e c o r d  w i t h  r e c o r d  number 6 5 5 3 5  (CP/M"s 
maximum r e c o r d  num ber)  i s  w r i t t e n  t o  a f i l e  u s i n g  t h e  W r i t e  Random 
f u n c t i o n ,  t h e n  t h e  v i r t u a l  s i z e  o f  t h e  f i l e  i s  6 5 5 3 6  r e c o r d s ,  
a l t h o u g h  o n l y  one b l o c k  o f  d a t a  i s  a c t u a l l y  a l l o c a t e d .
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E n t r y
------------------------------- "

—

CL: 24H FUNCTION 3 6

DX: FCB SET RANDOM
O f f s e t k RECORD

R e t u r n
.....- ........... »

Random R e c o r d  
F i e l d  S e t

The S e t  Random R e c o r d  f u n c t i o n  c a u s e s  t h e  BDOS t o  a u t o m a t i c a l l y  
p ro d u c e  t h e  random r e c o r d  p o s i t i o n  o f  t h e  n e x t  r e c o r d  t o  be a c c e s s e d  
f r o m  a f i l e  w h i c h  h a s  b e e n  r e a d  o r  w r i t t e n  s e q u e n t i a l l y  t o  a 
p a r t i c u l a r  p o i n t .  The f u n c t i o n  c a n  be u s e f u l  i n  two w a y s .

F i r s t ,  i t  i s  o f t e n  n e c e s s a r y  t o  i n i t i a l l y  r e a d  and s c a n  a 
s e q u e n t i a l  f i l e  t o  e x t r a c t  t h e  p o s i t i o n s  o f  v a r i o u s  " k e v "  f i e l d s .  
As e a c h  key i s  e n c o u n t e r e d ,  f u n c t i o n  3 6  i s  c a l l e d  t o  c o m p u te  t h e  
random r e c o r d  p o s i t i o n  f o r  t h e  d a t a  c o r r e s p o n d i n g  t o  t h i s  k e y .  I f  
t h e  d a t a  u n i t  s i z e  i s  1 2 8  b y t e s ,  t h e  r e s u l t i n g  r e c o r d  p o s i t i o n  m in u s  
one i s  p l a c e d  i n t o  a t a b l e  w i t h  t h e  key f o r  l a t e r  r e t r i e v a l .  A f t e r  
s c a n n i n g  t h e  e n t i r e  f i l e  and t a b u l a r i z i n g  t h e  k e y s  and t h e i r  r e c o r d  
n u m b e r s ,  you c a n  move i n s t a n t l y  t o  a p a r t i c u l a r  k e y e d  r e c o r d  by 
p e r f o r m i n g  a random r e a d  u s i n g  t h e  c o r r e s p o n d i n g  random r e c o r d  
number w h ic h  was s a v e d  e a r l i e r .  The schem e i s  e a s i l y  g e n e r a l i z e d  
when v a r i a b l e  r e c o r d  l e n g t h s  a r e  i n v o l v e d  s i n c e  t h e  p r o g r a m  n e ed  
o n l y  s t o r e  t h e  b u f f e r - r e l a t i v e  b y t e  p o s i t i o n  a l o n g  w i t h  t h e  key and 
r e c o r d  number i n  o r d e r  t o  f i n d  t h e  e x a c t  s t a r t i n g  p o s i t i o n  o f  t h e  
k eyed d a t a  a t  a l a t e r  t i m e .

A s e c o n d  u s e  o f  f u n c t i o n  3 6  o c c u r s  when s w i t c h i n g  from  a 
s e q u e n t i a l  r e a d  o r  w r i t e  o v e r  t o  random r e a d  o r  w r i t e .  A f i l e  i s  
s e q u e n t i a l l y  a c c e s s e d  t o  a p a r t i c u l a r  p o i n t  i n  t h e  f i l e ,  f u n c t i o n  36  
i s  c a l l e d  w h i c h  s e t s  t h e  r e c o r d  n u m b e r ,  and s u b s e q u e n t  random r e a d  
and w r i t e  o p e r a t i o n s  c o n t i n u e  from t h e  n e x t  r e c o r d  i n  t h e  f i l e .

E n t r y
.... . ................ .

R e t u r n

CL: 25H
____________________ Jk

FUNCTION 3 7 AL: 00H

DX: D r i v e
k

RESET DRIVE
V e c t o r

The R e s e t  D r i v e  f u n c t i o n  i s  u s e d  t o  p r o g r a m m a t i c a l l y  r e s t o r e  
s p e c i f i e d  d r i v e s  t o  t h e  r e s e t  s t a t e  (a  r e s e t  d r i v e  i s  n o t  l o g g e d - i n  
and i s  i n  r e a d / w r i t e  s t a t u s ) . The p a s s e d  p a r a m e t e r  i n  r e g i s t e r  DX 
i s  a  ̂ 1 6  b i t  v e c t o r  o f  d r i v e s  t o  b e  r e s e t ,  w h e r e  t h e  l e a s t  
s i g n i f i c a n t  b i t  c o r r e s p o n d s  t o  t h e  f i r s t  d r i v e ,  A, and t h e  h i g h  
o r d e r  b i t  c o r r e s p o n d s  t o  t h e  s i x t e e n t h  d r i v e ,  l a b e l l e d  P .  B i t  
v a l u e s  o f  " 1 "  i n d i c a t e  t h a t  t h e  s p e c i f i e d  d r i v e  i s  t o  be r e s e t .

I n  o r d e r  t o  m a i n t a i n  c o m p a t i b i l i t y  w i t h  MP/M, CP/M r e t u r n s  a 
z e r o  v a l u e  f o r  t h i s  f u n c t i o n .
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Entrv Return

CL: 28H
's "S

FUNCTION 40 AL: R e t u r n  Code

DX: FCB WRITE RANDOM
O f f s e t WITH ZERO FILL

The W r i t e  Random W ith Z e r o  F i l l  f u n c t i o n  i s  s i m i l a r  t o  t h e  
W r i t e  Random f u n c t i o n  ( f u n c t i o n  3 4 )  w i t h  t h e  e x c e p t i o n  t h a t  a 
p r e v i o u s l y  u n a l l o c a t e d  d a t a  b l o c k  i s  i n i t i a l i z e d  t o  r e c o r d s  f i l l e d  
w i t h  z e r o s  b e f o r e  t h e  r e c o r d  i s  w r i t t e n .  I f  t h i s  f u n c t i o n  h a s  b e e n  
u se d  t o  c r e a t e  a f i l e ,  r e c o r d s  a c c e s s e d  by a r e a d  random o p e r a t i o n  
t h a t  c o n t a i n  a l l  z e r o s  i d e n t i f y  u n w r i t t e n  random r e c o r d  n u m b e r s .  
U n w r i t t e n  random r e c o r d s  i n  a l l o c a t e d  d a t a  b l o c k s  o f  f i l e s  c r e a t e d  
u s i n g  t h e  W r i t e  Random f u n c t i o n  c o n t a i n  u n i n i t i a l i z e d  d a t a .

E n t r y

CL: 32H

DX: BIOS 
D e s c r i p t o r

s___________________

FUNCTION 50 

DIRECT BIOS CALL

Return

F u n c t i o n  50  p r o v i d e s  a d i r e c t  BIOS c a l l  and t r a n s f e r s  c o n t r o l  
t h r o u g h  t h e  BDOS t o  t h e  BIOS. The DX r e g i s t e r  a d d r e s s e s  a f i v e - b y t e  
memory a r e a  c o n t a i n i n g  t h e  BIOS c a l l  p a r a m e t e r s :

3 - b i t  1 6 - b i t  1 6 - b i t

Func value(CX) value(DX)

where Func i s  a BIOS f u n c t i o n  n u m b e r ,  ( s e e  T a b l e  5 - 1 )  , and v a l u e  (CX) 
and v a lu e (D X )  a r e  t h e  1 6 - b i t  v a l u e s  w h ic h  w ould n o r m a l l y  be p a s s e d  
d i r e c t l y  i n  t h e  CX and DX r e g i s t e r s  w i t h  t h e  BIOS c a l l .  The CX and 
DX v a l u e s  a r e  l o a d e d  i n t o  t h e  8 0 8 6  r e g i s t e r s  b e f o r e  t h e  BIOS c a l l  i s  
i n i t i a t e d .
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E n t r y  
—  »
CL: 33H

DX: B a s e  
A d d r e s s

FUNCTION 5 1  

SET DMA BASE

R e t u r n

F u n c t i o n  5 1  s e t s  t h e  b a s e  r e g i s t e r  f o r  s u b s e q u e n t  DMA 
t r a n s f e r s .  The word p a r a m e t e r  i n  DX i s  a . p a r a g r a p h  a d d r e s s  and i s  
used w i t h  t h e  DMA o f f s e t  t o  s p e c i f y  t h e  a d d r e s s  o f  a 1 2 8  b y t e  b u f f e r  
a r e a  t o  b e  u s e d  i n  t h e  d i s k  r e a d  and w r i t e  f u n c t i o n s .  N o t e  t h a t  
up o n  i n i t i a l  p r o g r a m  l o a d i n g ,  t h e  d e f a u l t  DMA b a s e  i s  s e t  t o  t h e  
a d d r e s s  o f  t h e  u s e r ' s  d a t a  s e g m e n t  ( t h e  i n i t i a l  v a l u e  o f  DS) and t h e  
DMA o f f s e t  i s  s e t  t o  0 0 8 0 H ,  w h i c h  p r o v i d e s  a c c e s s  t o  t h e  d e f a u l t  
b u f f e r  i n  t h e  b a s e  p a g e .

E n t r y
►

CL: 34H FUNCTION 5 2

GET DMA BASE

R e t u r n
.......  »

BX: DMA O f f s e t  

ES: DMA Seg m en t

F u n c t i o n  5 2  r e t u r n s  t h e  c u r r e n t  DMA B a s e  S e g m e n t  a d d r e s s  i n  ES,  
w i t h  t h e  c u r r e n t  DMA O f f s e t  i n  DX.

4.4 BDOS Memory Management and Load

Memory i s  a l l o c a t e d  i n  two d i s t i n c t  ways u n d e r  C P / M - 8 6 .  The 
f i r s t  i s  t h r o u g h  a s t a t i c  a l l o c a t i o n  map, l o c a t e d  w i t h i n  t h e  BIOS, 
t h a t  d e f i n e s  t h e  p h y s i c a l  memory w h i c h  i s  a v a i l a b l e  on t h e  h o s t  
s y s te m .  In t h i s  w a y ,  i t  i s  p o s s i b l e  t o  o p e r a t e  CP/M-86 i n  a memory 
c o n f i g u r a t i o n  w h i c h  i s  a m i x t u r e  o f  up t o  e i g h t  n o n - c o n t i g u o u s  a r e a s  
o f  RAM o r  ROM, a l o n g  w i t h  r e s e r v e d ,  m i s s i n g ,  o r  f a u l t y  memory 
r e g i o n s .  I n  a s i m p l e  RAM-based s y s t e m  w i t h  c o n t i g u o u s  memory,  t h e  
s t a t i c  map d e f i n e s  a s i n g l e  r e g i o n ,  u s u a l l y  s t a r t i n g  a t  t h e  end o f  
t h e  BIOS and e x t e n d i n g  up t o  t h e  end o f  a v a i l a b l e  memory.

O n c e  memory i s  p h y s i c a l l y  mapped in  t h i s  m a n n e r ,  CP/M-86 
p e r f o r m s  t h e  s e c o n d  l e v e l  o f  d y n a m i c  a l l o c a t i o n  t o  s u p p o r t  t r a n s i e n t  
p r o g r a m  l o a d i n g  and e x e c u t i o n .  C P/M -86 a l l o w s  d y n a m i c  a l l o c a t i o n  o f  
memory i n t o ,  a g a i n ,  e i g h t  r e g i o n s .  A r e q u e s t  f o r  a l l o c a t i o n  t a k e s  
p l a c e  e i t h e r  i m p l i c i t l y ,  t h r o u g h  a p r o g r a m  l o a d  o p e r a t i o n ,  o r  
e x p l i c i t l y  t h r o u g h  t h e  BDOS c a l l s  g i v e n  i n  t h i s  s e c t i o n .  P r o g r a m s  
t h e m s e l v e s  a r e  l o a d e d  i n  two w a y s:  t h r o u g h  a command e n t e r e d  a t  t h e  
CCP l e v e l ,  o r  t h r o u g h  t h e  BDOS P r o g r a m  Load o p e r a t i o n  ( f u n c t i o n  5 9 )  . 
M u l t i p l e  p r o g r a m s  c a n  be l o a d e d  a t  t h e  CCP l e v e l ,  a s  l o n g  a s  e a c h  
p r o g r a m  e x e c u t e s  a S y s t e m  R e s e t  ( f u n c t i o n  0 )  and r e m a i n s  i n  memory 
(DL = 0 1 H ) . M u l t i p l e  p r o g r a m s  o f  t h i s  t y p e  o n l y  r e c e i v e  c o n t r o l  by 
i n t e r c e p t i n g  i n t e r r u p t s ,  a n d  t h u s  u n d e r  n o r m a l  c i r c u m s t a n c e s  t h e r e

A l l  I n f o r m a t i o n  P r e s e n t e d  H e r e  i s  P r o p r i e t a r y  t o  D i g i t a l  R e s e a r c h
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i s  o n l y  one t r a n s i e n t  p r o g r a m  i n  memory a t  a ny g i v e n  t i m e .  I f f  
h o w e v e r , m u l t i p l e  p r o g r a m s  a r e  p r e s e n t  i n  m em o ry , t h e n  CONTROL-C 
c h a r a c t e r s  e n t e r e d  by t h e  o p e r a t o r  d e l e t e  t h e s e  p r o g r a m s  i n  t h e  
o p p o s i t e  o r d e r  i n  w h i c h  t h e y  w e r e  l o a d e d  no m a t t e r  w h i c h  p r o g r a m  i s  
a c t i v e l y  r e a d i n g  t h e  c o n s o l e .

Any g i v e n  p r o g r a m  l o a d e d  t h r o u g h  a CCP command c a n ,  i t s e l f ,  
l o a d  a d d i t i o n a l  p r o g r a m s  and a l l o c a t e  d a t a  a r e a s .  S u p p o s e  f o u r  
r e g i o n s  o f  memory a r e  a l l o c a t e d  i n  t h e  f o l l o w i n g  o r d e r :  a p r o g r a m  
i s  l o a d e d  a t  t h e  CCP l e v e l  t h r o u g h  an o p e r a t o r  command. The  CMD 
f i l e  h e a d e r  i s  r e a d ,  and t h e  e n t i r e  memory image c o n s i s t i n g  o f  t h e  
p r o g r a m  and i t s  d a t a  i s  l o a d e d  i n t o  r e g i o n  A, a n d  e x e c u t i o n  b e g i n s .  
T h i s  p r o g r a m ,  i n  t u r n ,  c a l l s  t h e  BDOS P r o g r a m  Load f u n c t i o n  ( 5 9 )  t o  
l o a d  a n o t h e r  p r o g r a m  i n t o  r e g i o n  B, and t r a n s f e r s  c o n t r o l  t o  t h e  
l o a d e d  p r o g r a m .  The r e g i o n  B p r o g r a m  t h e n  a l l o c a t e s  an  a d d i t i o n a l  
r e g i o n  C, f o l l o w e d  by a r e g i o n  D. The o r d e r  o f  a l l o c a t i o n  i s  shown 
i n  F i g u r e  4 - 1  b e l o w :

R e g i o n  A

R e g i o n  B

R e g i o n  C

R e g i o n  D

Figure 4—1. Example Memory A llo c a t io n

T h e r e  i s  a h i e r a r c h i c a l  o w n e r s h i p  o f  t h e s e  r e g i o n s :  t h e  p r o g r a m  i n  
A c o n t r o l s  a l l  memory from  A t h r o u g h  D. The p r o g r a m  i n  B a l s o  
c o n t r o l s  r e g i o n s  B t h r o u g h  D. The p r o g r a m  i n  A c a n  r e l e a s e  r e g i o n s  
B t h r o u g h  D, i f  d e s i r e d ,  a nd r e l o a d  y e t  a n o t h e r  p r o g r a m .  D D T - 8 6 ,  
f o r  e x a m p l e ,  o p e r a t e s  i n  t h i s  m anner  by e x e c u t i n g  t h e  F r e e  Memory 
c a l l  ( f u n c t i o n  5 7 )  t o  r e l e a s e  t h e  memory u s e d  by t h e  c u r r e n t  p r o g r a m  
b e f o r e  l o a d i n g  a n o t h e r  t e s t  p r o g r a m .  F u r t h e r ,  t h e  p r o g r a m  i n  B c a n  
r e l e a s e  r e g i o n s  C a n d  D i f  r e q u i r e d  by t h e  a p p l i c a t i o n .  I t  m u s t  be  
n o t e d ,  h o w e v e r ,  t h a t  i f  e i t h e r  A o r  B t e r m i n a t e s  by a  S y s t e m  R e s e t  
(BDOS f u n c t i o n  0 w i t h  DL = 00H) t h e n  a l l  f o u r  r e g i o n s  A t h r o u g h  D 
a r e  r e l e a s e d .
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A t r a n s i e n t  p r o g r a m  may r e l e a s e  a p o r t i o n  o f  a r e g i o n ,  a l l o w i n g  
t h e  r e l e a s e d  p o r t i o n  t o  be a s s i g n e d  on t h e  n e x t  a l l o c a t i o n  r e q u e s t .  
The r e l e a s e d  p o r t i o n  m u s t ,  h o w e v e r ,  be a t  t h e  b e g i n n i n g  o r  end o f  
t h e  r e g i o n .  S u p p o s e ,  f o r  e x a m p l e ,  t h e  p r o g r a m  i n  r e g i o n  B a b o v e  
r e c e i v e s  800H  p a r a g r a p h s  a t  p a r a g r a p h  l o c a t i o n  100H f o l l o w i n g  i t s  
f i r s t  a l l o c a t i o n  r e q u e s t  a s  shown i n  F i g u r e  4 - 2  b e l o w .

L e n g t h
8 0 0 0 H

1000H:

R e g i o n  C

Figure 4 -2 . Example Memory Region

S u p p o s e  f u r t h e r  t h a t  r e g i o n  D i s  t h e n  a l l o c a t e d .  The l a s t  200H 
p a r a g r a p h s  i n  r e g i o n  C c a n  be r e t u r n e d  w i t h o u t  a f f e c t i n g  r e g i o n  D by 
r e l e a s i n g  t h e  200H p a r a g r a p h s  b e g i n n i n g  a t  p a r a g r a o h  b a s e  7 0 0 H ,  
r e s u l t i n g  i n  t h e  memory a r r a n g e m e n t  shown i n  F i g u r e  4 - 3 .

' 1 0 0 0 H :
L e n g t h  =
6 0 0 0 H R e g io n  C

L e n g t h  = 7 0 0 0 H : / / / / / / / / / / /
2 0 0 0 H / / / / / / / / / / /

Figure 4-3 . Example Memory Regions

The r e g i o n  b e g i n n i n g  a t  p a r a g r a p h  a d d r e s s  700H i s  now a v a i l a b l e  f o r  
a l l o c a t i o n  i n  t h e  n e x t  r e q u e s t .  N o te  t h a t  a memory r e q u e s t  w i l l  
f a i l  i f  e i g h t  memory r e g i o n s  h a v e  a l r e a d y  b e e n  a l l o c a t e d .  N o r m a l l y ,  
i f  a l l  p r o g r a m  u n i t s  c a n  r e s ' i d e  i n  a c o n t i g u o u s  r e g i o n ,  t h e  s y s t e m  
a l l o c a t e s  o n l y  one r e g i o n .
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Memory management  f u n c t i o n s  b e g i n n i n g  a t  5 3  r e f e r e n c e  a Memory 
C o n t r o l  B l o c k  (MCB), d e f i n e d  i n  t h e  c a l l i n g  p r o g r a m ,  w h i c h  t a k e s  t h e  
form:

1 6 - b i t  1 6 - b i t  8 - b i t

MCB: M-Base M-Length M-Ext

w h e r e  M - B a s e  a n d  M - L e n g t h  a r e  e i t h e r  i n p u t  o r  o u t p u t  v a l u e s  
e x p r e s s e d  i n  1 6 - b y t e  p a r a g r a p h  u n i t s ,  and M-Ext i s  a r e t u r n e d  b y t e  
v a l u e ,  a s  d e f i n e d  s p e c i f i c a l l y  w i t h  e a c h  f u n c t i o n  c o d e .  An e r r o r  
c o n d i t i o n  i s  n o r m a l l y  f l a g g e d  w i t h  a OFFH r e t u r n e d  v a l u e  i n  o r d e r  t o  
m a t c h  t h e  f i l e  e r r o r  c o n v e n t i o n s  o f  CP/M.

E n t r y

CL: 35H

DX: O f f s e t  
o f  MCB

FUNCTION 53  

GET MAX MEM

R e t u r n

AL: R e t u r n  Code

F u n c t i o n  5 3  f i n d s  t h e  l a r g e s t  a v a i l a b l e  memory r e g i o n  w h i c h  i s  
l e s s  t h a n  o r  e q u a l  t o  M -L ength  p a r a g r a p h s .  I f  s u c c e s s f u l ,  M-Base i s  
s e t  t o  t h e  b a s e  p a r a g r a p h  a d d r e s s  o f  t h e  a v a i l a b l e  a r e a ,  and M- 
L e n g t h  t o  t h e  p a r a g r a p h  l e n g t h .  AL h a s  t h e  v a l u e  OFFH upon r e t u r n  
i f  no memory i s  a v a i l a b l e ,  and 00H i f  t h e  r e q u e s t  was s u c c e s s f u l .  
M-Ext i s  s e t  t o  1 i f  t h e r e  i s  a d d i t i o n a l  memory f o r  a l l o c a t i o n ,  a n d  
0 i f  no a d d i t i o n a l  memory i s  a v a i l a b l e .

E n t r y

CL: 36H

DX: O f f s e t  
o f  MCB

FUNCTION 5 4  

GET ABS MAX

Return
—.........  >
AL: Return Code

F u n c t i o n  5 4  i s  u s e d  t o  f i n d  t h e  l a r g e s t  p o s s i b l e  r e g i o n  a t  t h e  
a b s o l u t e  p a r a g r a p h  b o u n d a r y  g i v e n  by M - B a s e ,  f o r  a maximum o f  M- 
L e n g t h  p a r a g r a p h s .  M - L e n g t h  i s  s e t  t o  t h e  a c t u a l  l e n g t h  i f  
s u c c e s s f u l .  AL h a s  t h e  v a l u e  OFFH upo n  r e t u r n  i f  no memory i s  
a v a i l a b l e  a t  t h e  a b s o l u t e  a d d r e s s ,  a nd 00H i f  t h e  r e q u e s t  was 
s u c c e s s f u l .
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E n t r y

CL: 37H

DX: O f f s e t  
o f  MCB

FUNCTION 55  

ALLOC MEM

R e t u r n

AL: R e t u r n  Code

The a l l o c a t e  memory f u n c t i o n  a l l o c a t e s  a memory a r e a  a c c o r d i n g  
t o  t h e  MCB a d d r e s s e d  by DX. The a l l o c a t i o n  r e q u e s t  s i z e  i s  o b t a i n e d  
f r o m  M - L e n g t h .  F u n c t i o n  5 5  r e t u r n s  i n  t h e  u s e r ' s  MCB t h e  b a s e  
p a r a g r a p h  a d d r e s s  o f  t h e  a l l o c a t e d  r e g i o n .  R e g i s t e r  AL c o n t a i n s  a 
OOH i f  th e  r e q u e s t  was s u c c e s s f u l  and a OFFH i f  t h e  memory c o u l d  n o t  
be a l l o c a t e d .

E n t r y  
" >»
CL: 38H

DX: O f f s e t  
o f  MCB

FUNCTION 5 6  

ALLOC ABS MEM

R e t u r n
—— »
AL: R e t u r n  Code

The a l l o c a t e  a b s o l u t e  memory f u n c t i o n  a l l o c a t e s  a memory a r e a  
a c c o r d i n g  t o  t h e  MCB a d d r e s s e d  by DX. The a l l o c a t i o n  r e q u e s t  s i z e  
i s  o b t a i n e d  f rom  M -L en g th  and t h e  a b s o l u t e  b a s e  a d d r e s s  from M -B a se .  
R e g i s t e r  AL c o n t a i n s  a OOH i f  t h e  r e q u e s t  was s u c c e s s f u l  and a OFFH 
i f  t h e  memory c o u l d  n o t  be a l l o c a t e d .

E n t r y
................  »
CL: 39H

DX: O f f s e t  
o f  MCB

FUNCTION 5 7  

FREE MEM

R e t u r n
■........  »

F u n c t i o n  57  i s  u s e d  t o  r e l e a s e  memory a r e a s  a l l o c a t e d  t o  t h e  
p r o g r a m .  The v a l u e  o f  t h e  M-Ext f i e l d  c o n t r o l s  t h e  o p e r a t i o n  o f  
t h i s  f u n c t i o n :  i f  M-Ext  = OFFH t h e n  a l l  memory a r e a s  a l l o c a t e d  by 
t h e  c a l l i n g  p r o g r a m  a r e  r e l e a s e d .  O t h e r w i s e /  t h e  memory a r e a  o f  
l e n g t h  M -L ength  a t  l o c a t i o n  M-Base g i v e n  i n  t h e  MCB a d d r e s s e d  by DX 
i s  r e l e a s e d  ( t h e  M-Ext  f i e l d « s h o u l d  be s e t  t o  OOH i n  t h i s  c a s e ) .  As 
d e s c r i b e d  a b o v e ,  e i t h e r  an e n t i r e  a l l o c a t e d  r e g i o n  m u st  be r e l e a s e d ,  
o r  t h e  end o f  a r e g i o n  m u st  be r e l e a s e d :  t h e  m i d d l e  s e c t i o n  c a n n o t  
be r e t u r n e d  u n d e r  C P /M - 8 6 .
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E n t r y  

CL: 3 AH FUNCTION 58  

FREE ALL MEM

R e t u r n

F u n c t i o n  58  i s  u s e d  t o  r e l e a s e  a l l  memory i n  t h e  CP/M-86 
e n v i r o n m e n t  ( n o r m a l l y  u s e d  o n l y  by t h e  CCP upon i n i t i a l i z a t i o n ) .

E n t r y

CL: 3BH

BX: O f f s e t  
o f  FCB

FUNCTION 59  

PROGRAM LOAD

R e t u r n  
— — ►

AX: R e t u r n  C o d e /  
B a s e  P a g e  Addr 

BX: B a se  P a g e  Addr

F u n c t i o n  59  l o a d s  a CMD f i l e .  Upon e n t r y ,  r e g i s t e r  DX c o n t a i n s  
t h e  DS r e l a t i v e  o f f s e t  o f  a s u c c e s s f u l l y  o p e n e d  FCB w h i c h  names t h e  
i n p u t  CMD f i l e .  AX h a s  t h e  v a l u e  OFFFFH i f  t h e  p r o g r a m  l o a d  was 
u n s u c c e s s f u l .  O t h e r w i s e ,  AX and BX b o t h  c o n t a i n  t h e  p a r a g r a p h  
a d d r e s s  o f  t h e  b a s e  p a g e  b e l o n g i n g  t o  t h e  l o a d e d  p r o g r a m .  The b a s e  
a d d r e s s  and se g m e n t  l e n g t h  o f  e a c h  s e g m e n t  i s  s t o r e d  i n  t h e  b a s e  
p a g e .  N ote  t h a t  upon p r o g r a m  l o a d  a t  t h e  CCP l e v e l ,  t h e  DMA b a s e  
a d d r e s s  i s  i n i t i a l i z e d  t o  t h e  b a s e  p a g e  o f  t h e  l o a d e d  p r o g r a m ,  and 
t h e  DMA o f f s e t  a d d r e s s  i s  i n i t i a l i z e d  t o  0 0 8 0 H .  H o w ev e r ,  t h i s  i s  a 
f u n c t i o n  o f  t h e  CCP, and a f u n c t i o n  59  d o e s  n o t  e s t a b l i s h  a d e f a u l t  
DMA a d d r e s s .  I t  i s  t h e  r e s p o n s i b i l i t y  o f  t h e  p r o g r a m  w h ic h  e x e c u t e s  
f u n c t i o n  59  t o  e x e c u t e  f u n c t i o n  5 1  t o  s e t  t h e  DMA b a s e  and f u n c t i o n  
2 6  t o  s e t  t h e  DMA o f f s e t  b e f o r e  p a s s i n g  c o n t r o l  t o  t h e  l o a d e d  
p r o g r a m .
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Section 5
Basic I/O System (BIOS) Organization

The d i s t r i b u t i o n  v e r s i o n  o f  CP/M-86 i s  s e t u p  f o r  o p e r a t i o n  w i t h  
t h e  I n t e l  SBC 8 6 / 1 2  m i c r o c o m p u t e r  and an I n t e l  2 0 4  d i s k e t t e  
c o n t r o l l e r .  A l l  h a r d w a r e  d e p e n d e n c i e s  a r e ,  h o w e v e r ,  c o n c e n t r a t e d  i n  
s u b r o u t i n e s  w h i c h  a r e  c o l l e c t i v e l y  r e f e r r e d  t o  a s  t h e  B a s i c  I/O  
S y s t e m ,  o r  BIOS. A CP/M-86 s y s t e m  i m p l e m e n t o r  c a n  m o d i f y  t h e s e  
s u b r o u t i n e s ,  a s  d e s c r i b e d  b e l o w ,  t o  t a i l o r  CP/M-86 t o  f i t  n e a r l y  any 
8 0 8 6  o r  8 0 8 8  o p e r a t i n g  e n v i r o n m e n t .  T h i s  s e c t i o n  d e s c r i b e s  t h e  
a c t i o n s  o f  e a c h  BIOS e n t r y  p o i n t ,  and d e f i n e s  v a r i a b l e s  and t a b l e s  
r e f e r e n c e d  w i t h i n  t h e  BIOS. The d i s c u s s i o n  o f  D isk  D e f i n i t i o n  
T a b l e s  i s ,  h o w e v e r ,  t r e a t e d  s e p a r a t e l y  i n  t h e  n e x t  s e c t i o n  o f  t h i s  
m a n u a l .

5.1 O rgan iza t io n  o f  the BIOS

The BIOS p o r t i o n  o f  CP/M-86 r e s i d e s  i n  t h e  t o p m o s t  p o r t i o n  o f  
t h e  o p e r a t i n g  s y s t e m  ( h i g h e s t  a d d r e s s e s )  , and t a k e s  t h e  g e n e r a l  form 
shown i n  F i g u r e  5 - 1 ,  b e lo w :

CS,

BIOS:

DS, ES, SS:

CS + 2 5 0 0 H :  

CS + 253FH:

C o n s o l e
Command
P r o c e s s o r

and
B a s i c
D isk
O p e r a t i n g
S y s te m

BIOS Jump V e c t o r

BIOS E n t r v  P o i n t s

D isk
P a r a m e t e r

T a b l e s

U n i n i t i a l i z e d  
S c r a t c h  RAM

Figure 5-1. General CP/M-86 Organization
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As d e s c r i b e d  i n  t h e  f o l l o w i n g  s e c t i o n s ,  t h e  CCP and BDOS a r e  
s u p p l i e d  w i t h  CP/M-86 i n  hex f i l e  form a s  CPM.H86. I n  o r d e r  t o  
implement  CP/M-86 on n o n - s t a n d a r d  h a r d w a r e ,  you m u s t  c r e a t e  a BIOS 
w h i c h  p e r f o r m s  t h e  f u n c t i o n s  l i s t e d  b e lo w  and C o n c a t e n a t e  t h e  
r e s u l t i n g  h ex f i l e  t o  t h e  end o f  t h e  CPM.H86 f i l e .  The GENCMD 
u t i l i t y  i s  t h e n  u s e d  t o  p r o d u c e  t h e  CPM.SYS f i l e  f o r  s u b s e q u e n t  l o a d  
by t h e  c o l d  s t a r t  l o a d e r .  The c o l d  s t a r t  l o a d e r  t h a t  l o a d s  t h e  
CPM.SYS f i l e  i n t o  memory c o n t a i n s  a s i m p l i f i e d  form o f  t h e  BIOS, 
c a l l e d  t h e  LDBIOS ( L o a d e r  B I O S ) . I t  l o a d s  CPM.SYS i n t o  memory a t  
t h e  l o c a t i o n  d e f i n e d  i n  t h e  CPM.SYS h e a d e r  ( u s u a l l y  0 4 0 0 H ) . The 
p r o c e d u r e  t o  f o l l o w  i n  c o n s t r u c t i o n  and e x e c u t i o n  o f  t h e  c o l d  s t a r t  
l o a d e r  and t h e  CP/M-86 L o a d e r  i s  g i v e n  i n  a l a t e r  s e c t i o n .

Appendix D c o n t a i n s  a l i s t i n g  o f  t h e  s t a n d a r d  CP/M-86 BIOS f o r  
t h e  I n t e l  SBC 8 6 / 1 2  s y s t e m  u s i n g  t h e  I n t e l  2 0 4  C o n t r o l l e r  B o a r d .  
Appendix E shows a s a m p le  " s k e l e t a l "  BIOS c a l l e d  CBIOS t h a t  c o n t a i n s  
t h e  e s s e n t i a l  e l e m e n t s  w i t h  t h e  d e v i c e  d r i v e r s  r e m o v e d .  You may 
w i s h  t o  r e v i e w  t h e s e  l i s t i n g s  i n  o r d e r  t o  d e t e r m i n e  t h e  o v e r a l l  
s t r u c t u r e  o f  t h e  BIOS.

5.2 The BIOS Jump V ector

E n t r y  t o  t h e  BIOS i s  t h r o u g h  a " jum p v e c t o r "  l o c a t e d  a t  o f f s e t  
2500H from t h e  b a s e  o f  t h e  o p e r a t i n g  s y s t e m .  The jump v e c t o r  i s  a 
s e q u e n c e  o f  2 1  t h r e e - b y t e  jump i n s t r u c t i o n s  w h ic h  t r a n s f e r  p r o g r a m  
c o n t r o l  t o  t h e  i n d i v i d u a l  BIOS e n t r y  p o i n t s .  A l t h o u g h  some n o n -  
e s s e n t i a l  BIOS s u b r o u t i n e s  may c o n t a i n  a s i n g l e  r e t u r n  (RET) 
i n s t r u c t i o n ,  t h e  c o r r e s p o n d i n g  jump v e c t o r  e l e m e n t  m u s t  be p r e s e n t  
i n  t h e  o r d e r  shown b elow  i n  T a b l e  5 - 1 .  An e x a m p l e  o f  a BIOS jump 
v e c t o r  may be f o u n d  i n  A p p e n d ix  D, i n  t h e  s t a n d a r d  CP/M-86 BIOS 
l i s t i n g .

P a r a m e t e r s  f o r  t h e  i n d i v i d u a l  s u b r o u t i n e s  i n  t h e  BIOS a r e  
p a s s e d  i n  t h e  CX and DX r e g i s t e r s ,  when r e q u i r e d .  CX r e c e i v e s  t h e  
f i r s t  p a r a m e t e r ;  DX i s  u s e d  f o r  a s e c o n d  a r g u m e n t .  R e t u r n  v a l u e s  
a r e  p a s s e d  i n  t h e  r e g i s t e r s  a c c o  d i n g  t o  t y p e :  B y t e  v a l u e s  a r e  
r e t u r n e d  in  AL. Word v a l u e s  ( 1 6  b i t s )  a r e  r e t u r n e d  i n  BX. S p e c i f i c  
p a r a m e t e r s  and r e t u r n e d  v a l u e s  a r e  d e s c r i b e d  w i t h  e a c h  s u b r o u t i n e .
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Table 5-1. BIOS Jump Vector

O f f s e t  from 
B e g i n n i n g  

o f  BIOS

S u g g e s t e d
I n s t r u c t i o n

BIOS
F# D e s c r i p t i o n

2 500H JMP INIT 0 A r r i v e  H e re  from C o ld  B o o t
2 503H JMP WBOOT 1 A r r i v e  H e r e  f o r  Warm S t a r t
2506H JMP CONST 2 Check f o r  C o n s o l e  Char Ready
2 509H JMP CONIN 3 Read C o n s o l e  C h a r a c t e r  I n
250CH JMP CONOUT 4 W r i t e  C o n s o l e  C h a r a c t e r  Out
250FH JMP LIST 5 W r i t e  L i s t i n a  C h a r a c t e r  Out
2 512H JMP PUNCH 6 W r i t e  C har  t o  Punch D e v i c e
2515H JMP READER 7 Read R e a d e r  D e v i c e
2518H JMP HOME 8 Move t o  T r a c k  00
251BH JMP SELDSK 9 S e l e c t  D i s k  D r i v e
251EH JMP SETTRK 10 S e t  T r a c k  Number
2521H JMP SETSEC 1 1 S e t  S e c t o r  Number
2 524H JMP SETDMA 1 2 S e t  DMA O f f s e t  A d d r e s s
2527H JMP READ 13 Read S e l e c t e d  S e c t o r
252AH JMP WRITE 14 W r i t e  S e l e c t e d  S e c t o r
252DH JMP LISTST 1 5 R e t u r n  L i s t  S t a t u s
2530H JMP SECTRAN 1 6 S e c t o r  T r a n s l a t e
2 533H JMP SETDMAB 17 S e t  DMA Segm ent  A d d r e s s
2536H JMP GETSEGB 18 G et  MEM DESC T a b l e  O f f s e t
2539H JMP GETIOB 19 Get  I/O  Mapping B y t e
253CH JMP SETIOB 20 S e t  I/O Mapping B y t e

There a r e  t h r e e  m a j o r  d i v i s i o n s  i n  t h e  BIOS jump t a b l e :  s y s t e m  
( r e ) i n i t i a l i z a t i o n  s u b r o u t i n e s ,  s i m p l e  c h a r a c t e r  I/O s u b r o u t i n e s ,  
and d i s k  I/O s u b r o u t i n e s .

5.3 Simple P e r ip h e ra l D evices

A l l  s i m p l e  c h a r a c t e r  I/O o p e r a t i o n s  a r e  a ssu m e d  t o  be p e r f o r m e d  
i n  A SC II ,  u p p e r  and l o w e r  c a s e ,  w i t h  h i g h  o r d e r  ( p a r i t y  b i t )  s e t  t o  
z e r o .  An e n d - o f - f i l e  c o n d i t i o n  f o r  an i n p u t  d e v i c e  i s  g i v e n  by an 
ASCII c o n t r o l - z  ( 1 A H ) . P e r i p h e r a l  d e v i c e s  a r e  s e e n  by CP/M-86 a s  
" l o g i c a l ” d e v i c e s ,  and a r e  a s s i g n e d  t o  p h y s i c a l  d e v i c e s  w i t h i n  t h e  
BIOS. D e v i c e  c h a r a c t e r i s t i c s  a r e  d e f i n e d  i n  T a b l e  5 - 2 .
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Table 5-2. CP/M-86 Log ica l Device C h arac te rist ic s

D e v i c e  Name C h a r a c t e r i s t i c s

CONSOLE T h e  p r i n c i p a l  i n t e r a c t i v e  c o n s o l e  w h i c h  
c o m m u n i c a t e s  w i t h  t h e  o p e r a t o r ,  a c c e s s e d  t h r o u q h  
CONST, CONIN, and CONOUT. T y p i c a l l y ,  t h e  CONSOLE 
i s  a d e v i c e  s u c h  as  a CRT o r  T e l e t y p e .

LIST The p r i n c i p a l  l i s t i n g  d e v i c e ,  i f  i t  e x i s t s  on y o u r  
s y s te m ,  w h i c h  i s  u s u a l l y  a h a r d - c o p v  d e v i c e ,  s u c h  
a s  a p r i n t e r  o r  T e l e t y p e .

PUNCH The p r i n c i p a l  t a p e  p u n c h i n q  d e v i c e ,  i f  i t  e x i s t s ,  
w h ic h  i s  n o r m a l l y  a h i g h - s o e e d  p a p e r  t a p e  p u n c h  o r  
T e l e t y p e .

READER The p r i n c i p a l  t a p e  r e a d i n q  d e v i c e ,  s u c h  a s  a 
s i m p l e  o p t i c a l  r e a d e r  o r  t e l e t y p e .

N o t e  t h a t a s i n g l e  p e r i p h e r a 1 c a n  be a s s i g n e d . a s  t h e  L IS T ,
PUNCH, and READER d e v i c e  s i m u l t a n e o u s l y .  Tf no p e r i p h e r a l  d e v i c e  i s  
a s s i g n e d  as  t h e  L IS T ,  PUNCH, o r  READER d e v i c e ,  y o u r  CBIOS s h o u l d  
g i v e  an a p p r o p r i a t e  e r r o r  m e s s a g e  so  t h a t  t h e  s v s t e m  d o e s  n o t  " h a n q "  
i f  t h e  d e v i c e  i s  a c c e s s e d  by P IP  o r  some o t h e r  t r a n s i e n t  p r o q r a m .  
A l t e r n a t e l y ,  t h e  PUNCH and LIST s u b r o u t i n e s  c a n  i u s t  s i m p l v  r e t u r n ,  
and th e  READER s u b r o u t i n e  c a n  r e t u r n  w i t h  a 1AH ( c t l - 7 )  i n  r e q  A t o  
i n d i c a t e  im m e d ia te  e n d - o f - f i l e .

F o r  a d d e d  f l e x i b i l i t y ,  y o u  c a n  o o t i o n a l l v  i m p l e m e n t  t h e  
"IOBYTE" f u n c t i o n  w h ic h  a l l o w s  r e a s s i g n m e n t  o f  o h v s i c a l  and l o g i c a l  
d e v i c e s .  The IOBYTE f u n c t i o n  c r e a t e s  a m ao o in q  o f  l o q i c a l  t o  
p h y s i c a l  d e v i c e s  w h ic h  c a n  be a l t e r e d  d u r i n q  CP/M-86 p r o c e s s i n g  ( s e e  
t h e  STAT c o m m a n d ) .  The d e f i n i t i o n  o f  t h e  IOBYTE f u n c t i o n  
c o r r e s p o n d s  t o  t h e  I n t e l  s t a n d a r d  a s  f o l l o w s :  a s i n g l e  l o c a t i o n  i n  
t h e  BIOS i s  m a i n t a i n e d ,  c a l l e d  IOBYTE, w h i c h  d e f i n e s  t h e  l o g i c a l  t o  
p h y s i c a l  d e v i c e  m apping w h ic h  i s  in  e f f e c t  a t  a p a r t i c u l a r  t i m e .  
The m apping i s  p e r f o r m e d  by s p l i t t i n g  t h e  IOBYTE i n t o  f o u r  d i s t i n c t  
f i e l d s  o f  two b i t s  e a c h ,  c a l l e d  t h e  CONSOLE, READER, PUNCH, and LIST 
f i e l d s ,  a s  shown b e lo w :

m o st  s i g n i f i c a n t  l e a s t  s i g n i f i c a n t

IOBYTE LIST PUNCH READER CONSOLE

b i t s  6 , 7 ' b i t s  4 , 5 b i t s  2 , 3 b i t s  0 , 1
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The v a l u e  i n  e a c h  f i e l d  c a n  be i n  t h e  r a n g e  0 - 3 ,  d e f i n i n g  t h e  
a s s i g n e d  s o u r c e  o r  d e s t i n a t i o n  o f  e a c h  l o g i c a l  d e v i c e .  The v a l u e s  
w h ic h  c a n  be a s s i g n e d  t o  e a c h  f i e l d  a r e  g i v e n  i n  T a b l e  5 - 3 ,  b e l o w .

Table 5-3. IOBYTE F ie ld  D e fin it io n s

CONSOLE f i e l d  ( b i t s  0 , 1 )
0 -  c o n s o l e  i s  a s s i g n e d  t o  t h e  c o n s o l e  p r i n t e r (TTY:)
1 -  c o n s o l e  i s  a s s i g n e d  t o  t h e  CRT d e v i c e  (CRT :)
2 -  b a t c h  mode: u s e  t h e  READER a s  t h e  CONSOLE i n p u t ,

and t h e  LIST d e v i c e  a s  t h e  CONSOLE o u t p u t (BAT:)
3 -  u s e r  d e f i n e d  c o n s o l e  d e v i c e  (U C l: )

READER f i e l d  ( b i t s  2 , 3 )
0 -  READER i s  t h e  T e l e t y p e  d e v i c e  (TTY:)
1 -  READER i s  t h e  h i g h - s p e e d  r e a d e r  d e v i c e  (RDR:)
2 -  u s e r  d e f i n e d  r e a d e r  # 1 (U R l:)
3 -  u s e r  d e f i n e d  r e a d e r  # 2 (UR2:)

PUNCH f i e l d  ( b i t s  4 , 5 )
0 -  PUNCH i s  t h e  T e l e t y p e  d e v i c e  (TTY:)
1 -  PUNCH i s  t h e  h i g h  s p e e d  p u n c h  d e v i c e  (PUN: )
2 -  u s e r  d e f i n e d  p u n c h  # 1 ( U P l : )
3 -  u s e r  d e f i n e d  p u n c h  # 2 (U P2:)

LIST f i e l d  ( b i t s  6 , 7 )
0 -  LIST i s  t h e  T e l e t y p e  d e v i c e  (TTY:)
1 -  LIST i s  t h e  CRT d e v i c e  (CRT:)
2 -  LIST i s  t h e  l i n e  p r i n t e r  d e v i c e  (LPT:)
3 — u s e r  d e f i n e d  l i s t  d e v i c e  ( U L l : )

Note a g a i n  t h a t  t h e  i m p l e m e n t a t i o n  o f  t h e  IOBYTE i s  o p t i o n a l ,  
a n d  a f f e c t s  o n l y  t h e  o r g a n i z a t i o n  o f  y o u r  GBIOS. No CP/M-86 
u t i l i t i e s  u s e  t h e  IOBYTE e x c e p t  f o r  P I P  w h ic h  a l l o w s  a c c e s s  t o  t h e  
p h y s i c a l  d e v i c e s ,  and STAT w h ic h  a l l o w s  l o g i c a l - p h y s i c a l  a s s i g n m e n t s  
t o  be made and d i s p l a y e d .  I n  any c a s e ,  you s h o u l d  o m i t  t h e  IOBYTE 
i m p l e m e n t a t i o n  u n t i l  y o u r  b a s i c  CBIOS i s  f u l l y  i m p l e m e n t e d  and 
t e s t e d ,  t h e n  add t h e  IOBYTE t o  i n c r e a s e  y o u r  f a c i l i t i e s .
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5 . 4  BIOS S u b r o u t i n e  E n t r y  P o i n t s

The a c t i o n s  w h ic h  m u st  t a k e  p l a c e  upon e n t r v  t o  e a c h  BIOS 
s u b r o u t i n e  a r e  g i v e n  b e l o w .  I t  s h o u l d  be n o t e d  t h a t  d i s k  I / O  i s  
a l w a y s  p e r f o r m e d  t h r o u g h  a s e q u e n c e  o f  c a l l s  on t h e  v a r i o u s  d i s k  
a c c e s s  s u b r o u t i n e s .  T h e s e  s e t u p  t h e  d i s k  number t o  a c c e s s ,  t h e  
t r a c k  and s e c t o r  on a p a r t i c u l a r  d i s k ,  a nd t h e  d i r e c t  memory a c c e s s  
(DMA) o f f s e t  and s e q m e n t  a d d r e s s e s  i n v o l v e d  i n  t h e  I/O o p e r a t i o n .  

A f t e r  a l l  t h e s e  p a r a m e t e r s  h a v e  b e e n  s e t u p ,  a c a l l  i s  made t o  t h e  
READ o r  WRITE f u n c t i o n  t o  p e r f o r m  t h e  a c t u a l  I /O  o p e r a t i o n .  Mote 
t h a t  t h e r e  i s  o f t e n  a s i n g l e  c a l l  t o  SELDSK t o  s e l e c t  a d i s k  d r i v e ,  
f o l l o w e d  by a number o f  r e a d  o r  w r i t e  o p e r a t i o n s  t o  t h e  s e l e c t e d  
d i s k  b e f o r e  s e l e c t i n g  a n o t h e r  d r i v e  f o r  s u b s e q u e n t  o p e r a t i o n s .  
S i m i l a r l y ,  t h e r e  may be a c a l l  t o  s e t  t h e  DMA s e q m e n t  b a s e  and a 
c a l l  t o  s e t  t h e  DMA o f f s e t  f o l l o w e d  by s e v e r a l  c a l l s  w h ic h  r e a d  o r  
w r i t e  f r o m  t h e  s e l e c t e d  DMA a d d r e s s  b e f o r e  t h e  DMA a d d r e s s  i s  
c h a n g e d .  The t r a c k  and s e c t o r  s u b r o u t i n e s  a r e  a l w a y s  c a l l e d  b e f o r e  
t h e  READ o r  WRITE o p e r a t i o n s  a r e  p e r f o r m e d .

The READ and WRITE s u b r o u t i n e s  s h o u l d  p e r f o r m  s e v e r a l  r e t r i e s  
(10  i s  s t a n d a r d )  b e f o r e  r e p o r t i n g  t h e  e r r o r  c o n d i t i o n  t o  t h e  BDOS. 

The  HOME s u b r o u t i n e  may o r  may n o t  a c t u a l l y  p e r f o r m  t h e  t r a c k  0 0  
s e e k ,  d e p e n d i n g  upon y o u r  c o n t r o l l e r  c h a r a c t e r i s t i c s ;  t h e  i m p o r t a n t  
p o i n t  i s  t h a t  t r a c k  0 0  h a s  b e e n  s e l e c t e d  f o r  t h e  n e x t  o p e r a t i o n ,  and 
i s  o f t e n  t r e a t e d  i n  e x a c t l y  t h e  same m anner  a s  SET'f’RK w i t h  a 
p a r a m e t e r  o f  0 0 .

T a b l e  5 - 4 .  BIOS S u b r o u t i n e  Summary

S u b r o u t i n e D e s c r i p t i o n

INIT T h is  s u b r o u t i n e  i s  c a l l e d  d i r e c t l y  by t h e  CP/M-86 
l o a d e r  a f t e r  t h e  CPM.SYS f i l e  h a s  b e e n  r e a d  i n t o  
m e m o r y .  The p r o c e d u r e  i s  r e s p o n s i b l e  f o r  anv 
h a r d w a r e  i n i t i a l i z a t i o n  n o t  P e r f o r m e d  by t h e  
b o o t s t r a p  l o a d e r ,  s e t t i n g  i n i t i a l  v a l u e s  f o r  BIOS 
v a r i a b l e s  ( i n c l u d i n g  IOBYTE), p r i n t i n g  a s i q n - o n  
m e s s a q e ,  and i n i t i a l i z i n g  t h e  i n t e r r u p t  v e c t o r  t o  
p o i n t  t o  t h e  BDOS o f f s e t  ( 0 3 1 1 H )  and b a s e ,  when 
t h i s  r o u t i n e  c o m p l e t e s ,  i t  jum ps t o  t h e  CCP 
o f f s e t  (O H ). A l l  s e q m e n t  r e g i s t e r s  s h o u l d  be 
i n i t i a l i z e d  a t  t h i s  t i m e  t o  c o n t a i n  t h e  b a s e  o f  
t h e  o p e r a t i n g  s y s t e m .

WBOOT T h i s  s u b r o u t i n e  i s  c a l l e d  w h e n e v e r  a p r o g r a m  
t e r m i n a t e s  by p e r f o r m i n g  a BDOS f u n c t i o n  # 0  c a l l .  
S ome r e - i n i t i a l i z a t i o n  o f  t h e  h a r d w a r e  o r
s o f t w a r e  may o c c u r  h e r e .  When t h i s  r o u t i n e  
c o m p l e t e s ,  i t  jumps d i r e c t l y  t o  t h e  warm s t a r t  
e n t r y  p o i n t  o f  t h e  CCP ( 0 6 H ) .

CONST S a m p l e  t h e  s t a t u s  o f  t h e  c u r r e n t l y  a s s i q n e d  
c o n s o l e  d e v i c e  and r e t u r n  0FFH i n  r e g i s t e r  AL i f  
a c h a r a c t e r  i s  r e a d y  t o  r e a d ,  and 00H i n  r e q i s t e r  
AL i f  no c o n s o l e  c h a r a c t e r s  a r e  r e a d y .
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CON IN Read t h e  n e x t  c o n s o l e  c h a r a c t e r  i n t o  r e q i s t e r  AL, 
and s e t  t h e  p a r i t y  b i t  ( h i g h  o r d e r  b i t )  t o  z e r o .  
I f  no c o n s o l e  c h a r a c t e r  i s  r e a d y ,  w a i t  u n t i l  a 
c h a r a c t e r  i s  t v p e d  b e f o r e  r e t u r n i n g .

CONOUT S e n d  t h e  c h a r a c t e r  f r o m  r e g i s t e r  CL t o  t h e  
c o n s o l e  o u t p u t  d e v i c e .  The c h a r a c t e r  i s  i n  
A S C I I ,  w i t h  h i g h  o r d e r  p a r i t y  b i t  s e t  t o  z e r o .  
You may w a n t  t o  i n c l u d e  a t i m e - o u t  on a l i n e  f e e d  
o r  c a r r i a g e  r e t u r n ,  i f  y o u r  c o n s o l e  d e v i c e  
r e q u i r e s  some t i m e  i n t e r v a l  a t  t h e  end o f  t h e  
l i n e  ( s u c h  a s  a TI S i l e n t  7 0 0  t e r m i n a l ) .  You 
c a n ,  i f  you w i s h ,  f i l t e r  o u t  c o n t r o l  c h a r a c t e r s  
w h i c h  h a v e  u n d e s i r a b l e  e f f e c t s  on t h e  c o n s o l e  
d e v i c e .

LIST S e n d  t h e  c h a r a c t e r  f r o m  r e g i s t e r  CL t o  t h e  
c u r r e n t l y  a s s i g n e d  l i s t i n g  d e v i c e .  The c h a r a c t e r  
i s  in  ASCII w i t h  z e r o  p a r i t y .

PUNCH S e n d  t h e  c h a r a c t e r  f r o m  r e g i s t e r  CL t o  t h e  
c u r r e n t l y  a s s i g n e d  p u n c h  d e v i c e .  The c h a r a c t e r  
i s  in  ASCII w i t h  z e r o  p a r i t y .

READER R e ad  t h e  n e x t  c h a r a c t e r  f r o m  t h e  c u r r e n t l y  
a s s i g n e d  r e a d e r  d e v i c e  i n t o  r e g i s t e r  AL w i t h  z e r o  
p a r i t y  ( h i g h  o r d e r  b i t  m u st  be z e r o ) . An end o f  
f i l e  c o n d i t i o n  i s  r e p o r t e d  bv r e t u r n i n g  an ASCII 
CONTROL-Z ( 1AH).

HOME R e t u r n  t h e  d i s k  h e ad  o f  t h e  c u r r e n t l y  s e l e c t e d  
d i s k  t o  t h e  t r a c k  0 0  p o s i t i o n .  I f  y o u r  
c o n t r o l l e r  d o e s  n o t  h a v e  a s p e c i a l  f e a t u r e  f o r  
f i n d i n g  t r a c k  0 0 ,  you c a n  t r a n s l a t e  t h e  c a l l  i n t o  
a c a l l  t o  SETTRK w i t h  a p a r a m e t e r  o f  0 .
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SELDSK S e l e c t  t h e  d i s k  d r i v e  g i v e n  by r e g i s t e r  CL f o r  
f u r t h e r  o p e r a t i o n s ,  w h e r e  r e g i s t e r  CL c o n t a i n s  0 
f o r  d r i v e  A, 1 f o r  d r i v e  B, and so  on u d  t o  15  
f o r  d r i v e  P ( t h e  s t a n d a r d  CP/M-86 d i s t r i b u t i o n  
v e r s i o n  s u p p o r t s  two d r i v e s ) .  On e a c h  d i s k  
s e l e c t ,  SELDSK m u s t  r e t u r n  i n  BX t h e  b a s e  a d d r e s s  
o f  t h e  s e l e c t e d  d r i v e ' s  D is k  P a r a m e t e r  H e a d e r .  
Eor  s t a n d a r d  f l o p p y  d i s k  d r i v e s ,  t h e  c o n t e n t  o f  

' t h e  h e a d e r  and a s s o c i a t e d  t a b l e s  d o e s  n o t  c h a n g e .  
T h e  s a m p l e  BIOS i n c l u d e d  w i t h  CP/M-86 c a l l e d  
CBIOS c o n t a i n s  an e x a m p le  p r o g r a m  s e g m e n t  t h a t  
p e r f o r m s  t h e  SELDSK f u n c t i o n .  I f  t h e r e  i s  an 
a t t e m p t  t o  s e l e c t  a n o n - e x i s t e n t  d r i v e ,  SELDSK 
r e t u r n s  BX=0000H a s  an e r r o r  i n d i c a t o r .  A l t h o u g h  
SELDSK m u s t  r e t u r n  t h e  h e a d e r  a d d r e s s  on e a c h  
c a l l ,  i t  i s  a d v i s a b l e  t o  p o s t p o n e  t h e  a c t u a l  
p h y s i c a l  d i s k  s e l e c t  o p e r a t i o n  u n t i l  an I/O  
f u n c t i o n  ( s e e k ,  r e a d  o r  w r i t e )  i s  p e r f o r m e d .  
T h i s  i s  d u e  t o  t h e  f a c t  t h a t  d i s k  s e l e c t  
o p e r a t i o n s  may t a k e  P l a c e  w i t h o u t  a s u b s e q u e n t  
d i s k  o p e r a t i o n  a n d  t h u s  d i s k  a c c e s s  mav be 
s u b s t a n t i a l l y  s l o w e r  u s i n g  some d i s k  c o n t r o l  l e r s .  
On e n t r y  t o  SELDSK i t  i s  p o s s i b l e  t o  d e t e r m i n e  
w h e t h e r  i t  i s  t h e  f i r s t  t i m e  t h e  s p e c i f i e d  d i s k  
h a s  b e e n  s e l e c t e d .  R e g i s t e r  d l , b i t  0 ( l e a s t  
s i g n i f i c a n t  b i t )  i s  a z e r o  i f  t h e  d r i v e  h a s  n o t  
been p r e v i o u s l y  s e l e c t e d .  T h i s  i n f o r m a t i o n  i s  o f  
i n t e r e s t  i n  s y s t e m s  w h ic h  r e a d  c o n f i g u r a t i o n  
i n f o r m a t i o n  from  t h e  d i s k  i n  o r d e r  t o  s e t  u p  a 
d y n a m i c  d i s k  d e f i n i t i o n  t a b l e .

SETTRK R e g i s t e r  CX c o n t a i n s  t h e  t r a c k  n u m b e r  f o r  
s u b s e q u e n t  d i s k  a c c e s s e s  on t h e  c u r r e n t l y  
s e l e c t e d  d r i v e .  You c a n  c h o o s e  t o  s e e k  t h e  
s e l e c t e d  t r a c k  a t  t h i s  t i m e ,  o r  d e l a y  t h e  s e e k  
u n t i l  t h e  n e x t  r e a d  o r  w r i t e  a c t u a l l y  o c c u r s .  
R e g i s t e r  CX c a n  t a k e  on v a l u e s  i n  t h e  r a n g e  0 - 7 6  
c o r r e s p o n d i n g  t o  v a l i d  t r a c k  nu m b ers  f o r  s t a n d a r d  
f l o p p y  d i s k  d r i v e s ,  and 0 - 6 5 5 3 5  f o r  n o n - s t a n d a r d  
d i s k  s u b s y s t e m s .

SETSEC R e g i s t e r  CX c o n t a i n s  t h e  t r a n s l a t e d  s e c t o r  number 
f o r  s u b s e q u e n t  d i s k  a c c e s s e s  on t h e  c u r r e n t l y  
s e l e c t e d  d r i v e  ( s e e  SECTRAN, b e l o w ) . You c a n  
c h o o s e  t o  se n d  t h i s  i n f o r m a t i o n  t o  t h e  c o n t r o l l e r  
a t  t h i s  p o i n t ,  o r  i n s t e a d  d e l a y  s e c t o r  s e l e c t i o n  
u n t i l  a r e a d  o r  w r i t e  o p e r a t i o n  o c c u r s .
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SETDMA R e g i s t e r  CX c o n t a i n s  t h e  DMA ( d i s k  memory a c c e s s )  
o f f s e t  f o r  s u b s e q u e n t  r e a d  o r  w r i t e  o p e r a t i o n s .  
F o r  e x a m p l e ,  i f  CX = 80H when SETDMA i s  c a l l e d ,  
t h e n  a l l  s u b s e q u e n t  r e a d  o p e r a t i o n s  r e a d  t h e i r  
d a t a  i n t o  80H t h r o u g h  OFFH o f f s e t  from t h e  
c u r r e n t  DMA s e g m e n t  b a s e ,  and a l l  s u b s e q u e n t  
w r i t e  o p e r a t i o n s  g e t  t h e i r  d a t a  f r o m  t h a t  
a d d r e s s ,  u n t i l  t h e  n e x t  c a l l s  t o  SETDMA and 
SETDMAB o c c u r .  N o te  t h a t  t h e  c o n t r o l l e r  n e e d  n o t  
a c t u a l l y  s u p p o r t  d i r e c t  memory a c c e s s .  I f ,  f o r  
e x a m p l e ,  a l l  d a t a  i s  r e c e i v e d  and s e n t  t h r o u g h  
I/O  p o r t s ,  t h e  CBIOS w h i c h  you c o n s t r u c t  w i l l  u s e  
t h e  1 2 8  b y t e  a r e a  s t a r t i n g  a t  t h e  s e l e c t e d  DMA 
o f f s e t  and b a s e  f o r  t h e  memory b u f f e r  d u r i n g  t h e  
f o l l o w i n g  r e a d  o r  w r i t e  o p e r a t i o n s .

READ Assuming t h e  d r i v e  h a s  b e e n  s e l e c t e d ,  t h e  t r a c k  
h a s  b e e n  s e t ,  t h e  s e c t o r  h a s  b e e n  s e t ,  and t h e  
DMA o f f s e t  and s e g m e n t  b a s e  h a v e  b e e n  s p e c i f i e d ,  
t h e  READ s u b r o u t i n e  a t t e m p t s  t o  r e a d  one s e c t o r  
b a s e d  upon t h e s e  p a r a m e t e r s ,  and r e t u r n s  t h e  
f o l l o w i n g  e r r o r  c o d e s  i n  r e g i s t e r  AL:

0 no e r r o r s  o c c u r r e d
1 n o n - r e c o v e r a b l e  e r r o r  c o n d i t i o n  o c c u r r e d

C u r r e n t l y ,  CP/M-86 r e s p o n d s  o n l y  t o  a z e r o  o r  
n o n - z e r o  v a l u e  a s  t h e  r e t u r n  c o d e .  T h a t  i s ,  i f  
t h e  v a l u e  i n  r e g i s t e r  AL i s  0 t h e n  CP/M-86 
a s s u m e s  t h a t  t h e  d i s k  o p e r a t i o n  c o m p l e t e d  
p r o p e r l y .  I f  an e r r o r  o c c u r s ,  h o w e v e r ,  t h e  CBIOS 
s h o u l d  a t t e m p t  a t  l e a s t  10  r e t r i e s  t o  s e e  i f  t h e  
e r r o r  i s  r e c o v e r a b l e .  When an e r r o r  i s  r e p o r t e d  
t h e  BDOS w i l l  p r i n t  t h e  m e s s a g e  "BDOS ERR ON x: 
BAD SECTOR". The o p e r a t o r  t h e n  h a s  t h e  o p t i o n  o f  
t y p i n g  RETURN t o  i g n o r e  t h e  e r r o r ,  o r  CÖNTROL-C 
t o  a b o r t .

WRITE W r i t e  t h e  d a t a  from  t h e  c u r r e n t l y  s e l e c t e d  DMA 
b u f f e r  t o  t h e  c u r r e n t l y  s e l e c t e d  d r i v e ,  t r a c k ,  
a nd s e c t o r .  The d a t a  s h o u l d  be m ark e d  a s  " n o n -  
d e l e t e d  d a t a "  t o  m a i n t a i n  c o m p a t i b i l i t y  w i t h  
o t h e r  CP/M s y s t e m s .  The e r r o r  c o d e s  g i v e n  i n  t h e  
READ command a r e  r e t u r n e d  i n  r e g i s t e r  AL, w i t h  
e r r o r  r e c o v e r y  a t t e m p t s  a s  d e s c r i b e d  a b o v e .

LISTST R e tu r n  t h e  r e a d y  s t a t u s  o f  t h e  l i s t  d e v i c e .  The 
v a l u e  0 0  i s  r e t u r n e d  i n  AL i f  t h e  l i s t  d e v i c e  i s  
n o t  r e a d y  t o  a c c e p t  a c h a r a c t e r ,  and OFFH i f  a 
c h a r a c t e r  c a n  be s e n t  t o  t h e  p r i n t e r .
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SECTRAN P e r f o r m s  l o g i c a l  t o  p h y s i c a l  s e c t o r  t r a n s l a t i o n  
t o  i m p r o v e  t h e  o v e r a l l  r e s p o n s e  o f  C P /M -8 6 .  
S t a n d a r d  CP/M-86 s y s t e m s  a r e  s h i p p e d  w i t h  a "skew  
f a c t o r "  o f  6 ,  w h e r e  f i v e  p h y s i c a l  s e c t o r s  a r e  
s k i p p e d  b e t w e e n  s e q u e n t i a l  r e a d  o r  w r i t e  
o p e r a t i o n s .  T h i s  skew f a c t o r  a l l o w s  e n o u g h  t i m e  
b e t w e e n  s e c t o r s  f o r  m o s t  p r o g r a m s  t o  l o a d  t h e i r  
b u f f e r s  w i t h o u t  m i s s i n g  t h e  n e x t  s e c t o r .  I n  
c o m p u t e r  s y s t e m s  t h a t  u s e  f a s t  p r o c e s s o r s ,  memory 
a n d  d i s k  s u b s y s t e m s ,  t h e  skew f a c t o r  may be 
c h a n g e d  t o  i m p r o v e  o v e r a l l  r e s p o n s e .  N o t e ,  
h o w e v e r ,  t h a t  y o u  s h o u l d  m a i n t a i n  a s i n g l e  
d e n s i t y  IBM c o m p a t i b l e  v e r s i o n  o f  CP/M-86 f o r  
i n f o r m a t i o n  t r a n s f e r  i n t o  a n d  o u t  o f  y o u r  
c o m p u t e r  s y s t e m ,  u s i n g  a skew f a c t o r  o f  6 .  I n  
g e n e r a l ,  SECTRAN r e c e i v e s  a l o g i c a l  s e c t o r  number 
i n  CX. T h i s  l o g i c a l  s e c t o r  number may r a n g e  from 
0 t o  t h e  number o f  s e c t o r s  - 1 .  S e c t r a n  a l s o  
r e c e i v e s  a t r a n s l a t e  t a b l e  o f f s e t  i n  DX. The 
s e c t o r  n u m b e r  i s  u s e d  a s  an i n d e x  i n t o  t h e  
t r a n s l a t e  t a b l e ,  w i t h  t h e  r e s u l t i n g  p h y s i c a l  
s e c t o r  number i n  BX. F o r  s t a n d a r d  s y s t e m s ,  t h e  
t a b l e s  and i n d e x i n g  c o d e  i s  p r o v i d e d  i n  t h e  CBIOS 
a n d  n e e d  n o t  be c h a n g e d .  I f  DX = 0 0 0 0 H  no 
t r a n s l a t i o n  t a k e s  p l a c e ,  and CX i s  s i m p l y  c o p i e d  
t o  BX b e f o r e  r e t u r n i n g .  O t h e r w i s e ,  SECTRAN 
c o m p u t e s  and r e t u r n s  t h e  t r a n s l a t e d  s e c t o r  number 
i n  BX. N o t e  t h a t  SECTRAN i s  c a l l e d  when no 
t r a n s l a t i o n  i s  s p e c i f i e d  i n  t h e  D i s k  P a r a m e t e r  
H e a d e r  .

SETDMAB R e g i s t e r  CX c o n t a i n s  t h e  s e g m e n t  b a s e  f o r  
s u b s e q u e n t  DMA r e a d  o r  w r i t e  o p e r a t i o n s .  The 
BIOS w i l l  u s e  t h e  1 2 8  b y t e  b u f f e r  a t  t h e  memory 
a d d r e s s  d e t e r m i n e d  by t h e  DMA b a s e  and t h e  DMA 
o f f s e t  d u r i n g  r e a d  and w r i t e  o p e r a t i o n s .

GETSEGB R e t u r n s  t h e  a d d r e s s  o f  t h e  Memory R e g i o n  T a b l e  
(MRT) i n  BX. The r e t u r n e d  v a l u e  i s  t h e  o f f s e t  o f  
t h e  t a b l e  r e l a t i v e  t o  t h e  s t a r t  o f  t h e  o p e r a t i n g  
s y s t e m .  The t a b l e  d e f i n e s  t h e  l o c a t i o n  and 
e x t e n t  o f  p h y s i c a l  memory w h i c h  i s  a v a i l a b l e  f o r  
t r a n s i e n t  p r o g r a m s .
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Memory a r e a s  r e s e r v e d  f o r  i n t e r r u p t  v e c t o r s  and 
t h e  CP/M-86 o p e r a t i n g  s y s t e m  a r e  n o t  i n c l u d e d  i n  
t h e  MRT. The Memory R e g io n  T a b l e  t a k e s  t h e  form :

8 - b i t

MRT: R-Cnt

0 : R- B ase R - L e n g t h

1: R- B ase R - L e n g t h

R-B ase R - L e n g t h

1 6 - b i t 1 6 - b i t

w h e r e  R - C n t  i s  t h e  n u m b e r  o f  Memory R e g i o n  
D e s c r i p t o r s  ( e q u a l  t o  n+1 i n  t h e  d i a g r a m  a b o v e ) , 
w h i l e  R -B as e  and R - L e n g t h  g i v e  t h e  p a r a g r a p h  b a s e  
and l e n g t h  o f  e a c h  p h y s i c a l l y  c o n t i g u o u s  a r e a  o f  
memory.  A g a i n ,  t h e  r e s e r v e d  i n t e r r u p t  l o c a t i o n s ,  
n o r m a l l y  0 -3 F F H ,  and t h e  CP/M-86 o p e r a t i n g  s y s t e m  
a r e  n o t  i n c l u d e d  i n  t h i s  map, b e c a u s e  t h e  map 
c o n t a i n s  r e g i o n s  a v a i l a b l e  t o  t r a n s i e n t  p r o g r a m s .  
IF a l l  memory i s  c o n t i g u o u s ,  t h e  R -C n t  f i e l d  i s  1 
a n d  n = 0 ,  w i t h  o n l y  a s i n g l e  Memory R e g io n  
D e s c r i p t o r  w hich  d e f i n e s  t h e  r e g i o n .

GETIOB R e t u r n s  t h e  c u r r e n t  v a l u e  o f  t h e  l o g i c a l  t o
p h y s i c a l  i n p u t / o u t p u t  d e v i c e  b y t e  (IOBYTE) i n  AL. 
T h i s  e i g h t - b i t  v a l u e  i s  u s e d  t o  a s s o c i a t e  
p h y s i c a l  d e v i c e s  w i t h  CP/M-86"*s f o u r  l o g i c a l  
d e v i c e s .

SETIOB Use t h e  v a l u e  i n  CL t o  s e t  t h e  v a l u e  o f  t h e
IOBYTE s t o r e d  in  t h e  BIOS.

T h e  f o l l o w i n g  s e c t i o n  d e s c r i b e s  t h e  e x a c t  l a y o u t  and 
c o n s t r u c t i o n  o f  t h e  d i s k  p a r a m e t e r  t a b l e s  r e f e r e n c e d  by v a r i o u s  
s u b r o u t i n e s  i n  t h e  BIOS.
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Section 6
BIOS Disk Definition Tables

S i m i l a r  t o  C P / M - 8 0 ,  CP/M-86 i s  a t a b l e - d r i v e n  o p e r a t i n g  s y s t e m  
w i t h  a s e p a r a t e  f i e l d - c o n f i g u r a b l e  B a s i c  I/O S y s tem  ( B I O S ) . By 
a l t e r i n g  s o e c i f i c  s u b r o u t i n e s  i n  t h e  BIOS p r e s e n t e d  i n  t h e  p r e v i o u s  
s e c t i o n ,  CP/M-86 c a n  be c u s t o m i z e d  f o r  o p e r a t i o n  on a ny RAM-based 
8 0 8 6  o r  8 0 8 8  m i c r o p r o c e s s o r  s v s t e m .

The p u r p o s e  o f  t h i s  s e c t i o n  i s  t o  p r e s e n t  t h e  o r g a n i z a t i o n  and 
c o n s t r u c t i o n  o f  t a b l e s  w i t h i n  t h e  BIOS t h a t  d e f i n e  t h e  
c h a r a c t e r i s t i c s  o f  a p a r t i c u l a r  d i s k  s y s t e m  u s e d  w i t h  C P /M -8 6 .  
T h e s e  t a b l e s  c a n  be e i t h e r  h a n d - c o d e d  o r  a u t o m a t i c a l l y  g e n e r a t e d  
u s i n g  t h e  GENDEF u t i l i t y  p r o v i d e d  w i t h  C P /M -8 6 .  The e l e m e n t s  o f  
t h e s e  t a b l e s  a r e  p r e s e n t e d  b e l o w .

6.1  Disk Param eter T ab le  Format

I n  g e n e r a l ,  e a c h  d i s k  d r i v e  h a s  an a s s o c i a t e d  ( 1 6 - b v t e )  d i s k  
p a r a m e t e r  h e a d e r  w h ic h  b o t h  c o n t a i n s  i n f o r m a t i o n  a b o u t  t h e  d i s k  
d r i v e  and p r o v i d e s  a s c r a t c h p a d  a r e a  f o r  c e r t a i n  BDOS o p e r a t i o n s .  
The f o r m a t  o f  t h e  d i s k  p a r a m e t e r  h e a d e r  f o r  e a c h  d r i v e  i s  shown 
b e l o w .

D i s k  P a r a m e t e r  H e a d e r

XLT 0 0 0 0 0 0 0 0 0 0 0 0 DIRBUF DPB CSV ALV

1 6 b 1 6 b 1 6b 16b 1 6 b 1 6 b 1 6 b 1 6 b

w here  e a c h  e l e m e n t  i s  a word ( 1 6 - b i t )  v a l u e .  The m e a n in g  o f  e a c h  
D isk  P a r a m e t e r  H e a d e r  (DPH) e l e m e n t  i s  g i v e n  i n  T a b l e  6 - 1 .

Table 6 -1 . Disk Parameter Header Elements

E l e m e n t D e s c r i p t i o n

XLT O f f s e t  o f  t h e  l o g i c a l  t o  p h y s i c a l  t r a n s l a t i o n  v e c t o r ,  
i f  u s e d  f o r  t h i s  p a r t i c u l a r  d r i v e ,  o r  t h e  v a l u e  0 0 0 0 H  
i f  no s e c t o r  t r a n s l a t i o n  t a k e s  p l a c e  ( i . e ,  t h e  
p h y s i c a l  and l o g i c a l  s e c t o r  nu m b ers  a r e  t h e  s a m e ) . 
D is k  d r i v e s  w i t h  i d e n t i c a l  s e c t o r  skew f a c t o r s  s h a r e  
t h e  same t r a n s l a t e  t a b l e s .

0 0 0 0 S c r a t c h p a d  v a l u e s  f o r  u s e  w i t h i n  t h e  BDOS ( i n i t i a l  
v a l u e  i s  u n i m p o r t a n t ) .
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Table 6-1. (continued)
E l e m e n t D e s c r i p t i o n

DIRBUF O f f s e t  o f  a 1 2 8  b y t e  s c r a t c h p a d  a r e a  f o r  d i r e c t o r y  
o p e r a t i o n s  w i t h i n  BDOS. A l l  DPH^s a d d r e s s  t h e  same 
s c r a t c h p a d  a r e a .

DPB O f f s e t  o f  a d i s k  p a r a m e t e r  b l o c k  f o r  t h i s  d r i v e .  
D r i v e s  w i t h  i d e n t i c a l  d i s k  c h a r a c t e r i s t i c s  a d d r e s s  t h e  
same d i s k  p a r a m e t e r  b l o c k .

CSV O f f s e t  o f  a s c r a t c h p a d  a r e a  u s e d  f o r  s o f t w a r e  c h e c k  f o r  
changed d i s k s .  T h i s  o f f s e t  i s  d i f f e r e n t  f o r  e a c h  d p h .

ALV O f f s e t  o f  a s c r a t c h p a d  a r e a  u se d  by t h e  BDOS t o  k e e p  
d i s k  s t o r a g e  a l l o c a t i o n  i n f o r m a t i o n ,  'f’h i s  o f f s e t  i s  
d i f f e r e n t  f o r  e a c h  DPH.

G iv e n  n d i s k  d r i v e s ,  t h e  DPP"s a r e  a r r a n q e d  i n  a t a b l e  whose f i r s t  
row o f  1 6  b y t e s  c o r r e s p o n d s  t o  d r i v e  0 ,  w i t h  t h e  l a s t  row 
c o r r e s p o n d i n g  t o  d r i v e  n - 1 .  The t a b l e  t h u s  a p p e a r s  a s

DPBASE

00 XLT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 DIRBUF DBP 00 CSV 0 0 ALV 0 0

0 1 XLT 0 1 0 0 0 0 0 0 0 0 0 0 0 0 'DIRBUF DBP 0 1 CSV 0 1 ALV 0 1

(a nd s o - f o r t h  t h r o u g h )

n - 1 XLTn-1 0 0 0 0 0 0 0 0 0 0 0 0 DIRBUF DBPn-1 CSVn-1 ALVn-1

where t h e  l a b e l  DPBASE d e f i n e s  t h e  o f f s e t  o f  t h e  DPH t a b l e  r e l a t i v e  
t o  t h e  b e g i n n i n g  o f  t h e  o p e r a t i n g  s y s t e m .

A r e s p o n s i b i l i t y  o f  t h e  SELDSK s u b r o u t i n e ,  d e f i n e d  i n  t h e  
p r e v i o u s  s e c t i o n ,  i s  t o  r e t u r n  t h e  o f f s e t  o f  t h e  DPH from t h e  
b e g i n n i n g  o f  t h e  o o e r a t i n g  s y s t e m  f o r  t h e  s e l e c t e d  d r i v e .  The 
f o l l o w i n g  s e q u e n c e  o f  o p e r a t i o n s  r e t u r n s  t h e  t a b l e  o f f s e t ,  w i t h  a 
0 0 0 0 H  r e t u r n e d  i f  t h e  s e l e c t e d  d r i v e  d o e s  n o t  e x i s t .
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NDISKS EQU 4 ;NUMBER OF DISK DRIVES

SELDSK:

RETURN:

; SELECT DISK N GIVEN BY CL
MOV BX, 0 0 0 0 H
CPM CL,NDISKS
JNB RETURN

MOV CH, 0
MOV BX ,CX
MOV CL, 4
SHL BX ,CL
MOV CX,OFFSET
ADD BX ,CX
RET \

; READY FOR ERR 
;N BEYOND MAX DISKS? 
; RETURN IF SO 
; 0 <= N < NDISKS 
; DOUBLE (N)
;BX = N
; READY FOR * 1 6  
;N » N * 16  
DPBASE
; DPBASE + N * 16  
;BX -  . DPH (N)

The t r a n s l a t i o n  v e c t o r s  (XLT 0 0  t h r o u g h  XLTn-1) a r e  l o c a t e d  
e l s e w h e r e  i n  t h e  BIOS, and s i m p l y  c o r r e s p o n d  o n e - f o r - o n e  w i t h  t h e  
l o g i c a l  s e c t o r  n um bers  z e r o  t h r o u g h  t h e  s e c t o r  c o u n t - 1 .  The D i s k  
P a r a m e t e r  B l o c k  (DPB) f o r  e a c h  d r i v e  i s  more c o m p l e x .  A p a r t i c u l a r  
DPB, w h i c h  i s  a d d r e s s e d  by one o r  more DPH^s,  t a k e s  t h e  g e n e r a l  
form :

SPT BSH BLM EXM DSM DRM ALO ALl CKS OFF

1 6 b 8b 8b 8b 1 6 b 1 6 b 8b 8b 1 6 b 1 6 b

w h e re  e a c h  i s  a b y t e  o r  word v a l u e ,  a s  shown by t h e  " 8 b ” o r  " 1 6 b "  
i n d i c a t o r  b e lo w  t h e  f i e l d .  The f i e l d s  a r e  d e f i n e d  i n  T a b l e  6 - 2 .

Table 6-2. Disk Parameter Block F ie ld s

F i e l d D e f i n i t i o n

SPT i s  t h e  t o t a l  number o f  s e c t o r s  p e r  t r a c k

BSH i s  t h e  d a t a  a l l o c a t i o n  b l o c k  s h i f t  f a c t o r ,  d e t e r m i n e d  
by t h e  d a t a  b l o c k  a l l o c a t i o n  s i z e .

BLM i s  t h e  b l o c k  mask w h ic h  i s  a l s o  d e t e r m i n e d  by t h e  d a t a  
b l o c k  a l l o c a t i o n  s i z e .

EXM i s  t h e  e x t e n t  m a s k ,  d e t e r m i n e d  by t h e  d a t a  b l o c k  
a l l o c a t i o n  s i z e  and t h e  number o f  d i s k  b l o c k s .

DSM d e t e r m i n e s  t h e  t o t a l  s t o r a g e  c a p a c i t y  o f  t h e  d i s k  d r i v e

DRM d e t e r m i n e s  t h e  t o t a l  number o f  d i r e c t o r y  e n t r i e s  w h i c h  
c a n  be s t o r e d  on t h i s  d r i v e
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Table 6-2. (continued)
F i e l d D e f i n i t i o n

ALO,AL1 d e t e r m i n e  r e s e r v e d  d i r e c t o r v b l o c k s .

CKS i s  t h e  s i z e  o f  t h e  d i r e c t o r y c h e c k  v e c t o r

OFF i s  t h e  number o f  r e s e r v e d  t r a c k s  a t  t h e  b e g i n n i n g  o f  
t h e  ( l o g i c a l )  d i s k .

A l t h o u g h  t h e s e  t a b l e  v a l u e s  a r e  p r o d u c e d  a u t o m a t i c a l l y  by GENDEF, i t  
i s  w o r t h w h i l e  r e v i e w i n g  t h e  d e r i v a t i o n  o f  e a c h  f i e l d  s o  t h a t  t h e  
v a l u e s  may be c r o s s - c h e c k e d  when n e c e s s a r y .  The v a l u e s  o f  BSH and 
BLM d e t e r m i n e  ( i m p l i c i t l y )  t h e  d a t a  a l l o c a t i o n  s i z e  BLS, w h i c h  i s  
n o t  an e n t r y  i n  t h e  d i s k  p a r a m e t e r  b l o c k .  G i v e n  t h a t  you h a v e  
s e l e c t e d  a v a l u e  f o r  BLS, t h e  v a l u e s  o f  BSH a nd BLM a r e  shown i n  
T a b l e  6 - 3  b e l o w ,  w h e r e  a l l  v a l u e s  a r e  i n  d e c i m a l .

T a b l e  6 - 3 .  BSH a n d  BLM V a l u e s  f o r  S e l e c t e d  BLS

The v a lu e  o f  EXM d e p e n d s  upon b o t h  t h e  BLS and w h e t h e r  t h e  DSM v a l u e  
i s  l e s s  t h a n  2 5 6  o r  g r e a t e r  t h a n  2 5 5 ,  a s  shown i n  t h e  f o l l o w i n g  
t a b l e .

T a b l e  6 - 4 .  Maximum EXM V a l u e s

BLS DSM < 2 5 6 DSM > 2 5 5

1 , 0 2 4 0 N/A
2 , 0 4 8 1 0
4 , 0 9 6 3 1
8 , 1 9 2 7 3

1 6 , 3 8 4 1 5 7

The v a l u e  o f  DSM i s  t h e  maximum d a t a  b l o c k  number s u p p o r t e d  by 
t h i s  p a r t i c u l a r  d r i v e ,  m e a s u r e d  i n  BLS u n i t s .  The p r o d u c t  BLS t i m e s  
(DSM+1) i s  t h e  t o t a l  number o f  b y t e s  h e l d  by t h e  d r i v e  a n d ,  o f  

c o u r s e ,  m u st  be w i t h i n  t h e  c a p a c i t y  o f  t h e  p h y s i c a l  d i s k ,  n o t  
c o u n t i n g  t h e  r e s e r v e d  o p e r a t i n g  s y s t e m  t r a c k s .
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The DRM e n t r y  i s  one l e s s  t h a n  t h e  t o t a l  number o f  d i r e c t o r y  
e n t r i e s ,  w h ic h  c a n  t a k e  on a 1 6 - b i t  v a l u e .  The v a l u e s  o f  ALO and 
AL1, however ,  a r e  d e t e r m i n e d  by DRM. The two v a l u e s  ALO and ALl c a n  
t o g e t h e r  be c o n s i d e r e d  a s t r i n g  o f  1 6 - b i t s ,  a s  shown b e l o w .

AL0 ALl

0 0  0 1  0 2  03  04  0 5  06  0 7  08  0 9  10  11  12  13  14  15

w h e r e  p o s i t i o n  0 0  c o r r e s p o n d s  t o  t h e  h i g h  o r d e r  b i t  o f  t h e  b y t e  
l a b e l e d  AL0, and 1 5  c o r r e s p o n d s  t o  t h e  low o r d e r  b i t  o f  t h e  b y t e  
l a b e l e d  A L l .  Each b i t  p o s i t i o n  r e s e r v e s  a d a t a  b l o c k  f o r  a number 
o f  d i r e c t o r y  e n t r i e s ,  t h u s  a l l o w i n g  a t o t a l  o f  16  d a t a  b l o c k s  t o  be 
a s s i g n e d  f o r  d i r e c t o r y  e n t r i e s  ( b i t s  a r e  a s s i g n e d  s t a r t i n g  a t  0 0  and 
f i l l e d  t o  t h e  r i g h t  u n t i l  p o s i t i o n  1 5 ) .  Each d i r e c t o r y  e n t r y  
o c c u p i e s  3 2  b y t e s ,  a s  shown i n  T a b l e  6 - 5 .

Table 6-5 . BLS and Number o f D irectory Entries

BLS D i r e c t o r y E n t r i e s

1 , 0 2 4 3 2 t i m e s # b i t s
2 , 0 4 8 64 t i m e s b i t s
4 , 0 9 6 1 2 8 t i m e s # b i t s
8 , 1 9 2 2 5 6 t i m e s # b i t s

1 6 , 3 8 4 5 1 2 t i m e s ’# b i t s

T h u s ,  i f  DRM = 1 2 7  ( 1 2 8  d i r e c t o r y  e n t r i e s ) ,  and BLS = 1 0 2 4 ,  t h e n  
t h e r e  a r e  32  d i r e c t o r y  e n t r i e s  p e r  b l o c k ,  r e q u i r i n g  4 r e s e r v e d  
b l o c k s .  ’ I n  t h i s  c a s e ,  t h e  4 h i g h  o r d e r  b i t s  o f  AL0 a r e  s e t ,  
r e s u l t i n g  i n  t h e  v a l u e s  AL0 = 0F0H and ALl = 00H .

T h e  CKS v a l u e  i s  d e t e r m i n e d  a s  f o l l o w s :  i f  t h e  d i s k  d r i v e  
m e d i a  i s  r e m o v a b l e ,  t h e n  CKS = (DRM+D/4,  w h e r e  DRM i s  t h e  l a s t  
d i r e c t o r y  e n t r v  n u m b e r .  I f  t h e  m e d i a  i s  f i x e d ,  t h e n  s e t  CKS = 0 (no 
d i r e c t o r y  r e c o r d s  a r e  c h e c k e d  i n  t h i s  c a s e ) .

F i n a l l y ,  t h e  OFF f i e l d  d e t e r m i n e s  t h e  number o f  t r a c k s  w h i c h  
a r e  s k i p p e d  a t  t h e  b e g i n n i n g  o f  t h e  p h y s i c a l  d i s k .  T h i s  v a l u e  i s  
a u t o m a t i c a l l y  a d d e d  w h e n e v e r  SETTRK i s  c a l l e d ,  and c a n  be u s e d  a s  a 
m e c h an ism  f o r  s k i p p i n g  r e s e r v e d  o p e r a t i n g  s y s t e m  t r a c k s ,  o r  f o r  
p a r t i t i o n i n g  a l a r g e  d i s k  i n t o  s m a l l e r  s e g m e n t e d  s e c t i o n s .

To c o m p l e t e  t h e  d i s c u s s i o n  o f  t h e  DPB, r e c a l l  t h a t  s e v e r a l  
DPH's c a n  a d d r e s s  t h e  same DPB i f  t h e i r  d r i v e  c h a r a c t e r i s t i c s  a r e  
i d e n t i c a l .  F u r t h e r ,  t h e  DPB c a n  be d y n a m i c a l l y  c h a n g e d  when a new 
d r i v e  i s  a d d r e s s e d  by s i m p l y  c h a n g i n g  t h e  p o i n t e r  i n  t h e  dph s i n c e  
t h e  BDOS c o p i e s  t h e  DPB v a l u e s  t o  a l o c a l  a r e a  w h e n e v e r  t h e  SELDSK 
f u n c t i o n  i s  i n v o k e d .
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R e t u r n i n g  b ack t o  t h e  DPH f o r  a p a r t i c u l a r  d r i v e ,  n o t e  t h a t  t h e  
two a d d r e s s  v a l u e s  CSV and ALV r e m a i n .  B o th  a d d r e s s e s  r e f e r e n c e  an 
a r e a  o f  u n i n i t i a l i z e d  memory f o l l o w i n g  t h e  BIOS. The a r e a s  m u s t  be 
u n i q u e  f o r  e a c h  d r i v e ,  a nd t h e  s i z e  o f  e a c h  a r e a  i s  d e t e r m i n e d  by 
t h e  v a l u e s  i n  t h e  DPB.

The s i z e  o f  t h e  a r e a  a d d r e s s e d  by CSV i s  CKS b y t e s ,  w h i c h  i s  
s u f f i c i e n t  t o  h o l d  t h e  d i r e c t o r y  c h e c k  i n f o r m a t i o n  f o r  t h i s  
p a r t i c u l a r  d r i v e .  I f  CKS = (D R M + l)/4 ,  t h e n  you m u s t  r e s e r v e  
(DRM+1)/ 4 b y t e s  f o r  d i r e c t o r y  c h e c k  u s e .  I f  CKS = 0 ,  t h e n  no 
s t o r a g e  i s  r e s e r v e d .

The s i z e  o f  t h e  a r e a  a d d r e s s e d  by ALV i s  d e t e r m i n e d  by t h e  
maximum number o f  d a t a  b l o c k s  a l l o w e d  f o r  t h i s  p a r t i c u l a r  d i s k ,  and 
i s  c o m p u ted  a s  (D S M /8 )+ l .

The BIOS shown i n  A p p e n d i x  D d e m o n s t r a t e s  an i n s t a n c e  o f  t h e s e  
t a b l e s  f o r  s t a n d a r d  8 "  s i n g l e  d e n s i t y  d r i v e s .  I t  may be u s e f u l  t o  
e x a m i n e  t h i s  p r o g r a m ,  and c o m p a re  t h e  t a b u l a r  v a l u e s  w i t h  t h e  
d e f i n i t i o n s  g i v e n  a b o v e .

6.2 T ab le  G eneration  U sing GENDEF

The GENDEF u t i l i t y  s u p p l i e d  w i t h  CP/M-86 g r e a t l y  s i m p l i f i e s  t h e  
t a b l e  c o n s t r u c t i o n  p r o c e s s .  GENDEF r e a d s  a f i l e

x .DEF

c o n t a i n i n g  t h e  d i s k  d e f i n i t i o n  s t a t e m e n t s ,  and p r o d u c e s  an o u t p u t  
f i l e

x . LIB

c o n t a i n i n g  a s s e m b l y  l a n g u a g e  s t a t e m e n t s  w h i c h  d e f i n e  t h e  t a b l e s  
n e c e s s a r y  t o  s u p p o r t  a p a r t i c u l a r  d r i v e  c o n f i g u r a t i o n .  The form  o f  
t h e  GENDEF command i s :

GENDEF x p a r a m e t e r  l i s t

w h e r e  x h a s  an assum ed (a nd u n s p e c i f i e d )  f i l e t y p e  o f  DEF. The 
p a r a m e t e r  l i s t  may c o n t a i n  z e r o  o r  more o f  t h e  s y m b o l s  d e f i n e d  i n  
T a b l e  6 - 6 .

Table 6-6 . GENDEF Optional Parameters

P a r a m e t e r E f f e c t

$C G e n e r a t e  D is k  P a r a m e t e r  Comments
$ 0 G e n e r a t e  DPBASE OFFSET $
$Z Z 8 0 ,  8 0 8 0 ,  8 0 8 5  O v e r r i d e
$C0Z (Any o f  t h e  Above)
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The C p a r a m e t e r  c a u s e s  GENDEF t o  p r o d u c e  an a c c o m p a n y in g  
comment l i n e ,  s i m i l a r  t o  t h e  o u t p u t  from t h e  "STAT DSK: " u t i l i t y  
w h i c h  d e s c r i b e s  t h e  c h a r a c t e r i s t i c s  o f  e a c h  d e f i n e d  d i s k .  N o r m a l l y ,  
t h e  DPBASE i s  d e f i n e d  a s

DPBASE EQU $

which r e q u i r e s  a MOV CX,OFFSET DPBASE i n  t h e  SELDSK s u b r o u t i n e  shown
a b o v e .  For  c o n v e n i e n c e ,  t h e  $ 0  p a r a m e t e r  p r o d u c e s  t h e  d e f i n i t i o n

DPBASE EQU OFFSET $

a l l o w i n g  a MOV CX,DPBASE i n  SELDSK, i n  o r d e r  t o  m a tc h  y o u r  
p a r t i c u l a r  p r o g r a m m in g  p r a c t i c e s .  The $Z p a r a m e t e r  i s  i n c l u d e d  t o  
o v e r r i d e  t h e  s t a n d a r d  8 0 8 6 / 8 0 8 8  mode i n  o r d e r  t o  g e n e r a t e  t a b l e s  
a c c e p t a b l e  f o r  o p e r a t i o n  w i t h  Z 8 0 ,  8 0 8 0 ,  and 8 0 8 5  a s s e m b l e r s .

The d i s k  d e f i n i t i o n  c o n t a i n e d  w i t h i n  x . DEF i s  composed w i t h  t h e  
CP/M t e x t  e d i t o r ,  a n d  c o n s i s t s  o f  d i s k  d e f i n i t i o n  s t a t e m e n t s
i d e n t i c a l  t o  t h o s e  a c c e p t e d  by t h e  DISKDEF m ac ro  s u p p l i e d  w i t h  CP/M- 
8 0  V e r s i o n  2 .  A BIOS d i s k  d e f i n i t i o n  c o n s i s t s  o f  t h e  f o l l o w i n g  
s e q u e n c e  o f  s t a t e m e n t s :

DISKS n
DISKDEF 0 , .
DISKDEF 1 , .

DISKDEF n - 1

ENDEF

Each s t a t e m e n t  i s  p l a c e d  on a s i n g l e  l i n e ,  w i t h  o p t i o n a l  embedded 
comments b e t w e e n  t h e  k e y w o r d s ,  n u m b e r s ,  and d e l i m i t e r s .

T h e  DISKS s t a t e m e n t  d e f i n e s  t h e  number o f  d r i v e s  t o  be 
c o n f i g u r e d  w i t h  y o u r  s y s t e m ,  w h e r e  n i s  an i n t e g e r  i n  t h e  r a n g e  1 
t h r o u g h  1 6 .  A s e r i e s  o f  DISKDEF s t a t e m e n t s  t h e n  f o l l o w  w h ic h  d e f i n e  
t h e  c h a r a c t e r i s t i c s  o f  e a c h  l o g i c a l  d i s k ,  0 t h r o u g h  n - 1 ,  
c o r r e s p o n d i n g  t o  l o g i c a l  d r i v e s  A t h r o u g h  P .  N o te  t h a t  t h e  DISKS 
a n d  DISKDEF s t a t e m e n t s  g e n e r a t e  t h e  i n - l i n e  f i x e d  d a t a  t a b l e s  
d e s c r i b e d  i n  t h e  p r e v i o u s  s e c t i o n ,  and t h u s  m u st  be p l a c e d  i n  a n o n ­
e x e c u t a b l e  p o r t i o n  o f  y o u r  BIOS, t y p i c a l l y  a t  t h e  end o f  y o u r  BIOS, 
b e f o r e  t h e  s t a r t  o f  u n i n i t i a l i z e d  RAM.

The ENDEF (End o f  D i s k d e f )  s t a t e m e n t  g e n e r a t e s  t h e  n e c e s s a r y  
u n i n i t i a l i z e d  RAM a r e a s  w h ic h  a r e  l o c a t e d  beyond i n i t i a l i z e d  RAM i n  
y o u r  BIOS.
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The form o f  t h e  DISKDEF s t a t e m e n t  i s

UISKDEF d n , f s c , l s c ,  [ s k f  1 , b l s , d k s , d i r  , c k s  , o f s , [ 0 ]

w h ere

dn 
f  s c  
l s c  
s k f  
b i s  
d k s  
d i r  
c k s  
o f  s 
[0]

i s  t h e  l o g i c a l  d i s k  n u m b e r ,  0 t o  n - 1
i s  t h e  f i r s t  p h y s i c a l  s e c t o r  number (0  o r  1)
i s  t h e  l a s t  s e c t o r  number
i s  t h e  o p t i o n a l  s e c t o r  skew f a c t o r
i s  t h e  d a t a  a l l o c a t i o n  b l o c k  s i z e
i s  t h e  d i s k  s i z e  i n  b i s  u n i t s
i s  t h e  number o f  d i r e c t o r y  e n t r i e s
i s  t h e  number o f  " c h e c k e d "  d i r e c t o r y  e n t r i e s
i s  t h e  t r a c k  o f f s e t  t o  l o g i c a l  t r a c k  0 0
i s  an o p t i o n a l  1 . 4  c o m p a t i b i l i t y  f l a g

The v a l u e  " d n "  i s  t h e  d r i v e  number b e i n g  d e f i n e d  w i t h  t h i s  DISKDEF 
s t a t e m e n t .  The " f s c "  p a r a m e t e r  a c c o u n t s  f o r  d i f f e r i n g  s e c t o r  
n u m b e r i n g  s y s t e m s ,  and i s  u s u a l l y  0 o r  1 .  The " I s c "  i s  t h e  l a s t  
n u m b e r e d  s e c t o r  on a t r a c k .  When p r e s e n t ,  t h e  " s k f "  p a r a m e t e r  
d e f i n e s  t h e  s e c t o r  skew f a c t o r  w h i c h  i s  u s e d  t o  c r e a t e  a s e c t o r  
t r a n s l a t i o n  t a b l e  a c c o r d i n g  t o  t h e  sk e w .  I f  t h e  number o f  s e c t o r s  
i s  l e s s  t h a n  2 5 6 ,  a s i n g l e - b y t e  t a b l e  i s  c r e a t e d ,  o t h e r w i s e  e a c h  
t r a n s l a t i o n  t a b l e  e l e m e n t  o c c u p i e s  two b y t e s .  No t r a n s l a t i o n  t a b l e  
i s  c r e a t e d  i f  t h e  s k f  p a r a m e t e r  i s  o m i t t e d  o r  e q u a l  t o  0 .

The " b i s "  p a r a m e t e r  s p e c i f i e s  t h e  number o f  b y t e s  a l l o c a t e d  t o  
e a c h  d a t a  b l o c k ,  and t a k e s  on t h e  v a l u e s  1 0 2 4 ,  2 0 4 8 ,  4 0 9 6 ,  8 1 9 2 ,  o r  
1 6 3 8 4 .  G e n e r a l l y ,  p e r f o r m a n c e  i n c r e a s e s  w i t h  l a r g e r  d a t a  b l o c k  
s i z e s  b e c a u s e  t h e r e  a r e  f e w e r  d i r e c t o r y  r e f e r e n c e s .  A l s o ,  l o g i c a l l y  
c o n n e c t e d  d a t a  r e c o r d s  a r e  p h y s i c a l l y  c l o s e  on t h e  d i s k .  F u r t h e r ,  
each d i r e c t o r y  e n t r y  a d d r e s s e s  more d a t a  and t h e  amount  o f  BIOS work 
s p a c e  i s  r e d u c e d .  The " d k s "  s p e c i f i e s  t h e  t o t a l  d i s k  s i z e  i n  " b i s "  
u n i t s .  T h a t  i s ,  i f  t h e  b i s  = 2 0 4 8  and d k s  = 1 0 0 0 ,  t h e n  t h e  t o t a l  
d i s k  c a p a c i t y  i s  2 , 0 4 8 , 0 0 0  b y t e s .  I f  d k s  i s  g r e a t e r  t h a n  2 5 5 ,  t h e n  
t h e  b l o c k  s i z e  p a r a m e t e r  b i s  m u st  be g r e a t e r  t h a n  1 0 2 4 .  The v a l u e  
o f  " d i r "  i s  t h e  t o t a l  number o f  d i r e c t o r y  e n t r i e s  w h i c h  may e x c e e d  
2 5 5 ,  i f  d e s i r e d .

The " c k s "  p a r a m e t e r  d e t e r m i n e s  t h e  number o f  d i r e c t o r y  i t e m s  t o  
c h e c k  on e a c h  d i r e c t o r y  s c a n ,  and i s  u s e d  i n t e r n a l l y  t o  d e t e c t  
c h a n g e d  d i s k s  d u r i n g  s y s t e m  o p e r a t i o n ,  w h e r e  an i n t e r v e n i n g  c o l d  
s t a r t  o r  s y s t e m  r e s e t  h a s  n o t  o c c u r r e d  (when t h i s  s i t u a t i o n  i s  
d e t e c t e d ,  CP/M-86 a u t o m a t i c a l l y  m a r k s  t h e  d i s k  r e a d / o n l y  s o  t h a t  
d a t a  i s  n o t  s u b s e q u e n t l y  d e s t r o y e d ) . As s t a t e d  . i n  t h e  p r e v i o u s  
s e c t i o n ,  t h e  v a l u e  o f  c k s  = d i r  when t h e  m e d ia  i s  e a s i l y  c h a n g e d ,  a s  
i s  t h e  c a s e  w i t h  a f l o p p y  d i s k  s u b s y s t e m .  I f  t h e  d i s k  i s  
p e r m a n e n t l y  m o u n t e d ,  t h e n  t h e  v a l u e  o f  c k s  i s  t y p i c a l l y  0 ,  s i n c e  t h e  
p r o b a b i l i t y  o f  c h a n g i n g  d i s k s  w i t h o u t  a r e s t a r t  i s  q u i t e  l o w .
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The " o f s "  v a l u e  d e t e r m i n e s  t h e  number o f  t r a c k s  t o  s k i p  when 
t h i s  p a r t i c u l a r  d r i v e  i s  a d d r e s s e d ,  w h i c h  c a n  be u s e d  t o  r e s e r v e  
a d d i t i o n a l  o p e r a t i n g  s y s t e m  s p a c e  o r  t o  s i m u l a t e  s e v e r a l  l o g i c a l  
d r i v e s  on a s i n g l e  l a r g e  c a p a c i t y  p h y s i c a l  d r i v e .  F i n a l l y ,  t h e  [ 0 ]  
p a r a m e t e r  i s  i n c l u d e d  when f i l e  c o m p a t i b i l i t y  i s  r e q u i r e d  w i t h  
v e r s i o n s  o f  C P /M -8 0 ,  v e r s i o n  1 . 4  w h i c h  h a v e  b e e n  m o d i f i e d  f o r  h i g h e r  
d e n s i t y  d i s k s  ( t y p i c a l l y  d o u b l e  d e n s i t y ) . T h i s  p a r a m e t e r  e n s u r e s  
t h a t  no d i r e c t o r y  c o m p r e s s i o n  t a k e s  p l a c e ,  w h i c h  would c a u s e  
i n c o m p a t i b i l i t i e s  w i t h  t h e s e  n o n - s t a n d a r d  CP/M 1 . 4  v e r s i o n s .  
N o r m a l l y ,  t h i s  p a r a m e t e r  i s  n o t  i n c l u d e d .

For  c o n v e n i e n c e  and economy o f  t a b l e  s p a c e ,  t h e  s p e c i a l  form 

DISKDEF i ,  i

g i v e s  d i s k  i  t h e  same c h a r a c t e r i s t i c s  a s  a p r e v i o u s l y  d e f i n e d  d r i v e  
j .  A s t a n d a r d  f o u r - d r i v e  s i n g l e  d e n s i t y  s y s t e m ,  w h i c h  i s  c o m p a t i b l e  
w i t h  CP/M-80 V e r s i o n  1 . 4 ,  and u p w a r d l y  c o m p a t i b l e  w i t h  CP/M-80 
V e r s i o n  2 i m p l e m e n t a t i o n s ,  i s  d e f i n e d  u s i n g  t h e  f o l l o w i n g  
s t a t e m e n t s :

DISKS 4
DISKDEF 0 , 1
DISKDEF 1 , 0
DISKDEF 2 , 0
DISKDEF 3 , 0
ENDEF

w i t h  a l l  d i s k s  h a v i n g  t h e  same p a r a m e t e r  v a l u e s  o f  26  s e c t o r s  p e r  
t r a c k  (n u m b ered  1 t h r o u g h  2 6 ) , w i t h  a skew o f  6 b e t w e e n  s e q u e n t i a l  
a c c e s s e s ,  1 0 2 4  b y t e s  p e r  d a t a  b l o c k ,  2 4 3  d a t a  b l o c k s  f o r  a t o t a l  o f  
243K b y t e  d i s k  c a p a c i t y ,  6 4  c h e c k e d  d i r e c t o r y  e n t r i e s ,  and two 
o p e r a t i n g  s y s t e m  t r a c k s .

The DISKS s t a t e m e n t  g e n e r a t e s  n D isk  P a r a m e t e r  H e a d e r s  ( D P H ' s ) , 
s t a r t i n g  a t  t h e  DPH t a b l e  a d d r e s s  DPBASE g e n e r a t e d  by t h e  s t a t e m e n t .  
Each d i s k  h e a d e r  b l o c k  c o n t a i n s  s i x t e e n  b y t e s ,  a s  d e s c r i b e d  a b o v e ,  
and c o r r e s p o n d s  o n e - f o r - o n e  t o  e a c h  o f  t h e  d e f i n e d  d r i v e s .  I n  t h e  
f o u r  d r i v e  s t a n d a r d  s y s t e m ,  f o r  e x a m p l e ,  t h e  DISKS s t a t e m e n t  
g e n e r a t e s  a t a b l e  o f  t h e  form :

DPBASE EQU
DPE0 DW
DPEl DW
DPE2 DW
DPE3 DW

t

$
XLTO, 0 0 0 0 H , 0 0 0 0 H , 0000H ,D IR B U F,D PB 0,C SV 0, ALVO 
X L T O , 0 0 0 0 H , 0 0 0 0 H , 0000H ,D IR B U F,D P B 0,C SV 1, ALVl 
X L T O ,0 0 0 0 H ,0 0 0 0 H ,0 0 0 0 H ,D I R B U F ,D P B O ,C S V 2 , ALV2 
X L T O ,0 00 0H ,00 0 0H ,00 00 H ,D I R B U F ,D P B O ,C S V 3 , ALV3

where t h e  DPH l a b e l s  a r e  i n c l u d e d  f o r  r e f e r e n c e  p u r p o s e s  t o  show t h e  
b e g i n n i n g  t a b l e  a d d r e s s e s  f o r  e a c h  d r i v e  0 t h r o u g h  3 .  The v a l u e s  
c o n t a i n e d  w i t h i n  t h e  d i s k  p a r a m e t e r  h e a d e r  a r e  d e s c r i b e d  i n  d e t a i l  
e a r l i e r  i n  t h i s  s e c t i o n .  The c h e c k  and a l l o c a t i o n  v e c t o r  a d d r e s s e s  
a r e  g e n e r a t e d  by t h e  ENDEF s t a t e m e n t  f o r  i n c l u s i o n  i n  t h e  RAM a r e a  
f o l l o w i n g  t h e  BIOS c o d e  and t a b l e s .
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Note t h a t  i f  t h e  " s k f "  (skew f a c t o r )  p a r a m e t e r  i s  o m i t t e d  ( o r  
e q u a l  t o  0 ) , t h e  t r a n s l a t i o n  t a b l e  i s  o m i t t e d ,  and a 0 0 0 0 H  v a l u e  i s  
i n s e r t e d  i n  t h e  XLT p o s i t i o n  o f  t h e  d i s k  p a r a m e t e r  h e a d e r  f o r  t h e  
d i s k .  I n  a s u b s e q u e n t  c a l l  t o  p e r f o r m  t h e  l o g i c a l  t o  P h y s i c a l  
t r a n s l a t i o n ,  SECTRAN r e c e i v e s  a t r a n s l a t i o n  t a b l e  a d d r e s s  o f  DX = 
0 0 0 0 H ,  and s i m p l y  r e t u r n s  t h e  o r i g i n a l  l o g i c a l  s e c t o r  from CX i n  t h e  
BX r e g i s t e r .  A t r a n s l a t e  t a b l e  i s  c o n s t r u c t e d  when t h e  s k f  
p a r a m e t e r  i s  p r e s e n t ,  and t h e  ( n o n - z e r o )  t a b l e  a d d r e s s  i s  p l a c e d  
i n t o  t h e  c o r r e s p o n d i n g  D P H 's .  The t a b l e  shown b e l o w ,  f o r  e x a m p l e ,  
i s  c o n s t r u c t e d  when t h e  s t a n d a r d  skew f a c t o r  s k f  = 6 i s  s p e c i f i e d  i n  
t h e  DISKDEF s t a t e m e n t  c a l l :

XLTO EQU OFFSET $
DB 1 , 7 , 1 3 , 1 9 , 2 5 , 5 , 1 1 , 1 7 , 2 3 , 3 , 9 , 1 5 , 2 1
DB 2 , 8 , 1 4 , 2 0 , 2 6 , 6 , 1 2 , 1 8 , 2 4 , 4 , 1 0 , 1 6 , 2 2

F o l l o w i n g  t h e  ENDEF s t a t e m e n t ,  a number o f  u n i n i t i a l i z e d  d a t a  
a r e a s  a r e  d e f i n e d .  T h e s e  d a t a  a r e a s  need n o t  be a p a r t  o f  t h e  BIOS 
w hich  i s  l o a d e d  upon c o l d  s t a r t ,  b u t  m u st  be a v a i l a b l e  b e t w e e n  t h e  

and t h e  end o f  o p e r a t i n g  s y s t e m  memory. The s i z e  o f  t h e  
u n i n i t i a l i z e d  RAM a r e a  i s  d e t e r m i n e d  by EQU s t a t e m e n t s  g e n e r a t e d  by 
t h e  ENDEF s t a t e m e n t .  F o r  a s t a n d a r d  f o u r - d r i v e  s y s t e m ,  t h e  ENDEF 
s t a t e m e n t  m i g h t  p r o d u c e

1C72 = BEGDAT EQU OFFSET $
( d a t a  a r e a s )

1DB0 = ENDDAT EQU OFFSET $
013 C  = DATSIZ EQU OFFSET S-BEGDAT

which i n d i c a t e s  t h a t  u n i n i t i a l i z e d  RAM b e g i n s  a t  o f f s e t  1C72H, e n d s  
a t  1DB0H-1,  and o c c u p i e s  013CH b y t e s .  You m u st  e n s u r e  t h a t  t h e s e  
a d d r e s s e s  a r e  f r e e  f o r  u s e  a f t e r  t h e  s y s t e m  i s  l o a d e d .

A f t e r  m o d i f i c a t i o n ,  you c a n  u s e  t h e  STAT p r o g r a m  t o  c h e c k  y o u r  
d r i v e  c h a r a c t e r i s t i c s ,  s i n c e  STAT u s e s  t h e  d i s k  p a r a m e t e r  b l o c k  t o  
d eco d e  t h e  d r i v e  i n f o r m a t i o n .  The comment i n c l u d e d  i n  t h e  LIB f i l e
by t h e  $C p a r a m e t e r  t o  GENCMD w i l l  m a tc h  t h e  o u t p u t  from STAT. The
STAT command form

STAT d:DSK:

d e c o d e s  t h e  d i s k  p a r a m e t e r  b l o c k  f o r  d r i v e  d ( d = A , . . . ,P )  and 
d i s p l a y s  t h e  v a l u e s  shown b e lo w :

r  : 
k : 
d : 
c : 
e:  
b:  
s : 
t :

1 2 8  B y te
K i l o b y t e
3 2  B y te
C hecked
R e c o r d s /
R e c o r d s /
S e c t o r s /
R e s e r v e d

R e c o r d  C a p a c i t y
D r i v e  C a p a c i t y
D i r e c t o r y  E n t r i e s
D i r e c t o r y  E n t r i e s
E x t e n t
B l o c k
T r a c k
T r a c k s
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GENDEF p r o d u c e s  a l i s t i n g  o f  t h e  s t a t e m e n t s  i n c l u d e d  i n  t h e  DEF 
f i l e  a t  t h e  u s e r  c o n s o l e  (CONTROL-P c a n  be u s e d  t o  o b t a i n  a p r i n t e d  
l i s t i n g ,  i f  d e s i r e d ) .  E ach  s o u r c e  l i n e  i s  n u m b e r e d ,  and a ny e r r o r s  
a r e  shown below t h e  l i n e  i n  e r r o r ,  w i t h  a " ? "  b e n e a t h  t h e  i t e m  w h i c h  
c a u s e d  t h e  c o n d i t i o n .  The s o u r c e  e r r o r s  p r o d u c e d  by GENCMD a r e  
l i s t e d  i n  T a b l e  6 - 7 ,  f o l l o w e d  by e r r o r s  t h a t  c a n  o c c u r  when 
p r o d u c i n g  i n p u t  and o u t o u t  f i l e s  i n  T a b l e  6 - 8 .

Table 6 -7 . GENDEF Source Error Messages

M essag e Meaning

Bad V a l More t h a n  1 6  d i s k s  d e f i n e d  i n  DISKS s t a t e m e n t .

C o n v e r t Number c a n n o t  be c o n v e r t e d ,  m u s t  be c o n s t a n t  
i n  b i n a r y ,  o c t a l ,  d e c i m a l ,  o r  h e x a d e c i m a l  a s  
i n  ASM-86.

D e l i m i t M i s s i n g  d e l i m i t e r  b e t w e e n  p a r a m e t e r s .

D u p l i c D u p l i c a t e  d e f i n i t i o n  f o r  a d i s k  d r i v e .

E x t r a E x t r a  p a r a m e t e r s  o c c u r  a t  t h e  end o f  l i n e .

L e n g t h Keyword o r  d a t a  i t e m  i s  t o o  l o n g .

M i s s i n g P a r a m e t e r  r e q u i r e d  i n  t h i s  p o s i t i o n .

No D i s k R e f e r e n c e d  d i s k  n o t  p r e v i o u s l y  d e f i n e d .

No S t m t S t a t e m e n t  keyword n o t  r e c o g n i z e d .

N u m e ric Number r e q u i r e d  i n  t h i s  p o s i t i o n

Range Number i n  t h i s  p o s i t i o n  i s  o u t  o f  r a n g e .

Too Few Not e n o u g h  p a r a m e t e r s  p r o v i d e d .

Q u o te M i s s i n g  end q u o t e  on c u r r e n t  l i n e .
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Table 6 -8 . GENDEF Input and Output Error Messages

M essag e Meaning

C a n n o t  C l o s e  " . L I B "  F i l e LIB f i l e  c l o s e  o p e r a t i o n  
u n s u c c e s s f u l ,  u s u a l l y  due 
t o  h a r d w a r e  w r i t e  p r o t e c t .

"LIB" D isk  F u l l No s p a c e  f o r  LIB f i l e .

No I n p u t  F i l e  P r e s e n t S p e c i f i e d  DEF f i l e  n o t  
f o u n d .

No " . L I B "  D i r e c t o r y  S p a c e C a n n o t  c r e a t e  LIB f i l e  due 
t o  t o o  manv f i l e s  on LIB 
d i s k .

P r e m a t u r e  E n d - o f - F i l e End o f  DEF f i l e  e n c o u n t e r e d  
u n e x p e c t e d l y .

G i v e n  t h e  f i l e  TWO.DEF c o n t a i n i n g  t h e  f o l l o w i n g  s t a t e m e n t s  

d i s k s  2
d i s k d e f  0 , 1 , 2 6 , 6 , 2 0 4 8 , 2 5 6 , 1 2 8 , 1 2 8 , 2  
d i s k d e f  1 , 1 , 5 8 , , 2 0 4 8 , 1 0 2 4 , 3 0 0 , 0 , 2  
e n d e f

t h e  command

gencmd two $c

p r o d u c e s  t h e  c o n s o l e  o u t p u t

DISKDEF T a b l e  G e n e r a t o r ,  V e r s  1 . 0
1 DISKS 2
2 DISKDEF 0 , 1 , 5 8 , , 2 0 4 8 , 2 5 6 , 1 2 8 , 1 2 8 , 2
3 DISKDEF 1 , 1 , 5 8 , , 2 0 4 8 , 1 0 2 4 , 3 0 0 , 0 , 2
4 ENDEF 
No E r r o r ( s )

The r e s u l t i n g  TWO.LIB f i l e  i s  b r o u g h t  i n t o  t h e  f o l l o w i n g  s k e l e t a l  
assem bly  l a n g u a g e  p r o g r a m ,  u s i n g  t h e  ASM-86 INCLUDE d i r e c t i v e .  The 
ASM-86 o u t p u t  l i s t i n g  i s  t r u n c a t e d  on t h e  r i g h t ,  b u t  c a n  be e a s i l y  
r e p r o d u c e d  u s i n g  GENDEF and ASM-86.
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0 0 0 0 B9 03 00 MOV CX,OFFSET’ DPBASE

—

/ • • • •

INCLUDE W O . LIB
= •

9 DISKS 2
= 0 0 0 3 d p b a s e equ $ ; B a s e  o
= 0 0 0 3 3 2 00 00 00 doeO dw x l t O , 0 0 0 0 h ; T r a n s l
= 0 0 0 7 0 0 00 0 0 00 dw 0 0 0 0 h , 0 0 0 0 h ; S c r a t e

000B 5B 00 23 00 dw d i r b u f , d p b 0 ; D i r  Bu
= 000E FB 00 DB 00 dw c s v O , alvO ; C h e c k ,

s 0 0 1 3 00 00 00 00 d o e l dw x l t l , 0 0 0 0 h ; T r a n s l
= 0 0 1 7 00 00 00 00 dw 0 0 0 0 h , 0 0 0 0 h ; S c r a t e
= 001B 5B 00 4C 00 dw d i r b u f , d p b l ; D i r  Bu
= 00  IF 9B 0 1 1B 0 1 dw c s v l , a l v l ;C h e c k ,

=s DISKDEF 0 , 1 , 2 6 , 6 , 2 0 4 8 , 2

3 D isk C) i s  CP/M 1 . 4  S i n q l e D e n s i
= 4 0 9 6 1 2 8  B y t e  R e c o r d C a o a c i t
= 5 1 2 K i l o b y t e  D r i v e C a p a c i t
= 1 2 8 32  B y t e  D i r e c t o r y  E n t r i
2 1 2 8 Checked D i r e c t o r y  E n t r i
2 2 5 6 R e c o r d s  /  E x t e n t
= 16 R e c o r d s  /  B l o c k
2 26 S e c t o r s  /  T r a c k
ZS 2 R e s e r v e d  T r a c k s
2 6 S e c t o r  Skew F a c t o r

! 0 0 2 3 lobO equ o f f s e t  $ ; D i s k  P
- 0 0 2 3 1A 00 dw 26 ; S e c t o r
= 0 0 2 5 0 4 db 4 ; B l o c k
2 0 0 2 6 OF db 15 ; B lo c k
2 0 0 2 7 0 1 db 1 ; E x t n t
= 0 0 2 8 FF 00 dw 2 5 5 ; D i s k  S
2 002A 7F 0 0 dw 1 2 7 ; D i r e c t
2 002C CO db 1 9 2 ; A llo cO
= 002D 00 db 0 ; A l l o c l
2 0 02 E 20 00 dw 3 2 ;Check
2 0 0 3 0 0 2 00 dw 2 ; O f f s e t
2 0 0 3 2 x l t O equ o f f s e t  $ ; T r a n s l
2 0 0 3 2 0 1 07 0D 13 db 1 * 7 , 1 3 , 1 9
= 0 0 3 6 19 05 OB 1 1 db 2 5 , 5 , 1 1 , 1 7
2 003A 1 7 03 0 9 OF db 2 3 , 3 , 9 , 1 5
2 003 E 1 5 02 0 8 0E db 2 1 , 2 , 8 , 1 4
2 0 0 4 2 14 1A 0 6 OC db 2 0 , 2 6 , 6 , 1 2 '
2 0 0 4 6 12 18 0 4 0A db 1 8 , 2 4 , 4 , 1 0
2 004A 10 16 db 1 6 , 2 2
2 0 0 2 0 als O equ 32 ; A l l o c a
2 0 0 2 0 cssO equ 32 ;Check
2 DISKDEF 1 , 1 , 5 8 , ,, 2 0 4 8 , 1 0

= D isk 1 i s  CP/M 1 . 4  S i n g l e  D e n s i
1 6 3 8 4 : 1 2 8  B y t e  R e c o r d C a o a c i t

A l l  I n f o r m a t i o n  P r e s e n t e d  H e r e  i s  P r o p r i e t a r y  t o  D i g i t a l  R e s e a r c h
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:= •
t 2 0 4 8 K i l o b y t e  D r i v e  C a p a c i t

ss •r 3 0 0 32  B y t e  D i r e c t o r y  E n t r i
= •

r 0 C h e ck e d  D i r e c t o r y  E n t r i
ss •/ 1 2 8 R e c o r d s  /  E x t e n t
=s •

r 1 6 R e c o r d s  /  B l o c k
•
t 58 S e c t o r s  /  T r a c k
•f 2 R e s e r v e d  T r a c k s

= 004C d p b l equ o f f s e t  $ D i s k  P
S 004C 3A 0 0 dw 58 S e c t o r
SS 004E 0 4 db 4 B l o c k
2 0 0 4 F  OF db 15 B l o c k
2 0 0 5 0  00 db 0 E x t n t
2 0 0 5 1  FF 0 3 dw 1 0 2 3 D is k  S
2 0 0 5 3  2B 0 1 dw 2 9 9 D i r e c t
2 0 0 5 5  F8 db 2 4 8 AllocO
SS 0 0 5 6  00 db 0 A l l o c i
SS 0 0 5 7  00 00 dw 0 Check
2 0 0 5 9  0 2 00 dw 2 O f f s e t
2 0 0 0 0 x l t l equ 0 No T r a
2 0 0 8 0 a l s l equ 1 2 8 A l l o c a
SS 0 0 0 0 c s s l equ 0 Check

•
t
•

ENDEF

SS
f
•
r U n i n i t i a l i z e d  S c r a t c h  Memory Fo

= 005B
/
b e g d a t equ o f f s e t  $ S t a r t

= 005B d i r b u f r s 1 2 8 D i r e c t
SS 00DB alvO r s a l s O A l l o c
2 oofb csvO r s c ssO Check
SS 011B a l v l r s a l s l A l l o c
SS 019B c s v l r s c s s l Check
SS 019B e n d d a t equ o f f s e t  $ End o f
SS 0 1 4 0 d a t s i z equ o f f s e t  $ - b e q d a t S i z e  o
SS 019B 0 0 db 0 Marks

END
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Section 7
CP/M-86 Bootstrap and Adaptation Procedures

This  s e c t i o n  d e s c r i b e s  t h e  c o m p o n e n t s  o f  t h e  s t a n d a r d  CP/M-86 
d i s t r i b u t i o n  d i s k ,  t h e  o p e r a t i o n  o f  e a c h  c o m p o n e n t ,  and t h e  
p r o c e d u r e s  t o  f o l l o w  i n  a d a p t i n g  CP/M-86 t o  n o n - s t a n d a r d  h a r d w a r e .

CP/M-86 i s  d i s t r i b u t e d  on a s i n q l e - d e n s i t y  IBM c o m p a t i b l e  8"  
d i s k e t t e  u s i n g  a f i l e  f o r m a t  w h ic h  i s  c o m p a t i b l e  w i t h  a l l  p r e v i o u s  
CP/M-80 o p e r a t i n g  s y s t e m s .  I n  p a r t i c u l a r ,  t h e  f i r s t  two t r a c k s  a r e  
r e s e r v e d  f o r  o p e r a t i n g  s y s t e m  and b o o t s t r a p  p t o q r a m s ,  w h i l e  t h e  
r e m a in d e r  o f  t h e  d i s k e t t e  c o n t a i n s  d i r e c t o r y  i n f o r m a t i o n  w h ic h  l e a d s  
t o  p r o g r a m  and d a t a  f i l e s .  CP/M-86 i s  d i s t r i b u t e d  f o r  o p e r a t i o n  
w i t h  t h e  n r t e l  SBC 8 6 / 1 2  s i n g l e - b o a r d  c o m p u t e r  c o n n e c t e d  t o  f l o p p y  
d i s k s  t h r o u g h  an I n t e l  2 0 4  C o n t r o l l e r .  The o p e r a t i o n  o f  CP/M-86 on 
t h i s  c o n f i g u r a t i o n  s e r v e s  a s  a model f o r  o t h e r  8 0 8 6  and 8 0 8 8  
e n v i r o n m e n t s ,  and i s  p r e s e n t e d  b e l o w .

The p r i n c i p a l  c o m p o n e n ts  o f  t h e  d i s t r i b u t i o n  s y s t e m  a r e  l i s t e d  
b e lo w :

•  The 8 6 / 1 2  B o o t s t r a p  ROM (BOOT ROM)
•  The C old  S t a r t  L o a d e r  (LOADER)
•  The CP/M-86 S y s te m  (CPM.SYS)

When i n s t a l l e d  i n  t h e  SBC 8 6 / 1 2 ,  t h e  BOOT ROM becom es a p a r t  o f  
t h e  memory a d d r e s s  s p a c e ,  b e g i n n i n g  a t  b y t e  l o c a t i o n  0 F F 0 0 0 H ,  and 
r e c e i v e s  c o n t r o l  when t h e  s y s t e m  r e s e t  b u t t o n  i s  d e p r e s s e d .  I n  a 
n o n - s t a n d a r d  e n v i r o n m e n t ,  t h e  BOOT ROM i s  r e p l a c e d  by an e q u i v a l e n t  
i n i t i a l  l o a d e r  a n d ,  t h e r e f o r e ,  t h e  ROM i t s e l f  i s  n o t  i n c l u d e d  w i t h  
C P /M - 8 6 .  The BOOT ROM c a n  be o b t a i n e d  from D i g i t a l  R e s e a r c h  o r ,  
a l t e r n a t i v e l y ,  i t  c a n  be programmed from t h e  l i s t i n g  g i v e n  i n  
A p p e n d ix  C o r  d i r e c t l y  f rom  t h e  s o u r c e  f i l e  w h ic h  i s  i n c l u d e d  on t h e  
d i s t r i b u t i o n  d i s k  a s  BOOT.A86. The r e s p o n s i b i l i t y  o f  t h e  BOOT ROM 
i s  t o  r e a d  t h e  LOADER from  t h e  f i r s t  two s y s t e m  t r a c k s  i n t o  memory 
and p a s s  p r o g r a m  c o n t r o l  t o  t h e  LOADER f o r  e x e c u t i o n .

7.1 The Cold S ta r t  Load O peration

The LOADER p r o g r a m  i s  a s i m p l e  v e r s i o n  o f  CP/M-86 t h a t  c o n t a i n s  
s u f f i c i e n t  f i l e  p r o c e s s i n g  c a p a b i l i t y  t o  r e a d  CPM.SYS from  t h e  
s y s t e m  d i s k  t o  memory.  When LOADER c o m p l e t e s  i t s  o p e r a t i o n ,  t h e  
CPM.SYS p r o g r a m  r e c e i v e s  c o n t r o l  and p r o c e e d s  t o  p r o c e s s  o p e r a t o r  
i n p u t  commands.

B o t h  t h e  LOADER and CPM.SYS p r o g r a m s  a r e  p r e c e d e d  by t h e  
s t a n d a r d  CMD h e a d e r  r e c o r d .  The 1 2 8 - b v t e  LOADER h e a d e r  r e c o r d  
c o n t a i n s  t h e  f o l l o w i n g  s i n g l e  g r o u p  d e s c r i p t o r .
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G-Form G - L e n g t h A -B ase G-Min G-Max

1 xxxxxxxxx 0 4 0 0 xxxxxxx X X X X X X X

8b 1 6 b 1 6 b 1 6 b 1 6 b

w h e re  G-Form = 1 d e n o t e s  a c o d e  g r o u p ,  " x "  f i e l d s  a r e  i g n o r e d ,  and 
A -B ase  d e f i n e s  t h e  p a r a g r a p h  a d d r e s s  w h e re  t h e  BOOT ROM b e g i n s  
f i l l i n g  memory (A -B ase  i s  t h e  word v a l u e  w h ic h  i s  o f f s e t  t h r e e  b y t e s  
from  t h e  b e g i n n i n g  o f  t h e  h e a d e r )  . N o te  t h a t  s i n c e  o n l y  a c o d e  
g r o u p  i s  p r e s e n t ,  an 8 0 8 0  memory model i s  a s s u m e d .  F u r t h e r ,  
a l t h o u g h  t h e  A -B a se  d e f i n e s  t h e  b a s e  p a r a g r a p h  a d d r e s s  f o r  LOADER 
( b y t e  a d d r e s s  0 4 0 0 0 H )  , t h e  LOADER c a n ,  i n  f a c t  be l o a d e d  and 

e x e c u t e d  a t  a ny p a r a g r a p h  b o u n d a r y  t h a t  d o e s  n o t  o v e r l a p  CP/M-86 o r  
t h e  BOOT ROM.

The LOADER i t s e l f  c o n s i s t s  o f  t h r e e  p a r t s :  t h e  Load CPM 
p r o g r a m  (LDCPM), t h e  L o a d e r  B a s i c  D isk  S y s t e m  (LDBDOS), and t h e  
L o ad e r  B a s i c  I/O  S y s te m  (LDBIOS). A l t h o u g h  t h e  LOADER i s  s e t u p  t o  
i n i t i a l i z e  CP/M-86 u s i n g  t h e  I n t e l  8 6 / 1 2  c o n f i g u r a t i o n ,  t h e  LDBIOS 
can be f i e l d - a l t e r e d  t o  a c c o u n t  f o r  n o n - s t a n d a r d  h a r d w a r e  u s i n g  t h e  
sam e e n t r y  p o i n t s  d e s c r i b e d  i n  a p r e v i o u s  s e c t i o n  f o r  BIOS 
m o d i f i c a t i o n .  The o r g a n i z a t i o n  o f  LOADER i s  shown i n  F i g u r e  7 - 1  
b e lo w :

CS DS ES SS 0 0 0 0 H :

0 4 0 0 H :

1 2 0 0 H :

1 7 0 0 H :

Figure 7-1 . LOADER Organization

GD#1 0 / / / / / / / / / / / / /  

JMP 1 2 0 0 H

(LDCPM)

JMPF CPM

(LDBDOS)

JMP INIT 
• • • • • • •
JMP SETTOB

INIT: . .  JMP 0 0 0 3 H  

(LDBIOS)
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B y t e  o f f s e t s  from t h e  b a s e  r e g i s t e r s  a r e  shown a t  t h e  l e f t  o f  t h e  
d i a g r a m .  GD#1 i s  t h e  GrouD D e s c r i p t o r  f o r  t h e  LOADER c o d e  g r o u o  
d e s c r i b e d  a b o v e ,  f o l l o w e d  i m m e d i a t e l y  by a ” 0 "  g r o u p  t e r m i n a t o r .  
The e n t i r e  LOADER p r o g r a m  i s  r e a d  by t h e  BOOT ROM, e x c l u d i n g  t h e  
h e a d e r  r e c o r d ,  s t a r t i n g  a t  b y t e  l o c a t i o n  0 4 0 0 0 H  a s  g i v e n  by t h e  A- 
F i e l d .  Upon c o m p l e t i o n  o f  t h e  r e a d ,  t h e  BOOT ROM p a s s e s  c o n t r o l  t o  
l o c a t i o n  0 4 0 0 0 H  w h e re  t h e  LOADER p r o g r a m  commences e x e c u t i o n .  The 
JMP 1 2 0 0 H  i n s t r u c t i o n  a t  t h e  b a s e  o f  LDCPM t r a n s f e r s  c o n t r o l  t o  t h e  
b e g i n n i n g  o f  t h e  LDBIOS w h e re  c o n t r o l  t h e n  t r a n s f e r s  t o  t h e  INIT 
s u b r o u t i n e .  The s u b r o u t i n e  s t a r t i n g  a t  INIT p e r f o r m s  d e v i c e  
i n i t i a l i z a t i o n ,  p r i n t s  a s i g n - o n  m e s s a g e ,  and t r a n s f e r s  b a ck  t o  t h e  
LDCPM p r o g r a m  a t  b y t e  o f f s e t  0 0 0 3 H .  The LDCPM m o d u le  o p e n s  t h e  
CPM.SYS f i l e ,  l o a d s  t h e  CP/M-86 s y s t e m  i n t o  memory and t r a n s f e r s  
c o n t r o l  t o  CP/M-86 t h r o u g h  t h e  JMPF CPM i n s t r u c t i o n  a t  t h e  end o f  
LDCPM e x e c u t i o n ,  t h u s  c o m p l e t i n g  t h e  c o l d  s t a r t  s e q u e n c e .

The f i l e s  LDCPM.H86 and LDBDOS.H86 a r e  i n c l u d e d  w i t h  CP/M-86 so  
t h a t  you c a n  a p p en d  y o u r  own m o d i f i e d  LDBIOS i n  t h e  c o n s t r u c t i o n  o f  
a c u s t o m i z e d  l o a d e r .  I n  f a c t ,  BIOS.A 86 c o n t a i n s  a c o n d i t i o n a l  
a s s e m b l y  s w i t c h ,  c a l l e d  " l o a d e r _ b i o s , " w h i c h ,  when e n a b l e d ,  p r o d u c e s  
t h e  d i s t r i b u t e d  LDBIOS. The INIT s u b r o u t i n e  p o r t i o n  o f  LDBIOS i s  
l i s t e d  i n  A p p e n d ix  C f o r  r e f e r e n c e  p u r p o s e s .  To c o n s t r u c t  a c u s t o m  
LDBIOS, m o d i f y  y o u r  s t a n d a r d  BIOS t o  s t a r t  t h e  c o d e  a t  o f f s e t  1 2 0 0 H ,  
a n d  c h a n g e  y o u r  i n i t i a l i z a t i o n  s u b r o u t i n e  b e g i n n i n g  a t  INIT t o  
p e r f o r m  d i s k  and d e v i c e  i n i t i a l i z a t i o n .  I n c l u d e  a JMP t o  o f f s e t  
0 0 0 3 H  a t  t h e  end o f  y o u r  INIT s u b r o u t i n e .  Use ASM-86 t o  a s s e m b l e  
y o u r  LDBIOS.A86 p r o g r a m :

ASM86 LDBIOS

t o  p r o d u c e  t h e  LDBIOS.H86 m a c h in e  c o d e  f i l e .  C o n c a t e n a t e  t h e  t h r e e  
LOADER m o d u le s  u s i n g  P IP :

PIP LOADER. H86=LDCPM. H86 , LDBDOS. H86 , LDBIOS. H86

t o  p r o d u c e  t h e  m a c h in e  co d e  f i l e  f o r  t h e  LOADER p r o g r a m .  A l t h o u g h  
t h e  s t a n d a r d  LOADER p r o g r a m  e n d s  a t  o f f s e t  1 7 0 0 H ,  y o u r  m o d i f i e d  
LDBIOS may d i f f e r  from t h i s  l a s t  a d d r e s s  w i t h  t h e  r e s t r i c t i o n  t h a t  
t h e  LOADER m ust  f i t  w i t h i n  t h e  f i r s t  two t r a c k s  and n o t  o v e r l a p  
CP/M-86 a r e a s .  G e n e r a t e  t h e  command (CMD) f i l e  f o r  LOADER u s i n g  t h e  
GENCMD u t i l i t y :

GENCMD LOADER 8 0 8 0  C.ODE[A400]

r e s u l t i n g  i n  t h e  f i l e  LOADER.CMD w i t h  a h e a d e r  r e c o r d  d e f i n i n g  t h e  
8 0 8 0  Memory Model w i t h  an a b s o l u t e  p a r a g r a p h  a d d r e s s  o f  4 0 0 H ,  o r  
b y t e  a d d r e s s  4 0 0 0 H .  Use DDT t o  r e a d  LOADER.CMD t o  l o c a t i o n  900H  i n  
y o u r  8 0 8 0  s y s t e m .  Then u s e  t h e  8 0 8 0  u t i l i t y  SYSGEN t o  co p y  t h e  
l o a d e r  t o  t h e  f i r s t  two t r a c k s  o f  a d i s k .
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A>DDT
-ILOADER.CMD
-R800
- AC
A>SYSGEN
SOURCE DRIVE NAME ( o r  r e t u r n  t o  s k i p )  < c r >
DESTINATION DRIVE NAME ( o r  r e t u r n  t o  S k i p )  B

A l t e r n a t i v e l y ,  i f  you h a v e  a c c e s s  t o  an o p e r a t i o n a l  CP/M-86 s y s t e m ,  
t h e  command

LDCOPY LOADER

c o p i e s  LOADER t o  t h e  s y s t e m  t r a c k s .  You now h a v e  a d i s k e t t e  w i t h  a 
LOADER p r o g r a m  w h i c h  i n c o r p o r a t e s  y o u r  c u s t o m  LDBIOS c a p a b l e  o f  
r e a d i n g  t h e  CPM.SYS f i l e  i n t o  memory.  F o r  s t a n d a r d i z a t i o n ,  we 
a s s u m e  LOADER e x e c u t e s  a t  l o c a t i o n  4 0 0 0 H .  LOADER i s  s t a t i c a l l v  
r e l o c a t a b l e ,  h o w e v e r ,  and i t s  o p e r a t i n g  a d d r e s s  i s  d e t e r m i n e d  o n l y  
by t h e  v a l u e  o f  A -B a se  i n  t h e  h e a d e r  r e c o r d .

You m u s t ,  o f  c o u r s e ,  p e r f o r m  t h e  same f u n c t i o n  a s  t h e  BOOT ROM 
t o  g e t  LOADER i n t o  m e m o r y .  T h e  b o o t  o p e r a t i o n  i s  u s u a l l y  
a c c o m p l i s h e d  i n  o ne  o f  two w a y s .  F i r s t ,  you c a n  p r o g r a m  y o u r  own 
ROM ( o r  PROM) t o  p e r f o r m  a f u n c t i o n  s i m i l a r  t o  t h e  BOOT ROM when 
y o u r  c o m p u t e r ' s  r e s e t  b u t t o n  i s  p u s h e d .  As an a l t e r n a t i v e ,  m o s t  
c o n t r o l l e r s  p r o v i d e  a p o w e r - o n  " b o o t "  o p e r a t i o n  t h a t  r e a d s  t h e  f i r s t  
d i s k  s e c t o r  i n t o  memory.  T h i s  o n e - s e c t o r  p r o g r a m ,  i n  t u r n ,  r e a d s  
t h e  LOADER from  t h e  r e m a i n i n g  s e c t o r s  and t r a n s f e r s  t o  LOADER upon 
c o m p l e t i o n ,  t h e r e b y  p e r f o r m i n g  t h e  same a c t i o n s  a s  t h e  BOOT ROM. 
E i t h e r  o f  t h e s e  a l t e r n a t i v e s  i s  h a r d w a r e - s p e c i f i c ,  s o  y o u ' l l  n e e d  t o  
be f a m i l i a r  w i t h  t h e  o p e r a t i n g  e n v i r o n m e n t .

7.2 O rgan iza t io n  o f  CPM.SYS

The CPM.SYS f i l e ,  r e a d  by t h e  LOADER p r o g r a m ,  c o n s i s t s  o f  t h e  
CCP, BDOS, and BIOS i n  CMD f i l e  f o r m a t ,  w i t h  a 1 2 8 - b y t e  h e a d e r  
r e c o r d  s i m i l a r  t o  t h e  LOADER p r o g r a m :

G-Form G - L e n g t h A -B ase G-Min G-Max

1 xxxxx x x x x 0 4 0 x x x x x x x X X X X X X X

8b 1 6 b 1 6 b 1 6 b 1 6 b

w h e r e ,  i n s t e a d ,  t h e  A -B a se  l o a d  a d d r e s s  i s  p a r a g r a p h  0 4 0 H ,  o r  b y t e  
a d d r e s s  0 4 0 0 H ,  i m m e d i a t e l y  f o l l o w i n g  t h e  8 0 8 6  i n t e r r u p t  l o c a t i o n s .  
The e n t i r e  CPM.SYS f i l e  a p p e a r s  on d i s k  a s  shown i n  F i g u r e  7 - 2 .
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( 0 0 4 0 : 0 )  CS DS ES SS 0 0 0 0 H :

( 0 0 4 0 : )  2 5 0 0 H :

( 0 0 4 0 : )  2A00H:

Figure 7 -2 . CPM.SYS F ile  Organization

GD#1 / / / / / / / / / / / / /

(CCP a nd BDOS)

JMP INIT 
• • • • • • •
JMP SETIOB

(BIOS)

INIT: . .  JMP 0 0 0 0 H

w here  GD#1 i s  t h e  Group D e s c r i p t o r  c o n t a i n i n g  t h e  A -B a se  v a l u e  
f o l l o w e d  by a " 0 "  t e r m i n a t o r .  The d i s t r i b u t e d  8 6 / 1 2  BIOS i s  l i s t e d  
i n  A p p e n d i x  D, w i t h  a n  " i n c l u d e "  s t a t e m e n t  t h a t  r e a d s  t h e  
S I N G L E S .LIB f i l e  c o n t a i n i n g  t h e  d i s k  d e f i n i t i o n  t a b l e s .  The 
S I N G L E S .LIB f i l e  i s  c r e a t e d  b y  GENDEF u s i n g  t h e  SINGLES.DEF 
s t a t e m e n t s  shown b e lo w :

d i s k s  2
d i s k d e f  0 , 1 , 2 6 , 6 , 1 0 2 4 , 2 4 3 , 6 4 , 6 4 , 2
d i s k d e f  1 , 0
e n d e f

The CPM.SYS f i l e  i s  r e a d  by t h e  LOADER p r o g r a m  b e g i n n i n g  a t  t h e  
a d d r e s s  g i v e n  by A -B a se  ( b y t e  a d d r e s s  0 4 0 0 H ) , and c o n t r o l  i s  p a s s e d  
t o  t h e  INIT e n t r y  p o i n t  a t  o f f s e t  a d d r e s s  2 5 0 0 H .  Any a d d i t i o n a l  
i n i t i a l i z a t i o n ,  n o t  p e r f o r m e d  by LOADER, t a k e s  p l a c e  i n  t h e  INIT 
s u b r o u t i n e  a n d ,  upon c o m p l e t i o n ,  INIT e x e c u t e s  a JMP 0 0 0 0 H  t o  b e g i n  
e x e c u t i o n  o f  t h e  CCP. The a c t u a l  l o a d  a d d r e s s  o f  CPM.SYS i s  
d e t e r m i n e d  e n t i r e l y  by t h e  a d d r e s s  g i v e n  i n  t h e  A -B a se  f i e l d  w h ic h  
c a n  be c h a n g e d  i f  you w i s h  t o  e x e c u t e  CP/M-86 i n  a n o t h e r  r e g i o n  o f  
memory. N ote  t h a t  t h e  r e g i o n  o c c u p i e d  by t h e  o p e r a t i n g  s y s t e m  m u st  
be e x c l u d e d  from  t h e  BIOS memory r e g i o n  t a b l e .

S i m i l a r  t o  t h e  LOADER p r o g r a m ,  you c a n  m o d i f y  t h e  BIOS by 
a l t e r i n g  e i t h e r  t h e  BIOS.A86 o r  s k e l e t a l  CBIOS.A86 a s s e m b l y  l a n g u a g e  
f i l e s  w h ic h  a r e  i n c l u d e d  on y o u r  s o u r c e  d i s k .  I n  e i t h e r  c a s e ,  
c r e a t e  a c u s t o m i z e d  BIOS w h ic h  i n c l u d e s  y o u r  s p e c i a l i z e d  I/O  
d r i v e r s ,  and a s s e m b l e  u s i n g  ASM-86:

ASM86 BIOS

t o  p r o d u c e  t h e  f i l e  BIOS.H86 c o n t a i n i n g  y o u r  BIOS m a c h i n e  c o d e .
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C o n c a t e n a t e  t h i s  new BIOS t o  t h e  CPM.H8S f i l e  on y o u r  d i s t r i b u t i o n  
d i s k :

PIP CPMX.H86 = CPM. H 8 6 , BIOS . H86

The r e s u l t i n g  CPMX hex f i l e  i s  t h e n  c o n v e r t e d  to  CMD f i l e  f o r m a t  by 
e x e c u t i n g

GENCMD CPMX 8 0 8 0  CODE[A40]

i n  o r d e r  t o  p r o d u c e  t h e  CMD memory image w i t h  A - B a s e  = 4 0 H .
F i n a l l y ,  rename t h e  CPMX f i l e  u s i n g  t h e  command

REN CPM.SYS = CPMX. CMD

and p l a c e  t h i s  f i l e  on y o u r  8 0 8 6  s y s t e m  d i s k .  Now t h e  t a i l o r i n g  
p r o c e s s  i s  c o m p l e t e :  you h a v e  r e p l a c e d  t h e  BOOT ROM by e i t h e r  y o u r  
own c u s t o m i z e d  BOOT ROM, o r  a o n e - s e c t o r  c o l d  s t a r t  l o a d e r  w h ic h  
b r i n g s  t h e  LOADER p r o g r a m ,  w i t h  y o u r  c u s t o m  LDBIOS, i n t o  memory a t  
b y t e  l o c a t i o n  0 4 0 0 0 H .  The LOADER p r o g r a m ,  i n  t u r n ,  r e a d s  t h e  
CPM.SYS f i l e ,  w i t h  y o u r  c u s t o m  BIOS, i n t o  memory a t  b y t e  l o c a t i o n  
0 4 0 0 H .  C o n t r o l  t r a n s f e r s  t o  C P /M -86,  and you a r e  up and o p e r a t i n g .  
CP/M-86 r e m a i n s  i n  memory u n t i l  t h e  n e x t  c o l d  s t a r t  o p e r a t i o n  t a k e s  
p l a c e .

You c a n  a v o i d  t h e  t w o - s t e p  b o o t  o p e r a t i o n  i f  you c o n s t r u c t  a 
n o n - s t a n d a r d  d i s k  w i t h  s u f f i c i e n t  s p a c e  t o  h o l d  t h e  e n t i r e  CPM.SYS 
f i l e  on th e  s y s t e m  t r a c k s .  In  t h i s  c a s e ,  t h e  c o l d  s t a r t  b r i n g s  t h e  
CP/M-86 memory image i n t o  memory a t  t h e  l o c a t i o n  g i v e n  by A - B a s e ,  
a n d  c o n t r o l  t r a n s f e r s  t o  t h e  INIT e n t r y  p o i n t  a t  o f f s e t  2 5 0 0 H .  
T h u s ,  t h e  i n t e r m e d i a t e  LOADER p r o g r a m  i s  e l i m i n a t e d  e n t i r e l y ,  
a l t h o u g h  t h e  i n i t i a l i z a t i o n  fo u n d  in  t h e  LDBIOS m u s t ,  o f  c o u r s e ,  
t a k e  p l a c e  i n s t e a d  w i t h i n  t h e  BIOS.

S i n c e  ASM-86,  GENCMD and GENDEF a r e  p r o v i d e d  in  b o t h  COM and 
CMD f o r m a t s ,  e i t h e r  CP/M-80 o r  CP/M-86 can  be u se d  to  a i d  t h e  
c u s t o m i z i n g  p r o c e s s .  I f  CP/M-80 o r  CP/M-86 i s  n o t  a v a i l a b l e ,  b u t  
y o u  h a v e  m i n i m a l  e d i t i n g  a n d  d e b u g g i n g  t o o l s ,  you c a n  w r i t e  
s p e c i a l i z e d  d i s k  I/O r o u t i n e s  t o  r e a d  and w r i t e  t h e  s y s t e m  t r a c k s ,  
a s  w e l l  a s  t h e  CPM.SYS f i l e .

The two s y s t e m  t r a c k s  a r e  s i m p l e  t o  a c c e s s ,  b u t  t h e  CPM.SYS 
f i l e  i s  somewhat  more d i f f i c u l t  t o  r e a d .  CPM.SYS i s  t h e  f i r s t  f i l e  
on t h e  d i s k  and t h u s  i t  a p p e a r s  i m m e d i a t e l y  f o l l o w i n g  t h e  d i r e c t o r y  
on t h e  d i s k e t t e .  The d i r e c t o r y  b e g i n s  on t h e  t h i r d  t r a c k ,  and 
o c c u p i e s  t h e  f i r s t  s i x t e e n  l o g i c a l  s e c t o r s  o f  t h e  d i s k e t t e ,  w h i l e  
t h e  CPM.SYS i s  fo u n d  s t a r t i n g  a t  t h e  s e v e n t e e n t h  s e c t o r .  S e c t o r s  
a r e  "sk ew ed "  by a f a c t o r  o f  s i x  b e g i n n i n g  w i t h  t h e  d i r e c t o r y  t r a c k  
( t h e  s y s t e m  t r a c k s  a r e  s e q u e n t i a l ) ,  so  t h a t  you m u st  l o a d  e v e r y  
s i x t h  s e c t o r  in  r e a d i n g  t h e  CPM.SYS f i l e .  C l e a r l y ,  i t  i s  w o r t h  t h e  
t i m e  and e f f o r t  t o  u se  an e x i s t i n g  CP/M s y s t e m  t o  a i d  t h e  c o n v e r s i o n  
p r o c e s s .

A l l  I n f o r m a t i o n  P r e s e n t e d  H e r e i s  P r o p r i e t a r y  t o  D i g i t a l  R e s e a r c h
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Upon e ac h  c a l l  t o  t h e  BIOS WRITE e n t r y  p o i n t ,  t h e  CP/m- 8 6  BDOS 
i n c l u d e s  i n f o r m a t i o n  t h a t  a l l o w s  e f f e c t i v e  s e c t o r  b l o c k i n g  and 
d e b l o c k i n g  where  t h e  h o s t  d i s k  s u b s y s t e m  h a s  a s e c t o r  s i z e  w h ic h  i s  
a m u l t i p l e  o f  t h e  b a s i c  1 2 8 - b v t e  u n i t .  T h i s  a p p e n d i x  p r e s e n t s  a 
g e n e r a l - p u r p o s e  a l g o r i t h m  t h a t  c a n  be i n c l u d e d  w i t h i n  y o u r  BIOS and 
t h a t  u s e s  t h e  BDOS i n f o r m a t i o n  t o  P e r f o r m  t h e  o p e r a t i o n s  
a u t o m a t i c a l l y .

Upon each c a l l  to WRITE, the BDOS provides the fo l low ing  
information in r e g i s t e r  CL:

C o n d i t i o n  0 o c c u r s  w h e n e v e r  t h e  n e x t  w r i t e  o p e r a t i o n  i s  i n t o  a 
p r e v i o u s l y  w r i t t e n  a r e a ,  s u c h  a s  a random mode r e c o r d  u p d a t e ,  when 
t h e  w r i t e  i s  t o  o t h e r  t h a n  t h e  f i r s t  s e c t o r  o f  an u n a l l o c a t e d  b l o c k ,  
o r  when t h e  w r i t e  i s  n o t  i n t o  t h e  d i r e c t o r y  a r e a .  C o n d i t i o n  1 
o c c u r s  when a w r i t e  i n t o  t h e  d i r e c t o r y  a r e a  i s  p e r f o r m e d .  C o n d i t i o n  
2 o c c u r s  when t h e  f i r s t  r e c o r d  ( o n l y )  o f  a new ly a l l o c a t e d  d a t a  
b lo c k  i s  w r i t t e n .  I n  m ost  c a s e s ,  a p p l i c a t i o n  p r o g r a m s  r e a d  o r  w r i t e  
m u l t i p l e  1 2 8 - b v t e  s e c t o r s  i n  s e q u e n c e ,  and t h u s  t h e r e  i s  l i t t l e  
o v e r h e a d  i n v o l v e d  i n  e i t h e r  o p e r a t i o n  when b l o c k i n g  and d e b l o c k i n g  
r e c o r d s  s i n c e  p r e - r e a d  o p e r a t i o n s  c a n  be a v o i d e d  when w r i t i n g  
r e c o r d s  .

T h i s  a p p e n d i x  l i s t s  t h e  b l o c k i n g  and d e b l o c k i n g  a l g o r i t h m  i n  
s k e l e t a l  f o r m  ( t h e  f i l e  i s  i n c l u d e d  on y o u r  CP/M-86 d i s k ) .  
G e n e r a l l y ,  t h e  a l g o r i t h m s  map a l l  CP/M s e c t o r  r e a d  o p e r a t i o n s  o n t o  
t h e  h o s t  d i s k  t h r o u g h  an i n t e r m e d i a t e  b u f f e r  w hich  i s  t h e  s i z e  o f  
t h e  h o s t  d i s k  s e c t o r .  T h r o u g h o u t  t h e  p r o g r a m ,  v a l u e s  and v a r i a b l e s  
w h ic h  r e l a t e  t o  t h e  CP/M s e c t o r  i n v o l v e d  i n  a s e e k  o p e r a t i o n  a r e  
p r e f i x e d  by " s e k , "  w h i l e  t h o s e  r e l a t e d  t o  t h e  h o s t  d i s k  s y s t e m  a r e  
p r e f i x e d  by " h s t . "  The e q u a t e  s t a t e m e n t s  b e g i n n i n g  on l i n e  24  o f  
Appendix F d e f i n e  t h e  m apping b e t w e e n  CP/M and t h e  h o s t  s y s t e m ,  and 
m ust  be c h a n g e d  i f  o t h e r  t h a n  t h e  sa m p le  h o s t  s y s t e m  i s  i n v o l v e d .

The SELDSK. entry point c le a r s  the host b u f fe r  f l a g  whenever a 
new disk is  lo gged - in .  Note that although the SELDSK entry point  
computes and returns the Disk Parameter Header address ,  i t  does not 
phys ica l ly  se le c t  the host disk at th is  point ( i t  is  se lec ted  l a t e r  
at READHST or WRITEHST). Further,  SETTRK, SETSEC, and SETDMA simplv  
store the va lues ,  but do not take any other action  at th is  po int .  
SECTRAN performs a t r i v i a l  function o f  returning the phys ica l  sector  
number .

A l l  I n f o r m a t i o n  P r e s e n t e d  H e r e  i s  P r o p r i e t a r y  t o  D i g i t a l  R e s e a r c h

0
1
2

n o r m a l  s e c t o r  w r i t e  
w r i t e  t o  d i r e c t o r y  s e c t o r  
w r i t e  t o  t h e  f i r s t  s e c t o r  
o f  a new d a t a  b l o c k
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The p r i n c i p a l  e n t r y  p o i n t s  a r e  READ a n d  WRITE. T h e s e  
s u b r o u t i n e s  t a k e  t h e  p l a c e  o f  y o u r  p r e v i o u s  READ a n d  wRT't’E 
o p e r a t i o n s .

T h e  a c t u a l  p h y s i c a l  r e a d  o r  w r i t e  t a k e s  p l a c e  a t  e i t h e r  
WRITEHST o r  READHST, w h e r e  a l l  v a l u e s  h a v e  b e e n  p r e p a r e d :  h s t d s k  i s  
t h e  h o s t  d i s k  n u m b e r ,  h s t t r k  i s  t h e  h o s t  t r a c k  n u m b e r ,  and h s t s e c  i s  
t h e  h o s t  s e c t o r  number (w h i c h  mav r e q u i r e  t r a n s l a t i o n  t o  a p h y s i c a l  
s e c t o r  n u m b e r ) . You m u s t  i n s e r t  c o d e  a t  t h i s  p o i n t  w h i c h  p e r f o r m s  
t h e  f u l l  h o s t  s e c t o r  r e a d  o r  w r i t e  i n t o ,  o r  o u t  o f ,  t h e  b u f f e r  a t  
h s t b u f  o f  l e n g t h  h s t s i z .  A l l  o t h e r  m a p p in g  f u n c t i o n s  a r e  p e r f o r m e d  
by  t h e  a l g o r i t h m s .

1
2
3
4
5
6
7
8 
9
10
1 112
13
14
15
1 6
1 7
18
1 9
20 
21 
22

3 2
3 3
3 4
35
36
3 7
38
3 9
40

★  ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ■ / IP*********
* *
* S e c t o r  B l o c k i n g  /  D e b l o c k i n g  *
* *
* T h i s  a l g o r i t h m  i s  a d i r e c t  t r a n s l a t i o n  o f  t h e  *
* g p / m- 8 0  V e r s i o n ,  a n d  i s  i n c l u d e d  h e r e  f o r  r e f e r -  *
* e n c e  p u r p o s e s  o n l y .  The f i l e  DEBLOCK.LIB i s  i n -  *
* eluded on your CP/M-86 d i sk ,  and should be used *
* f o r  a c t u a l  a p p l i c a t i o n s .  You may w i s h  t o  c o n t a c t  *
* D i g i t a l  Research fo r  not ices  o f  updates.  *
* *

★  *
* CP/M t o  h o s t  d i s k  c o n s t a n t s  *
* *
* ( T h i s  e x a m p l e  i s  s e t u p  f o r  CP/M b l o c k  s i z e  o f  16K *
* w i t h  a h o s t  s e c t o r  s i z e  o f  5 1 2  b v t e s ,  and 12  s e c -  *
* t o r s  p e r  t r a c k .  B l k s i z ,  h s t s i z ,  h s t s o t ,  h s t b l k  *
* and seeshf may change for  d i f f e r e n t  hardware. )  *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

2 3
2 4

u n a
•
t

equ b y t e  p t r  [BX] ; name f o r  b y t e  a t  BX

2 5 b l k s i z equ 1 6 3 8 4 ;CP/M a l l o c a t i o n  s i z e
2 6 h s t s i z equ 5 1 2 , - h o s t d i s k  s e c t o r  s i z e
2 7 h s t s p t equ 1 2 ; h o s t d i s k  s e c t o r s / t r k
2 8
2 9

h s t b l k
•
9

equ h s t s i z / 1 2 8 ;CP/M s e c t s / h o s t  b u f f

30
3 1

. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

• *  *  
9

* s e e s h f  i s  l o g 2 ( h s t b l k ) , and i s  l i s t e d  b e l o w  f o r
* v a l u e s  o f  h s t s i z  up t o  2 0 4 8 .
*

h s t s i z  h s t b l k  s e e s h f  
2 5 6  2 1
5 1 2  4 2

1 0 2 4  8 3
2 0 4 8  16  4

*
*
*
*
*
*
*
*
*
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4 1
42
43
44
4 5
4 6
4 7
48
49
5 0
5 1
5 2
53
54
55
56
57
58
5 9
60  
6 1  
6 2
6 3
6 4
6 5
66
6 7
68
6 9
7 0
7 1
7 2
7 3
7 4
7 5
7 6
7 7
78
79
80  
8 1  
8 2
8 3
84
8 5
86
8 7
88
8 9
9 0
9 1
9 2
9 3
9 4
9 5

. * * * * ★ ★ * * ★ * * ★ ★ * * * * * ★ ★ * * * * ★ * * ★ * * * * ★ * * ★ * ★ * * * * * * * * * * * * * * *
s e c s h f  equ 
c p m s p t  equ 
secm sk  equ

2 ?l o g 2 ( h s t b l k )
h s t b l k  * h s t s p t  ;CP/M s e c t o r s / t r a c k  
h s t b l k - 1  ^ s e c t o r  mask

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* *
* BDOS c o n s t a n t s  on e n t r y  t o  w r i t e  *
* *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

w r a l l equ 0 ; w r i t e t o a l l o c a t e d
w r d i r equ 1 ; w r i t e t o d i r e c t o r y
w r u a l equ 2 ; w r i t e t o u n a l l o c a t e d

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* *
* The BIOS e n t r y  p o i n t s  g i v e n  b e lo w  show t h e  *
* c o d e  w h i c h  i s  r e l e v a n t  t o  d e b l o c k i n g  o n l y .  *
* *
*****************************************************

s e l d s k :
; s e l e c t  d i s k
; i s  t h i s  t h e  f i r s t  a c t i v a t i o n  o f  t h e  d r i v e ?  
t e s t  O L , l  ? l s b  = 0?
j n z  s e l s e t
; t h i s  i s  t h e  f i r s t  a c t i v a t i o n ,  c l e a r  h o s t  b u f f  
mov h s t a c t , 0  
mov u n a c n t , 0

s e l s e t :
mov a l , c l  ! cbw ; p u t  i n  AX
mov s e k d s k , a l  ; s e e k  d i s k  number
mov c l , 4 ! s h l  a l , c l  ; t i m e s  16
add a x , o f f s e t  d p b a s e
mov bx., a x
r e t

home:

ho m ed :

;home t h e  s e l e c t e d  d i s k
mov a l , h s t w r t  ; c h e c k  f o r  p e n d i n g  w r i t e
t e s t  a l , a l  
j n z  homed
mov h s t a c t , 0  j c l e a r  h o s t  a c t i v e  f l a g

mov c x , 0
( c o n t i n u e  HOME r o u t i n e )  
r e t

;now, s e t  t r a c k  z e r o

s e t t r k :

s e t s e c :

; s e t  t r a c k  g i v e n  by r e g i s t e r s  CX
mov s e k t r k , C X  ; t r a c k  t o  s e e k
r e t

; s e t  s e c t o r  g i v e n  by r e g i s t e r  c l
mov s e k s e c , c l  ; s e c t o r  t o  s e e k
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9 6
9 7
98
99  

100 
101 
102
1 0 3
1 0 4
1 0 5
1 0 6
1 0 7
1 0 8
1 0 9
110 
111 
112
1 1 3
1 1 4
1 1 5
1 1 6
1 1 7
1 1 8
1 1 9
120 
121 
122
1 2 3
1 2 4
1 2 5
1 2 6
1 2 7
1 2 8
1 2 9
1 3 0
1 3 1
1 3 2
1 3 3
1 3 4
1 3 5
1 3 6
1 3 7
1 3 8
1 3 9
1 4 0
1 4 1
1 4 2
1 4 3
1 4 4
1 4 5
1 4 6
1 4 7
1 4 8
1 4 9
1 5 0

r e t

se td m a :
; s e t  dma a d d r e s s  g i v e n  by CX
mov d m a_ o ff ,C X
r e t

s e t d m a b :
; s e t  s e g m e n t  a d d r e s s  g i v e n  by CX
mov dma_seg,CX
r e t

sectran:
t r a n s l a t e  s e c t o r  number CX w i t h  t a b l e  a t  [DX]
t e s t  DXr DX ; t e s t  f o r  h a r d  skewed
jz notran ;(blocked must be hard skewed)
mov BX,CX
add BX/DX
mov B L , [BX]
r e t

n o _ t r a n :
;hard skewed disk, Dhysica! = logical sector
mov BX,CX
r e t

r e a d :

w r i t e

; r e a d  t h e  s e l e c t e d  CP/M s e c t o r
mov u n a c n t , 0  
mov r e a d o p , !  
mov r s f l a g , l  
mov w r t y p e , w r u a l  
jmp r w o p e r

;clear unallocated counter 
;read ODeration 
;must read data 
; treat as una.lloc 
;to perform the read

; w r i t e  t h e  s e l e c t e d  cp/M s e c t o r
mov r e a d o p , 0 ; w r i t e  o p e r a t i o n
mov w r t y p e , c l
cmp c l , w r u a l  ? w r i t e  u n a l l o c a t e d ?
j n z  c h k u n a  ; c h e c k  f o r  u n a l l o c

w r i t e  t o  u n a l l o c a t e d ,  s e t  p a r a m e t e r s

c h k u n a :

/

mov u n a c n t , ( b l k s i z / 1 2 8 )  ; n e x t  u n a l l o c  r e c s
mov a l , s e k d s k  
mov u n a d s k , a l  
mov a x , s e k t r k  
mov u n a t r k , a x  
mov a l , s e k s e c  
mov u n a s e c , a l

; d i s k  t o  s e e k  
; u n a d s k  = s e k d s k

; u n a t r k  = s e k t r k

; u n a s e c  = s e k s e c

?c h ec k  f o r  w r i t e  t o  u n a l l o c a t e d  s e c t o r

mov b x , o f f s e t  u n a c n t  ; p o i n t  "UNA” a t  UNACNT 
mov a l , u n a  ! t e s t  a l , a l  ; a n y  u n a l l o c  r e m a i n ?
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C P / M - 8 6  S y s t e m  G u i d e Ad d sndix A B l o c k i n q  a n d  D e b l o c k i n q

1 5 1
1 5 2
1 5 3
1 5 4
1 5 5
1 5 6
1 5 7
1 5 8
1 5 9
1 6 0  
1 6 1  
1 6 2
1 6 3
1 6 4
1 6 5
1 6 6
1 6 7
1 6 8  
1 6 9

I 1 7 0
1 7 1
1 7 2
1 7 3
1 7 4
1 7 5
1 7 6
1 7 7
1 7 8
1 7 9
1 8 0  
1 8 1  
1 8 2
1 8 3
1 8 4
1 8 5
1 8 6  
1 8 7

. 1 8 8
1 8 9
1 9 0
1 9 1
1 9 2
1 9 3
1 9 4
1 9 5
1 9 6
1 9 7
1 9 8
1 99
200 
201 
202
2 0 3
2 0 4
2 0 5

All

iz  a l l o c ;sk ip  i f  not
9
•
9 more unal located records remain

dec a l  
mov una ,a l

;unacnt = unacnt-1

mov a.l,sekdsk
mov B X ,o f f s e t  unadsk

?same disk?

cmp a l ,una ;sekdsk = unadsk?
inz a l l o c ;skiD i f  not

9
•
9 disks  are the same 

mov AX, unatrk 
cmp AX, sektrk
inz a l l o c ;sk io  i f  not

9
•
9 tracks are the same

mov a l , s e k se c ?same sector?
9

mov B X ,o f f s e t  unasec ;point  una at unasec
9

cmp a l ,una ;seksec = unasec?
jnz a l l o c ;sk ip  i f  not

9
•
9 match, move to next sector for future  re f

inc una junasec = unasec+1
mov a l ,un a , ;end o f  track?
cmp al,cpmspt ;count CP/M sectors
ib  noovf ;sk ip  i f  below

9
•
9 over f low  to next track

mov una, 0 ; unasec = 0
inc unatrk ; unatrk=unatrk+l

9

noov f :
;match found, mark as unnecessary read
mov r s f l a q ,0 ; r s f l a g  = 0
jmps rwoper ;to  perform the w r ite

a l l o c :
;not an unal located record, requ ires  p re -read  
mov unacnt,0 ;unacnt = 0
mov r s f l a q , l  ; . rs f laq  = 1

;drop through to rwoper

. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
9
. *  *
9

; *  Common code for READ and WRITE fo l lo w s  *
• * *
. * * ★ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ★ * * * * * * * *
9

rwoper:
;enter here to perform the read/write  
mov e r f l a q ,0  ;no e r ro rs  (yet)
mov a l , seksec ;compute host sector
mov c l ,  secshf  
shr a l , c l

I n f o r m a t i o n  P r e s e n t e d  H e r e  i s  P r o p r i e t a r y  t o  D i q i t a l  R e s e a r c h
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2 0 6
2 0 7
2 08
2 0 9
210 
211 
212
2 1 3
2 1 4
2 1 5
2 1 6
2 1 7
2 1 8
2 1 9
220 
221 
2 5 2
2 2 3
2 2 4
2 2 5
2 2 6
2 2 7
2 2 8
2 2 9
2 3 0
2 3 1
2 3 2
2 3 3
2 3 4
2 3 5
2 3 6
2 3 7
2 3 8
2 3 9
2 4 0
2 4 1
2 4 2
2 4 3
2 4 4
2 4 5
2 4 6
2 4 7
2 4 8
2 4 9
2 5 0
2 5 1
2 5 2
2 5 3
2 5 4
2 5 5
2 5 6
2 5 7
2 5 8
2 5 9
2 6 0

All

mov s e k h s t , a l

; a c t i v e  h o s t  s e c t o r ?
mov a l , l  
x chg a l , h s t a c t  
t e s t  a l , a l  
i z  f i l h s t

/
? h o s t  b u f f e r  a c t i v e ,  s

mov a l , s e k d s k  
cmp a l , h s t d s k  
i n z  n o m atch

/
? same d i s k ,  same t r a c k

mov a x , h s t t r k  
cmp a x , s e k t r k  
j n z  n o m atch

/
* same d i s k ,  same t r a c k

mov a i , s e k h s t  
cmp a l , h s t s e c  
i z  m a t c h

n o m a t c h :
; p r o p e r  d i s k ,  b u t  n o t  
mov a l , h s t w r t  
t e s t  a l , a l  
j z  f i l h s t  
c a l l  w r i t e h s t

; ( c h e c k  e r r o r s  h e r e )

h o s t  s e c t o r  t o  s e e k

a l w a y s  becom es 1 
was i t  a l r e a d y ?  
f i l l  h o s t  i f  n o t

a s  s e e k  b u f f e r " 5

; s e k d s k  = h s t d s k ?

; h o s t  t r a c k  same a s  s e e k  t r a c k

same b u f f e r ?

; s e k h s t  = h s t s e c ?
; s k i p  i f  m a tc h

c o r r e c t  s e c t o r

?" d i r t y "  b u f f e r  ?
; n o ,  d o n ' t  n e e d  t o  w r i t e  
; y e s ,  c l e a r  h o s t  b u f f

f i l h s t :
;may h a v e  t o  f i l l  t: 
mov a l , s e k d s k  ! mov 
mov a x , s e k t r k  ! mov 
mov a l , s e k h s t  ! mov 
mov a l , r s f l a g  
t e s t  a l , a l  
j z  f i l h s t l

r

c a l l  r e a d h s t
; ( c h e c k  e r r o r s  h e r e )

f i l h s t l :
mov h s t w r t , 0

9

m a t c h :
; c o p y  d a t a  t o  o r  from 
mov a l , s e k s e c  
and a x , s e c m s k  
mov c l ,  7 I s h l  a x , c l

/
; ax h a s  r e l a t i v e  h o s t

e h o s t  b u f f e r  
h s t d s k , a l  
h s t t r k , a x  
h s t s e c , a l

; n e e d  t o  r e a d ?

; y e s ,  i f  1

;no p e n d i n g  w r i t e

b u f f e r  d e p e n d i n g  on " r e a d o p "  
;mask b u f f e r  number 
y l e a s t  s i g n i f  b i t s  a r e  masked 
; s h i f t  l e f t  7 (* 1 2 8  = 2 * * 7 )

b u f f e r  o f f s e t

add a x , o f f s e t  h s t b u f  ;ax  h a s  b u f f e r  a d d r e s s
mov s i , a x  ; p u t  i n  s o u r c e  i n d e x  r e g i s t e r
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2 6 1
2 6 2
2 6 3
2 6 4
2 6 5
2 6 6
2 6 7
2 6 8
2 6 9
2 7 0
2 7 1
2 7 2
2 7 3
2 7 4
2 7 5
2 7 6
2 7 7
2 7 8
2 7 9
2 8 0  
2 8 1  
2 8 2
2 8 3
2 8 4
2 8 5
2 8 6
2 8 7
2 8 8
2 8 9
2 9 0
2 9 1
2 9 2
2 9 3
2 9 4
2 9 5
2 9 6
2 9 7
2 9 8
2 9 9
3 0 0
3 0 1
3 0 2
3 0 3
3 0 4
3 0 5
3 0 6
3 0 7
3 0 8
3 0 9
3 1 0
3 1 1
3 1 2
3 1 3
3 1 4
3 1 5

mov d i , dma_of f  

p u s h  DS ! p u s h  ES 

mov ES,dma s e g

mov c x , 1 2 8 / 2  
mov a l , r e a d o p  
t e s t  a l , a l  
j n z  rwmove

9

; w r i t e  o p e r a t i o n ,  mark
mov h s t w r t , l  
xchg s i , d i  
mov a x , DS 
mov E S , ax 
mov DS, dma_seg

9

rwmove:
c l d  i r e p  movs AX,AX 
pop ES I pop DS

; u s e r  b u f f e r  i s  d e s t  .if r e a d o p

; s a v e  s e g m e n t  r e g i s t e r s

; s e t  d e s t s e g  t o  t h e  u s e r s  s e g  
; S I / D I  and DS/ES i s  swapped 
? i f  w r i t e  op
; l e n g t h  o f  move i n  words

;w h ic h  way?
; s k i p  i f  r e a d

and s w i t c h  d i r e c t i o n
; h s t w r t  = 1 ( d i r t y  b u f f e r  now) 
; s o u r c e , / d e s t  i n d e x  swap

; s e t u p  DS,ES f o r  w r i t e

;move a s  1 6  b i t  words 
j r e s t o r e  s e g m e n t  r e g i s t e r s

/
9 d a t a  h a s  b e e n  moved t o / f r o m  h o s t  b u f f e r  

cmp w r t y p e , w r d i r  ; w r i t e  t y p e  t o  d i r e c t o r v ?
mov a l , e r f l a g  ; i n  c a s e  o f  e r r o r s
j n z  r e t u r n  rw ;no f u r t h e r  p r o c e s s i n g

; c l e a r  h o s t  b u f f e r  f o r
t e s t  a l , a l  
j n z  r e t u r n _ r w  
mov h s t w r t , 0  
c a l l  . w r i t e h s t  
mov a l , e r f l a g  

r e t u r n _ r w :  
r e t

d i r e c t o r y  w r i t e  
j e r r o r s ?
; s k i p  i f  so 
; b u f f e r  w r i t t e n

. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
9
. * ★
9

;* WRITEHST p e r f o r m s  t h e  p h y s i c a l  w r i t e  t o  t h e  h o s t  *
;* d i s k ,  w h i l e  READHST r e a d s  t h e  p h y s i c a l  d i s k .  *
• ★  *
9
. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

w r i t e h s t :
r e t

r e a d h s t :
r e t

•
9a*****************************************************
9
m * *
9

?* Use t h e  GENDEF u t i l i t y  t o  c r e a t e  d i s k  d e f  t a b l e s  *
. *  */
• * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
9

d p b a s e  equ o f f s e t  $
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3 1 6 :
3 1 7 :
3 1 8 :
3 1 9 :
3 2 0 :
3 2 1 :
3 2 2 :
3 2 3 :

d i s k  p a r a m e t e r  t a b l e s  go h e r e

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* •k

* U n i n i t i a l i z e d  RAM a r e a s  f o l l o w ,  i n c l u d i n g  t h e  *
* a r e a s  c r e a t e d  by t h e  GENDEF u t i l i t y  l i s t e d  a b o v e .  *
*  '  *

*****************************************************
3 2 4 : s e k _ d s k rb 1 ; s e e k  d i s k  number
3 2 5 : s e k _ t r k rw 1 ; s e e k  t r a c k  number
3 2 6 :
3 2 7 :

s e k _ s e c
•
t

r b 1 ; s e e k  s e c t o r  number

3 2 8 : h s t _ d s k r b 1 ; h o s t  d i s k  number
3 2 9 : h s t _ t r k rw 1 ; h o s t  t r a c k  number
3 3 0 :
3 3 1 :

h s t _ s e c
•
f

rb 1 ; h o s t  s e c t o r  number

3 3 2 : s e k _ h s t rb 1 ; s e e k  s h r  s e c s h f
3 3 3 : h s t _ a c t r b 1 ; h o s t  a c t i v e  f l a g
3 3 4 :
3 3 5 :

h s t _ w r t
•f

r b 1 ; h o s t  w r i t t e n  f l a g

3 3 6 : u n a _ c n t r b 1 ; u n a l ! o c  r e c  c n t
3 3 7 : u n a _ d s k rb 1 ; l a s t  u n a l l o c  d i s k
3 3 8 : u n a _ t r k rw 1 ; l a s t  u n a l l o c  t r a c k
3 3 9 :
3 4 0 :

u n a _ s e c
•/

r b 1 ; l a s t  u n a l l o c  s e c t o r

3 4 1 : e r f l a g r b 1 ; e r r o r  r e o o r t i n g
3 4 2 : r s f l a g r b 1 ; r e a d  s e c t o r  f l a g
3 4 3 : r e a d o p r b 1 ; 1  i f  r e a d  o p e r a t i o n
3 4 4 : w r t y p e r b 1 ; w r i t e  o p e r a t i o n  t y p e
3 4 5 : dma_seg rw 1 ; l a s t  dma s e g m e n t
3 4 6 : d m a _ o f f rw 1 ; l a s t  dma o f f s e t
3 4 7 :
3 4 8 :

h s t b u f r b
end

h s t s i z ; h o s t  b u f f e r
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Appendix B
Sample Random Access Program

This appendix contains a rather extensive and complete example 
o f  random access operat ion .  The program l i s t e d  here performs the 
simple function o f  reading or w r i t in g  random records upon command 
from the terminal .  Given that the program has been created ,  
assembled, and placed into a f i l e  l a b e l l e d  RANDOM.CMD, the CCP l e v e l  
command:

RANDOM X.DAT

s t a r t s  th e  t e s t  p r o g r a m .  The p r o g r a m  l o o k s  f o r  a f i l e  by t h e  name 
X.DAT ( i n  t h i s  p a r t i c u l a r  c a s e )  a n d ,  i f  f o u n d ,  p r o c e e d s  t o  p r o m p t  
t h e  co n so le  f o r  i n p u t .  I f  n o t  f o u n d ,  t h e  f i l e  i s  c r e a t e d  b e f o r e  t h e  
p ro m p t  i s  g i v e n .  Each p r o m p t  t a k e s  t h e  form

n e x t  command?

and i s  f o l l o w e d  by o p e r a t o r  i n p u t ,  t e r m i n a t e d  by a c a r r i a g e  r e t u r n .  
The i n p u t  commands t a k e  t h e  form

nN nR 0

where n i s  an i n t e g e r  v a l u e  i n  t h e  r a n g e  0 t o  6 5 5 3 5 ,  and w, R, and 0  
a r e  s i m p l e  command c h a r a c t e r s  c o r r e s p o n d i n g  t o  random w r i t e ,  random 
r e a d ,  a n d  q u i t  p r o c e s s i n g ,  r e s p e c t i v e l y .  I f  t h e  W command i s  
i s s u e d ,  t h e  RANDOM p r o g r a m  i s s u e s  t h e  p r o m p t

t y p e  d a t a :

The o p e r a t o r  t h e n  r e s p o n d s  by t y p i n g  up t o  1 2 7  c h a r a c t e r s ,  f o l l o w e d  
by a c a r r i a g e  r e t u r n .  RANDOM t h e n  w r i t e s  t h e  c h a r a c t e r  s t r i n g  i n t o  
t h e  X.DAT f i l e  a t  r e c o r d  n .  I f  t h e  R command i s  i s s u e d ,  RANDOM 
r e a d s  r e c o r d  number n and d i s p l a y s  t h e  s t r i n g  v a l u e  a t  t h e  c o n s o l e .  
I f  t h e  Q command i s  i s s u e d ,  t h e  X.DAT f i l e  i s  c l o s e d ,  and t h e  
p r o g r a m  r e t u r n s  t o  t h e  c o n s o l e  command p r o c e s s o r .  The o n l y  e r r o r  
m essa g e  i s

e r r o r ,  t r y  a g a i n

The p r o g r a m  b e g i n s  w i t h  an i n i t i a l i z a t i o n  s e c t i o n  w h e re  t h e  
i n p u t  f i l e  i s  o p e n e d  o r  c r e a t e d ,  f o l l o w e d  by a c o n t i n u o u s  l o o p  a t  
t h e  l a b e l  " r e a d y "  w h e re  t h e  i n d i v i d u a l  commands a r e  i n t e r p r e t e d .  
The d e f a u l t  f i l e  c o n t r o l  b l o c k  a t  o f f s e t  005CH and t h e  d e f a u l t  
b u f f e r  a t  o f f s e t  0 0 8 0 H  a r e  u s e d  i n  a l l  d i s k  o p e r a t i o n s .  The u t i l i t y  
s u b r o u t i n e s  t h e n  f o l l o w ,  w h i c h  c o n t a i n  t h e  p r i n c i p a l  i n p u t  l i n e  
p r o c e s s o r ,  c a l l e d  " r e a d c . "  T h i s  p a r t i c u l a r  p r o g r a m  shows t h e  
e l e m e n t s  o f  random a c c e s s  p r o c e s s i n g ,  and c a n  be u s e d  a s  t h e  b a s i s  
f o r  f u r t h e r  p r o g r a m  d e v e l o p m e n t .  I n  f a c t ,  w i t h  some w o r k ,  t h i s  
p r o g r a m  c o u l d  e v o l v e  i n t o  a s i m p l e  d a t a  b a s e  management s v s t e m .
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One c o u l d ,  f o r  e x a m p l e ,  a ssu m e a s t a n d a r d  
b y t e s ,  c o n s i s t i n g  o f  a r b i t r a r y  f i e l d s  w i t h i n  t h e  
c a l l e d  GETKEY, c o u l d  be d e v e l o p e d  w h ic h  f i r s t  
f i l e  and e x t r a c t s  a s o e c i f i c  f i e l d  d e f i n e d  by 
e x a m p l e ,  t h e  command

r e c o r d  s i z e  o f  1 2 8  
r e c o r d .  A o r o q r a m ,  
r e a d s  a s e q u e n t i a l  
t h e  o p e r a t o r .  F o r

GETKEY NAMES.DAT LASTNAME 10  20

would c a u s e  GETKEY t o  r e a d  t h e  d a t a  b a s e  f i l e  NAMES.DAT a nd e x t r a c t  
t h e  "LASTNAME" f i e l d  from e a c h  r e c o r d ,  s t a r t i n g  a t  p o s i t i o n  10  and 
e n d i n g  a t  c h a r a c t e r  2 0 .  GETKEY b u i l d s  a t a b l e  i n  memory c o n s i s t i n g  
o f  e a c h  p a r t i c u l a r  LASTNAME f i e l d ,  a l o n g  w i t h  i t s  1 6 - b i t  r e c o r d  
number l o c a t i o n  w i t h i n  t h e  f i l e .  The GETKEY p r o q r a m  t h e n  s o r t s  t h i s  
l i s t ,  a n d  w r i t e s  a new f i l e ,  c a l l e d  LASTNAME. KEY, w h i c h  i s  an 
a l p h a b e t i c a l  l i s t  o f  LASTNAME f i e l d s  w i t h  t h e i r  c o r r e s p o n d i n g  r e c o r d  
n u m b e r s .  ( T h i s  l i s t  i s  c a l l e d  an " i n v e r t e d  i n d e x "  i n  i n f o r m a t i o n  
r e t r i e v a l  p a r l a n c e . )

Rename t h e  p r o g r a m  shown a b o v e  a s  QDERY, and e n h a n c e  i t  a b i t  
s o  t h a t  i t  r e a d s  a s o r t e d  key f i l e  i n t o  memory.  The command l i n e  
m i g h t  a p p e a r  a s :

QUERY NAMES.DAT LASTNAME.KEY

I n s t e a d  o f  r e a d i n g  a n u m b e r ,  t h e  QUERY p r o q r a m  r e a d s  an a l p h a n u m e r i c  
s t r i n g  w hich  i s  a p a r t i c u l a r  key t o  f i n d  i n  t h e  NAMES.DAT d a t a  b a s e .  
S i n c e  t h e  LASTNAME.KEY l i s t  i s  s o r t e d ,  vou c a n  f i n d  a p a r t i c u l a r  
e n t r y  q u i t e  r a p i d l y  by p e r f o r m i n g  a " b i n a r y  s e a r c h , "  s i m i l a r  t o  
l o o k in g  up a name i n  t h e  t e l e p h o n e  b o o k .  T h a t  i s ,  s t a r t i n g  a t  b o t h  
e n d s  o f  t h e  l i s t ,  you e x am in e  t h e  e n t r y  h a l f w a y  i n  b e t w e e n  a n d ,  i f  
n o t  m a t c h e d ,  s p l i t  e i t h e r  t h e  u p p e r  h a ) f  o r  t h e  l o w e r  h a l f  f o r  t h e  
n e x t  s e a r c h .  Y o u ' l l  q u i c k l y  r e a c h  t h e  i t e m  y o u ' r e  l o o k i n g  f o r  ( i n  
l o g 2 ( n )  s t e p s )  w h e re  y o u ' l l  f i n d  t h e  c o r r e s p o n d i n g  r e c o r d  n u m b e r .  
F e t c h  and d i s p l a y  t h i s  r e c o r d  a t  t h e  c o n s o l e ,  j u s t  a s  we h a v e  done 
i n  t h e  p r o q r a m  shown a b o v e .

At t h i s  p o i n t  y o u ' r e  i u s t  g e t t i n g  s t a r t e d .  W ith  a l i t t l e  more 
w o r k ,  you c a n  a l l o w  a f i x e d  g r o u p i n g  s i z e  w h ic h  d i f f e r s  from t h e  1 2 8  
b y t e  r e c o r d  shown a b o v e .  T h i s  i s  a c c o m p l i s h e d  by k e e p i n q  t r a c k  o f  
t h e  r e c o r d  number a s  w e l l  a s  t h e  b y t e  o f f s e t  w i t h i n  t h e  r e c o r d .  
Knowing t h e  g r o u p  s i z e ,  you r a n d o m l y  a c c e s s  t h e  r e c o r d  c o n t a i n i n g  
t h e  p r o p e r  g r o u p ,  o f f s e t  t o  t h e  b e q i n n i n q  o f  t h e  g r o u p  w i t h i n  t h e  
r e c o r d  r e a d  s e q u e n t i a l l y  u n t i l  t h e  g r o u p  s i z e  h a s  b e e n  e x h a u s t e d .

F i n a l l y ,  you c a n  i m p ro v e  QUERY c o n s i d e r a b l y  by a l l o w i n g  b o o l e a n  
e x p r e s s i o n s  w h ic h  com pute  t h e  s e t  o f  r e c o r d s  w h ic h  s a t i s f y  s e v e r a l  
r e l a t i o n s h i p s ,  s u c h  a s  a LASTNAME b e t w e e n  HARDY and LAUREL, and an 
AGE l e s s  t h a n  4 5 .  D i s p l a y  a l l  t h e  r e c o r d s  w h i c h  f i t  t h i s  
d e s c r i p t i o n .  F i n a l l y ,  i f  y o u r  l i s t s  a r e  g e t t i n g  t o o  b i g  t o  f i t  i n t o  
memory,  r a n d o m l y  a c c e s s  y o u r  key f i l e s  from t h e  d i s k  a s  w e l l .
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1
2

•
9
. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

3 . *
t

★
4 ;* Sa mple  Random A c c e s s  P ro g ra m  f o r  CP/M-86 *
5 • ★

/
★

6
-7

. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ★ * * * * * * * * * * ★ *
r

7
8

•
9

; BDOS F u n c t i o n s
y

1 0
/

c o n i n p equ 1 ; c o n s o l e  i n p u t  f u n c t i o n
1 1 c o n o u t equ 2 ; c o n s o l e  o u t p u t  f u n c t i o n
1 2 p s t r i n g equ 9 ; p r i n t  s t r i n g  u n t i l  " S '
13 r s t r i n g equ 10 ; r e a d  c o n s o l e  b u f f e r
14 v e r s i o n equ 12 ; r e t u r n  v e r s i o n  number
1 5 o p e n f equ 15 ; f i l e  o p e n  f u n c t i o n
16 c l o s e f equ 16 ; c l o s e  f u n c t i o n
1 7 m akef equ 22 ;make f i l e  f u n c t i o n
1 8 r e a d r equ 33 ; r e a d  random
1 9 w r i t e r equ 34 ; w r i t e  random
20 •

/

2 1 ; E q u a t e s  f o r non g r a p h i c  c h a r a c t e r s
2 2 e r equ Odh ; c a r r i a g e  r e t u r n
23 I f equ Oah ; l i n e  f e e d
2 4 •

t

2 5 •/
26 ; l o a d SP , r e a d y  f i l e f o r  random a c c e s s
2 7 •

9

28 c s e q
2 9 p u s h f ; o u s h  f l a g s  i n  CCP s t a c k
30 pop ax ; s a v e  f l a g s  i n  AX
3 1 c l i j d i s a b l e  i n t e r r u p t s
3 2 mov bx , d s ; s e t  S3 r e g i s t e r  t o  b a s e
33 mov s s  , b x ; s e t  SS, SP w i t h  i n t e r r u
3 4 mov s d , o f f s e t  s t a c k  ; f o r  8 0 8 8 8
35 p u s h ax ; r e s t o r e  t h e  f l a g s
3 6 p o p f
37 •/
38 •

9 CP/M-86 i n i t i a l r e l e a s e  r e t u r n s  t h e  f i l e
39 •

9 s y s t e m v e r s i o n number o f  2 . 2 :  c h e c k  i s
40 •

9 shown b e lo w  f o r i l l u s t r a t i o n  o u r p o s e s .
4 1 •

9

4 2 mov c l  / V e r s i o n
4 3 c a l l b d o s
4 4 emp a l , 2 0 h ; v e r s i o n  2 . 0  o r  l a t e r ?
45 j n b v e r s o k
46 •

r bad v e r s i o n ,  m e s s a g e  and go back
47 mov d x , o f f s e t  b a d v e r
48 c a l l p r i n t
4 9 jmp a b o r t
50 •

9

5 1 v e r s o k :
52 •/ c o r r e c t v e r s i o n f o r  random a c c e s s
53 mov c l , o p e n f  ?open d e f a u l t  f e t
54 mov d x , o f f s e t  f e b
55 c a l l b d o s
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56 i n c a l ; e r r  2 5 5  b eco m es
5 7 j n z r e a d y
58 •

9

59 •
9 c a n n o t ooen f i l e , s o  c r e a t e  i t

60 mov c l , m a k e f
6 1 mov d x , o f f s e t f c b
6 2 c a l l b d o s
63 i n c al­ ; e r r  2 5 5  becom es
6 4 i n z r e a d y
6 5 •

9

66 •
9 c a n n o t c r e a t e  f i l e ,  d i r e c t o r y  f u l l

6 7 mov d x , o f f s e t n o s p a c e
6 8 c a l l p r i n t
6 9 imp a b o r t ; b a c k  t o  c c p
7 0 •

9

7 1 •
9 l o o p  b a c k t o  " r e a d y ” a f t e r  e a c h  command

7 2 •
9

7 3 r e a d y :
7 4 •

9 f i l e  i s  r e a d y  f o r p r o c e s s i n g
7 5
7 6
7 7
7 8
7 9
8 0  
8 1  
8 2
8 3
8 4
8 5
86
87
88
8 9
90
9 1
9 2
9 3
9 4
9 5
9 6
9 7
9 8
9 9  

100 
101 
102
1 0 3
1 0 4
1 0 5
1 0 6
1 0 7
1 0 8
1 0 9
110

c a l l
mov
mov
cmp
j n z

q u i t
mov
mov
c a l l
i n c
j z
jmps

read co m  
r a n r e c , d x  
r a n o v f , 0 h  
a l , '0' 
n o t q

; r e a d  n e x t  command 
; s t o r e  i n p u t  r e c o r d #  
j c l e a r  h i q h  b y t e  i f  s e t  
; q u i t ?

p r o c e s s i n g ,  c l o s e  f i l e  
c l , c l o s e f  
d x , o f f s e t  f c b  
b d o s
a l  ; e r r  2 5 5  becom es 0
e r r o r  ; e r r o r  m e s s a g e ,  r e t r y
a b o r t  ; b a c k  t o  c c p

end o f  q u i t  command, p r o c e s s  w r i t e

n o t q :
n o t  t h e  q u i t  command, random w r i t e ?  
cmp a l , “W"
i n z  notw

9

; t h i s  i s  a random w r i t e ,  f i l l  b u f f e r  u n t i l  c r
mov d x , o f f s e t  d a tm s g
c a l l  p r i n t  ; d a t a  p r o m p t
mov c x , 1 2 7  ;up  t o  1 2 7  c h a r a c t e r s
mov b x , o f f s e t  b u f f  d e s t i n a t i o n

r l o o p :  ; r e a d  n e x t  c h a r a c t e r  t o  b u f f
p u s h
p u s h
c a l l
POP
pop
cmp

c x
bx
g e t c h r
bx
cx
a l  , c r

; s a v e  l o o p  c o n n t r o l  
; n e x t  d e s t i n a t i o n  
j c h a r a c t e r  t o  AL 
; r e s t o r e  d e s t i n a t i o n  
; r e s t o r e  c o u n t e r  
;en d  o f  l i n e ?
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1 1 1
112
1 1 3
1 1 4
1 1 5
1 1 6
1 1 7
1 1 8
1 1 9
120 
121 
122
1 2 3
1 2 4
1 2 5
1 2 6
1 2 7
1 2 8
1 2 9
1 3 0
1 3 1
1 3 2
1 3 3
1 3 4
1 3 5
1 3 6
1 3 7
1 3 8
1 3 9
1 4 0
1 4 1
1 4 2
1 4 3
1 4 4
1 4 5
1 4 6
1 4 7
1 4 8
1 4 9
1 5 0
1 5 1
1 5 2
1 5 3
1 5 4
1 5 5
1 5 6
1 5 7
1 5 8
1 5 9
1 6 0  
1 6 1  
1 6 2
1 6 3
1 6 4
1 6 5

j z  e r l o o p
; n o t  e n d ,  s t o r e  c h a r a c t e r

mov b y t e  p t r  [ b x ] , a l
i n c  bx ; n e x t  t o  f i l l
l o o p  r l o o p  ; d e c r e m e n t  cx . . l o o p  i f

e r l o o p :
; end o f  r e a d  l o o o ,  s t o r e  00

mov b y t e  p t r  [ b x ] , 0 h

w r i t e  t h e  r e c o r d  t o  s e l e c t e d  r e c o r d  number
mov c l , w r  i t e r
mov d x , o f f s e t f c b
c a l l b d o s
o r a l , al­ ; e r r o r  c o d e
j z r e a d y  ; f o r  a n o t h e r r e c o r d
jmps e r r o r ; m e s s a g e  i f n o t

end o f  w r i t e  command, p r o c e s s  r e a d

notw:
; n o t  a w r i t e  command, r e a d  r e c o r d ?

cmp a l , " R "
j z  r a n r e a d
jmps e r r o r  ; s k i p  i f  n o t

; r e a d  random r e c o r d
r a n r e a d :

mov c l , r e a d r
mov d x , o f f s e t  f c b
c a l l  b d o s
o r  a l , a l  ; r e t u r n  c o d e  0 0 ?
j z  r e a d o k
jmps e r r o r

; r e a d  was s u c c e s s f u l ,  w r i t e  t o  c o n s o l e
r e a d o k :

c a l l  c r l f  ;new l i n e
mov c x , 1 2 8  ;max 1 2 8  c h a r a c t e r s
mov s i , o f f s e t  b u f f  ; n e x t  t o  q e t

w lo o p :
l o d s a l
and a l , 0 7 f h
j n z w l o o p l
jmp r e a d y

w l o o p l :
p u s h cx
p u s h s i
cmp a l , "  "
j b sk ipw
c a l l p u t c h r

sk ip w :
pop s i

; n e x t  c h a r a c t e r  
;mask p a r i t y

; f o r  a n o t h e r  command i f

; s a v e  c o u n t e r  
; s a v e  n e x t  t o  g e t  
^ g r a p h i c ?
; s k i p  o u t p u t  i f  n o t  g r a o  
; o u t p u t  c h a r a c t e r
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1 6 6 DOP cx
1 6 7 l o o p w loop ; d e c r e m e n t  CX and c h e c k
1 6 8 imp r e a d y
1 6 9 •/
1 7 0 •

1 7 1 ; end o f  r e a d command, a l l  e r r o r s  e n d - u p  h e r e
1 7 2 •

9

1 7 3 •
9

1 7 4 e r r o r :
1 7 5 mov d x , o f f s e t  ie r r m s g
1 7 6 c a l l p r  i n t
1 7 7 jmp r e a d y
1 7 8 •

9

1 7 9 ; BDOS e n t r y s u b r o u t i n e
1 8 0 b d o s :
1 8 1 i n t 2 2 4 ? e n t r y  t o  BDOS i f  by IN'T’
1 8 2 r e t
1 8 3 •/
1 8 4 a b o r t : ; r e t u r n  t o  CCP
1 8 5 mov c l , 0
1 8 6 c a l l b d o s ; u s e  f u n c t i o n  0 t o  end e
1 8 7 •

9

1 8 8 ; u t i l i t y  s u b r o u t i n e s  f o r c o n s o l e  i / o
1 8 9 •

9

1 9 0 g e t c h r :
1 9 1 ; r e a d n e x t  c o n s o l e c h a r a c t e r  t o  a
1 9 2 mov c l , c o n i n D
1 9 3 c a l l b d o s
1 9 4 r e t
1 9 5 •

1 9 6 p u t c h r :
1 9 7 ; w r i t e c h a r a c t e r  from a t o  c o n s o l e
1 9 8 mov c l  , c o n o u t
1 9 9 mov d l , a l ; c h a r a c t e r  t o  se n d
2 0 0 c a l l b d o s ; s e n d  c h a r a c t e r
2 0 1 r e t
2 0 2 +

2 0 3 c r l f :
2 0 4 ; s e n d c a r r i a g e  r e t u r n  l i n e  f e e d
2 0 5 mov a l  , c r y c a r r i a g e  r e t u r n
2 0 6 c a l l p u t c h r
2 0 7 mov a l  , .lf ; l i n e  f e e d
2 0 8 c a l l p u t c h r
2 0 9 r e t
2 1 0 •

9

2 1 1 p r i n t :
2 1 2 ; p r i n t t h e  b u f f e r a d d r e s s e d  by dx u n t i l  $
2 1 3 p u s h dx
2 1 4 c a l l c r l f
2 1 5 pop dx ;new l i n e
2 1 6 mov c l , p s t r i n g
2 1 7 c a l l b d o s ; p r i n t  t h e  s t r i n g
2 1 8 r e t
2 1 9 •

9

2 2 0 readcom 00
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2 2 1 ; r e a d  t h e  n e x t  command l i n e  t o  t h e  c o n b u f
2 2 2 mov d x , o f f s e t  p r o m o t
2 2 3 c a l l p r i n t ?command?
2 2 4 mov c l , r s t r i n g
2 2 5 mov d x , o f f s e t  c o n b u f
2 2 6 c a l l b d o s ; r e a d  command l i n e
2 2 7 •

f command l i n e  i s  p r e s e n t , s c a n  i t
2 2 8 mov a x , 0 ; s t a r t  w i t h  0 0 0 0
2 2 9 mov b x , o f f s e t  c o n l i n
2 3 0 r e a d c : mov d l , (bxl ; n e x t  command c h a r a c t e r
2 3 1 i n c bx ; t o  n e x t  command p o s i t i c
2 3 2 mov dh , 0 ; z e r o  h i g h  b y t e  f o r  add
2 3 3 o r d l  , d l ; c h e c k  f o r  end o f  commar
2 3 4 j n z g etn u m
2 3 5 r e t
2 3 6 •

f n o t  z e r o ,  n u m e r i c ?
2 3 7 g e tn u m :
2 3 8 su b d l , ' 0 '
2 3 9 cmp d l , 10 j c a r r v  i f  n u m e r i c
2 4 0 i n b e n d r d
2 4 1 mov c l , 10
2 4 2 mul c l j m u l t i p v  a c c u m u l a t o r  by
2 4 3 add ax ,d x ; + d i g i t
2 4 4 imps r e a d c ; f o r  a n o t h e r  c h a r
2 4 5
2 4 6
2 4 7
2 4 8
2 4 9
2 5 0
2 5 1

2 7 2
2 7 3
2 7 4
2 7 5

e n d r d :
end
mov
mov
cmp
j n b
r e t

o f  r e a d ,  r e s t o r e  v a l u e  i n  a and r e t u r n  v a l u e  
d x , a x  y r e t u r n  v a l u e  i n  OX
a l , - 1 [bx]
a l , ' a '  ; c h e c k  f o r  lo w e r  c a s e
t r a n s l

2 5 2 t r a n s l : and a l , 5 f H  ; t r a n s l a t e  t o  u p p e r  c a s e
2 5 3 r e t
2 5 4 •

f

2 5 5 •/
2 5 6 ; T e m p l a t e  f o r Page 0 o f  D a ta  Group
2 5 7 ; C o n t a i n s  d e f a u l t FCB and DMA b u f f e r
2 5 8 •/
2 5 9 d s e g
2 6 0 o r g 0 5 c h
2 6 1 f c b r b 33 ; d e f a u l t  f i l e  c o n t r o l  b l
2 6 2 r a n r e c rw 1 ; random r e c o r d  p o s i t i o n
2 6 3 r a n o v f r b 1 ; h i g h  o r d e r  ( o v e r f l o w )  b
2 6 4 b u f f r b 1 2 8 ; d e f a u l t  DMA b u f f e r
2 6 5 •/
2 6 6 ; s t r i n g  d a t a a r e a f o r  c o n s o l e  m e s s a g e s
2 6 7 b a d v e r db ' s o r r y ,  you need cp/m v e r s i o n  2 $ '
2 6 8 n o s p a c e db ' n o  d i r e c t o r y  s p a c e $ '
2 6 9 d a tm s g db ' t y p e  d a t a :  $ '
2 7 0 e r r m s g db ' e r r o r ,  t r y  a g a i n . ? '
2 7 1 p r o m p t db ' n e x t  command? $ '

f i x e d  and v a r i a b l e  d a t a  a r e a

A l l  I n f o r m a t i o n  P r e s e n t e d  H e r e  i s  P r o p r i e t a r v  t o  D i g i t a l  R e s e a r c h
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2 7 6 : c o n b u f db c o n l e n
2 7 7 : c o n s i z r s 1
2 7 8 : c o n i i n r s 32
2 7 9 : c o n l e n equ o f f s e t  $
2 8 0 : •

t

2 8 1 : r s 3 1
2 8 2 : s t a c k r b 1
2 8 3 : db 0
2 8 4 : end

?l e n g t h  o f  c o n s o l e  b u f f e r  
; r e s u l t i n g  s i z e  a f t e r  r e a d  
; l e n g t h  32  b u f f e r  

-  o f f s e t  c o n s i z

; 1 6  l e v e l  s t a c k

?end b y t e  f o r  GENCMD

*
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Appendix C
Listing of the Boot ROM

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* *
* T h i s  i s  t h e  o r i g i n a l  BOOT ROM d i s t r i b u t e d  w i t h  CP/M *
* f o r  t h e  SBC 8 6 / 1 2  and 2 0 4  C o n t r o l l e r .  The l i s t i n q  *
* i s  t r u n c a t e d  on t h e  r i g h t ,  b u t  c a n  be r e p r o d u c e d  by *
* a s s e m b l i n g  ROM.A86 f rom  t h e  d i s t r i b u t i o n  d i s k .  Mote *
* t h a t  t h e  d i s t r i b u t e d  s o u r c e  f i l e  s h o u l d  a l w a v s  be *
* r e f e r e n c e d  f o r  t h e  l a t e s t  v e r s i o n  *
* * 
********************************************************

•

; ROM b o o t s t r a p  f o r  CP/M-86 on an i S B C 8 6 / 1 2  
; w i t h  t h e
; I n t e l  SBC 2 0 4  F l o p p y  D i s k  C o n t r o l l e r  
•
; C o p y r i g h t  (C) 1 9 8 0 , 1 9 8 1
; D i g i t a l  R e s e a r c h ,  I n c .
; Box 5 7 9 ,  P a c i f i c  Grove
; C a l i f o r n i a ,  9 3 9 5 0
•

*********************************************1
;* T h i s  i s  t h e  BOOT ROM w h ic h  i s  i n i t i a t e d  *
;* by a s y s t e m  r e s e t .  F i r s t ,  t h e  ROM moves *
•* a c o p y  o f  i t s  d a t a  a r e a  t o  RAM a t  l o c a -  *
;* t i o n  0 0 0 0 0 H ,  t h e n  i n i t i a l i z e s  t h e  s e g m e n t*
;* r e g i s t e r s  and t h e  s t a c k  p o i n t e r .  The *
;* v a r i o u s  p e r i p h e r a l  i n t e r f a c e  c h i p s  on t h e *
;* SBC 8 6 / 1 2  a r e  i n i t i a l i z e d .  The 8 2 5 1  *
;* s e r i a l  i n t e r f a c e  i s  c o n f i g u r e d  f o r  a 9 6 0 0 *
;* b aud a s y n c h r o n o u s  t e r m i n a l ,  and t h e  i n -  *
;* t e r r u p t  c o n t r o l l e r  i s  s e t u p  f o r  i n t e r -  *
;* r u p t s  10H -17H ( v e c t o r s  a t  Ö 0 0 4 0 H - 0 0 0 5 F H )  *
;* and e d g e - t r i g g e r e d  a u t o - E O I  (e n d  o f  i n -  *
;* t e r r u p t )  mode w i t h  a l l  i n t e r r u p t  l e v e l s  *
;* m a s k e d - o f f .  N e x t ,  t h e  SBC 2 0 4  D i s k e t t e  *
;* c o n t r o l l e r  i s  i n i t i a l i z e d ,  and t r a c k  1 *
;* s e c t o r  1 i s  r e a d  t o  d e t e r m i n e  t h e  t a r g e t  *
;* p a r a g r a p h  a d d r e s s  f o r  LOADER. F i n a l l v ,  *
;* t h e  LOADER on t r a c k  0 s e c t o r s  2 - 2 6  and *
;* t r a c k  1 s e c t o r s  1 - 2 6  i s  r e a d  i n t o  t h e  *
;* t a r g e t  a d d r e s s .  C o n t r o l  t h e n  t r a n s f e r s  *
;* t o  LOADER. T h i s  p r o g r a m  r e s i d e s  i n  two *
•* 2 7 1 6  EPROM's (2K e a c h )  a t  l o c a t i o n  *
;* 0FF000H on t h e  SBC 8 6 / 1 2  CPU b o a r d .  ROM *
;* 0 c o n t a i n s  t h e  e v e n  memory l o c a t i o n s ,  and*
;* ROM 1 c o n t a i n s  t h e  odd a d d r e s s e s .  BOOT *
;* ROM u s e s  RAM b e t w e e n  0 0 0 0 0 H  and 000FFH *
;* ( a b s o l u t e )  f o r  a s c r a t c h  a r e a ,  a l o n g  w i t h *
;* t h e  s e c t o r  1 b u f f e r .  *
. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
t
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00FP t r u e equ Of fh
FF00 f a l s e

•
equ n o t  t r u e

00FF
i

deb u g equ t r u e
ydebug = t r u e i n d i c a t e s b o o t s t r a o
; w i t h  SBC 9 5 7 " E x e c u t i o n V e h i c l e "
; a t  F E 0 0 : 0  i n s t e a d  o f  F F 0 0 : 0

000D
9

c r equ 13
oooa i f equ 10

i s  i n  same 
m o n i t o r

roms

00A0 
0 0  A0 
0 0  A0 
0 0  Al 
00A1 
00A2 
00A4 
00A5 
00A6 
00A7 
00A8 
00A8 
00A9 
00AA 
00AF

2 5 8 0

0 0 0 8

00DA
00D8

00D0
00D2
00D4
00D6

00C0
00C2

FEOO

d i s k  p o r t s  and commands

b a s e 2 0 4 equ 0 a 0 h
fdccom equ b a s e 2 0 4 + 0
f d c s t a t equ b a s e 2 0 4 + 0
f d c p a r m equ b a s e 2 0  4+1
f d c r s l t equ b a s e 2 0 4 + l
f d c r s t equ b a s e 2 0 4 + 2
d m ac ad r equ b a s e 2 0 4 + 4
d m a c c o n t equ b a s e 2 0 4 + 5
d m a c s c a n equ b a s e 2 0 4 + 6
d m a c s a d r equ b a s e 2 0 4 + 7
dmacmode equ b a s e 2 0 4 + 9
d m a c s t a t equ b a s e 2 0 4 + 8
f d c s e l equ b a s e 2 0 4 + 9
f d c s e g m e n t equ b a s e 2 0 4 + 1 0
r e s e t 2 0 4 equ b a s e 2 0 4 + 1 5
9

* a c t u a l c o n s o l e baud r a t e
b a u d  r a t e equ 9 6 0 0
; v a l u e f o r  8 2 5 3 baud c o u n t e r
b a u d
•

equ 7 6 8 / ( b a u d _ r a t e / 1 0 0 )

c s t s equ ODAh ; i 8 2 5 1  s t a t u s  p o r t
c d a t a
•

equ 0D8h ? " d a t a  p o r t

tchO equ 0D0h ? 8 2 5 3  PIC c h a n n e l  0
t c h l equ tchO+2 ;ch 1 p o r t
t c h 2 equ tchO+4 ;ch 2 p o r t
tcmd
•

equ tchO+6 ; 8 2 5 3  command p o r t
/
i c p l equ OCOh ; 8 2 5 9 a  p o r t  0
i c p 2
•
9

equ 0C2h ; 8 2 5 9 a  p o r t  1

•
9

I F  NOT DEBUG
ROMSEG EQU 0FF00H ; n o r m a l

•
ENDIF

9

IF DEBUG ; s h a r e  prom w i t h  SB
ROMSEG EQU 0FE00H

ENDIF

9
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0 0 1 F  B013  
0 0 2 1  E6C0 
0 0 2 3  B 0 10  

I

T h i s l o n g  jump p t o m ' d  i n  by hand
c s e g O f f f f h ; r e s e t  g o e s  t o  h e r e
.IMPF BOTTOM ; b o o t  i s  a t  b o t t o m
EA 0 0  00  00 FF ; c s  = b o t t o m  o f  p r o

i p  = 0
EVEN PROM ODD PROM
7E8 -  EA 7F3 -  0 0
7F9 -  00 7F9  -  0 0
7FA -  FF ; t h i s  i s  n o t  d one  i.

FE00 c s e g romseg

F i r s t ,  move our  d a t a a r e a  i n t o  RAM a t  0 0 0 0 : 0 2 0 0

0 0 0 0 8CC8 mov a x , c s
0 0 0 2 8ED8 mov ds , ax ; p o i n t  DS t o  CS f o r  s o u r c e
0 0 0 4 BE3F01 mov S I , d r o m b e g i n  ; s t a r t  o f  d a t a
0 0 0 7 B F 0 0 0 2 mov DI , o f f s e t r a m _ s t a r t  j o f f s e t  o f  d e s t i n a t
'0 0A B 8 0 0 0 0 mov a x , 0

-Ü00D 8EC0 mov e s  , a x ^ d e s t i n a t i o n  s e g m e n t  i s  0 0 0
0 0 0 F B9E600 mov C X , d a t a  l e n g t h  ;how much t o  move i
0 0 1 2 F3A4 r e p movs a l , a l ;move o u t  o f  eprom

0 0 1 4 B 8 0 0 0 0 mov a x , 0
0 0 1 7 8ED8 mov ds , ax ; d a t a  s e g m e n t  now i n  RAM
0 0 1 9 8ED0 mov s s  , ax
001B BC2A03 mov s o , s t a c k  o f f s e t  j l n i t i a l i z e  s t a c k  s
001 E FC c i d ; c l e a r  t h e  d i r e c t i o

IF NOT DEBUG

;Now, i n i t i a l i z e  t h e  c o n s o l e  USART and b a u d  r a t e

mov a l , 0 E h
o u t c s t s , a l ; g i v e  8 2 5 1  dummy mode
mov a l , 40h
o u t c s t s , a l ; r e s e t  8 2 5 1  t o  a c c e p t  mode
mov a l , 4Eh
o u t c s t s , a l ; n o r m a l  8 b i t  a s y n c h  mode,
mov a l , 37h
o u t c s t s , a l ; e n a b l e  Tx & Rx
mov a l , 0 B 6 h
o u t t c m d , a l ; 8 2 5 3  c h . 2  s q u a r e  wave mode
mov a x , baud
o u t t c h 2 , a l ; lo w  o f  t h e  b a u d  r a t e
mov a l  , a h
o u t t c h 2 , a l ; h i g h  o f  t h e  b aud r a t e

END IF

S e t u p  t h e  8 2 5 9  P r o g r a m m a b le  I n t e r r u p t  C o n t r o l l e r

mov a l , 1 3 h  
o u t  i c p l , a l  
mov a l , 1 0 h

; 8 2 5 9 a  ICW 1 8 0 8 6  mode
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0 0 2 5  E6C2 
0 0 2 7  B01F 
0 0 2 9  E6C2 
002B B0FF 
002D E6C2

0 0 2 F  E6AF 
0 0 3 1  B 0 0 1  
0 0 3 3  E6A2 
0 0 3 5  B 0 00  
0 0 3 7  E6A2 
0 0 3 9  BB1502 
003C  E 8E 1 0 0  
0 0 3 F  BB1B02 
0 0 4 2  E8DB00 
0 0 4 5  BB 2102  
0 0 4 8  E8D 500  
004B BB1002 
0 0 4 E  E 8 5 8 0 0

0 0 5 1  BB2A03 
0 0 5 4  B 8 0 0 0 0  
0 0 5 7  8EC0 
0 0 5 9  E8A 700

0 0 5 C  BB 0202  
0 0 5 F  E 8 4 7 0 0

0 0 6 2  8 E 0 6 2 D 0 3  
0 0 6 6  BB0000 
0 0 6 9  E 8 9 7 0 0

0 0 6 C  BB 0602  
0 0 6 F  E 8 3 7 0 0  
0 0 7 2  BB0B02 
0 0 7 5  E 8 3 1 0 0

o u t  i c p 2 , a l  ; 8 2 5 9 a  I C M  2 v e c t o r  <? 4 0 - 5
mov a l , l F h
o u t  i c p 2 , a l  ; 8 2 5 9 a  ICW 4 a u t o  EOI m a s t
mov a l , 0 F F h
o u t  i c p 2 , a l  ; 8 2 5 9 a  OCW 1 mask a l l  l e v e

9

; R e s e t  and i n i t i a l i z e  t h e  iSBC 2 0 4  D i s k e t t e  T n t e r f a
9

r e s t a r t :  ; a l s o  come b a c k  h e r e  on f a t a l  e r r o r
o u t  r e s e t 2 0 4 , A L  ; r e s e t  iSBC 2 0 4  l o g i c  and 
mov A L ,1
o u t  f d c r s t , AL ; g i v e  8 2 7 1  FDC 
mov a l , 0
o u t  f d c r s t , A L  ; a r e s e t  command 
mov B X , o f f s e t  s o e c s l  
CALL sendcom ;p r o g r a m  
mov B X , o f f s e t  s p e c s 2
CALL sendcom ; S h u g a r t  S A - 8 0 0  d r i v e  
mov B X , o f f s e t  s p e c s 3  
c a l l  sendcom ; c h a r a c t e r i s t i c s  

hom er:  mov B X , o f f s e t  home
CALL e x e c u t e  ;home d r i v e  0

9

mov b x , s e c to r l  ; o f f s e t  for  f i r s t  sector DM 
mov ax,0
mov e s , ax  ; s e g m e n t  " " " ”
c a l l  s e tu p _ d m a

9

mov b x , o f f s e t  readO 
c a l l  e x e c u t e  ? g e t  TO S I

t

mov es,ARS
mov b x , 0  ; g e t  l o a d e r  l o a d  a d d r e s s
c a l l  s e t u p _ d m a  ; s e t u p  dm& t o  r e a d  l o a d e r

9

mov b x ,o f f s e t  read l
c a l l  e x e c u t e  ; r e a d  t r a c k  0
mov b x , o f f s e t  r e a d 2
c a l l  e x e c u t e  ; r e a d  t r a c k  1

0 0 7 8  8 C 0 6 E 8 0 2  

007C C 7 0 6 E 6 0 2 0 0 0 0

mov l e a p _ s e g m e n t , E S  
s e t u p  f a r  jump v e c t o r  
mov l e a p  o f f s e t , 0

0 0 8 2  FF 2E E 602

0 0 8 6  8A0F 
0 0 8 8  84C9 
008A 7 4 7 6  
008C  E 8 0 4 0 0  
0 0 8 F  43  
0 0 9 0  E9F3FF

; enter LOADER
jmpf dword ptr l e a p _ o f f s e t

/

pmsg:
mov c l , [BX] 
te s t  c l , c l  
j z  return  
c a l l  conout 
inc BX 
jmp pmsg
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c o n o u t :
'■ w'093 E4DA i n  a l , c s t s
0 0 9 5 A 8 0 1 t e s t  a l , l
0 0 9 7 74FA j z  c o n o u t
0 0 9 9 8AC1 mov a . l , c l
009B E6D8 o u t  c d a t a , a l
009D G3 r e t

•
9

c o n i n :
009E E4DA i n  a l , c s t s
00A0 A802 t e s t  a l , 2
00A2 74FA i z  c o n i n
00A4 E4D8 i n  a l , c d a t a
00A6 2 4 7 F and a l , 7 F h
00A8 C3 r e t

•
/

e x e c u t e : ; e x e c u t e  command s t r i n g  @ [BXl
,_' ; <BX> p o i n t s t o  l e n g t h ,

; f o l l o w e d  by Command b y t e
; f o l l o w e d  by l e n g t h - 1  o a r a m e t e r  b v t

00A9 8 9 1 E 0 0 0 2
7

mov l a s t c o m , B X ; remember w h a t  i t  w
r e t r y : ; r e t r v  i f  n o t  r e a d y

0 0  AD E 8 7 0 0 0 c a l l sendcom ; e x e c u t e  t h e  comman 
;now, l e t ' s  s e e  wha
; o f  s t a t u s  p o l l  was 
; f o r  t h a t  command t

00B0 8 B 1 E 0 0 0 2 mov B X , l a s t c o m ;p o i n t  t o  command s
00B4 8 A 4 7 0 1 mov A L ,1 [BX] ; g e t  command op cod
00B7 2 4 3 F and A L , 3 f h ; d r o p  d r i v e  c o d e  b i
00B9 B 9 0 0 0 8 mov C X , 0 8 0 0 h ;mask i f  i t  w i l l  be
00BC 3C2C cmp A L ,2 c h ; s e e  i f  i n t e r r u p t  t
00BE 7 20 B i b e x e c p o l l
ooco B 9 8 0 8 0 mov C X , 8 0 8 0 h ; e l s e  we u s e  " n o t  c
00C3 2 4 0 F and A L , 0 f h ; u n l e s s  . . .

0C5 3C0C cmp AL,Och ; t h e r e  i s n ' t
- 0 0 C 7 B000 mov AL, 0

00C9 7 7 3 7 j a  r e t u r n ; a n y  r e s u l t  a t  a l l
9

e x e c p o l l : ; p o l l  f o r  b i t  i n  b ,  t o g g l e d  w i t h  c
00CB E4A0 i n  AL,FDCSTAT
00CD 22C5 and AL, CH
00CF 3 2 C 1 7 4 F 8 x o r AL,CL ! JZ e x e c p o l l

00D3 E4A1
9

i n A L , f d c r s l t ; g e t  r e s u l t  r e g i s t e
00D5 241E and AL, l e h ; l o o k  o n l y  a t  r e s u l
00D7 7 4 2 9 j z r e t u r n ; z e r o  means i t  was

00D9 3C10
9

cmp a l , 10h
00DB 7 5 1 3 j n e f a t a l ; i f  o t h e r  t h a n  " N o t

oodd BB1302
9

mov b x , o f f s e t  r d s t a t
00EO E83D00 c a l l  sendcom j p e r f o r m  r e a d  s t a t u
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r d  p o l l :
00E3 E4A0 i n  a l , f d c _ s t a t
00E5 A880 t e s t  a l , 8 0 h
00E7 75FA i n z  r d _ D o l l
00E9 8 B 1 E 0 0 0 2 mov b x , l a s t _ c o m
00ED E9BDFF

•
f a t a l :

Imp r e t r y

00F 0 B400 mov a h , 0
0 0 F 2 8BD8 mov b x , a x
0 0 F 4 8 B 9 F 2 7 0 2

•
t

mov b x , e r r t b l [ B X ]  
p r i n t  a p p r o p r i a t e  e r r o r

0 0 F 8 E88BFF . c a l l  pmsq
00FB E8A0FF c a l l  c o n i n
00FE 5 8 pop ax
00FF E92DFF

•
t

r e t u r n :

imp r e s t a r t

0 1 0 2 C3 RET
•
9

s e t u o d m a :
0 1 0 3 B 0 04 mov A L , 0 4 h
0 1 0 5 E6A8 o u t  dmacmode,AL
0 1 0 7 B 000 mov a ! , 0
0 1 0 9 E6A5 o u t  d m a c c o n t ,A L
010B B 0 40 mov AL, 4 0 h
010D E6A5 o u t  d m a c c o n t ,A L
0 1 0 F 8CC0 mov AX,ES
0 1 1 1 E6AA o u t  f d c s e g m e n t , AL
0 1 1 3 8AC4 mov AL,AH
0 1 1 5 E6AA o u t  f d c s e q m e n t , AL
0 1 1 7 8BC3 mov AX,BX
0 1 1 9 E6A4 o u t  dm ac ad r ,A L
011B 8AC4 mov AL, AH
OllD E6A4 o u t  d m ac ad r ,A L
0 1 1 F C3 RET

; w a i t  f o r  command n

; r e c o v e r  l a s t  a t t e m  
;and t r v  I t  o v e r  aq

; f a t a l  e r r o r

;make 16  b i t s

m e s s a q e

; w a i t  f o r  key s t r i k  
; d i s c a r d  u n u s e d  i t e  
? t h e n  s t a r t  a l l  ove

; r e t u r n  f r o m  EXECUT

; e n a b l e  dmac 

; s e t  f i r s t  (dummy)

; f o r c e  r e a d  d a t a  mo

0 1 2 0 E4A0
sendcom : ; r o u t i n e  

i n  A L , f d c s t a t
t o  se n d  a command s t r i n g  t

0 1 2 2 2 4 8 0 and A L , 8 0 h
0 1 2 4 75FA i n z  sendcom ; i n s u r e  command n o t  b u sy
0 1 2 6 8A0F mov CL,[BX] ; g e t  c o u n t
0 1 2 8 43 i n c  BX
0 1 2 9 8A07 mov a l , [ B X ] ; p o i n t  t o  and f e t c h  command
012B E6A0 o u t  fdccom,AL ; s e n d  command

012D FEC9
p a r m l o o p :

d e c  CL
0 1 2 F 74D1 i z  r e t u r n • s e e  i f  any (more) p a r a m e t e
0 1 3 1 43 i n c  BX y p o i n t  t o  n e x t  p a r a m e t e r

0 1 3 2 E4A0
p a r m p o l l :

i n  A L , f d c s t a t
0 1 3 4 2 4 2 0 and A L ,2 0h
0 1 3 6 75FA i n z  p a r m p o l l ;1ood u n t i l  parm n o t  f u l l
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' 1 3 8 8A07 mov AL , [BX1
W 1 3 A  E6A1 o u t f d c p a r m ,A L ; o u t o u t  n e x t  p a r a m e t e r

013C E9EEFF imp
9

p a r m l o o p ;go s e e  a b o u t  a n o t h e r

•/
; Image 
*

o f  d a t a  ito  be moved t o  RAM

0 1 3 F d r o m b e g i n  equ 
•

o f f s e t  $

0 1 3 F 0 0 0 0
9

c l a s t c o m
"

dw 0 0 0 0 h  ; l a s t  command

0 1 4 1 03 c r e a d s t r i n g db 3 ; l e n g t h
0 1 4 2 52 db 5 2 h  ; r e a d  f u n c t i o n
0 1 4 3 00 db 0 ; t r a c k  #
0 1 4 4 0 1 db 1 ; s e c t o r  #

0 1 4 5 04
9

c r e a d t r k O db 4
0 1 4 6 53 db 5 3 h  ; r e a d  m u l t i p l e
0 1 4 7 0 0 db 0 ; t r a c k  0

^ 1 4 8 0 2 db 2 ; s e c t o r s  2
0 1 4 9 19

•
db 2 5  ; t h r o u g h  2 6

0 1 4  A 04
/
c r e a d t r k l db 4

014B 5 3 db 5 3h
014C 0 1 db 1 ; t r a c k  1
014D 0 1 db 1 ; s e c t o r s  1
014E 1A

•
db 26  ; t h r o u g h  26

0 1 4 F 0 2 6 9 0 0
/
chomeO db 2 , 6 9 h  , 0

0 1 5 2 0 16 C c r d s t a t O db 1 , 6ch
0 1 5 4 0 5 3 5 0 D c s p e c s l db 5 , 3 5 h , Odh
0 1 5 7 0 8 0 8 E 9 db 0 8 h , 0 8 h , 0 e 9 h
015A 0 5 3 5 1 0 c s p e c s 2 db 5 , 3 5 h , 1 0 h
015D FFFFFF db 2 5 5 , 2 5 5 , 2 5 5
0 1 6 0 0 5 3 5 1 8 c s p e c s 3 db 5 , 3 5 h , 1 8 h
0 1 6 3 FFFFFF db 2 5 5 , 2 5 5 , 2 5 5

U 6 6 4 7 0 2
9

c e r r t b l  dw o f f s e t erO
^ - 0 1 6 8 4 7 0 2 dw o f f s e t e r l

016A 4 7 0 2 dw o f f s e t e r 2
016C 4 7 0 2 dw o f f s e t e r 3
016E 5 7 0 2 dw o f f s e t e r 4
0 1 7 0 6 5 0 2 dw o f f s e t e r  5
0 1 7 2 7 0 0 2 dw o f f s e t e r 6
0 1 7 4 7 F 0 2 dw o f f s e t e r 7
0 1 7 6 9 0 0 2 dw o f f s e t e r 8
0 1 7 8 A202 dw o f f s e t e r 9
017A B 2 02 dw o f f s e t erA
017C C 502 dw o f f s e t erB
017 E D302 dw o f f s e t erC
0 1 8 0 4 7 0 2 dw o f f s e t erO
0 1 8 2 4 7 0 2 dw o f f s e t erE
0 1 8 4 4 7 0 2 dw o f f s e t e r F

0 1 8 6 0D0A4E756C6C
9

CerO db c r , l f , ' N u l l  E r r o r  ? ? ' , 0
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0 1 8 6 Cer 1 equ c e r  0
0 1 8 6 C e r 2 equ cerO
0 1 8 6 Cer 3 equ c e r  0

0 1 9 6  0D0A436C6F63  
6 B 2 0 4 5 7 2 7 2 6 F  
7 2 0 0

C e r 4 db e r , l f , " f l o c k  E r r o r " , 0

01A4 0 D 0 A 4C 61 74 6 5  
2 0 4 4 4 D 4 1 0 0

Cer 5 db e r  , l f , " L a t e  DMA", 0

01AF 0 D 0 A 4 9 4 4 2 0 4 3  
5 2 4 3 2 0 4 5 7 2 7 2  
6 F 7 2 0 0

C e r 6 db e r , l f , "ID CRC E r r o r " , 0

01BE 0 D 0 A 4 4 6 1 7 4 6 1  
2 0 4 3 5 2 4 3 2 0 4 5  
7 2 7 2 6 F 7 2 0 0

C e r 7 db e r , l f , " D a t a  CRC E r r o r "  , 0

01CF 0 D 0 A 4 4 7 2 6 9 7 6  
6 5 2 0 4 E 6 F 7 4 2 0  
5 2 6 5 6 1 6 4 7 9 0 0

C e r8 db e r , l f , " D r i v e  Not  R e a d y " , 0

O lE l  0 D 0 A 5 7 7 2 6 9 7 4  
6 5 2 0 5 0 7  2 6 F 7  4 
6 5 6 3 7 4 0 0

C e r 9 db e r  , l f , " W r i t e  P r o t e c t " , 0

O l F l  0 D 0 A 54 7 26 B 2 0  
3 0 3 0 2 0 4 E 6 F 7 4  
2 0 4 6 6 F 7 5 6 E 6 4  
0 0

CerA db e r , l f , " T rk  00  Not  F o u n d " , 0

0 2 0 4  0 D 0 A 5 7 7 2 6 9 7 4  
6 5 2 0 4 6 6 1 7 5 6 C  
7 4 0 0

CerB db e r  , 1 f  , " w r i t e  F a u l t " , 0

0 2 1 2  0 D 0 A 5 3 6 5 6 3 7 4  
6 F 7 2 2 0 4 E 6 F 7 4  
2 0 4 6 6 F 7 5 6 E 6 4  
00

CerC db e r , l f , " S e c t o r  N o t  F o u n d " , 0

0 1 8 6 CerD equ cerO
0 1 8 6 CerE equ cerO
0 1 8 6 CerF equ cerO

0 2 2 5
9

dromend equ o f f s e t  S

00E 6
9

d a t a _ l e n g t h
•

equ d r o m e n d - d r o m b e g i n
9
m
9 r e s e r v e  s p a c e i n  RAM f o r  d a t a  a r e a
•
9 (no h ex r e c o r d s  g e n e r a t e d  h e r e )

0 0 0 0
9

d s e g  0 
o r g  0 2 0 0 h

0 2 0 0
9

ram s t a r t equ $
0 2 0 0 l a s t c o m rw 1 ; l a s t  command
0 2 0 2 readO r b 4 ; r e a d  t r a c k  0 s e c t o
0 2 0 6 r e a d l r b 5 ; r e a d  TO S 2 - 2 6
020B r e a d 2 r b 5 ; r e a d  ^ 1  S l - 2 6
0 2 1 0 home r b 3 ;home d r i v e  0
0 2 1 3 r d s t a t r b 2 ; r e a d  s t a t u s
0 2 1 5 s p e c s 1 r b 6

A l l  I n f o r m a t i o n  P r e s e n t e d Here  i s  P r o p r i e t a r y  t o  D i g i t a l  R e s e a r c h

110



CP/M-86 Bystem G u id e Appendix C L i s t i n g  o f  t h e  BOOT ROM

2 IB s p e c s 2 rb 6
■ 0221 s p e c s 3 r b 6
0 2 2 7 e r r t b l rw 16
0 2 4 7 e r  0 r b l e n g t h  cerO ;! 16

0 2 4 7 e r  1 equ e r  0
0 2 4 7 e r  2 equ erO
0 2 4 7 e r  3 eau e r  0

0 2 5 7 e r  4 r b l e n g t h  c e r 4 14
0 2 6 5 e r  5 r b l e n g t h  c e r 5 1 1
0 2 7 0 e r  6 r b l e n g t h  c e r 6 15
0 2 7 F e r 7 r b l e n g t h  c e r 7 17
0 2 9 0 e r 8 r b l e n g t h  c e r 8 18
02A2 e r 9 r b l e n g t h  c e r 9 1 6
0 2B2 erA r b l e n g t h  c e r A 1 9
02C5 erB r b l e n g t h  c e r B 14
02D3 erC r b l e n g t h  c e r C 1 9

0 2 4 7 erD equ erO
0 2 4 7 e rE equ erO
0 2 4 7 e r F equ erO

02E 6
/
l e a p _ o f f s e t rw 1

02E8 l e a p _ s e g m e n t
•/

rw 1

0 2EA
•

rw 3 2  ; l o c a l  s t a c k
032A s t a c k _ o f f s e t equ o f f s e t  S ; s t a c k  from  h e r e  do

*
•/ TO S1 r ead  i n  h e r e

032A s e c t o r  1 equ o f f s e t  $

032A
?
Ty rb 1

032B Len rw 1
032D Abs rw 1 ;ABS i s a l l  we c a r e
0 3 2 F Min rw 1
0 3 3 1 Max rw 1

end
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**************************************************
★

This the the LOADER BIOS, der ived  from the BIOS * 
program by enabling the " lo ad e r_b io s "  cond i -  * 
t iona l  assembly switch. T h e ' l i s t i n g  has been * 
edited to remove port ions  which are duo l icated  * 
in the BIOS l i s t i n g  which appears in Appendix n * 
where e l ip s e s  " . . . " denote the de leted  port ions  * 
(the l i s t i n g  is truncated on the r i g h t ,  but can * 
be reproduced by assembling the BIOS.A86 f i l e  *
provided with CP/M-86) *

*
*************************************************

FFFF
0000

********************************************* 
* *
* B a s i c  I n p u t / O u t p u t  S y s tem  (BIOS) f o r  *
* CP/M-86 C o n f i g u r e d  f o r  iSBC 8 6 / 1 2  w i t h  *
* t h e  iSBC 2 0 4  F l o p p y  D i s k  C o n t r o l l e r  *
* *
* (N o te :  t h i s  f i l e  c o n t a i n s  b o t h  embedded *
* t a b s  and b l a n k s  t o  m i n i m i z e  t h e  l i s t  f i l e  *
* w i d t h  f o r  p r i n t i n g  p u r p o s e s .  You may w ish *
* t o  e x p an d  t h e  b l a n k s  b e f o r e  p e r f o r m i n g  *
* m a j o r  e d i t i n g . )  **********************************************

C o p y r i g h t  (C) 1 9 8 0 , 1 9 8 1  
D i g i t a l  R e s e a r c h ,  I n c .
Box 5 7 9 ,  P a c i f i c  Grove  
C a l i f o r n i a ,  9 3 9 5 0

( P e r m i s s i o n  i s  h e r e b v  g r a n t e d  t o  u s e  
o r  a b s t r a c t  t h e  f o l l o w i n g  p r o g r a m  in  
t h e  i m p l e m e n t a t i o n  o f  CP/M, MP/M o r  
CP/NET f o r  t h e  8 0 8 6  o r  8 0 8 8  M i c r o ­
p r o c e s s o r  )

true equ -1
f a l s e  equ not true
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* *
* Loader_bios is  true i f  assembling the *
* LOADER BIOS, otherwise  BIOS is  for  the *
* CPM.SYS f i l e .  B l c _ l i s t  is  true i f  we *
* have  a s e r i a l  p r i n t e r  a t t a c h e d  t o  BLC8538 *
* Bdos_int is interrupt  used for  e a r l i e r  *
* ve rs ions .  *
* * 
*********************************************

FFFF
f f f f
00E 0

l o a d e r _ b i o s
b l c _ l i s t
b d o s _ i n t

equ t r u e  
equ t r u e
equ 2 2 4  ; r e s e r v e d  BDOS I n t e r r u p t

IF
• mm —__>_____.

n o t  l o a d e r  b i o s

t\
• • •

; 1
• _  ___________________

!

1

ENDIF ; n o t  l o a d e r _ b i o s

IF
• — ______ nm i- ....-

l o a d e r _ b i o s

1 2 0 0
0 0 0 3
0 4 0 6

’ 1
b i o s _ c o d e  
c c p _ o f f s e t  
b dos  o f s t
; l  "
• — ______________

i
equ 1 2 0 0 h  ; s t a r t  o f  LDBIOS 
equ 0 0 0 3 h  ; b a s e  o f  CPMLOADER 
equ 0 4 0 6 h  ; s t r i p p e d  BDOS e n t r y

/
ENDIF 
• • •

?l o a d e r _ b i o s

c s e g
o r g

c e p :
c c p o f f s e t

o r g b i o s _ c o d e

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

-  *
t

;* BIOS Jump '
• 'k

X

V e c t o r  f o r  I n d i v i d u a l  R o u t i n e s  *
a.

t " 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

1 2 0 0  E 93C 00 
1 2 0 3  E 9 6 1 0 0

jmp INIT 
imp WBOOT

; E n t e r  from BOOT ROM o r  LOADER 
»•Arrive h e r e  from  BDOS c a l l  0

1 2 3 9  E 9 6 4 0 0  
123C E 9 6 4 0 0

• • •

jmp GETIOBF 
imp SETIOBF

; r e t u r n  I/O map b y t e  ( IOBYTE) 
; s e t  I /O  map b y t e  (IOBYTE)
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1 2 3 F  8CC8 
1 2 4 1  8ED0 
1 2 4 3  8ED8 
1 2 4 5  8EC0

1 2 4 7  BCA916 
124A FC

********************************************* 
* *
* INIT Entry Point ,  D i f f e r s  for LOBIOS and *
* BIOS, according to "Loader B ios"  value *
* *
*********************************************

INIT: ;p r in t  signon message and. i n i t i a l i z e  hardwa
:we entered with a JMPF so 

CS: as the i n i t i a l  value  
DS: , 
and ES:

stack during i n i t i a l i z a t i o n

mov ax,cs  
mov ss ,ax  
mov ds ,ax  
mov es ,ax  
;use lo ca l  
mov s o ,o f f s e t  stkbase
cid ;set  forward d i rec t io n

IF not loader b ios

; This is a BIOS fo r  the CPM.SYS f i l e .

ENDIF ;not loader  b ios

IF loader b ios

124B IE 
124C B 8 0 0 0 0  
1 2 4 F  8ED8

1 2 5 1  C 7 0 6 8 0 0 3 0 6 0 4  
1 2 5 7  8 C 0E 8 20 3  
125B IF

;This is a BIOS fo r  the LOADER 
push ds ;save data segment
mov a x , 0
mov ds ,ax  ;point  to segment zero
;BDOS in te rrupt  o f f s e t  
mov b d o s _o f f s e t ,b d o s _o f s t
mov bdos_segment,CS ;bdos in terrupt  segment 
pop ds ; res tore  data segment

125C BB1514  
1 2 5 F  E85A00 
1 2 6 2  B100  
1 2 6 4  E99CED

1 2 6 7  E99FED

t

ENDIF ; loader b ios

mov b x ,o f f s e t  
c a l l  pmsg 
mov c l , 0 
jmp ccp

signon
;p r in t  signon message 
;d e fa u l t  to dr A: on co ld s t  
;iump to cold s t a r t  entry o

WBOOT: jmp ccp+6 ;d i r e c t  entry to CCP at com

IF not loader b ios

/
t

ENDIF ;not loader b ios
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126A E4DA

1 2 7 2  C3

1 2 7 3  E8F4FF 

127D E4DA

1 2 8 8  E 8 0 7 0 0

1 2 9 1  C3

1 2 9 2  E 4 4 1

129C C3

129D BO1A 
1 2 9 F  C3

. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
; * *
. *  CP/M C h a r a c t e r  I/O  I n t e r f a c e  R o u t i n e s  *
;* C o n s o l e  i s  U s a r t  ( i 8 2 5 l a )  on iSBC 8 6 / 1 2  *
;* a t  p o r t s  D8 /DA *
* *  *
. i t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

CONST: ; c o n s o l e  s t a t u s
i n  a l , c s t s
e • •

c o n s t _ r e t :
r e t  ; R e c e i v e r  D a t a  A v a i l a b l e

CONIN: ; c o n s o l e  i n p u t
c a l l  c o n s t

CONOUT: ; c o n s o l e  o u t p u t
i n  a l , c s t s

LISTOUT: ; l i s t  d e v i c e  o u t p u t

IF  b l c _ l i s t
f —  —  —  —  —  —  —  — —  —  —  —  — — —  —  —  —  —  — — —  —  —  — — —  —  — —  —

• I
c a l l  LISTST

ENDIF ; b l c  l i s t

r e t

LISTST ; p o l l  l i s t  s t a t u s

IF b l c  l i s t

i n  a l , l s t s

ENDIF ; b l c _ l i s t  

r e t

PUNCH: ; n o t  i m p l e m e n t e d  i n  t h i s  c o n f i g u r a t i o n
READER:

mov a l , l a h
r e t  ; r e t u r n  EOF f o r  now
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^  GKTIOBF:
12A0
12A2

B000
C3

mov a l , 0  j T’TY: f o r  c o n s i s t e n c y  
r e t  ; IOBYTE n o t  i m p l e m e n te d

12A3 C3
SETIOBF:

r e t  ; i o b y t e  n o t  i m p l e m e n te d

12  A4 
12A6

2 4 0 0
C3

z e r o _ r e t :
and a l , 0

r e t  ? r e t u r n  z e r o  in  AL and f l a g

; R o u t i n e  t o  g e t  and e c h o  a c o n s o l e  c h a r a c t e r  
; and s h i f t  i t  t o  u p p e r  c a s e

12A7 E8C9FF
u c o n e c h o :

c a l l  CONIN *9e t  a c o n s o l e  c h a r a c t e r
• • •

. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
9
.  * * 
9

;* D i s k  I n p u t / O u t p u t  R o u t i n e s  * 
• * *
9
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
9

12C A BB0000
SELDSK: ; s e l e c t  d i s k  g i v e n  by r e g i s t e r  CL 

mov b x , 0 0 0 0 h  
• • •

12EB C 6 0 6 3 1 1 5 0 0
HOME: ;move s e l e c t e d  d i s k  t o  home p o s i t i o n  (T r a c k  

mov t r k , 0  ; s e t  d i s k  i / o  t o  t r a c k  z e r o  
• • •

1 3 0 0
1 3 0 4

8 8 0 E 3 1 1 5
C3

SETTRK: ; s e t  t r a c k  a d d r e s s  g i v e n  by CX
mov t r k , c l  ;we o n l y  u s e  8 b i t s  o f  t r a c  
r e t

1 3 0 5
^ - 1 3 0 9

8 8 0 E 3 2 1 5
C3

SETSEC: ; s e t  s e c t o r  number g i v e n  by cx
mov s e c t r c l  ;we o n l y  u s e  8 b i t s  o f  s e c t  
r e t

130A 8BD9
SECTRAN: ; t r a n s l a t e  s e c t o r  CX u s i n g  t a b l e  a t  [DXl 

mov b x , c x  
• • •

1 3 1 1
1 3 1 5

8 9 0 E 2 A 1 5
C3

SETDMA: ; s e t  DMA o f f s e t  g i v e n  by CX 
mov dma_adr,CX 
r e t

1 3 1 6
131A

8 9 0 E 2 C 1 5
C3

SETDMAB: ; s e t  DMA s e g m e n t  g i v e n  by CX 
mov dma_seg,CX 
r e t

131B
131E

BB3815
C3

9

GETSEGT: j r e t u r n  a d d r e s s  o f  p h y s i c a l  memory t a b l e  
mov b x ^ o f f s e t  s e g _ t a b l e  
r e t
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
; * *
;* A l l  d i s k  I/O p a r a m e t e r s  a r e  s e t u p :  t h e  * 
•* Read and W r i t e  e n t r y  p o i n t s  t r a n s f e r  one * 
;* s e c t o r  o f  1 2 8  b v t e s  t o / f r o m  t h e  c u r r e n t  *
;* DMA a d d r e s s  u s i n g  t h e  c u r r e n t  d i s k  d r i v e  * 
• * *
. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

1 3 1 F
1 3 2 1

B 012
EB02

READ:
mov a l ,  
jmps r _

1 2 h  ; b a s i c  r e a d  s e c t o r  command 
w_common

1 3 2 3 BOOA
WRITE:

mov a l , Oah ; b a s i c  w r i t e  s e c t o r  command

1 3 2 5 BB2F15
r_w_common:

mov b x , 
• • •

o f f s e t  io_com ; p o i n t  t o  command s t r i

. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
/
• */
. *

7T
D a t a  A r e a s  *

1 4 1 5

t
. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
d a t a _ o f f s e t  equ o f f s e t  $

d s e g
o r g < 3 a t a _ o f f s e t  ; c o n t i g u o u s  w i t h  co

IF l o a d e r _ b i o s

1 4 1 5
1 4 1 9

0D0A0D0A
4 35 0 2 F 4 D 2 D 3 8
3 6 2 0 5 6 6 5 7 2 7 3
6 9 6 F 6 E 2 0 3 2 2 E
320D0A00

? 1
s i g n o n  db 

db

* 1
• — ____________— - — _

1
c r , l f , c r , l f
■ 'OP/M-86 V e r s i o n  2 . 2 ' , c r , l f , 0

1
9

ENDIF ?l o a d e r _ b i o s

IF
•

n o t  l o a d e r  b i o s

H
• • •

' 1
• ___ ________ __

I

1
9

ENDIF ; n o t  l o a d e r _ b i o s

1 4 2 F 0D0A486F6D65 bad_hom db c r . l f ^ H o m e  E r r o r  ** , c r  , I f , 0
• • •
i n c l u d e s i n g l e s . l i b  ; r e a d  i n  d i s k  d e f i n i t i o

DISKS 2
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1 5 4 1 d e b a s e equ $ ;B ase  o f  D isk  Param

1 6 6 8  00
• •

db
•

0 ;Marks End o f  Modul

1 6 6 9 l o c _ s t k rw 32  ; l o c a l s t a c k  f o r  i n i t i a l i z a t i o n
16A9 s t k b a s e equ o f f s e t  $

16A9 00
• •

db 0* ; f  i 1 1 l a s t  a d d r e s s  f o r  GENCMD

. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
:*t
;* Dummy D a t a  S e c t i o n  *
.  * *
t
. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

0 0 0 0  d s e q  0 ; a b s o l u t e  low memorv
o r q  0 ; ( i n t e r r u p t  v e c t o r s )

END
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BIOS Listing

* *
* T h i s  i s  t h e  CP/M-86 BIOS, d e r i v e d  from t h e  BIOS *
* p r o g r a m  by d i s a b l i n g  t h e  " l o a d e r _ b i o s "  c o n d i -  *
* t i o n a l  a s s e m b l y  s w i t c h .  The l i s t i n g  h a s  b e e n  *
* t r u n c a t e d  on t h e  r i g h t ,  b u t  can  be r e p r o d u c e d  *
* by a s s e m b l i n g  t h e  BIOS.A86 f i l e  p r o v i d e d  w i t h  *
* C P/M -86.  T h i s  BIOS a l l o w s  CP/M-86 o p e r a t i o n  *
* w i t h  t h e  I n t e l  SBC 8 6 / 1 2  w i t h  t h e  SBC 2 0 4  c o n -  *
* t r o l l e r .  Use t h i s  BIOS, o r  t h e  s k e l e t a l  CBIOS *
* l i s t e d  i n  A p p e n d ix  E,  a s  t h e  b a s i s  f o r  a c u s -  *
' t o m i z e d  i m p l e m e n t a t i o n  o f  C P/M -86.  *

p r o v i d e d  w i t h  CP/M -86)  *
*  • *

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* *
* B a s i c  I n p u t / O u t p u t  S y s tem  (BIOS) f o r  *
* CP/M-86 C o n f i g u r e d  f o r  iSBC 8 6 / 1 2  w i t h  *
* t h e  iSBC 2 0 4  F l o p p y  D i s k  C o n t r o l l e r  *
*  *
* (Mote: t h i s  f i l e  c o n t a i n s  b o t h  embedded *
* t a b s  and b l a n k s  t o  m i n i m i z e  t h e  l i s t  f i l e  *
* w i d t h  f o r  p r i n t i n g  p u r p o s e s .  You may w i s h *
* t o  e x p an d  t h e  b l a n k s  b e f o r e  p e r f o r m i n g  *
* m a j o r  e d i t i n g . )  *
*********************************************

C o p y r i g h t  (C) 1 9 8 0 , 1 9 8 1  
D i g i t a l  R e s e a r c h ,  I n c .
Box 5 7 9 ,  P a c i f i c  Grove 
C a l i f o r n i a ,  9 3 9 5 0

( P e r m i s s i o n  i s  h e r e b y  g r a n t e d  t o  u s e  
or  a b s t r a c t  t h e  f o l l o w i n g  p r o g r a m  i n  
t h e  i m p l e m e n t a t i o n  o f  CP/M, MP/M o r  
CP/NET f o r  t h e  8 0 8 6  o r  8 0 8 8  M i c r o ­
p r o c e s s o r  )

FFFF t r u e  equ - 1
0 0 0 0  f a l s e  equ n o t  t r u e
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0000
FFFF
00E0

2 5 0 0
0000
0B06

00DA
00D8

0 0 4 1
0 0 4 0
0 0 6 0

A l l

*************-k-kiti,ic)c******-k-kic**********ie****ie*

* Loader_bios is true if assemblinq the *
* LOADER BIOS, otherwise BIOS is for the *
* OPM.SYS file. B l c _ list is true if we *
* have a serial Drinter attached to BL08538 *
* 3 d o s _ i n t  is i n t e r r u D t  used for e a r l i e r  *
* v e r s i o n s .  *
* *

•t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

! o a d e r _ b i o s  equ f a l s e
b l c _ l i s t  equ t r u e
b d o s _ i n t  equ 2 2 4  ; r e s e r v e d  BDOS I n t e r r u o t

IF  n o t  l o a d e r  b i o s

b i o s _ c o d e  equ 2 5 0 0 h
c c p _ o f f s e t  equ 0 0 0 0 h
b d o s _ o f s t  equ 0 B 06h  ;BDOS e n t r y  o o i n t

ENDIF ; n o t  l o a d e r _ b i o s  

IF l o a d e r  b i o s

b i o s _ c o d e  equ 1 2 0 0 h  ; s t a r t  o f  LDBIOS
c c p _ o f f s e t  equ 0 0 0 3 h  ; b a s e  o f  CPMLOADER
b d o s _ o f s t  equ 0 4 0 6 h  ; s t r l o p e d  BDOS e n t r v

ENDIF ; l o a d e r b i o s

c s t s
c d a t a

equ ODAh 
equ 0D8h

; i 3 2 5 1  s t a t u s  p o r t  
; " d a t a  p o r t

• ' w  M •
IF b l c _ l i s t

;!
I s t s
l d a t a
b l c _ r e s e t

equ 4 1 h  
equ 4 Oh 
equ 6 Oh

!
; 2 6 5 1  No. 0 on BLC8538
• ft If II If If/
; r e s e t  s e l e c t e d  USARTS

s t a t  
d a t a  
on B

ENDIF ; b l c _ l i s t

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* *
* I n t e l  iSBC 2 0 4  Disk C o n t r o l l e r  P o r t s  *
* *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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00  A0 b a s e 2 0 4 equ 0 a 0 h  ;:BBC2 0 4  a s s i g n e d  ad

00  A0 fdc_com equ b a s e 2 0 4 + 0 8 2 7 1  FPC o u t  comma
00A0 f d c _ s t a t ecru b a s e 2 0 4 + 0 8 2 7 1  i n  s t a t u s
00A1 f d c _ p a r m equ b a s e 2 0 4 + l 8 2 7 1  o u t  P a r a m e t e r
00A1 f d c _ r s l t equ b a s e 2 0 4 + l 8 2 7 1  i n  r e s u l t
00A2 f d c _ r s t equ b a s e 2 0 4 + 2 8 2 7 1  o u t  r e s e t
00A4 dm ac_adr equ b a s e 2 0 4 + 4 8 2 5 7  DMA b a s e  a d d r
00A5 d m a c _ c o n t equ b a s e 2 0 4 + 5 8 2 5 7  o u t  c o n t r o l
00A6 d m ac _ sc an equ b a s e 2 0 4 + 6 8 2 5 7  o u t  s c a n  c o n t
00A7 d m a c _ s a d r equ b a s e 2 0 4 + 7 8 2 5 7  o u t  s c a n  a d d r
00A8 dmac_mode equ b a s e 2 0 4 + 8 8 2 5 7  o u t  mode
00A8 d m a c _ s t a t equ b a s e 2 0 4 + 8 8 2 5 7  i n  s t a t u s
00A9 f d c _ s e l equ b a s e 2 0 4 + 9 FDC s e l e c t  p o r t  (n
00AA f d c _ s e g m e n t equ b a s e 2 0 4 + 1 0 s e g m e n t  a d d r e s s  r e
00AF r e s e t _ 2 0 4 equ b a s e 2 0 4 + 1 5 r e s e t  e n t i r e  i n t e r

oooa m a x _ r e t r  i e s equ 10 ?max r e t r i e s  on d i s  
; b e f o r e  perm e r r o r

oood c r equ Odh ; c a r r i a g e  r e t u r n
000A I f equ Oah ; l i n e  f e e d

c c p :

cseg
o r g

orq

c c p o f f s e t  

b i o s  c o d e

2 5 0 0
2 5 0 3
2 5 0 6
2 5 0 9
250C
2 50 F
2 5 1 2
2 5 1 5
2 5 1 8
251B
251E
2 5 2 1
2 5 2 4
2 5 2 7
252A
252D
2 5 3 0
2 5 3 3
2 5 3 6
2 5 3 9
253C

E 93C 00
E 9 8 4 0 0
E 9 9 0 0 0
E 9 9 6 0 0
E99D00
E9A500
E9B700
E9B400
E9FF00
E9DB00
E 90 E 0 1
E 9 1 0 0 1
E 9 1 9 0 1
E 9 2 4 0 1
E 9 2 5 0 1
E 9 9 1 0 0
E 9 0 6 0 1
E 9 0 F 0 1
E 9 1 1 0 1
E 9 9 3 0 0
E 9 9 3 0 0

' k ' k ' k ' k ' k ' k i c ' k - k ' k i c - k - k ’k ' k - k - k ’k ' k ' k ' k i c ' k ' k i e ' k ' k - k ' k ' k ' k ' k ' k i c ' k ' k ' k - k ' k ' k - k ' k ' k ' k ' k  

*  *

* BIOS Jump Vector for Ind iv idua l  Routines *
*  *
*********************************************

imp
jmp
imp
jmp
jmp
jmp
jmp
jmp
jmp
imp
imp
imp
imp
jmp
imp
imp
jmp
jmp
imp
jmp
jmp

INIT
WBOOT
CONST
CONIN
CONOUT
LISTOUT
PUNCH
READER
HOME
SELDSK
SET^RK
SETSEC
SETDMA
READ
WRITE
LISTST
SECTRAN
SETDMAB
GETSEGT
GETIOBF
SETIOBF

E n t e r  from BOOT ROM o r  LOADER 
A r r i v e  h e r e  from 3D0S c a l l  0 
r e t u r n  c o n s o l e  k e v b o a r d  s t a t u s  
r e t u r n  c o n s o l e  k e v b o a r d  c h a r  
w r i t e  c h a r  t o  c o n s o l e  d e v i c e  
w r i t e  c h a r a c t e r  t o  l i s t  d e v i c e  
w r i t e  c h a r a c t e r  t o  p u n c h  d e v i c e  
r e t u r n  c h a r  from r e a d e r  d e v i c e  
move t o  t r k  00  on c u r  s e i  d r i v e  
s e l e c t  d i s k  f o r  n e x t  r d / w r i t e  
s e t  t r a c k  f o r  n e x t  r d / w r i t e  
s e t  s e c t o r  f o r  n e x t  r d / w r i t e  
s e t  o f f s e t  f o r  u s e r  b u f f  (DMA) 
r e a d  a 1 2 8  b v t e  s e c t o r  
w r i t e  a 1 2 8  b y t e  s e c t o r  
r e t u r n  l i s t  s t a t u s  
x l a t e  l o g i c a l - > p h y s i c a l  s e c t o r  
s e t  seg  b a s e  f o r  b u f f  (DMA) 
r e t u r n  o f f s e t  o f  Mem Desc T a b l e  
r e t u r n  I/O map b y t e  (IOBYTE) 
s e t  I/O  map b y t e  (IOBYmE)
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2 5 3 F 8CC8 mov
2 5 4 1 8ED0 mov
2 5 4 3 8ED8 mov
2 5 4 5 8EC0 mov

; u s e
2 5 4 7 BCE429 mov
254A FC o l d

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* *
* INIT E n t r y  P o i n t ,  D i f f e r s  f o r  LDBIOS and *
* BIOS, a c c o r d i n q  t o  " L o a d e r  B i o s "  v a l u e  *
* — *
*********************************************

INIT: ;p r in t  signon messaqe and i n i t i a l i z e  hardwa
,cs ;we entered with a JMPF so
,ax ; CS: as the i n i t i a l  value
, ax ; DS : ,
,ax : and ES:

IF

; s e t  f o r w a r d  d i r e c t i o n  

n o t  l o a d e r  b i o s

T h i s  i s  a BIOS f o r  t h e  CPM.SYS f i l e .  
S e t u p  a l l  i n t e r r u p t  v e c t o r s  i n  low 
memory t o  a d d r e s s  t r a o

254B IE p u s h  ds ; s a v e  t h e  DS r e g i s t e r
254C B 8 0 0 0 0 mov a x , 0
2 5 4 F 8ED8 mov d s , a x
2 5 5 1 8EC0 mov e s , ax ; s e t  ES and DS t o  z e r o

; s e t u p  i n t e r r u p t 0 t o  a d d r e s s  t r a o  r o u t:
2 5 5 3 C 7 0 6 0 0 0 0 8 D 2 5 mov , i n t O _ o f f s e t , o f f s e t  i n t  t r a p
2 5 5 9 8 C 0 E 0 2 0 0 mov i n t O _ s e g m e n t , c s
255D B F 0 4 0 0 mov d i  , 4
2 5 6 0 BE0000 mov s i , 0 ; t h e n  p r o p a g a t e
2 5 6 3 B9FE01 mov c x , 5 1 0 ; t r a o  v e c t o r  t o
2 5 6 6 F3A5 r e p  movs a x , a x ; a l l  2 5 6  i n t e r r u p t s

?BDOS o f f s e t  t o p r o o e r  i n t e r r u p t
2 5 6 8 C 7 0 6 8 0 0 3 0 6 0 B mov b d o s _ o f f s e t , b d o s _ o f s t
256E IF pop ds ; r e s t o r e  t h e  DS r e g i s t e

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* ★
* N a t i o n a l  "BLC 8 5 3 8 "  C h a n n e l  0 f o r  a s e r i a l *
* 9 6 0 0  baud p r i n t e r  -  t h i s  b o a r d  u s e s  8 S i q - *
* n e t i c s  2 6 5 1  U s a r t s  w h ic h  h a v e  o n - c h i o  baud*
* r a t e  g e n e r a t o r s .  *
*  *

. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

2 5 6 F BOFF mov a l , OFFh
2 5 7 1 E 6 6 0 o u t b l c  r e s e t , a l ; r e s e t  a l l  u:
2 5 7 3 B04E mov a l , 4Eh
2 5 7 5 E 6 4 2 o u t l d a t a + 2 , a l ; s e t  u s a r t  0
2 5 7 7 B03E mov a l , 3 E h
2 5 7 9 E 6 4 2 o u t l d a t a + 2 , a l ; s e t  u s a r t  0
257B B 037 mov a l , 37h
257D E 6 4 3 o u t l d a t a + 3 , a l ; e n a b l e  Tx/Rx

A l l  I n f o r m a t i o n  P r e s e n t e d  H e r e  i s  P r o p r i e t a r y  t o  D i g i t a l  R e s e a r c h
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ENDIF ;not lo ade r_b lo s  

IF loader b ios

;This is  a BIOS fo r  the LOADER 
push ds ;save data segment
mov ax,0
mov ds ,ax  ;po int  to segment zero
;BDOS in te r rup t  o f f s e t  
mov b d o s _ o f f s e t , b d o s _ o f s t
mov bdos segment,CS ;bdos interrupt  segment

;!
pop ds j r e s t o r e  d a t a s e g m e n t

1
t

ENDIF ; l o a d e r _ b i o s

/257F BB4427 mov b x , o f f s e t s i g n o n
2 5 8 2 E 8 6 6 0 0 c a l l omsg ; p r i n t  s i g n o n m e s s a g e
2 5 8 5 B100 mov c i , 0 ; d e f a u l t  t o  d r A: on c o l d s t
2 5 8 7 E976DA imp c c p ;iump t o  c o l d s t a r t  e n t r v  o

258A E979DA WBOOT: jmp c c d + 6 ; d i r e c t  e n t r v t o  CCP a t  com

IF n o t  l o a d e r _ b i o s
1
? 1
i n t  t r a o :

i
258D FA c l . i ; b l o c k  i n t e r r u p t s
258E 8CC8 mov ax , c s
2 5 9 0 8ED8 mov ds , a x ; g e t  o u r  d a t a se g m e n t
2 5 9 2 BB7927 mov b x , o f f s e t i n t _ t r p
2 5 9 5 E 8 5 3 0 0 c a l l . pmsg
2 5 9 8 F4

? 1
h i t ; h a r d s t o p 1
ENDIF ; n o t  l o a d e r _ b i o s

. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *f

.  * *
/

;* CP/M C h a r a c t e r  I / O  I n t e r f a c e  R o u t i n e s  *
;* C o n s o l e  i s  H s a r t  ( i 8 2 5 1 a )  on iSBC 8 6 / 1 2  *
;* a t  p o r t s  D8/DA *
• * *
f
. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *t

CONST: ;conso le  status
2 5 9 9 E4DA i n  a l , c s t s
259B 2 4 0 2 and a l , 2
259D 7 4 0 2 j z  c o n s t _ r e t
2 5 9 F OCFF o r  a l , 2 5 5  

c o n s t _ r e t :
?r e t u r n  n o n - z e r o  i f  RDA

25A1 C3 r e t ; R e c e i v e r  D a ta  A v a i l a b l e

A l l  I n f o r m a t i o n  P r e s e n t e d  H e r e  i s  P r o p r i e t a r y  t o  D i g i t a l  R e s e a r c h
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CONIN: ; c o n s o l e  i n o u t
25A2 E8F4FF c a l l  c o n s t
25A5 74FB iz  CONIN ; w a i t  f o r  RDA
25A7 E 4 0 8 i n  a l , c d a t a
25A9 2 4 7 F and a l , 7 f h ; r e a d  d a t a  and remove o a r  i t
2 5 AB C3 r e t

CONOU'i’ : ; c o n s o l e o u t p u t
2 5 AC E4DA i n  a i , c s t s
25AE 2 4 0 1 and a l , 1 ; g e t  c o n s o l e  s t a t u s
25B0 74FA j z  CONOUT ; w a i t  f o r  THE
25B2 8AC1 mov a l , c l
25B4 E6D8 o u t  c d a t a , a l t r a n s m i t t e r  B u f f e r  Empty
25B6 C3 r e t ; t h e n  r e t u r n  d a t a

LISTOUT: ; l i s t  d e v i c e  o u t p u t

I F  b l c _ l i s t

25B7 E 8 0 7 0 0
? 1

c a l l  LIS'T’ST
1

25BA 74FB i z  LISTOUT ; w a i t  f o r  p r i n t e r  n o t  b u s y
25BC 8AC1 mov a l , c l ­
25BE E 64 0 o u t  l . d a t a , a l

H
; s e n d  c h a r  t o  TT 8 1 0  ^

T3NDIF ; b l c  l i s t

25C0 C3 r e t

LISTST: ; p o l l  l i s t  s t a t u s

I F  b l c _ L i s t

25C1 E 4 4 1

9

; l 1
in  a l , l s t s

25C3 2 4 8 1 and a l , 8 1 h  ; l o o k  a t  b o t h  'T’xRDY and DTR
25C5 3C81 cmp a l , 8 l h
25C7 750A i n z  z e r o _ r e t  ; e i t h e r  f a l s e ,  p r i n t e r  i s  b
25C9 OCFF

* —_____ _

o r  a l , 2 5 5  ; b o t h  t r u e ,  LPT i s  r e a d y
1

9

ENDIF ; b l c _ l i s t

25CB C3 r e t

PUNCH: ; n o t  i m p l e m e n te d  i n  t h i s  c o n f i g u r a t i o n
READER:

25CC BO 1A mov a l , l a h
25CE C3 r e t  j r e t u r n  EOF f o r  now

GETIOBF ••
25CF B000 mov a l , 0  ;TTY: f o r  c o n s i s t e n c y
25D1 C3 r e t  ;TOBYTE n o t  i m p l e m e n te d
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25D2 C3

25D3 2 4 0 0  
25D5 C3

25D6 E8C9FF 
25D9 50  
25DA 8AC8 
25DC E8CDFF 
25DF 58  
25E0 3C61 
',5E2 7 2 0 6  

■ 15E4 3C7A 
25E6 7 7 0 2  
25E8 2C20

25EA C3

25EB 8A07 
25ED 84C0 
25EF 7 4 2 8  
2 5 F 1  8AC8 
2 5F 3  E8B6FF 
2 5F 6  43  
2 5F 7  EBF2

2 5F 9  BB0000 
25FC 8 0 F 9 0 2  
25FF 7 3 1 8  
2 6 0 1  B 0 80  
2 6 0 3  8 0 F 9 0 0  
2 6 0 6  7 5 0 2  
2 6 0 8  B040  
260A A 2 6 9 2 8

260D B500  
2 6 0 F  8BD9 
2 6 1 1  B 1 04

SETIOBF:
r e t  ; i o b y t e  n o t  i m p l e m e n te d

z e r o _ r e t :
and a l , 0

r e t  ; r e t u r n  z e r o  i n  AL and f l a g

; R o u t i n e  t o  g e t  and e c h o  a c o n s o l e  c h a r a c t e r  
; and s h i f t  i t  t o  u p p e r  c a s e

u c o n e c h o :
c a l l  CONIN ; g e t  a c o n s o l e  c h a r a c t e r
p u s h  ax 
mov c l , a l ysave  and
c a l l  CONOUT 
poo ax ; e c h o  t o  c o n s o l e
cmp a l ^ a '  
i b  u r e t ; l e s s  t h a n  'a'  i s ok
cmp a l ^ z "  
j a  u r e t ; g r e a t e r  t h a n  'z' i s  ok
sub a l , 'a'-'A' ; e l s e  s h i f t  t o  c a p s

u r e t :
r e t

; u t i l i t y  s u b r o u t i n e  t o  p r i n t  m e s s a g e s

p m sg :
mov a . l , [B X ]  ; g e t  n e x t  c h a r  from m e s s a g e
t e s t  a l , a l
j z  r e t u r n  ; i f  z e r o  r e t u r n
mov CL,AL
c a l l  CONOUT ; p r i n t  i t
i n c  BX
jmps pmsg ; n e x t  c h a r a c t e r  and l o o p

* ★ * ★ * * ★ * * * * * ★ * * * ★ * * * * * * * * * * * * * * * ★ * ★ * * ★ * * * ★ ★ * *
★  *
* D is k  I n p u t / O u t p u t  R o u t i n e s  *
* *
*********************************************

SELDSK:

s e l l :

; s e l e c t  d i s k  g i v e n  by r e g i s t e r  CL
mov b x , 0 0 0 0 h  
cmp c l , 2 
j n b  r e t u r n  
mov a l ,  80h  
cmp c . 1 , 0  
j n e  s e l l  
mov a l ,  4 0 h  
mov s e l _ m a s k , a l

mov c h , 0 
mov b x , c x  
mov c l , 4

; t h i s  BIOS o n l y  s u p p o r t s  2 
; r e t u r n  w/ 0 0 0 0  i n  BX i f  ba

; d r i v e  1 i f  n o t  z e r o  
; e l s e  d r i v e  i s  0 
; s a v e  d r i v e  s e l e c t  mask 
;now, we need d i s k  p a r a m e t e

; BX = word(CL)
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2 6 1 3  D3E3 

2 6 1 5  8 1C 3 7 C 2 8  

2 6 1 9  C3

s h l  b x , c l  ;m u l t i p l y  d r i v e  c o d e  * 16
j c r e a t e  o f f s e t  ^rom D is k  P a r a m e t e r  B a s e  
add b x , o f f s e t  d o _ b a s e

r e t u r n :
r e t

HOME
261A C 6 0 6 6 C 2 8 0 0  
2 6 1 F  BB6E28 
2 6 2 2  E 8 3 5 0 0  
2 6 2 5  7 4 F 2  
2 6 2 7  BB6A27 
262A E8BEFF 
262D EBEB

;move s e l e c t e d  d i s k  t o  home p o s i t i o n  ( T r a c k  
mov t r k , 0  ; s e t  d i s k  i / o  t o  t r a c k  z e r o
mov b x , o f f s e t  hom_com 
c a l l  e x e c u t e
j z  r e t u r n  ;home d r i v e  and r e t u r n  i f  0
mov b x , o f f s e t  bad_hom ; e l s e  p r i n t  
c a l l  pmsq ; "Home E r r o r ”
jmps home ; a n d  r e t r v

2 6 2 F  8 8 0 E 6 C 2 8  
2 6 3 3  C3

SETTRK: ; s e t  t r a c k  a d d r e s s  q i v e n  by CX
mov t r k , c l  ;we o n l y  u s e  8 b i t s  o f  t r a c
r e t

2 6 3 4  8 80 E 6 D 2 8  
2 6 3 8  C3

SETSEC: ; s e t  s e c t o r  number q i v e n  by cx
mov s e c t , c l  ;we o n l y  u s e  8 b i t s  o f  s e c t
r e t

2 6 3 9  8BD9 
263B 03DA 
263D 8A1F 
2 6 3 F  C3

SECTRAN: ; t r a n s l a t e  
mov b x , c x  
add b x , d x  
mov b l , [bx] 
r e t

s e c t o r  CX u s i n g  t a b l e  a t  [DX]

;add s e c t o r  t o  t r a n  t a b l e  a 
; g e t  l o g i c a l  s e c t o r

SETDMA:
2 6 4 0  8 9 0 E 6 5 2 8  
2 6 4 4  C3

; s e t  DMA o f f s e t  g i v e n  by CX
mov dma_adr,CX
r e t

2 6 4 5  8 9 0 E 6 7 2 8  
2 6 4 9  C3

264A BB7328 
264D C3

SETDMAB: ; s e t  DMA s e g m e n t  g i v e n  by CX 
mov dma_seg,CX 
r e t

GETSEGT: ; r e t u r n  a d d r e s s  o f  P h y s i c a l  memory t a b l e
mov b x , o f f s e t  seg  t a b l e  
r e t

264E B 012  
2 6 5 0  EB02

. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* *  *
;* A l l  d i s k  I / O  p a r a m e t e r s  a r e  s e t u p :  t h e  *
;* Read and W r i t e  e n t r y  p o i n t s  t r a n s f e r  o n e  *
?* s e c t o r  o f  1 2 8  b y t e s  t o / f r o m  t h e  c u r r e n t  *
»* DMA a d d r e s s  u s i n g  t h e  c u r r e n t  d i s k  d r i v e  *
?* *
. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

READ:
mov a l , 1 2 h  ; b a s i c  r e a d  s e c t o r  command
jmps r_w_common

WRITE:
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^ 6 5 2  BOOA mov a l , 0 a h  j b a s i c  w r i t e  s e c t o r  command

r_w_common:
mov b x , o f f s e t  io_com ; o o i n t  t o  command s t r i  
mov b y t e  p t r  l [ B X ] , a l  ; o u t  command i n t o  s t r  

; f a l l  i n t o  e x e c u t e  and r e t u r n

e x e c u t e :  ; e x e c u t e  command s t r i n g .
• [BX] p o i n t s  t o  l e n g t h ,
* f o l l o w e d  by Command b y t e ,
; f o l l o w e d  by l e n g t h - 1  p a r a m e t e r  b y t e

mov l a s t _ c o m , B X  ? s a v e  command a d d r e s s  f o r  r 
o u t e r _ r e t r v :

; a i l o w  some r e t r v i n g  
mov r t r y _ c n t , m a x _ r e t r i e s

r e t r y :
mov B X , l a s t _ c o m
c a l l  send_com ; t r a n s m i t  command t o  i 8 2 7 1  

; c h e c k  s t a t u s  p o l l

CP/M-86 System Cuide Appendix E BIOS Listinq

266A 8 B 1 E 6 3 2 8 mov B X , l a s t  com
266E 8 A 4 7 0 1 mov a l , l [ b x T ; g e t  command op c o d e
2 6 7 1 B 9 0 0 0 8 mov c x , 0 8 0 0 h ;mask i f  i t  w i l l  be " i n t  r e
2 6 7 4 3C2C cmp a l , 2 c h
2 6 7 6 720B i b  e x e c _ p o l l ;ok i f  i t  i s  an i n t e r r u p t  t
2 6 7 8 B 9 8 0 8 0 mov c x , 8 0 8 0 h ; e l s e  we u s e  " n o t  command b
267B 2 4 0 F and a l , 0 f h
267D 3C0C cmp a l , 0 c h ; u n l e s s  t h e r e  i s n ' t
2 6 7 F B 0 00 mov a l , 0
2 6 8 1 7 7 3 6 i a  e x e c _ e x i t  

e x e c _ p o l l :

; any r e s u l t  
; p o l l  f o r  b i t s  i n  CH,
; t o g g l e d  w i t h  b i t s  i n  CL

2 6 8 3 E4A0 i n  a l , f d c _ s t a t ; r e a d  s t a t u s
2 6 8 5 22C5 and a l , c h
2 6 8 7 32C1 x o r  a l , c l ; i s o l a t e  w h a t  we w a n t  t o

> 2 6 8 9 7 4 F 8 j z  e x e c j p o l . l ;and l o o p  u n t i l  i t  i s  done 

; O p e r a t i o n  c o m p l e t e ,
268B E4A1 i n  a l , f d c _ r s l t ; s e e  i f  r e s u l t  c o d e  i n d i c a
268D 2 4 1 E and a l , l e h
2 6 8 F 7 4 2 8 j z  e x e c _ e x i t ;no e r r o r ,  t h e n  e x i t  

;some t y p e  o f  e r r o r  o c c u r r e
2 6 9 1 3C10 cmp a l , 1 0 h
2 6 9 3 7 4 2 5 j e  d r _ n r d y

d r _ r d y :  ; t h e n  we j u s t

;was i t  a n o t  r e a d y  d r i v e  ? 
; n o ,

r e t r y  r e a d  o r  w r i t e
2 6 9 5 F E 0 E 6 2 2 8 d e c  r t r y _ c n t
2 6 9 9 75C8 j n z  r e t r y

; r e t r i e s  do n o t  
; h a r d  e r r o r

? up t o  10  t i m e s  

r e c o v e r  from  t h e

269B
>

B400 mov a h , 0
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265A 8 9 1 E 6 3 2 8

2 65E  C 6 0 6 6 2 2 8 0 A

2 6 6 3  8 B 1 E 6 3 2 8  
J S S 1  E 8 8 9 0 0

2 6 5 4  BB6A28 
2 6 5 7  8 8 4 7 0 1
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269D 83D8 mov b x . a x ;make e r r o r  c o d e  16  b i t s
2 6 9 F 8 B 9 F 9 1 2 7 mov b x . e r r t b l f B X l
26A3 E845F F c a l l  pmsg ; p r i n t  a p p r o p r i a t e  m e s s a g e
26A6 E4D8 i n  a l , c d a t a j f l u s h  u s a r t  r e c e i v e r  b u f f e
26A8 E82BFF c a l l  u c o n e c h o ; r e a d  u o p e r  c a s e  c o n s o l e  ch
2 6 AB 3C43 cmp a l ^ C '
26AD 7 4 2 5 i e  wboot 1 j c a n c e l
26AF 3C52 cmp a l / ' R ' *
26B1 7 4 AB i e  o u t e r _ r e t r v ; r e t r y  10 more t i m e s
26B3 3C49 cmp a l , ' I '
26B5 741A i e  z _ r e t ; i g n o r e  e r r o r
26B7 OCFF o r  a l , 2 5 5 ; s e t  c o d e  f o r  p e r m a n e n t  e r r

e x e c  e x i t :
26B9 C3 r e t

d r  n r d y :  ; h e r e  t o w a i t  f o r  d r i v e  r e a d y
26BA E81A00 c a l l  t e s t _ r e a d y
26BD 7 5A4 i n z  r e t r v ; i f  i t ' s  r e a d y  now we a r e  d
26BF E 8 1 5 0 0 c a l l  t e s t _ r e a d y
26C2 7 5 9 F i n z  r e t r y ; i f  n o t  r e a d y  t w i c e  i n  row,
26C4 BB0228 mov b x , o f f s e t  nrdym sg
26C7 E821FF c a l l  pmsg ; " D r i v e  Not Ready"

n r d y O l :
2 6 CA E80A00 c a l l  t e s t _ r e a d y
26CD 74FB i z  n r d y O l ;now l o o p  u n t i l  d r i v e  r e a d v
26CF EB92 jmps r e t r y ; t h e n  go r e t r y  w i t h o u t  d e e r

z r e t :
26D1 2 4 0 0 and a l , 0
26D3 C3 r e t ; r e t u r n  w i t h  no e r r o r  c o d e

w b o o t  1 : ? c a n ' t  make i t  w/ a s h o r t  1
26D4 E9B3FE imp wboot

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

* The i 8 2 7 1  r e q u i r e s  a
7*

. r e a d  s t a t u s  command *
* t o  r e s e t  a d r i v e - n o t - r e a d y  a f t e r  t h e  *
* d r i v e  becom es r e a d y
*

*

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

t e s t  r e a d y :
26D7 B640 mov d h ,  4 0 h : p r o o e r  mask i f  d r  1
26D9 F 6 0 6 6 9 2 8 8 0 t e s t  s e i  m a s k , 8 0 h
26DE 7 5 0 2 j n z  n r d y T
26E0 B 604 mov d h ,  0 4 h ;mask f o r  d r  0 s t a t u s  b i t

n r d y 2 :
26E 2 BB7128 mov b x , o f f s e t  r d s  com
26E5 E80B00 c a l l  se n d  com

d r  p o l l :
26E8 E4A0 i n  a l , f d c _ s t a t ; g e t  s t a t u s  word
26EA A880 t e s t  a l , 8 0 h
26EC 75FA i n z  d r _ p o l l ; w a i t  f o r  n o t  command b u s y
26EE E4A1 i n  a l , f d c _ r s l t ; g e t  " s p e c i a l  r e s u l t "
26F 0 84C6 t e s t  a l , d h ;3o o k  a t  b i t  f o r  t h i s  d r i v e

All Information Presented Here is Proprietary to Digital Research
130



CP/M-86 System  Guide 

s"-^6F2 C3 r e t

A o o e n d ix  E BIOS L i s t i n g  

; r e t u r n  s t a t u s  o f  r e a d y

********************************************* 
* *
* Send_com s e n d s  a command and p a r a m e t e r s  *
* t o  t h e  i 8 2 7 1 :  BX a d d r e s s e s  p a r a m e t e r s .  *
* The DMA c o n t r o l l e r  i s  a l s o  i n i t i a l i z e d  *
* i f  t h i s  i s  a r e a d  o r  w r i t e  *
*  *
*********************************************

s e n d  com:
26F 3 E4A0 i n  a l , f d c _ s t a t
26F 5 A880 t e s t  a l , 8 0 h  ; i n s u r e  command n o t  b u s y
2 6 F 7 75FA j n z  send_com ; l o o p  u n t i l  r e a d y

; s e e  i f  we h a v e  t o  i n i t i a l i z e  f o r  a DMA ope

\w^ 6 F 9 8 A 4 7 0 1 mov a l , l [ b x ]  ; g e t  command b y t e
26FC 3C12 cmp a l , 1 2 h
26FE 7 5 0 4 i n e  w r i t e _ m a y b e  ; i f  n o t  a r e a d  i t  c o u l d  be
2 7 0 0 B 140 mov c l , 4 Oh
2 7 0 2 EB06 jmps i n i t _ d m a  ; i s  a r e a d  command, go s e t  

wr i t e _ m a v b e :
2 7 0 4 3C0A cmp a l , 0 a h
2 7 0 6 7 5 2 0 j n e  d m a _ e x i t  ; l e a v e  dma a l o n e  i f  n o t  r e a
2 7 0 8 B 180 mov c l , 8 0 h  ;we h a v e  w r i t e ,  n o t  r e a d  

i n i t _ d m a :
•we h a v e  a r e a d  o r  w r i t e  o p e r a t i o n ,  s e t u p  DMA c o n t r  
* (CL c o n t a i n s  p r o p e r  d i r e c t i o n  b i t )

270A B 0 04 mov a l , 0 4 h
270C E6A8 o u t  d m a c _ m o d e ,a l  ; e n a b l e  dmac
270E B 000 mov a l , 0 0
2 7 1 0 E6A5 o u t  d m a c _ c o n t , a l  ; s e n d  f i r s t  b y t e  t o  con
2 7 1 2 8AC1 mov a l , c l
2 7 1 4 E6A5 o u t  d m a c _ c o n t , a l  ;l .oad d i r e c t i o n  r e g i s t e r
’ 7 1 6 A 1 6 5 2 8 mov a x , d m a _ a d r

^ 7 1 9 E6A4 o u t  d m a c _ a d r , a l  ; s e n d  low b y t e  o f  DMA
271B 8AC4 mov a l , a h
2 7 ID E6A4 o u t  d m a c _ a d r , a l  ; s e n d  h i g h  b y t e
2 7 1 F A 1 6 7 2 8 mov a x , dma_seg
2 7 2 2 E6AA o u t  f d c _ s e g m e n t , a l  ; s e n d  low b y t e  o f  segmen
2 7 2 4 8AC4 mov a l , ah
2 7 2 6 E6AA o u t  f d c _ s e g m e n t , a l  ; t h e n  h i g h  s e g m e n t  a d d r e  

d m a _ e x i t :
2 7 2 8 8A0F mov c l , [ B X l  ; g e t  c o u n t
272A 4 3 i n c  BX
272B 8A07 mov a l , [ B X l  ; g e t  command
272D 0 A 0 6 6 9 2 8 o r  a l , s e l . _ m a s k  ;m erqe  command and d r i v e  co
2 7 3 1 E6A0 o u t  f d c _ c o m , a l  ; s e n d  command b y t e  

p a r m _ l o o p :
2 7 3 3 FEC9 d e c  c l
2 7 3 5 7 4 8 2 i z  e x e c _ e x i t  ;no (more) p a r a m e t e r s ,  r e t u
2 7 3 7 43 i n c  BX ; p o i n t  t o  ( n e x t )  p a r a m e t e r

parm p o l l :
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2 7 3 8  E4A0 
273A A820 
273C 75FA 
2 73E  8A07 
2 7 4 0  E6A1 
2 7 4 2  EBEF

2 7 4 4

i n  a l , f d c _ s t a t  
t e s t  a l , 2 0 h  
i n z  p a r m _ p o l l  
mov a l , [BX] 
o u t  f d c _ p a r m , a l  
jmps p a r m _ l o o p

; t e s t  " p a r a m e t e r  r e q i s t e r  f  
; i d l e  u n t i l  parm r e q  n o t  fu

; s e n d  n e x t  p a r a m e t e r
;go s e e  i f  t h e r e  a r e  more p

. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

. * *
?* D a t a  A r e a s  *
• * *
. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

d a t a _ o f f s e t  equ o f f s e t  $

d s e g
o r g d a t a _ o f f s e t  ; c o n t i g u o u s  w i t h  co

• —r------ ....
IF l o a d e r _ b i o s

t
? 1
s i g n o n db

!
c r  , l f , c r , l f

?!
db 'C P /M -8 6  V e r s i o n  2 . 2 ' , c r , l f , 0

1
f

ENDIF ; l o a d e r _ b i o s

IF n o t  l o a d e r _ b i o s

2 7 4 4 0D0A0D0A

/
? 1
s i g n o n db

1
c r , I f , c r , I f

2 7 4 8 2 0 2 0 5 3 7 9 7 3 7 4
6 5 6 D 2 0 4 7 6 5 6 E
6 5 7 2 6 1 7 4 6 5 6 4
2 0 2 0 2 D 2 0 3 1 3 1
2 0 4 A 6 1 6 E 2 0 3 8
310D0A00

?i

db . '  S y s t e m  G e n e r a t e d  -  1 1  J a n  8 1 ' , c

I
/

ENDIF ; n o t  l o a d e r _ b i o s

276A 0D0A486F6D65 bad_hom db c r , I f , ' H o m e  E r r o r '  , c r  , I f  , 0
2 0 4 5 7 2 7 2 6 F 7 2
ODOAOO

2 7 7 9 0 D 0 A 4 9 6 E 7 4 6 5 i n t _ t r p db c r , l f , ' I n t e r r u p t  T r a p  H a l t ' , c r , I f , 0
7 2 7 2 7 5 7 0 7 4 2 0
5 4 7 2 6 1 7 0 2 0 4 8
6 1 6 C 7 40 D 0 A 0 0

2 7 9 1 B 1 2 7 B 1 2 7 B 1 2 7  e r r t b l  
B 127

dw e r O , e r l , e r 2 , e r 3

2 7 9 9 C 127D127DE 27
EF27

dw e r 4 , e r 5 , e r 6 , e r 7

27A1 0 2 2 8 1 6 2 8 2 8 2 8
3D28

dw e r 8 , e r 9 , e r A , erB

27A9 4 D 2 8 B 1 2 7 B 1 2 7 dw e r C , e r D , e r E , e r F
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B127

27B1 0D0A4E756C6C 
2 0 4 5 7 2 7 2 6 F 7 2  
2 0 3 F 3 F 0 0

erO db c r  , I f

27B1 e r  1 equ e r  0
27B1 e r 2 equ erO
27B1 e r  3 equ erO

27C 1 0D0A436O6F63 
6 B 2 0 4 5 7 2 7 2 6 F  
7 2 2 0 3 A 0 0

e r  4 db c r  , l f

27D1 0 D 0 A 4C 61 74 6 5  
2 0 4 4 4 D 4 1 2 0 3 A  
00

e r  5 db c r  , I f

27DE 0 D 0 A 4 9 4 4 2 0 4 3  
5 2 4 3 2 0 4 5 7 2 7 2  
6 F 7 2 2 0 3 A 0 0

e r 6 db c r  , I f

"i7EF 0 D 0 A 4 4 6 1 7 4 6 1  
^  2 0 4 3 5 2 4 3 2 0 4 5  

7 2 7 2 6 F 7 2 2 0 3 A  
00

e r 7 db c r  , l f

2 8 0 2  0 D 0 A 4 4 7 2 6 9 7 6  
6 5 2 0 4 E 6 F 7 4 2 0  
5 2 6 5 6 1 6 4 7 9 2 0  
3A00

e r  8 db c r  , l f

2 8 1 6  0 D 0 A 5 7 7 2 6 9 7 4  
6 5 2 0 5 0 7 2 6 F 7 4  
6 5 6 3 7 4 2 0 3 A 0 0

e r 9 db c r  , l f

2 8 2 8  0 D 0 A 54 7 26 B 2 0 erA db c r  , l f
3 0 3 0 2 0 4 E 6 F 7 4
2 0 4 6 6 F 7 5 6 E 6 4
2 03 A 0 0

6 F 7 2 2 0 4 E 6 F 7 4
2 0 4 6 6 F 7 5 6 E 6 4
2 03 A 0 0

27B1
27B1
27B1
2 8 0 2

2 8 6 2  00  
2 8 6 3  0 0 0 0  
2 8 6 5  0 0 0 0  
2 8 6 7  0 0 0 0  
2 8 6 9  40

286A 0 3  
286B 0 0  
' 8 6 0  0 0

:',0

283D 0 D 0 A 5 7 7 2 6 9 7 4
6 5 2 0 4 6 6 1 7 5 6 C
7 4 2 0 3 A 0 0

erB db c r  , I f

284D 0 D 0 A 5 3 6 5 6 3 7 4 erC db c r  , l f

erD equ erO
e r E  equ erO
e cF equ erO
nrdym sg equ e r 8

r t r y _ c n t  db 0 ; d i s k  e r r o r  r e t r y  c o u n t e r  
l a s t _ c o m  dw 0 ; a d d r e s s  o f  l a s t  command s t r i n g
dma_adr  dw 0 ;dma o f f s e t  s t o r e d  h e r e
dma_seg dw 0 ;dma s e g m e n t  s t o r e d  h e r e  
s e l _ m a s k  db 40h  ; s e l e c t  m a s k ,  40h o r  80h

; V a r i o u s  command s t r i n g s  f o r  i 8 2 7 1

io_com db 3 ; l e n g t h
rd_wr db 0 ; r e a d / w r i t e  f u n c t i o n  c o d e
t r k  db 0 ; t r a c k  #

All Information Presented Here is Proprietary to Digital Research
133



CP/M-86 System Guide A D D e n d i x  E B I O S  L i s t i n g

286D 00 s e c t db 0 ; s e c t o r  #

286E 0 2 2 9 0 0 hom_com db 2 , 2 9 h , 0  ;home d r i v e  command
2 8 7 1  012C rd s_ c o m db l , 2 c h  ; r e a d  s t a t u s  command

•
9 S y s tern Memory Segment  T a b l e

2 8 7 3  0 2 s e g t a b l e  db 2 ;2 s e g m e n t s
2 8 7 4  DF0 2 dw t p a _ s e g  ; l s t  seg s t a r t s  a f t e r  BIOS
2 8 7 6  2 1 0 5 dw t p a l e n  :and e x t e n d s  t o  0 8 0 0 0
2 8 7 8  0 0 2 0 dw 2 0 0 0 h  ; s e c o n d  i s  2 0 0 0 0  -
287A 0 0 2 0 dw 2 0 0 0 h  ; 3FFFF ( 1 2 8 k )

- i n c l u d e : s i n g l e s . l i b  ; r e a d  i n  d i s k  d e f i n i t i o
— •

9 DISKS 2
= 287C dD base equ $ B a s e  o f  D is k  Param
=287C A B 2 8 0 0 0 0 dpeO dw x l t O , 0 0 0 0 h T r a n s l a t e  '’’a b l e
= 2 8 8 0  0 0 0 0 0 0 0 0 dw 0 0 0 0 h , 0 0 0 0 h S c r a t c h  A re a
= 2 8 8 4  C 5 28 9 C 28 dw d i r b u f , d o b 0 D i r  B u f f ,  Parm B i o
= 2 8 8 8  6 4 2 9 4 5 2 9 dw c s v O , alvO C h e c k ,  A l l o c  V e c t o
=288C A B 2 8 00 00 d p e l dw x l t l , 0 0 0 0 h T r a n s l a t e  '’’a b l e
= 2 8 9 0  0 0 0 0 0 0 0 0 dw 0 0 0 0 h , 0 0 0 0 h S c r a t c h  A r e a
= 2 8 9 4  C 5 2 8 9 C 2 8 dw d i r b u f , d p b l D i r  B u f f ,  Parm B i o
= 2 8 9 8  9 3 2 9 7 4 2 9 dw c s v l , a l v l C h e c k ,  A l l o c  V e c t o
2 •

9 DISKDEF 0 , 1 , 2 6 , 6 1 0 2 4 , 2 4 3 , 6 4 , 6 4 , 2
= 289C dpbO equ o f f s e t  $ D i s k  P a r a m e t e r  B io
=289C 1A00 dw 26 S e c t o r s  P e r  T r a c k
=289E 03 db 3 B l o c k  S h i f t
= 2 8 9 F  07 db 7 B l o c k  Mask
=28A0 00 db 0 E x t n t  Mask
=28A l F 2 0 0 dw 2 4 2 D i s k  S i z e  -  1
=28A3 3F00 dw 6 3 D i r e c t o r y  Max
=28A5 C0 db 1 9 2 All.ocO
=28A6 00 db 0 A l l o c l
=28A7 1 0 0 0 dw 16 Check S i z e
=28A9 0 2 0 0 dw 2 O f f s e t
= 28AB x l t O equ o f f s e t  $ T r a n s l a t e  T a b l e
=28AB 0 1 0 7 0 D 1 3 db 1 , 7 , 1 3 , 1 9
=28AF 1 9 0 5 0 B 1 1 db 2 5 , 5 , 1 1 , 1 7
=28B3 1 7 0 3 0 9 0 F db 2 3 , 3 , 9 , 1 5
=28B7 1 5 0 2 0 8 0 E db 2 1 , 2 , 8 , 1 4
=28BB 141 A 0 60 C db 2 0 , 2 6 , 6 , 1 2
=28BF 1 2 1 8 0 4 0 A db 1 8 , 2 4 , 4 , 1 0
=28C3 1 0 1 6 db 1 6 , 2 2
= 0 0 1 F a ls O equ 3 1 ^ A l l o c a t i o n  v e c t o r
= 0 0 1 0 cssO equ 16 ;Check V e c t o r  S i z e
2 • DISKDEF 1 , 0
= 289C d p b l equ dpbO ^ E q u i v a l e n t  P a r a m e t
= 0 0 1 F a l s l equ alsO ;Same A l l o c a t i o n  Ve
= 0 0 1 0 c s s l equ cssO ;Same Checksum V e c t
= 28AB x l t l equ x l t O ;Same T r a n s l a t e  Tab

•
9
•

ENDEF

=
9
•
9 U n i n i t i a l i z e d  S c r a t c h  Memory F o l l o w s :

= 28C5 b e g d a t equ o f f s e t  $ ; S t a r t  o f  S c r a t c h  A
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= 28C5 d i r b u f r s 1 2 8 D i r e c t o r y  B u f f e r
= 2 9 4 5 alvO r s a l s O A l l o c  V e c t o r
= 2 9 6 4 csvO r s c ssO Check V e c t o r
= 2 9 7 4 a l v l r s a l s l A l l o c  V e c t o r
= 2 9 9 3 c s v l r s c s s l Check V e c t o r
= 29A3 e n d d a t equ o f f s e t  S End o f  S c r a t c h  Are
= OODE d a t s i z equ o f f s e t  $ - b e g d a t S i z e  o f  S c r a t c h  Ar
=29A3 00 db 0 Marks End o f  Modul

29A4 l o c _ s t k rw 32  ; l o c a l  s t a c k  f o r i n i t i a l i z a t i o n
29E4 s t k b a s e equ o f f s e t  $

29E4 l a s t o f f equ o f f s e t  $
02DF t p a _ s e g equ ( l a s t o f f + 0 4 0 Oh+15) / 1 6
0 5 2 1 t p a _ l e n equ 0 8 0 0 h  -  t p a  s e g

29E4 00 db 0 ; f i l l  l a s t  a d d r e s s  f o r  GENCMD

/
• * *
t

t* Dummy D a t a  S e c t i o n  *
.  * *
t
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *1

0 0 0 0 d s e g 0 j a b s o l u t e  low memory
o r g 0 ; ( i n t e r r u p t  v e c t o r s )

0 0 0 0 i n t 0 _ o f f s e t rw 1
0 0 0 2 i n t 0 _ s e g m e n t rw 1

; pad t o s y s t e m  c a l l  v e c t o r
0 0 0 4 rw 2* (bdos__ i n t - l )

0 3 8 0 b d o s _ o f f s e t rw 1
0 3 8 2 b d o s  s e g m e n t  

END
rw 1
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***************************************************
* *
* This is  the l i s t i n g  of the s k e le ta l  CBIOS which *
* you can use as the b as is  for  a customized BIOS *
* for non-standard hardware. The e s s e n t ia l  po r -  *
* t ions of the BIOS remain, with ”rs "  statements *
* marking the routines to be inserted .  *
*  *
***************************************************

********************************************* 
* *
* T h i s  C u s t o m i z e d  BIOS a d a p t s  CP/M-86 t o  *
* t h e  f o l l o w i n g  h a r d w a r e  c o n f i g u r a t i o n  *
* P r o c e s s o r : *
* B r a n d :  *
* C o n t r o l l e r :  *
* *
* *
* Pro g ram m er:  *
* R e v i s i o n s  : *
* *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

FFFF t r u e equ - i
0 0 0 0 f a l s e equ n o t  t r u e
000D c r equ Odh ; c a r r i a g e  r e t u r n
oooa I f equ Oah ; l i n e  f e e d

********************************************* 
* *
* L o a d e r _ b i o s  i s  t r u e  i f  a s s e m b l i n g  t h e  *
* LOADER BIOS, o t h e r w i s e  BIOS i s  f o r  t h e  *
* CPM.SYS f i l e .  *
* *

r
. * * * * * * * * * * * * * *, *** ** * * * * * * * * * * * * * * * * * * * * * * * * * *

0 0 0 0 l o a d e r _ b i o s equ f a l s e
00E 0 b d o s _ i n t equ 2 2 4  ; r e s e r v e d  BDOS i n t e r r u p t

IF n o t l o a d e r _ b i o s

2 5 0 0

t

'> 1
b i o s _ c o d e equ

I
2 5 0 0 h

0 0 0 0 c c p _ o f f s e t equ 0 0 0 0 h
0B06 b dos  o f s t equ 0B06h ; BDOS e n t r v  p o i n t

;l  ' !

All Information Presented Here is Proprietary to Digital Research
137



C P / M - 8 6  S y s t e m  G u i d e A p p e n d i x  F O B I  OS L i s t i n g

ENDIF ; n o t  l o a d e r _ b i o s  

IF l o a d e r  b i o s

2 5 0 0  E 93C 00  
2 5 0 3  E 9 7 9 0 0  
2 5 0 6  E 9 8 5 0 0  
2 5 0 9  E98D00 
250C E99A00 
2 5 0 F  E9A200 
2 5 1 2  E 9B 500  
2 5 1 5  E93D00 
2 5 1 8  E 9 F 6 0 0  
251B E9D900 
2 51E  E 9 0 1 0 1  
2 5 2 1  E 9 0 3 0 1  
2 5 2 4  E 90 C 0 1  
2 5 2 7  E 9 1 7 0 1  
252A E 9 4 7 0 1  
252D E 9 8 F 0 0  
2 5 3 0  E 9 F 9 0 0  
2 5 3 3  E 9 0 2 0 1  
2 5 3 6  E 9 0 4 0 1  
2 5 3 9  E9A 400 
253C E9A500

b i o s _ c o d e  equ 1 2 0 0 h  ; s t a r t  o f  LDBIOS
c c p _ o f f s e t  equ 0 0 0 3 h  ; b a s e  o f  CPMLOADER
b d o s _ o f s t  equ 0 4 0 6 h  ; s t r i p p e d  BDOS e n t r

ENDIF ; l o a d e r _ b i o s

c s e q
o r g  c c p o f f s e t

c c p :
o r g  b i .o s _ c o d e

. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

.  * *
r

;* BIOS Jump V e c t o r  f o r  I n d i v i d u a l  R o u t i n e s  *
• ★  */
•  ' k ’k i c k i e i c ' k ' k ' k - k ' k ' k ' k ’k ’k i c ' k ' k - k ’k i e ’k ' k ' k i f ' k - k - k ' k i e ' k i e ' k i c ' k ' k ' k ' k i e ' k ' k ' k ' k ' k ' k

jmp INIT 
jmp WBOOT 
jmp CONST 
jmp COMIN 
jmp CONOUT 
jmp LISTOUT 
jmp PUNCH 
jmp READER 
jmp HOME 
jmp SELDSK 
jmp SETTRK 
jmp SETSEC 
jmp SETDMA 
jmp READ 
jmp WRITE 
jmp LISTST 
jmp SECTRAN 
jmp SETDMAB 
jmp GETSEGT 
jmp GETTOBF 
jmp SETIOBF

E n t e r  from BOOT ROM o r  LOADER 
A r r i v e  h e r e  from BDOS c a l l  0 
r e t u r n  c o n s o l e  k e y b o a r d  s t a t u s  
r e t u r n  c o n s o l e  k e y b o a r d  c h a r  
w r i t e  c h a r  t o  c o n s o l e  d e v i c e  
w r i t e  c h a r a c t e r  t o  l i s t  d e v i c e  
w r i t e  c h a r a c t e r  t o  p unch d e v i c e  
r e t u r n  c h a r  from r e a d e r  d e v i c e  
move t o  t r k  00  on c u r  s e i  d r i v e  
s e l e c t  d i s k  f o r  n e x t  r d / w r i t e  
s e t  t r a c k  f o r  n e x t  r d / w r i t e  
s e t  s e c t o r  f o r  n e x t  r d / w r i t e  
s e t  o f f s e t  f o r  u s e r  b u f f  (DMA) 
r e a d  a 1 2 8  b y t e  s e c t o r  
w r i t e  a 1 2 8  b y t e  s e c t o r  
r e t u r n  l i s t  s t a t u s  
x l a t e  l o g i c a l - > p h y s i c a l  s e c t o r  
s e t  s e g  b a s e  f o r  b u f f  (DMA) 
r e t u r n  o f f s e t  o f  Mem Desc T a b l e  
r e t u r n  I/O  map b y t e  (IOBYTE) 
s e t  I/O map b y t e  (IOBYTE)

********************************************* 
* *
* INIT E n t r y  P o i n t ,  D i f f e r s  f o r  LDBTOS and *
* BIOS, a c c o r d i n g  t o  " L o a d e r  B i o s "  v a l u e  *
*  *
*********************************************

2 5 3 F  8CC8
I N I T ;  ; p r i n t  s i g n o n  m e s s a g e  and i n i t i a l i z e  h a rd w a  

mov a x , c s  ;we e n t e r e d  w i t h  a JMPF so
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2 5 4 1  8ED0 
2 5 4 3  8ED8 
2 5 4 5  8EC0

2 5 4 7  BC5928  
254A FC

254B IE
254C  C 6 0 6 A 7 2 6 0 0  
2 5 5 1  B 8 0 0 0 0  
2 5 5 4  8ED8 
2 5 5 6  8EC0

2 5 5 8  C 7 0 6 0 0 0 0 8 2 2 5  
255E 8 C 0 E 0 2 0 0  
2 5 6 2  B F 04 00  
2 5 6 5  BE0 0 0 0  
2 5 6 8  B9FE01 
256B F3A5

256D C 7 0 6 8 0 0 3 0 6 0 B  
2 5 7 3  IF

mov s s , a x  ;CS: a s  t h e  i n i t i a l  v a l u e  o
raov d s  , a x  ;DS: ,
mov e s , a x  ;and ES:
; u s e  l o c a l  s t a c k  d u r i n g  i n i t i a l i z a t i o n  
mov s p , o f f s e t  s t k h a s e
c i d  ; s e t  f o r w a r d  d i r e c t i o n

IF n o t  l o a d e r  b i o s

; T h i s  i s  a BIOS f o r  t h e  CPM.SYS f i l e .
; S e t u p  a l l  i n t e r r u p t  v e c t o r s  i n  low 
; memory t o  a d d r e s s  t r a p

p u s h  d s  ; s a v e  t h e  DS r e g i s t e r
mov IOBYTE, 0 ; c l e a r  IOBYTE
mov a x , 0 
mov d s , a x
mov e s , ax ; s e t  ES and OS t o  z e r o
?s e t u p  i n t e r r u p t  0 t o  a d d r e s s  t r a p  r o u t i n e  
mov i n t 0 _ o f f s e t , o f f s e t  i n t _ t r a o  
mov i n t O _ s e g m e n t , C S  
mov d i  , 4
mov s i , 0  ; t h e n  p r o p a g a t e
mov c x , 5 1 0  ; t r a p  v e c t o r  t o
r e p  movs a x , a x  ; a l l  2 5 6  i n t e r r u p t s
;BDOS o f f s e t  t o  p r o o e r  i n t e r r u p t
mov b d o s _ o f f s e t , b d o s _ o f s t
pop d s  ; r e s t o r e  t h e  DS r e g i s t e r

( a d d i t i o n a l  CP/M-86 i n i t i a l i z a t i o n )

ENDIF ; n o t  l o a d e r _ b i o s  

IF l o a d e r  b i o s

; T h i s  i s  a BIOS f o r  t h e  LOADER 
p u s h  ds  ; s a v e  d a t a  s e g m e n t
mov a x , 0
mov d s , a x  ; p o i n t  t o  s e g m e n t  z e r o
;BDOS i n t e r r u p t  o f f s e t  
mov b d o s _ o f f s e t , b d o s _ o f s t
mov b d o s _ s e g m e n t , C S  ; b d o s  i n t e r r u p t  s e g m e n t  
( a d d i t i o n a l  LOADER i n i t i a l i z a t i o n )  

po p  ds ; r e s t o r e  d a t a  se g m e n t

ENDIF ; l o a d e r _ b i o s  

mov b x , o f f s e t  s i g n o n
c a l l  pmsg ; p r i n t  s i g n o n  m e s s a g e
mov c l , 0  ; d e f a u l t  t o  d r  A: on c o l d s t
imp c c p  ?iump t o  c o l d  s t a r t  e n t r y  o

2 5 7 4  BBB126 
2 5 7 7  E 8 6 F 0 0  
257A B100  

v >  257C E981DA
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2 5 7 F E984DA WBOOT: jmp ccp +6 ; d i r e c t  e n t r y  t o  CCP al

IF
• _ ---r — - - - .....

n o t  l o a d e r _ b i o s
9

? 1
i n t  t r a p :

1

2 5 8 2 FA c l i ; b l o c k  i n t e r r u p t s
2 5 8 3 8CC8 mov ax f cs
2 5 8 5 8ED8 mov ds , a x ; g e t  o u r  d a t a  s e g m e n t
2 5 8 7 BBD126 mov b x , o f f s e t  i n t  t r p
258A E85C00 c a l l pmsq
258D F4 h i t

• I/ j
j h a r d s t o p

1

ENDIF ; n o t  l o a d e r _ b i o s

. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
• *
9

*

? *  CP/M C h a r a c t e r  I/O I n t e r f a c e  R o u t i n e s  *
• ★
f

*
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

CONST: ? c o n s o l e  s t a t u s
258 E r s 10 ; ( f i l l - i n )
2 5 9 8 C3 r e t

CONIN: ; c o n s o ! e  i n p u t
2 5 9 9 E8F2FF c a l l  CONST
259C 74FB j z  CONIN ;wa.i t  f o r  RDA
259E r s 10 ; ( f i l l - i n )
25A8 C3 r e t

CONOUT: ; c o n s o l e  o u t p u t
25A9 r s 1 0 ? ( f i l l - i n )
25B3 C3 r e t ; t h e n  r e t u r n  d a t a

LISTOUT: ; l i s t  d e v i c e  o u t p u t
25B4 r s 1 0 ; ( f i l l - i n )
25BE C3 r e t

LISTST: ; p o l l  l i s t  s t a t u s
25BF r s 10 ; ( f i l l - i n )
25C9 C3 r e t

PUNCH: ; w r i t e p u n c h  d e v i c e
25CA r s 10 ; ( f i l l - i n )
25D4 C3 r e t

READER:
25D5 r s 10 ; ( f i l l - i n )
25DF C3 r e t

GETIOBF:
25E0 A0A726 mov a l , IOBYTE
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' '5 E 3 C3 r e t

SETIOBF:
25E4 8 80 E A 7 2 6 mov IOBY'i’E f d ; s e t  i o b y t e
25E8 C3 r e t ; i o b v t e  n o t  i m o l e m e n te d

p m sg :
25E9 8 A0 7 mov a l , [BX] ; g e t  n e x t  c h a r  from m e s s a g e
25EB 84C0 t e s t  a l , a l
25ED 7 4 2 1 j z  r e t u r n ; i f  z e r o  r e t u r n
25EF 8AC8 mov CL,AL
2 5 F 1 E8B5FF c a l l  CONOUT ; p r i n t  i t
25F 4 43 i n c  BX
25F 5 EBF2 jmps pmsg ; n e x t  c h a r a c t e r  and l o o o

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

D i s k  I n p u t / O u t p u t  R o u t i n e s
/
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *t

SELDSK: ; s e l e c t d i s k  g i v e n  by r e g i s t e r  CL
0 0 0 2 n d i s k s  equ 2 ;number o f  d i s k s  (up t o  1 6 )

25F 7 8 80 E A 826 mov d i s k , c l ; s a v e  d i s k  number
25FB BB0000 mov b x , 0 0 0 0 h ; r e a d v  f o r  e r r o r  r e t u r n
25FE 8 0 F 9 0 2 cmp c l , n d i s k s ;n b eyond max d i s k s ?
2 6 0 1 730D j n b r e t u r n ; r e t u r n  i f  so
2 6 0 3 B 5 0 0 mov c h ,  0 ; d o u b l e ( n )
2 6 0 5 8BD9 mov bx , c x ;bx = n
2 6 0 7 B 1 04 mov c l , 4 ; r e a d y  f o r  * 1 6
2 6 0 9 D3E3 s h l b x , c l ;n = n * 16
260B B 9 F 1 26 mov c x , o f f s e t  d p b a s e
260E 03D9 add b x , c x ; d p b a s e  + n * 1 6
2 6 1 0 C3 r e t u r n :  r e t ;bx = .d p h

HOME: ;move s e l e c t e d d i s k  t o  home p o s i t i o n  (T r a c k
2 6 1 1 C 7 0 6 A 9 2 6 0 0 0 0 mov t r k  , 0 ; s e t  d i s k  i / o  t o  t r a c k  z e r o
2 6 1 7 r s 10 ; ( f i l l - i n )

^ 2 6 2 1 C3 r e t

SETTRK: ; s e t  t r a c k  a d d r e s s  g i v e n  by CX
2 6 2 2 8 90 E A 92 6 mov t r k , C X
2 6 2 6 C3 r e t

SETSEC: ; s e t  s e c t o r  number g i v e n  by cx
2 6 2 7 890EAB26 mov s e c t , C X
262B C3 r e t

SECTRAN: ; t r a n s l a t e  s e c t o r  CX u s i n g  t a b l e  a t  [DX]
262C 8BD9 mov b x , c x
262E 03DA add b x , d x ; a d d  s e c t o r  t o  t r a n  t a b l e  a
2 6 3 0 8A1F mov b l , [bxl ; g e t  l o g i c a l  s e c t o r
2 6 3 2 C3 r e t

SETDMA: ; s e t  DMA o f f s e t  g i v e n  by CX
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2 6 3 3  890EAD26 
2 6 3 7  C3

2 6 3 8  890EAF26 
263C C3

263D BBE826 
2 6 4 0  C3

mov d m a _ a d r , c x  
r e t

SETDMAB: ; s e t  DMA s e g m e n t  g i v e n  by CX 
mov dma_seg,CX 
r e t

/
GETSEGT: ; r e t u r n  a d d r e s s  o f  p h y s i c a l  memory t a b l e

mov b x , o f f s e t  s e g _ t a b l e  
r e t

*********************************************
★
* A l l  d i s k  I/O p a r a m e t e r s  a r e  s e t u p :

*
★

* DISK i s d i s k  number (SELDSK) ★
* TRK i s t r a c k  number (SETTRK) ★
* SECT i s s e c t o r  number (SETSEC) *
* DMA ADR i s t h e  DMA o f f s e t (SETDMA) *
* DMA SEG i s t h e  DMA s e g m e n t (SETDMAB) *

READ r e a d s  t h e  s e l e c t e d  s e c t o r  t o  t h e  DMA* 
a d d r e s s ,  and WRITE w r i t e s  t h e  d a t a  from * 
t h e  DMA a d d r e s s  t o  t h e  s e l e c t e d  s e c t o r  *
( r e t u r n  0 0  i f  s u c c e s s f u l ,  0 1  i f  perm e r r ) *

*
*********************************************

READ:
2 6 4 1 r s 50  ; f i l l - i n
2 6 7 3  C3 r e t

WRITE:
2 6 7 4 r s 50 ; ( f i l l - i n )
26A6 C3 r e t

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
. a./
• "fc
9
• *

D a t a  A r e a s
/
• 'k-k'k'k'kit'k'k'k'k'kic'k'k'k-kicie'k'kit'k'k'kitic'kic-k'k'k'k'k'k'k'k'k'k-kic'k'k

26A7 d a t a _ o f f s e t equ o f f s e t  $

d s e g
o r g d a t a  o f f s e t  ; c o n t i g u o u s

26A7 00 IOBYTE db 0
26A8 00 d i s k  db 0 ; d i s k  number
26A9 0 0 0 0 t r k  dw 0 ; t r a c k  number
2 6 AB 0 0 0 0 s e c t  dw 0 ; s e c t o r  number
2 6 AD 0 0 0 0 dma_adr dw 0 ;DMA o f f s e t  from DS
26AF 0 0 0 0 dma_seg dw 0 ; DMA B a se  Segm ent

IF
• M  M  «V M

l o a d e r _ b i o s
t

H
s i g n o n  db c r  , l f , c r , l f

*
*
*
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r
db 'C P /M - 8 6  V e r s i o n  1 . 0 " , c r , I f  , 0

;l 1
t

ENDIF ; l o a d e r _ b i o s

IF n o t  l o a d e r _ b i o s

26B1 0D0A0D0A

t
'> 1
s i g n o n db

i
c r  , l f , c r , l f

26B5 5 3 7 9 7 3 7 4 6 5 6 D db ' S y s t e m  G e n e r a t e d  0 0 / 0 0 / 0 0 '
2 0 4 7 6 5 6 E 6 5 7 2
6 1 7 4 6 5 6 4 2 0 3 0
3 0 2 F 3 0 3 0 2 F 3 0
30

26CE 0D0A00
;l

db c r  , I f , 0 |

/
ENDIF ? n o t  l o a d e r _ b i o s

^ > 2 6 D l  0D0A i n t  t r p db c r , l f
26D3 4 9 6 E 7 4 6 5 7 2 7 2 db ' I n t e r r u p t  T r a p  H a l t '

7 5 7 0 7 4 2 0 5 4 7 2
6 1 7 0 2 0  4 8 6 1 6 C
7 4

26E6 0D0A db c r  , I f

•f System Memory Segment  T a b l e

26E8 0 2 s e g t a b l e  db 2 ; 2 s e g m e n t s
26E9 C 602 dw t p a s e g  ; l s t  se g  s t a r t s  a f t e r  BIOS
26EB 3A05 dw t p a l e n  ;and e x t e n d s  t o  0 8 0 0 0
26ED 0 0 2 0 dw 2 0 0 0 h  ; s e c o n d  i s  2 0 0 0 0  -
26EF 0 0 2 0 dw 2 0 0 0 h  ; 3FFFF ( 1 2 8 k )

i n c l u d e  s i n g l e s . l i b  ; r e a d  i n  d i s k  d e f i n i t i o
•/ ^ DISKS 2

= 26F 1 d p b a s e equ $ ;B as e  o f  D isk  Param
v / 2 6 F 1  2 0 2 7 0 0 0 0 dpeO dw x l t 0 , 0 0 0 0 h  t r a n s l a t e  T a b l e

=26F5 0 0 0 0 0 0 0 0 dw 0 0 0 0 h , 0 0 0 0 h  ; S c r a t c h  A rea
=26F 9 3 A 2 7 1 1 2 7 dw d i r b u f , dpbO ; D i r  B u f f ,  Parm B i o
=26FD D927BA27 dw c s v 0 , a l v 6  ; C h e c k f A l l o c  V e c t o
= 2 7 0 1  2 0 2 7 0 0 0 0 d p e l dw x l t l , 0 0 0 0 h  jT’r a n s l a t e  T a b l e
= 2 7 0 5  0 0 0 0 0 0 0 0 dw 0 0 0 0 h f 0 0 0 0 h  ; S c r a t c h  A rea
= 2 7 0 9  3 A 2 7 1 1 2 7 dw d i r b u f , d p b l  ; D i r  B u f f ,  Parm B i o
=270D 0 8 2 8 E 9 2 7 dw c s v l , a l v l  ; C h e c k , A l l o c  V e c t o
s •/ DISKDEF 0 , 1 , 2 6 , 6 , 1 0 2 4 , 2 4 3 , 6 4 , 6 4 , 2
= 2 7 1 1 dpbO equ o f f s e t  $ ; D is k  P a r a m e t e r  B i o
= 2 7 1 1  1AOO dw 2 6  ; S e c t o r s  P e r  T r a c k
= 2 7 1 3  03 db 3 ;B l o c k  S h i f t
= 2 7 1 4  07 db 7 ; B lo c k  Mask
= 2 7 1 5  00 db 0 ; E x t n t  Mask
= 2 7 1 6  F 2 0 0 dw 2 4 2  ; D is k  S i z e  -  1
= 2 7 1 8  3F00 dw 6 3  ; D i r e c t o r y  Max
=271A CO db 1 9 2  ; A llo cO
=271B 00 db 0 ; A l l o c l
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= 271C 1 0 0 0  
= 2 7 l E  0 2 0 0  
= 2 7 2 0
= 2 7 2 0  0 1 0 7 0 D 1 3  
= 2 7 2 4  1 9 0 5 0 B 1 1  
= 2 7 2 8  1 7 0 3 0 9 0 F  
=272C 1 5 0 2 0 8 0 E  
= 2 7 3 0  1 4 1 A 0 6 0 C  
= 2 7 3 4  1 2 1 8 0 4 0 A  
= 2 7 3 8  1 0 1 6  
= 0 0 1 F
= 0010
= 2 7 1 1
= 0 0 1 F
= 0010 
= 2 7 2 0

= 273A
= 2 1 2h 
= 27BA 
= 27D9 
=27E9 
= 2 8 0 8  
= 2 8 1 8  
= 00 DE
= 2 8 1 8  00

2 8 1 9
2 8 5 9

2 8 5 9  
02C6 
0 53A 

2 8 5 9  0 0

0000
0000
0002

0 0 0 4

0 3 8 0
0 3 8 2

Guide Appendix F CBIOS Listing

dw 16 yCheck S i z e
dw 2 ; O f f s e t

x l t O equ o f f s e t $ y T r a n s l a t e  T a b l e
db 1 , 7 , 1 3 , 19
db 2 5 , 5 , 1 1 , 1 7
db 2 3 , 3 , 9 , 15
db 2 1 , 2 , 8 , 14
db 2 0 , 2 6 , 6 , 1 2
db 1 8 , 2 4 , 4 , 1 0
db 1 6 , 2 2

a ls O equ 3 1 y A l l o c a t i o n  V e c t o r
cssO equ 1 6 ;Check V e c t o r  S i z e
•
i DISKDEF 1 , 0
d p b l equ dpbO y F q u i v a l e n t  P a r a m e t
a l s l equ a ls O ;Same A l l o c a t i o n  Ve
c s s l equ cssO ;Same Checksum V e c t
x l t l equ x l  tO —  ;Same t r a n s l a t e  Tab
•
r
•

ENDEF
/
•/
•

U n i n i t i a l i z e d  S c r a t c h  Memory F o l l o w s :
§
b e g d a t equ o f f s e t $ ; S t a r t  o f  S c r a t c h  A
d i r b u f r s 1 2 8 / • D i r e c t o r y  B u f f e r
alvO r s a l s O ; A l l o c  V e c t o r
csvO r s c ssO ; Check V e c t o r
a l v l r s a l s l ; A l l o c  V e c t o r
c s v l r s c s s l ?Check V e c t o r
e n d d a t equ o f f s e t $ ;End o f  S c r a t c h  Are
d a t s i z equ o f f s e t $ - b e g d a t  ; S i z e  o f  S c r a t c h  Ar

db 0 ;Marks End o f  Modul

l o c _ s t k rw 3 2  y l o c a l s t a c k  f o r  i n i t i a l i z a t i o n
s t k b a s e equ o f f s e t  $

l a s t o f f  equ o f f s e t  $
t p a _ s e g  equ ( l a s t o f f + 0 4 0 0 h + 1 5 )  /  16
t p a _ l e n  equ 0 8 0 0 h  -  t p a _ s e g

<3b 0 y f i l l  l a s t  a d d r e s s  f o r  GENCMD

• , * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
7 * *
;* Dummy D a t a  S e c t i o n  *
; * *
. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

d s e g
o r g

i n t 0 _ o f f s e t  
i n t 0 _ s e g m e n t  
7 pad t o

rw

0 ; a b s o l u t e  low memory
0 ; ( i n t e r r u p t  v e c t o r s )
rw 1
rw 1

s y s t e m  c a l l  v e c t o r  
2* ( b d o s  i n t - 1 )

b d o s _ o f f s e t  rw 1
b d o s _ s e g m e n t  rw 1

END
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A

a l l o c a t e  a b s o l u t e  memory, 52 
a l l o c a t e  memory, 52

B

b a s e  p a g e ,  1 
BIOS, 1 2 1  
b o o t s t r a p ,  4 
b o o t s t r a p  ROM, 81

C

CBIOS, 5 6 ,  1 3 7  
c l o s e  f i l e ,  34 
CMD, 1 ,  15
c o l d  s t a r t  l o a d e r ,  1 ,  5 6 ,  8 1  
c o m p a ct  memory m o d e l ,  1 1 ,  21  
compute f i l e  s i z e ,  45 
CONIN, 61  
CONOUT, 61  
c o n s o l e  i n p u t ,  25 
c o n s o l e  o u t p u t ,  25 
c o n s o l e  s t a t u s ,  30 
CONST, 60
c o n v e r t i n g  8 0 8 0  p r o g r a m s  

t o  C P /M -8 6 , 3 ,  1 7 ,  23 
c r o s s  d e v e l o p m e n t  t o o l s ,  2

D

d a t a  b l o c k ,  7 2 ,  74 
d e l e t e  f i l e ,  36 
d i r e c t  BIOS c a l l ,  47  
d i r e c t  c o n s o l e  I / O ,  27 
d i r e c t o r y  e n t r i e s ,  7 1  
d i s k  d e f i n i t i o n  t a b l e s ,  4 ,  67 
d i s k  p a r a m e t e r  b l o c k ,  69  
d i s k  p a r a m e t e r  h e a d e r ,  6 2 ,

6 7 ,  75
DMA b u f f e r ,  1 4 ,  3 9 ,  6 0 ,  63  

F

f a r  c a l l ,  1 1 ,  14 
f i l e  c o n t r o l  b l o c k ,  30 
f i l e  s t r u c t u r e ,  1 
f r e e  a l l  memory,  53

G

GENCMD, 2 ,  3 ,  1 5 ,  17 
GENDEF, 2
g e t  a d d r e s s  o f  d i s k  o a r a m e t e r  

b l o c k ,  41
g e t  a l l o c a t i o n  v e c t o r  

a d d r e s s ,  39 
q e t  DMA b a s e ,  48 
g e t  I/O b v t e ,  27 
g e t  maximum memory, 51  
g e t  or  s e t  u s e r  c o d e ,  41  
g e t  r e a d / o n l y  v e c t o r ,  40 
GETIOB, 65 
GETSEGB, 65 
g r o u p ,  2

H

h e a d e r  r e c o r d ,  20 
HOME, 6 1

I

INIT , 4 ,  60 
I n t e l  u t i l i t i e s ,  17 
IOBYTE, 58

L

L-m odule  f o r m a t ,  19
LDCOPY, 2LIST, 61
l i s t  o u t p u t ,  26
LISTST, 63
LMCMD, 19
l o g i c a l  t o  p h y s i c a l  s e c t o r  

t r a n s l a t i o n ,  64

M

make f i l e ,  37 
memory, 14
memory r e g i o n  t a b l e ,  6 5  
memory r e g i o n s ,  1

O

o f f s e t ,  2 
o pen f i l e ,  33

145



Index
p

p r i n t  s t r i n g ,  28 
p r o g r a m  l o a d ,  53 
PUNCH, 61  
punch o u t p u t ,  26

R

random a c c e s s ,  95  
HEAD, 63 
r e a d  b u f f e r ,  29  
r e a d  random , 42 
r e a d  s e q u e n t i a l ,  36 
READER, 61 
r e a d e r  i n p u t ,  26 
r e l e a s e  a l l  memory, 53 
r e l e a s e  memory,  52 
r e n a m e ,  38
r e s e r v e d  s o f t w a r e  i n t e r r u p t ,  

1 ,  23
r e s e t  d i s k ,  33 
r e s e t  d r i v e ,  46 
r e t u r n  c u r r e n t  d i s k ,  38 
r e t u r n  l o g i n  v e c t o r ,  38  
r e t u r n  v e r s i o n  n u m b e r ,  30

S

s e a r c h  f o r  f i r s t ,  35 
s e a r c h  f o r  n e x t ,  35  
s e c t o r  b l o c k i n g  and 

d e b l o c k i n g ,  37  
SECTRAN, 64 
s e g m e n t ,  2
se g m en t  g r o u p  memory 

r e q u i r e m e n t s ,  17  
se g m e n t  r e g i s t e r  c h a n g e ,  11  
se g m en t  r e g i s t e r  

i n i t i a l i z a t i o n ,  8 
SELDSK, 62 
s e l e c t  d i s k ,  33  
s e t  DMA a d d r e s s ,  39  
s e t  DMA b a s e ,  48  
s e t  f i l e  a t t r i b u t e s ,  4 1  
s e t  I/O b y t e ,  28  
s e t  random r e c o r d ,  46  
SETDMA, 63  
SETDMAB, 64 
SETIOB, 65 
SETSEC, 62 
SETTRK, 62
s m a l l  memory m o d e l ,  1 0 ,  21  
s y s t e m  r e s e t ,  4 ,  7 ,  1 4 ,  25  

4 9 ,  6 0 ,  7 4

T

t r a n s l a t i o n  v e c t o r s ,  69 

U

u t i l i t y  p r o g r a m  o p e r a t i o n ,  2 

W

WBOOT, 60 
WRin^,  63
w r i t e  p r o t e c t  d i s k ,  39  
w r i t e  random , 44 
w r i t e  random w i t h  z e r o  

f i l l ,  47

8 0 8 0  memory m o d e l ,  3 ,  1 0 ,  
1 4 ,  21

146



SIRIUS 1
CP/M-86™

Programmer’s Guide



CP/M-86™
Programmer’s Guide

C o D y r i a h t  ©  1 9 8 1

D i g i t a l  R e s e a r c h  
P . O .  Box 5 7 9  

8 0 1  L i g h t h o u s e  Avenue 
P a c i f i c  G r o v e ,  CA 9 3 9 5 0  

( 4 0 8 )  6 4 9 - 3 8 9 6  
TWX 9 1 0  3 6 0  5 0 0 1

A l l  R i g h t s  R e s e r v e d



C O P Y R IG H T

C o p y r i g h t  ©  1 9 8 1  by D i q i t a l  R e s e a r c h .  A l l  r i g h t s  
r e s e r v e d .  No D a r t  o f  t h i s  p u b l i c a t i o n  may be 
r e p r o d u c e d ,  t r a n s m i t t e d ,  t r a n s c r i b e d ,  s t o r e d  i n  a 
r e t r i e v a l  s y s t e m ,  o r  t r a n s l a t e d  i n t o  a ny l a n g u a g e  o r  
c o m p u t e r  l a n g u a g e ,  i n  anv form o r  by any m e a n s ,  
e l e c t r o n i c ,  m e c h a n i c a l ,  m a g n e t i c ,  o p t i c a l ,  c h e m i c a l ,  
m a n u a l  o r  o t h e r w i s e ,  w i t h o u t  t h e  p r i o r  w r i t t e n  
p e r m i s s i o n  o f  D i g i t a l  R e s e a r c h ,  P o s t  O f f i c e  Box 5 7 9 ,  
P a c i f i c  G r o v e ,  C a l i f o r n i a ,  9 3 9 5 0 .

This m anual  i s ,  h o w e v e r ,  t u t o r i a l  i n  n a t u r e ,  t ^ u s , 
t h e  r e a d e r  i s  g r a n t e d  p e r m i s s i o n  t o  i n c l u d e  t h e  
example p r o g r a m s ,  e i t h e r  i n  w h o le  o r  i n  p a r t ,  i n  h i s  
own p r o g r a m s .

DISCLAIMER

D i g i t a l  R e s e a r c h  m a k e s  no r e p r e s e n t a t i o n s  o r  
w a r r a n t i e s  w i t h  r e s p e c t  t o  t h e  c o n t e n t s  h e r e o f  and 
s p e c  i f i c a l l v • d i s c l a i m s  any i m p l i e d  w a r r a n t i e s  o f  
m e r c h a n t a b i l i t y  o r  f i t n e s s  f o r  a n v  p a r t i c u l a r  
p u r p o s e .  F u r t h e r ,  D i g i t a l  R e s e a r c h  r e s e r v e s  t h e  
r i g h t  t o  r e v i s e  t h i s  p u b l i c a t i o n  and t o  make c h a n g e s  
f r o m  t i m e  t o  t i m e  i n  t h e  c o n t e n t  h e r e o f  w i t h o u t  
o b l i g a t i o n  o f  D i g i t a l  R e s e a r c h  t o  n o t i f y  any p e r s o n  
o f  su c h  r e v i s i o n  o r  c h a n g e s .

TRADEMARKS

CP/M i s  a r e g i s t e r e d  t r a d e m a r k  o f  D i g i t a l  R e s e a r c h .  
CP/M-86,  ASM-86, DDT-86 and TEX-80 a r e  t r a d e m a r k s  o f  
D i g i t a l  R e s e a r c h .

The "CP/M-86 
t h e  D i g i t a l  
p r i n t e d  i n

P r o g r a m m e r ' s  G u i d e "  was p r e p a r e d  us 
R e s e a r c h  T E X -8 0 ^ M t e x t  f o r m a t t e r  

t h e  U n i t e d  S t a t e s  o f  A m e r i c a
Com m ercial  P r e s s / M o n t e r e v .

i n g
and

by

* Second P r i n t i n g :  J u n e  1 9 8 1  *



Table of Contents

1 I n t r o d u c t i o n

1 . 1  A s s e m b l e r  O p e r a t i o n  ....................................................................................  I

1 . 2  O p t i o n a l  R u n - t i m e  P a r a m e t e r s  ..............................................................  3

1 . 3  A b o r t i n g  ASM-86 ...............................................................................................  4

2 E l e m e n t s  o f  ASM-86 A ssem b ly  L a n g u a g e

2 . 1  ASM-86 C h a r a c t e r  S e t  ....................................................................................  5

2 . 2  T o k en s  and S e p a r a t o r s  ............................................................................... 5

2 . 3  D e l i m i t e r s ................................................................................................................  5
2 . 4  C o n s t a n t s ................................................................................................................  7

2 . 4 . 1  N u m e ric  C o n s t a n t s  ......................................................................... 7
2 . 4 . 2  C h a r a c t e r  S t r i n q s  ......................................................................... 8

2 . 5  I d e n t i f i e r s  ..........................................................................................................  8

2 . 5 . 1  K e y w o r d s ...............................................................................................  9
2 . 5 . 2  Symbols and T h e i r  A t t r i b u t e s  ...........................................  10

2 . 6  O p e r a t o r s ................................................................................................................ 12

2 . 6 . 1  O p e r a t o r  E x am p les  ......................................................................... 15
2 . 6 . 2  O p e r a t o r  P r e c e d e n c e  ...................................................................  17

2 . 7  E x p r e s s i o n s ........................................................................   18
2 . 8  S t a t e m e n t s ................................................................................................................  19

3 A s s e m b l e r  D i r e c t i v e s

3 . 1  I n t r o d u c t i o n ..........................................................................................................  2 1

3 . 2  Segm ent  S t a r t  D i r e c t i v e s  .........................................................................  21

3 . 2 . 1  The CSEG D i r e c t i v e ..................................................................... 22
3 . 2 . 2  The DSEG D i r e c t i v e .....................................................................  22
3 . 2 . 3  The SSEG D i r e c t i v e ..................................................................... 22
3 . 2 . 4  The ESEG D i r e c t i v e ..................................................................... 23

3 . 3  The ORG D i r e c t i v e .................................    23

v



Table of Contents
(continued)

3 . 4  The IF and ENDIF D i r e c t i v e s ...............................................................  24

3 . 5  The INCLUDE D i r e c t i v e ................................................................................  24

3 . 6  The END D i r e c t i v e ...........................................................................................  24

3 . 7  The EOU D i r e c t i v e ...........................................................................................  25

3 . 8  The DB D i r e c t i v e .................................................................................................  25

3 . 9  The DW D i r e c t i v e .................................................................................................  26

3 . 1 0  The DD D i r e c t i v e ...............................................................................................  26

3 . 1 1  The RS D i r e c t i v e ...............................................................................................  27

3 . 1 2  The RB D i r e c t i v e ...............................................................................................  27

3 . 1 3  The RW D i r e c t i v e ...............................................................................................  27

3 . 1 4  The TITLE D i r e c t i v e ......................................................................................  27

3 . 1 5  The PAGESIZE D i r e c t i v e ...........................................................................  27

3 . 1 6  The PAGEWIDTH D i r e c t i v e ...........................................................................  28

3 . 1 7  The EJECT D i r e c t i v e ......................................................................................  28

3 . 1 8  The SIMFORM D i r e c t i v e .................................................................................  28

3 . 1 9  The NOLIST and LIST D i r e c t i v e s .....................................................  28

4 The ASM-86 I n s t r u c t i o n  S e t

4 . 1  I n t r o d u c t i o n ...........................................................................................................  29

4 . 2  D a t a  T r a n s f e r  I n s t r u c t i o n s .........................................................; . 3 1

4 . 3  A r i t h m e t i c ,  L o g i c a l ,  and S h i f t  I n s t r u c t i o n s  . . . .  33

4 . 4  S t r i n g  I n s t r u c t i o n s  ..................................................................................... 38

4 . 5  C o n t r o l  T r a n s f e r  I n s t r u c t i o n s  ......................................................... 39

4 . 6  P r o c e s s o r  C o n t r o l  I n s t r u c t i o n s  ......................................................... 43

v i



5 C ode-M acro  F a c i l i t i e s

5 . 1  I n t r o d u c t i o n  t o  C o d e - m a c r o s  .............................................................. 45

5 . 2  S p e c i f i e r s ................................................................................................................  47

5 . 3  M o d i f i e r s ................................................................................................................  47

5 . 4  Range S p e c i f i e r s  ...............................................................................................  48

5 . 5  C o d e -m a c r o  D i r e c t i v e s  ............................................................................... 49

5 . 5 . 1  S E G F I X .....................................................................................................  49
5 . 5 . 2  N O S E G F I X ...............................................................................................  49
5 . 5 . 3  MODRM........................................................................................................... 50
5 . 5 . 4  RELB and RELW....................................................................................  51
5 . 5 . 5  DB, DW and D D ....................................................................................  51
5 . 5 . 6  D B I T ........................................................................................................... 52

6 DDT-86

6 . 1  DDT-86 O p e r a t i o n  .............................................................................................. 55

6 . 1 . 1  I n v o k i n g  D D T - 8 6 ............................................................................... 55
6 . 1 . 2  DDT-86 Command C o n v e n t i o n s  ..........................................  55
6 . 1 . 3  S p e c i f y i n g  a 2 0 - B i t  A d d r e s s  .......................................  56
6 . 1 . 4  T e r m i n a t i n g  DDT-86 ...................................................................  57
6 . 1 . 5  DDT-86 O p e r a t i o n  w i t h  I n t e r r u p t s  ............................  57

6 . 2  DDT-86 C o m m a n d s ..............................................................................................  57

6 . 2 . 1  The A (A s s e m b le )  C o m m a n d ................................................... 57
6 . 2 . 2  The D ( D i s p l a y )  C o m m a n d ........................................................  58
6 . 2 . 3  The E (Load f o r  E x e c u t i o n )  C o m m a n d ...........................  58
6 . 2 . 4  The F ( F i l l )  C o m m a n d ..............................................................  59
6 . 2 . 5  The G (Go) C o m m a n d ...................................................................  59
6 . 2 . 6  The H ( H e x a d e c i m a l  Math) C o m m a n d ............................  6 0
6 . 2 . 7  The I  ( I n p u t  Command T a i l )  Command ........................... 60
6 . 2 . 8  The L ( L i s t )  C o m m a n d ..............................................................  6 1
6 . 2 . 9  The M (Move) C o m m a n d ..............................................................  6 1
6 . 2 . 1 0  The R (R ead) C o m m a n d ...............................................................  62
6 . 2 . 1 1  The S ( S e t )  C o m m a n d ...............................................................  6 2
6 . 2 . 1 2  The T ( T r a c e )  C o m m a n d .......................................................... 63
6 . 2 . 1 3  The U ( U n t r a c e )  C o m m a n d ....................................................  64
6 . 2 . 1 4  The V (V a l u e )  C o m m a n d ........................................................  64
6 . 2 . 1 5  The W ( W r i t e )  C o m m a n d ........................................................  64
6 . 2 . 1 6  The X (Examine CPU S t a t e )  Command ....................... 6 5

Table of Contents
(continued)



Table of Contents
(continued)

6 . 3  D e f a u l t  Seqm ent  V a l u e s  ............................................................................... 66

6 . 4  A ssem b ly  L an q u a q e  S y n t a x  f o r  A and L Commands . . .  69

6 . 5  DDT-86 Sam ple  P ro q ra m  ............................................................................... 7 0

vli i



Foreword

T h i s  manual a s s i s t s  t h e  8 0 8 6  a s s e m b l y  l a n q u a a e  pro ara m m e r  
w o r k i n g  in  a CP./M-86T!̂  e n v i r o n m e n t .  I t  a ssu m e s  vou a r e  f a m i l i a r  
w i th  t h e  CP/M-86 i m p l e m e n t a t i o n  o f  CP/m and have  r e a d  t h e  f o l l o w i n g  
D i g i t a l  R e s e a r c h  p u b l i c a t i o n s :

•  CP/M 2 D o c u m e n t a t i o n

•  CP/M-86 Sy stem  Guide

The r e a d e r  s h o u l d  a l s o  be f a m i l i a r  w i t h  t h e  8 0 8 6  a s s e m b l y  
l a n g u a g e  i n s t r u c t i o n  s e t ,  w hich  i s  d e f i n e d  in  I n t e l ' s  8 0 8 6  F a m il y  
U s e r ' s  M a n u a l .

The f i r s t  s e c t i o n  o f t h i s  m anual  d i s c u s s e s  ASM-86 o p e r a t i o n  
a nd t h e  v a r i o , u s  a s s e m b l e r  o p t i o n s  w h ic h  mav be e n a b l e d  when 
i n v o k in g  ASM-86* ' .  One o f  t h e s e  o p t i o n s  c o n t r o l s  t h e  h e x a d e c i m a l  
o u t p u t  f o r m a t .  ASM-86 c a n  g e n e r a t e  3 0 8 6  m a c h i n e  c o d e  in  e i t h e r  
I n t e l  or  D i g i t a l  R e s e a r c h  f o r m a t .  'T’h e s e  two h e x a d e c i m a l  f o r m a t s  
a r e  d e s c r i b e d ,  i n  A p p e n d ix  A.

The s e c o n d  s e c t i o n  d i s c u s s e s  t h e  e l e m e n t s  o f  ASM-86 a s s e m b l y  
l a n g u a g e .  I t  d e f i n e s  A S M -86 's  c h a r a c t e r  s e t ,  c o n s t a n t s ,  v a r i a b l e s ,  
i d e n t i f i e r s ,  o p e r a t o r s ,  e x p r e s s i o n s ,  and s t a t e m e n t s .

The t h i r d  s e c t i o n  d i s c u s s e s  t h e  ASM-86 d i r e c t i v e s ,  w h ic h  
p e r f o r m  h o u s e k e e p i n g  f u n c t i o n s  such a s  r e q u e s t i n a  c o n d i t i o n a l  
a s s e m b l y ,  i n c l u d i n g  m u l t i p l e  s o u r c e  f i l e s ,  and c o n t r o l l i n g  t h e  
f o r m a t  o f  t h e  l i s t i n g  p r i n t o u t .

The f o u r t h  s e c t i o n  i s  a c o n c i s e  su m m ary  o f  t h e  8 0 8 6  
i n s t r u c t i o n  mnemonics a c c e p t e d  bv ASM-86. The mnemonics  u s e d  bv 
t h e  D i g i t a l  R e s e a r c h  a s s e m b l e r  a r e  t h e  same a s  t h o s e  u s e d  by t h e  
I n t e l  a s s e m b l e r  e x c e p t  f o r  f o u r  i n s t r u c t i o n s :  t h e  i n t r a - s e g m e n t  
s h o r t  jump, and i n t e r - s e g m e n t  iu m p ,  r e t u r n  and c a l l  i n s t r u c t i o n s .  
T h es e  d i f f e r e n c e s  a r e  su m m a riz e d  i n  A p p e n d ix  B.

The f  i  
f a c i l i t i e s  
mod i f  i e r s  
d i s c u s s e d .

f t h  s e c t i o n  o f  t h i s  m anual  d i s c u s s e s  t h e  c o d e - m a c r o  
o f  ASM-86. C o d e -m a c r o  d e f i n i t i o n ,  s p e c i f i e r s  and 

a s  w e l l  a s  n i n e  s p e c i a l  c o d e - m a c r o  d i r e c t i v e s  a r e  
T h i s  i n f o r m a t i o n  i s  a l s o  su m m arize d  i n  A p p en d ix  H.

The s i x t h  s e c t i o n  d i s c u s s e s  t h e  DDT-86 p r o g r a m ,  w h ic h  a l l o w s  
t h e  u s e r  t o  t e s t  and debug p r o g r a m s  i n t e r a c t i v e l y  i n  t h e  CP/M-86 
e n v i . o r n m e n t . S e c t i o n  6 i n c l u d e s  a DDT-86 s a m p le  d e b u g g i n g  s e s s i o n .



Section 1 
Introduction

1.1 Assembler Operation

ASM-86 p r o c e s s e s  an 8 0 8 6  a s s e m b l y  l a n g u a g e  s o u r c e  f i l e  i n  t h r e e  
o a s s e s  and p r o d u c e s  t h r e e  o u t p u t  f i l e s , i n c l u d i n g  an 8 0 8 6  m a c h i n e  
l a n g u a g e  f i l e  i n  h e x a d e c i m a l  f o r m a t .  T h i s  o b j e c t  f i l e  may be i n  
e i t h e r  I n t e l  o r  D i g i t a l  R e s e a r c h  hex f o r m a t ,  w h i c h  a r e  d e s c r i b e d  i n  
A p p e n d ix  C. ASM-86 i s  s h i p p e d  i n  two f o r m s :  an 8 0 8 6  c r o s s -
a s s e m b l e r  d e s i g n e d  t o  r u n  u n d e r  CP/M on an I n t e l  8 0 8 0  o r  Z i l o g  Z—8 0  
b a sed  s y s t e m ,  and a 8 0 8 6  a s s e m b l e r  d e s i g n e d  t o  r u n  u n d e r  CP/M-86 on 
an I n t e l  8 0 8 6  o r  8 0 8 8  b a s e d  s y s t e m .  ASM-86 t y p i c a l l y  p r o d u c e s  t h r e e  
o u t p u t  f i l e s  from o ne  i n p u t  f i l e  a s  shown i n  F i g u r e  1 - 1 ,  b e l o w .

SOURCE

< f i l e  name>.A 86 
< f i l e  name>.LST 
< f i l e  name>.H 86

< f i ! e  name>.SYM

c o n t a i n s  s o u r c e
c o n t a i n s  l i s t i n g
c o n t a i n s  a s s e m b l e d  p r o g r a m  i n
h e x a d e c i m a l  f o r m a t
c o n t a i n s  a l l  u s e r - d e f i n e d  s y m b o ls

Figure 1-1. ASM—86 Source and Object F i le s

F i g u r e  1 - 1  a l s o  l i s t s  ASM-86 f i l e n a m e  e x t e n s i o n s .  ASM-86 
a c c e p t s  a s o u r c e  f i l e  w i t h  anv t h r e e  l e t t e r  e x t e n s i o n ,  b u t  i f  t h e  
e x t e n s i o n  i s  o m i t t e d  from t h e  i n v o k i n g  command, i t  l o o k s  f o r  t h e  
s p e c i f i e d  f i l e n a m e  w i t h  t h e  e x t e n s i o n  .A 8 6  i n  t h e  d i r e c t o r y .  I f  no 
f i l e n a m e  i s  s p e c i f i e d  and t h e  f i l e  h a s  an e x t e n s i o n  o t h e r  t h a n  .A 86  
o r  h a s  no e x t e n s i o n  a t  a l l ,  ASM-86 r e t u r n s  an e r r o r  m e s s a g e .

The o t h e r  e x t e n s i o n s  l i s t e d  in  F i g u r e  1 - 1  i d e n t i f y  ASM-86 
o u t p u t  f i l e s .  The .LST f i l e  c o n t a i n s  t h e  a s s e m b l y  l a n g u a g e  l . i s t i n a  
w i t h  a n v  e r r o r  m e s s a g e s .  The .H 86  f i l e  c o n t a i n s  t h e  m a c h in e  
l a n g u a g e  p r o g r a m  i n  e i t h e r  D i g i t a l  R e s e a r c h  o r  I n t e l  h e x a d e c i m a l  
f o r m a t .  The .SYM f i l e  l i s t s  any u s e r - d e f i n e d  s y m b o l s .

All Information Presented Here is Proprietary to Digital Research
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C P / M S 6 P r o g r a m m e r ' s  G u i d e 1 . 1  A s s e m b l e r  O p e r a t i o n

I n v o k e  ASM-86 by e n t e r i n q  a command o f  t h e  f o l l o w i n g  form :

ASM86 <s o u r c e  f i l e n a m e >  [ $ c o p t i o n a l  p a r a m e t e r s >  1

S e c t i o n  1 . 2  e x p l a i n s  t h e  o p t i o n a l  p a r a m e t e r s .  S p e c i f y  t h e  s o u r c e  
f i l e  i n  t h e  f o l l o w i n g  form:

[<optional drive>:1<filename>[.<ootional extension^
w h e re

< o p t i o n a l  d r i v e > i s  a v a l i d  d r i v e  l e t t e r  s p e c i f v i n q  
t h e  s o u r c e  f i l e ' s  l o c a t i o n .  Not 
n e e d e d  i f  s o u r c e  i s  on c u r r e n t  
d r i v e  .

< f i l e n a m e > i s  a v a l i d  CP/M f i l e n a m e  o f  1 t o  8 
c h a r a c t e r s .

c o p t i o n a l  e x t e n s i o n >  i s  a v a l i d  f i l e  e x t e n s i o n  o f  1 t o  3
c h a r a c t e r s ,  u s u a l l y  , A 8 6 .

Some e x a m p le s  o f  v a l i d  ASM—86 commands a r e :  

A>ASM86 B:BIOS88

A>ASM86 BIOS88. ASM $FI AA HB PB SB 

A>ASM86 D:TEST

Once i n v o k e d ,  ASM-86 r e s p o n d s  w i t h  t h e  m e s s a q e :

CP/M 8 0 8 6  ASSEMBLER VER x . x

w h e r e  x . x  i s  t h e  ASM—8 6  v e r s i o n  n u m b e r .  ASM—86 t h e n  a t t e m p t s  t o  
open t h e  s o u r c e  f i l e .  I f  t h e  f i l e  d o e s  n o t  e x i s t  on t h e  d e s i g n a t e d  
d r i v e ,  o r  d o e s  n o t  h a v e  t h e  c o r r e c t  e x t e n s i o n  a s  d e s c r i b e d  a b o v e ,  
t h e  a s s e m b l e r  d i s p l a y s  t h e  m e s s a q e :

NO FILE

I f  an i n v a l i d  p a r a m e t e r  i s  g i v e n  i n  t h e  o p t i o n a l  p a r a m e t e r  " l i s t ,  
ASM-86 d i s p l a y s  t h e  m e s s a g e :

PARAMETER ERROR

A f t e r  o p e n i n g  t h e  s o u r c e ,  t h e  a s s e m b l e r  c r e a t e s  t h e  o u t p u t  
f i l e s .  U s u a l l y  t h e s e  a r e  p l a c e d  on t h e  c u r r e n t  d i s k  d r i v e ,  b u t  t h e y  
may b e  r e d i r e c t e d  b y  o p t i o n a l  p a r a m e t e r s ,  o r  by a d r i v e  
s p e c i f i c a t i o n  i n  t h e  t h e  s o u r c e  f i l e  name. I n  t h e  l a t t e r  c a s e ,  ASM- 
8 6  d i r e c t s  t h e  o u t p u t  f i l e s  t o  t h e  d r i v e  s p e c i f i e d  i n  t h e  s o u r c e  
f i l e  name.
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D u r in g  a s s e m b l y ,  ASM-86 a b o r t s  i f  an e r r o r  c o n d i t i o n  s u c h  a s  
d i s k  f u l l  o r  symbol t a b l e  o v e r f l o w  i s  d e t e c t e d .  When ASM-86 d e t e c t s  
an e r r o r  in t h e  s o u r c e  f i l e ,  i t  p l a c e s  an e r r o r  m e s s a q e  l i n e  i n  t h e  
l i s t i n g  f i l e  i n  f r o n t  o f  t h e  l i n e  c o n t a i n i n g  t h e  e r r o r .  Each e r r o r  
m e s s a g e  h a s  a number and g i v e s  a b r i e f  e x p l a n a t i o n  o f  t h e  e r r o r .  
A p p e n d i x  H l i s t s  ASM-86 e r r o r  m e s s a q e s .  When t h e  a s s e m b l v  i s  
c o m p l e t e ,  ASM-86 d i s p l a y s  t h e  m e s s a g e :

END OF ASSEMBLY. NUMBER OF ERRORS: n

1.2 Optional Run-time Parameters

The d o l l a r - s i g n  c h a r a c t e r ,  $ ,  f l a g s  an o p t i o n a l  s t r i n g  o f  r u n ­
t i m e  p a r a m e t e r s .  A p a r a m e t e r  i s  a s i n g l e  l e t t e r  f o l l o w e d  by a 
s i n g l e  l e t t e r  d e v i c e  name s p e c i f i c a t i o n .  The p a r a m e t e r s  a r e  shown 
i n  T a b l e  1 - 1 ,  b e l o w .

Table 1-1. Run-time Parameter Summary

P a r a m e t e r To S p e c i f y V a l i d  A rg u m en ts

A s o u r c e  f i l e  d e v i c e A, B, C, . . .  P
H hex o u t p u t  f i l e  d e v i c e A . . .  P , X, Y, Z
p l i s t  f i l e  d e v i c e A . . .  P ,  X, Y, Z
s symbol  f i l e  d e v i c e A . . .  P , X, V, Z
F f o r m a t  o f  h ex  o u t p u t  f i l e I ,  D

A ll  p a r a m e t e r s  a r e  o p t i o n a l ,  and c a n  be e n t e r e d  i n  t h e  command 
l i n e  i n  any o r d e r .  E n t e r  t h e  d o l l a r  s i g n  o n l y  o n c e  a t  t h e  b e g i n n i n g  
o f  t h e  p a r a m e t e r  s t r i n g .  S p a c e s  may s e p a r a t e  p a r a m e t e r s ,  b u t  a r e  
n o t  r e q u i r e d .  No s p a c e  i s  p e r m i t t e d ,  h o w e v e r ,  b e t w e e n  a p a r a m e t e r  
and i t s  d e v i c e  name.

A d e v i c e  name m ust  f o l l o w  p a r a m e t e r s  A, H, P and S .  The 
d e v i c e s  a r e  l a b e l e d :

A, B, C, . . .  P o r  X, Y, Z

D e v i c e  names A t h r o u g h  P r e s p e c t i v e l y  s p e c i f y  d i s k  d r i v e s  A 
t h r o u g h  P. X s p e c i f i e s  t h e  u s e r  c o n s o l e  (CON:),  Y s p e c i f i e s  t h e  
l i n e  p r i n t e r  ( L S T : ) ,  and Z s u p p r e s s e s  o u t p u t  (N UL:) .

I f  o u t p u t  i s  d i r e c t e d  t o  t h e  c o n s o l e ,  i t  mav be t e m p o r a r i l y  
s t o p p e d  a t  any t i m e  by t y p i n g  a c o n t r o l - S .  R e s t a r t  t h e  o u t p u t  by 
t y p i n g  a s e c o n d  c o n t r o l - S  o r  any o t h e r  c h a r a c t e r .

A l l  I n f o r m a t i o n  P r e s e n t e d  H e r e  i s  P r o p r i e t a r y  t o  D i g i t a l  R e s e a r c h

3



C P / M - 8 6  P r o g r a m m e r ' s  G u i d e 1 . 2  O p t i o n a l  R u n - t i m e  P a r a m e t e r s

The F P a r a m e te r  r e q u i r e s  e i t h e r  an I o r  a D a r g u m e n t .  When I 
i s  s p e c i f i e d ,  ASM-86 p r o d u c e s  an o b i e c t  f i l e  i n  I n t e l  h ex  f o r m a t .  A 
D a r g u m e n t  r e q u e s t s  D i g i t a l  R e s e a r c h  h ex f o r m a t .  A p p e n d ix  C 
d i s c u s s e s  t h e s e  f o r m a t s  i n  d e t a i l .  I f  t h e  F p a r a m e t e r  i s  n o t  
e n t e r e d  i n  t h e  command l i n e ,  ASM-86 p r o d u c e s  D i g i t a l  R e s e a r c h  hex 
f o r m a t .

Table 1-2. Run-time Parameter Examples

Command L i n e R e s u l t

ASM 8 6 1 0 A s se m b le  f i l e  I O . A 8 6 ,  p r o d u c e  1 0 . HEX, 
IO.LST and IO.SYM, a l l  on t h e  d e f a u l t  
d r i v e .

ASM86 1 0 . ASM $ AD SZ A s se m b le  f i l e  1 0 . ASM on d e v i c e  D, . 
p r o d u c e  IO.LST and 1 0 . HEX on t h e  d e f a u l t  
d e v i c e ,  s u p p r e s s  symbol  f i l e .

ASM86 1 0  $ PY SX A s se m b le  f i l e  I 0 . A 8 6 ,  p r o d u c e  1 0 . HEX, 
r o u t e  l i s t i n g  d i r e c t l y  t o  p r i n t e r ,  
o u t p u t  sy m b o ls  on c o n s o l e .

ASM86 1 0  $ FD P r o d u c e  D i g i t a l  R e s e a r c h  hex f o r m a t .

ASM86 1 0  $ FI P r o d u c e  I n t e l  h e x  f o r m a t .

1.3 Aborting ASM-86

You may a b o r t  ASM-86 e x e c u t i o n  a t  any t i m e  by h i t t i n g  anv key 
o n  t h e  c o n s o l e  k e y b o a r d .  When a k ey  i s  P r e s s e d ,  ASM-86 r e s p o n d s  
w i t h  t h e  q u e s t i o n :

USER BREAK. OK(Y/N)?

A Y r e s p o n s e  a b o r t s  t h e  a s s e m b l y  and r e t u r n s  t o  t h e  o p e r a t i n g  
s y s t e m .  An N r e s p o n s e  c o n t i n u e s  t h e  a s s e m b l y .
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Section 2
Elements of ASM-86 Assembly Language

2.1 ASM-86 Character Set

ASM-86 r e c o g n i z e s  a s u b s e t  o f  t h e  ASCII c h a r a c t e r  s e t .  The 
v a l i d  c h a r a c t e r s  a r e  t h e  a l p h a n u m e r i c s  , s p e c i a l  c h a r a c t e r s ,  and n o n ­
p r i n t i n g  c h a r a c t e r s  shown b e lo w :

A B C D E F G H I J K L M N O P O R S T T J V W X Y 7 ,
a b c d e f g h i j k l m n o p q r s t u v w x v z
0 1 2 3 4 5 6 7 8 9  

+ - * / = ( )

s p a c e ,  t a b ,  c a r r i a g e - r e t u r n ,  and l i n e - f e e d

L o w e r - c a s e  l e t t e r s  a r e  t r e a t e d  a s  u p p e r - c a s e  e x c e p t  w i t h i n  
s t r i n g s .  O n ly  a l p h a n u m e r i c s , s p e c i a l  c h a r a c t e r s ,  and s p a c e s  may 
a p p e a r  w i t h i n  a s t r i n g .

2.2 Tokens and Separators

A t o k e n  i s  t h e  s m a l l e s t  m e a n i n g f u l  u n i t  o f  an ASM-86 s o u r c e  
p r o g r a m ,  much as a word i s  t h e  s m a l l e s t  m e a n i n g f u l  u n i t  o f  an 
E n g l i s h  c o m p o s i t i o n .  A d j a c e n t  t o k e n s  a r e  commonly s e p a r a t e d  by a 
b l a n k  c h a r a c t e r  o r  s p a c e .  Any s e q u e n c e  o f  s o a c e s  may a p p e a r  
w h e r e v e r  a s i n g l e  s p a c e  i s  a l l o w e d .  ASM-86 r e c o g n i z e s  h o r i z o n t a l  
t a b s  a s  s e p a r a t o r s  and i n t e r p r e t s  them a s  s p a c e s .  T ab s  a r e  e x p a n d e d  
t o  s p a c e s  i n  t h e  l i s t  f i l e .  The t a b  s t o p s  a r e  a t  e a c h  e i g h t h  
c o l u m n .

2.3 Delim iters

D e l i m i t e r s  mark t h e  end o f  a t o k e n  and add s p e c i a l  m ea n in q  t o  
t h e  i n s t r u c t i o n ,  a s  o p p o s e d  t o  s e p a r a t o r s ,  w h ic h  m e r e l y  mark t h e  end 
o f  a t o k e n .  When a d e l i m i t e r  i s  p r e s e n t ,  s e p a r a t o r s  n e e d  n o t  be 
u s e d .  How ever ,  s e p a r a t o r s  a f t e r  d e l i m i t e r s  c a n  make y o u r  p r o q r a m  
e a s i e r  t o  r e a d .

T a b l e  2 - 1  d e s c r i b e s  ASM-86 s e p a r a t o r s  and d e l i m i t e r s .  Some 
d e l i m i t e r s  a r e  a l s o  o p e r a t o r s  and a r e  e x p l a i n e d  i n  q r e a t e r  d e t a i l  i n  
S e c t i o n  2 . 6 .
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Table 2-1. Separators and Delimiters

C h a r a c t e r Name Use

20H s p a c e s e p a r a t o r

09H t a b s e p a r a t o r , l e g a l  i n  s o u r c e  
f i l e s ,  e x p a n d e d  i n  l i s t  f i l e s

CR c a r r i a g e  r e t u r n t e r m i n a t e  s o u r c e  l i n e s

• LF l i n e  f e e d l e g a l  a f t e r  CR; i f  w i t h i n  
s o u r c e  l i n e s ,  i t  i s  i n t e r ­
p r e t e d  a s  a s p a c e

•
9 s e m i c o l o n s t a r t  comment f i e l d
m• c o l o n i d e n t i f i e s  a l a b e l ,  

u s e d  i n  s e g m e n t  o v e r r i d e  
s p e c i f i c a t i o n

• p e r i o d f o r m s  v a r i a b l e s  from 
num bers

$ d o l l a r  s i g n n o t a t i o n  f o r  " p r e s e n t  v a l u e  
o f  l o c a t i o n  p o i n t e r "

+ p l u s a r i t h m e t i c  o p e r a t o r  f o r  
a d d i t i o n

— m in u s a r i t h m e t i c  o p e r a t o r  f o r  
s u b t r a c t i o n

* a s t e r i s k a r i t h m e t i c  o p e r a t o r  f o r  
m u l t i p l i c a t i o n

/ s l a s h a r i t h m e t i c  o p e r a t o r  f o r  
d i v i s i o n

§ a t - s i g n l e g a l  i n  i d e n t i f i e r s

— u n d e r s c o r e l e g a l  b u t  i g n o r e d  i n  
i d e n t i f i e r s

j e x c l a m a t i o n
p o i n t

l o g i c a l l y  t e r m i n a t e s  a 
s t a t e m e n t ,  t h u s  a l l o w i n g  
m u l t i p l e  s t a t e m e n t s  on a 
s i n g l e  s o u r c e  l i n e

*

a p o s t r o p h e d e l i m i t s  s t r i n g  c o n s t a n t s
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2.4 Constants

A c o n s t a n t  i s  a v a l u e  known a t  a s s e m b l y  t i m e  t h a t  d o e s  n o t  
c h a n g e  w h i l e  t h e  a s s e m b l e d  p r o g r a m  i s  e x e c u t e d .  A c o n s t a n t  may be 
e i t h e r  an i n t e g e r  or a c h a r a c t e r  s t r i n q .

2.4.1 Numeric Constants

A n u m e r i c  c o n s t a n t  i s  a 1 6 - b i t  v a l u e  i n  one o f  s e v e r a l  b a s e s .  
The b a s e ,  c a l l e d  t h e  r a d i x  o f  t h e  c o n s t a n t ,  i s  d e n o t e d  by a t r a i l i n g  
r a d i x  i n d i c a t o r .  The r a d i x  i n d i c a t o r s  a r e  shown i n  T a b l e  2 - 2 ,  
b e l o w .

Table 2-2. Radix Ind icators fo r Constants

I n d i c a t o r C o n s t a n t  Type B ase

B b i n a r y 2
0 o c t a l 8
Q o c t a l 8
n dec  i m a l 10
H h e x a d e c i m a l 16

AS4-86 a s s u m e s  t h a t  any n u m e r i c  c o n s t a n t  n o t  t e r m i n a t e d  w i t h  a 
r a d i x  i n d i c a t o r  i s  a d e c i m a l  c o n s t a n t .  R a d ix  i n d i c a t o r s  may be 
u p p e r  o r  lo w er  c a s e .

A c o n s t a n t  i s  t h u s  a s e q u e n c e  o f  d i g i t s  f o l l o w e d  by an o p t i o n a l  
r a d i x  i n d i c a t o r ,  w h e re  t h e  d i g i t s  a r e  i n  t h e  r a n g e  f o r  t h e  r a d i x .  
B i n a r y  c o n s t a n t s  m u st  be composed o f  0 ' s  and l ' s .  O c t a l  d i g i t s  
r a n g e  from 0 t o  7;  d e c i m a l  d i g i t s  r a n g e  from 0 t o  9 .  H e x a d e c i m a l  
c o n s t a n t s  c o n t a i n  d e c i m a l  d i g i t s  a s  w e l l  a s  t h e  h e x a d e c i m a l  d i g i t s  A 
(1 0 D ) ,  B (1.1D) , C (12D) , D ( 1 3 D ) ,  E ( 1 4 D ) ,  and F ( 1 5 D ) .  N ote  t h a t  
t h e  l e a d i n g  c h a r a c t e r  o f  a h e x a d e c i m a l  c o n s t a n t  m u st  be e i t h e r  a 
l e a d i n q  0 o r  a d e c i m a l  d i g i t  so t h a t  ASM-86 c a n n o t  c o n f u s e  a hex 
c o n s t a n t  w i t h  an i d e n t i f i e r .  The f o l l o w i n g  a r e  v a l i d  n u m e r i c  
c o n s t a n t s :

1 2 3 4
1 23 4H
3 3 7 7 0

1234D
OFFEH
0FE3H

1 10 0B
3 3 7 7 0
1 2 3 4 d

1 1 1 1 0 0 0 0 1 1 1 1 0 0 0 0 B
1 3 7 7 2 0
O f f f f h
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2.4.2 Character Strings

A S M - 8 6  t r e a t s  an  ASC II  c h a r a c t e r  s t r i n g  d e l i m i t e d  by 
a p o s t r o p h e s  a s  a s t r i n g  c o n s t a n t .  A l l  i n s t r u c t i o n s  a c c e D t  o n l y  o n e -  
o r  t w o - c h a r a c t e r  s t r i n g  c o n s t a n t s  a s  v a l i d  a r g u m e n t s .  I n s t r u c t i o n s  
t r e a t  a o n e - c h a r a c t e r  s t r i n g  as  an 8 - b i t  n u m b e r .  A t w o - c h a r a c t e r  
s t r i n g  i s  t r e a t e d  as  a 1 6 - b i t  number w i t h  t h e  v a l u e  o f  t h e  s e c o n d  
c h a r a c t e r  i n  t h e  l o w - o r d e r  b y t e ,  and t h e  v a l u e  - o f  t h e  f i r s t  
c h a r a c t e r  i n  t h e  h i g h - o r d e r  b y t e .

The n u m e r i c  v a l u e  o f  a c h a r a c t e r  i s  i t s  ASCII c o d e .  ASM-86 
does n o t  t r a n s l a t e  c a s e  w i t h i n  c h a r a c t e r  s t r i n g s ,  s o  b o t h  u p p e r -  and 
l o w e r - c a s e  l e t t e r s  c a n  be u s e d .  N o te  t h a t  o n l y  a l p h a n u m e r i c s , 
s p e c i a l  c h a r a c t e r s ,  and s p a c e s  a r e  a l l o w e d  w i t h i n  s t r i n g s .

A DB a s s e m b l e r  d i r e c t i v e  i s  t h e  o n l y  ASM-86 s t a t e m e n t  t h a t  may 
c o n t a i n  s t r i n g s  l o n g e r  t h a n  two c h a r a c t e r s .  The s t r i n g  may n o t  
e x c e e d  2 5 5  b y t e s .  I n c l u d e  any a p o s t r o p h e  t o  be p r i n t e d  w i t h i n  t h e  
s t r i n g  by e n t e r i n g  i t  t w i c e .  ASM-86 i n t e r p r e t s  t h e  two k e y s t r o k e s  

a s  a s i n g l e  a p o s t r o p h e .  T a b l e  2 - 3  shows v a l i d  s t r i n g s  and how 
t h e y  a p p e a r  a f t e r  p r o c e s s i n g :

Table 2-3. String Constant Examples

' a '  -> a
' A b " C d '  -> Ab'Cd 

' I  l i k e  CP/M' -> I l i k e  CP/M

'ONLY UPPER CASE' -> ONLY U P P E R  CASE 
' o n l y  lo w e r  c a s e '  ->  o n l y  l o w e r  c a s e

2.5 Id e n t if ie r s

I d e n t i f i e r s  a r e  c h a r a c t e r  s e q u e n c e s  w h ic h  h a v e  a s p e c i a l ,  
s y m b o l i c  m e a n in g  t o  t h e  a s s e m b l e r .  A l l  i d e n t i f i e r s  i n  ASM-86 m u st  
o b e y  t h e  f o l l o w i n g  r u l e s :

1 .  ^ h e  f i r s t  c h a r a c t e r  m u s t  be a l p h a b e t i c  ( A , . . . Z ,  
a , . • z ) .

2 .  Any s u b s e q u e n t  c h a r a c t e r s  c a n  be e i t h e r  a l p h a b e t i c a l
o r  a n u m e r a l  ( 0 , 1 , ............9 ) .  ASM-86 i g n o r e s  t h e  s p e c i a l
c h a r a c t e r s  @ and _ ,  b u t  t h e y  a r e  s t i l l  l e g a l .  F o r  
e x a m p l e ,  a _b becomes a b .

3 .  I d e n t i f i e r s  may be b f  any l e n g t h  u p  t o  t h e  l i m i t  o f  
t h e  p h y s i c a l  l i n e .
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I d e n t i f i e r s  a r e  o f  two t v p e s .  The f i r s t  a r e  k e y w o r d s ,  w h ic h  
have p r e d e f i n e d  m e a n i n g s  t o  t h e  a s s e m b l e r .  The s e c o n d  a r e  s y m b o l s ,  
w h i c h  a r e  d e f i n e d  by t h e  u s e r .  The f o l l o w i n g  a r e  a l l  v a l i d  
i d e n t i f  i e r s :

NOLIST
WORD
AH
T h i  r d _ s t r e e t
How_a r  e _ y o u _ t o d  ay
v a r  iable@number@1 2 3 4 5 6 7 8 9 0

2.5.1 Keywords

A keyword i s  an i d e n t i f i e r  t h a t  h a s  a D r e d e f i n e d  m e a n in g  t o  t h e  
a s s e m b l e r .  K e v w o rd s  a r e  r e s e r v e d ;  t h e  u s e r  c a n n o t  d e f i n e  an 
i d e n t i f i e r  i d e n t i c a l  t o  a k e y w o r d .  For  a c o m p l e t e  l i s t  o f  k e y w o r d s ,  
s e e  A p p en d ix  D.

ASM-86 r e c o g n i z e s  f i v e  t v p e s  o f  k e v w o r d s :  i n s t r u c t i o n s ,  
d i r e c t i v e s ,  o p e r a t o r s ,  r e g i s t e r s  and p r e d e f i n e d  n u m b e r s .  8 0 8 6  
i n s t r u c t i o n  mnemonic k ey w o rd s  and t h e  a c t i o n s  t h e y  i n i t i a t e  a r e  
d e f i n e d  i n  S e c t i o n  4 .  D i r e c t i v e s  a r e  d i s c u s s e d  i n  S e c t i o n  3 .  
S e c t i o n  2 . 6  d e f i n e s  o p e r a t o r s .  T a b l e  2 - 4  l i s t s  t h e  ASM-86 k e y w o r d s  
t h a t  i d e n t i f y  8 0 8 6  r e g i s t e r s .

Three k e v w o r d s  a r e  p r e d e f i n e d  n u m b ers :  BYTE, WORD, and DWORD. 
The v a l u e s  o f  t h e s e  num bers  a r e  1 ,  2 and 4 ,  r e s p e c t i v e l y .  In  
a d d i t i o n ,  a Type a t t r i b u t e  i s  a s s o c i a t e d  w i t h  e a c h  o f  t h e s e  n u m b e r s .  
The k e y w o r d ' s  Type a t t r i b u t e  i s  e q u a l  t o  t h e  k e y w o r d ' s  n u m e r i c  
v a l u e .  S e e  S e c t i o n  2 . 5 . 2  f o r  a c o m p l e t e  d i s c u s s i o n  o f  'f’ype 
a t t r i b u t e s .
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Table 2—4. Register Keywords
R e g i s t e r

Symbol S i z e
N u m eric

V a l u e Meaning

AH 1 b y t e 1 0 0 B A c c u m u l a t o r - H i g h - B y t e
BH 1 If 1 1 1 B B a s e - R e g i s t e r - H i g h - B y t e
CH 1 fl 1 0 1 B C o u n t - R e g i s t e r - H i g h - B y t e
DH 1 tl 1 1 0 B P a t a - R e g i s t e r - H i g h - B y t e

AL 1 fl 0 0 0 B A c c u m u l a t o r - L o w - B v t e
3L 1 fl 0 1 1 B B a s e - R e g i s t e r - L o w - B y t e
CL 1 tf 0 0 1 B C o u n t - R e g i s t e r - L o w - B y t e
DL 1 If 0 1 0 B D a t a - R e q i s t e r - L o w - B y t e

AX 2 b y t e s  0 0 0 B A c c u m u l a t o r  ( f u l l  word)
BX 2 II 0 1 1 B B a s e - R e g i s t e r  "
CX 2 If 0 0 1 B C o u n t - R e g i s t e r  "
DX 2 »1 0 1 0 B D a t a - R e g i s t e r  "

BP 2 If 1 0 1 B Base  P o i n t e r
SP 2 If 1 0 0 B S t a c k  P o i n t e r

S I 2 II 1 1 0 B S o u r c e  I n d e x
D I 2 If 1 1 1 B D e s t i n a t i o n  I n d e x

CS 2 tl 0 1 B C o d e - S e g m e n t - R e g i s t e r
DS 2 tf 1 1 B D a t a - S e g m e n t - R e g i s t e r
SS 2 ft 10 B S t a c k - S e g m e n t - R e g i s t e r
ES 2 It 0 0 B E x t r a - S e g m e n t - R e g i s t e r

2.5.2 Symbols and Their A ttribu tes

A symbol  i s  a u s e r - d e f i n e d  i d e n t i f i e r  t h a t  h a s  a t t r i b u t e s  w h i c h  
s p e c i f y  what k i n d  o f  i n f o r m a t i o n  t h e  symbol r e p r e s e n t s .  Sym bols  
f a l l  i n t o  t h r e e  c a t e g o r i e s :

•  v a r i a b l e s
•  l a b e l s
•  nu mbers

V a r i a b l e s  i d e n t i f y  d a t a  s t o r e d  a t  a 
memory.  A l l  v a r i a b l e s  h a v e  t h e  f o l l o w i n g

p a r t i c u l a r  l o c a t i o n  
t h r e e  a t t r i b u t e s :

in
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•  Segment -  t e l l s  w h ic h  se q m e n t  was b e i n q  a s s e m b l e d  when t h e  
v a r i a b l e  was d e f i n e d .

•  O f f s e t  -  t e l l s  how many b v t e s  t h e r e  a r e  b e tw e e n  t h e  
b e g i n n i n g  o f  t h e  s e g m e n t  and t h e  l o c a t i o n  o f  t h i s  v a r i a b l e .

•  Type -  tells how m a n y  bvtes o f  d a t a  are m a n i D u l a t e d  w h e n  
this v a r i a b l e  is re f e r e n c e d .

A Segment may be a c o d e - s e g m e n t ,  a d a t a - s e g m e n t , a s t a c k -  
s e g m e n t  o r  an e x t r a - s e g m e n t  d e p e n d i n g  on i t s  c o n t e n t s  and t h e  
r e g i s t e r  t h a t  c o n t a i n s  i t s  s t a r t i n g  a d d r e s s  ( s e e  S e c t i o n  3 . 2 ) .  A 
segm ent  may s t a r t  a t  any a d d r e s s  d i v i s i b l e  by 1 6 .  ASM-86 u s e s  t h i s  
boundary v a l u e  a s  t h e  Se gment  p o r t i o n  o f  t h e  v a r i a b l e ' s  d e f i n i t i o n .

The O f f s e t  o f  a v a r i a b l e  may be any number b e tw e e n  0 and OFFFFH 
o r  6 5 5 3 5 D .  A v a r i a b l e  m u s t  h a v e  one o f  t h e  f o l l o w i n g  Type 
a t t r i b u t e s :

•  BYTE
•  WORD
•  DWORD

BYTE s p e c i f i e s  a o n e - b y t e  v a r i a b l e ,  WORD a t w o - b v t e  v a r i a b l e  
a n d  DWORD a f o u r - b y t e  v a r i a b l e .  The DB, DW, and DD d i r e c t i v e s  
r e s p e c t i v e l y  d e f i n e  v a r i a b l e s  a s  t h e s e  t h r e e  t y p e s  ( s e e  S e c t i o n  3 ) .  
For example,  a v a r i a b l e  i s  d e f i n e d  when i t  a p p e a r s  a s  t h e  name f o r  a 
s t o r a g e  d i r e c t i v e :

VARIABLE DB 0

A v a r i a b l e  may a l s o  be d e f i n e d  a s  t h e  name f o r  an EQU d i r e c t i v e  
r e f e r e n c i n g  a n o t h e r  l a b e l ,  a s  shown below :

VARIABLE EOU ANOTHER_VARIABLE

L a b e l s  i d e n t i f y  l o c a t i o n s  i n  memory t h a t  c o n t a i n  i n s t r u c t i o n  
s t a t e m e n t s .  They a r e  r e f e r e n c e d  w i t h  jumps o r  c a l l s .  A l l  l a b e l s  
have  two a t t r i b u t e s :

•  Segment
•  O f f s e t

L a b e l  se g m e n t  and o f f s e t  a t t r i b u t e s  a r e  e s s e n t i a l l y  t h e  same a s  
v a r i a b l e  s e g m e n t  and o f f s e t  a t t r i b u t e s .  G e n e r a l l y ,  a l a b e l  i s  
d e f i n e d  when i t  p r e c e d e s  an i n s t r u c t i o n .  A c o l o n ,  : ,  s e p a r a t e s  t h e  
l a b e l  from i n s t r u c t i o n ;  f o r  e x a m p le :

LABEL: ADD AX,BX

A l a b e l  may a l s o  a p p e a r  a s  t h e  name f o r  an EQU d i r e c t i v e  
r e f e r e n c i n g  a n o t h e r  l a b e l ;  f o r  e x a m p le :

LABEL EQU ANOTHER LABEL

All Information Presented Here is Proprietary to Digital Research
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Numbers  may a l s o  be d e f i n e d  a s  s y m b o l s .  A number sym bol  i s  
t r e a t e d  as  i f  you had e x p l i c i t l y  c o d ed  t h e  number i t  r e o r e s e n t s .  
For  e x a m p l e :

N u m b e r _ f i v e  EQU 5 
MOV A L , N u m b e r _ f i v e

i s  e q u i v a l e n t  t o :

MOV AL, 5

S e c t i o n  2 . 6  d e s c r i b e s  o p e r a t o r s  and t h e i r  e f f e c t s  on nu m b ers  
and number s y m b o l s .

2 . 6  O p e r a t o r s

A S M - 8 6  o p e r a t o r s  f a l l  i n t o  t h e  f o l l o w i n g  c a t e g o r i e s :  
a r i t h m e t i c ,  l o g i c a l ,  and r e l a t i o n a l  o p e r a t o r s ,  s e g m e n t  o v e r r i d e ,  
v a r i a b l e  m a n i p u l a t o r s  and c r e a t o r s .  T a b l e  2 - 5  d e f i n e s  ASM-86 
o p e r a t o r s .  I n  t h i s  t a b l e ,  a and b r e p r e s e n t  two e l e m e n t s  o f  t h e  
e x p r e s s i o n .  The v a l i d i t y  colu m n d e f i n e s  t h e  t y p e  o f  o p e r a n d s  t h e  
o p e r a t o r  c a n  m a n i p u l a t e ,  u s i n g  t h e  o r  b a r  c h a r a c t e r ,  I ,  t o  s e p a r a t e  
a l t e r n a t i v e s  .

T a b l e  2 - 5 .  ASM-86 O p e r a t o r s

S y n t a x R e s u l t V a l i d i t y

a XOR b

L o g i c a l  O p e r a t o r s

b i t - b y - b i t  l o g i c a l  EXCLUSIVE a ,  b = number

a OR b

OR o f  a and b .  

b i t - b y - b i t  l o g i c a l  OR o f  a a ,  b = number

a AND b

a n d  b .

b i t - b y - b i t  l o g i c a l  AND o f  a a ,  b = number

NOT a

a n d  b .

l o g i c a l  i n v e r s e  o f  a: a l l  0 ' s  
become 1 ' s ,  1 ' s become 0 ' s .

a = 1 6 - b i t  
number

All Information Presented Here is Proorietarv to Digital Research
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Table 2-5. (continued)

S y n t a x R e s u l t V a l i d i t y

R e l a t i o n a l  O p e r a t o r s

a EO b 

a LT b 

a LE b 

a GT b 

a GE b 

a NE b

r e t u r n s  0 FFFFH i f  a = b ,  
o t h e r w i s e  0 .

r e t u r n s  OFFFFH i f  a < b ,  
o t h e r w i s e  0 .

r e t u r n s  OFFFFH i f  a <= b ,  
o t h e r w i s e  0 .

r e t u r n s  OFFFFH i f  a > b ,  
o t h e r w i s e  0 .

returns OFFFFH i f  a >= b 
otherwise 0.

r e t u r n s  OFFFFH i f  a <> b ,  
o t h e r w i s e  0 .

a ,  b = 
u n s i g n e d

a ,  b = 
u n s i g n e d

a ,  b = 
u n s i g n e d

a , b = 
u n s i q n e d

a ,  b = 
u n s i g n e d

a , b ; 
u n s i q n e d

number

number

number

number

number

number

A r i t h m e t i c  O p e r a t o r s

a + b a r i t h m e t i c  sum o f  a and b .

a -  b a r i t h m e t i c  d i f f e r e n c e  o f
a and b .

a * b d o e s  u n s i q n e d  m u l t i p l i c a t i o n
o f  a and b .

a /  b d o e s  u n s i g n e d  d i v i s i o n  o f  a
and b .

a MOD b r e t u r n s  r e m a i n d e r  o f  a /  b .

a SHL b r e t u r n s  t h e  v a l u e  which
r e s u l t s  from s h i f t i n g  a t o  
l e f t  by an amount  b .

a SHR b r e t u r n s  t h e  v a l u e  which
r e s u l t s  from s h i f t i n g  a t o  
t h e  r i g h t  by an amount b .

+ a g i v e s  a .

-  a g i v e s  0 -  a .

a = v a r i a b l e ,
1 a b e l  o r  number 
b = number

a = v a r i a b l e ,  
l a b e l  o r  number 
b = number

a ,  b = number

a ,  b = number

a ,  b = number 

a ,  b = number

a ,  b = number

a = number 

a = number

All Information Presented Here is Proorietarv to Digital Research
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Table 2-5. (continued)

S y n t a x R e s u l t V a l i d i t y

Se g m en t  O v e r r i d e

<seg r e g > :  
<addr  exp>

o v e r r i d e s  a s s e m b l e r ' s  c h o i c e  
o f  s e g m e n t  r e g i s t e r .

<seg req> = 
CS, DS, SS 
o r  ES

V a r i a b l e  M a n i p u l a t o r s ,  C r e a t o r s

SEG a c r e a t e s  a number whose v a l u e  
i s  t h e  s e g m e n t  v a l u e  o f  t h e  
v a r i a b l e  o r  l a b e l  a .

a = l a b e l  j 
v a r i a b l e

OFFSET a c r e a t e s  a number whose v a l u e  
i s  t h e  o f f s e t  v a l u e  o f  t h e  
v a r i a b l e  o r  l a b e l  a .

a = l a b e l  | 
v a r i a b l e

TYPE a c r e a t e s  a n u m b e r .  I f  t h e  
v a r i a b l e  a i s  o f  t y p e  BYTE, 
WORD o r  DWORD, t h e  v a l u e  o f  
t h e  number w i l l  be 1 ,  2 o r  4 ,  
r e s p e c t i v e l y .

a = l a b e l  | 
v a r i a b l e

LENGTH a c r e a t e s  a number whose v a l u e  
i s  t h e  LENGTH a t t r i b u t e  o f  
t h e  v a r i a b l e  a .  The l e n g t h  
a t t r i b u t e  i s  t h e  number o f  
b y t e s  a s s o c i a t e d  w i t h  t h e  
v a r i a b l e .

a = l a b e l  | 
v a r i a b l e

LAST a i f  LENGTH a > 0 ,  t h e n  LAST a 
= LENGTH a -  1 ;  i f  LENGTH a = 
0 ,  t h e n  LAST a = 0 .

a = l a b e l  | 
v a r i a b l e

a PTR b c r e a t e s  v i r t u a l  v a r i a b l e  o r  
l a b e l  w i t h  t y p e  o f  a and 
a t t r i b u t e s  o f  b

a = BYTE | 
WORD, | DWORD 
b = < ad d r  exp>

. a c r e a t e s  v a r i a b l e  w i t h  an 
o f f s e t  a t t r i b u t e  o f  a .  
Se g m en t  a t t r i b u t e  i s  c u r r e n t  
s e g m e n t .

a = number

$ c r e a t e s  l a b e l  w i t h  o f f s e t  
e q u a l  t o  c u r r e n t  v a l u e  o f  
l o c a t i o n  c o u n t e r ;  s e g m e n t  
a t t r i b u t e  i s  c u r r e n t  
s e g m e n t .

no a r g u m e n t

All Information Presented Here is Proprietary to Digital Research
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2 . 6 . 1  O p e r a t o r  E x am p le s

L o g i c a l  o p e r a t o r s  a c c e n t  o n l y  num bers as  o o e r a n d s .  They 
p e r f o r m  t h e  b o o l e a n  l o g i c  o p e r a t i o n s  AND, OR, XOR, and N Q t . For  
e x a m p l e :

OOFC 
0 0 8 0

0 0 0 0  B 1 80  
0 0 0 2  B 0 0 3

R e l a t i o n a l  o p e r a t o r s  t r e a t  a l l  o p e r a n d s  a s  u n s i g n e d  n u m b e r s .  
The r e l a t i o n a l ,  o p e r a t o r s  a r e  EQ ( e q u a l ) , LT ( l e s s  t h a n ) , LE ( l e s s  
t h a n  or  e q u a l ) , GT ( g r e a t e r  t h a n )  , GE ( g r e a t e r  t h a n  o r  e q u a l ) , and  
NE ( n o t  e q u a l ) . Each o p e r a t o r  c o m p a r e s  two o p e r a n d s  and r e t u r n s  a l l  
ortes ( 0FFFFH) i f  t h e  s p e c i f i e d  r e l a t i o n  i s  t r u e  and a l l  z e r o s  i f  i t  
i s  n o t .  For  e x a m p le :

000A LIMITl EQU 10
0 0 1 9 LIMIT2 EQU

•

2 5

0 0 0 4  B8FFFF

•

•

MOV AX,LIMITl LT LIMIT2
0 0 0 7  B 8 0 0 0 0 MOV AX,LIMITl GT LIMIT2

MASK EQU 
SIGNBIT EQU 

MOV 
MOV

0FCH
80H
CL,MASK AND SIGNBIT 
AL,NOT MASK

A d d i t i o n  and s u b t r a c t i o n  o p e r a t o r s  com pute  t h e  a r i t h m e t i c  sum 
a n d  d i f f e r e n c e  o f  two o p e r a n d s .  The f i r s t  o p e r a n d  mav be a 
v a r i a b l e ,  l a b e l ,  o r  n u m b e r ,  b u t  t h e  s e c o n d  o p e r a n d  m ust  be a n u m b er .  
When a number  i s  a d d e d  t o  a v a r i a b l e  o r  l a b e l ,  t h e  r e s u l t  i s  a 
v a r i a b l e  o r  l a b e l  whose o f f s e t  i s  t h e  n u m e r i c  v a l u e  o f  t h e  s e c o n d  
o p e r a n d  p l u s  t h e  o f f s e t  o f  t h e  f i r s t  o p e r a n d .  S u b t r a c t i o n  from a 
v a r i a b l e  o r  l a b e l  r e t u r n s  a v a r i a b l e  o r  l a b e l  whose o f f s e t  i s  t h a t  
o f  f i r s t  o p e r a n d  d e c r e m e n t e d  by t h e  number s p e c i f i e d  i n  t h e  s e c o n d  
o p e r a n d .  Fo r  e x a m p le :

0 0 0 2 COUNT EQU 2
0 0 0 5 DISPl  EQU 5

000A FF FLAG DB 
•

0FFH

0 00B  2EAOOBOO

•
•
MOV AL,FLAG+1

0 0 0 F  2E8A0E0F00 MOV CL,FLAG+DISP1
0 0 1 4  B 3 0 3 MOV BL, DISPl-COUNT

The m u l t i p l i c a t i o n and d i v i s i o n  o p e r a t o r s  * ,  / ,  MOD, SHL, and
SHR a c c e p t  o n l y  num bers  a s  o p e r a n d s .  * and 
u n s i g n e d  n u m b e r s .  For  e x a m p le :

/  t r e a t  a l l  o p e r a t o r s  a s

0 0 1 6  BE5 5 0 0 MOV S I , 2 5 6 / 3
0 0 1 9  B 310 MOV B L , 6 4 / 4

> 0 0 5 0 BUFFERS IZE EQU 80
001B B8AOOO MQV AX,BUFFERS IZE * 2

All Information Presented Here is Proprietary to Digital Research
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Unary o p e r a t o r s  
shown b e lo w :

0 0 IE 3 1 2 3  
0 0 2 0  R 0 07  
0 0 2 2  B2F4

a c c e n t  b o t h  s i g n e d  and u n s i g n e d  o p e r a t o r s  a s

MOV C L , +35
MOV AL , 2 —  5
MOV DL, - 1 2

When m a n i p u l a t i n g  v a r i a b l e s ,  t h e  a s s e m b l e r  d e c i d e s  w h ich  
segm ent r e g i s t e r  to  u s e .  You may o v e r r i d e  t h e  a s s e m b l e r ' s  c h o i c e  by 
s p e c i f y i n g  a d i f f e r e n t  r e g i s t e r  w i t h  t h e  s e g m e n t  o v e r r i d e  o p e r a t o r .  
The s y n t a x  f o r  t h e  o v e r r i d e  o p e r a t o r  i s  <seg m e n t  r e g i s t e r >  : 
< a d d r e s s  e x p r e s s i o n >  w h e re  t h e  < s e g m e n t  r e g i s t e r > i s  CS, DS, SS, o r  
ES. For< e x a m p le :

0 0 2 4  3 68B 472D  MOV AX, SS :WORDBUFFER[BXl
'0028.  .268B0E5B00 MOV CX,ES:ARRAY

JA v a r i a b l e  m a n i p u l a t o r  c r e a t e s  a number e q u a l  t o  one a t t r i b u t e  
o f  i t s  v a r i a b l e  o p e r a n d .  SEG e x t r a c t s  t h e  v a r i a b l e ' s  s e g m e n t  v a l u e ,  
OFFSET i t s  o f f s e t  v a l u e ,  TYPE i t s  t v p e  v a l u e  ( 1 ,  2 ,  o r  4 ) ,  and 
LENGTH- t h e  number o f  b y t e s  a s s o c i a t e d  w i t h  t h e  v a r i a b l e .  LAST 
c o m p a r e s  t h e  v a r i a b l e ' s  LENGTH w i t h  0 and i f  g r e a t e r ,  t h e n  
d e c r e m e n t s  LENGTH by o n e .  I f  LENGTH e q u a l s  0 ,  LAST l e a v e s  i t  
u n c h a n g e d .  V a r i a b l e  m a n i p u l a t o r s  a c c e p t  o n l y  v a r i a b l e s  a s  
o p e r a t o r s .  F o r  e x a m p le :

002D 0 0 0 0 0 0 0 0 0 0 0 0  WORDBUFFER DW 0 , 0 , 0
0 0 3 3  0 1 0 2 0 3 0 4 0 5  BUFFER DB 1 , 2 , 3 , 4 , 5

0 0 3 8 B 8 0 5 0 0 MOV
003B B 8 0 4 0 0 MOV
0 03 E B 8 0 1 0 0 MOV
0 0 4 1 B 8 0 2 0 0 MOV

AX,LENGTH BUFFER 
AX,LAST BUFFER 
AX,TYPE BUFFER 
AX,TYPE WORDBUFFER

The PTR o p e r a t o r  c r e a t e s  a v i r t u a l  v a r i a b l e  o r  l a b e l ,  one v a l i d  
o n l y  d u r i n g  t h e  e x e c u t i o n  o f  t h e  i n s t r u c t i o n .  I t  makes no c h a n g e s  
t o  e i t h e r  o f  i t s  o p e r a n d s .  The t e m p o r a r y  symbol h a s  t h e  same Type 
a t t r i b u t e  a s  t h e  l e f t  o p e r a t o r ,  and a l l  o t h e r  a t t r i b u t e s  o f  t h e  
r i g h t  o p e r a t o r  as  shown b e l o w .

0 0 4 4 C 6 0 7 0 5 MOV BYTE PTR [B X ] , 5
0 0 4 7 8 A0 7 MOV AL, BYTE PTR [BX]
0 0 4 9 FF0 4 INC WORD PTR [ S I ]

The P e r i o d  o p e r a t o r ,  . ,  c r e a t e s  a v a r i a b l e  i n  t h e  c u r r e n t  d a t a  
s e g m e n t .  The new v a r i a b l e  h a s  a s e g m e n t  a t t r i b u t e  e q u a l  t o  t h e  
c u r r e n t  d a t a  s e g m e n t  and an o f f s e t  a t t r i b u t e  e q u a l  t o  i t s  o p e r a n d .  
I t s  o p e r a n d  m ust  be a n u m b er .  F o r  e x a m p le :

0 04B  A 1 0 0 0 0  
0 0 4 E  2 6 8 B 1 E 0 0 4 0

MOV AX , . 0
MOV BX, ES: . 4 0 0 0 H
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The D o l l a r - s i g n  operator ,  $, creates  a la be l  with an o f f s e t  
a t t r ib u te  equal to the current value of the locat ion  counter. The 
l a b e l ' s  segment value is the same as the current code segment. This  
operator takes no operand. For example:

2 . 6 . 2  O p e r a t o r  P r e c e d e n c e

E x p r e s s i o n s  c o m b i n e  v a r i a b l e s ,  l a b e l s  o r  n u m b e r s  w i t h  
o p e r a t o r s .  ASM-86 a l l o w s  s e v e r a l  k i n d s  o f  e x p r e s s i o n s  w h ic h  a r e  
d i s c u s s e d  i n  S e c t i o n  2 . 7 .  T h i s  s e c t i o n  d e f i n e s  t h e  o r d e r  i n  w h ich  
o p e r a t i o n s  a r e  e x e c u t e d  s h o u l d  more t h a n  one o p e r a t o r  a p p e a r  i n  an 
e x p r e s s i o n .

I n  g e n e r a l ,  ASM-86 e v a l u a t e s  e x p r e s s i o n s  l e f t  t o  r i g h t ,  b u t  
o p e r a t o r s  w i t h  h i q h e r  p r e c e d e n c e  a r e  e v a l u a t e d  b e f o r e  o o e r a t o r s  w i t h  
l o w e r  p r e c e d e n c e .  When two o o e r a t o r s  h a v e  e q u a l  p r e c e d e n c e ,  t h e  
l e f t - m o s t  i s  e v a l u a t e d  f i r s t .  T a b l e  2 - 6  p r e s e n t s  ASM-86 o o e r a t o r s  
i n  o r d e r  o f  i n c r e a s i n g  p r e c e d e n c e .

P a r e n t h e s e s  c a n  o v e r r i d e  n o r m a l  r u l e s  o f  p r e c e d e n c e .  The o a r t  
o f  an e x p r e s s i o n  e n c l o s e d  i n  p a r e n t h e s e s  i s  e v a l u a t e d  f i r s t .  I f  
p a r e n t h e s e s  a r e  n e s t e d ,  t h e  i n n e r m o s t  e x p r e s s i o n s  a r e  e v a l u a t e d  
f i r s t .  Only f i v e  l e v e l s  o f  n e s t e d  p a r e n t h e s e s  a r e  l e g a l .  For  
e x a m p le :

1 5 / 3  + 1 8 / 9  = 5 + 2 = 7
1 5 / ( 3  + 1 8 / 9 )  = 1 5 / ( 3  + 2) = 1 5 / 5  = 3

All Information Presented Here is Proprietary to Digital Research
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0 0 5 6  EBFE 
0 0 5 8  E9FD2F

JMP $
JMPS 8
JMP $ + 3 0 0  OH
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Table 2-6. Precedence of Operations in ASM-86
O rder O p e r a t o r  Type O p e r a t o r s

1 Log i c a l XOR, OR

2 Log i c a l AND

3 L o g i c a l NOT

4 R e l a t i o n a l EO, LT, LE, GT, 
GE, NE

5 A d d i t i o n / s u b t r a c t i o n + , -

6 M u l t i p l i c a t i o n / d i v i s i o n * ,  / ,  MOD, SHL, 
SHR

7 U n a ry + , -

8 Segment  o v e r r i d e < seg m e n t  o v e r r i d e > :

9 V a r i a b l e  m a n i p u l a t o r s ,  
c r e a t o r s

SEG, OFFSET, PTR, 
TYPE, LENGTH, LAST

1 0 P a r e n t h e s e s / b r a c k e t s ( ) , [ ]

1 1 P e r i o d  and D o l l a r . ,  $

2 . 7  E x p r e s s i o n s

ASM-86 a l l o w s  a d d r e s s ,  n u m e r i c ,  and b r a c k e t e d  e x p r e s s i o n s .  An 
a d d r e s s  e x p r e s s i o n  e v a l u a t e s  t o  a memory a d d r e s s  and h a s  t h r e e  
c o m p o n e n t s :

•  A s e g m e n t  v a l u e
•  An o f f s e t  v a l u e
•  A t y p e

Both v a r i a b l e s  and l a b e l s  a r e  a d d r e s s  e x p r e s s i o n s .  An a d d r e s s  
e x p r e s s i o n  i s  n o t  a n u m b e r ,  b u t  i t s  c o m p o n e n t s  a r e .  Numbers mav be 
co m b in ed  w i t h  o p e r a t o r s  s u c h  a s  PTR t o  make an a d d r e s s  e x p r e s s i o n .

A n u m e r i c  e x p r e s s i o n  e v a l u a t e s  t o  a n u m b e r .  I t  d o e s  n o t  
c o n t a i n  any v a r i a b l e s  o r  l a b e l s ,  o n l y  n u m b ers  and o p e r a n d s .

B r a c k e t e d  e x p r e s s i o n s  s p e c i f y  b a s e -  and . in d ex -  a d d r e s s i n g  
m o d es .  The b a s e  r e g i s t e r s  a r e  BX and BP, and t h e  i n d e x  r e g i s t e r s  
a r e  DI and S I .  A b r a c k e t e d  e x p r e s s i o n  mav c o n s i s t  o f  a b a s e  
r e g i s t e r ,  an i n d e x  r e g i s t e r ,  o r  a b a s e  r e g i s t e r  and an i n d e x  
r e g i s t e r  .
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Use t h e  + o p e r a t o r  b e tw e e n  a b a s e  r e g i s t e r  and an i n d e x  r e q i s t e r  t o  
s p e c i f y  b o t h  b a s e -  and i n d e x - r e q i s t e r  a d d r e s s i n g .  For  e x a m p le :

MOV v a r i a b l e [ b x ] , 0 
MOV AX,[BX+DI]
MOV AX , [ E l ]

2 . 8  S t a t e m e n t s

J u s t  as " t o k e n s "  i n  t h i s  a s s e m b l y  l a n g u a g e  c o r r e s p o n d  t o  w o rd s  
i n  E n g l i s h ,  so  a r e  s t a t e m e n t s  a n a l o g o u s  t o  s e n t e n c e s .  A s t a t e m e n t  
t e l l s  ASM-86 w hat  a c t i o n  t o  p e r f o r m .  S t a t e m e n t s  a r e  o f  two t y p e s :  
i n s t r u c t i o n s  and d i r e c t i v e s .  I n s t r u c t i o n s  a r e  t r a n s l a t e d  by t h e  
a s s e m b l e r  i n t o  8 0 8 6  m a c h i n e  l a n g u a q e  i n s t r u c t i o n s .  D i r e c t i v e s  a r e  
n o t  t r a n s l a t e d  i n t o  m a c h i n e  co d e  b u t  i n s t e a d  d i r e c t  t h e  a s s e m b l e r  t o  
p e r f o r m  c e r t a i n  c l e r i c a l  f u n c t i o n s .

T e r m i n a t e  e a c h  a s s e m b l y  l a n g u a g e  s t a t e m e n t  w i t h  a c a r r i a g e  
r e t u r n  (CR) and l i n e  f e e d  ( L F ) , o r  w i t h  an e x c l a m a t i o n  p o i n t ,  ! , 
which ASM-86 t r e a t s  as  an e n d - o f - 1 i n e  e x c e p t  i n  c o m m en ts .  M u l t i p l e  
a s s e m b l y  l a n g u a g e  s t a t e m e n t s  c a n  be w r i t t e n  on t h e  same p h y s i c a l  
l i n e  i f  s e p a r a t e d  by e x c l a m a t i o n  p o i n t s .

The ASM-86 i n s t r u c t i o n  s e t  i s  d e f i n e d  i n  S e c t i o n  4 .  The s y n t a x  
f o r  an i n s t r u c t i o n  s t a t e m e n t  i s :

[ l a b e l : ]  [ p r e f i x ]  mnemonic [ o p e r a n d  ( s ) ] [ ;co m m en t]  

w here  t h e  f i e l d s  a r e  d e f i n e d  a s :  

l a b e l :

A symbol  f o l l o w e d  by " : "  d e f i n e s  a l a b e l  a t  t h e  c u r r e n t  
v a l u e  o f  t h e  l o c a t i o n  c o u n t e r  in  t h e  c u r r e n t  s e g m e n t .  
T h i s  f i e l d  i s  o p t i o n a l .

p r e f i x

C e r t a i n  m a c h in e  i n s t r u c t i o n s  su c h  a s  LOCK and REP mav 
p r e f i x  o t h e r  i n s t r u c t i o n s .  T h i s  f i e l d  i s  o p t i o n a l .

mnemonic

A symbol d e f i n e d  a s  a m a c h in e  i n s t r u c t i o n ,  e i t h e r  bv t h e  
a s s e m b l e r  o r  by an EQU d i r e c t i v e .  T h i s  f i e l d  i s  o p t i o n a l  
u n l e s s  p r e c e d e d  by a p r e f i x  i n s t r u c t i o n .  I f  i t  i s  
o m i t t e d ,  no o p e r a n d s  may be p r e s e n t ,  a l t h o u g h  t h e  o t h e r  
f i e l d s  may a p p e a r .  ASM-86 mnemonics a r e  d e f i n e d  i n  
S e c t i o n  4 .
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o o e r a n d ( s )

An i n s t r u c t i o n  mnemonic may r e q u i r e  o t h e r  s y m b o l s  t o  
r e p r e s e n t  o p e r a n d s  t o  t h e  i n s t r u c t i o n .  I n s t r u c t i o n s  mav 
h a v e  z e r o ,  o ne  or  two o p e r a n d s .

comment

Any s e m i c o l o n  ( ; )  a p p e a r i n g  o u t s i d e  a c h a r a c t e r  s t r i n g  
b e g i n s  a comment,  w h i c h  i s  ended by a c a r r i a g e  r e t u r n .  
Comments im p ro v e  t h e  r e a d a b i l i t y  o f  p r o g r a m s .  T h i s  f i e l d  
i s  o p t i o n a l .

ASM-86 d i r e c t i v e s  a r e  d e s c r i b e d  
d i r e c t i v e  s t a t e m e n t  i s :

i n  S e c t i o n  3 .  The s y n t a x  f o r

[name] d i r e c t i v e  o p e r a n d ( s )  [;com m ent]

w here  t h e f i e l d s  a r e  d e f i n e d  a s :

name

U n l i k e  t h e  l a b e l  
o f  a d i r e c t i v e  
D i r e c t i v e  names 
EQU. For D 3 , DW, 
i t  i s  r e q u i r e d .

f i e l d  o f  an i n s t r u c t i o n ,  t h e  name f i e l d  
i s  n e v e r  t e r m i n a t e d  w i t h  a c o l o n ,  

a r e  l e g a l  f o r  o n l y  DB, DW, PD, RS and 
DD and RS t h e  name i s  o p t i o n a l ;  f o r  EQU

d i r e c t i v e

One o f  t h e  d i r e c t i v e  k e y w o rd s  d e f i n e d  i n  S e c t i o n  3 .

o p e r a n d ( s )

A n a l o g o u s  t o  t h e  o p e r a n d s  t o  t h e  i n s t r u c t i o n  m n e m o n ic s .  
Some d i r e c t i v e s ,  s u c h  a s  DB, DW, and DD, a l l o w  any 
o p e r a n d  w h i l e  o t h e r s  h a v e  s p e c i a l  r e q u i r e m e n t s .

comment

E x a c t l y  a s  d e f i n e d  f o r  i n s t r u c t i o n  s t a t e m e n t s .

All Information Presented Here i s Propr ietarv to Digital Research
20



Section 3
Assembler Directives

3 . 1  I n t r o d u c t i o n

D i r e c t i v e  s t a t e m e n t s  c a u s e  ASM—8 6  t o  o e r f o r m  h o u s e k e e o i n q  
f u n c t i o n s  su c h  a s  a s s i g n i n g  p o r t i o n s  o f  c o d e  t o  l o g i c a l  s e g m e n t s ,  
r e q u e s t i n g  c o n d i t i o n a l  a s s e m b l y ,  d e f i n i n g  d a t a  i t e m s ,  and s p e c i f y i n g  
l i s t i n g  f i l e  f o r m a t .  G e n e r a l  s y n t a x  f o r  d i r e c t i v e  s t a t e m e n t s  
a p p e a r s  in  S e c t i o n  2 . 8 .

I n  t h e  s e c t i o n s  t h a t  f o l l o w ,  t h e  s p e c i f i c  s v n t a x  f o r  e a c h  
d i r e c t i v e  s t a t e m e n t  i s  g i v e n  u n d e r  t h e  h e a d i n g  and b e f o r e  t h e  
e x p l a n a t i o n .  T h e s e  s y n t a x  l i n e s  u s e  s p e c i a l  sy m b o l s  t o  r e p r e s e n t  
p o s s i b l e  a r g u m e n t s  and o t h e r  a l t e r n a t i v e s .  S q u a r e  b r a c k e t s ,  [ ] , 
e n c l o s e  o p t i o n a l  a r g u m e n t s .  A n g l e  b r a c k e t s ,  < > ,  e n c l o s e  
d e s c r i p t i o n s  o f  u s e r - s u o p l i e d  a r g u m e n t s .  no n o t  i n c l u d e  t h e s e  
s y m b o ls  when c o d i n g  a d i r e c t i v e .

3 . 2  Segm ent  S t a r t  D i r e c t i v e s

At r u n - t i m e ,  e v e r y  8 0 8 6  memory r e f e r e n c e  m u st  h a v e  a 1 6 - b i t  
s e g m e n t  b a s e  v a l u e  and a 1 6 - b i t  o f f s e t  v a l u e .  T h e s e  a r e  c o m b in ed  t o  
produce  t h e  2 0 - b i t  e f f e c t i v e  a d d r e s s  n e e d e d  bv t h e  CPU t o  p h y s i c a l l y  
a d d r e s s  t h e  l o c a t i o n .  The 1 6 - b . i t  s e g m e n t  b a s e  v a l u e  o r  b o u n d a r y  i s  
c o n t a i n e d  i n  one o f  t h e  se g m e n t  r e g i s t e r s  CS, DS, SS, o r  US. The 
o f f s e t  v a l u e  g i v e s  t h e  o f f s e t  o f  t h e  memory r e f e r e n c e  from t h e  
s e g m e n t  b o u n d a r y .  A 1 6 —b y t e  p h y s i c a l  s e g m e n t  i s  t h e  s m a l l e s t  
r e l o c a t a b l e  u n i t  o f  memory.

ASM-86 p r e d e f i n e s  f o u r  l o g i c a l  s e g m e n t s :  t h e  Code S e q m e n t ,  D a t a  
S e g m e n t ,  S t a c k  S e g m e n t ,  and E x t r a  S e g m e n t ,  w h i c h  a r e  r e s p e c t i v e l y  
a d d r e s s e d  by t h e  CS, DS, SS, and ES r e g i s t e r s .  F u t u r e  v e r s i o n s  o f  
ASM-86 w i l l  s u p p o r t  a d d i t i o n a l  s e g m e n t s  su c h  as  m u l t i p l e  d a t a  o r  
c o d e  s e g m e n t s .  A l l  ASM-86 s t a t e m e n t s  m u st  be a s s i g n e d  t o  one o f  t h e  
four  c u r r e n t l y  s u p p o r t e d  s e g m e n t s  so  t h a t  t h e y  c a n  be r e f e r e n c e d  by 
t h e  CPU. A s e g m e n t  d i r e c t i v e  s t a t e m e n t ,  CSEG, DSEG, SSEG, o r  ESEG, 
s p e c i f i e s  t h a t  t h e  s t a t e m e n t s  f o l l o w i n g  i t  b e l o n g  t o  a s p e c i f i c  
s e g m e n t .  The s t a t e m e n t s  a r e  t h e n  a d d r e s s e d  by t h e  c o r r e s p o n d i n g  
s e g m e n t  r e g i s t e r  u n l e s s  a s e q m e n t  o v e r r i d e  i s  i n c l u d e d  w i t h  t h e  
i n s t r u c t i o n .  ASM-86 a s s i g n s  s t a t e m e n t s  t o  t h e  s p e c i f i e d  s e g m e n t  
u n t i l  i t  e n c o u n t e r s  a n o t h e r  s e g m e n t  d i r e c t i v e .

I n s t r u c t i o n  s t a t e m e n t s  m ust  be a s s i g n e d  t o  t h e  Code S e q m e n t .  
D i r e c t i v e  s t a t e m e n t s  mav be a s s i g n e d  t o  any s e g m e n t .  ASM-86 u s e s  
t h e s e  a s s i g n m e n t s  t o  c h a n g e  from one se g m e n t  r e g i s t e r  t o  a n o t h e r .  
For e x a m p l e ,  when an i n s t r u c t i o n  a c c e s s e s  a memory v a r i a b l e ,  ASM-86 
must know w hich se g m e n t  c o n t a i n s  t h e  v a r i a b l e  so  i t  c a n  g e n e r a t e  a 
s e g m e n t  o v e r r i d e  p r e f i x  b y t e  i f  n e c e s s a r y .

All Information Presented Here is Proprietary to Digital Research
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3 . 2 . 1  The CSEG D i r e c t i v e

CSEG cnumeric exoression>
CSEGCSEG $

T h i s  d i r e c t i v e  t e l l s  t h e  a s s e m b l e r  t h a t  t h e  f o l l o w i n g  
s t a t e m e n t s  b e l o n g  i n  t h e  Code S e g m e n t .  A l l  i n s t r u c t i o n  s t a t e m e n t s  
must be a s s i g n e d  t o  t h e  Code S e g m e n t .  A l l  d i r e c t i v e  s t a t e m e n t s  a r e  
l e g a l  w i t h i n  t h e  Code S e g m e n t .

Use t h e  f i r s t  form when t h e  l o c a t i o n  o f  t h e  s e g m e n t  i s  known a t  
a s s e m b l y  t i m e ;  t h e  c o d e  g e n e r a t e d  i s  n o t  r e l o c a t a b l e .  Use t h e  
second form when t h e  se g m e n t  l o c a t i o n  i s  n o t  known a t  a s s e m b l y  t i m e ;  
t h e  c o d e  g e n e r a t e d  i s  r e l o c a t a b l e .  Use t h e  t h i r d  form t o  c o n t i n u e  
t h e  Code Segm ent  a f t e r  i t  h a s  b e e n  i n t e r r u o t e d  by a DSEG, SSEG, o r  
ESEG d i r e c t i v e .  The c o n t i n u i n g  Code Segm ent  s t a r t s  w i t h  t h e  same 
a t t r i b u t e s ,  s u c h  a s  l o c a t i o n  and i n s t r u c t i o n  p o i n t e r ,  a s  t h e  
p r e v i o u s  Code S e g m e n t .

3 . 2 . 2  The DSEG D i r e c t i v e

DSEG c n u m e r i c  e x p r e s s i o n >
DSEG
DSEG $

T h is  d i r e c t i v e  s p e c i f i e s  t h a t  t h e  f o l l o w i n g  s t a t e m e n t s  b e l o n g  
t o  t h e  D a ta  S e g m e n t .  The D a ta  Se gment  p r i m a r i l y  c o n t a i n s  t h e  d a t a  
a l l o c a t i o n  d i r e c t i v e s  DB, DW, DP and RS, b u t  a l l  o t h e r  d i r e c t i v e  
s t a t e m e n t s  a r e  a l s o  l e g a l .  I n s t r u c t i o n  s t a t e m e n t s  a r e  i l l e g a l  i n  
t h e  D a t a  S e g m e n t .

Use t h e  f i r s t  form when t h e  l o c a t i o n  o f  t h e  s e g m e n t  i s  known a t  
a s s e m b l y  t i m e ;  t h e  c o d e  g e n e r a t e d  i s  n o t  r e l o c a t a b l e .  Use t h e  
se cond form when t h e  s e g m e n t  l o c a t i o n  i s  n o t  known a t  a s s e m b l y  t i m e ;  
t h e  c o d e  g e n e r a t e d  i s  r e l o c a t a b l e .  Use t h e  t h i r d  form  t o  c o n t i n u e  
t h e  D a t a  Segm ent  a f t e r  i t  h a s  b e e n  i n t e r r u p t e d  bv a CSEG, SSEG, o r  
ESEG d i r e c t i v e .  The c o n t i n u i n g  D a t a  Segm ent  s t a r t s  w i t h  t h e  same 
a t t r i b u t e s  a s  t h e  p r e v i o u s  D a ta  S e g m e n t .

3 . 2 . 3  The SSEG D i r e c t i v e

SSEG c n u m e r i c  e x p r e s s i o n >
SSEG
SSEG $

The SSEG d i r e c t i v e  i n d i c a t e s  t h e  b e g i n n i n g  o f  s o u r c e  l i n e s  f o r  
t h e  S t a c k  S e g m e n t .  Use t h e  S t a c k  Segm ent  f o r  a l l  s t a c k  o p e r a t i o n s .  
A l l  d i r e c t i v e  s t a t e m e n t s  a r e  l e g a l  i n  t h e  S t a c k  S e g m e n t ,  b u t  
i n s t r u c t i o n  s t a t e m e n t s  a r e  i l l e g a l .
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Use the f i r s t  form when the locat ion  of the segment is known at 
assembly time; the code generated is not r e lo c a t a b le .  Use the 
second form when the seament locat ion  is not known at assembly time; 
the code generated is r e lo c a ta b le .  Use the th ird  form to continue  
the Stack Segment a f te r  i t  has been interruDted by a CSEG, DSEG, or 
ESEG d i r e c t iv e .  The continuing Stack Segment s t a r t s  with the same 
a t t r ibu te s  as the previous Stack Segment.

3 . 2 . 4  The ESEG D i r e c t i v e

ESEG cnumeric expression>
ESEG
ESEG $

This  d i r e c t i v e  in i t i a t e s  the Extra Segment. In st ruct ion  
statem ents  are  not l e g a l  in this  segment, but a l l  d i r e c t iv e  
statements are .

Use the f i r s t  form when the locat ion  of the segment is known at 
assembly time; the code generated is not r e lo c a t a b le .  Use the 
second form when the segment locat ion  is  not known at assemblv time; 
the code generated is r e lo c a ta b le .  Use the th ird  form to continue  
the Extra Segment a f te r  i t  has been interrupted  by a D S E G ,  SSEG, or 
CSEG d i r e c t iv e .  The continuing Extra Segment s t a r t s  with the same 
a t t r ib u te s  as the previous Extra Segment.

3 . 3  The ORG D i r e c t i v e

ORG <numeric expression>

The ORG d i r e c t iv e  sets the o f f s e t  of  the lo ca t ion  counter in 
the c u r r e n t  segment to the v a lu e  s p e c i f i e d  in the numeric 
expression. Define a l l  elements of  the expression be fore  the ORG 
d i r e c t iv e  because forward references may be ambiguous.

In most segments, an ORG d i r e c t iv e  is unnecessary. I f  no ORG 
is included before  the f i r s t  instruct ion  or data byte in a segment, 
assembly begins at locat ion  zero r e l a t i v e  to the beginning of  the 
segment. A segment can have any number of  ORG d i r e c t i v e s .

All Information Presented Here is Proprietary to Digital Research
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3 . 4  The IF  a nd ENDIF D i r e c t i v e s

IF <numer i c
< s o u r c e
< s o u r c e

e x o r e s s  ion> 
l i n e  1 > 
l i n e  2 >

< s o u r c e  l i n e  n > 
ENDIF

The IF and ENDIF d i r e c t i v e s  a l l o w  a g r o u p  o f  s o u r c e  l i n e s  t o  be 
in c l u d e d  o r  e x c l u d e d  from t h e  a s s e m b l y .  Use c o n d i t i o n a l  d i r e c t i v e s  
t o  a s s e m b l e  s e v e r a l  d i f f e r e n t  v e r s i o n s  o f  a s i n g l e  s o u r c e  p r o g r a m .

When t h e  a s s e m b l e r  f i n d s  an IF d i r e c t i v e ,  i t  e v a l u a t e s  t h e  
n u m e r i c  e x p r e s s i o n  f o l l o w i n g  t h e  IF k e v w o r d .  I f  t h e  e x p r e s s i o n  
e v a l u a t e s  t o  a n o n - z e r o  v a l u e ,  t h e n  < s o u r c e  l i n e  1> t h r o u g h  < s o u r c e  
l i n e  n> a r e  a s s e m b l e d .  I f  t h e  e x p r e s s i o n  e v a l u a t e s  t o  z e r o ,  t h e n  
a l l  l i n e s  a r e  l i s t e d  b u t  n o t  a s s e m b l e d .  A l l  e l e m e n t s  i n  t h e  n u m e r i c  
e x p r e s s i o n  m u st  be d e f i n e d  b e f o r e  t h e y  a p p e a r  in  t h e  I F  d i r e c t i v e .  
N e s t e d  IF d i r e c t i v e s  a r e  n o t  l e g a l .

3 . 5  The INCLUDE D i r e c t i v e

INCLUDE < f i l e  name>

T h i s  d i r e c t i v e  i n c l u d e s  a n o t h e r  ASM-86 f i l e  i n  t h e  s o u r c e  t e x t .  
For  e x a m p le :

INCLUDE EQUALS . A8 6

Use INCLUDE when t h e  s o u r c e  p r o g r a m  r e s i d e s  i n  s e v e r a l  
d i f f e r e n t  f i l e s .  INCLUDE d i r e c t i v e s  may n o t  be n e s t e d ;  a s o u r c e  
f i l e  c a l l e d  by an INCLUDE d i r e c t i v e  mav n o t  c o n t a i n  a n o t h e r  INCLUDE 
s t a t e m e n t .  I f  < f i l e  name> d o e s  n o t  c o n t a i n  a f i l e  t v p e , t h e  f i l e  
type  i s  assumed t o  be . A 8 6 .  I f  no d r i v e  name i s  s p e c i f i e d  w i t h  < f i l e  
name>, ASM-86 a s s u m e s  t h e  d r i v e  c o n t a i n i n g  t h e  s o u r c e  f i l e .

3 . 6  The END D i r e c t i v e

END

An END d i r e c t i v e  m a r k s  t h e  e n d  o f  a s o u r c e  f i l e .  Any 
s u b s e q u e n t  l i n e s  a r e  i g n o r e d  by t h e  a s s e m b l e r .  END i s  o p t i o n a l .  I f  
n o t  p r e s e n t ,  ASM-86 p r o c e s s e s  t h e  s o u r c e  u n t i l  i t  f i n d s  an E n d - O f -  
F i l e  c h a r a c t e r  (1 A H ) .

All Information Presented Here is Propr ietarv to Digital Research
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3 . 7  The EQü D i r e c t i v e

sym bol  EQU 
symbol  EQU 
symbol  EQU 
sy m bol  EQU

<n u m e ric  e x D r e s s i o n >  
< a d d r e s s  e x p r e s s i o n >  
< r e g i s t e r >
< i n s t r u c t i o n  mnemonic>

The EQU ( e q u a t e )  d i r e c t i v e  a s s i g n s  v a l u e s  and a t t r i b u t e s  t o  
u s e r - d e f i n e d  s y m b o l s .  The r e q u i r e d  sy m b o l  name may n o t  be 
t e r m i n a t e d  w i t h  a c o l o n .  The symbol c a n n o t  be r e d e f i n e d  by a 
s u b s e q u e n t  EQU o r  a n o t h e r  d i r e c t i v e .  Any e l e m e n t s  u s e d  i n  n u m e r i c  
o r  a d d r e s s  e x p r e s s i o n s  m u st  be d e f i n e d  b e f o r e  t h e  EOU d i r e c t i v e  
a p p e a r s .

The f i r s t  form a s s i g n s  a n u m e r i c  v a l u e  t o  t h e  svmbo] , t h e  
s e c o n d  a memory a d d r e s s .  The t h i r d  form a s s i g n s  a new name t o  an 
8 0 8 6  r e g i s t e r .  The f o u r t h  form d e f i n e s  a new i n s t r u c t i o n  ( s u b ) s e t .  
The f o l l o w i n g  a r e  e x a m p le s  o f  t h e s e  f o u r  f o r m s :

0 0 0 5 FIVE EOU 2*2  + 1
0 0 3 3 NEXT EQU BUFFER
0001 COUNTER ECU CX

MOWV EQU MOV
•

005D  8BC3 MOWV

•

•

AX , 3X

3 . 8  The DB D i r e c t i v e

[s y m b o l]  DB < n u m e r ic  e x p r e s s i o n > [ , c n u m e r i c  e x p r e s s i o n > . . ] 
[ s y m b o l]  DB < s t r i n g  c o n s t a n t > [ , < s t r i n g  c o n s t a n t > . . .  ]

The DB d i r e c t i v e  d e f i n e s  i n i t i a l i z e d  s t o r a g e  a r e a s  in  b y t e  
f o r m a t . _ N um eric  e x p r e s s i o n s  a r e  e v a l u a t e d  t o  8 - b i t  v a l u e s  and 
s e q u e n t i a l l y  p l a c e d  in  t h e  hex o u t p u t  f i l e .  S t r i n g  c o n s t a n t s  a r e  
p l a c e d  i n  t h e  o u t p u t  f i l e  a c c o r d i n g  t o  t h e  r u l e s  d e f i n e d  i n  S e c t i o n
2 . 4 . 2 .  A DB d i r e c t i v e  i s  t h e  o n l y  ASM-86 s t a t e m e n t  t h a t  a c c e p t s  a 
s t r i n g  c o n s t a n t  l o n g e r  t h a n  two b y t e s .  T h e r e  i s  no t r a n s l a t i o n  from 
l o w e r  t o  u p p e r  c a s e  w i t h i n  s t r i n g s .  M u l t i p l e  e x p r e s s i o n s  o r  
c o n s t a n t s ,  s e p a r a t e d  by commas, may be a dded t o  t h e  d e f i n i t i o n ,  b u t  
may n o t  e x c e e d  t h e  p h y s i c a l  l i n e  l e n g t h .

Use an o p t i o n a l  symbol t o  r e f e r e n c e  t h e  d e f i n e d  d a t a  a r e a  
t h r o u g h o u t  t h e  p r o g r a m .  The symbol h a s  f o u r  a t t r i b u t e s :  t h e
S e g m e n t  a n d  O f f s e t  a t t r i b u t e s  d e t e r m i n e  t h e  s y m b o l ' s  memory 
r e f e r e n c e ,  t h e  Type a t t r i b u t e  s p e c i f i e s  s i n g l e  b v t e s ,  and L e n g t h  
t e l l s  t h e  number o f  b y t e s  ( a l l o c a t i o n  u n i t s )  r e s e r v e d .

All Information Presented Here is Proprietary to Digital Research
25



CP/M-86 Programmer's Guide

The f o l l o w i n g  s t a t e m e n t s  show DB

0 0 5 F  4 3 5 0 2 F 4 D 2 0 7 3  TEXT 
7 9 7 3 7 4 6 5 6 D 0 0  

006B E l  AA
006C  0 1 0 2 0 3 0 4 0 5  X

0 0 7 1  B90C00

d i r e c t i v e s  w ' t h  s y m b o l s :

DB 'CP/M s y s t e m ' , 0

DB ' a '  + 80H
DB 1 , 2 , 3 , 4 , 5

9

9

9

MOV CX,LENGTH TEXT1

3.8 The bb Directive

3 . 9  The DW D i r e c t i v e

[symbol! DW < n u m e r ic  e x p r e s s i o n > [ , < n u m e r ic  e x p r e s s i o n ^ . !  
[symbol! DW < s t r i n g  c o n s t a n t >  [ , < s t r i n g  c o n s t a n t > . . . 1

The DW d i r e c t i v e  i n i t i a l i z e s  t w o - b v t e  w ords  o f  s t o r a g e .  S t r i n g  
c o n s t a n t s  l o n g e r  t h a n  two c h a r a c t e r s  a r e  i l l e g a l .  O t h e r w i s e ,  DW 
u s e s  t h e  same p r o c e d u r e  t o  i n i t i a l i z e  s t o r a g e  as  DB e x c e p t  t h a t  t h e  
l o w - o r d e r  b y t e  i s  s t o r e d  f i r s t ,  f o l l o w e d  by t h e  h i g h - o r d e r  b y t e .  
The f o l l o w i n g  a r e  e x a m p l e s  o f  DW s t a t e m e n t s :

0 0 7 4 0000 CN'T’R DW 0
0 0 7 6 6 3 C 1 6 6 C 1 6 9 C 1 JMPTAB DW SITBR1, SUBR2 , SUBR3
007C 0 1 0 0 0 2 0 0 0 3 0 0 DW 1 , 2 , 3 , 4 , 5 , 6

0 4 0 0 0 5 0 0 0 6 0 0

3 . 1 0  The DD D i r e c t i v e

[symbol! DD < n u m e r ic  e x p r e s s i o n > [ , < n u m e r ic  e x o r e s s i o n > . . !

The DD d i r e c t i v e  i n i t i a l i z e s  f o u r  b y t e s  o f  s t o r a g e .  The O f f s e t  
a t t r i b u t e  o f  t h e  a d d r e s s  e x p r e s s i o n  i s  s t o r e d  i n  t h e  two l o w e r  
b y t e s ,  t h e  Segm ent  a t t r i b u t e  i n  t h e  two u p p e r  b y t e s .  O t h e r w i s e ,  DD 
f o l l o w s  t h e  same p r o c e d u r e  a s  DB. For  e x a m p le :

1 2 3 4  CSEG 1234H

0 0 0 0  6 C C 1 3 4 1 2 6 F C 1  LONG_JMPTAB DD
3 4 1 2

0 0 0 8  7 2 C 1 3 4 1 2 7 5 C 1  DD
3 4 1 2

ROUT1 , ROUT2 

ROUT3 , ROUT4
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3 . 1 1  The RS D i r e c t i v e

[s y m b o l]  RS < n u m e ric  e x p r e s s i o n >

The RS d i r e c t i v e  a l l o c a t e s  s t o r a g e  in  memory b u t  d o e s  n o t  
i n i t i a l i z e  i t .  The n u m e r i c  e x p r e s s i o n  g i v e s  t h e  number o f  b y t e s  t o  
be r e s e r v e d .  An RS s t a t e m e n t  d o e s  n o t  g i v e  a b y t e  a t t r i b u t e  t o  t h e  
o p t i o n a l  s y m b o l .  For  e x a m p le :

0010 3UF RS 80
0 0 6 0 RS 4 00 0H
4 0 6 0 RS 1

3 . 1 2  The RB D i r e c t i v e

[s y m b o l]  RB < n u m e r ic  e x p r e s s i o n >

The RB d i r e c t i v e  a l l o c a t e s  b y t e  s t o r a g e  in  memory w i t h o u t  anv 
i n i t i a l i z a t i o n .  T h i s  d i r e c t i v e  i s  i d e n t i c a l  t o  t h e  RS d i r e c t i v e  
e x c e p t  t h a t  i t  d o e s  g i v e  t h e  b y t e  a t t r i b u t e .

3 . 1 3  The RW D i r e c t i v e

[s y m b o l]  RW c n u m e r i c  e x p r e s s i o n >

The RW d i r e c t i v e  a l l o c a t e s  t w o - b v t e  word s t o r a g e  i n  memory b u t  
d oes  n o t  i n i t i a l i z e  i t .  The n u m e r i c  e x p r e s s i o n  g i v e s  t h e  number o f  
w ords  t o  be r e s e r v e d .  For  e x a m p le :

4 0 6 1 BUFF RW 1 2 8
4 1 6 1 RW 4 00 0H
G161 RW 1

3 . 1 4  The TITLE D i r e c t i v e

TITLE < s t r i n g  c o n s t a n t >

ASM-86 p r i n t s  t h e  s t r i n g  c o n s t a n t  d e f i n e d  by a TITLE d i r e c t i v e  
s t a t e m e n t  a t  t h e  t o p  o f  e ac h  p r i n t o u t  o a g e  i n  t h e  l i s t i n g  f i l e .  The 
t i t l e  c h a r a c t e r  s t r i n g  s h o u l d  n o t  e x c e e d  30  c h a r a c t e r s .  For  
e x a m p le :

TITLE 'CP/M m o n i t o r '

3 . 1 5  The PAGESIZE D i r e c t i v e

PAGESIZE < n u m e r ic  e x p r e s s i o n >

The PAGESIZE d i r e c t i v e  d e f i n e s  t h e  number o f  l i n e s  t o  be 
i n c l u d e d  on e a c h  p r i n t o u t  p a g e .  The d e f a u l t  p a g e s l z e  i s  6 6 .
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3 . 1 6  The PAGEWIDTH D i r e c t i v e

PAGEWIDTH < n u m e r ic  e x p r e s s i o n >

The PAGEWIDTH d i r e c t i v e  d e f i n e s  t h e  number o f  c o lu m n s  p r i n t e d  
a c r o s s  t h e  p a g e  when t h e  l i s t i n g  f i l e  i s  o u t o u t .  The d e f a u l t  
p a g e w i d t h  i s  1 2 0  u n l e s s  t h e  l i s t i n g  i s  r o u t e d  d i r e c t l y  t o  t h e  
t e r m i n a l ;  t h e n  t h e  d e f a u l t  p a g e w i d t h  i s  7 9 .

3 . 1 7  The EJECT D i r e c t i v e

EJECT

The EJECT d i r e c t i v e  p e r f o r m s  a p a g e  e i e c t  d u r i n g  o r i n t o u t .  The 
EJECT d i r e c t i v e  i t s e l f  i s  p r i n t e d  on t h e  f i r s t  l i n e  o f  t h e  n e x t  
p a g e .

3 . 1 8  The SIMFORM D i r e c t i v e

SIMFORM

The SIMFORM d i r e c t i v e  r e o l a c e s  a f o r m - f e e d  (FF) c h a r a c t e r  i n  
t h e  p r i n t  f i l e  w i t h  t h e  c o r r e c t  number o f  l i n e - f e e d s  (LF) . Use t h i s  
d i r e c t i v e  when p r i n t i n g  o u t  on a p r i n t e r  u n a b l e  t o  i n t e r p r e t  t h e  
f o r m - f e e d  c h a r a c t e r .

3 . 1 9  The NOLIST a n d  LIST D i r e c t i v e s

NOLIST
LIST

The NOLIST d i r e c t i v e  b l o c k s  t h e  p r i n t o u t  o f  t h e  f o l l o w i n g  
l i n e s .  R e s t a r t  t h e  l i s t i n g  w i t h  a LIST d i r e c t i v e .
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Section 4
The ASM-86 Instruction Set

4 . 1  I n t r o d u c t i o n

T h e  A S M - 8 6  i n s t r u c t i o n  s e t  i n c l u d e s  a l l  8 0 8 6  m a c h i n e  
i n s t r u c t i o n s .  The g e n e r a l  s y n t a x  f o r  i n s t r u c t i o n  s t a t e m e n t s  i s  
g i v e n  i n  S e c t i o n  2 . 7 .  The f o l l o w i n g  s e c t i o n s  d e f i n e  t h e  s p e c i f i c  
s y n t a x  and r e q u i r e d  o p e r a n d  t y p e s  f o r  e a c h  I n s t r u c t i o n ,  w i t h o u t  
r e f e r e n c e  t o  l a b e l s  o r  comm ents .  The i n s t r u c t i o n  d e f i n i t i o n s  a r e  
p r e s e n t e d  i n  t a b l e s  f o r  e a s y  r e f e r e n c e .  For  a more d e t a i l e d  
d e s c r i p t i o n  o f  e a c h  i n s t r u c t i o n ,  s e e  I n t e l ' s  MCS-86 A s se m b ly  
Language R e f e r e n c e  M a n u a l .  For  d e s c r i p t i o n s  o f  t h e  i n s t r u c t i o n  b i t  
p a t t e r n s  and o p e r a t i o n s ,  s e e  I n t e l ' s  MCS-86 U s e r ' s  M a n u a l .

The i n s t r u c t i o n - d e f i n i t i o n  t a b l e s  p r e s e n t  ASM-86 i n s t r u c t i o n  
s t a t e m e n t s  a s  c o m b i n a t i o n s  o f  mnemonics  and o p e r a n d s .  A mnemonic i s  
a s y m b o l i c  r e p r e s e n t a t i o n  f o r  an i n s t r u c t i o n ,  and i t s  o p e r a n d s  a r e  
i t s  r e q u i r e d  p a r a m e t e r s .  I n s t r u c t i o n s  c an  t a k e  z e r o ,  one o r  two 
o p e r a n d s .  When two o p e r a n d s  a r e  s p e c i f i e d ,  t h e  l e f t  o p e r a n d  i s  t h e  
i n s t r u c t i o n ' s  d e s t i n a t i o n  o p e r a n d ,  a n d  t h e  two o p e r a n d s  a r e  
s e p a r a t e d  by a comma.

The i n s t r u c t i o n - d e f i n i t i o n  t a b l e s  o r g a n i z e  ASM-86 i n s t r u c t i o n s  
i n t o  f u n c t i o n a l  g r o u p s .  W i t h i n  e a c h  t a b l e ,  t h e  i n s t r u c t i o n s  a r e  
l i s t e d  a l p h a b e t i c a l l y .  T a b l e  4 - 1  shows t h e  sy m b o ls  u s e d  i n  t h e  
i n s t r u c t i o n - d e f i n i t i o n  t a b l e s  t o  d e f i n e  o p e r a n d  t y p e s .

T a b l e  4 - 1 .  O p e r a n d  Type Sym bols

Symbol O perand Type

numb any NUMERIC e x p r e s s i o n

numb 8 anv NUMERIC e x p r e s s i o n  w h ich  
e v a l u a t e s  t o  an 8 - b i t  number

a c c a c c u m u l a t o r  r e g i s t e r ,  AX o r  AL

r e g a ny g e n e r a l  p u r p o s e  r e g i s t e r ,  
n o t  se g m e n t  r e g i s t e r

r e g l 6 a 1 6 - b i t  g e n e r a l  p u r p o s e  r e g i s t e r ,  
n o t  s e g m e n t  r e g i s t e r

s e g r e g any se g m e n t  r e g i s t e r :  CS, DS, SS, 
o r  ES
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T a b l e  4 - 1 .  ( c o n t i n u e d )

Symbol O p e ran d  Type

mem a ny ADDRESS e x p r e s s i o n ,  w i t h  o r  
w i t h o u t  b a s e -  a n d / o r  i n d e x ­
a d d r e s s i n g  m o d e s ,  s u c h  a s :

v a r i a b l e  
v a r i a b l e + 3  
v a r i a b l e [ b x ]  
v a r i a b l e [ S I ]  
v a r i a b l e [ B X + S I ]  
[BX]
[BP+DI]

simpmem a ny ADDRESS e x p r e s s i o n  WITHOUT b a s e -  
a nd i n d e x -  a d d r e s s i n g  m o d e s ,  s u c h  a s :

v a r i a b l e  
v a r i a b l e + 4

m e m |r e g a ny e x p r e s s i o n  s y m b o l i z e d  by " r e q "  
o r  "mem"

m e m |r e g 16 any e x p r e s s i o n  s y m b o l i z e d  by 
" m e m | r e g " ,  b u t  m u st  be 1 6  b i t s

l a b e l any ADDRESS e x p r e s s i o n  w h ich  
e v a l u a t e s  t o  a l a b e l

l a b 8 a ny " l a b e l "  w h i c h  i s  w i t h i n  + / -  1 2 8  
b y t e s  d i s t a n c e  from t h e  i n s t r u c t i o n

The 8 0 8 6  CPU h a s  n i n e  s i n q l e - b i t  F l a q  r e g i s t e r s  w h i c h  r e f l e c t  
t h e  s t a t e  o f  t h e  CPU. The u s e r  c a n n o t  a c c e s s  t h e s e  r e g i s t e r s  
d i r e c t l y ,  b u t  c a n  t e s t  them t o  d e t e r m i n e  t h e  e f f e c t s  o f  an e x e c u t e d  
i n s t r u c t i o n  u p o n  an  o p e r a n d  o r  r e g i s t e r .  The e f f e c t s  o f  
i n s t r u c t i o n s  o n  F l a g  r e g i s t e r s  a r e  a l s o  d e s c r i b e d  i n  t h e  
i n s t r u c t i o n - d e f i n i t i o n  t a b l e s ,  u s i n g  t h e  sv m b o l s  shown i n  T a b l e  5 - 2  
t o  r e p r e s e n t  t h e  n i n e  F l a g  r e g i s t e r s .
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Table 4-2. Flag Register Symbols

AF A u x i l i a r y -O a r rv -F la q
CF Carrv -F laq
DF D irec t ion -F lag
IF In te r ru p t -E n ab le -F lag
OF Overf low -F lag
PF Par i t v -F la q
SF S ign -F lag
TF Trap -F lag
ZF Zero -F lag

4.2 Data Transfer In structions

T h e r e  a r e  f o u r  c l a s s e s  o f  d a t a  t r a n s f e r  o p e r a t i o n s :  q e n e r a l  
p u r p o s e ,  a c c u m u l a t o r  s p e c i f i c ,  a d d r e s s - o b j e c t  and f l a g .  Only SAHF 
and POPF a f f e c t  f l a g  s e t t i n g s .  N o te  i n  T a b l e  4 - 3  t h a t  i f  a cc  = AL, 
a b y t e  i s  t r a n s f e r r e d ,  b u t  i f  a c c  = AX, a word i s  t r a n s f e r r e d .

Table 4-3. Data Transfer In structions

S y n t a x R e s u l t

IN a c c , n u m b 8 |n u m b l 6 t r a n s f e r  d a t a  from i n p u t  p o r t  g i v e n  
by numb8 o r  numbl6  ( 0 - 2 5 5 )  t o  
a c c u m u l a t o r

IN a c c , DX t r a n s f e r  d a t a  from i n p u t  p o r t  g i v e n  
by DX r e g i s t e r  (O-OFFFFH) t o  
a c c u m u l a t o r

LAHF t r a n s f e r  SF, ZF, AF, PF, and OF 
f l a g s  t o  t h e  AH r e g i s t e r

LDS r e g l 6 , m e m t r a n s f e r  t h e  s e g m e n t  D a r t  o f  t h e  
memory a d d r e s s  (DWORD v a r i a b l e )  t o  
t h e  DS s e g m e n t  r e g i s t e r ,  t r a n s f e r  
t h e  o f f s e t  p a r t  t o  a g e n e r a l  
D u r o o s e  1 6 - b i t  r e g i s t e r

LEA r e g l 6 , m e m t r a n s f e r  t h e  o f f s e t  o f  t h e  memory 
a d d r e s s  t o  a ( 1 6 - b i t )  r e g i s t e r

LES r e g l 6 , m e m t r a n s f e r  t h e  se q m e n t  p a r t  o f  t h e  
memory a d d r e s s  t o  t h e  ES s e g m e n t  
r e g i s t e r ,  t r a n s f e r  t h e  o f f s e t  p a r t  
t o  a 1 6 - b i t  g e n e r a l  p u r p o s e  r e g i s t e r

MOV r e g , m e m |r e g move memory o r  r e g i s t e r  t o  r e q i s t e r

MOV m e m | r e g , r e g move r e q i s t e r  t o  memory o r  r e q i s t e r
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Table 4-3. (continued)

S y n t a x R e s u l t

MOV m e m | r e g , numb move i m m e d ia te  d a t a  t o  memory o r  
r e g i s t e r

MOV s e g r e g , m e m | r e g l 6 move memory o r  r e g i s t e r  t o  s e g m e n t  
r e g i s t e r

MOV m e m | r e g l 6 , s e g r e g move s e g m e n t  r e g i s t e r  t o  memorv o r  
r e g i s t e r

OUT numb8 j n u m b l 6 , a c c t r a n s f e r  d a t a  from a c c u m u l a t o r  
t o  o u t p u t  p o r t  ( 0 - 2 5 5 )  g i v e n  by 
numb8 o r  numbl6

OUT DX, a c c t r a n s f e r  d a t a  from a c c u m u l a t o r  t o  
o u t p u t  p o r t  ( 0-0FFFFH) g i v e n  by DX 
r e g i s t e r

POP m e m | r e g 16 move t o p  s t a c k  e l e m e n t  t o  memorv o r  
r e g i s t e r

POP s e g r e g move t o p  s t a c k  e l e m e n t  t o  s e g m e n t  
r e g i s t e r ;  n o t e  t h a t  CS s e g m e n t  
r e g i s t e r -  n o t  a l l o w e d

POPF t r a n s f e r  t o p  s t a c k  e l e m e n t  t o  f l a g s

PUSH m e m |r e g 16 move memory o r  r e g i s t e r  t o  t o p  
s t a c k  e l e m e n t

PUSH s e g r e g move se g m e n t  r e g i s t e r  t o  t o p  s t a c k  
e l e m e n t

PUSHF t r a n s f e r  f l a g s  t o  t o p  s t a c k  e l e m e n t

SAHF t r a n s f e r  t h e  AH r e g i s t e r  t o  f l a g s

XCHG r e g , m e m | r e g e x c h a n g e  r e g i s t e r  and memorv o r  
r e g i s t e r

XCHG m e m | r e g , r e g e x c h a n g e  memory o r  r e g i s t e r  and 
r e g i s t e r

XL AT m e m |r e g . p e r f o r m  t a b l e  l o o k u p  t r a n s l a t i o n ,  
t a b l e  g i v e n  by " m e m i r e g " ,  w h i c h  i s  
a l w a y s  BX. R e p l a c e s  AL w i t h  AL 
o f f s e t  from BX.
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4 . 3  A r i t h m e t i c ,  L o g i c a l ,  and S h i f t  I n s t r u c t i o n s

The 8 0 8 6  CPU p e r f o r m s  t h e  f o u r  b a s i c  m a t h e m a t i c a l  o p e r a t i o n s  i n  
s e v e r a l  d i f f e r e n t  w a y s .  I t  s u p p o r t s  b o t h  8 -  and 1 6 - b i t  o p e r a t i o n s  
and a l s o  s i g n e d  and u n s i g n e d  a r i t h m e t i c .

S i x  o f  t h e  n i n e  f l a g  b i t s  a r e  s e t  o r  c l e a r e d  by m o s t  a r i t h m e t i c  
o p e r a t i o n s  t o  r e f l e c t  t h e  r e s u l t  o f  t h e  o p e r a t i o n .  T a b l e  4 - 4  
s u m m a r i z e s  t h e  e f f e c t s  o f  a r i t h m e t i c  i n s t r u c t i o n s  on f l a g  b i t s .  
Table  4 - 5  d e f i n e s  a r i t h m e t i c  i n s t r u c t i o n s  and T a b l e  4 - 6  l o g i c a l  and 
s h i f t  i n s t r u c t i o n s .

T a b l e  4 - 4 .  E f f e c t s  o f  A r i t h m e t i c  I n s t r u c t i o n s  on F l a g s

CF i s  s e t  i f  t h e  o p e r a t i o n  r e s u l t e d  i n  a c a r r y  o u t  o f  
( f ro m  a d d i t i o n )  o r  a b o r r o w  i n t o  ( f r o m  s u b t r a c t i o n )  
t h e  h i g h - o r d e r  b i t  o f  t h e  r e s u l t ;  o t h e r w i s e  CF i s  
c l e a r e d .

AF i s  s e t  i f  t h e  o p e r a t i o n  r e s u l t e d  i n  a c a r r y  o u t  o f  
( f r o m  a d d i t i o n )  o r  a b o r r o w  i n t o  ( f r o m  s u b t r a c t i o n )  
t h e  l o w - o r d e r  f o u r  b i t s  o f  t h e  r e s u l t ;  o t h e r w i s e  AF 
i s  c l e a r e d .

ZF i s  s e t  i f  t h e  r e s u l t  o f  t h e  o p e r a t i o n  i s  z e r o ;  
o t h e r w i s e  ZF i s  c l e a r e d .

SF i s  s e t  i f  t h e  r e s u l t  i s  n e g a t i v e .

PF i s  s e t  i f  t h e  modulo 2 sum o f  t h e  l o w - o r d e r  e i g h t  
b i t s  o f  t h e  r e s u l t  o f  t h e  o p e r a t i o n  i s  0 (e v e n  
p a r i t y ) ; o t h e r w i s e  PF i s  c l e a r e d  (odd p a r i t y ) .

OF i s  s e t  i f  t h e  o p e r a t i o n  r e s u l t e d  i n  an o v e r f l o w ;  t h e  
s i z e  o f  t h e  r e s u l t  e x c e e d e d  t h e  c a p a c i t y  o f  i t s  
d e s t i n a t i o n .

All Information Presented Here is Proprietary to Digital Research



CP/M-86 Programmers Guide 4.3 Arithmetic, Logic, and Shift

Table 4-5. Arithm etic In structions

S y n t a x R e s u l t

AAA a d j u s t  u n p a c k e d  BCD (ASCII)  f o r  
a d d i t i o n  -  a d j u s t s  AL

AAD a d j u s t  u n p a c k e d  BCD (ASCII)  f o r  
d i v i s i o n  -  a d j u s t s  AL

AAM a d j u s t  u n p a c k e d  BCD (ASCII)  f o r  
m u l t i p l i c a t i o n  -  a d j u s t s  AX

AAS a d j u s t  u n p a c k e d  BCD (ASCII)  f o r  
s u b t r a c t i o n  -  a d j u s t s  AL

ADC r e g , m e m |r e g add ( w i t h  c a r r y )  memorv o r  
r e g i s t e r  t o  r e g i s t e r

ADC mem j r e g , r e g add ( w i t h  c a r r y )  r e g i s t e r  t o  memory 
o r  r e g i s t e r

ADC m e m |r e g , n u m b add ( w i t h  c a r r y )  i m m e d i a t e  d a t a  t o  
memory o r  r e g i s t e r

ADD r e g , m e m | r e g add memory o r  r e g i s t e r  t o  r e g i s t e r

ADD m e m |r e g  , r e g add r e g i s t e r  t o  memory o r  r e g i s t e r

ADD m e m |r e g , n u m b add i m m e d i a t e  d a t a  t o  memory o r  
r e g i s t e r

CBW c o n v e r t  b y t e  i n  AL t o  word i n  AH bv 
s i g n  e x t e n s i o n

CWD c o n v e r t  word i n  AX t o  d o u b l e  word 
i n  DX/AX by s i g n  e x t e n s i o n

CMP reg,mem  j r e g co m p a re  r e g i s t e r  w i t h  memory o r  
r e g i s t e r

CMP mem I r e g , r e g c o m p a re  memory o r  r e g i s t e r  w i t h  
r e g i s t e r

CMP m e m | r e g , numb c o m p a re  d a t a  c o n s t a n t  w i t h  memory 
p r  r e g i s t e r

DAA d e c i m a l  a d j u s t  f o r  a d d i t i o n ,  
a d j u s t s  AL

DAS d e c i m a l  a d j u s t  f o r  s u b t r a c t i o n ,  
a d j u s t s  AL

DEC mem I r e g s u b t r a c t  1 from memory o r  r e g i s t e r
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Table 4-5. (continued)

S y n t a x R e s u l t

INC mem r e g add 1 t o  memory o r  r e g i s t e r

niv mem r e g d i v i d e  ( u n s i g n e d )  a c c u m u l a t o r  (AX 
o r  AL) by memory o r  r e g i s t e r .
I f  b y t e  r e s u l t s ,  AL = q u o t i e n t ,  AH 
= r e m a i n d e r .  I f  word r e s u l t s ,  AX = 
q u o t i e n t ,  DX = r e m a i n d e r

IDIV mem 1 r e g d i v i d e  ( s i g n e d )  a c c u m u l a t o r  (AX o r  
AL) by memory o r  r e g i s t e r  -  
q u o t i e n t  and r e m a i n d e r  s t o r e d  a s  i n  
DIV

IMUL mem 1 r e g m u l t i p l y  ( s i g n e d )  memory o r  
r e g i s t e r  by a c c u m u l a t o r  (AX o r  
AL) -  i f  b y t e ,  r e s u l t s  i n  AH, AL. 
I f  w o r d ,  r e s u l t s  i n  DX, AX

MUL mem 1 r e g m u l t i p l y  ( u n s i g n e d )  memory o r  
r e g i s t e r  by a c c u m u l a t o r  (AX o r  
AL) -  r e s u l t s  s t o r e d  as  i n  IMUL

NEG mem ! r e g t w o ' s  c o m p lem e n t  memory o r  
r e g i s t e r

SBB r e g ,mem | r e g s u b t r a c t  ( w i t h  b o r r o w )  memory o r  
r e g i s t e r  from r e g i s t e r

SBB mem | r e g , r e g s u b t r a c t  ( w i t h  b o r r o w )  r e g i s t e r  
from  memory o r  r e g i s t e r

SBB mem | r e g , numb s u b t r a c t  ( w i t h  b o r r o w )  i m m e d i a t e  
d a t a  from  memory o r  r e g i s t e r

SUB r e g ,mem | r e g s u b t r a c t  memory o r  r e g i s t e r  from 
r e g i s t e r

SUB mem | r e g , r e g s u b t r a c t  r e g i s t e r  from memory o r  
r e g i s t e r

SUB mem | r e g , n u m b s u b t r a c t  d a t a  c o n s t a n t  from  memory 
o r  r e g i s t e r
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Table 4-6. Logic and S h ift  In struction s

S y n t a x R e s u l t

AND r e g  , m e m |r e g p e r f o r m  b i t w i s e  l o g i c a l  " a n d "  o f  a 
r e g i s t e r  and memory r e g i s t e r

AND mem | r e g , r e g p e r f o r m  b i t w i s e  l o g i c a l  " a n d "  o f  
memory r e g i s t e r  and r e g i s t e r

AND mem | r e g , numb p e r f o r m  b i t w i s e  l o g i c a l  " a n d "  o f  
memory r e g i s t e r  and d a t a  c o n s t a n t

NOT mem | r e g form  o n e s  c o m p l e m e n t  o f  memory 
o r  r e g i s t e r

OR r e g , m e m |r e g p e r f o r m  b i t w i s e  l o g i c a l  " o r "  o f  
a r e g i s t e r  and memory r e g i s t e r

OR mem | r e g , r e g p e r f o r m  b i t w i s e  l o g i c a l  " o r "  o f  
memory r e g i s t e r  and r e g i s t e r

OR mem | r e g , numb p e r f o r m  b i t w i s e  l o g i c a l  " o r "  o f  
memory r e g i s t e r  and d a t a  c o n s t a n t

RCL mem | t e g  , 1 r o t a t e  memory o r  r e g i s t e r  1 b i t  
l e f t  t h r o u g h  c a r r y  f l a g

RCL mem | r e g , C L r o t a t e  memory o r  r e g i s t e r  l e f t  
t h r o u g h  c a r r y  f l a g ,  number o f  b i t s  
g i v e n  by CL r e g i s t e r

RCR mem | t e g  , 1 r o t a t e  memory o r  r e g i s t e r  1 b i t  
r i g h t  t h r o u g h  c a r r y  f l a g

RCR mem | r e g , C L r o t a t e  memory o r  r e g i s t e r  r i g h t  
t h r o u g h  c a r r y  f l a g ,  number o f  b i t s  . 
g i v e n  by CL r e g i s t e r  |

ROL mem |! r e g , l r o t a t e  memory o r  r e g i s t e r  1 b i t  
l e f t

ROL mem |I r e g , C L r o t a t e  memory o r  r e g i s t e r  l e f t ,  
number o f  b i t s  g i v e n  by CL r e g i s t e r

ROR mem | r e g , l r o t a t e  memory o r  r e g i s t e r  1 b i t  
. r i g h t

ROR mem | r e g , C L r o t a t e  memory o r  r e g i s t e r  r i g h t ,  
number o f  b i t s  g i v e n  by CL r e g i s t e r

SAL mem 1t e q  , 1 s h i f t  memory o r  r e g i s t e r  1 b i t  
l e f t ,  s h i ^ t  i n  l o w - o r d e r  z e r o  b i t s
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Table 4-6. (continued)

S y n t a x R e s u l t

SAL mem | r e g , C L s h i f t  memory o r  r e g i s t e r  l e f t ,  
number o f  b i t s  g i v e n  by CL 
r e g i s t e r ,  s h i f t  i n  l o w - o r d e r  z e r o  
b i t s

SAR ment !r e g , l s h i f t  memory o r  r e g i s t e r  1 b i t  
r i g h t ,  s h i f t  i n  h i g h - o r d e r  b i t s  
e q u a l  t o  t h e  o r i g i n a l  h i g h - o r d e r  
b i t

SAR mem r e g , G L s h i f t  memory o r  r e g i s t e r  r i g h t ,  
number o f  b i t s  g i v e n  by CL 
r e g i s t e r ,  s h i f t  i n  h i g h - o r d e r  b i t s  
e q u a l  t o  t h e  o r i g i n a l  h i g h - o r d e r  
b i t

SHL mem r e g , 1 s h i f t  memory o r  r e g i s t e r  1 b i t  
l e f t ,  s h i f t  i n  l o w - o r d e r  z e r o  b i t s  
-  n o t e  t h a t  SHL i s  a d i f f e r e n t  
mnemonic f o r  SAL

SHL mem 1 r e g , C L s h i f t  memory o r  r e g i s t e r  l e f t ,  
number o f  b i t s  g i v e n  by CL 
r e g i s t e r ,  s h i f t  i n  l o w - o r d e r  z e r o  
b i t s  -  n o t e  t h a t  SHL i s  a 
d i f f e r e n t  mnemonic f o r  SAL

SHR mem 1r e g , l s h i f t  memory o r  r e g i s t e r  1 b i t  
r i g h t ,  s h i f t  i n  h i g h - o r d e r  z e r o  
b i t s

SHR mem 1 r e g , C L s h i f t  memory o r  r e g i s t e r  r i g h t ,  
number o f  b i t s  g i v e n  by CL 
r e g i s t e r ,  s h i f t  i n  h i g h - o r d e r  z e r o  
b i t s

TEST r e g ,m e m |r e g p e r f o r m  b i t w i s e  l o g i c a l  " a n d "  o f  a 
r e g i s t e r  and memory o r  r e g i s t e r  
-  s e t  c o n d i t i o n  f l a g s  b u t  do n o t  
c h a n g e  d e s t i n a t i o n

TEST mem | r e g , r e g p e r f o r m  b i t w i s e  l o g i c a l  " a n d "  o f  
memory r e g i s t e r  and r e g i s t e r  -  s e t  
c o n d i t i o n  f l a g s  b u t  do n o t  
c h a n g e  d e s t i n a t i o n

TEST mem | r e g , numb p e r f o r m  b i t w i s e  l o g i c a l  " a n d "  -  
t e s t  o f  memory r e g i s t e r  and d a t a  
c o n s t a n t  -  s e t  c o n d i t i o n  f l a g s  
b u t  do n o t  c h a n g e  d e s t i n a t i o n
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T a b l e  4 - 6 ( c o n t i n u e d )

S y n t a x R e s u l t

XOR r e g , m e m |r e g p e r f o r m  b i t w i s e  l o g i c a l  " e x c l u s i v e  
OR" o f  a r e g i s t e r  and memory o r  
r e g i s t e r

XOR m e m | r e g , r e g p e r f o r m  b i t w i s e  l o g i c a l  " e x c l u s i v e  
OR" o f  memory r e g i s t e r  and r e g i s t e r

XOR m e m | r e g , numb p e r f o r m  b i t w i s e  l o g i c a l  " e x c l u s i v e  
OR" o f  memory r e g i s t e r  and d a t a  
c o n s t a n t

4 . 4  S t r i n g  I n s t r u c t i o n s

S t r i n g  i n s t r u c t i o n s  t a k e  one o r  two o p e r a n d s .  The o p e r a n d s  " 
s p e c i f y  o n l y  t h e  o p e r a n d  t y p e ,  d e t e r m i n i n g  w h e t h e r  o p e r a t i o n  i s  on 
b y t e s  o r  w o r d s .  I f  t h e r e  a r e  two o p e r a n d s ,  t h e  s o u r c e  o p e r a n d  i s  
a d d r e s s e d  by t h e  SI  r e g i s t e r  and t h e  d e s t i n a t i o n  o p e r a n d  i s  
a d d r e s s e d  by t h e  DI r e g i s t e r .  The DI and SI  r e g i s t e r s  a r e  a l w a y s  
used f o r  a d d r e s s i n g .  N ote  t h a t  f o r  s t r i n g  o p e r a t i o n s ,  d e s t i n a t i o n  
o p e r a n d s  a d d r e s s e d  by DI m u s t  a l w a y s  r e s i d e  i n  t h e  E x t r a  Segm ent  
(ES) .

T a b l e  4 - 7 . S t r i n g  I n s t r u c t i o n s

S y n t a x R e s u l t

CMPS m e m |r e g , m e m |r e g s u b t r a c t  s o u r c e  from  d e s t i n a t i o n ,  
a f f e c t  f l a g s ,  b u t  do n o t  r e t u r n  
r e s u l t .

LODS m e m |r e g t r a n s f e r  a b y t e  o r  word f rom  t h e  
s o u r c e  o p e r a n d  t o  t h e  a c c u m u l a t o r .

MOVS mem I r e g , m e m | r e g move 1 b y t e  ( o r  word) f rom  s o u r c e  
t o  d e s t i n a t i o n .

5 CAS m e m |r e g s u b t r a c t  d e s t i n a t i o n  o p e r a n d  from  
a c c u m u l a t o r  (AX o r  A L ) , a f f e c t  
f l a g s ,  b u t  do n o t  r e t u r n  r e s u l t .

STOS m e m |r e g t r a n s f e r  a b y t e  o r  word from 
a c c u m u l a t o r  t o  t h e  d e s t i n a t i o n  
o p e r a n d .
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Table 4 - 8  d e f i n e s  p r e f i x e s  f o r  s t r i n g  i n s t r u c t i o n s .  A p r e f i x  
r e p e a t s  i t s  s t r i n g  i n s t r u c t i o n  t h e  number o f  t i m e s  c o n t a i n e d  i n  t h e  
CX r e g i s t e r ,  w hich  i s  d e c r e m e n t e d  by 1 f o r  e a c h  i t e r a t i o n .  P r e f i x  
mnemonics p r e c e d e  t h e  s t r i n g  i n s t r u c t i o n  mnemonic i n  t h e  s t a t e m e n t  
l i n e  a s  shown i n  S e c t i o n  2 . 8 .

Table 4-8. P re fix  Instructions

S y n t a x R e s u l t

REP r e p e a t  u n t i l  CX r e g i s t e r  i s  z e r o

REPZ r e p e a t  u n t i l  CX r e g i s t e r  i s  z e r o  
and z e r o  f l a g  (ZF) i s  n o t  z e r o

REPE e q u a l  t o  "REPZ"

REPNZ r e p e a t  u n t i l  CX r e g i s t e r  i s  z e r o  
and z e r o  f l a g  (ZF) i s  z e r o

REPNE e q u a l  t o  "REPNZ"

4.5 Control Transfer In structions

T h e r e  a r e  f o u r  c l a s s e s  o f  c o n t r o l  t r a n s f e r  i n s t r u c t i o n s :

•  c a l l s ,  j u m p s ,  and r e t u r n s
•  c o n d i t i o n a l  jumps
•  i t e r a t i o n a l  c o n t r o l
•  i n t e r r u p t s

A l l  c o n t r o l  t r a n s f e r  i n s t r u c t i o n s  c a u s e  p r o g r a m  e x e c u t i o n  t o  
c o n t i n u e  a t  some new l o c a t i o n  i n  memory,  p o s s i b l y  i n  a new c o d e  
s e g m e n t .  The t r a n s f e r  may be a b s o l u t e  o r  d e p e n d  upon a c e r t a i n  
c o n d i t i o n .  T a b l e  4 - 9  d e f i n e s  c o n t r o l  t r a n s f e r  i n s t r u c t i o n s .  I n  t h e  
d e f i n i t i o n s  o f  c o n d i t i o n a l  j u m p s ,  " a b o v e "  and " b e l o w "  r e f e r  t o  t h e  
r e l a t i o n s h i p  b e t w e e n  u n s i g n e d  v a l u e s ,  and " g r e a t e r  t h a n "  and " l e s s  
t h a n "  r e f e r  t o  t h e  r e l a t i o n s h i p  b e tw e e n  s i g n e d  v a l u e s .
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Table 4-9. Control Transfer In struction s

S y n t a x R e s u l t

CALL l a b e l p u s h  t h e  o f f s e t  a d d r e s s  o f  t h e  n e x t  
i n s t r u c t i o n  on t h e  s t a c k ,  lump t o  
t h e  t a r g e t  l a b e l

CALL mem| r e g l 6 p u s h  t h e  o f f s e t  a d d r e s s  o f  t h e  n e x t  
i n s t r u c t i o n  on t h e  s t a c k ,  jump t o  
l o c a t i o n  i n d i c a t e d  by c o n t e n t s  o f  
s p e c i f i e d  memory o r  r e g i s t e r

CALLF l a b e l p u s h  CS s e g m e n t  r e g i s t e r  on t h e  
s t a c k ,  o u s h  t h e  o f f s e t  a d d r e s s  o f  
t h e  n e x t  i n s t r u c t i o n  on t h e  s t a c k  
( a f t e r  C S ) , jump t o  t h e  t a r g e t  
l a b e l

CALLF mem p u s h  CS r e g i s t e r  on t h e  s t a c k ,  
p u s h  t h e  o f f s e t  a d d r e s s  o f  t h e  n e x t  
i n s t r u c t i o n  on t h e  s t a c k ,  jump t o  
l o c a t i o n  i n d i c a t e d  by c o n t e n t s  o f  
s p e c i f i e d  d o u b l e  word i n  memory

INT numb8 p u s h  t h e  f l a g  r e g i s t e r s  ( a s  in  
PUSHF), c l e a r  TF and IF  f l a g s ,  
t r a n s f e r  c o n t r o l  w i t h  an i n d i r e c t  
c a l l  t h r o u g h  any one o f  t h e  2 5 6  
i n t e r r u p t - v e c t o r  e l e m e n t s  -  u s e s  
t h r e e  l e v e l s  o f  s t a c k

INTO i f  OF ( t h e  o v e r f l o w  f l a g )  i s  
s e t ,  p u s h  t h e  f l a g  r e g i s t e r s  ( a s  i n  
PTJSHF) , c l e a r  TF a nd IF f l a g s ,  
t r a n s f e r  c o n t r o l  w i t h  an i n d i r e c t  
c a l l  t h r o u g h  i n t e r r u p t - v e c t o r  
e l e m e n t  4 ( l o c a t i o n  10H) -  i f  t h e  
OF f l a g  i s  c l e a r e d ,  no o p e r a t i o n  
t a k e s  p l a c e

IRET t r a n s f e r  c o n t r o l  t o  t h e  r e t u r n  
a d d r e s s  s a v e d  by a p r e v i o u s  
i n t e r r u p t  o p e r a t i o n ,  r e s t o r e  s a v e d  
f l a g  r e g i s t e r s ,  a s  w e l l  a s  CS and 
IP -  p o d s  t h r e e  l e v e l s  o f  s t a c k

JA l a b 8 jump i f  " n o t  b e lo w  o r  e q u a l ” o r  
" a b o v e ” ( (CF o r  ZF)=0 )
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Table 4-9. (continued)

S y n t a x R e s u l t

JAE l a b 8 iump i f  " n o t  b elo w " o r  " a b o v e  o r  
e q u a l "  ( CF=0 )

JB l a b 8 iump i f  " b e l o w "  o r  " n o t  a b o v e  or  
e q u a l "  ( CF=1 )

JBE l a b 8 jump i f  " b e l o w  o r  e a u a l "  o r  " n o t  
a b o v e "  ( (CF o r  ZF)=1 )

JC l a b 8 same a s  "JB "

JCXZ l a b 8 jump t o  t a r g e t  l a b e l  i f  CX r e g i s t e r  
i s  z e r o

JE l a b 8 jump i f  " e q u a l "  o r  " z e r o "  ( ZF=1 )

JG l a b 8 jump i f  " n o t  l e s s  o r  e q u a l "  o r  
" g r e a t e r "  ( ( (SF x o r  OF) o r  Z F ) =0 )

JGE l a b 8 jump i f  " n o t  l e s s "  o r  " g r e a t e r  o r  
e q u a l "  ( (SF x o r  OF)=0 )

JL l a b 8 jump i f  " l e s s "  o r  " n o t  g r e a t e r  o r  
e q u a l "  ( (SF x o r  O F )= l  )

JLE l a b 8 jump i f  " l e s s  o r  e q u a l "  o r  " n o t  
g r e a t e r "  ( ( (SF x o r  OF) o r  Z F ) =1 )

JMP l a b e l jump t o  t h e  t a r g e t  l a b e l

JMP mem| r e g 16 iump t o  l o c a t i o n  i n d i c a t e d  bv 
c o n t e n t s  o f  s p e c i f i e d  memory o r  
r e g i s t e r

JMPF l a b e l jump t o  t h e  t a r g e t  l a b e l  p o s s i b l y  
i n  a n o t h e r  c o d e  s e g m e n t

JMPS l a b 8 iump t o  t h e  t a r g e t  l a b e l  w i t h i n  + / -  
1 2 8  b y t e s  from i n s t r u c t i o n

JNA l a b 8 same a s  "JBE"

JNAE l a b 8 same a s  "JB"

JNB l a b 8 same a s  "JAE"

JNBE l a b 8 same a s  "JA"

JNC l a b 8 same a s  "JNB"
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T a b l e  4 - 9 .  ( c o n t i n u e d )

S y n t a x R e s u l t

JNE l a b 8 lump i f  " n o t  e q u a l "  o r  " n o t  z e r o "  
'( ZF=0 )

JNG l a b 8 same as  "JLE"

JNGE l a b 8 same a s  "JL"

JNL l a b 8 same as  " JGE"

JNLE l a b 8 same a s  "JG"

JNO l a b 8 jump i f  " n o t  o v e r f l o w "  ( OF=0 )

JNP l a b 8 jump i f  " n o t  p a r i t v "  o r  " p a r i t y  
odd"

JNS l a b 8 jump i f  " n o t  s i g n "

JNZ l a b 8 same a s  "JNE"

JO l a b 8 jump i f  " o v e r f l o w "  ( 0F=1 )

JP l a b 8 jump i f  " p a r i t y "  o r  " p a r i t y  e v e n "  
( PF=1 )

JPE l a b 8 same a s  " J P "

JPO l a b 8 same a s  "JNP"

JS l a b 8 jump i f  " s i g n "  ( SF=1 )

JZ l a b 8 same a s  " JE "

LOOP l a b 8 d e c r e m e n t  CX r e g i s t e r  by o n e ,  jump 
t o  t a r g e t  l a b e l  i f  CX i s  n o t  z e r o

LOOPE l a b 8 d e c r e m e n t  CX r e c i s t e r  by o n e ,  jump 
t o  t a r g e t  l a b e l  i f  CX i s  n o t  z e r o  
and t h e  ZF f l a g  i s  s e t  -  " l o o p  
w h i l e  z e r o "  o r  " l o o p  w h i l e  e q u a l "

LOOPNE l a b 8 d e c r e m e n t  CX r e g i s t e r  by o n e ,  jump 
. t o  t a r q e t  l a b e l  i f  CX i s  n o t  z e r o  
and ZF f l a q  i s  c l e a r e d  -  " l o o p  
w h i l e  n o t  z e r o "  o r  " l o o p  w h i l e  n o t  
e q u a l "

LOOPNZ l a b 8 same a s  "LOOPNE"

LOOPZ l a b 8 same a s  "LOOPE"
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T a b l e  4 - 9 .  ( c o n t i n u e d )

Syntax Result

RET return to the return address pushed 
by a previous CALL instruct ion ,  
increment stack pointer by 2

RET numb return to the address oushed by 
previous CALL, increment stack 
pointer by 2+numb

a

RETF return to the address pushed by 
previous CALLF ins truct ion ,  
increment stack pointer by 4

a

RETF numb return to the address pushed by a 
previous CALLF ins truct ion ,  
increment stack pointer by 4+numb

4.6 Processor Control Instructions

P r o c e s s o r  c o n t r o l  i n s t r u c t i o n s  m a n i p u l a t e  t h e  f l a g  r e g i s t e r s .  
M o re o v er ,  some o f  t h e s e  i n s t r u c t i o n s  c a n  s y n c h r o n i z e  t h e  8 0 8 6  CPU  
w i t h  e x t e r n a l  h a r d w a r e .

Table 4-10. Processor Control Instructions

S y n t a x R e s u l t s

CLC c l e a r  CF f l a g

CLD c l e a r  DF f l a g ,  c a u s i n g  s t r i n g  
i n s t r u c t i o n s  t o  a u t o - i n c r e m e n t  t h e  
o o e r a n d  p o i n t e r s

CLI c l e a r  IF f l a g ,  d i s a b l i n g  m a s k a b l e  
e x t e r n a l  i n t e r r u p t s

CMC complem ent  CF f l a g

ESC numb8,mem j r e g do no o p e r a t i o n  o t h e r  t h a n  compute 
t h e  e f f e c t i v e  a d d r e s s  and p l a c e  i t  
on t h e  a d d r e s s  bus (ESC i s  u se d  by 
t h e  8 0 8 7  n u m e r i c  c o - p r o c e s s o r ) , 
"num b8" must be in  t h e  r a n g e  0 t o  63
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T a b l e  4 - 1 0 .  ( c o n t i n u e d )

S y n t a x  R e s u l t s

LOCK PREFIX i n s t r u c t i o n ,  c a u s e  t h e  8 0 8 6  
p r o c e s s o r  t o  a s s e r t  t h e  " b u s - l o c k "  
s i g n a l  f o r  t h e  d u r a t i o n  o f  t h e  
o p e r a t i o n  c a u s e d  by t h e  f o l l o w i n g  
i n s t r u c t i o n  -  t h e  LOCK p r e f i x  
i n s t r u c t i o n  may p r e c e d e  any o t h e r  
i n s t r u c t i o n  -  b u s l o c k  p r e v e n t s  
c o - p r o c e s s o r s  from g a i n i n g  t h e  b u s ;  
t h i s  i s  u s e f u l  f o r  s h a r e d - r e s o u r c e  
s e m a p h o r e s

HLT c a u s e  8 0 8 6  p r o c e s s o r  t o  e n t e r  h a l t  
s t a t e  u n t i l  an i n t e r r u p t  i s  
r e c o g n i z e d

STC s e t  CF f l a g

STD s e t  DF f l a g ,  c a u s i n g  s t r i n g  
i n s t r u c t i o n s  t o  a u t o - d e c r e m e n t  t h e  
o p e r a n d  p o i n t e r s

STI s e t  IF f l a g ,  e n a b l i n g  m a s k a b l e  
e x t e r n a l  i n t e r r u p t s

WAIT c a u s e  t h e  8 0 8 6  p r o c e s s o r  t o  e n t e r  a 
" w a i t "  s t a t e  i f  t h e  s i g n a l  on i t s  
"TEST" p i n  i s  n o t  a s s e r t e d
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Section 5
Code-Macro Facilities

5.1 Introduction to Code-macros

ASM-86 d o e s  n o t  s u o p o r t  t r a d i t i o n a l  a s s e m b l y - l a n g u a g e  m a c r o s ,  
b u t  i t  d o e s  a l l o w  t h e  u s e r  t o  d e f i n e  h i s  own i n s t r u c t i o n s  by u s i n g  
t h e  C o d e -m a c ro  d i r e c t i v e .  L ik e  t r a d i t i o n a l  m a c r o s ,  c o d e - m a c r o s  a r e  
assembled w h e r e v e r  t h e y  aDpear  i n  a s s e m b l y  1 a n g u a a e  c o d e ,  b u t  t h e r e  
th e  s i m i l a r 1' t v  e n d s .  T r a d i t i o n a l  m a c r o s  c o n t a i n  a s s e m b l v  l a n g u a g e  
i n s t r u c t i o n s ,  b u t  a c o d e - m a c r o  c o n t a i n s  o n i v  c o d e - m a c r o  d i r e c t i v e s .  
Macros a r e  u s u a l l y  d e f i n e d  i n  t h e  u s e r ' s  symbol t a b l e ;  ASM-86 c o d e ­
m a c r o s  a r e  d e f i n e d  in  t h e  a s s e m b l e r ' s  svmbol t a b l e .  A m a c r o  
s i m p l i f i e s  u s i n g  t h e  same b l o c k  o f  i n s t r u c t i o n s  o v e r  and o v e r  a g a i n  
t h r o u g h o u t  a p r o g r a m ,  b u t  a c o d e - m a c r o  s e n d s  a b i t  s t r e a m  t o  t h e  
o u t p u t  f i l e  and i n  e f f e c t  a d d s  a new i n s t r u c t i o n  t o  t h e  a s s e m b l e r .

Because  ASM-86 t r e a t s  a c o d e - m a c r o  a s  an i n s t r u c t i o n ,  vou c a n  
i n v o k e  c o d e - m a c r o s  by u s i n g  them a s  i n s t r u c t i o n s  in  y o u r  p r o g r a m .  
The exam ple  b elow  shows how M A T ,  an i n s t r u c t i o n  d e f i n e d  by a c o d e ­
m a c r o ,  can  be i n v o k e d .

XCHG BX, WORD3 
MAC PARI, PAR2 
MUL AX,WORD4

N o t e  t h a t  MAC a c c e p t s  two o p e r a n d s .  When MAC was d e f i n e d ,  
t h e s e  two o p e r a n d s  were  a l s o  c l a s s i f i e d  as  t o  t y p e ,  s i z e ,  and s o  on 
by d e f i n i n g  MAC's f o r m a l  p a r a m e t e r s .  The names o f  f o r m a l  p a r a m e t e r s  
a r e  n o t  f i x e d .  They a r e  s t a n d - i n s  w h ic h  a r e  r e p l a c e d  by t h e  names 
or  v a l u e s  s u p p l i e d  as o p e r a n d s  when t h e  c o d e - m a c r o  i s  i n v o k e d .  Thus 
f o r m a l  p a r a m e t e r s  " h o l d  t h e  p l a c e "  and i n d i c a t e  w h e re  and how t h e  
o p e r a n d s  a r e  t o  be u s e d .

The d e f i n i t i o n  o f  a c o d e - m a c r o  s t a r t s  w i t h  a l i n e  s p e c i f y i n g  
i t s  name and i t s  f o r m a l  p a r a m e t e r s ,  i f  any:

CodeMacro <name> [ < f o r m a l  p a r a m e t e r  ! i s t > l  

where  t h e  o p t i o n a l  < f o r m a l  p a r a m e t e r  l i s t >  i s  d e f i n e d :

< f o r m a l  name>: < s o e c i f i e r  l e t t e r > [ < m o d i f i e r  l e t t e r > l  f < r a n g e > l
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As stated above, the formal name is not f ixed, but a Place  
holder. I f  formal Parameter l i s t  is present,  the SD ec i f ie r  l e t t e r  
i s  r e q u i r e d  and the m o d i f i e r  l e t t e r  is  o p t io n a l .  P o s s ib le  
s p e c i f i e r s  are A, C, d , E, M, R, S, and X. P o s s ib le  modif ier  
l e t t e r s  are b, d, w, and sb. The assembler ignores case except  
within s t r in g s ,  but for c l a r i t y ,  th is  section shows s p e c i f i e r s  in 
upper-case and m od if iers  in lower -case .  Following sections  descr ibe  
s p e c i f i e r s ,  m od i f ie r s ,  and the opt iona l  range in d e t a i l .

The body o f  t h e  c o d e - m a c r o  d e s c r i b e s  t h e  b i t  p a t t e r n  and f o r m a l  
p a r a m e t e r s .  Only t h e  f o l l o w i n g  d i r e c t i v e s  a r e  l e g a l  w i t h i n  c o d e ­
m ac ro s  :

SEGFIX
NOSEGFIX
MODRM
RELB
RELW
D3
DW
DD
D B I T

T h e s e  d i r e c t i v e s  a r e  u n i q u e  t o  c o d e - m a c r o s ,  and t h o s e  which  
a p p e a r  t o  d u p l i c a t e  ASM.-86 d i r e c t i v e s  (DB, DW, and DD) h av e  
d i f f e r e n t  m e a n i n g s  in  c o d e - m a c r o  c o n t e x t .  T h e s e  d i r e c t i v e s  a r e  
d i s c u s s e d  i n  d e t a i l  i n  l a t e r  s e c t i o n s .  The d e f i n i t i o n  o f  a c o d e ­
macro e n d s  w i t h  a l i n e :

EndM

CodeMacro,  EndM, and t h e  c o d e - m a c r o  d i r e c t i v e s  a r e  a l l  r e s e r v e d  
w o r d s .  C o d e -m a c r o  d e f i n i t i o n  s v n t a x  i s  d e f i n e d  i n  B a c k u s - N a u r - l i k e  
form i n  A p p e n d ix  H. The f o l l o w i n g  e x a m p l e s  a r e  t v p i c a l  c o d e - m a c r o  
d e f i n i t i o n s  .

CodeMacro AAA 
DB 37H 

EndM

CodeMacro DIV d i v i s o r : E b  
SEGFIX d i v i s o r  
DB 6FH
MODRM d i v i s o r  

EndM

CodeMacro ESC o p c o d e : D b ( 0 , 6 3 ) , s r c : E b  
SEGFIX s r c
DBIT 5 ( 1BH) , 3 ( o p c o d e  ( 3 ) )
MODRM o p c o d e , s r c  

EndM
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5.2 S p ec ifie rs

E v e r y  f o r m a l  p a r a m e t e r  m ust  h a v e  a s o e c i f i e r  l e t t e r  t h a t  
i n d i c a t e s  w h a t  t y p e  o f  o p e r a n d  i s  n e e d e d  t o  m atch  t h e  f o r m a l  
p a r a m e t e r .  T a b l e  5 - 1  d e f i n e s  t h e  e i g h t  p o s s i b l e  s p e c i f i e r  l e t t e r s .

Table 5-1. Code—macro Operand S p e c ifie rs

L e t t e r O p eran d  Type

A A c c u m u l a t o r  r e g i s t e r ,  AX o r  AL.

C C o d e ,  a l a b e l  e x p r e s s i o n  o n l y .

D D a t a ,  a number t o  be u s e d  a s  an 
i m m e d i a t e  v a l u e .

E E f f e c t i v e  a d d r e s s ,  e i t h e r  an M 
(memory a d d r e s s )  o r  an R ( r e g i s t e r ) .

M Memory a d d r e s s .  T h i s  c a n  be e i t h e r  
a v a r i a b l e  o r  a b r a c k e t e d  r e g i s t e r  
e x p r e s s i o n .

R A g e n e r a l  r e g i s t e r  o n l y .

S Segment  r e g i s t e r  o n l y .

X A d i r e c t  memorv r e f e r e n c e .

5.3 M odifiers

The o p t i o n a l  m o d i f i e r  l e t t e r  i s  a f u r t h e r  r e q u i r e m e n t  on t h e  
o p e r a n d .  The m ea n in g  o f  t h e  m o d i f i e r  l e t t e r  d e p e n d s  on t h e  t v o e  o f  
t h e  o p e r a n d .  For  v a r i a b l e s ,  t h e  m o d i f i e r  r e q u i r e s  t h e  o p e r a n d  t o  be 
o f  t y p e :  "b" f o r  b v t e ,  "w" f o r  w o r d ,  "d"  f o r  d o u b l e - w o r d  and ” s b "  
f o r  s i g n e d  b y t e .  Fo r  n u m b e r s ,  t h e  m o d i f i e r s  r e q u i r e  t h e  number t o  
be of  a c e r t a i n  s i z e :  "b" f o r  - 2 5 6  t o  2 5 5  and "w" f o r  o t h e r  n u m b e r s .  
T a b l e  5 - 2  s u m m a r i z e s  c o d e - m a c r o  m o d i f i e r s .

All Information Presented Here is Proprietary to Digital Research



CP/M-86 Programmer"s Guide 5.3 Modifiers

Table 5 -2 . Code-macro Operand M odifiers

V a r i a b l e s Numbers

Mod i  f  i  e r Type M o d i f i e r S i z e

b b y t e

w word

d dword

s b  s i g n e d  
b y t e

b - 2 5 6  t o  2 5 5  

w a n y t h i n g  e l s e

5 . 4  Range S p e c i f i e r s

The o p t i o n a l  r a n g e  i s  s p e c i f i e d  w i t h i n  p a r e n t h e s e s  by e i t h e r  
o n e  e x p r e s s i o n  o r  two e x p r e s s i o n s  s e p a r a t e d  by a comma. The 
f o l l o w i n g  a r e  v a l i d  f o r m a t s :

(n um berb)
( r e g i s t e r )
(n u m b e r b , n u m b e r b )
( n u m b e r b , r e g i s t e r )
( r e g i s t e r  , num b erb )
( r e g i s t e r  , r e g i s t e r )

Numberb i s  8 - b i t  n u m b e r ,  n o t  an a d d r e s s .  The f o l l o w i n g  e x a m p le  
s p e c i f i e s  t h a t  t h e  i n p u t  p o r t  m u st  be i d e n t i f i e d  by t h e  DX r e g i s t e r :

CodeMacro IN d s t : Aw,port:Rw(DX)

The n e x t  e x a m p le  s p e c i f i e s  t h a t  t h e  CL r e g i s t e r  i s  t o  c o n t a i n  t h e  
" c o u n t "  o f  r o t a t i o n :

CodeMacro ROR d s t : Ew, c o u n t : Rb(CL)

The l a s t  e x a m p le  s p e c i f i e s  t h a t  t h e  " o p c o d e "  i s  t o  be i m m e d ia te  
d a t a ,  and may r a n g e  from  0 t o  63  i n c l u s i v e :

CodeMacro ESC o p c o d e : D b ( 0 , 6 3 ) , a d d s : E b
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5.5 Code-macro D irectives

Code-macro d i r e c t i v e s  d e f i n e  t h e  b i t  p a t t e r n  and make f u r t h e r  
r e q u i r e m e n t s  on how t h e  o p e r a n d  i s  t o  be t r e a t e d .  D i r e c t i v e s  a r e  
r e s e r v e d  w o r d s ,  and t h o s e  t h a t  a p p e a r  t o  d u D l i c a t e  a s s e m b l y  l a n q u a g e  
i n s t r u c t i o n s  have  d i f f e r e n t  m e a n i n q s  w i t h i n  a c o d e - m a c r o  d e f i n i t i o n .  
Only t h e  n i n e  d i r e c t i v e s  d e f i n e d  h e r e  a r e  l e g a l  w i t h i n  c o d e - m a c r o  
d e f i n i t i o n s  .

5.5.1 SEGFIX

I f  SEGFIX i s  p r e s e n t ,  i t  i n s t r u c t s  t h e  a s s e m b l e r  t o  d e t e r m i n e  
w h e t h e r  a s e g m e n t - o v e r r i d e  p r e f i x  b y t e  i s  n e e d e d  t o  a c c e s s  a g i v e n  
memory l o c a t i o n .  I f  s o ,  i t  i s  o u t o u t  as  t h e  f i r s t  b v t e  o f  t h e  
i n s t r u c t i o n .  I f  n o t ,  no a c t i o n  i s  t a k e n .  SEGFIX t a k e s  t h e  form:

SEGFIX < f o r m a l  name>

w h e r e  < f o r m a l  name> i s  t h e  name o f  a f o r m a l  p a r a m e t e r  w hich  r e p ­
r e s e n t s  t h e  memory a d d r e s s .  B e c a u s e  i t  r e p r e s e n t s  a memory a d d r e s s ,  
t h e  f o r m a l  p a r a m e t e r  m ust  h a v e  one o f  t h e  s p e c i f i e r s  E,  M o r  X.

5.5.2 NOSEGFIX

Use NOSEGFIX f o r  o p e r a n d s  i n  i n s t r u c t i o n s  t h a t  m u st  u s e  t h e  ES 
r e g i s t e r  f o r  t h a t  o p e r a n d .  T h i s  a p p l i e s  o n l y  t o  t h e  d e s t i n a t i o n  
o p e r a n d  o f  t h e s e  i n s t r u c t i o n s :  CMPS, MOVS, SGAS, STOS. The form o f  
NOSEGFIX i s :

NOSEGFIX s e g r e g , <formname>

where seg reg  i s  one o f  t h e  s e g m e n t  r e g i s t e r s  ES, CS, SS, o r  DS and 
<formname> i s  t h e  name o f  t h e  m e m o r y - a d d r e s s  f o r m a l  P a r a m e t e r ,  w h ic h  
m ust  h a v e  a s p e c i f i e r  E,  M, o r  X. No c o d e  i s  g e n e r a t e d  from t h i s  
d i r e c t i v e ,  b u t  an e r r o r  c h e c k  i s  p e r f o r m e d .  The f o l l o w i n g  i s  an 
e x am p le  o f  NOSEGFIX u s e :

CodeMacro MOVS s i _ p t r : E w , d i _ p t r : E w  
NOSEGFIX E S , d i _ p t r  
SEGFIX s i _ p t r
DB 0A5H

EndM
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5.5.3 MODRM

T h i s  d i r e c t i v e  i n t r u c t s  t h e  a s s e m b l e r  t o  q e n e r a t e  t h e  ModRM 
b y t e ,  w h i c h  f o l l o w s  t h e  o p c o d e  b y t e  i n  manv o f  t h e  8 0 8 6 ' s  
i n s t r u c t i o n s .  The ModRM b y t e  c o n t a i n s  e i t h e r  t h e  i n d e x i n g  t y p e  o r  
t h e  r e q i s t e r  num ber  t o  be u se d  in  t h e  i n s t r u c t i o n .  I t  a l s o  
s p e c i f i e s  w h ic h  r e g i s t e r  i s  t o  be u s e d ,  o r  g i v e s  more i n f o r m a t i o n  t o  
s p e c i f y  an i n s t r u c t i o n .

The ModRM b y t e  c a r r i e s  t h e  i n f o r m a t i o n  i n  t h r e e  f i e l d s :  The mod 
f i e l d  o c c u p i e s  t h e  two m ost  s i g n i f i c a n t  b i t s  o f  t h e  b v t e ,  and 
combines w i t h  t h e  r e q i s t e r  memory f i e l d  t o  form 3 2  o o s s i b l e  v a l u e s :
8 r e g i s t e r s  and 24 i n d e x i n g  m o d es .

The r e g  f i e l d  o c c u p i e s  t h e  t h r e e  n e x t  b i t s  f o l l o w i n g  t h e  mod 
f i e l d .  I t  s p e c i f i e s  e i t h e r  a r e q i s t e r  number o r  t h r e e  more b i t s  o f  
opcode  i n f o r m a t i o n .  The m ea n in q  o f  t h e  r e q  f i e l d  i s  d e t e r m i n e d  by 
t h e  o p c o d e  b y t e .

The r e g i s t e r  memory f i e l d  o c c u p i e s  t h e  l a s t  t h r e e  b i t s  o f  t h e  
b y t e .  I t  s p e c i f i e s  a r e g i s t e r  a s  t h e  l o c a t i o n  o f  an o p e r a n d ,  o r  
forms a p a r t  o f  t h e  a d d r e s s - m o d e  i n  c o m b i n a t i o n  w i t h  t h e  mod f i e l d  
d e s c r i b e d  a b o v e .

For  f u r t h e r  i n f o r m a t i o n  o f  t h e  8 0 8 6 ' s  i n s t r u c t i o n s  and t h e i r  
b i t  p a t t e r n s ,  s e e  I n t e l ' s  8 0 8 6  A sse m b ly  L an g u a q e  P r o g r a m i n g  Manual 
and t h e  I n t e l  8 0 8 6  F a m i l y  U s e r ' s  M a n u a l .  The fo rm s o f  MODRM a r e :

MODRM <form n a m e > ,< fo rm  name>
MODRM NUMBER7, <form name>

w h e r e  NUMBER7 i s  a v a l u e  0 t o  7 i n c l u s i v e  and <form name> i s  t h e  
name o f  a f o r m a l  p a r a m e t e r .  The f o l l o w i n g  e x a m p l e s  show MODRM u s e

CodeMacro RCR dst:Ew,count:Rb(CL)
SEGFIX d s t
DB 0D3H
MODRM 3 ,  d s t

EndM

CodeMacro OR d s t : R w , s r c : E w  
SEGFIX s r c
DB OBH
MODRM d s t ,  s r c

EndM
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5 . 5 . 4  RELB and RELW

These d i r e c t iv e s ,  used in I P - r e l a t i v e  branch in s t ruc t io n s ,  
instruct the assembler to generate displacement between the end of  
the instruct ion  and the la b e l  which is supol ied as an ooerand. RELB 
g e n e ra te s  one byte and RELW two bytes of  displacement. The 
d i r ec t iv e s  the fo l low ing  forms:

RELB <form name>
RELW <form name>

where <form name> is  the name of a formal parameter with a "C" 
(code) s p e c i f i e r .  For example:

CodeMacro LOOP P lace:Cb  
DB 0E2H
RELB place

EndM

5 . 5 . 5  DB, DW and DD

These d i r ec t iv e s  d i f f e r  from those which occur outs ide  o f  code­
macros. The form of  the d i r e c t iv e s  are :

DB <form name> I NUM3ERB 
DW <form name> j NUMBERW 
DD <form name>

where NUMBERB is a s in g le -b y t e  number, NUMBERW is  a two-byte number, 
and <form name> is a name of a formal parameter. For example:

CodeMacro XOR dst :Ew ,src :Db  
SEGFIX dst
DB 81H
MODRM 6 ,dst
DW src

EndM

All Information Presented Here is Proprietary to Digital Research
51



CP/m-86 Programmer's Guide 5.5 Code-macro Directives

5 . 5 . 6  DBIT

T h i s  d i r e c t i v e  m a n i p u l a t e s  b i t s  in  c o m b i n a t i o n s  o f  a b v t e  o r  
l e s s .  The form i s :

DBIT < f i e l d  d e s c r  i p t  ion> [ , < f ie"> d d e s c r  l o t  ion> 1

where  a < f i e l d  d e s c r i p t i o n > , h a s  two f o r m s :

<number x c o m b i n a t i o n >
c n u m b e r > ( < form n a m e > ( < r s h i f t > ) )

w here  <number> r a n g e s  from 1 t o  1 6 ,  and s p e c i f i e s  t h e  number o f  b i t s  
t o  be s e t .  c c o m b i n a t i o n >  s p e c i f i e s  t h e  d e s i r e d  b i t  c o m b i n a t i o n .  
The t o t a l  o f  a l l  t h e  <number>s l i s t e d  i n  t h e  f i e l d  d e s c r i p t i o n s  m u st  
n o t  e x c e e d  1 6 .  The s e c o n d  form shown a b o v e  c o n t a i n s  <form name>, a 
fo rm al  p a r a m e t e r  name t h a t  i n s t r u c t s  t h e  a s s e m b l e r  t o  o u t  a c e r t a i n
number i n  t h e s p e c i f i e d  p o s i t i o n .  T h i s  number n o r m a l l y  r e f e r s  t o
t h e  r e g i s t e r s p e c i f i e d  i n  t h e  f i r s t  l i n e  o f  t h e  c o d e - m a c r o .  The
n um bers  u s e d i n  t h i s  s p e c i a l  c a s e  f o r  e a c h  r e g i s t e r  a r e :

AL: 0
CL: 1
DL: 2
BL: 3
AH: 4
CH: 5
DH: 6
BH: 7
AX: 0
CX: 1
DX: 2
BX: 3
SP: 4
BP: 5
S I : 6
DI: 7
ES: 0
CS: 1
SS: 2
DS: 3

< r s h i f t > ,  w h i c h  i s  c o n t a i n e d  i n  t h e  i n n e r m o s t  p a r e n t h e s e s ,
s p e c i f i e s  a number o f  r i g h t  s h i f t s . .  For  e x a m p l e ,  " 0 "  s p e c i f i e s  no 
s h i f t ,  " 1 ” s h i f t s  r i g h t  one b i t ,  ” 2 "  s h i f t s  r i g h t  two b i t s ,  and so  
o n .  The d e f i n i t i o n  b e lo w  u s e s  t h i s  f o r m .

CodeMacro DEC d s t : R w  
DBIT 5 ( 9 H ) , 3 ( d s t ( 0 ) ) 

EndM
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The f i r s t  f i v e  b i t s  of  t h e  b v t e  have  t h e  v a l u e  9H. I f  t h e  
remaining b i t s  a r e  z e r o ,  t h e  hex v a l u e  o f  t h e  b v t e  w i l l  be 48H . I f  
t h e  i n s t r u c t i o n :

DRC DX

i s  a s s e m b le d  and DX h a s  a v a l u e  o f  2 F ,  t h e n  48H + 2H = 4AH, w h ic h  i s  
t h e  f i n a l  v a l u e  o f  t h e  b y t e  f o r  e x e c u t i o n .  I f  t h i s  s e q u e n c e  had 
b e en  p r e s e n t  i n  t h e  d e f i n i t i o n :

DBIT 5 ( 9 H ) , 3 ( d s t ( 1 ) )

th e n  t h e  r e g i s t e r  number would h a v e  b e en  s h i f t e d  r i g h t  o n c e  and t h e  
r e s u l t  would had b e en  48H + IF = 49H , w hich  i s  e r r o n e o u s .
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Section 6 
DDT-86

6.1 DDT-86 Operation

The DDT-86 • p r o g r a m  a l l o w s  t h e  u s e r  t o  t e s t  and d ebug p r o g r a m s  
i n t e r a o t i v e l y  i n  a CP/M-86 e n v i r o n m e n t .  The r e a d e r  s h o u l d  be 
f a m i l i a r  w i t h  t h e  8 0 8 6  p r o c e s s o r ,  ASM-86 and t h e  CP/m- 8 6  o p e r a t i n g  
s y s t e m  as  d e s c r i b e d  in  t h e  CP/M-86 Sy stem  G u i d e .

6.1.1 Invoking DDT-86

I n v o k e  DDT-86 by e n t e r i n g  one o f  t h e  f o l l o w i n a  commands:

DDT86
DDT8 6  f i l e n a m e

The f i r s t  command s i m p l y  l o a d s  and e x e c u t e s  DDT-86.  A f t e r  
d i s p l a y i n g  i t s  s i g n - o n  m e s s a g e  and p r o m p t  c h a r a c t e r ,  -  , DDT-86 i s  
read y  t o  a c c e p t  o o e r a t o r  commands.  The s e c o n d  command i s  s i m i l a r  t o  
t h e  f i r s t , e x c e p t  t h a t  a f t e r  DDT-86 i s  l o a d e d  i t  l o a d s  t h e  f i l e  
s p e c i f i e d  by f i l e n a m e .  I f  t h e  f i l e  t y p e  i s  o m i t t e d  from f i l e n a m e ,  
•CMD i s  a ssum ed. N o te  t h a t  DDT-86 c a n n o t  l o a d  a f i l e  o f  t y p e  . H 8 6 .  
The s e c o n d  form  o f  t h e  i n v o k i n g  command i s  e q u i v a l e n t "  t o  t h e  
s e q u e n c e :

A>DDT86
DDT86 x . x  
-Efilenam e

At t h i s  p o i n t ,  t h e  p r o g r a m  t h a t  was l o a d e d  i s  r e a d y  f o r  e x e c u t i o n .

6.1.2 DDT-86 Command Conventions

When DDT-86 i s  r e a d y  t o  a c c e p t  a command, i t  p r o m p t s  t h e  
o p e r a t o r  w i t h  a h y p h e n ,  - .  I n  r e s p o n s e ,  t h e  o p e r a t o r  c a n  t y p e  a 
command l i n e  o r  a CONTROL-C ( r e p r e s e n t e d  in  t h i s  c h a p t e r  a s  f c )  t o  
end t h e  d e b u g g i n g  s e s s i o n  ( s e e  S e c t i o n  6 . 1 . 4 )  . A command l i n e  mav 
h a v e  up t o  6 4  c h a r a c t e r s ,  and m ust  be t e r m i n a t e d  w i t h  a c a r r i a g e  
r e t u r n .  W h i l e  e n t e r i n g  t h e  command, u s e  s t a n d a r d  CP/M l i n e - e d i t i n g  
f u n c t i o n s  (yx, yH, yR, e t c . )  t o  c o r r e c t  t v p i n g  e r r o r s .  DDT-86 d o e s  
n o t  p r o c e s s  t h e  command l i n e  u n t i l  a c a r r i a g e  r e t u r n  i s  e n t e r e d .

The f i r s t  c h a r a c t e r  o f  e a c h  command l i n e  d e t e r m i n e s  t h e  command 
a c t i o n .  T a b l e  6 - 1  s u m m a r i z e s  DDT-86 commands.  DDT-86 commands a r e  
d e f i n e d  i n d i v i d u a l l y  i n  S e c t i o n  6 . 2 .
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Table 6 - 1 .  DDT-86 Command Summary

Command Ac t  i on

A e n t e r  a s s e m b l y  l a n g u a g e  s t a t e m e n t s
D d i s p l a y  memory i n  h e x a d e c i m a l  and ASCII
E l o a d  p r o g r a m  f o r  e x e c u t i o n
F f i l l  memory b l o c k  w i t h  a c o n s t a n t
G b e g i n  e x e c u t i o n  w i t h  o p t i o n a l  b r e a k p o i n t s
H h e x a d e c i m a l  a r i t h m e t i c
I s e t  up f i l e  c o n t r o l  b l o c k  and command t a i l
L l i s t  memory u s i n g  8 0 8 6  m nem onics
M move memory b l o c k
R r e a d  d i s k  f i l e  i n t o  memory
S s e t  memory t o  new v a l u e s
T t r a c e  p r o g r a m  e x e c u t i o n
U u n t r a c e d  p r o g r a m  m o n i t o r i n g
V show memory l a y o u t  o f  d i s k  f i l e  r e a d
W w r i t e  c o n t e n t s  o f  memory b l o c k  t o  d i s k
X e x a m in e  and m o d i f y  CPU s t a t e

The command c h a r a c t e r  may be f o l l o w e d  by one o r  more a r g u m e n t s ,  
w h ic h  may be h e x a d e c i m a l  v a l u e s ,  f i l e  names o r  o t h e r  i n f o r m a t i o n ,  
d e p e n d i n g  on t h e  command. A r g u m e n ts  a r e  s e p a r a t e d  f rom  e a c h  o t h e r  
b y  commas o r  s p a c e s .  No s p a c e s  a r e  a l l o w e d  b e t w e e n  t h e  command 
c h a r a c t e r  and t h e  f i r s t  a r g u m e n t .

6.1.3 Specifying a 20-B it Address

Most DDT-86 commands r e q u i r e  one o r  more a d d r e s s e s  a s  o p e r a n d s .  
B e c a u s e  t h e  8 0 8 6  c a n  a d d r e s s  up t o  1 m e g a b y t e  o f  memory,  a d d r e s s e s  
m ust  be 2 0 - b i t  v a l u e s .  E n t e r  a 2 0 - b i t  a d d r e s s  a s  f o l l o w s :

s s s s :0000
where s s s s  r e p r e s e n t s  an o p t i o n a l  1 6 - b i t  s e g m e n t  number and 0000 i s  
a 1 6 - b i t  o f f s e t .  DDT-86 c o m b i n e s  t h e s e  v a l u e s  t o  p r o d u c e  a 2 0 - b i t  
e f f e c t i v e  a d d r e s s  a s  f o l l o w s :

s s s s O  
+ 0000

e e e e e

The o p t i o n a l  v a l u e  s s s s  may be a 1 6 - b i t  h e x a d e c i m a l  v a l u e  o r  
t h e  name o f  a s e g m e n t  r e g i s t e r .  I f  a s e g m e n t  r e g i s t e r  name i s  
s p e c i f i e d ,  t h e  v a l u e  o f  s s s s  i s  t h e  c o n t e n t s  o f  t h a t  r e g i s t e r  i n  t h e  
u s e r ' s  CPU s t a t e ,  a s  d i s p l a y e d  by t h e  X command. I f  o m i t t e d ,  a 
d e f a u l t  v a l u e  a p p r o p r i a t e  t o  t h e  command b e i n g  e x e c u t e d  i s  u s e d  a s  
d e s c r i b e d  i n  S e c t i o n  6 . 4 .
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6.1.4 Terminating DDT-86

Terminate DDT-86 by typing a to in resoonse to the hyphen 
prompt. This returns_ contro l  to the CCP. Note that o p /m-86 does 
not have the SAVE f a c i l i t y  found in CP/M for 8 -b i t  machines. Thus 
i f  DDT-86 is used to patch a f i l e ,  w r ite  the f i l e  to disk using the 
N command before  ex i t ing  DDT-86.

6.1.5 DDT—86 Operation with In terrupts

DDT-86 o o e r a t e s  w i t h  i n t e r r u p t s  e n a b l e d  o r  d i s a b l e d ,  and 
p r e s e r v e s  t h e  i n t e r r u p t  s t a t e  o f  t h e  p r o g r a m  b e i n g  e x e c u t e d  u n d e r  
DDT-86.  When DDT-86 h a s  c o n t r o l  o f  t h e  CPU, e i t h e r  when i t  i s  
i n i t i a l l y  i n v o k e d ,  o r  when i t  r e q a i n s  c o n t r o l  from t h e  p r o g r a m  b e i n g  
t e s t e d ,  t h e  c o n d i t i o n  o f  t h e  i n t e r r u p t  f l a g  i s  t h e  same as  i t  was 
when DDT-86 was i n v o k e d ,  e x c e p t  f o r  a few c r i t i c a l  r e g i o n s  where  
i n t e r r u p t s  a r e  d i s a b l e d .  W h il e  t h e  p r o g r a m  b e i n g  t e s t e d  h a s  c o n t r o l  
o f  t h e  CPU, t h e  u s e r ' s  CPU s t a t e  d e t e r m i n e s  t h e  s t a t e  o f  t h e  
i n t e r r u p t  f l a g .

6.2 DDT-86 Commands

T h i s  s e c t i o n  d e f i n e s  DDT-86 commands and t h e i r  a r g u m e n t s .  DDT- 
86 commands g i v e  t h e  u s e r  c o n t r o l  o f  p r o g r a m  e x e c u t i o n  and a l l o w  t h e  
u s e r  t o  d i s p l a y  and m o d if y  s y s t e m  memory and t h e  CPU s t a t e .

6.2.1 The A (Assemble) Command

The A command a s s e m b l e s  8 0 8 6  mnemonics d i r e c t l y  i n t o  memory. 
The form  i s :

As

where s i s  t h e  2 0 - b i t  a d d r e s s  w h e re  a s s e m b l y  i s  t o  s t a r t .  DDT-86 
r e s p o n d s  t o  t h e  A command by d i s m a y i n g  t h e  a d d r e s s  o f  t h e  memory 
l o c a t i o n  where a s s e m b l y  i s  t o  b e g i n .  At t h i s  p o i n t  t h e  o p e r a t o r  
e n t e r s  a s s e m b l y  l a n g u a g e  s t a t e m e n t s  a s  d e s c r i b e d  i n  S e c t i o n  4 on 
Assembly L an g u ag e  S y n t a x .  When a s t a t e m e n t  i s  e n t e r e d ,  DDT-86 
c o n v e r t s  i t  t o  m a c h in e  c o d e ,  p l a c e s  t h e  v a l u e ( s )  i n  memory,  and 
d i s p l a y s  t h e  a d d r e s s  o f  t h e  n e x t  a v a i l a b l e  memory l o c a t i o n .  T h i s  
p r o c e s s  c o n t i n u e s  u n t i l  t h e  u s e r  e n t e r s  a b l a n k  l i n e  o r  a l i n e  
c o n t a i n i n g  o n l y  a p e r i o d .

DDT-86 r e s p o n d s  t o  i n v a l i d  s t a t e m e n t s  by d i s p l a y i n g  a q u e s t i o n  
m a r k ,  ? , and r e d i s p l a y i n g  t h e  c u r r e n t  a s s e m b l y  a d d r e s s .

All Information Presented Here is Proprietary to Digital Research
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6.2.2 The D (D isp lay ) Command

The D command d i s o l a y s  t h e  c o n t e n t s  memorv as  3 - b i t  or  1 6 -  
b i t  h e x a d e c i m a l  v a l u e s  and in  A SC II .  The focoi.s a r e :

D
Ds
Ds, f
DT,7
DWs
DWs, f

where s i s  t h e  2 0 - b i t  a d d r e s s  w h e re  t h e  d i s p l a y  i s  t o  s t a r t ,  and f  
i s  t h e  1 6 - b i t  o f f s e t  w i t h i n  t h e  s e g m e n t  s o e c i f i e d  in  s w h e re  t h e  
d i s p l a y  i s  t o  f i n i s h .

Memory i s  d i s p l a y e d  on one o r  more d i s n l a y  l i n e s .  Each d i s p l a y  
l i n e  shows t h e  v a l u e s  o f  up t o  16 memory l o c a t i o n s .  For  t h e  f i r s t  
t h r e e  f o r m s ,  t h e  d i s p l a y  T in e  a o p e a r s  as  f o l l o w s :

s s s s :0000 bb bb . . . bb cc  . . . c

w h e r e  s s s s  i s  t h e  s e g m e n t  b e i n g  d i s p l a y e d  and 0000 i s  t h e  o f f s e t  
w i t h i n  se g m e n t  s s s s .  The b b ^ s  r e o r e s e n t  t h e  c o n t e n t s  o f  t h e  memorv 
l o c a t i o n s  i n  h e x a d e c i m a l ,  and t h e  c ' s  r e p r e s e n t  t h e  c o n t e n t s  o f  
memory i n  ASCII.  Any n o n - g r a o h i . c  ASCII c h a r a c t e r s  a r e  r e D r e s e n t e d  
by p e r i o d s .

I n  r e s p o n s e  t o  t h e  f i r s t  form shown a b o v e ,  DDT-86 d i s p l a v s  
memory from t h e  c u r r e n t  d i s p l a y  a d d r e s s  f o r  12  d i s p l a y  l i n e s .  The 
r e s p o n s e  t o  t h e  s e c o n d  form i s  s i m i l a r  t o  t h e  f i r s t ,  e x c e p t  t h a t  t h e  
d i s p l a y  a d d r e s s  i s  f i r s t  s e t  t o  t h e  2 0 - b i t  a d d r e s s  s . .  The t h i r d  
form d i s p l a y s  t h e  memory b l o c k  b e t w e e n  l o c a t i o n s  s and f .  The n e x t  
t h r e e  f o r m s  a r e  a n a l o g o u s  t o  t h e  f i r s t  t h r e e ,  e x c e p t  t h a t  t h e  
c o n t e n t s  o f  memory a r e  d i s p l a y e d  a s  1 6 - b i t  v a l u e s ,  r a t h e r  t h a n  8 - b i t  
v a l u e s ,  a s  shown b e lo w :

s s s s :0000 wwww wwww . . . wwww c c c c  . . . cc

D u r i n g  a l o n g  d i s p l a y ,  t h e  D command may be a b o r t e d  bv t v o i n g  
any c h a r a c t e r  a t  t h e  c o n s o l e .

6.2.3 The E (Load fo r Execution) Command

The E command l o a d s  a f i l e  i n t o  memory so  t h a t  a s u b s e q u e n t  G, 
T or U command c a n  b e g i n  p r o g r a m  e x e c u t i o n .  The E command t a k e s  t h e  
f o r m :

E< f  i l e n a m e >

where <fi len a m e >  i s  t h e  name o f  t h e  f i l e  t o  be l o a d e d .  I f  no f i l e  
t y p e  i s  s p e c i f i e d ,  .CMD i s  a s s u m e d .  The c o n t e n t s  o f  t h e  u s e r  
se g m e n t  r e g i s t e r s  and IP r e g i s t e r  a r e  a l t e r e d  a c c o r d i n g  t o  t h e  
i n f o r m a t i o n  in  t h e  h e a d e r  o f  t h e  f i l e  l o a d e d .
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An E command r e l e a s e s  any b l o c k s  o f  memory a l l o c a t e d  bv any 
p r e v i o u s  E o r  R commands o r  by p r o g r a m s  e x e c u t e d  u n d e r  p n T - 8 6 . ^ h u s  
o n l y  one f i l e  a t  a t i m e  mav be l o a d e d  f o r  e x e c u t i o n .

When t h e  l o a d  i s  c o m p l e t e ,  DDT-86 d i s p l a y s  t h e  s t a r t  and end 
a d d r e s s e s  o f  e a c h  se g m e n t  i n  t h e  f i l e  l o a d e d .  Use t h e  v  command t o  
r e d i s p l a y  t h i s  i n f o r m a t i o n  a t  a l a t e r  t i m e .

I f  t h e  f i l e  d o e s  n o t  e x i s t  o r  c a n n o t  be s u c c e s s f u l l y  l o a d e d  i n  
t h e  a v a i l a b l e  memory,  now—86 i s s u e s  an e r r o r  m e s s a g e .

6.2.4 The F (F i l l )  Command

The F command f i l l s  an a r e a  o f  memory w i t h  a b y t e  o r  word 
c o n s t a n t .  The form s a r e :

F s , f , b  
FW s , f , w

where s i s  a 2 0 - b i t  s t a r t i n g  a d d r e s s  o f  t h e  b l o c k  t o  be f i l l e d ,  and 
f  i s  a 1 6 - b i t  o f f s e t  o f  t h e  f i n a l  b y t e  o f  t h e  b l o c k  w i t h i n  t h e  
se g m e n t  s p e c i f i e d  i n  s .

In  r e s p o n s e  t o  t h e  f i r s t  f o r m ,  d ot- 86  s t o r e s  t h e  8 - b i t  v a l u e  b 
in  l o c a t i o n s  s t h r o u g h  f .  I n  t h e  s e c o n d  f o r m ,  t h e  1 6 - b i t  v a l u e  w i s  
s t o r e d  i n  l o c a t i o n s  s t h r o u g h  f  in  s t a n d a r d  f o r m ,  low 8 b i t s  f i r s t  
f o l l o w e d  by h i g h  8 b i t s .

I f  s i s  g r e a t e r  t h a n  f  o r  t h e  v a l u e  b i s  g r e a t e r  t h a n  2 5 5 ,  DDT- 
86  r e s o o n d s  w i t h  a q u e s t i o n  m ark .  DDT—8 6  i s s u e s  an e r r o r  m e s s a g e  i f  
t h e ^  v a l u e  s t o r e d  i n  memory c a n n o t  be r e a d  back s u c c e s s f u l l y ,  
i n d i c a t i n g  f a u l t y  o r  n o n - e x i s t e n t  PAM a t  t h e  l o c a t i o n  i n d i c a t e d .

6.2.5 The G (Go) Command

The G command t r a n s f e r s  c o n t r o l  t o  t h e  p r o g r a m  b e i n g  t e s t e d ,  
and o p t i o n a l l y  s e t s  one o r  two b r e a k p o i n t s .  The form s a r e :

G
G , b l
G , b l , b 2
Gs
Gs , b l  
G s , b l , b 2

where s i s  a 2 0 - b i t  a d d r e s s  where  Drogram e x e c u t i o n  i s  t o  s t a r t ,  and 
b l  and b2 a r e  2 0 - b i t  a d d r e s s e s  o f  b r e a k p o i n t s .  I f  no s e g m e n t  v a l u e  
i s  s u p p l i e d  f o r  anv o f  t h e s e  t h r e e  a d d r e s s e s ,  t h e  s e g m e n t  v a l u e  
d e f a u l t s  t o  t h e  c o n t e n t s  o f  t h e  CS r e g i s t e r .
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In t h e  f i r s t  t h r e e  f o r m s ,  no s t a r t i n g  a d d r e s s  i s  s p e c i f i e d ,  so  
DD T-86  d e r i v e s  t h e  2 0 - b i t  a d d r e s s  from t h e  u s e r ' s  CS and IP 
r e g i s t e r s .  The f i r s t  form t r a n s f e r s  c o n t r o l  t o  t h e  u s e r ' s  o r o g r a m  
w i t h o u t  s e t t i n g  any b r e a k p o i n t s .  The n e x t  two f o rm s r e s p e c t i v e l y  
s e t  one and two b r e a k p o i n t s  b e f o r e  g a s s i n g  c o n t r o l  t o  t h e  u s e r ' s  
p r o g r a m .  The n e x t  t h r e e  form s a r e  a n a l o g o u s  t o  t h e  f i r s t  t h r e e ,  
e x c e p t  t h a t  t h e  u s e r ' s  CS and IP r e g i s t e r s  a r e  f i r s t  s e t  t o  s .

Once c o n t r o l  h a s  b e e n  t r a n s f e r r e d  t o  t h e  p r o a r a m  u n d e r  t e s t ,  i t  
e x e c u t e s  in  r e a l  t i m e  u n t i l  a b r e a k p o i n t  i s  e n c o u n t e r e d .  At t h i s  
p o i n t ,  DDT-86 r e g a i n s  c o n t r o l ,  c l e a r s  a l l  b r e a k p o i n t s ,  and i n d i c a t e s  
t h e  a d d r e s s  a t  w hich  e x e c u t i o n  o f  t h e  p r o g r a m  u n d e r  t e s t  was 
i n t e r r u p t e d  a s  f o l l o w s :

* s s s s :0000
w h e r e  s s s s  c o r r e s p o n d s  t o  t h e  CS and oooo c o r r e s p o n d s  t o  t h e  IP 
where t h e  b r e a k  o c c u r r e d .  When a b r e a k p o i n t  r e t u r n s  c o n t r o l ,  t o  DDT- 
8 6 ,  t h e  i n s t r u c t i o n  a t  t h e  b r e a k p o i n t  a d d r e s s  h a s  n o t  y e t  b e e n  
e x e c u t e d .

6.2.6 The H (Hexadecimal Math) Command

The H command c o m p u t e s  t h e  sum and d i f f e r e n c e  o f  two 1 6 - b i t  
v a l u e s .  The form i s :

R a , b

w h e r e  a a n d  b a r e  t h e  v a l u e s  whose sum and d i f f e r e n c e  a r e  t o  be 
c o m puted.  DDT-86 d i s p l a y s  t h e  sum ( s s s s )  and t h e  d i f f e r e n c e  (d d d d )  
t r u n c a t e d  t o  1 6  b i t s  on t h e  n e x t  l i n e  a s  shown b e lo w :

s s s s  dddd

6.2.7 The I (Input Command T a il ) Command

The I  command p r e p a r e s  a f i l e  c o n t r o l  b l o c k  and command t a i l  
b u f f e r  i n  D D T - 8 6 ' s  b a s e  p a g e ,  and c o p i e s  t h i s  i n f o r m a t i o n  i n t o  t h e  
b a s e  p a g e  o f  t h e  l a s t  f i l e  l o a d e d  w i t h  t h e  E command. The form  i s

Kcommand t a i l >

w h e re  <command t a i l >  i s  a c h a r a c t e r  s t r i n g  w h i c h  u s u a l l y  c o n t a i n s  
o n e  o r  more f i l e n a m e s .  The f i r s t  f i l e n a m e  i s  p a r s e d  i n t o  t h e  
d e f a u l t  f i l e  c o n t r o l  b l o c k  a t  005CH. The o p t i o n a l  s e c o n d  f i l e n a m e  
( i f  s p e c i f i e d )  i s  p a r s e d  i n t o  t h e  s e c o n d  p a r t  o f  t h e  d e f a u l t  f i l e  

c o n t r o l  b l o c k  b e g i n n i n g  a t  006CH. The c h a r a c t e r s  i n  <command t a i l >  
a r e  a l s o  c o p i e d  i n t o  t h e  d e f a u l t  command b u f f e r  a t  0 0 8 0 H .  The 
l e n g t h  o f  <command t a i l >  i s  s t o r e d  a t  0 0 8 0 H ,  f o l l o w e d  by t h e  
c h a r a c t e r  s t r i n g  t e r m i n a t e d  w i t h  a b i n a r y  z e r o .
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I f  a f i l e  has been loaded with the F. command, DD^-Bö cooies the 
f i l e  control block and command bu ffe r  from the base nage of DDT-86 
to the base Dage of the program loaded. mhe locat ion  of D r v r - 8 6 ' s  
base page can be obtained from the S3 r e g i s t e r  in the u s e r ' s  r PU 
state when DPT-86 i s  invoked. The Tocation of the base page of a 
program loaded with the F command i s  the value d isp layed for  OS upon 
completion of the program load.

6.2.8 The L (L is t ) Command

The L command l i s t s  t h e  c o n t e n t s  o f  memory in  a s s e m b l y  
l a n g u a g e .  The forms a r e :

L
Ls
L s , f

where s i s  a 2 0 - b i t  a d d r e s s  where t h e  l i s t  i s  t o  s t a r t ,  and f  i s  a 
1 6 - b i t  o f f s e t  w i t h i n  t h e  s e g m e n t  s p e c i f i e d  i n  s w here  t h e  1 i s t  i s  t o  
f i n i s h .

The f i r s t  form l i s t s  t w e l v e  l i n e s  o f  d i s a s s e m b l e d  m a c h in e  c o d e  
f r o m  t h e  c u r r e n t  l i s t  a d d r e s s .  The s e c o n d  form s e t s  t h e  l i s t
a d d r e s s  t o  s and t h e n  l i s t s  t w e l v e  l i n e s  o f  c o d e .  The l a s t  form 
l i s t s  d i s a s s e m b l e d  code  from  s t h r o u g h  f .  In  a l l  t h r e e  c a s e s ,  t h e  
l i s t  a d d r e s s  i s  s e t  t o  t h e  n e x t  u n l i s t e d  l o c a t i o n  i n  p r e p a r a t i o n  f o r  
a s u b s e q u e n t  L command. When DDT-86 r e g a i n s  c o n t r o l  from a P ro g r a m  
being t e s t e d  ( s e e  G, t and U c o m m a n d s ) , t h e  l i s t  a d d r e s s  i s  s e t  t o  
t h e  c u r r e n t  v a l u e  o f  t h e  CS and IP r e g i s t e r s .

Long d i s p l a y s  mav be a b o r t e d  by t y p i n g  any kev d u r i n g  t h e  l i s t  
p r o c e s s .  O r ,  e n t e r  | S  t o  h a l t  t h e  d i s p l a y  t e m p o r a r i l y .

The s y n t a x  o f  t h e  a s s e m b l y  l a n g u a g e  s t a t e m e n t s  p r o d u c e d  by t h e  
L command i s  d e s c r i b e d  in  S e c t i o n  4 .

6.2.9 The M (Move) Command

The M command moves a b l o c k  o f  d a t a  v a l u e s  from one a r e a  o f  
memory t o  a n o t h e r .  The form i s :

Ms, f , d

where s i s  t h e  2 0 - b i t  s t a r t i n g  a d d r e s s  o f  t h e  b l o c k  t o  be moved, f  
i s  t h e  o f f s e t  o f  t h e  f i n a l  b y t e  t o  be moved w i t h i n  t h e  s e g m e n t  
d e s c r i b e d  by s ,  and d i s  t h e  2 0 - b i t  a d d r e s s  o f  t h e  f i r s t  b y t e  o f  t h e  
a re a  to  r e c e i v e  t h e  d a t a .  I f  t h e  se g m en t  i s  n o t  s p e c i f i e d  i n  d ,  t h e  
same v a l u e  i s  used  t h a t  was u se d  f o r  s .  N o te  t h a t  i f  d i s  b e t w e e n  s 
and f ,  p a r t  o f  t h e  b l o c k  b e i n g  moved w i l l  be o v e r w r i t t e n  b e f o r e  i t  
i s  moved, b e c a u s e  d a t a  i s  t r a n s f e r r e d  s t a r t i n g  from l o c a t i o n  s .
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6 . 2 . 1 0  The R (R ead )  Command

The R command r e a d s  a f i l e  i n t o  a c o n t i g u o u s  b l o c k  o f  memorv. 
The form i s :

R < f i l e n a m e >

where < f i l e n a m e >  i s  t h e  name and t v o e  o f  t h e  f i l e  t o  be r e a d .

PDT-86 r e a d s  t h e  f i l e  i n t o  memorv and d i s p l a y s  t h e  s t a r t  and 
e n d  a d d r e s s e s  o f  t h e  b l o c k  o f  memory o c c u p i e d  by t h e  f i l e .  A V 
command can  r e d i s p l a y  t h i s  i n f o r m a t i o n  a t  a l a t e r  t i m e .  The d e f a u l t  
d i s p l a y  p o i n t e r  ( f o r  s u b s e q u e n t  D commands) i s  s e t  t o  t h e  s t a r t  o f  
t h e  b l o c k  o c c u p i e d  by t h e  f i l e .

The R command d o e s  n o t  f r e e  a ny memory p r e v i o u s l y  a l l o c a t e d  by 
a n o t h e r  R o r  E command. Thus a number o f  f i l e s  may be r e a d  i n t o  
memory w i t h o u t  o v e r l a p p i n g .  The number o f  f i l e s  w h ic h  may be l o a d e d  
i s  l i m i t e d  t o  s e v e n ,  w h ic h  i s  t h e  number o f  memory a l l o c a t i o n s  
a l l o w e d  by t h e  BDOS, m in u s  one f o r  p n T - 8 6  i t s e l f .

I f  t h e  f i l e  d o e s  n o t  e x i s t  o r  t h e r e  i s  n o t  enough memory t o  
l o a d  t h e  f i l e ,  DDT-86 i s s u e s  an e r r o r  m e s s a g e .

6 . 2 . 1 1  The S ( S e t )  Command

T h e S command c an  c h a n g e  t h e  c o n t e n t s  o f  b y t e s  o r  w ords o f  
memory.  The fo rm s a r e :

Ss
•SWs

w here  s i s  t h e  2 0 - b i t  a d d r e s s  w h e re  t h e  c h a n g e  i s  t o  o c c u r .

DDT-86 d i s p l a y s  t h e  memory a d d r e s s  and i t s  c u r r e n t  c o n t e n t s  on 
t h e  f o l l o w i n g  l i n e .  I n  r e s p o n s e  t o  t h e  f i r s t  f o r m ,  t h e  d i s p l a y  i s

s s s s :0000 bb

and i n  r e s p o n s e  t o  t h e  s e c o n d  form 

s s s s :0000 wwww

w here  bb and wwww a r e  t h e  c o n t e n t s  o f  memory i n  b y t e  and word 
f o r m a t s ,  r e s p e c t i v e l y .

I n  r e s p o n s e  t o  one o f  t h e  a b o v e  d i s p l a y s ,  t h e  o p e r a t o r  may 
choose to  a l t e r  t h e  memory l o c a t i o n  o r  t o  l e a v e  i t  u n c h a n g e d .  I f  a 
v a l i d  h e x a d e c i m a l  v a l u e  i s  e n t e r e d ,  t h e  c o n t e n t s  o f  t h e  b y t e  ( o r  
word) i n  memory i s  r e p l a c e d  w i t h  t h e  v a l u e .  I f  no v a l u e  i s  e n t e r e d ,  
t h e  c o n t e n t s  o f  memory a r e  u n a f f e c t e d  and t h e  c o n t e n t s  o f  t h e  n e x t  
a d d r e s s  a r e  d i s p l a y e d .  I n  e i t h e r  c a s e ,  DDT-86 c o n t i n u e s  t o  d i s p l a y  
s u c c e s s i v e  memory a d d r e s s e s  and v a l u e s  u n t i l  e i t h e r  a p e r i o d  o r  an 
i n v a l i d  v a l u e  i s  e n t e r e d .
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DDT-86 issues an error  message i f  the value stored in memorv 
cannot be read back s u c ce s s fu l ly ,  ind icat ing  f a u l t v  or non-ex istent  
RAM at the locat ion  indicated .

6.2.12 The T (Trace) Command

The T command traces program execution fo r  1 to OFFFFH program 
steps .  The forms are :

T
Tn
TS
TSn

where n is the number o f  in s truct ions  to execute be fore  returning  
contro l  to the console.

Before DDT-86 traces an in s t ruc t io n ,  i t  d i s o la v s  the current  
CPU state  and the disassembled in s t ruc t io n .  In the f i r s t  two forms, 
the segment r e g i s t e r s  are not d isp layed ,  which a l lows the en t i re  CPU 
state to be d iso layed on one l in e ,  ^he next two forms are analoaous  
to the f i r s t  two, except that a l l  the r e g i s t e r s  are d isp layed ,  which 
forces the disassembled ins truct ion  to be d isp layed  on the next l in e  
as in the X command.

In a l l  of  the forms, contro l  t ran s fe rs  to the proqram under 
test at the address indicated by the CS and IP r e g i s t e r s .  I f  n is 
not s p e c i f i e d ,  one instruct ion  is executed. Otherwise DDT-86 
executes n in s t ruc t io ns ,  d iso lav inq  the CPU state  be fore  each steo.  
A long trace may be aborted before  n steps have been executed by 
typing any character at the console .

A fter  a T command, the l i s t  address used in the L command is  
set to the address of  the next ins truct ion  to be executed.

Note that DDT-86 does not trace through a BDOS in terrupt  
in s t ruc t ion ,  since DDT-86 i t s e l f  makes BDOS c a l l s  and the BDOS is  
not reentrant.  Instead , the en t ire  sequence o f  in s truct ions  from 
the BDOS in terrupt  through the return from BDOS is  t reated  as one 
traced ins truct ion .
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6.2.13 The 0 (Untrace) Command

The U command is id e n t ic a l  to the T command except that the CPU 
state  is d isp layed only be fore  the f i r s t  in s truc t ion  is executed,  
rather than before  every step. The forms are :

U
Un
US
USn

where n is the number of  in s truc t ions  to execute be fore  returning  
contro l  to the conso le .  The U command mav be aborted by s t r ik in g  
any key at the console .

6.2.14 The V (Value) Command

The V command d isp lays  information about the l a s t  f i l e  loaded  
with the E or R commands. The form i s :

V

I f  the l a s t  f i l e  was loaded with the E command, the v command 
d i s p l a y s  the s t a r t  and end addresses of each of the segments 
con ta in ed  in the f i l e .  I f  the l a s t  f i l e  was read with the R 
command, the V command d isp lay s  the s t a r t  and end addresses of the 
b lock  o f  memory where the f i l e  was read. I f  neither the R nor E 
commands have been used, DUT-86 responds to the V command with a 
question mark, ?.

6.2.15 The W (W rite) Command

The W command wr ites  the contents of a contiguous block of  
memory to d isk .  The forms are :

W<filename>
W<fi lenam e>,s , f

where <filename> is  the fi lename and f i l e  type of the disk f i l e  to 
r e c e i v e  the data , and s and f  are the 2 0 -b it  f i r s t  and l a s t  
addresses o f  the block to be w r it ten .  I f  the segment is  not 
sp ec i f ied  in f ,  DDT-86 uses the same value that was used for  s.

I f  the f i r s t  form is used, DDT-86 assumes the s and f va lues  
from the l a s t  f i l e  read with an R command. I f  no f i l e  was read with  
an R command, DDT-86 responds with a question mark, ?. This f i r s t  
form i s  u s e fu l  for w r it in g  out f i l e s  a f t e r  patches have been 
i n s t a l l e d ,  assuming the o v e r a l l  length of the f i l e  is  unchanged.
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In the second form where s and f are sp ec i f ie d  as 2 0 -b it  
addresses, the low four b i t s  of s are iqnored. Thus the block beinq  
written  must always s ta r t  on a paragraph boundary.

I f  a f i l e  by the name sp ec i f ied  in the W command a lready  
e x i s t s ,  DDT-86 de le tes  i t  be fore  w r it ing  a new f i l e .

6.2.16 The X (Examine CPU State) Command

The X command a llows the operator to examine and a l t e r  the CPTT 
state  of  the orogram under t e s t .  The forms are :

X
Xr
Xf

where r is  the name of one of  the 8086 CPU r e g i s t e r s  and f  is  the 
abbrev ia t ion  of one of the CPU f l a g s .  The f i r s t  form d isp lay s  the 
CPU state  in the format:

AX BX CX . . . SS ES IP
----------------- xxxx xxxx xxxx . . . xxxx xxxx xxxx
< instruct ion>

The nine hyphens at the beginning o f  the l in e  ind icate  the s ta te  of  
the nine CPU f l a g s .  Each p o s i t io n  may be e i th e r  a hyphen, 
ind ica t ing  that the corresponding f l a g  is  not set (0) , or a one-  
character abbrev ia t ion  o f  the f l a g  name, ind ica t ing  that the f l a g  i s  
set (1) . The abbrev ia t ions  of  the f l a g  names are shown in Table 2-  
1. < instruct ion>  is the disassembled ins truc t ion  at the next 
l o c a t i o n  to be executed, which is  indicated by the CS and IP  
r e g i s t e r s .

Table 6-2. Flag Name Abbreviations

Character Name

0 Overflow
D Direction
I Interrupt  Enable
T Trap
S Sign
Z Zero
A A u x i l ia ry  Carry
P P ar i ty
C Carry
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The second form a llows the ooeratoc to a l t e r  the r e g i s t e r s  in 
the CPU state  of the program being tested .  The r fo l low ing  the X is  
the name of one of the 16 -b it  CPU r e g i s t e r s .  d d t - 8 6  responds by 
disp lay ing  the name of the r e g i s t e r  followed by i t s  current va lue .  
I f  a c a r r ia ge  return is tvoed , the value of the r e g i s t e r  is not 
changed. I f  a va l id  value is tvoed, the contents of the r e g i s t e r  
are changed to that va lue .  In e ither  case ,  the next r e g i s t e r  is 
then d isp layed .  This process continues u n t i l  a period or an inva l id  
value is entered, or the l a s t  r e g i s t e r  is d isp laved .

The th ird  form a llows the operator to a l t e r  one o f  the f l a g s  in 
the CPU state  of the program being tested .  DDT-86 responds bv 
displaying the name of the f l a g  fo l lowed  bv i t s  current s t a te .  I f  a 
carriage return is typed, the state  of the f l a g  is  not changed. I f  
a v a l i d  v a lu e  is typed, the state  o^ the f l a g  is  changed to that  
value. Only one f l a g  may be examined or a l t e red  with each Xf 
command. Set or reset  f l a g s  by entering a value of 1 or 0.

6.3 D efau lt Segment Values

DDT-86 in t e rn a l ly  keeps track o f  the current segment va lue ,  
making segment s p e c i f i c a t io n  an optiona l  part  of  a DDT-86 command. 
DDT-86 d iv ides  the command set into two tvoes o f  commands, according  
to which segment a command' d e fau l t s  i f  no segment value is s p e c i f i e d  
in the command l in e .

The f i r s t  type of command perta in s  to the code segment: A 
(Assem ble ) , L (L i s t  Mnemonics) and w ( W r i t e ) . These commands use 
the in te rna l  tvpe-1 segment value i f  no segment value is  s p e c i f i e d  
in the command.

When invoked, DDT-86 sets the tvpe-1 segment value to 0, and 
changes i t  when one of the fo l low ing  actions is taken:

•  When a f i l e  is loaded by an E command, ddt- 86 se ts  the type-1  
segment value to the value of the GS r e g i s t e r .

•  When a f i l e  is read by an R command, DDT-86 sets  the type-1  
segment value to the base segment where the f i l e  was read.

•  When an X command changes the value of the GS r e g i s t e r ,  DDT-86 
changes the type-1 segment value to the new value of the GS 
r e g i s t e r  .

•  When DDT-86 rega ins control from a user program a f t e r  a G, T or 
U command, i t  sets the type-1 segment value to the va lue of  the 
GS r e g i s t e r .

•  When a segment value is s p ec i f ied  e x p l i c i t l y  in an A or L 
command, DDT-86 sets  the type-1 segment value to the segment 
value s p ec i f ie d .
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The second tvoe of command certa in s  to the data segment: r> 
(D isp lay )  , F ( F i l l )  , M (Move) and S ( S e t ) . These commands use the 
in terna l  tvpe-2 segment value i f  no segment value is s p ec i f ied  in 
the command.

When invoked, DDT-86 sets the tvpe-2 segment value to 0, and 
changes i t  when one of the fo l low ing  actions is taken:

•  When a f i l e  is loaded bv an E command, DDT-86 sets  the tvpe-2  
segment value to the value of  the ns r e g i s t e r .

•  When a f i l e  is read by an R command, 00^-86 sets the type-2  
segment va^ue to the base segment where the f i l e  was read.

•  When an X command changes the value of the DS r e g i s t e r ,  DDT-86 
changes the tvpe-2 segment value to the new value of the ns 
r e g i s t e r  .

•  When DDT-86 rega ins contro l  from a user program af ter  a G, T or 
U command, i t  sets the tvpe-2 segment value to the value of  the 
DS r e g i s t e r .

•  When a segment value is sp ec i f ie d  e x p l i c i t l y  in an D, F, M or S 
command, DDT-86 sets  the type-2 segment value to the segment 
value s p e c i f i e d .

When eva luat ing  programs that use id en t ic a l  va lues in the C S 
and DS r e g i s t e r s ,  a l l  DDT-86 commands d e fa u l t  to the same segment 
value unless e x p l i c i t l y  overridden.

Note that the G (Go) command does not f a l l  into e ither  group,  
since i t  d e fau l t s  to the CS r e g i s t e r .
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Table 6-3 summarizes DDT-86's d e fa u l t  segment va lues .  

Table 6-3 . DDT-86 D e fau lt  Segment Values

Command tvpe-1 tvpe-2

A X

D X

E u u
F X

G u u
H
I
L X

M X

R u u
S X

T u a
U u u
V
W X

X u u

x -  use th is  segment d e fa u l t  i f  none s p e c i f i e d ;
change d e f a u l t  i f  s p e c i f i e d  e x p l i c i t l y  

u -  update th is  segment d e fa u l t
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6.4 Assembly Language Syntax for  A and L Commands

In genera l ,  the syntax of  the assembly language statements used 
in the A and L commands is standard 8086 assembly lanquage. Severa l  
minor exceptions are l i s t e d  below.

•  DDT-86 assumes that a l l  numeric values entered are hexadecimal.

•  Tjp to three p re f ix e s  (LOCK, repeat ,  segment overr ide )  may 
appear in one statement, but they a l l  must precede the opcode 
of the statement. A l t e rn a te lv ,  a p r e f i x  may be entered on a 
l ine  by i t s e l f .

•  The d i s t in c t io n  between byte and word s t r in g  ins truct ions  is  
made as fo l low s :

byte word

LODSB LODSW
STOSB STOSW
SCASB SCASW
MOVSB MOVSW
CMPSB CMPSW

• The mnemonics for near and far  contro l  t ran s fe r  ins truct ions  
are as fo l low s :

short normal far

JMPS JMP JMPF
CALL CALLF
RET RETF

•  I f  the operand of a CALLF or JMPF in s t ruc t ion  is a 20 -b it  
absolute  address, i t  is  entered in the form:

s s s s :0000

where ssss is the segment and 0000 is  the o f f s e t  o f  the 
address .
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•  Operands that  cou ld  r e f e r  to e ither  a bvte or word are 
ambiguous, and must be preceded e ither  by the p r e f i x  " B v t h " or 
"WORD" . These p re f ix e s  mav be abbrev iated  to "BY" and "wo".  
For example:

ING BYTF [BP]
NOT WORD [1234]

F a i lu r e  to supoly a p r e f i x  when needed re su l t s  in an e rror  
message.

•  Operands which address memory d i r e c t l v  are enclosed in square 
b ra c k e t s  to d i s t in gu ish  them from immediate va lues .  ^or 
example:

ADD AX,5 ;add 5 to r e g i s t e r  AX
ADD AX,[5 ]  ;add the contents of locat ion  5 to AX

• The forms o f  r e g i s t e r  ind irec t  memory operands are :

[po inter  r e g i s t e r ]
[index r e g i s t e r ]
[po inter  r e g i s t e r  + index r e g i s t e r ]

where the po inter  r e g i s t e r s  are BX and BP, and the index 
registers are SI and DI. Any o f  these forms mav be oreceded bv 
a numeric o f f s e t .  For examole:

ADD BX, [BP+SI]
ADD BX , 3 [BP+SI]
ADD BX, 1D47[BP+SI]

DDT-86 Sample Session

In the fo l low ing  sample sess ion ,  the user in t e r a c t iv e ly  debugs 
a simple sort  program. Comments in i t a l i c  type exp la in  the steDs 
involved.
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Sc^icz ■Liz j ‘J oteg 12m to tz.it.A>type sor t.a86
s imole sort oroaram

sort:
mov si , 0 ; initialize index
mov bx,offset nlist ?bx = base of listmov sw , 0 ?ciear switch flagcomp:
mov al,[bx+si] ;qet byte from listcmp a!,1[bx+si] .•compare with next bvte
j na inc i .•don't switch if in order
xcha al, 1[bx+si] ;do first oart of switchmov fbx+si],al ;do second oart
mov sw, 1 ?set switch flag

inci:
inc si ; increment index
cmp si ,count .•end of list?
i nz comp ;no, keeD qoinqtest sw , 1 ;done - anv switches?
1 nz sort ;yes, sort some more

done:
jmp done ;get here when list ordered
dseg
org 100h rleave soace for base oage

nl ist db 3,3,4,6,31,6,4,1
count equ offset $ - offset nlistsw db 0

end
AAzejnblz pnogsiam.

A>asm86 sort
CP/M 8086 ASSEMBLER VER 1.1 
END OF PASS 1 
END OF PASS 2
END OF ASSEMBLY. NUMBER OF ERRORS: 0

Ti/pe l if t in g  lz  gznzxcutzd by ASM-S6. 
A>tyoe sort.1st
CP/M ASM86 1.1 SOURCE : SORT.A86 PAGE 1

•
9
•
9 simple sort program
9

sort:
0000 BE0000 mov si , 0 ; initialize index
0003 BB0001 mov bx,offset nlist ;bx = base of list
0006 C606080 ljöO

comp:
mov sw, 0 ?clear switch flag

000B 8A00 mov al,[bx+s i] ;get bvte from list
000D 3A4001 cmp al,1[bx+si] .•compare with next byte

frrrf/ifvwt pdrCl)*-0010 760A jna inci ;don't switch if in order
0012 364001 xchg al,1[bx+si] ;do first Dart of switch
0015 8800 mov [bx+s i],al ;do second part
0017 C606080101

inci :
mov sw, 1 ;set switch flag

001C 46 inc si .•increment index001D 83FE08 cmp si ,count ;end of list?0020 75E9 jnz comp ;no, keep goinq0022 F606080101 test sw, 1 .•done - any switches?0027 75D7
done:

inz sort ?ves, sort some more
0029 E9FDFF Imp done ?qet here when list ordered

dseg
org 100h ;leave soace for base nage
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0100 030 80 40 61F06 nlist ib 
0401

0008 count equ
0103 00 sw d b

e nd

3 , 3 , 4 , 5 , 3 1 , 6 , 4 , 1

offset $ - offset nlist 
0

END OF ASSEMBLY. NUMBER OF ERRORS: 0

% Tupe sumbot table. *He generated by ASM-$6.A>tvpe sorx.svm 3
0000 VARIABLES
0100 NLIST 0108 SW
0000 NUMBERS 
0008 COUNT
0000 LABELS
000B COMP 0029 DONE 001C INCI 0000 SOR^

Tupe hex { l ie  generated by ASM-$6.A>tvoe sorfc.h86 
:0400000300000000F9
:130000813EOOOOBB0001C6060801008A003A4001760A8640018800C60608016C 
:11001381014683FE0875E9F60608010175D7E9FDFFEE 
: 09010082030804061F060 40100 35 
: 00000001FF

Gene r̂ate CMP $ile tiom .HS6 r ile . A>gencmd sort
BYTES READ 0039 
RECORDS WRITTEN 04

Invoke üVT-86 and lead SORT.CMD. A>ddt36 sort
DDT86 1.0

START END
CS 047D:0000 047D:002F 
DS 0480:0000 0480:010F

display in it ia l  n.eglste*. value*.-x
AX 3X CX DX SP BP SI DI CS DS SS ES IP

--------- 0000 0000 0000 0000 119E 0000 0000 0000 047D 0480 0491 0480 0000
MOV SI,0000

discus*emble the beginneng the code segment.
-1
047D:0000 MOV SI,0000
0470:0003 MOV BX,0100
0 47D:0006 MOV BYTE [01081,00
0 47D:000B MOV AL,[BX+SIl
047D-.000D CMP AL,01[BX+SIl
0470:0010 JBE 001C
0470:0012 XCHG AL,01[BX+SIl
0 47D:0015 MOV [BX+SIl,AL
0 47D:0017 MOV BYTE [01081,01
0 47D:001C INC SI
047D:001D CMP SI,0008
0 47D:0020 JNZ 000B

display the stoat oi the data segment.
-d!00,10€
0480:0100 03 08 04 06 IF 06 04 01 00 00 00 00 00 00 00 00
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noi z Zriz VZbt j  * ehe

0473:0022 '-'EST BYTE [0109] ,01
0470:0027 JNZ 0000
047H:0029 JMP 0029
0470:002C ADD [3X+SI],AL
047D:002E ADD [BX+SIj,AL
0470:0030 DAS
047D:0031 ADD [BX+SI],AL
047D:0033 ? ? - 6C
0470:0034 POP ES
0470:0035 ADD [3X1rCL
0470:0037 ADD [BX+SI],AX
0470:0039 o ? = 6F

ExzclU z pxoaxjxm {xcm 1P ( = Jj hz-ttuxq ovza.izpoA.nt at 29H.-g, 29
*047D:0029 Sizakpotut znccuntztzd.

VLsp&m iovtzd List.
-dlOO,lOf
0480:0100 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

Voz*>n’ Z took good; izload -\llz.-esort
START END

CS 0470:0000 047D:002F 
DS 0480:0000 0480:010F

-t3
Txacz 3 imtxuLc tion t.

AX
-----Z-P- 0000
---- Z-P- 0000
-----Z-P- 0000
*047D:000B

3X CX DX 
0100 0000 0000 
0100 0000 0000  
0100 0000 0000

SP 3? SI
119E 0000 0008
119E 0000 0000
119E 0000 0000

DI IP 
0000 0000 MOV 
0000 0003 MOV 
0000 0006 MOV

SI,0000 
3X, 0100
3YTE [01031,00

Txacz iome mc'ie.
-t3

AX 3X CX DX SP 3P SI Dt IP
---- Z-P- 0000 0100 0000 0000 119E 0000 0000 0000 000B MOV AL, [SX+SI] o J?-----Z-P- 0003 0100 0000 0000 119E 0000 0000 0000 000D CMP AL,01[BX+SI1 3 ^
----S-H-(6) 0003
*0470:001C

0100 0000 0000 119E 0000 0000 0000 0010 JBE 001C OöiUXA 3 ̂  t

display luv̂ onXzd üj>t.
-dlOO,lOf
0480:0100 03 08 04 06 IF 06 04 01 00 00 00 00 00 00 00 00

V'iiipla.y nzxX iMt/u±cJxovu> to be executed.
-1
047D:001C INC SI
0 47D:00 ID CMP SIr0008
047D:0020 JNZ 000B
047D:0022 nprjS'T' BYTE [01081,01
0470:0027 JNZ 0000
0 47D:0029 JMP 0029
0470:002C ADD [BX+SI],AL
0 47D:002E ADD [BX+SI],AL
047D:0030 DAS
047D:0031 ADD [BX+SI],AL
047D:0033 ??- 6C
0470:0034 POP ES

Txacz Seme moxz.-t 3
AX 3X CX DX SP BP Sl DI IP

--- S-A-C 0003 0100 0000 0000 119E 0000 0000 0000 001C INC
-------- C 0003 0100 0000 0000 119E 0000 0001 0000 001D CM?
--- S-APC 0003 0100 0000 0000 119E 0000 0001 0000 0020 JNZ
*0470:000B

SISI, 0008 
0003

A l l  I n f o r m a t i o n  P r e s e n t e d  H e r e  i s  P r o p r i e t a r y  t o  D i g i t a l  R e s e a r c h
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C P / M - S 6  P r o a  r a m m e r  "* s G u i d e 6 . 5 nn'T’ - S ?  ^ a m o l e  S e s s i o n

D ispia:ä oii tlu c tio n s  i'icm c.^Vie/it IP.

0473:0003 MOV 
0 4 ~ C : 3 0 O D CMP 
0470:0010 J3E 
0470:0012 XCMO 
0470:0015 MOV 
0470:0017 MOV 
0470:0010 INC 
0470:0010 CMP 
0470:0020 JN2 
0470:0022 TEST 
0470:0027 JNZ 
0470:0029 JMP

AL,[BX+SIl
AL,OlfBX-511 
001C
AL,01[3X+SI] 
[3X+SI1,AL 
3YTE [ 010 3] ,01 
31
31,0008
0003
3Y^E [01081,01 
0000 
0029

-t3
AX

--- 9-APC 0003
--- S-APC 0008--------- 0008

3X CX DX 
0100 0000 0000  
0100 0000 0000  
0100 0000 0000

SP 3P SI 
119E 0000 0001 
119E 0000 0001 
119E 0000 0001

01 IP 
0000 0003 '-<OV 
0000 000D CMP 
0000 0010 J3E

*0470:0012

-1 8 H A (.= 8
0470:0012 XCHG AL, 01 [3X+.SI 1 8 ? A t  ~ V
0470:0015 MOV [BX+SIl ,AL M' 2 A I - - Z0470:0017 MOV 3YTE [01081,01
0470:001C INC SI
0 47D:00 ID CMP SI,0008
0470:0020 JNZ 000B
047D:0022 TEST BYTE [01081,01
0470:0027 JNZ 0000
0470:0029 JMP 0029
047D:002C ADD [BX+SI],AL
047D:002E ADD [3X+SI],AL
0470:0030 DAS

C ~

Go 'jivitil scvitck has been oeA^onmzd.- a , 20 "
*0470:0020

Display List.
00 00 00 00 00 00 00 .

Looks like. 4 and 8 iveaz swilclizd okay. [And toggle, is  tvaz. )

AX 3X CX OX SP 3P SI OI IP
--- S-APC 0004 0100 0000 0000 119E 0000 0002 0000 0020 JNZ*0470:000B

” U J.UU , J.UL
0480:0100 03 04 08 06 IF 06 04 01 0

V-iipiay next ini-C iactcom .-1
047D:000B MOV 
047D:000D CMP 
047D:0010 JBE 
047D:0012 XCHO 
0470:0015 MOV 
047D:0017 MOV 
047D:001C INC 
0 47D:001D CMP 
047D:0020 JNZ 
047D:0022 TEST 
047D:0027 JNZ 
0470:0029 JMP

AL,[BX+SIl 
AL,01[BX+SIl 
001C
AL,01[3X+SI] 
[BX+SIl,AL 
BYTE [01081,01 
SI
SI,0008 
000B
3Y^E [01081,01 
0000 
0029

Since juiitch worked, ie -t'i  reload and check boundary c o n d itio n-esort
START END

CS 047D: 0000 047D-.002F 
OS 0480:0000 0480:010F

A l l  I n f o r m a t i o n  P r e s e n t e d  H e r e  i s  P r o o r i e t a r v

Öl 0T-

AL, [BX+SIl
AL,01[3X+SI1 * ~ 1
001C
a C>v Bp r-1 ) d  y>

0 4 a 0i i jnr

000B

t o  D i g i t a l  R e s e a r c h
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CP/m-86 Programmer " s Cuide 6.5 nnm-Bö Hample Session

■iu.fHC Cf 0 LLL£!Z *1 “l QU itlCCOLJ cCi C Ol CJ 3. LUiUCO. .1(. i J .'10.ve e<4 S47d*'z
-äi^ JP '.'LitCtl. '0470:0010 cttio si ,3 
0470:0020

Vtb<:Lm iinbc-.tzd clci-r.
-dlOO
0430:0100 03 03 04 0§ IF 06 04 01 00 00 00 00 00 00 00 00 .............
0430:0110 00 00 00 00 00 00 00 00 30 00 00 00 00 00 00 00 .............
0430 :0120 00 00 00 00 00 00 00 00 00 00 00 00 00 20 20 20 .............

Set biz&k;x-Lnt whzn -jetit 5 e£eme;iCi .'•! c c i z üicutii ue i cxzzd.-g,29
*0470:0029

-dioo,iofŜ  ci 4tVLt“ -
0430:0100 03 04 06 08 IF 06 04 01 00 00 00 00 00 00 00 00 .............

Ui£zx£5£ing, öle ^caxtii et erneut iceirii tc laue been iottea ui.-esort
START 2ND

CS 047D:0000 047D:002F 
DS 0430:0000 0480:010F

Let's txif again :cLÖi some tiacung.
-aid
047D:00lD cmv si,3 
0470:0020 .
-t9

AX BX CX DX s? 3P SI DI IP
------ 2-P- 0006 0100 0000 0000 119E 0000 0003 0000 0000 M O V S I , 0 0 0 0
------ Z-p- 0006 0100 0000 0000 119E 0000 0000 0000 0003 M O V B X ,0100
------ Z-P- 0006 0100 0000 0000 119E 0000 0000 0000 0006 M O V B Y T E  [ 0 1 0 8 1 , 0 0
------ Z-P- 0006 0100 0000 0000 119E 0000 0000 0000 0 00B MOV AL, [3X+SI1
------ Z-P- 0003 0100 0000 0000 119E 0000 0000 0000 o o o n O i P A L ,0 1 [ 3 X + S I ]
-----S - A-C 0003 0100 0000 0000 119E 0000 0000 0000 0010 JBE 001 C
-----S-A-C 0003 0100 0000 0000 119E 0000 0000 0000 00 IC INC SI
---------- c 0003 0100 0000 0000 119E 0000 0 001 0000 00 ID C MP S I ,0003
-----S-A - C
* 0 4 7 D : 0 0 0 E

0003 0100 0000 0000 119E 0000 0001 0000 0020 JNZ 000 B

047D:000B MOV AL,[BX+SIl
0 47D:000D CMP AL, 01 [BX+SI1
0470:0010 JBE 001C
0470:0012 XCHG AL,01[3X+SI]
0 47D:0015 MOV [BX+SI],AL
0470:0017 MOV 3YTE (0108],01
0470:001C INC SI
0470:0010 CMP SI,0003
0470:0020 JNZ 0003
0470:0022 TEST BYTE [01081,01
0470:0027 JNZ 0000
0 47D:0029 JMP 0029

-t3
AX BX CX DX SP BP SI Ol IP

--- S-A-C 0003 0100 0000 0000 119E 0000 0001 0000 0003 MOV AL, (BX+SI1
--- S-A-C 0008 0100 0000 0000 119E 0000 0001 0000 OOOn CMP AL,01TBX+SIl
*047D:0012

0008 0100 0000 0000 119E 0000 0001 0000 0010 JBE 001C

-1
047D:0012 XCHG 
0470:0015 MOV 
0 47D:0017 MOV 
047D:001C INC 
047D:00ID CMP 0470:0020 JNZ 
047D:0022 TEST

AL, 01[BX+SIl 
[BX+SI1,AL 
BYTE [0108],01 
SI
SI, 0003 
000B
BYTE [01081,01

A l l  Information Presented Her oprietary to Digital Research
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CP/M.-8 6 Progr amine r '  s '"luide 6.5 DD^-Sö Samoie Session

-t3
AX BX CX DX s? BP 31 DI IP AL,01[BX+SI10100 0000 0000 119F 0000 0001 0000 0012 XCHG

0004 0100 0000 0000 119E 0000 0001 0000 0015 MOV [BX+SIl, AL

*0470:001-.
0004 0100 0000 0000 11QT7 0000 0001 0000 0017 MQV BYTE f C1081 ,

-dl00,10f ..  -.
0480:0100 03 04; 08 06 IF 06 04: 01 01 00 00 oc) 00 00 00 00 . .

So -lat, jo good.
-t3 AX BX CX OX S? BP SI Ol IP
_________  0004 0100 0000 0000 J.19E 0000 0001 0000 00 IC INC
_________  0004 0100 0000 0000 119E 0000 0002 0000 001D CMP
____S-APC 0004 0100 0000 0000 119S 0000 0002 0000 0020 JNZ
* 047D:0003

SI91,0003
0003

-1
047D:000B MOV 
0 47D:000D CMP 
047D:0010 J3E 
0470:0012 XCHG 
0470:0015 MOV 
0470:0017 MOV 
047D:001C INC 
0470:0010 CMP 
0470:0020 JNZ 
047D-.0022 TEST 
0 47D:0027 JNZ 
0470:0029 JMP

AL,[BX+SIl 
AL,01fBX+SIl 
001C
AL,01[BX+SI] 
[BX+SI],AL 
BYTE [01081,01 
SI
SI, 0003 
000B
BYTE [0108],01 
0000 
0029

-t3 AX BX CX
----S-APC 0004 0100 0000
----<;-APC 0008 0100 0000
--------- 0008 0100 0000
*0470:0012

DX SP 3P SI 01
0000 119E 0000 0002 0000
0000 119E 0000 0002 0000
0000 119E 0000 0002 0000

IP
000B MOV AL,[BX+SIl 
000D CMP AL,01[BX+SIl
0010 JBE 001C

Sate enough, i t '  i compaxing the thotd and jotatth elements ô  the H it .  
-esort Reload pxogxam.

START END
CS 047D:0000 047D:002F 
DS 0480:0000 0480:010F

-1
0479:0000 MOV 
047D:0003 MOV 
047D:0006 MOV 
047D:000B MOV 
047D:000D CMP 
047D:0010 JBE 0470:0012 XCHG 
0470:0015 MOV 
047D:0017 MOV 
047D:001C INC 
0470:00ID CMP 
047D:0020 JNZ

SI,0000 
BX,0100
BYTE [01081,00 
AL,[BX+SIl 
AL,01(BX+SI1 
001CAL,01(BX+SIl 
[BX+SI],AL 
BYTE [01081,01 
SI
SI,0008 
000B

Patch len g th .
-aid
0470:0010 emo si,7 
0470:0020 .

Txy i t  oa t.
-g,29
*0470:0029

A l l  Information Presented Here is P rop r ie ta ry  to D ig i t a l  R e s e a t



CP/m-86 Programmer's fluide 6 . 5  D D T - 8 6  R a m o l e  Z e s s i o n

See  H  l i s t  i s i c t t e d .
-d 10 0 , 10 f
0480:0100 01 03 04 04 05 06 08 IF 00 00 00 00 00 00 00 00 ..

LOC ns b e t t e i ;  l e t '  s cns t a i l  p a t C ’i cn i l s c  ' i i . i .  Tj 
-rsort.cmd m u s t  l e a d CM? $ i i e  oicuäcfU a e a a e - ,

3 ?  A F,rn >i w' r* m a < i c
2000:0000 2000:01FF

F i i s t  sOh b u t e  i c o n t a i  n h e a d e r ,  sc
- 1 3 0
2 0 0 0 : 0 0 8 0  MOV 8 1 , 0 0 0 0
2 0 0 0 : 0 0 8 3  MOV 3 X f 0100
2 0 0 0 : 0 0 8 6  MOV BYTE [ 0 1 0 8 1 , 0 0
2000  : 0 0 8B MOV AL , [ 3 X + S I ]
2 0 0 0 : 0 0 3 0  CM? A L , 0 i r B X + S U
2 0 0 0 : 0 0 9 0  JBE 009C
2 0 0 0 : 0 0 9 2  XCHG AL, 0 1 [ 3 X + S I 1
2 0 0 0 : 0 0 9 5  MOV [ 3 X + S I ] , A L
2 0 0 0 : 0 0 9 7  MOV 3YmE [ 0 1 0 9 1 , 0 1
2 0 0 0 : 009C INC SI
2000 : 009*0  CMP S I , 0 0 0 8
2 0 0 0 : 00A0 JNZ 008B

5 0 fl

c S , :cc 
a SC R

n _ Ins t a i l  patch. -a9d
2000:009D emo si,7

-wsor

-esor

ü a i t e  i i l e  back to d i s k .  { Lengt h o* 
^ s i n c e  no l e n g t h  s p e c i f i e d

Re l oa d $ i l e .

le  as surr. to bz u n c ha nge d

5TART END
CS 0470:0000 047O:002F 
OS 0430:0000 0480:010F

i/zaijc/ t h a t  p a t c h  mas i n s  t a i l e d .

0470:0000 MOV SI,0000
047D:0003 MOV BX,01000 47D:0006 MOV BYTE [01081,000470:000B MOV AL,[3X+ST1
0470:000D CMP AL,01[3X+SI1
0470:0010 JBE 001C
0470:0012 XCHO AL,01[BX+SI1
047D:0015 MOV [BX+SIl,AL
0 47D:0 017 MOV BYTE [01031,01
0 470:001C INC SI
0 47D:00 ID CMP SI,0007
0470:0020 JNZ 000B

Run i t .-<3,29
*047D:0029

S t i l l  looks good. Ship i t !
- d l 0 0 , 1 0 f
0480:0100 01 03 04 04 06 06 08 IF 00 00 00 00 00 00 00 00
-*C
A>

All Information Presented Here is Proprietary to Digital Research



Appendix A 
ASM-86 Invocation

Command: ASM86

S y n t a x :  ASM86 < f i l e n a m e >  { $ < p a r a m e t e r s >  }

where

< f i l e n a m e >  i s  t h e  8 0 8 6  a s s e m b l y  s o u r c e  f i l e .
D r i v e  and e x t e n s i o n  a r e  o p t i o n a l .  
The d e f a u l t  f i l e  e x t e n s i o n  i s  .A 8 6

< p a r a m e t e r s >  a r e  a o n e - l e t t e r  t y p e  f o l l o w e d  by 
a o n e - l e t t e r  d e v i c e  from t h e  t a b l e  
b e l o w .

P a r a m e t e r s :

form : $ Td w h e re  T = t v p e  and d = d e v i c e

T a b l e  A - l .  P a r a m e t e r  T y p es  and D e v i c e s

D e v i c e s P a r a m e t e r s

A H p s F

A -  P X X X X

X X X X

Y X X X

Z X X X

I  x

D d

x = v a l i d , d = d e f a u l t  

V a l i d  P a r a m e t e r s

E x c e p t  f o r  t h e  F t y p e ,  t h e  d e f a u l t  d e v i c e  i s  t h e  t h e  c u r r e n t  d e f a u l t  
d r i v e .

A l l  I n f o r m a t i o n  P r e s e n t e d  H e r e  i s  P r o p r i e t a r y  t o  D i g i t a l  R e s e a r c h
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C P / M - 8 6  P r o g r a m m e r ' s  G u i d e A p p e n d i x  A A S M - 8 6  I n v o c a t i o n

T a b l e  A - 2 . P a r a m e t e r T y p es

A c o n t r o l s l o c a t i o n  o f ASSEMBLER s o u r c e  f i l e
H c o n t r o l s l o c a t i o n  o f HEX f i l e
P c o n t r o l s l o c a t i o n  o f PRINT f i l e
S c o n t r o l s l o c a t i o n  o f SYMBOL f i l e
F c o n t r o l s t y p e  o f  hex o u t p u t  FORMAL

T a b l e  A - 3 .  D e v i c e  T y p es

A -  P D r i v e s  A -  P
X c o n s o l e  d e v i c e
Y p r i n t e r  d e v i c e
Z b y t e  b u c k e t
I I n t e l  hex f o r m a t
D D i g i t a l  R e s e a r c h  hex f o r m a t

T a b l e  A - 4 .  I n v o c a t i o n  E x a m p le s

ASM86 1 0

ASM86 1 0 . ASM $ AD SZ

ASM86 1 0  $ PY SX

ASM86 1 0  $ FD

A s se m b le  f i l e  I O . A 8 6 ,  p r o d u c e  1 0 . HEX 
IO.LST and IO.SYM.

A s se m b le  f i l e  1 0 . ASM on d e v i c e  D, 
p r o d u c e  IO.LST and 1 0 . HEX, 
no symbol f i l e .

A s se m b le  f i l e  I O . A 8 6 ,  p r o d u c e  1 0 . HEX, 
r o u t e  l i s t i n q  d i r e c t l y  t o  p r i n t e r ,  
o u t p u t  sy m b o l s  on c o n s o l e .

P r o d u c e  D i g i t a l  R e s e a r c h  hex f o r m a t .

ASM86 1 0  $ FI P r o d u c e  I n t e l  h ex  f o r m a t .

A l l  I n f o r m a t i o n  P r e s e n t e d  Here  i s  P r o p r i e t a r y  t o  D i g i t a l  R e s e a r c h



Appendix B
Mnemonic Differences From the Intel Assembler

The CP/M 8 0 8 6  a s s e m b l e r  u s e s  t h e  same i n s t r u c t i o n  mnemonics 
as  the INTEL 8 0 8 6  a s s e m b l e r  e x c e p t  f o r  e x p l i c i t l y  s p e c i f y i n g  f a r  
and s h o r t  j u m p s ,  c a l l s  and r e t u r n s .  The f o l l o w i n g  t a b l e  shows 
t h e  f o u r  d i f f e r e n c e s :

T a b l e  B—1 .  Mnemonic D i f f e r e n c e s

Mnemonic F u n c t i o n CP/M INTEL

I n t r a  se g m en t  s h o r t  jump: JMPS JMP

I n t e r  se g m en t  jump: JMPF JMP

I n t e r  se g m en t  r e t u r n : RETF RET

I n t e r  se g m e n t  c a l l : CALLF CALL

A l l  I n f o r m a t i o n  P r e s e n t e d  H e r e  i s  P r o D r i e t a r v  t o  D i g i t a l  R e s e a r c h



Appendix C
ASM-86 Hexadecimal Output Format

At t h e  u s e r o p t i o n ,  ASM-86 p r o d u c e s  m a c h in e  c o d e  i n  e i t h e r  
I n t e l  o r  D i g i t a l  R e s e a r c h  h e x a d e c i m a l  f o r m a t .  The I n t e l  f o r m a t  i s  
i d e n t i c a l  t o  t h e  f o r m a t  d e f i n e d  by I n t e l  f o r  t h e  8 0 8 6 .  The D i g i t a l  
R e s e a r c h  f o r m a t  i s  n e a r l y  i d e n t i c a l  t o  t h e  I n t e l  f o r m a t ,  b u t  a d d s  
se g m en t  i n f o r m a t i o n  t o  h e x a d e c i m a l  r e c o r d s .  O u t p u t  o f  e i t h e r  f o r m a t  
c a n  b e  i n p u t  t o  GENCMD, b u t  t h e  D i g i t a l  R e s e a r c h  f o r m a t  
a u t o m a t i c a l l y  p r o v i d e s  s e g m e n t  i d e n t i f i c a t i o n .  A s e g m e n t  i s  t h e  
s m a l l e s t  u n i t  o f  a p r o g r a m  t h a t  c a n  be r e l o c a t e d .

T a b l e  C - l  d e f i n e s  t h e  s e q u e n c e  and c o n t e n t s  o f  b y t e s  i n  a 
h e x a d e c i m a l  r e c o r d .  Each h e x a d e c i m a l  r e c o r d  h a s  one o f  t h e  f o u r  
f o r m a t s  shown i n  T a b l e  C - 2 .  An e x a m p le  o f  a h e x a d e c i m a l  r e c o r d  i s  
shown b e l o w .

B y te  number = > 0 1 2 3 4 5 6 7 8 9 .................................... n

C o n t e n t s = >  : l l a a a a t t d d d  ....................... c c C R L F

T a b l e  C - l .  H e x a d e c i m a l  R e c o r d  C o n t e n t s

B y te C o n t e n t s Symbol

0 r e c o r d  mark •

1 - 2 r e c o r d  l e n g t h 1 1
3 - 6 l o a d  a d d r e s s a a a a
7 - 8 r e c o r d  t y p e t  t
9 -  ( n - 1 ) d a t a  b y t e s d d ............d
n -  (n+1) c h e c k  sum c c
n+2 c a r r i a g e  r e t u r n CR
n+3 l i n e  f e e d LF

A l l  I n f o r m a t i o n  P r e s e n t e d  H e r e  i s  P r o p r i e t a r y  t o  D i g i t a l  R e s e a r c h



C P / M - 8 6  P r o g r a m m e r ' s  G u i d e  A p p e n d i x  C H e x a d e c i m a l  O u t p u t  F o r m a t

T a b l e  C - 2 .  H e x a d e c i m a l  R e c o r d  F o r m a t s

R e co rd  t y p e C o n t e n t Fo rm a t

0 0 D a t a  r e c o r d : 11 a a a a  D^ < d a t a . . . >  c c

0 1 E n d - o f - f  i l e : 00  0 0 0 0  0 1  FF

E x t e n d e d  a d d r e s s
0 2 mark : 0 2  0 0 0 0  ST s s s s  c c

0 3 S t a r t  a d d r e s s : 0 4  0 0 0 0  0 3  s s s s  i i i i  cc

1 1  => r e c o r d  l e n g t h  -  number o f  d a t a  b y t e s
c c  => c h e c k  sum -  sum o f  a l l  r e c o r d  b y t e s
a a a a  => 1 6  b i t  a d d r e s s
s s s s  => 1 6  b i t  s e g m e n t  v a l u e
i i i i  => o f f s e t  v a l u e  o f  s t a r t  a d d r e s s
DT => d a t a  r e c o r d  t y p e
ST => s e g m e n t  a d d r e s s  r e c o r d  t y p e

I t  i s  i n  t h e  d e f i n i t i o n  o f  r e c o r d  t y p e s  00  and 0 2  t h a t  D i g i t a l  
R e s e a r c h ' s  h e x a d e c i m a l  f o r m a t  d i f f e r s  from I n t e l ' s .  I n t e l  d e f i n e s  
o n e  v a l u e  e a c h  f o r  t h e  d a t a  r e c o r d  t y p e  and t h e  se g m e n t  a d d r e s s  
t y p e .  D i g i t a l  R e s e a r c h  i d e n t i f i e s  e a c h  r e c o r d  w i t h  t h e  se g m e n t  t h a t  
c o n t a i n s  i t ,  a s  shown i n  T a b l e  C - 3 .

A l l  I n f o r m a t i o n  P r e s e n t e d  H e r e  i s  P r o p r i e t a r y  t o  D i g i t a l  R e s e a r c h
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T a b l e  C - 3 .  Segm ent  R e c o r d  T y p e s

Symbol
I n t e l ' s 

V a l u e
D i g i t a l ' s

V a l u e

j

Meaning

DT 00 f o r  d a t a  b e l o n g i n g  t o  a l l  
8 0 8 6  s e g m e n t s

81H f o r  d a t a  b e l o n g i n g  t o  t h e  
CODE se g m e n t

82H f o r  d a t a  b e l o n g i n g  t o  t h e  
DATA se g m e n t

83H f o r  d a t a  b e l o n g i n g  t o  t h e  
STACK se g m e n t

84H f o r  d a t a  b e l o n g i n g  t o  t h e  
EXTRA s e g m e n t

ST 02 f o r  a l l  se g m e n t  a d d r e s s  
r e c o r d s

85H f o r  a CODE a b s o l u t e  s e g m e n t  
a d d r e s s

86H f o r  a DATA se g m e n t  a d d r e s s

87H f o r  a STACK s e g m e n t  a d d r e s s

8 8 h f o r  a EXTRA se g m e n t  a d d r e s s

A l l  I n f o r m a t i o n  P r e s e n t e d  H ere  i s  P r o p r i e t a r y  t o  D i g i t a l  R e s e a r c h
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Appendix D 
Reserved Words

T a b l e  D - l .  R e s e r v e d  Words

P r e d e f i n e d  Numbers

BYTE WORD DWORD

O p e r a t o r s

EQ GE GT LE LT
NE OR AND MOD NOT
PTR SEG SHL SHR XOR
LAST TYPE LENGTH OFFSET

A s s e m b l e r  D i r e c t i v e s

DB DD DW IF RS
RB RW END ENDM EQU
ORG CSEG DSEG ES EG SSEG
EJECT END IF 'T’lTLE LIST NOLIST
INCLUDE SIMFORM PAGESIZE CODEMACRO PAGEWIDTH

C o d e -m a c ro  d i r e c t i v e s

DB DD DW DBIT RE LB
RELW MODRM SEGFIX NOSEGFIX

8 0 8 6  R e g i s t e r s

AH AL AX BH BL
BP BX CH CL CS
CX DH DI DL DS
DX ES SI SP SS

I n s t r u c t i o n  Mnemonics -  See A p p e n d ix  E.
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Appendix E
ASM-86 instruction Summary

T a b l e  E - l .  ASM-86 I n s t r u c t i o n  Summary

Mnemon i c D e s c r i p t i o n S e c t i o n

AAA ASCII a d j u s t  f o r  A d d i t i o n 4 . 3
AAD ASCII a d j u s t  f o r  D i v i s i o n 4 . 3
AAM ASCII a d j u s t  f o r  M u l t i p l i c a t i o n 4 . 3
AAS ASCII a d j u s t  f o r  S u b t r a c t i o n 4 . 3
A DC Add w i t h  C a r r y —  4 . 3
ADD Add 4 . 3
AND And 4 . 3
CALL C a l l  ( i n t r a  s e g m e n t ) 4 . 5
CALLF C a l l  ( i n t e r  se g m e n t ) 4 . 5
CBW C o n v e r t  B y te  t o  Word 4 . 3
CLC C l e a r  C a r r y 4 . 6
CLD C l e a r  D i r e c t i o n 4 . 6
CLI C l e a r  I n t e r r u p t 4 . 6
CMC Complement C a r r y 4 . 6
CMP Compare 4 . 3
CMPS Compare B yte  o r  Word ( o f  s t r i n g ) 4 . 4
CWD C o n v e r t  Word t o  D ouble  Word 4 . 3
DAA D ecim al  A d j u s t  f o r  A d d i t i o n 4 . 3
DAS D e cim al  A d j u s t  f o r  S u b t r a c t i o n 4 . 3
DEC D e cre m e n t 4 . 3
DIV D i v i d e 4 . 3
ESC E s c a p e 4 . 6
HLT H a l t 4 . 6
IDIV I n t e g e r  D i v i d e 4 . 3
IMUL I n t e g e r  M u l t i p l y 4 . 3
IN I n p u t  B y t e  o r  Word 4 . 2
INC I n c r e m e n t 4 . 3
INT I n t e r r u p t 4 . 5
INTO I n t e r r u p t  on O v e r f l o w 4 . 5
I RET I n t e r r u p t  R e t u r n 4 . 5
JA Jump on Above 4 . 5
JAE Jump on Above o r  E q u a l 4 . 5
JB Jump on Below 4 . 5
JBE Jump on Below o r  E q u a l 4 . 5
JC Jump on C a r r y 4 . 5
JCXZ Jump on CX Zero 4 . 5
JE Jump on E q u al 4 . 5
JG Jump on G r e a t e r 4 . 5
JGE Jump on G r e a t e r  o r  E q u a l 4 . 5
JL Jump on L ess 4 . 5
JLE Jump on L e s s  o r  E q u a l 4 . 5

All Information Presented Here is Proprietary to Diqital Research
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T a b l e  E - l .  ( c o n t i n u e d )

Mnemonic D escr  i p t i o n S e c t i o n

JMP Jump ( i n t r a  se g m e n t ) 4 . 5
JMPF Jump ( i n t e r  se g m e n t ) 4 . 5
JMPS Jump (8 b i t  d i s p l a c e m e n t ) 4 . 5
JNA Jump on Not Above 4 . 5
JNAE Jump on Not Above o r  E q u a l 4 . 5
JNB Jumo on Not Below 4 . 5
JNBE Jump on Not Below o r  E q u a l 4 . 5
JNC Jump on Not C a r r y 4 . 5
JNE Jump on Not E q u a l 4 . 5
JNG Jump on Not G r e a t e r 4 . 5
JNGE Jump on Not G r e a t e r  o r  E q u a l 4 . 5
JNL Jump on Not L e s s 4 . 5
JNLE Jump on Not L e s s  o r  E q u a l 4 . 5
JNO Jump on Not O v e r f l o w 4 . 5
JNP Jump on Not P a r i t y 4 . 5
JNS Jump on Not S i g n 4 . 5
JNZ Jump on Not Zero 4 . 5
JO Jump on O v e r f l o w 4 . 5
JP Jump on P a r i t y 4 . 5
JPE Jump on P a r i t y  Even 4 . 5
JPO Jump on P a r i t y  Odd 4 . 5
JS Jump on S i g n 4 . 5
JZ Jump on Zero 4 . 5
LAHF Load AH w i t h  F l a g s 4 . 2
LDS Load P o i n t e r  i n t o  DS 4 . 2
LEA Load E f f e c t i v e  A d d r e s s 4 . 2
LES Load P o i n t e r  i n t o  ES 4 . 2
LOCK Lock Bus 4 . 6
LODS Load B y t e  o r  Word ( o f  s t r i n g ) 4 . 4
LOOP Loop 4 . 5
LOOPE Loop W h il e  E q u a l 4 . 5
LOOPNE Loop W h il e  Not E q u a l 4 . 5
LOOPNZ Loop W h ile  Not Zero 4 . 5
LOOPZ Loop W h ile  Zero 4 . 5
MOV Move 4 . 2
MOVS Move B y te  o r  Word ( o f  s t r i n g ) 4 . 4
MÜL M u l t i p l y 4 . 3
NEG N e g a t e 4 . 3
NOT Not 4 . 3
OR Or 4 . 3
OUT O u t p u t  B y t e  o r  Word 4 . 2

All Information Presented Here is Proprietary to Digital Research
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T a b l e  E - l .  ( c o n t i n u e d )

Mnemonic Descr  i p t i o n S e c t i o n

POP P o d 4 . 2
POPF Pop F l a g s 4 . 2
PUSH Push 4 . 2
PUSHF Push F l a g s 4 . 2
RCL R o t a t e  t h r o u g h  C a r r y  L e f t 4 . 3
RCR R o t a t e  t h r o u g h  C a r r y  R i g h t 4 . 3
REP R e p e a t 4 . 4
RET R e t u r n  ( i n t r a  s e g m e n t ) 4 . 5
RETF R e t u r n  ( i n t e r  s e g m e n t ) 4 . 5
ROL R o t a t e  L e f t 4 . 3
ROR R o t a t e  R i g h t 4 . 3
SAHF S t o r e  AH i n t o  F l a g s 4 . 2
SAL S h i f t  A r i t h m e t i c  L e f t 4 . 3
SAR S h i f t  A r i t h m e t i c  R i g h t 4 . 3
SBB S u b t r a c t  w i t h  Borrow 4 . 3
SCAS Scan B y te  o r  Word ( o f  s t r i n g ) 4 . 4
SHL S h i f t  L e f t 4 . 3
SHR S h i f t  R i g h t 4 . 3
STC S e t  C a r r y 4 . 6
STD S e t  D i r e c t i o n 4 . 6
STI S e t  I n t e r r u p t 4 . 6
STOS S t o r e  B yte  o r  Word ( o f  s t r i n q ) 4 . 4
SUB S u b t r a c t 4 . 3
TEST T e s t 4 . 3
WAIT W a i t 4 . 6
XCHG E x ch a n g e 4 . 2
XLAT T r a n s l a t e 4 . 2
XOR E x c l u s i v e  Or 4 . 3
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Appendix F 
Sample Program

L i s t i n q  F - l .  Sample Program  APPF.A86

CP/M ASM86 1 . 1  SOURCE: APPF.A86 T e r m i n a l  I n p u t / O u t o u t
1

0 0 0 0  E 9 0 6 0 0  
0 0 0 3  E 9 1 9 0 0  
0 0 0 6  E92B00

t i t l e  ' T e r m i n a l  I n D u t / O u t p u t '  
p a g e s i z e  50 
D a g e w id t h  79  
s im fo rm

. * * * * * *  T e r m i n a l  I/O s u b r o u t i n e s  * * * * * * * *

The f o l l o w i n g  s u b r o u t i n e s  
a r e  i n c l u d e d :

CONSTAT -  c o n s o l e  s t a t u s
CONIN -  c o n s o l e  i n p u t
CONOUT -  c o n s o l e  o u t o u t

Each r o u t i n e  r e q u i r e s  CONSOLE NUMBER 
in  t h e  BL -  r e g i s t e r

CSEG

*****************
* Jump t a b l e :  * 
* * * * * * * * * * * * * * * *

; s t a r t  o f  c o d e  se g m e n t

j m p _ t a b :
jmp c o n s t a t
jmp c o n i n
jmp c o n o u t

a * * * * * * * * * * * * * * * * * * * * * *
* I/O Dort numbers * 
* * * * * * * * * * * * * * * * * * * * * * *
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C P / M - 8 6  P r o g r a m m e r ' s  G u i d e A p p e n d i x  F S a m p l e  P r o g r a m

CP/M ASM86 1.1 SOURCE: APPF.A86 Terminal Inout/Outout PAGE
2

T e r m i n a l  1:

0 0 1 0
•
f

i n s t a t 1 equ 10h ; i n p u t  s t a t u s  p o r t
0 0 1 1 i n d a t a l equ llh ? i n p u t  p o r t
0 0 1 1 o u t d a t a l equ llh ; o u t p u t  p o r t
0 0 0 1 r e a d v i n m a s k l equ Olh ; i n p u t  r e a d y  mask
0 0 0 2 r e a d y o u t m a s k 1 equ 0 2h ; o u t p u t  r e a d v  mask

T e r m i n a l  2:

0 0 1 2
•
t

i n s t a t 2 equ 12h ; i n p u t s t a t u s  p o r t
0 0 1 3 i n d a t a 2 equ 13h ; i n p u t p o r t
0 0 1 3 o u t d a t a 2 equ 13h ; o u t p u t p o r t
0 0 0 4 r e a d y i n m a s k 2 equ 04h ; i n p u t r e a d y  mask
0 0 0 8 r e a d y o u t m a s k 2

•
t

equ 08h ; o u t p u t r e a d y  mask

f
•  ★ ★ *  /
; * CONSTAT *
• * * * * * ★ ★ ★ ★ * *

E n t r y :  BL -  r e g  = t e r m i n a l  no
; E x i t : AL -  r e g  = 0 i f  n o t  r e a d y
•/ O ffh  i f  r e a d y
/

c o n s t a t :
0 0 0 9 5 3 E 8 3 F 0 0 p u s h bx ! c a l l  o k t e r m i n a l

c o n s t a t l :
000D 5 2 p u s h dx
000E B 6 00 mov d h , 0  ; r e a d
0 0 1 0 8A17 mov d l , i n s t a t u s t a b  [BX]
0 0 1 2 EC i n a l  ,d x
0 0 1 3 2 2 4 7 0 6 and a l , r e a d y i n m a s k t a b  [bx]
0 0 1 6 7 4 0 2 j z c o n s t a t o u t
0 0 1 8 B0FF mov a l , O ffh

s t a t u s  p o r t
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C P / M - R 6  P r o g r a m m e r s  G u i d e  A o o e n d i x  e  S a m o l e  P r o g r a m

CP/M ASM86 1.1 SOURCE: APPF.A86 Terminal Inout/Output PAGE
3

constatou t :
001A 5A5B0AC0C3

t

p o p  dx ! pop hx ! o r  a l , a l  ! r e t

r
•/ * * * * * * * * *
" * CONIN *
•
t
m
f

/ E n t r y :  BL -  r e g  = t e r m i n a l  no
/
*

E x i t :  AL -  r e g  = r e a d  c h a r a c t e r

0 0 1 F 5 3 E 8 2 9 0 0 c o n i n : p u s h  bx ! c a l l  o k t e r m i n a l  !
0 0 2 3 E8E7FF c o n i n l : c a l l  c o n s t a t l  ; t e s t  s t a t u s
0 0 2 6 74FB j z  c o n i n l
0 0 2 8 52 p u sh  dx ; r e a d  c h a r a c t e r
0 0 2 9 B 600 mov d h , 0
002B 8 A 5 70 2 mov d l , i n d a t a t a b  fBX 1
0 0 2 E EC in  a l , d x
0 0 2 F 2 4 7 F and a l , 7 f h  • ; s t r i p  o a r i t v  b i t
0 0 3 1 5A5BC3

•/
pop dx ! p o p  bx ! r e t

/
•
/ *★ ★ ★ * ★ * ** *
•
t * CONOUT *
•
t

* * * * * * * * * *
/
•
t E n t r y :  BL -  r e g  = t e r m i n a l  no
•
f

*

AL -  r e g  = c h a r a c t e r  t o  p r i n t

0 0 3 4 5 3 E 8 1 4 0 0 c o n o u t : p u sh  bx ! c a l l  o k t e r m i n a l
0 0 3 8 52 p u s h  dx
0 0 3 9 50 p ush ax
0 03A B 600 mov d h , 0  ; t e s t  s t a t u s
003C 8A17 mov d l , i n s t a t u s t a b  [BX]

c o n o u t l ••

0 0 3 E EC in  a l rdx

A l l  I n f o r m a t i o n  P r e s e n t e d  H e r e  i s  P r o p r i e t a r y  t o  D i g i t a l  R e s e a r c h

95



C P / M - 8 6  P r o g r a m m e r ' s  G u i d e

CP/M ASM86 1.1 SOURCE: APPF.A86
4

Appendix F Samole Program 

Terminal Inout/Outout PAGE

003F 224708 and a l , r e a d voutma s k tab
0042 7 4 FA iz conout1
0044 58 POP ax
0045 8A5704 mov d l  ,outdatatab  [BX]
0048 EE o u t d x ,a l
0049 5A5BC3 pop dx ! pop bx ! ret

w r ite  byte

+ OKTERMINAL +

; Entry;
/
okterm ina l :

BL -  reg = terminal no

004C 0 ADB or b l , b l
004E 740A jz error
0050 80FB03 emo b l , length in s ta tustab  + 1
0053 7305 jae error
0055 FE CB dec b l
0057 B700 mov bh, 0
0059 C3 ret

*
005A 5B5BC3 e r ro r :  pop bx ! pop bx ! re t  ; do

• ★ ★  ★  0nd o f  c o d e  secjmenfc ♦
/
• ********★ ★ *★ ★ ***

* Data segment * 
* * * * * * * * * * * * * * * *

dseg

**************************
* Data for each terminal * 
* * * * * * * * * * * * * * * * * * * * * * * * * *

A l l  I n f o r m a t i o n  P r e s e n t e d  H e r e  i s  P r o p r i e t a r y  t o  D i g i t a l  R e s e a r c h
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CP./M ASM86 1 . 1  SOURCE: APPF.A86 
5

0 0 0 0 1 0 1 2 i n s t a t u s t a b
0 0 0 2 1 1 1 3 ? n d a t a t a b
0 0 0 4 1 1 1 3 o u t d a t a t a b
0 0 0 6 0 1 0 4 r e a d y i n m a s k t a b
0 0 0 8 0 2 0 8 r e a d y o u t m a s k t a b

/
end

END OF ASSEMBLY. NUMBER OF ERRORS:

Apoendix  F Sample P ro q ra m  

T e r m in a l  I n p u t / O u t D u t  PA^E

db i n s t a t l , i n s t a t 2
db i n d a t a l , i n d a t a 2
db o u t d a t a l , o u t d a t a 2
db r e a d y i n m a s k l , r e a d y i n m a s k 2
db r e a d y o u t m a s k l , r e a d y o u t m a s k 2

end o f  f i l e  * * * * * * * * * * * * * * * * * * * * * *

0
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Appendix G
Code-Macro Definition Syntax

<codemacro> ::=  CODEMACRO <name> [ < f o r m a l $ U s t > l
f < l i s t S o f $ m a c r o $ d i r e c t i v e s > 1  
ENDM

<name> ::= IDENTIFIER

< f o r m a l $ l i s t >  : : =  c o a r a m e t e r S d e s c r > [ { , P a r a m e t e r S d e s c r >i ]

< p a r a m e t e r  $ d e s c r  > ::= <formSname>: <spec.i  f  i e r $ I e t t e r >
<m o d i f i e r S i e t t e r > [ ( < r a n g e > ) ]

< s p e c i f i e r S l e t t e r > : : = a | c I d J e | m I r | s | x 

c m o d if  i e r $ l e t t e r > ::= b | w | d ! sb 

< ra n g e>  ::= < s i n g l e $ r a n g e > | < d o u b 1 e $ r a n g e >

< s i n g l e $ r a n g e >  ::=  REGISTER \ NUMBERB

< d o u b ] .e $ r a n g e >  ::=  NUMBERB ,NrjMBERB I NUMBERB, REGISTER I
REGISTER,NUMBERB | REGISTER,REGISTER

< l i s t $ o f $ m a c r o $ d i r e c t i v e s >  ::=  < m a c r o $ d i r e c t i v e >
f < m a c r o $ d i r e c t i v e > }

< m a c r o $ d i r e c t i v e >  : :=  <db> | <dw> j <dd> | < s e g f i x >
< n o s e g f i x >  | <modrm> i <re].b>
<ce!w> | < d b i t >

<db> ::=  DB NUMBERB | DB <formSname>

<dw> : :=  DW NUMBERW | DW <form$natne>

<dd> DD <formSname>

< s e g f i x >  : :=  SEGFIX <form$name>

< n o s e g f i x >  : :=  NOSEGFIX <form$name>

<modrm> ::= MODRM NUMBER7, <form$name> \
MODRM < fo rm $n am e>, <Eorm$name>

< r e l b >  ::= RELB <form$name>

<relw> ::= RELW <form$name>

< d b i t > ::= DBIT < f i e ] d $ d e s c r > { , < f i e l d $ d e s c r > l  
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d o p e n d  i x  G G o d e - m a c r o  S y n t a xC P / M 86  P r o g r a m m e r ' s  G u i d e

< f i e l d S d e s c r > : : =  NPMBER15 ( NUMRERB ) !
NUMBER15 ( <form$name>

<formSname> ::= IDENTIFIER

NUMBERB i s  8 - b i t S  
MTIMBERW i s  1 6 - b i t s
NUMBER7 a r e  t h e  v a l u e s  0 , 1 , . .  , 7
NUMBER15 a r e  t h e  v a l u e s  0 ,  1 , .  . , 15

( MTJMSERB ) )
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Appendix H
ASM-88 Error Messages

T h e r e  a r e  two t y p e s  o f  e r r o r  m e s s a g e s  p r o d u c e d  by ASM-86: 
f a t a l  e r r o r s  and d i a g n o s t i c s .  F a t a l  e r r o r s  o c c u r  when ASM-86 i s  
u n a b l e  t o  c o n t i n u e  a s s e m b l i n g .  D i a g n o s t i c s  m e s s a a e s  r e p o r t  
p r o b l e m s  w i t h  t h e  s y n t a x  and s e m a n t i c s  o f  t h e  o r o a r a m  b e i n g  
a s s e m b l e d .  ^ h e  f o l l o w i n a  m e s s a g e s  i n d i c a t e  f a t a l  e r r o r s  
e n c o u n t e r e d  bv ASM-86 d u r i n g  a s s e m b l y :

NO FILE
DISK FULL
DIRECTORY FULL
DISK READ ERROR
CANN0 ^  CLOSE
SYMBOL TABLE OVERFLOW
PARAMETER ERROR

ASM-86 r e p o r t s  s e m a n t i c  and s y n t a x  e r r o r s  by p l a c i n g  a 
numbered ASCII m e s s a g e  i n  f r o n t  o f  t h e  e r r o n e o u s  s o u r c e  l i n e .  I f  
t h e r e  i s  m ore  t h a n  one e r r o r  i n  t h e  l i n e ,  o n l y  t h e  f i r s t  one i s  
r e p o r t e d .  T a b l e  H - l  s u m m a r i z e s  ASM-86 d i a g n o s t i c  e r r o r  m e s s a g e s .

A l l  I n f o r m a t i o n  P r e s e n t e d  He r e  i s  P r o p r i e t a r y  t o  D i g i t a l  R e s e a r c h
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Table H - l .  ASM-86 D iagnost ic  Error  Messages

Number M e a n i n g

0 ILLEGAL FIRST ITEM
1 MISSING PSEUDO INSTRUCTION
2 ILLEGAL PSEUDO INSTRUCTION
3 DOUBLE DEFINED VARIABLE
4 DOUBLE DEFINED LABEL
5 UNDEFINED INSTRUCTION
6 GARBAGE AT END OF LINE -  IGNORED
7 OPERAND(S) MISMATCH INSTRUCTION
8 ILLEGAL INSTRUCTION OPERANDS
9 MISSING INSTRUCTION

10 UNDEFINED ELEMENT OF EXPRESSION
1 1  ILLEGAL PSEUDO OPERAND
12 NESTED " I F "  ILLEGAL -  " I F "  IGNORED
13 ILLEGAL " I F "  OPERAND -  " I F "  IGNORED
14 NO MATCHING " I F "  FOR "ENDIF"
1 5  SYMBOL ILLEGALLY FORWARD REFERENCED -  NEGLECTED
16 DOUBLE DEFINED SYMBOL -  TREATED AS UNDEFINED
1 7  INSTRUCTION NOT IN CODE SEGMENT
18 FILE NAME SYNTAX ERROR
19 NESTED INCLUDE NOT ALLOWED
20 ILLEGAL EXPRESSION ELEMENT
2 1  MISSING TYPE INFORMATION IN OPERAND(S)
2 2  LABEL OUT OF RANGE
23 MISSING SEGMENT INFORMATION IN OPERAND
24 ERROR IN CODEMACROBUILDING

A l l  I n f o r m a t i o n  P r e s e n t e d  H e r e  i s  P r o p r i e t a r y  t o  D i a i t a l  R e s e a r c h
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Appendix i
DDT-86 Error Messaaesw

T a b l e  I - 1 .  DDT-86 E r r o r  M e s s a g e s

E r r o r  Message M ean in q

AMBIGUOUS OPERAND An a t t e m p t  was made t o  a s s e m b l e  a command 
w i t h  an a m b i g u o u s  o p e r a n d .  P r e c e d e  t h e  
o p e r a n d  w i t h  t h e  p r e f i x  "BYTE" o r  
"WORD".

CANNOT CLOSE The d i s k  f i l e  w r i t t e n  bv a W command 
c a n n o t  be c l o s e d .

DISK READ ERROR The d i s k  f i l e  s p e c i f i e d  i n  an R command 
c o u l d  n o t  be r e a d  p r o p e r l y .

DISK WRITE ERROR A d i s k  w r i t e  o p e r a t i o n  c o u l d  n o t  be 
s u c c e s s f u l l y  p e r f o r m e d  d u r i n g  a W 
command, p r o b a b l y  d u e  t o  a f u l l  d i s k .

INSUFFICIENT MEMORY T h e r e  i s  n o t  e n o u g h  memory t o  l o a d  t h e  
f i l e  s p e c i f i e d  i n  an R o r  E command.

MEMORY REQUEST DENIED A r e q u e s t  f o r  memory d u r i n g  an R command 
c o u l d  n o t  be f u l f i l l e d .  Up t o  e i g h t  
b l o c k s  o f  memory may be a l l o c a t e d  a t  a 
g i v e n  t i m e .

NO FILE The f i l e  s p e c i f i e d  i n  an R o r  E command 
c o u l d  n o t  be f o u n d  on t h e  d i s k .

NO SPACE There i s  no s p a c e  i n  t h e  d i r e c t o r y  f o r  t h e  
f i l e  b e i n g  w r i t t e n  by a W command.

VERIFY ERROR AT S :o The v a l u e  p l a c e d  i n  memory by a F i l l ,  S e t ,  
Move, o r  A s s e m b l e  command c o u l d  n o t  be 
r e a d  b a c k  c o r r e c t l y ,  i n d i c a t i n g  bad RAM 
o r  a t t e m p t i n g  t o  w r i t e  t o  ROM o r  n o n ­
e x i s t e n t  m e m o r y  a t  t h e  i n d i c a t e d  
l o c a t i o n .

A l l  I n f o r m a t i o n  P r e s e n t e d  H e r e  i s  P r o p r i e t a r y  t o  D i g i t a l  R e s e a r c h
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Index

A

AAA, 34
AAD , 34
AAM, 34
AAS , 34
ADC, 34
ADD, 34
a d d r e s s  c o n v e n t i o n s

ASM-86, 21
a d d r e s s  e x p r e s s i o n ,  18 
a l l o c a t e  s t o r a g e ,  27 
AND, 36
a r i t h m e t i c  o p e r a t o r s ,  15  

B

b r a c k e t e d  e x p r e s s i o n ,  18 

C

CALL, 40 
CBW, 34
c h a r a c t e r  s t r i n q ,  8
CLC, 43
CLD, 43 
C L I ,  43 
CMC, 43 
CMP, 34 
CMPS, 38
c o d e  s e g m e n t ,  22 
c o d e - m a c r o  d i r e c t i v e s ,  49 
c o d e - m a c r o s ,  45 
c o n d i t i o n a l  a s s e m b l y ,  24 
c o n s o l e  o u t p u t ,  3 
c o n s t a n t s ,  7 
c o n t r o l  t r a n s f e r  

i n s t r u c t i o n s ,  39  
c r e a t i o n  o f  o u t p u t  f i l e s ,  2 
CSEG , 22  
CWD, 34

D

DAA, 35 
DAS, 35
d a t a  s e g m e n t ,  22 
d a t a  t r a n s f e r ,  31  
DB, 25 
DD, 26 
DEC, 35
d e f i n e  d a t a  a r e a ,  25

delimiters, 5 
directive statement, 20 
DIV, 35
d o l l a r - s i g n  o p e r a t o r ,  17 
DSEG , 22 
DW, 26

E

e f f e c t i v e  a d d r e s s ,  21  
EJECT, 28 
END, 2 4
e n d - o f - l i n e ,  19
ENDIF, 24
EQU, 25
ESC, 43
ESEG, 23
e x p r e s s i o n s ,  18
e x t r a  s e g m e n t ,  23

F

f i l e n a m e  e x t e n s i o n s ,  1 
f l a g  b i t s , 3 0 , 33 
f l a g  r e g i s t e r s ,  30 
f o r m a l  p a r a m e t e r s ,  45

H

HLT, 44 

I

i d e n t i f i e r s ,  8 
IDIV, 35 
I F ,  24 
IMUL, 35
IN, 31 
INC, 35 
INCLUDE, 24
i n i t i a l i z e d  s t o r a q e ,  25 
i n s t r u c t i o n  s t a t e m e n t ,  19 
INT, 40 
INTO, 40
i n v o k i n g  ASM-86, 2 
IRET, 40

J

JA , 40
J B ,  41  
JCXZ, 41
J E ,  4 1
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0

JG, 41
J L , 41 o f f s e t ,  11
JL E, 41 o f f s e t  v a l u e ,  21
JMP , 41 o o e r a t o r  o r e c e d e n c e ,  17
JNA , 41 o p e r a t o r s ,  12
JNB , 41 o p t i o n a l  r u n - t i m e
JNE , 42 p a r a m e t e r s ,  3
JNG , 42 OR, 36
JNL , 42 o r d e r  o f  o o e r a t i o n s ,  17
JNO, 42 ORG, 23
JNP, 42 OUT, 32
JNS , 42 o u t p u t  f i l e s ,  1 ,  2
JNZ , 42
JO, 42 P
J P , 42
J S , 42 PAGES IZE,  27
J Z , 42 PAGEWIDTH, 28 

p e r i o d  o p e r a t o r ,  16
K POP, 32

p r e d e f i n e d  n u m b e r s ,  9
k e y w o r d s ,  9 p r e f i x ,  1 9 ,  39  

p r i n t e r  o u t p u t ,  3
L PTR o p e r a t o r  , 16

l a b e l ,  19 
l a b e l s ,  11 
LAHF, 31  
LDS, 31  
LEA, 3 1  
LES, 31 
LIST, 28
l o c a t i o n  c o u n t e r ,  23 
LOCK, 44 
LODS, 38
l o g i c a l  o p e r a t o r s ,  15 
LOOP, 42

M

mnem onic,  19 
m o d i f i e r s ,  47 
MOV, 3 1  
MOVS, 38 
MUL, 35

N

name f i e l d ,  20 
NEG, 35 
NOLIST, 28 
NOT, 36
number s y m b o l s ,  12 
n u m e r i c  c o n s t a n t s ,  7 
n u m e r i c  e x p r e s s i o n ,  18

PUSH, 32  

R

r a d i x  i n d i c a t o r s ,  7 
RB, 27 
RCL, 36 
RCR, 36 
r e g i s t e r s ,  9
r e l a t i o n a l  o p e r a t o r s ,  15
REP, 39
RET, 43
ROL, 36
ROR, 36
RS, 27
r u n - t i m e  o p t i o n s ,  3 
RW, 27

S

SAHF, 32 
SAL, 36 
SAR, 37 
SBB, 35 
SCAS, 38 
s e g m e n t ,  11
s e g m e n t  b a s e  v a l u e s ,  21  
s e g m e n t  o v e r r i d e  o p e r a t o r  
se g m en t  s t a r t  d i r e c t i v e s ,  
s e p a r a t o r s ,  5 
SHL, 37
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SHR, 37 
SIMFORM, 23 
soec i f  iers  , 47 
SSEG, 22
stack segment, 22 
starting ASM-86, 2 
Statements, 19
STC, 44
STD, 44 
S T I ,  44 
STOS, 38
s t r i n g  c o n s t a n t ,  8 
s t r i n g  o p e r a t i o n s ,  38 
SUB, 35 
s y m b o l s ,  25

T

TEST, 37 
TITLE, 27 
t y p e ,  11

ü

u n a r y  o p e r a t o r s ,  16 

V

v a r i a b l e  m a n i p u l a t o r ,  
v a r i a b l e s ,  10

w

WAIT, 44 

X

XCHG, 32 
XLAT, 32





Release 2.2 Diskette Contents

1 System Software Diskette

132C.CMD U t i l i t y  which can be installed to enable 132
character display.

B00TC0PY.CMD U t i l i t y  for copying boot tracks. (Version 1 . 6 )
Same as 2.1 release program.

DC0PY.CMD Ut i l i t y  for copying complete diskettes. (Ver 2.6)
Double-sided diskette copy implemented, plus 
some "cosmetic” changes.

FORMAT.CMD

FIXLABEL.CMD

UDCCALC.CMD

Ut i l i t y  for formatting diskettes. (Version 2.9) 
Double-sided d isket te  format implemented, 
plus some "cosmetic” changes.

U t i l i t y  for writing a disk label .  (Version 1 . 1 ) 
Same as 2.1 release program.

U t i l i t y  which can be installed to enable the 
calculator functions.

2. System Configuration Diskette

Start ing with this re lease ,  since i t  is  fundemantally an 
internal  re lease ,  th is  d isket te  is a copy o f  the "work" 
diskette used for system generation. Thus i t  includes more 
f i l e s  than wi l l  appear on the external system configuration 
diskette.  Speci f ical ly ,  i t  includes both Victor and Sirius 
tables, some ppereleased programs (KEYGEN & CEDIT), and the 
control f i l e s  iused for system generation (BRITISH, FRENCH, 

.GERMAN, SIRGEN', SIRSYS, VICGEN and VICSYS) . The generation 
f i l e s  are useful in two ways; ( 1 ) used as input to SYSELECT 
"Modify an ex is t ing  system" option one can see the exact 
conf igurat ion o f  the generated system, and ( 2 ) used as 
input to MAKESYS and BOOTCOPY a system can be generated 
without needing to run SYSELECT.

ALLOC.CMD 

ASM86.CMD 

BOOTCOPY.CMD 

BRITISH.* 

CEDIT.BAS

CHARGEN.SUB

In i t ia l i z ing  program for CEDIT.BAS 

Digital Research Assembler.

See above.

Output f i l e s  from SYSELECT for British system.

PBASIC86 u t i l i t y  for manipulating character 
set f i l e s .  This is a temporary program and 
for internal use only.

Submit f i l e  used to invoke CEDIT.
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C0LD1/5.CMD

CPM16-06.CMD 

DCOPY.CMD 

DDT86.CMD 

DEFAULT.SKL 

E1/5.HDR 

ED.CMD

FIXLABEL.CMD 

FORMAT.CMD 

FRENCH.* 

GENCMD.CMD 

GERMAN.*

KEYGEN.BAS

MAKESYS.CMD

PBASIC86 .’CMD 

PIP.CMD 

SIRGEN.»

SIRSYS.*

SYSELEC1 .CMD 

SYSELECT.BAS 

SYSELECT.CMD 

SYSELECT.HLP 

VICGEN. *

•release 2.2 Diskette

Portion of the operating system used to do 
in i t ia l i za t ion  .

Digital Research CP/M86 + Sirius BIOS.

See above.

Digital Research Debug u t i l i t y .  :

Default skeleton used by SYSELECT.

Header f i l e ,  used in MAKESYS.

Digital Research Editor.

See above .

See above.

Output f i l e s  from SYSELECT for French system.

Digital Research Command generation u t i l i t y .

.-Output f i l e s  from SYSELECT for German system.

U t i l i t y  to update and display keyboard table 
entries. (This is a pre-release of  the program.)

U t i l i t y  for collecting selected f i l e s  and 
creating a .SYS f i l e .  (Version 1 . 3 )
Same as in 2.1 release.

Microsoft runtime only BASIC86 Interpreter. 

Digital Research u t i l i t y .

Output f i l e s  from SYSELECT for system used 
for the Sirius system configuration diskette.

Output f i l e s  from SYSELECT for system used 
for the Sirius system u t i l i t i e s  diskette.

Part of  SYSELECT. Collects directory data.

Menu driven system selection u t i l i t y .  (Ver 0.26)

Driver program for system configuration.

Help f i l e ,  used by SYSELECT.BAS

Output f i l e s  from SYSELECT for system used 
for the Victor system generation diskette.
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VICSYS.* Output f i l e s  from SYSELECT for system used 
for the Victor system u t i l i t i e s  diskette.

* .BAN Banner f i l e s :
SIRIUS for Sirius 1 (English), with a logo. 
SIRFRENC for Sirius 1 (French), with a logo. 
SIRGERM for Sirius 1 (Herman), with a logo. 
VICTOR for Victor 900Ö, with a logo.
VICNOLGO for Victor 9000, without a logo.

* .CHR Display character tables.
GERM01 changed in this re lease :  the cross 
hatch (//) rep laced  the B r i t i s h  monetary 
symbol at character location Hex 23.

*. KB Keyboard table f i l e s .

Changed in this release:

FRENCHO1
key 12 unshifted: British monetary symbol 
key 12 shifted: Dollar sign.

key 16 unshifted: Apostrophe (Hex 27).,

GERM01
key 12 unshifted: Circumflex (Hex 5 e ) . 
key 12 shifted: Grave accent (Hex 60).

key 24 unshifted: Cross hatch (Hex 23). 
key 24 shifted: Apostrophe (Hex 27).

* . LGO Logo character sets.

* . XLT Translation tables.

3&4. BIOS Listing Diskettes

Contains the l is t ing  f i l e s  for the BIOS.
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U t i l i t y  S o u r c e  and D o c u m e n t a t i o n  D i s k e t t e

T h i s  d i s k e t t e  c o n t a i n s  s o u r c e  c o d e ,  o b j e c t  c o d e  a n d  u s e r  
n o t e s  f o r  t h e  u t i l i t y  p r o g r a m s ,  a s  w e l l  a s  o t h e r  d o c u m e n t s  
r e l a t e d  t o  t h i s  r e l e a s e .

*.USE f i l e s  are the user notes.
* .A86 are assembly, source.
*.CMD are assembly object, in command form.
*.SUB are SUBMIT f i l e s  for generating the CMD f i l e s  from A86 
*.BSC are BASIC86 unprotected code.
*.BAS are BASIC86 protected.
* . DOC are miscellaneous documentation f i l e s .

Spec i f ical ly  the f i l e s  on the diskette are:

132C.* 

ALLOC.* 

ASM86.CMD 

BOOTCOPY.*

CEDIT.* 

DBLSIDE.DOC 

DCOPY.*

Files for 132 character display u t i l i t y  

Files for ALLOC. CMD, in i t i a l i z e r  for CEDIT. 

Digital Research Assembler.

Files for bootcopy u t i l i t y .

Files for temporary character editor.

Notes about double-sided disk use.

Disk copy u t i l i t y  f i l e s .

DISK.LIB & DUTIL.LIB Include f i l e s  for DCOPY & FORMAT. 

DISPLAY.DOC A corrected Display Driver Specification.

Fix label u t i l i t y  f i l e s .

Format f i l e s .

Digital Research u t i l i t y .

Key table editor f i l e s .

Makesys f i l e s .

Digital Research u t i l i t y .

This document.

System selection programs.

Calculator f i l e s .

FIXLABEL.* 

FORMAT.* 

GENCMD.CMD 

KEYGEN.* 

MAKESYS.* 

PIP.CMD 

RELEASE. DOC 

SYSELEC?.* 

UDCCALC. *

UDC.A86 & VCALC.A86 Files included by UDCCALC.
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Double-sided Drive Note

Release 2.2 o f  the CP/M86 operat ing system can u t i l i s e  double­
sided f loppy dr ives .  I f  you are using a machine with double­
sided drives, you can create diskettes which have roughly twice 
the ^storage capacity that was possible with earl ier  releases of  
the operating system.

A WORD OF CAUTION ABOUT USING DOUBLE-SIDED DISKETTES
The great advantage in using double-sided diskettes is that the 
amount o f  data stored on the d isket te  is almost twice that o f  
standard s ing le -s ided d iske t te :  1 . 2  megabytes compared to 61 
k i lobytes .  A s ing le-s ided d isket te  can be used on a computer 

f t i th e i ther s ing le -  or double-sided dr ives .  However, once a 
'd isket te is formatted as double-sided, NONE of  the data on i t  can 

be accessed by a computer which has single-sided drives.

I f  you have a computer which has double-sided drives, you may not 
want to convert a l l  of your diskettes into double-sided diskettes 
r ight  away, since, a majori ty o f  the computers currently  in use 
are only s ing le-s ided and you w i l l  no.t be able to use your 
diskettes on them.

CREATING A DOUBLE-SIDED DISKETTE
You can only create a double-sided d isket te  on a computer which 
has double-sided f loppy dr ives .  To create a double-sided 
diskette, you need to use Version 2.8 of  the FORMAT program. I f  
your computer has double-sided dr ives ,  the FORMAT program asks 
the following question on the 25th l ine o f  the screen:

Format both sides of  the diskette (y/n) ?

- i f  you answer by typing a ' Y ’ , the program creates a double-sided 
d iske t te^  I f  you answer with a f N» , just  the f i r s t  side o f  the 
diskette is formatted and you have a single—sided diskette which 
can be used on both single- and double-sided machines.

Remember that you can only create double-sided d isket tes  on a 
computer with double-sided floppy drives.
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COPYING A DOUBLE-SIDED DISKETTE

To make a copy o f  a double-sided d iske t te ,  you must use Version 
2.5, or la ter ,  of the DCOPY program. You do not have to t e l l  the 
DCOPY program whether or not the diskette to be copied is double­
sided:- the program automatically knows. To copy a double-sided 
diskette,  you must have double-sided drives in your computer. I f  
you try to DCOPY a double-sided diskette on a computer which has 
only s ing le -s ided  dr ives ,  DCOPY pr ints  an error message and 
aborts the copy.

CONVERTING SINGLE- AND DOUBLE-SIDED DISKETTES
I f  you have a computer that has double-sided f loppy dr ives ,  you 
may want to convert some o f  your s ing le-s ided d isket tes  into 
double-sided d isket tes  (see the caution above).  To do th is ,  

( reate a double-sided d isket te  by using the FORMAT program as 
described above. Then use PIP to copy the desired f i l e s  from the 
sing le -s ided d isket te  to the double-sided d isket te  you just 
created .

At times you may need to convert a double-sided d isket te  back 
into a single-sided diskette. Using the FORMAT program, create a 
s ingle-s ided  d iske t te .  Then use PIP to copy'the desired f i l e s  
from the double-sided diskette to the single-sided diskette. You 
may need two or more d isket tes  to hold a l l  o f  the data from a 
double-sided diskette.
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Display Driver Specification

A2.1 Introduction

The software in the Sirius developed BIOS display interface 
rece ives  ASCII characters and e i ther  displays them or uses 
them for display contro l .  Characters in the ASCII control  
set (hex 00 through hex 1 F and hex 7F)  are used as control  
characters and are not displayed (see "ESC 8” exception 
below.)  However, they may a f f e c t  the d isp lay .  Most o f  the 
control  characters act by themselves. However, for  some 
action more than one character is required to spec i fy  the 
action. This is accomplished by using the ASCII escape code 
(ESC--hex 1 B) fo llowed by one or more characters.  The 
control  characters and the escape sequences are described 
below.
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A2.2 Control Characters

Bell ( c t r l  G, hex 07) 

Backspace ( c t r l  H, hex 08)

Horizontal Tab ( c t r l  I ,  hex

Line Feed ( c t r l  J, hex 0A)

Carriage Return ( c t r l  M, hex

Shift In ( c t r l  N, hex OE) 

Shift Out(ctrl  0,hex OF)

Th is  i s  not r e a l l y  a 
display control character. 
I t  sends to the CODEC a 
ser ies  o f  s ignals to make 
the sound of a be l l .

Posi t ions the cursor back 
one column. I f  at column 
1 , then position cursor at 
column 80 of previous row; 
unless at columnm 1 , row 1 
in which case posit ion to 
column 80, row 1 .

09) Posi t ions the cursor on 
the next tab stop. Tab 
stops are fixed and are at 
columns 9, 17, 25, 33, 41, 
49, 5 7 , 65, and 72 through 
80. I f  the cursor is at 
column 80, i t  remains 
there.

Posi t ions the cursor down 
one row. I f  at row 24, 
then s c r o l l  disp lay up 1 
row. (May also be treated 
as a carr iage  return - -  
see ESC x9.)

0D) Posi t ions the cursor at 
column 1 o f  the current 
row. (May also be treated 
as a l i n e  feed - -  see 
ESC x8 .)

Shift to display character 
set 1 ( G1 ) .

Shift to display character 
set 0 (GO).
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A3.2 Escape Sequences

ASCII Code
Escape Generated

Sequence/Function (Hexadecimal) ______Sequence Definition

CURSOR FUNCTIONS

Esc A 1B, 41 Moves the cursor up one l ine

Esc B 1B, 42 Moves the cursor down one 
l ine without changing columns.

Esc C 1B, 43 Moves the cursor forward 
one character position.

Esc D 1 B, 44 Moves the cursor backward one 
character position.

Esc H 1B, 48 Sets the cursor at home position

Esc I 1B , 49 Moves the cursor to the same 
h o r i z o n ta l  p o s i t i o n  on the 
preceding l ine.

Esc n IB, 6E Reports the cursor position.

Esc j 1 B, 6A The display dr iver  saves the 
cursor position.

Esc k 1 B, 6B Returns the cursor to the 
previously saved cursor position

Esc n i n e ] 1 B, 59 Moves the cursor v ia  d i r e c t
cursor addressing, where ’ 1 ' 
represents the hexadecimal l ine 
number and 'c* represents the 
hexadecimal column number. The 
f i r s t  l in e  and the l e f t  column 
are both 20 (hex’) (the smallest 
v a l u e  o f  t he  p r i n t i n g  
characters)  and increase from 
there.  Since the l ines  are 
numbered from 1 to 19 (hex )  
(from top to bottom) and the 
columns from 1 to 50 (hex )  
(from l e f t  to r igh t )  , you must 
add the proper l ine  and column 
numbers to IF. No movement is 
done, i f  1 and/or c are invalid.
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Escape Sequences (continued)

ASCII Code
Escape Generated

Sequence/Function ( Hexadecimal) Sequence Definition

EDITING FUNCTIONS

Esc E 1B, 45 Erases the entire screen.

Esc b 1B, 62 Erases from the start  o f  the
screen up to and including the 
cursor position.

Esc J 1B, 4A

Esc 1 1 B, 6C

Esc 0 1B, 6F

Esc K 1B, 4B

Esc L 1 B, 4C

Esc M 1 B, 4D

Esc N IB, 4E

Esc § IB, 40

Esc 0 1 B, 4F

Display Driver Specification

Erases from the cursor position 
to the end of the page.

Erases entire l ine.

Erases the beg inning o f  the 
l ine  up to and including the 
cursor position.

Erases from the cursor position 
to the end of the l ine.

Inserts a blank l i n e ;  the cur­
rent  l i n e  and a l l  fo l low ing ,  
l ines  are moved down one l i n e .  
The cursor i s  moved to the 
beginning of the blank l ine.

De le tes  the current  l i n e ,  
placing the cursor at the start 
o f  the l i n e ,  and moves a l l  
following lines up one l ine.  A 
blank l ine  is inserted at l ine  
24.

Deletes cursor-pos i t ion char­
acter and sh i f t s  the rest  o f  
the l ine one character position 
to the l e f t .

Enters the i n s e r t  charac ter  
mode, allowing insert into text 
on the screen .  As each new 
charac ter  is  i n s e r t e d ,  the 
charac ter  at the end o f  the 
l ine is lost .

Exits from the insert character 
mode .
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Escape Sequences (continued)

ASCII Code
Escape Generated

Sequence/Function ( Hexadecimal) Sequence Definition

CONFIGURATION FUNCTIONS

Esc x[Ps] 1 B, 78 Sets mode(s) as follows:

Ps Mode_______
1 Enable 25th l ine
3 Hold Screen mode on
4 Block cursor
5 Cursor o f f
8 Auto l ine  feed on rece ip t  

of  a carriage return
9 Auto carr iage return on

receipt of  a l ine feed
A Increase audio volume
B Increase CRT brightness
C Increase CRT contrast

Esc yCPs] 1 B, 79 Resets mode(^) as follows:

Ps Mode
1 Disable 25th l ine
3 Hold screen mode o f f
4 Underscore cursor
5 Cursor on
8 No auto l ine feed
9 No auto carriage return
A Decrease audio volume
B Decrease CRT brightness
C Decrease CRT contrast

Esc A 1B, 5E Toggle hold mode
Esc L 1B, 5B Set hold mode
Esc \ 1B, 5C Clear hold mode
Esc 11 1 B , 7 C Activate User defined 

console (T.B.A.)

OPERATION MODE FUNCTIONS

Esc p 1B, 70 Enters the reverse video mode.

Esc q 1 B, 71 Exits the reverse video mode.
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Escape Sequences (continued)

Escape
Sequence/Function

ASCII Code 
Generated 

(Hexadecimal)

SPECIAL FUNCTIONS 

Esc } 1B, 7D

Esc { 1B, 7B

Esc V 1B, 76

Esc w 1 B, 77

Esc z 1 B, 7A

Esc $ 1B, 24

Esc ] 1 B, 5D

Esc # IB, 23

Esc ( 1 B, 28

Esc ) 1B, 29

Esc + 1 B, 2B

Esc 2 1B, 5A

Esc 0 IB, 30

Esc 1 1B, 31

Esc 2 1B, 32

Esc 3 1B, 33

Esc 8 1B, 38

Display Driver Specification

Sequence Definition

Disables the keyboard.

Enables the keyboard.

Enables wrap around at the end 
of the l ine.

Disables wrap around at the end 
of the l ine.

Resets termina l  to power-on 
configur at ion.

Transmits the character at 
the cur sor .

Transmits the 25th l ine.

Transmits the page.

Sets high intensity.

Sets low intensity.

Clears the foreground.
(High in tens i ty  displayed 
characters)

Identi f ies display as emulating 
VT52 ( the  terminal  responds 
with an ESC \ K) .

Sets the underline mode.

Resets the underline mode.

Enables cursor blink.

Disables cursor blink.

Sets the test ( l i t e r a l l y )  mode 
f o r  the  ne x t  s i n g l e  
character .
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(Comparison Summary Continued)
Sirius/ DEC Heathkit
Victor____________ VT52 HI 9

ESC q Reverse OFF X X
ESC ( High Intensity ON X
ESC ) High Intensity OFF X
ESC 0 Underline ON X
ESC 1 Underline OFF X
ESC 2 Blink Cursor ON X
ESC 3 Blink Cursor OFF X
ESC 4 Set Key Function X
ESC i Display system information X
ESC z Reset X X
ESC Z Identify as VT52 X X X
ESC Enter ASCII mode X
ESC t Enter keypad shift mode X
ESC u Exit keypad shif t  mode X

Set Reset Modes

ESC x/y 1 25th l ine X
ESC x/y 2 Key Click
ESC x/y 3 Hold Screen X
ESC x/y 4 Block Cursor X
ESC x/y 5 Cursor Display X
ESC x/y 6 Kpd Shifted
ESC x/y 7 Alt Keypad
ESC x/y 8 Auto LF X
ESC x/y 9 Auto CR X
ESC x/y A Volume Increase/Decrease X
ESC x/y B Brightness " 11 X
ESC x/y C Contrast " It X
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Escape Sequences (continued)

ASCII Code
Escape Generated

Sequence/Function (Hexadecimal) Sequence Definition

Esc i [n ]  1 B, 69 Displays the system d iske t te
sign-on banner, as follows: (n 
represents the ASCII numeric 
character)

_n Display

0 The entire banner.

1 The company logo only.

• 2 The product name only.

3 Configuration
'information only.
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r\ A4.2 Comparison Summary

Cur sor Functions Sir ius/ DEC
Victor VT52

ESC A Cusor up X X
ESC B Cusor down X X
ESC C Cusor forward X X
ESC D (BS 08H) Cusor back X X
ESC H Home X X
TAB (09H) Tab X X
LF (OAH) Line Feed X X
CR (ODH) Carriage Return X X
ESC I RVS Line Feed X X
ESC Y Address Cursor X X
ESC n Report Cursor X
ESC k Restre Cursor X
ESC j Save Cursor X

Editing Functions

ESC J Erase EOS X X
ESC K Erase EOL X X
ESC b Erase SOS X
ESC 1 Erase Line X
ESC o Erase SOL X
ESC E Erase Screen X
ESC L Insert Line X
ESC M Delete Line X
ESC § Insert Mode X
ESC 0 Exit Insert Mode X
ESC N Delete Char X

Special Functions .

ESC F Graphics Mode On X X
ESC G Graphics Mode Off X X
ESC = ALT. Keypad on X
ESC > ALT. Keypad o f f X
ESC $ Hold mode on X X
ESC / Hold mode o f f X X
ESC [ Transmit 25th l ine X
ESC # Transmit Page X
Bell (07H) X X
(13H) (11H) Xon Xoff protocol X
( OOH) (7FH) NUL DEL Ignored X X
ESC { Enable Keyboard X
ESC } Disable X
ESC + Clear Foreground X
ESC 8 Test Mode X
ESC v Enable Wrap X
ESC w Disable Wrap X
ESC p Reverse ON X

ay Driver Specification 25 March, 1982
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132 COLUMN SPECIFICATION

PURPOSE:
The 132 column module provides: a simulated 132 column 

disp lay in the 800 dot by 400 l ine  HIRES disp lay mode o f  the 
SIRIUS computer .

RESULT:
The normal VT52 p r in t  i n t e r f a c e  r e cog n i z e s  an escape 

sequence to enable the 132 column mode. The characters are 
' isp layed in a 5 by 7 dot matrix in a 6 by 10 c e l l  to g ive  the 
132 column display. A standard display of 80 columns by 25 l ines 
is also simulated with an 8 by 11 dot matrix in a 10 by 16 c e l l .

INSTALLATION:
The 132C program in s ta l l s  i t s e l f  into the BIOS through a 

super BIOS c a l l .  The program requires approximately 50K o f  
memory. The 800 by 400 HIRES screen requires 40K, the character 
sets and code are the rest. The 132c program copies i t s e l f  into 
the lowest 64K block of  memory and removes the 50K required bytes 
from the system permanently.
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CONTROL CODES:
BELL - CTRL G (07H)

Generate a bell,sound. Pass thru to VT52 

BACKSPACE - CTRL H (08H)
Posit ions the cursor back one column. I f  wrap around mode 

is enabled and the cursor was at column 1 , then posi t ion cursor 
at las t  column o f  previous row; unless at column 1 , row 1 in 
which case position to last  column in row 1 . I f  in discard mode, 
then the cursor wi l l  not move from column 1 .

HORIZONTAL TAB - CTRL I (09H)
Posit ions cursor the cursor forward to the next tab stop. 

C ab stops are fixed and are at columns 9, 17, 25, 33, 41, 49, 5 7 , 
65, 73, 81, 89, 97 , 105, 1 13, 1 2 1  , and 129* I f  the cursor is at 
the last column i t  remains there.

LINE FEED - CTRL J (OAH)
Moves cursor to next l ine same horizontal position, scrol ls  

the screen up i f  a l in e  feed occures on the bottom l i n e .  I f  the 
cursor is on bottom l ine + 1 then no action is taken.

RETURN - CTRL M (ODH)
Moves cursor to l e f t  most column o f  same l ine .

SHIFT OUT - CTRL 0 (OEH)
Switch the character c e l l  size to 6 by 10 resul t ing in a 

display of 133 columns by 40 l ines. The top of screen wi l l  be set 
to l ine  1 and the bottom of  screen w i l l  be set to l in e  3 9 . The 
bottom l ine + 1 wi l l  be l ine 40 similar to VT52's 25th l ine.  The 
cursor wi l l  home.

SHIFT IN - CTRL N (OEH)
Switch the character c e l l  s ize .to 10 by 16 result ing in a 

display of 80 columns by 25 l ines. The top of  screen wi l l  be set 
to l in e  1 and the bottom o f  screen w i l l  be set to l in e  24. The 
cursor wi l l  home.

CANCEL _ CTRL X (18H)
Abort any Escape sequence in progress 

characters as normal ASCII.

ESCAPE - CTRL [ (1BH)
Start an escape sequence.

Starts disp lay ing
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ESCAPE SEQUENCES:

TRANSMIT PAGE - ESC # (1BH,23H)
Will transmit only a RETURN ( ODH) LINE FEED (OAH).

TRANSMIT CHARACTER AT CURSOR - ESC $ (1BH,24H)
Will transmit only a RETURN (ODH) LINE FEED (OAH).

SET HIGH INTENSITY - ESC ( (1BH,28H)
Simulates high intensity mode by shadow printing.

SET LOW INTENSITY - ESC ) (1BH,29H)
Prints normal characters.

s-ENTER UNDERLINE CHARACTER MODE - ESC 0 (1BH,30H)
Sets the underline mode.

EXIT UNDERLINE CHARACTER MODE - ESC 1 (1BH,31H)
Resets the underline mode.

SET KEY YALUE - ESC 4[n][lk][kc] (1BH,34H,XYH,XXH,XXH)
Set key value. Five characters are passed thru to VT52 to 

set new key values.

LITERAL CHARACTER - ESC 8 (1BH,38H)
Display next character l i t e r a l l y .

ENTER INSERT CHARACTER MODE - ESC § (1BH,40H)
Enters insert character mode, allowing insert into text on 

the screen. As you type in new characters, existing text to the 
r ight  o f  the cursor sh i f t s  to the r i gh t .  As each new character 
is inserted, the character at the end of the l ine i s ' l o s t .

CURSOR UP - ESC A (1BH,41H)
r  Moves cursor up one l in e  without changing columns. I f  the 
L-ursor reaches the top l i n e ,  i t  remains there and no s c ro l l in g  

occurs. No action taken on bottom line + 1.

CURSOR DOWN - ESC B (1BH,42H)
Moves cursor down one l in e  without changing columns. The 

cursor w i l l  not move past the bottom l ine  and no sc ro l l in g  w i l l  
take place. No action taken on bottom line + 1.

CURSOR FORWARD - ESC C (1BH,43H)
Moves cursor one character posit ion to the r i g h t .  I f  the 

cursor is at the right end of the l ine,  i t  wi l l  remain there.
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ESCAPE SEQUENCES:

CURSOR BACKWARD - ESC D (1BH,44H)
Moves the cursor one character position to the l e f t .  I f  the 

cursor is at the s tar t  ( l e f t  end) o f  a l i n e ,  i t  w i l l  remain 
there.

CLEAR DISPLAY - ESC E (1BH,45H)
Erase the screen from the defined top l in e  to the defined 

bottom l in e .  I f  on bottom l in e  + 1 the erases bottom l in e  + 1 
only. Places the cursor in the home position.

ENTER GRAPHICS MODE - ESC F (1BH,46H)
VT52 graphics characters appear in character numbers 94 to 

-̂-127 of  the ASCII character set.

EXIT GRAPHICS MODE - ESC G (1BH,47H)
Normal lower case characters appear in character numbers 94 

to 1 2 7 .

CURSOR HOME - ESC H (1BH,48H)
Moves the cursor to the f i r s t  character posit ion on the 

defined top l ine.

REVERSE LINE FEED - ESC I (1BH,49H)
Moves the cursor to the same hor izontal  posit ion on the 

preceding l ine.  I f  the cursor is on the defined top screen l ine ,  
a scrol l  down is performed. No action taken i f  on bottom l ine + 1.

ERASE TO END OF PAGE - ESC J (1BH,4AH)
Erases a l l  the information from the cursor ( including the 

cursor pos i t ion )  to the end of  the defined bottom l in e .  I f  on 
bottom l ine + 1 then erase to end of  l ine only.

ERASE TO END OF LINE - ESC K (1BH,4BH)
Erases from the cursor ( including the cursor pos i t ion )  to 

the end of the l ine.

INSERT LINE - ESC L (1BH,4CH)
Inserts a new blank l ine by moving the l ine that the cursor 

is on, and al l  the following l ines,  down one l ine,  to the defined 
bottom l ine.  Then the cursor is moved to the beginning of of  the 
new blank l ine.  No action taken i f  on bottom l ine + 1.

DELETE LINE - ESC M (1BH,4DH)
Deletes the contents o f  the l in e  that the cursor is on, 

places^ the cursor at the beginning o f  the l i n e ,  moves a l l  the 
following lines up one l ine,  and adds a blank l ine at the defined 
bottom l ine.  No action taken i f  on bottom l ine + 1.
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ESCAPE SEQUENCES:

DELETE CHARACTER - ESC N (1BH,4EH)
Deletes the character at the cursor position and shifts any 

ex is t ing  text  that is to the r ight  o f  the cursor one character 
position to the l e f t .

EXIT INSERT CHARACTER MODE - ESC 0 , (1BH,4FH)
Exits from insert character mode.

DIRECT CURSOR ADDRESSING - ESC T[l#][c#] (1BH,59H,XXH,XXH)
Moves the cursor to a position on the screen by entering the 

escape code, the character which represents the l ine number, and 
the character which represents the column number. The ' ! # ’ 

„represents the hexadecimal l in e  number and ' c r e p r e s e n t s  the 
sexadecimal column number. The f i r s t  l in e  and the l e f t  column 
are both 20 (hex), (the smallest value of  the printing characters) 
and increase from there. Since the l ines are numbered from 1 up 
(from top to bottom) and the columns from 1 up (from l e f t  to 
r i g h t ) ,  You must add the proper l in e  and column numbers to 1 F 
(hex ) .  I f  the l in e  number entered is smaller than the defined 
top l ine,  the cursor wi l l  be positioned_to the top l ine.  I f  the 
l ine number entered is greater than the'defined bottom l ine + 1 , 
the cursor w i l l  not more from i t  present l i n e .  I f  the column 
number is too high, the cursor wi l l  move to the end of the l ine.

IDENTIFY AS VT52 - ESC Z (1BH,5AH)
CONIN responds with "ESC/K" to indicate that i t  can perform 

as VT52.

TRANSMIT BOTTOM LINE - ESC ] (1BH,5DH)
Will transmit only a RETURN ( ODH) LINE FEED (OAH).

TOGGLE DEBUG MODE - ESC _  (1BH,5FH)
Toggles debug mode on or o f f .  In debug mode the bottom l ine 

(_ ■ 1 displays the hex codes for print stream.

ERASE BEGINNING OF DISPLAY - ESC b (1BH,62H)
Erases from the start  o f  the screen to the cursor, and 

includes the cursor position.

REVERSE TAB - ESC h (1BH,68H)
Moves cursor l e f t  to next mod 8 pos i t ion .  Stops on l e f t  

side of screen.
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ESCAPE SEQUENCES:

SAVE CURSOR POSITION - ESC j ( 1BH,6AH)
The present cursor posit ion is saved so the cursor can be 

returned here la te r  when given the set cursor to saved posit ion 
command .

(

SET CURSOR TO SAVED POSITION - ESC k ( 1 BH,6BH)
Returns the cursor to the posit ion where i t  was when i t  

recieved the save cursor posi t ion command. I f  the l in e  number 
restored is smaller than the defined top l ine,  the cursor wi l l  be 
positioned to the top l i n e .  I f  the l in e  number restored is 
greater than the defined bottom l in e  + 1 , the cursor w i l l  not 
more from i t  present l ine .  I f  the column number is too high, the 
cursor wi l l  move to the end of  the l ine.

ERASE ENTIRE LINE - ESC 1 (1BH,6CH)
Erases a l l  the l ine including the cursor position.

SET SIZE - ESC m[c1][c2][c3] (1BH,6DH,XXH,XXH,XXH,)
I f  c1 is ASCII " 1 " then set c e l l  width and height.  The c2 

charac ter  equals width+1FH and the c3 charac ter  equals 
he ight+ 1 FH. Width and heigth can range from 1 to 16. The 
maximum number of of character columns and lines are determined 
by: max columns = 800/width, max l ines = 400/height. After set 
c e l l  s ize the top l in e  is set to 1 and the bottom l ine  is set to 
max l ines - 1 . The cursor wi l l  home after the ce l l  size is set.

I f  d  is  ASCII " 2 "  then set screen top and bottom. The c2 
character equals top l ine+ 1FH and the c3 character equals bottom 
line+1FH. Top l ine and bottom l ine can range from 1 to max lines 
with bottom l in e  always greater than or equal to top l in e .  The 
cursor wi l l  home after the screen size is set.

CURSOR POSITION REPORT - ESC n ( 1BH,6EH,XXH,XXH)
CONIN reports the cursor position in the form of ESC Y line# 

olumn#.

ERASE BEGINNING OF LINE -  ESC o ( 1BH,6FH)
Erases from the beginning o f  the l in e  to the cursor, and 

includes the cursor position.

ENTER REVERSE VIDEO MODE - ESC p (1BH,70H)
Enters the re ve rs e  v ideo  mode so that charac te rs  are 

displayed as black characters on a white background.

EXIT REVERSE VIDEO MODE - ESC q (1BH,71H)
Exits the reverse video mode.
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ESCAPE SEQUENCES:

WRAP AROUND AT END OF LINE - ESC v (1BH,76H)
A print to the last column of the l ine wi l l  position to the 

f i r s t  column of  the next l ine.  The page scrol ls up i f  necessary.

DISCARD AT END OF LINE - ESC w (1BH,77H)
A print to the la s t  column o f  the l in e  w i l l  not change the 

cursor posit ion and overprint ing occures. Therefore, only the 
la s t  character received w i l l  be displayed in the la s t  column 
position .

SET MODE(S) - ESC x [Ps] (1BH,78H,XXH)
Sets the following modes, where Ps equals: 

r - . 1 = Enable bottom line
v 4 = Block cursor

5 = Cursor o f f
8 = Auto l ine feed on receipt o f  CR
9 = Auto CR on receipt of  l ine feed
A = Send to VT52
B = Send to VT52
C = Send to VT52

RESET MODE(S) - ESC y [Ps] (1BH,79H,XXH)
Resets the following modes, where Ps equals:
1 = Disable bottom line
4 = Underscore cursor (ok i f  character height > 9)
5 = Cursor on
8 = No auto l ine feed
9 = No auto CR
A = Send to VT52
B = Send to VT52
C = Send to VT52

, RESET TO POWER-UP CONFIGURATION - ESC z (1BH,7AH)
Reset back to 80 column mode.

KEYBOARD ENABLED - ESC { (1BH,7BH)
Enables the keyboard a fter  i t  was inhib i ted  by a keyboard 

disable command. Pass thru to VT52.

ENABLE 132 COLUMN DISPLAY - ESC } (1BH,7CH)
Enable 132 column mode.

KEYBOARD DISABLE - ESC } (1BH,7DH)
Inhibits the output of the keyboard. Pass thru to VT52.
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USING THE CALCULATOR KEYS

The keyboard unit Includes a ca lcu la tor -key  group. The keys in 
this group are arranged l ike  those on a simple hand-held 
calculator , and can be used to perform the four basic arithmetic 
functions: addition, subtraction, multipl ication, and division.

Once the ca lcu lator  is in i t i a t e d  the ca lcu lator  functions are 
ava i lab le  to you at a l l  times. For example, i f  you are using a 
word processing appl icat ion program to prepare a memo, you can 
interrupt your work to add two numbers and then return to the 
memo exactly where you l e f t  o f f .

To i n i t i a t e  the ca lcu la to r ,  run UDCCALC. This in s t a l l s  the 
calculator as part of your system. However, this uses about 5000 
bytes o f  memory which can only be recovered by reboot ing the 
system.

o
Turning the Calculator Functions On and Off

This section describes -

o Using the CALC key to turn the functions on and o f f .

o Using the ENTER key to turnthe function s o f f .

When the CALC key is used with the Shift key, as described in the 
next two sections, i t  is a toggle key: pressing i t  once turns the 
ca lcu la tor  functions on, and pressing i t  again turns them o f f .  
You can also turn the ca lcu lator  funct ions o f f  with the ENTER 
key. The two ways for turning o f f  the functions have d i f f e r e n t  
resu l ts ,  as described l a t e r ,  in "Turning o f f  the Calculator 
Functions . "

TURNING ON THE CALCULATOR FUNCTIONS

,-Turn on the calculator functions by typing a shifted CALC (press 
he CALC key while holding down the Shift key) . The ca lcu la to r -  

function banner and calculator f i e ld  wi l l  appear in the last  l ine 
at the bottom of  the screen. I f  that l in e  contained characters 
when you turned on the calculator functions, they are temporarily 
replaced with the banner and f i e ld .

TURNING ON THE CALCULATOR FUNCTIONS

As indicated ear l ier ,  you can turn o f f  the calculator functions 
e i ther  by typing a shi f ted CALC or by pressing the ENTER key. 
Both methods erase the ca lcu lator  banner and f i e l d  and return 
you to your work exactly where you l e f t  i t  when you turned on the 
calculator functions. When you use the ENTER key, the number in 
the calculator f i e l d  is placed into your work, as i f  you had 
typed i t  at the keyboard instead o f  using the c a l c u l a t o r  
functions .
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Performing Arithmetic Functions
UDCCALC operates very much l ike many hand-held calculators. '  When 
you perform arithmetic functions, UDCCALC displays each step in 
the ca lcu lator  f i e l d .  Only one number is displayed at a time; 
the f i e l d  accepts up to 14 d i g i t s .  Each time you type a new 
number, the act o f  typing i t s  f i r s t  d i g i t  erases the previous 
number .

To complete a calculation, press the CALC key (without the Shift 
key) or the = (equal )  key. The resu l t  o f  the ca lcu lat ion  ( f o r  
example, the sum in an addition) replaces the previous number.

The four ari thmetic functions described are performed with the 
four ar i t h m e t i c - f u n c t i o n  keys: the add key ( + ) ,  the subtract key 
( - ) ,  the multiply key (X ) , and the divide key (+ ) .

.̂Each example in the next four sections shows a series o f  one-line
(, isplays that would appear in the calculator f i e ld  for an ari th­

metic function. The examples include a note beside each l ine to 
explain the steps taken to perform the functions.

ADDITION
To add numbers, type the numbers, pressing the add key after each 
one. (Pressing the add key gives you the sum o f  a l l  the numbers 
typed so far. )  Then press the CALC key.

For example, to add 5, 7, and 4:

5 '  You typed a 5.
5 You typed a +.
2 You typed a 7.

12 You typed a + .UDCCALC added 5 and 7 .
4 You typed a 4.

1*5 You typed a +. UDCCALC added 12 and 4.
16 You pressed the CALC key. UDCCALC displayed the tota l ,

and prepared to perform another series o f  calculations.

SUBTRACTION
To subtract one number from another, type the number that wi l l  be 
subtracted from, then press the plus key. Next, type the number 
being subtracted and press the subtract key. Then press the CALC 
key.

For example, to subtract 3 from 9:

9 You typed-'a 9.
9 You typed a +.
3 You typed a 3.
S You typed a -.  UDCCALC subtracted 3 from 9 .
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MULTIPLICATION
To mult iply  two or more numbers, type the numbers, pressing the 
multiply key after each one. Then press the CALC key.

For example, to multiply 10 by 8:

10 You typed a 10.
10 You typed a x .

8 You typed an 8.
8Ü You

and
pressed the CALC key. UDCCALC displayed the product 
prepared to perform another series of  calculations.

DIVISION
To d iv ide  one number into another, f i r s t  type the number to be 

■̂■’ ivided and press the divide key. Next, type the number you want 
 ̂ vO divide by. Then press the CALC key.

For example, to divide 45 by 5:
*

45 You typed 45.
45 You typed•*.
jj You typed 5.
9 You pressed the CALC key. UDCCALC displayed the quotient

and prepared to perform another series of calculations.

Correcting Errors
Three keys on the keyboard de le te  (erase) errors: the CALC key, 
the BACKSPACE Key, and the Clear key.

To de le te  the las t  character you typed ( inc luding decimal 
points) , press the BACKSPACE key.

To de le te  an ent ire  l i n e ,  type a Clear (or an ALT X); this 
-empties the calculator f i e ld  (except for a zero) .

I f  you want to cancel a ca lcu lat ion completely,  press the CALC 
key twice while holding down the Shif t  key. The f i r s t  time you 
press CALC, the calculator functions turn o f f ;  the second time, 
they turn back on (as described e a r l i e r ,  in "Turning on the 
Calculator Functions") . You can now re-do the ca lcu lat ion  you 
were working on or start another.
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SUPER-BIOS REFERENCE DOCUMENT

Super-BIOS I n t e r f a ce Descript ion

C a l l s  to the Super-BIOS are made by loading  the AX re g i s t e r  with 
a fu n c t io n  number and then doing a s o f tw a re  i n t e r r u p t  ( l e v e l  
223) . A l l  p a r a m e t e r s / r e s u l t s  are  passed  to/from the Super-B IOS  
fu n c t io n s  v i a  a parameter b lock  s u p p l i e d  by the c a l l e r .  The 
parameter block is  pointed to by a long pointer set by the c a l l e r  
in the ES:BX r e g i s t e r s .  The Super-BIOS function returns with an 
exception condition in the AX r e g i s t e r :  a zero value ind icates  
that the function was su cces fu l ly  completed.

The contents o f  the CX,DX,SI,DI and BP and f l a g  r e g i s t e r s  return  
u n d e f in ed .  The Super-B IOS i n t e r f a c e  r e q u i r e s  3 words o f  the 
c a l l e r ’ s stack.

Setup: ax= function number
es:bx= pointer to the parameter block

C a l l :  INT 223

Return: ax= exception code
re turn  v a lu e s  s e t  in par ame te r  b lock

SuDer BIOS Functions

Function 0: Version Number

Returns a unique number used for id e n t i f in g  the re lease  
o f  the operating system.

parml: version number (word/output)

Function 1: Get Zone ( fo r  d iagnost ic  use)

Converts a track number into i t s  zone on the d isk .

parml: track number
parm2: zone

(word/input)
(word/output)
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Returns the number of  sectors  on the sp ec i f ie d  track.

parml: track number (word/input)
parm2: number of  sectors  (word/output)

Function 3: A l loca te  Disk Job ( fo r  d iagnost ic  use)

Returns a pointer to a disk job  st ructu re .

parml: job structure  ptr (long pointer/output)

Function 4: S ta rt  Disk Job (for  d iagnost ic  use)

Submit a job to the lo w - le v e l  f loppy disk d r iv e r .

parml: job structure  ptr (long pointer/input)
parm2: p r i o r i t y  (word/input)

Function 5: Get Drive Information (for  d iagnost ic  use)

Return a p o in t e r  to the s p e c i f i e d  d r i v e ' s  in fo rm a t io n  
s t ru c tu re .

parml: drive  number (word/input)
parm2: DI structure  ptr (long pointer/output)

Function 2: Get Sectors On Track (for diagnostic use)

Function 6: Read Sector

Read p h y s i c a l  s e c to r  ( s )  in to  memory b u f f e r .  F u l l  
r e t r i e s  are performed.

.parml: drive  number
parm2: track number
parm3: sector number
parm4: sector count
parm5: buffer  address

(word/input)
(word/input)
(word/input)
(word/input)
(long pointer/input)

Function 7: Write Sector

W r ite  p h y s i c a l  s e c t o r ( s )  
r e t r i e s  are performed.

parml: drive  number
parm2: track number
parm3: sector number
parm4: sector count
parm5: bu f fe r  address

from memory b u f f e r .  F u l l

(word/input)
(word/input)
(word/input)
(word/input)
(long pointer/input)
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F u n c t i o n  8: L o g i c a l  t o  P h y s i c a l  D i s k  A d d r e s s

Convert an l o g i c a l  sector number into a physica l  track  
and sector number.

parml:
parm2:
parm3:
parm4:
parm5:

drive  number 
l o g i c a l  sector  
in te r leave  factor  
track number 
sector number

(word/input)  
(word/input)  
(word/input)  
(word/output) 
(word/output)

Function 9: Flush Disk Buffer

Flush any updated ( " d i r t y " )  disk b u f f e r s ,  

parml: d r ive  number (word/input)

Function 10: Disp lay Disk Error Message

D i s p l a y  t h e  d i s k  e r r o r  m e s s a g e  f o r  t h e  l a s t  d i s k  
o p e r a t i o n .

Function 11: Get Character Generator

R e t u r n s  t h e  l e n g t h  a n d  t h e  s t a r t i n g  a d d r e s s  o f  t h e  
c h a r a c t e r  g e n e r a t o r  d o t s  i n  memor y.

p a r m l :  b y t e  c o u n t  ( w o r d / o u t p u t )
p a r m 2 :  b a s e  a d d r  o f  d o t s  ( w o r d / o u t p u t )

Function 12: Set Character Generator Size

Set the s ize  of  the character generator,  

parml: byte count (word/input)

Function 13: Get Screen Address

Return the locat ion  of screen memory, 

parml: base of  screen (word/output)
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Get the current vector for the sp ec i f ie d  device d r iv e r .

parml: device number (word/input)
parra2: device vector (long pointer/output)

Function 15: Set Device Vector

Set the vector for  the sp e c i f ie d  device d r iv e r .

parml: device number (word/input)
parm2: device vector (long pointer/input)

Function 14: Get Device Vector
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D i s k e t t e  B ackup -  The DCOPY P r o g r a m

The DCOPY program copies the contents, including the system 
tracks, of one diskette onto another diskette,  creating a l i t e r a l  
twin of the source or copy-from diskette. In the process, DCOPY 
formats the destination or copy-to diskette for CP/M-86 (elimina­
ting the need to run the FORMAT program separate ly ) .

There are two methods - long and short - for using DCOPY. With 
the long method, the program prompts the user for the names o f  
the copy-from and copy-to d r ives .  With the short method, the 
user enters the program name and the copy-from and copy-to drive 
names in a single command l ine,  without prompts from DCOPY.

The long DCOPY method is used to copy the contents of one or more 
d iske t tes  in e i ther dr ive  and to make more than one copy. The 
short method is used to make a s ing le  copy o f  a d isk e t te ;  the 

^opy- f rom d iskette  must contain DCOPY. With this method, the 
"system exits the program immediately after the copy is completed.

Several of the optional switches described for the FORMAT program 
can be included in the DCOPY command (see below).

USING DCOPY WITH INTERACTIVE SYSTEM PROMPTS

Use the following procedure to copy a diskette from either drive 
and to make multiple copies.

1. Insert a diskette with DCOPY in drive A, and enter the command 

dcopy(cr)

DCOPY is loaded and i t  displays a sign-on banner at the top 
of the screen.

c
2.  Remove the system d iskette  from dr ive A i f  i t  is not the 

copy-from diskette.

3 . At the bottom of  the screen, DCOPY asks for the name o f  the 
drive containing the diskette to be copied:

Copy from drive? (A or B; press return key to end)

Insert the copy-from diskette in either drive and insert the 
copy-to diskette in the other drive. Answer the DCOPY query 
with the correct  copy-from dr ive  name. DCOPY assumes that 
the remaining drive is the copy-to drive.
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DCOPY repeats the part icu lars  o f  the copy command and asks 
for confirmation:

Copy from drive f  to drive t .  Press space bar when ready.

where f  is the name of the copy-from drive, and t is the name 
of the copy-to drive. Press the Space bar to start the DCOPY 
process. Pressing any other key cancels the DCOPY command.

5. During the copy process, at the bottom of  the screen, DCOPY 
displays the number of each track as i t  is copied.

Near the top of  the screen, DCOPY displays the message:

Copy from drive f  to drive t

When the copy is complete, the system displays:

Copy from drive f  to drive t complete, 

and prompts with:

Copy from drive? (A or B; press return key to end)

6. To make another copy, follow steps 3 and 4 above.

To exit DCOPY (return to the operating system) enter Alt C or 
press the Return key.
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The following example i l lustrates a sample session using DCOPY to 
opy one diskette.  The example shows DCOPY prompts and messages 

consecut ive ly ,  as they are displayed,  but is not ind ica t ive  o f  
..where on the screen the prompts and messages appear.

Example A>dcopy(cr)

Diskette COPY U t i l i t y  - Version n .n

Copy from drive? (A or B; press return key to end) a

Copy from drive A to drive 3. Press space bar when ready. ( sp)

Copy from drive A to drive B

Copy from drive A to drive B complete.

Copy from drive? (A or B; press return key to end) ( cr )

A>

USING DCOPY WITHOUT SYSTEM PROMPTS

Use the following procedure for the short, one-command DCOPY method.

1. To copy the system diskette or any diskette containing DCOPY, 
insert  the copy-from disket te  in the de fault  d r ive ,  insert  
the copy-to d isket te  in the other dr ive .  Then enter the 
following command:

dcopy f :  to t : ( c r )

where f  represents the copy-from drive name, and t represents 
the copy-to drive name.

2. At the bottom of  the screen, DCOPY displays the number o f  
each track as i t  is copied. When DCOPY has completed the 
copy process, the system displays the following message:

Copy from drive  f  to d r ive  t complete.

NOTE: DCOPY’ s short command form can include the switches C,
E, and Z, as for the FORMAT program. For example, to display 
the count o f  tracks copied and of  so f t  errors encountered, 
and to copy the contents o f  a d isket te  in dr ive  A to a 
diskette in drive 3, enter -

Example A>dcopy a: to b: $c(cr)
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Diskette Formatting - The FORMAT Program

The FORMAT program prepares d isket tes  to rece ive  data. In the 
process, FORMAT automatical ly  erases any previous f i l e s  on the 
d iske t te .  New d isket tes  must be formatted before they can be 
used by the system.

USING FORMAT

The basic procedure for formatting a diskette follows:

1 . Insert the system diskette in drive A and enter - 

formatC cr)

FORMAT is loaded and i t  displays a sign-on banner near the 
top of the screen.

2. Once FORMAT is loaded, the system diskette can be removed. 
Insert the diskette to be formatted in either drive.

3. At the bottom of the screen, FORMAT asks which drive contains 
the diskette to be formatted, as follows:

Format drive? (A or B; press return key to end)

Enter the le t ter  name of  the correct drive.

4. I f  you have double-sided disk FORMAT also asks:

Format both sides of  the diskette (y/n) ?

Answer with a "y"  i f  you want a double-sided d iske t te ,  e lse 
answer with an "n” .

^ 5 .  The system responds by displaying -

Format drive X. Press space bar when ready.

where X is the drive name entered in step 3 .

Check that the d isket te  to be formatted is in the correct  
drive (to avoid possible data loss) and press the Space bar.
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j .  The formatting procedure takes approximately one minute for a 
single-sided diskette.  At the bottom of the screen, FORMAT 
displays the number o f  each track as i t  is formatted. Near 
the top of the screen, FORMAT displays the message -

Format d r ive  X

where X is the drive name entered in step 3*

7. When formatting is  complete, near the top o f  the screen, 
FORMAT displays -

Format d r ive  X complete.

8. FORMAT prompts to repeat the process. To format another 
diskette, repeat steps 2 through 5» To end FORMAT insert the 
system d iskette  in dr ive  A, and enter Alt C or press the 
Return key.

The following example i l lustrates  a sample session using FORMAT 
to format one d iske t te .  The example shows FORMAT prompts and 
messages consecut ive ly ,  as they appear on the screen, but does 
not indicate where on the screen the prompts and messages are 
displayed .

Ex am pie A>format( c r )

Diskette FORMAT U t i l i t y  - Version n.n

Format drive? (A or B; press return key to end) b

Format drive B. Press space bar when ready.( sp)

Format drive B

Format drive B complete.

Format drive? (A or B; press return key to end) ( c r ) 

A>
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"SING FORMAT SWITCHES

The user can expand the FORMAT command by including a drive name 
and opt ional  "sw i tches” that modify FORMAT program operat ion.  
These additions must appear in the command l ine  with the FORMAT 
command stem; a switch value or group o f  switches must be pre­
ceded by a $ (dollar sign). There are four switches:

C - Display the count of  the tracks copied and the number of 
soft errors encountered.

E - Display the locations of soft errors encountered.

Z - Display disk zone information (size of tracks and gaps).

D - Format a double-sided diskette, without asking (step 4) . 
(This is va l id  only on a system with double-sided 
disks .)

One or more pf the to four switches may be included in the FORMAT 
command l ine,  as follows:

format [drivename: ] [$C JE !Z !D ] (c r )

The next example presents the command to format a disk in drive 3 
and then to display (1) the number of tracks copied and (2) the 
number and the locations of soft errors encountered in the process.

Example A>format b: $ce(cr)

Soft format error: D=1, T=01, S=12, E=4C
Soft format error: D=1, T=01, SsFF, E = 41
Soft format error: D=1, T=01, S=06, E=4A

Format complete.
80 tracks formatted: 3 soft errors.

A>
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FIXLABEL UTILITY

Some d i s k e t t e s  c re a te d  p r i o r  to the 2.0 system r e l e a s e  do 
not have a v a l i d  l a b e l .  The 2.0 and subsequent systems r e q u i r e  
tha t  a l a b e l  e x i s t  on the d i s k e t t e .  FIXLABEL i s  used to w r i t e  a 
correct  l a b e l  so that the d iskette  can be used.

An unlabeled d iskette  is  i d e n t i f i e d  i f  the fo l low ing  error  
message i s  d isp layed when the d iskette  is  i n i t i a l l y  accessed:

Drive = 0, Track = 0, Sector = 0, Error = 22 
Bdos Error On A: Bad Sector,  

or
Drive = 1, Track = 0, Sector = 0, Error = 22 
Bdos Error On B: 3ad Sector.

This is  a disk checksum e r ro r ,  Caused by the bad l a b e l .

The command:

A>FIXLABEL

is  used to run FIXLABEL.

The program asks fo r :

Drive A or B?

Enter the d r iv e  o f  the d i s k e t t e  to be f i x e d .  (Enter RETURN to  
return to CP/M.) The program then f ix e s  the l a b e l  and d isp lay s :

F ix  Label Complete.

I t  is  now be po s s ib le  to access the d isk e t te .

FIXLABEL reads  the e x i s t i n g  l a b e l ,  p r i o r  to w r i t i n g  a new 
one. I f  the l a b e l  i s  v a l i d  f o r  a 2.0 or l a t e r  system, i t  i s  not 
changed. The program ind icates  th is  by d isp lay in g :

Label is  a lready v a l i d .

Fixlabel Utility 03 March, 1982 page 1



C h a r a c t e r  S e t  E d i t o r U s e r  N o t e s

Introduction

CEDIT is an interim program, between EDOT and the new 
character editor, which is used to edit or create character 
set tables.

F i le s

You must have the following f i l e s  to run CEDIT:

ALLOC. CMD 
PBASIC86. CMD 
CEDIT.BAS 
* .CHR
CHARGEN.SUB

Machine language interface.
Microsoft run-time BASIC interpreter . 
The edit program.
The character set f i l e s .
Submit f i l e ,  optional.

r nvoking

To run CEDIT do either:

A>SUBMIT CHARGEN(cr)

A>ALL0C(cr) 
A>P3ASIC86 CEDIT(cr)

CEDIT must be run on a system con f igured  with a logo  
character set.

It  then prompts you for the source character set f i l e s  to be 
co l l ec ted  and edited (appear on the r i g h t -h a l f  o f  the 
screen). Enter the f i l e  names (.CHR is default) followed by 
a ( c r ) .  After  the la s t  one, enter "END".

You are then prompted for one more character set .  This is 
the one which is to be modified and then written out. I t  
appears on the l e f t -h a l f  of  the screen.

After this character set is read, al l  the character sets are 
displayed and the program is in "COPY" mode.

CEDIT Modes

COPY

DISPLAY

EDIT

Copies characters from the r i g h t -h a l f  o f  the 
screen to the l e f t -h a l f .  It  replaces the character 
under the l e f t  cursor by the character under the 
r ight cur sor .

Displays the dot pattern o f  the character under 
the right cursor .

Allows changes to the dot pattern of  a character.
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Using CEDIT
In a l l  modes, the number 7 ,  8, 9 ,  4, 6, 1, 2, 3 keys are 
used to move the cursor. The d i rec t ion  o f  the movement is 
i lustrated by this diagram, where the cursor is at the X and 
the movement is in the direction of the number pressed:

7 8 9
4 X 6
1 2 3

The number 5 key causes d i f ferent  actions, depending on the 
mode. In the COPY mode, i t  causes a character copy; in the 
DISPLAY mode, i t  enters the EDIT mode; and in the EDIT mode, 
i t  inverts the current dot.

COPY mode commands:

R Ac t iv ate right cursor only.
L Activ ate l e f t cur sor only .
B Ac t iv ate both cur sors #

E Enter DISPLAY mode .
W Write l e f t  character s e t .

DISPLAY mode commands:

Only the number keys are used in DISPLAY mode. However, 
any o f  the COPY mode commands, except E, return the 
program to the COPY mode and is performed.

EDIT mode commands:

These commands are the same as the old EDOT commands.

E or P Position only mode.
T Toggle mode.
S Set mode.
R Reset mode.
C • Clear character .
(cr )  Return to DISPLAY mode.

Saving the Character Set

In e i ther COPY or DISPLAY mode type a " W". This command 
writes the l e f t  character set to the designated f i l e .

You are prompted for a f i l e  name, i f  you respond with just 
( c r )  then the name o f  the input f i l e  is used. You are the 
prompted for any changes to the header record.

For now, 256 characters are always wr i t ten,  regardless o f  
the set size .
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HOW TO USE THE SYSTEM SELECTION PROGRAM

INTRODUCTION

SYSELECT.BAS, the system se lec t ion  program, allows users to 
generate custom operat ing systems. SYSELECT generates three 
intermediate f i l e s  which describe the system to be generated. 
The actual generation of the operating system is performed by the 
program MAKESYS.CMD, which takes the component pieces and 
assembles them into an operating system. The f ina l  step o f  
system generation involves the use of  BOOTCOPY.CMD to write the 
operating system boot tracks to the desired floppy disk.

USING SYSELECT

.-1 . Prior to doing a system selection and generation, you may wish 
.o DCOPY the distributed system generation diskette, and store i t  

a safe place.

2. Place the system generation diskette in drive A and press the 
reset  button to boot the system. The system on this d isket te  is 
configured so i t  automatical ly  s ta r t  the program SYSELECT.CMD. 
This in turn loads BASIC with SYSELECT. BAS , a f t e r  doing some 
in i t ia l i za t ion  .

3. The f i r s t  menu SYSELECT displays o f fers  these three choices:

GENERATE A NEW OPERATING SYSTEM 
MODIFY AN EXISTING OPERATING SYSTEM 
HELP - DISPLAY INSTRUCTIONS

The f i r s t  l ine,  (GENERATE A NEW...) is highlighted by using 
reverse video. I f  this is your choice, press the RETURN key. Else 
press the space bar to advance to the next se le c t ion .  When the 
desired selection is highlighted, press the RETURN key. At this 
30mt you may wish to display the instruction summary by choosing 

) he third o f f e r .
The second choice allows a modi f icat ion to an ex is t ing  

conf igurat ion.  The ava i lab le  control  f i l e s  are displayed for 
se l e c t ion .  The conf igurat ion spec i f i ed  by the control  f i l e  is 
then displayed.  A single  item can be changed without going 
through the entire process.

The f i r s t  option runs through the entire selection process 
to c r ea te  a new c o n f i g u r a t i o n .  I f  an er ro r  is  made in a 
se lec t ion  i t  can be f ixed from the CONFIGURATION DISPLAY which 
allows a s ingle item to be selected for modi f icat ion.  This menu 
is displayed after the configuration menus have been processed. 
The following menus are displayed:
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CHARACTER SET SELECTION
The available display character sets are presented. Each set 

is described by the banner name, disp lay c lass ,  a desc r ip t i v e  
comment and the f i l e  name. The banner name is the name o f  the 
character set, including a version number, which is displayed in 
the banner. The display class describes the graphic subse..t 
(hex21 through hex7E) o f  the character set.  I t  is provided to 
help the c o n f i g u ra t o r  avoid incompat ib le  combinations o f  
character sets and keyboards. (For example the Internat ional  
d isp lay class def ines hex23 as the cross hatch ' if ' , whereas the 
Bristish class defines hex23 as the British monetary sign. On the 
other hand, the International and VT52T display tables agree in 
the normal symbols and only vary for those accessed via escape 
sequences.) The f i l e  name is the name o f  the f i l e  which contains 
the character set.

LTERNATE CHARACTER SET

An a lternate  character set can be se lec ted .  Including an 
alternate character set allows application programs to display an 
e n t i r e l y  d i f f e r e n t  character set o f  up to 255 characters. The 
user should note that including an a l ternate  character set 
decreases the available memory by up to 8K bytes.

TRANSLATION TABLE SELECTION

The translation table defines pairs of  characters which are 
to be displayed as a s ing le  character. I t s  primary use is for 
combining d i a g r i t i c  marks with vowels. Currently French is the 
only language which requires a translation table. Note that the 
transla t ion table only a f f e c t s  the displayed characters;  even 
though the pair of characters are displayed as a unit, they are 
stored and processed as two characters. A translation table must 
be specif ied; i f  no translation is required the table NOTRANS.XLT 
Bust be selected.

KEYBOARD SELECTION

The keyboard table def ines the codes generated, or the 
keyboard functions performed, when a keyboard key is pressed. I t  
is important that the key board table selected corresponds to the 
actual physical keyboard which is used by your system. This menu 
has the same format as character set se lec t ion  (see above for 
more information.)
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Primary pr inter se lec t ion  sets the name o f  the de fault  
pr inter  o f  the l o g i c a l  CP/M devi.ce LST: . The choices are the 
ser ial  printer (TTY:) or parral lel  printer (LPT:).  These values 
can be changed at run time by the use of STAT. I f  a s e r ia l  
pr in ter  is selected then SYSELECT next displays the menu for 
ser ial port configuration, refer to Serial Port Configuration for 
more information on the selection.

SECONDARY PRINTER

The secondary printer selection allows your system to use a 
second printer in addition to your choice of primary printer. I f  
a se r ia l  pr inter is  chosen then the next se lec t ion  menu is  for 
conf iguring the Ser ia l  Port.  You may note that a pa r ra l l e l  
printer can not be selected as a primary printer and a secondary 
printer. This is done because the system currently supports only 

f  ne parral lel  port.

.'RIMARY PRINTER SELECTION

SERIAL PORT CONFIGURATION

The choices displayed are for se t t ing  the baud rate ,  stop 
bits,  and parity of  each of  the two serial  ports. Refer to the 
user manual of the device you wish to connect to each serial  port 
for information on these settings. The choices for baud rates are 
50, 75, 110, 134.5, 150, 200, 300, 600, 1200, 1800, 2000, 2400, 
3600 and 4800. The choices for stop b i t s  are one, 1.5 and two. 
The'choices for parity are even, odd and none (eg parity bit  can 
be set by the software for transmission, and par i ty  is not 
checked on incoming characters.)

LOGO SELECTION

The logo is a unique graphics set of characters, which when 
displayed in a part icu lar  order form a logo .  Normally this is 
"’ isplayed as part o f  the banner when the operat ing system is 
xoaded. Generating a system without a logo character set must be 
matched with a banner which does not display a logo ,  otherwise 
garbage appears instead of the logo.

BANNER SKELETON SELECTION

The banner skeleton is a str ing o f  characters which def ine 
the logo and conf igurat ion information to be displayed on the 
screen as the banner. They are refered to as skeletons because a 
customized copy o f  the selected banner is made by the system 
selection program.
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TART UP PROGRAM

SYSELECT c o l l e c t s  a str ing o f  up to 127 characters.  This 
str ing is used by CP/M as the i n i t i a l  command, a f ter  the system 
load. Note that for this special command CP/M does not map lower 
case to upper case, thus you must use upper case i f  you want 
upper case. Apart from th is ,  the str ing is no d i f f e r e n t  than a 
command typed into the system. The s t r ing ,  as displayed in the 
CONFIGURATION menu, is truncated to 20 characters. However, the 
entire string is loaded with the system.

CURRENT CONFIGURATION

This menu displays the conf igurat ion se lected .  The f i r s t  
se lec t ion  in the upper box i n i t i a t e s  the process 'o f  writ ing the 
intermediate f i l e s  onto the disk. The second choice starts the 
process from the beginning. The items in the lower box d isp lay 

r  re the values o f  the current con f igura t ion .  Any one o f  these 
values can be changed by positioning the highlight at the item to 

—be changed and pressing RETURN. The menu for the spec i f ied  
selection is displayed for modification. After the modification 
is made, the updated CURRENT CONFIGURATION menu is displayed.

I f  the selection ACCEPT THE CURRENT CONFIGURATION is chosen the 
following menu is displayed:

WRITE THE OPERATING STSTEM OUT

This menu displays the current intermediate f i l e s .  The user 
chose one o f  these, or can enter a unique f i l e  name by selecting 
the USER ENTERED FILE option of the menu. After the selection is 
made the user is asked to confirm i t .  I f  the user answers no to 
this question, control  returns to the CURRENT CONFIGURATION 
menu. I f  the user chooses to write to the specifed f i l e  then the 
system preforms this task which can take several minutes.

aAKING AN OPERATING SYSTEM

Following the use o f  SYSELECT the next step is to run the 
MAKESYS program to build the operat ing system according to the 
specifed configuration. Type MAKESYS followed by the name chosen 
when runnning SYSELECT. After that operation has been performed 
successfully type B00TC0PY again followed by the specified name. 
Bootcopy allows you to write the new operating system to the disk 
of your choice.
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System Generation Notes

Operation Notes

System generation consist of  running four programs:

SYSELECT.CMD is the drver program which invokes SYSELEC1, 
PBASIC86( SYSELECT.BAS), MAKESYS and BOOTCOPY.

SYSELEC1.CMD c o l l e c t s  the d i r ec to ry  structure information 
for SYSELECT. I t  stores th is information in the 
f i l e  SYSTEM P . $ $ $ .

SYSELECT.BAS is used to make the system component selection. 
SYSELECT is a Microsoft BASIC86 program.
The options currently available in SYSELECT are:

- Generate a new system, or modify an existing one.
- Select a keyboard table.
- Select a translation table.
- Select a display character set.
- Select the printer type.
- Select the serial  ports options (baud rate, stop 

bits,, and parity. )
-  S e l e c t  t h e  b a n n e r  f i l e .
- Select the logo f i l e .
- Select  the start  up program.

MAKESYS.CMD is used to c o l l e c t  the f i l e s  selected and 
created by SYSELECT and create the system f i l e .  
I t  is automatical ly  started by SYSELECT.CMD. 
However, i t  can also be invoked by typing "MAKESYS 
xxx", where xxx is the name o f  the system f i l e  
given to SYSELECT. The system f i l e  is created as 
xxx.SYS.

BOOTCOPY.CMD is used to copy the system f i l e  onto the boot 
tracks (see BOOTCOPY d esc r ip t ion ) .  I t  is also 
started by SYSELECT.CMD.

System Selection Fi le Description

The information reg-arding keyboards, characters sets, trans­
la t ion  tab les ,  banner skeletons,  and the logo comes from 
f i l e s  in the current directory. These f i l e s  are detected by 
searching the d i r e c t o r y  fo r  the f o l l o w in g  f i l e  name 
extensions: Keyboards have the extension .KB, Character sets 
have the extension .CHR, Banner skeletons have the extension 
.BAN, translation tables have the extension .XLT, and logos 
have the extension .LGO. The SYSELECT program expects each 
f i l e  to be in a part icular format. Error conditions w i l l  
occur i f  any other f i l e s  use the fi lename extensions noted 
above, or i f  the format of any of the f i l e s  is modified.
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CHARACTER SET DISPLAY TABLE:

A l l  f i l e s  on the d is t r ibu t ion  disk with the f i l e  name 
extension '• . C H R " are character set disp lay tab les .  
These f i l e s  contain the data which is the data corres­
ponding to the actual dot matrix displayed for each 
character on the console. These f i l e s  also contain 
information regarding the character set name, version 
number, o r i g in ,  date o f  o r i g in ,  and disp lay c lass .  
Most o f  this information is  displayed by the syst.em 
se lec t ion  program to aid in se lec t ing  the correct  
character set .  The format o f  the information in the 
f i r s t  sector of  these f i l e s  is the following:

INFORMATION LENGTH IN BYTES

File Type (K = keyboard, C = Charset) 1
Format version 1
Display Class 12
Banner Name 8
F i l l e r  (a space) 1
Banner Version 3
F i l l e r  (a space) 1
Comment 35*
Originator** 16
Date (yy/mm/dd)** 8
Length** 4
Unused** 51

* Currently only 31 bytes are displayed by SYSELECT 
** Not displayed by SYSELECT

The banner name and banner version are the name and 
version number of the character set which are placed in 
the banner and displayed when the system is booted.

KEYBOARD TABLE FILE:

A l l  f i l e s  with the extension ” . KB” are keyboard table 
f i l e s .  These f i l e s  contain the information regarding 
which code is to be sent when a key on the keyboard is 
pressed. These f i l e s  also contain information regarding 
the keyboard table name, version number, o r i g in ,  date 
of origin,  and display class which is displayed by the 
system selection program.
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TRANSLATION TABLE FILES:

F i le s  with the extension ” .XLT” are trans lat ion  table 
f i l e s .  The translation table is used to define pairs o f  
characters which are to be displayed as a s ingle 
ch a ra c t e r .  For example, for  the French system a 
circumflex and a vowel are entered, processed and 
stored as two characters, but must be displayed as one.

BANNER SKELETON FILE:

F i l e s  with the extension ” .BAN” are banner skeleton 
f i l e s .  The banner is the information printed on the 
screen when the system boots. The banner often prints 
the LOGO along with other  in fo rmat ion  regard ing  
con f igurat ion .  The banner is a set o f  ASCII st r ings 
containing the neccessary escape sequences and char­
acters to print the logo and configuration information 
on the screen when the system boots. SYSELECT displays 
the available banner f i l e s  for user selection. A copy 
o f  the spec i f i ed  banner is made with the names o f  the 
chosen keyboards and character sets placed into the 
banner in the correct places. The f i r s t  sector of the 
banner contains the locat ion o f  these f i e l d s .  I f  the 
f i r s t  byte is not zero then SYSELECT does not customize 
the banner. I f  the data in the f i r s t  sector is not 
'»recognizable” then default locations are used when the 
custom banner is generated.

I f  a custom banner is written the f i r s t  sector 
shal l have the fo l lowing format. The f i r s t  byte shal l  
be zero followed by a ODh OAh. This is followed by the 
length o f  the f i l e  in decimal with a leading and a 
tra i l ing space and followed by ODh,OAh. The location o f  
the keyboard name and character set name follows in the 
same format as the f i l e  length. Thus i f  the f i l e  length 
is 639 characters, the keyboard name is to be placed at 
byte 501, and the character set name is at 541, then 
the f i r s t  24 bytes o f  the banner f i l e  would be the 
following ( in hex) :
30 0D 0A 20 36 33 39 20 0D 0A 20 35 30 32 20 0D 0A 20 
35 34 31 20 0D 0A.

LOGO FILES

The logo l ik e  the character set i-s data corresponding 
to a set of special characters which are the actual set 
o f  dots representing the logo .  I f  the logo is not o f  
standard size then the f i r s t  byte must contain i t s  
length in sectors. Currently only 16 sector logo f i l e s  
are supported .
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OTHER FILES REQUIRED BY SYSELECT 

DEFAULT.SKL

DEFAULT.SKL contains the basic information regarding 
the names of  the CP/M, COLD, and HEADER f i l e s  required 
by SYSELECT.

SYSTEMP.$$$

This is a temporary f i l e  generated by SYSELECT.CMD. 
The f i l e  contains a l i s t  of  a l l  the available f i l e s  in 
the current directory.

FILES WHICH ARE GENERATED BY SYSELECT

* .CTL FILES

The primary output of SYSELECT is a control f i l e  which 
contains the specif icat ions of the operating system to 
b u i l d .  Current ly  e x i s t i n g  con t ro l  f i l e s  can be 
modified by SYSELECT by using the "MODIFY EXISTING 
OPERATING SYSTEM" option of  SYSELECT.

* .SPR FILES

An SPR f i l e  is generated for each operat ing system 
s e l e c t e d  by SYSELECT. This f i l e  conta ins  data 
regarding system parameters and is loaded into the 
operating system

* .3NR FILES

A BNR f i l e  (Banner f i l e )  is generated each time a 
system is selected by using SYSELECT. This f i l e  is  a 
customized version of the banner skeleton f i l e  selected 
while using SYSELECT.

OPERATING SYSTEM OBJECT FILES

The disk must also contain the CP/M, HEADER, and COLD 
f i l e s  specified by the DEFAULT.SKL f i l e .

INSTRUCTION FILES

The f i l e  SYSELECT.HLP contains information on the use 
of  SYSELECT. This f i l e  is used by SYSELECT when the 
help function is invoked.
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MAKESYS UTILITY
The system build  u t i l i t y  (MAKESYS) creates  a CP/M operating  

system f i l e .  Th is  i s  c re a te d  by con ca ten a t in g  the f i l e s  which  
con ta in  the v a r io u s  p ie c e s  o f  the new o p e r a t in g  system, such as 
the keyboard, character s e t ( s ) ,  logo ,  CP/M, and banner.

The command:

A>MAKESYS contro l  f i l e

i s  used to create  the operating system, as sp e c i f ie d  in the f i l e  
c o n t r o l _ f i l e . The contro l__ f i le  i s  created by the SYSELECT u t i l i t y .  
The name o f  the f i l e  i s  chosen by the SYSELECT u s e r ;  i t  i s  
d isp layed  in the l a s t  SYSELECT message:

COntrol_file OPERATING SYSTEM INTERMEDIATE FILES GENERATED.

MAKESYS f i r s t  reads the f i l e  names from the contro l  f i l e .  I t  
then reads these f i l e s  and bu ilds  the operating system. When the 
system is  completed, MAKESYS writes  i t  on the system f i l e .  P r io r  
to c r e a t in g  the new f i l e ,  i t  checks i f  there  e x i s t s  a f i l e  w ith  
the same name on d isk .  I f  there is  one, MAKESYS requests aprova l ,  
before overwrit ing  the f i l e ,  with the message:

System f i l e  <sys_file__name> e x i s t s .  Should I overwrite  it?

Enter a ' y '  i f  you want the new system f i l e  to o v e r w r i t e  the o ld  
one (the o ld  system f i l e  i s  l o s t ) .  I f  you enter ’ n ’ , the program 
return to CP/M without c reat ing  a new system f i l e .

Example (c reat ing  brand new f i l e ) :

A>MAKESYS STDREL2

MAKESYS -  Version 1.3

Writing to system f i l e :  STDREL2. SYS

A>

Example (overwiting an ex is t ing  f i l e ) :

A>MAKESYS OLDONE 

MAKESYS -  Version 1.3

System f i l e  OLDONE.SYS e x i s t s .  Should I overwrite  it? y 

A>
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ERROR MESSAGES:

Can 't  open c o n t r o l  f i l e  —  The c o n t r o l  f i l e  g iven  does not  
e x i s t  on th i s  d i s k e t t e .  Rerun MAKESYS w ith  the c o r r e c t  
f i l e  name or d isk e tte .

No memory a v a i l a b l e  —  There i s  no memory a v a i l a b l e  in the 
system for  a l lo c a t io n .

Not enough memory to t ran s fe r  f i l e :  <file_name> —  The system 
ran out o f  a v a i l a b l e  memory. You are t r y in g  to b u i l d  a 
new system that is  too la r g e .

Can 't  c lo s e  system f i l e  —  You shou ld  not g e t  th i s  e r r o r .  I t  
ind icates  that the d irec to ry  has been corrupted.

Can 't  create  system f i l e  -  d i re c to ry  i s  f u l l .  —  There are no 
d i r e c t o r y  e n t r i e s  fo r  the new system f i l e .  E rase  some 
f i l e s ,  or use another disk that has fewer f i l e s .

P i l e  open e r ro r :  <file_name> —  The named f i l e  cannot be found 
on the d i s k .  Make sure  you are  u s ing  a good system  
generation d isk e tte .

P i l e  read  e r r o r :  <file__name> —  The named f i l e  has become 
corrupted. Redo SYSELECT. I f  the error p e r s i s t s ,  use your 
backup copy of the system generation d isk e t te .

Can 't  w r i t e  to system f i l e  -  d i sk  i s  f u l l .  —  The disk became 
f u l l  w h i le  w r i t i n g  the system f i l e .  E rase  some f i l e s  on 
the current disk or use another disk with fewer f i l e s  and 
try  again.

Can 't  w r ite  to system f i l e  -  d i re c to ry  is  f u l l .  —  The system 
t r i e d  to c r e a te  another d i r e c t o r y  en t ry  f o r  the .system  
f i l e  and was unab le  to .  E rase  some f i l e s  on the c u r r e n t  
disk or use another disk with fewer f i l e s  and try  again.
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BOOTCOPY UTILITY

The bootcopy u t i l i t y  is  used to create  a system (boot) d iskettes  
by copying a "system image" to the boot t r a c k s  o f  the d i s k e t t e .  
The "system image" comes from e ither  an ex is t in g  system d iskette  
or a f i l e  created by the MAKESYS u t i l i t y .

COPYING THE BOOT TRACKS FROM AN EXISTING SYSTEM DISKETTE 

The command:

A>BOOTCOPY source to dest

is  used to copy the boot tracks from the source d iskette  to the 
dest inat ion  d isk e t te ,  where source and dest are o f  the form "A :"  
or "B : " .

Example:

A>BOOTCOPY TO Bj_

Th is  cop ie s  the system t ra ck s  from the d i s k e t t e  in d r i v e  A 
to the d i s k e t t e  in d r i v e  B. I f  the source  or d e s t i n a t i o n  
drives  are not s p e c i f ie d ,  BOOTCOPY w i l l  ask for  them.

Example:

A>BOOTCQPY

BOOTCOPY -  Version 1.6

Source drive  (A/B) ? A
Source disk in d r ive  A and prfess <space>. (so)  

Reading system s e c t o r s . . .

Dest ination  drive  (A/B) ? B
Destination  disk in drive  B and press <space>. (sp) 

Writing  system s e c t o r s . . .

Bootcopy complete.

Destination drive  (A/B) ? ( c r )

A>
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A f t e r  com plet ing  the copy, the program asks you to s p e c i f y  the  
dest inat ion  drive  again. I f  you have more d iskettes  to copy the 
•ystem t rack s  to ,  you can s p e c i f y  the d r i v e  number; i f  you are  
jone, ju s t  press the <return> key to go back to the ccp.

COPYING THE BOOT TRACKS FROM A 'SYS’ FILE 

The command;

A>BOOTCOPY filename TO dest

can be used to copy the con ten ts  o f  SYS f i l e  ( i . e . ,  a f i l e  
c rea ted  us ing  the MKSYS u t i l i t y )  to the system t ra c k s  o f  a 
d i s k e t t e .  I f  'TO d e s t '  i s  not s p e c i f i e d  in the command l i n e ,  
then program w i l l  ask you for the dest inat ion  d r ive .

OVEJ/RITING A DISKETTE'S DIRECTORY

I f  the number o f  system tracks on the dest inat ion  d iskette  is  not 
la rge  enough to completly contain the "system image" being copied  
to them, the d i r e c t o r y  on that  d i s k e t t e  may be l o s t  ( s in c e  i t  
w i l l  be o v e r w r i t t e n ) .  In that  c a s e ,  the f o l l o w i n g  warning i s  
issued:

WARNING: a l l  f i l e s  w i l l  be l o s t .
Continue (y/n)?

I f  you do not ca re  i f  the f i l e s  w i l l  be l o s t ,  type a " Y " ;  o t h e r ­
wise, type a "N" and the bootcopy process w i l l  be terminated.
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