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Preface

This book is a technical reference. It is NOT a tutorial. It s intended to replace the various (ex-
pensive) references needed to program for the DOS environment, that stack of magazines
threatening to take over your work area, and those odd tables and charts you can never find
when you need them.

The various Microsoft and IBM publications and references don’t always have the same infor-
- mation. This has caused some consternation about the ‘undocumented’ features to be found in
DOS. In general, if a call doesn’t appear in the [BM DOS Technical Reference it is considered
‘undocumented’ although it may be in common use. °

Microsoft’s offical policy toward DOS has-been (o put the burden of documenting and suppor-
- ting their product to their vendors. Microsoft will not answer any questions concerning DOS di-
rectly since they don’t officially support it. This leaves what information IBM and other OEMs
(DEC, Zenith, et al) have chosen to publish, and the information obtained from programmers
who’ve poked around inside it. '

@

Now that Microsoft is selling MSDOS 3.3 and 4.0 over the counter they seem to be dragging
their feet over whether they will have to support the generic version since it doesn’t have an
OEM name on it anymore. [n view of their push to OS/2 (OS/2! Just Say No!) further support of
DOS seems unlikely.

A project this size takes a LOT of time and effort. I've tried to verify as much of the information
I've received as I could, but there’s just too much for absolute certainty.
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DOS and the IBM PC

Some History

Development of MS-DOS/PCDOS began in October 1980, when IBM began searching the mar-
ket for an operating system for the yet-to-be-introduced IBM PC. Microsoft had no real opera-
ting system to scll, but after some rescarch licensed Scattle Computer Produgts’ 86-DOS opera-
ting system, which had been written By a man named Tim Paterson earlier in 1980 for use on that
company’s linc of 8086, S100 bus micros. 86-DOS (also called QDOS, for Quick and Dirty
Opcruting System) had been written s more or less a 16-bit version of CP/M, since Digital Re-
scarch was showing no hurry in introducing CP/M-806. .

“This code was hurriedly polished up and presented 1o 1BM for evaluation. 1BM had originally in-
icnded 1o use Digital Rescarch’s CP/M operating system, which was the industry standard at the
time. Folklore seports everything from obscure legai entanglements to outright sriubbing of the
IBM jepresentatives by Digital. Irregardless, IBM found itsclf left with Microsoft's offering of
"Microsoft Disk Operating System 1.0". An agreemeni was reached between the two, and 1BM
agreed o aceept 86-DOS as the main operating system for their new PC. Microsoft purchased
all rights 10 86-DOS in July 1981, and "IBM PC-DOS 1.0" was ready for the introduction of the
IBM PCin October 1931, IBM subjected the operating system to an extensive quality-assurance
program, reportedly tound well over 300 bugs, and decided to rewrite the programs. This is why
PC-DOS is copyrighted by both IBM and Microsolt.

Itis sometimes amusing 1o reflect on the fact that the IBM PC was not originally intended to run
MS-DOS. The target operating system at the end of the development was for a (not yet in exist-
cuee) SUS6 version of CP/M. On the other hand, when DOS was originally written the IBM PC
did not yet exist! Although PC-DOS was bundled with the computer, Digital Research’s CP/M-
86 would probably have been the main operating sysiem for the PC except for two things - Digi-
tal Rescarch wanted $495 for CP/M-86 (considering PC-DOS was cssentially free) and many
software developers found it casier o port existing CP/M software to DOS than 1o the new ver-
sion ol CP/M. Several computer magazines claimed that Digital Research aided 1BM in writing
DOS 4.0, which was subsequently licensed back to Microsoft, which has dropped further devel-
opment of the operating system to tilt at the windmills of OS/2. OS/2? Not yet! After using DR-
DOS 3.4 and noting its behaviour, 1 now tend 1o seriously doubt Digital had any dealings with
PC-DOS4.0.

" MS-DOS and PC-DOS have been run oa more than just the 1BM-PC and clones. Some of the
following havebeen done: :
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Hardware PC Emulation:
- Commodore Amiga 2000

IBM PC/AT

Atari 400/800

Apple Macintosh -

AtariST

Applell

Software PC Emulation:
AtariST
Apple Macintosh

DOS Emulation:
osR2

OQNX

SunOS

Xenix

What i's DOS?

DOS exists as a high-level interface between an application program and the computer. DOS
stands for "Disk Operating System", which reflects the facithat its main original purpose was to
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8088 or A2286D 80286 Bridge Board
80286 AT adapter

Co-Power 88 board

AST80286 board

PC-Ditto Il cartridge

TransPC8088board, QuadRam QuadLink

PC-Dittol
SoftPC

DOS emulation in "Compatibility Box"
DOS window

DOS window

DOS emulationwith DOSMerge

provide an interface between the computer and its disk drives.

DOS now lets your programs do simple memory management, 1/O from the system console, and
assorted system tasks (time and date, etc) as well as managmg disk operations. Versions 3.1 and

upalso mcorporate basi¢ networking functions.

With the introduction of installable device drivers and TSR (terminate but stay resident) pro-
grams in DOS 2.0, the basic DOS functions may be expanded to cover virtually any scale of oper-

ations required.

Other Operating Systems

There are a number of compatible replacements for Microsoft’s MS-DOS. Some are:

Consonjum Technologies MuliiDOS  (multitasking, multiuser)
Digital Research Concurrent DOS (multitasking)

Digital Research Concurrent DOS386  (for 80386 computers)
Digital Research Concurrent DOSXM  (multitasking, multiuser)
Digital Research DR-DOS3.31and4.0  (PC-DOS clones)

PC-MOS/386
Wendin-DOS
VM/386

(multitasking, multiuser)
(multitasking, multiuser)
(multitasking)

Various otheroperating systems are available for the IBM PC. These include:

Digital Research CP/M-86

Digital Research Concurrent CP/M-86 (multitasking)
‘Minix (multitasking UNIX workalike)
Pick (database-operating system)
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QNX (multitasking, multiuser) _ .
UNIX (various systems from I1BM itself, Microsoft-SCO, Bell, and various UNIX clones, single
and multi user) (AIX, Xenix, AT&T System V, cte.) - :

"Shell” programs exist which use DOS only for disk management while they more or less com-
prise a new operating system. These include: ‘ .

DesQview
Windows
OmniView
GEM
TopView
askView

Specific Versions of MS/PC-DOS

DOS Lx is essentially 86-DOS. DOS 2.x kept the multiple file layout (the two hidden files and
COMMAND.COM) but for all practical purposes is an entirely different vperating system with
backwards compatibility with 1.x. I scriously doubt there has been much cade from 1.x retained
in 2.x. DOS 3.x is merely an enhancement of 2.x; there seems little justification for jumping d

- who'!i: version number. DOS 4.0, originating as it did from outside Microsoft, can justify a ver-

sion jump. Unfortunately, 4.x scems 1o have very little reason 10 justify its existence - virtually all
ofits core features can be found in one version or another of DOS 3.x.

DOS version nomenclature: major.minor.minor. The digit to the Jeft of the decimal p()i‘nl indi-
cates a major DOS version change. 1.0 was the lirst version. 2.0 added support for subdircc-
torics, 3.0 added support for networking, 4.0 added some minimal support for Lotus-Intel-
Microsoft EMS.

The lirst minor version indicates customization for a major application. For example, 2.1 for the
PCjr, 3.3 for the PS/2s. Thesecond minor version does not seem 1o have any particular meaning.

The main versions o DOS are:

PC-DOS 1.0

August 1981 original release
PC-DOS 1.1 May 1982 bugfix, double sided drive support
MS-DOS 1.25  Junc 1982 for carly compatibles
PC-DOS2.0 March 1983 for PC/XT, Unix-typce subdirectory support
PC-DOS 2.1 ~ October 1983 tor PCjr, bugfixcs for 2.0
MS-DOS2.11  October 1983 compatible cquivalent 10 PC-DOS 2.1

PC-DOS 3.0

MS-DOS 4.01

August 1984

January 1989

1.2 meg drive for PC/AT, some pew system calls

PC-DOS 3.1 November 1984 hugfix tor 3.0, implemented network support
MS-DOS2.25 Octoher 1985 compatible; extended foreign language support
PC-DOS 3.2 December 1985 720k 3.5inchdrive support for Convertible
PC-DOS 3.3 Aprit 1987 lor PS/2serics, 1.44 meg, multiple DOS partitions
‘MS-DOS3.31  November 1987 over-32 meg DOS partitions, new function catls
PC-DOS 4.0 August 1988 minor EMSsupport,some new function calls

Microsoft version with some bugfixes

IBM’s PC-DOS is considered to be the "standard” version of DOS; Microsoft has sold MS-DOS
over the counter only since version 3.2 (previously, Microsoft sold its versions only to OEMs).
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Most versions ol DOS functionally duplicate thic exteraal DOS commands such as DISKCOPY;
ete. Although Microsaft announced that they would sell MS-DOS 4.0 only to OEMs, they ap--
parently changed the policy and are now seling it over the counter.

Some versions of MS-DOS varicd frem PC-IDOS in the available exicrnal commands, Some
OEMs only licensed the basic operating systcn: code (the xDOS and  xB1O programs, and
COMMAND.COMj from Microsoft, and cither wrote the rest themselves o1 contracted them
from outside softwarce housces like Phocnix. Most of the external programs for DOS 3.x and 4.x
arewritten in "C" while the Txand 2.x utitities were writtern in assembly language. Gther OEMs
required customized versions of DOS for their specilic hardware configuratios, such as Sanyo
Sixand carly Tandy computers, which were unable to exchange their DOS with the A version.

Al least two versions of DOS have been modtisedi o be run eatirely out of ROM. The Sharp
PCSO had MS-DOS 125 in ROM, and the ‘issiupa G0 -md some Tandy 1000 modcis have
MS-DOS 2.1 1 in ROM. Digital Rescarch bas also announced its DR-DOS is available in a ROM
version and Award Software is marketing DG cards 10 ObEMs asa plug-in

PC-DOS 3.0 was extremely buggy on release. Itdees not handle the DOS envitonment correctly
and there are numerous documented problems with the batch file parser. The nctwork support
cade is also nonfunchional in this DOS version. It is recommended that users upgrade to at least
version 3.9, o

DEC MS:DOS versions 211 tor the Rainbow had the ANSLSYS device dever built into the
main code. The Rainbow also used a unique quad density, single-sided floppy drive and its DOS
had special supportfor it

IBM had a version 1.85 of PC-DOS in April 1983, after the introduction of DOS 2.0. 1t was cvi-
demtly for internal use only, supported multiple drive file searches (a primitive form of PATH),
built in MODE commands for screen support, a /P parameter for TYPE for paused screens, an
cditable command stack like the public donwain DOSEDIT.COM utility, and could be sci up 10
remain completely resident in RAM instead of a resident /iransicnt part like normal DOS. Itis a
pity some of the neat enhancements didw’t make it into. DOS 2.0. IBM also had an “internal use
only"version 3.4, evidently used while developing DOS 4.0,

Some versions of DOS used in compatibles do not maintain the 1.x,2.x, ... numbering system.
Columbia Data Products compuicts labetled DOS .05 »s 3OS 200, Early Compags labelied
DOS 2.0 as DOS 1.x. Other versions incorporited special features - Compag DOS 3.31 and

Wyse DOS 3.21 both support 32-bit file allocanon ables v ihe same fashion as DOS 4.x.

According to PC Week Magazine, July 4, 1988, Atabic versions of MS-DOS are shipping with a
‘hardware copy-protection system from Raint »wtechnctogies. This is similar 1o the short-lived
system uscd by AutCAD 2.52und a very few other MS- 3OS programs, where an adapter biock
is plugged into the pavallel port and softwive makes use of coded bytes within the block This
type of copy protection has been common on Commuodors products for several years, where it is
called a "dongle".

The AutoCAD dongle was defeated by a smalt prograre written within weeks of version 2.52’s
debut. Version 2.62 was released 3 months later, without the dongle. The DOS dongle will, how-
cver, prevent the system from booting at allunless it is found. -

This makes the Arabic version of MS-DOS the first copy-protected operating system, a dubious
distinction at best. The modifications (o the aperating system to support the dongle are not
known at this time. Frankly, it would secm that burning the operating system into ROMs wauld
be cheaper and simpler. )
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Versions of DOS sold in Great Britain are either newer than tiusc sold in the US or use a diﬂ'cr-
entnumbering system. DOS 3.4, 4.0, 1.1, 4.2, and 4.3 had been released here between the US re-
jcases of 3.3 and 4.0. )

Microsoft changed their OEM licensing agreements between DOS versions 2.x and 3.x. OEM
versions of DOS 3.x must maintain certain daia arcas and undocumented functions in order to
provide compatibility with the nctworking features of the opérating system. For this reason,
resident programs will be much more reliable when operating unaer DOS 3.x.

IBM’s release of DOS 4.0 (and the immediate subsequer” wiose of a bugfix) is a dubious step
"forward". DQOS 4.0 is the fiisi version of DOS 10 come with 2 warraniy; the catch s that IBM
‘warrants itonly for avery stim lisi of IBM-puckaged softwar. 2.0 has some minor EMS suppaort,
support for large hard disks, and not much else With :ts voiaciocs RAM requirements and lack
of compatibility with previous versions of COS (musy miior software packages crash under
DOS 4.0), plus the increase in price to a cool $150, there has becs no gread rush 1o g0 10 the ne-
west DOS ‘ ~

The Operating System Hierarchy

‘The Disk Operating System (DOS) and the ROM BIOS scrve s an insulating layer between the
application program and the machine, and as a source of services to the application program.

As the ierm ‘system’ might imply, DOS is not one program but a collection of programs de-
signed 1o work together 10 allow the user access to programs and data. Thus, DOS consists of
several layers of "control” programs and a setof "utility” programs, ‘

The system hierarchy may be thought of as a tree, with the lowest level being the actual hard-
ware. The 8088 o1 V20 processor sces the computer’s address space as a ladder two bytes wide
and one million bytes long. Parts of this ladder are in ROM, paris in RAM, and parts are not as-
signed. Thereare also various "ports” that the processor can use 0 control devices.

The hardware is normally addressed by the ROM BIOS, which will always know where every-
thing is in its particular system. The chips may usually also be written to dircctly, by telling the
Processor to write 1o a specific address or port. This someumes 3008 not work as the chips may
notalways be at the same addresses or have the same funcions {ro i machine 10 machine,

DOS Structure

DOS consists of four componcais:

The boot record )

The ROM BIOS interface (IBMBIO.COMor 10.8YS)

"The DOS program file (IBMDOS.COM or MS-DOS.SYS) ,
The command processor (COMMAND.COM or aftermarket re placement)

B

The Boot Record

The boot record begins on track 0, scctor 1, side tofevery (liskf,:zxc formattéd by the DOS FOR-
MAT command. The boot record is placed on diskettes 1o produce an crror message if you try 1o
start up the system with a non-system disketic in drive A, For hard disks, the boot record resides -
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on the first scetor of the DOS partition. All media supporied by DOS use one sector for the boot
record.

«

Read Only Memory (ROM) BIOS Interface and Extensions

The file IBMBIO.COM or 10.SYS is the interface module to the ROM BIOS. This file provides
_ alow-level interface 1o the ROM BIOS device routines and may contain extensions or changes
to the system board ROMs. Some compatibles do not have 2 ROM BIOS to extend, and load the
cntire BIOS from disk (Sanyo 55x, Viasyn machines). Some versions of MS-DOS, such as those
supplicd to Tandy, arc named IBMBIO.COM but arc not IBM files.

These low-level interface routines include the instructions for performing operations such as
displaying information on the screen, reading the keyboard, sending data out to the printer,
operating the disk drives, and so on. Iuis the operating system’s means of controlling the hard-
ware: IBMBIO.COM contains any modifications or updates to the ROM BIOS that are needed
to correct any bugs or add support tor other types of hardware such as new disk drives. By using
IBMBIO.COM 10 update the ROM BIOS on the fly when the user turns on their computer,
IBM docs not need to replace the ROM BIOS chip itsclf, but makes any corrections through (he
cheaper and casier method of modifyving the IBMBIO.COM lile instcad.

IBMBIO.COM also keeps track of hardware operations on an internal stack or-"scratch pad”
arca for the operating system o save information such as addresses it will need, ete. An examplc
of the use for this stack can be seen when running a program such as a word processor. I you
have told the word processor to save vour letter, it will write the data to your disk. During this
time, il you start typing some more i ormation, the keyboard generates a hardware interrupt.
Since you don’t want the process of writing the information to the disk to be interrupted, DOS
allocates a slot in the stack for the keyboard’s hardware interrupt and when it get a chance,
(probably after the data has been written o the disk), it can process that interrupt and pick up
the characters you may have been typing. The STACKS= command in DOS 3.24's
CONFIG.SYS file controls the number of stack frames available for this purposc.

IBMBIO.COM also reads your CONFIG.SYS file and installs any device drivers (i.c.
DEVICE=ANSLSYS) or configuration commands it may lind there.

The DOS Program

The actual DOS program is the file IBMDOS.COM or MS-DOS.SYS. It provides a high-level
interface for user (application) programs. This program consists of file management routines,
data blocking/deblocking for the disk routines, and a varicty of built-in functions casily
accessible by user programs.

When auser program calls these function routines, they aceept high-level information by way of
register and control block contents. When a user program calls DOS to perform an operation,
these functions trapslate the requirement into one or more calls 1o IBMBIO.COM,
MS-DOS.SYS or system hardwarc to complete the request. ‘

The Command Interpreter

The command interpreter, COMMAND.COM, is the part you inferact with on the command
line. COMMAND.COM has three parts. IBM calls them the "resident portion”, the "initializa-
tion portion” and the "transicat portion™. '
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IBM’s original documentation spoke of installing alternate command interpreters (programs
other than COMMAND.COM) with the SHELL = statement in CONFIG.SYS. Unfortunately,
IBM chose not to document much of the interaction between IBMDOS.COM and IBM-
B1O.COM. By the time much of the interaction was widely understood, many commercial soft-
ware programs had been written 10 use peculiarities of COMMAND.COM itself.

Two programs exist that perform as actual "shells” by completely replacing COMMAND.COM
and substituting their own command interpreter 1o use with the hidden DOS files. These are
Command Plus, a commercial package, and the very interesting shareware 4DOS package. Both

supply greatly enhanced batch language and editing capabilities. )

Note: DOS 3.3+ checks for the presence of a hard disk, and will default to COMSPEC=C:\ Pre-

vious versions default to COMSPEC=A:\ Under some DOS versions, if COMMAND.COM is

not immediately available for reloading (i.e., swapping to a floppy with COMMAND.COM on
-it) DOS may crash. '

Resident Portion

The resident portion resides in memory immediately following IBMDOS.COM and its data
area. This portion contains routines to process interrupts 22h (Terminate Address), 23h (Curl-
Break Handler), and 24h (Critical Error Handler), as well as a routine to reload the transient
portion if needed. For DOS 3.x, this portion also contains a routine to load and execute external
commands, such as files with extensions of COM or EXE.

When a program terminates, a checksum is used 1o determin€ if the application program over-
laid the transient portion of COMMAND.COM. Ifso, the resident portion will reload the tran-
sient portion from the area designated by COMSPEC= in the DOS environment. If COM-
MAND.COM cannot be found, the system will halt.

All slandard DOS error handling is done within the resident portion of COMMAND.COM.
This includes displaying error messages and interpreting the replies 1o the "Abort, Retry, Ig-
nore, Fail?" message.

Since the transicnt portion of COMMAND.COM is so large (containing the internal com- -
maynds and all those error messages), and it is not needed when the user is running an applica-
tion it can be overlaid that program if that application needs the room. When the application is
through, the resident portion of COMMAND.COM brings the transient portion back into
memory to show the prompt. This is why you will sometimes see the message "Insert disk with
COMMAND.COM". t needs to get the transient portion off the disk since it was overlaid with
the application program. . ‘

The initialization portion of COMMAND.COM follows the resident portion and is given.con-
trol during the boot-up procedure. This section actually processes the AUTOEXEC.BAT file. It
also decides where to load the user’s programs when they are executed. Since this code is only
needed duringstart-up, itis overlaid by the first program which COMMAND.COM loads.

The transient portion is loaded at the high end of memory and it is the command processor it-
scif. It interprets whatever ihe user types in at the keyboard, hence messages such as ‘Bad com-
mand or file namc’ for when the user misspells acommand. This portion contains all the internal
commands (i.c. COPY, DIR, RENAME, ERASE), the batch file processor (to run .BAT files)
and a routine to load and execute external commands which are either .COM or .EXE files.

The transient portion of COMMAND.COM pfoduces the system prompt, (C); and reads what
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the user types in from the keyboard and trics to do something with it. For any .COM or [EXE
files, it builds a command linc and issucs an EXEC function call 1o load the program and trans-
fer control oit. ’

DOS Initialization )

‘Thesystem is initialized by a software reset (Ctrl-Alt-Del), a hardware reset (reset button), or by
turning the computer on. The Intel 80x8x scries processors always look for their first instruction
at the end of their address space (OFFFFOh) when powered up or réset. This address contains a
jump to the firstinstruction for the ROM BIOS. :

Built-in ROM programs (Power-On Self-Test, of POST, in the 1BM) check machine status and
run inspection pgograms of various sorts. Some machines set up a reserved RAM area with bytes
indicating installed equipment (AT and PCjr).

When the ROM BIOS [inds a ROM on an adapter card, it lets that ROM take control of the sys-
tem so that it may perform any sct up necessary o use the hardware or software controiled by
that ROM. The ROM BIOS searches absolute addresses ()C8000h through OE0000h in 2K in-
crements in search of a valid ROM. A valid ROM is determined by the first few bytes in the
ROM. The ROM will have the bytes 55h, 0AAh, a length indicator and then the assembly lan-
guage instruction to CALL FAR (to bring ina ‘FAR’ routinc). A checksum is done on the ROM
to verify its integrity, then the BIOS performs the CALL FAR to bring in the executable code.
The adapter’s ROM then performs its initialization tasks and hopefully returns control of the
computer back to the ROM BIOS so it can continue with the booting process. "

The ROM BIOS routines then look for a disk drive at A: or an option ROM (usually a hard disk)
at absolute address C:800h. If no floppy drive or option ROM is found, the BIOS calls int 19h
(ROMBASICifitisan IBM) or displays an error message.

If a bootable disk is found, the ROM BIOS loads the first scctor of data from the disk and thén
© jumps into the RAM location holding that code. This code normally is a routine to load the rest
of the code off the disk, or 1o ‘boot’ thesysiem.

The following actions occur after a system initializaiion:
1. The boot record is read into memory and given control.

2. The boot record then checks the root dircetory to assurc that the first two files are
IBMBIO.COM and IBMDOS.COM. These two files must be the first two files, and they
- must bein that order (IBMBIO.COM first, with its sectors in contiguous order).
Norte: IBMDOS.COM need not be contiguous in version 3.x+. :

The boot record loads IBMBIO.COM into memory.

The initialization code in IBMBIO.COM loads IBMDOS.COM, determines equipment
'status, rescts the disk system, initializes the attached devices, sets the system parameters

and loads any installable device drivers according 10 the CONFIG.SYS file in the root -

directory (if presert), sets the fow-numbered interrupt vectors, relocates IBMDOS.COM

downward, and calls the firstbyte of DOS.

Note: CONFIG.SYS may be a hidden file.

5. DOSinitializes its interna! working tables, initializes the interrupt vectors for interrupts
20Oh through 27h, and builds a Program Segment Prefix for COMMAND.COM at the fowest
available segment. For DOS versions 3.10 up, DOS also initializes the vectors for interrupts
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OFh through 3Fh. An initialization routine is included in the resident portion and assumes
control during start-up. This routine contains the AUTOEXEC.BAT file handler and
detcrmines the segment address where user application programs may be loaded. The
initialization routine is then no longer needed and is overlaid by the first program

. COMMAND.COM loads.
Note: AUTOEXEC.BAT may be a hldden file. ,

6. 1BMBIO.COM uses the EXEC function call to'load and start the top-level command
processor. The default command processor is COMMAND.COM in the root directory of
the boot drive. f COMMAND.COM is in a subdirectory or another command processor is
to be used, it must be specified by a SHELL = statement in the CONFIG.SYS file. A
transient portion is loaded at the high end of memory. This is the command processor itself,
containing all of the internal command processors and the batch file processor. For
DOS 2.x, this poruon also contains a routine to load and execute external commands, such
as files with extensions of COM or EXE. This portion of COMMAND.COM also produces
the DOS prompt (such as ‘A’), reads the command frum the standard input device (usually -
the keyboard or a batch file), and cxecutes the command. For external commands, it builds a
command line and issues an EXEC function cell 1o load and transfer controf to the
program. .

Notc 1. COMMAND.COM may be a hidden file.

2. For IBMDOS 2.x, the transi¢nt portion of the command processor contains the
EXEC routine that l0ads and executes external commands. For MS-DOS 2.x+ and
IBM DOS 3.x+, the resident portion of the command processor contains lhc
EXEC routine.

3. IBMBIO only checks for a file named COMMAND.COM. It will load any file of
that name if no SHELL = command is used.

That pretty much covers the boot-up process. Afier COMMAND.COM is loaded, it runs the
“AUTOEXEC.BAT file and then the user gets a prompt 1o begin working.
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Introd uction

For consistency in this reference. all locations and offsets are in hexadecimal unless otherwise
specified. Al iex numbers are prefaced with a leading zero if they begin with an alphabetic char-
acter,and are terminaied with alowercase H (h). The formais vary according to common usage.

.
.

System Memory Map

The IBM PC handlos its address space in 64k segments, divided into 16k fractions and then fur-
then as necessary,

start start end
Jaddr. addr, addr usage
(dec} {hex}

*640k RAM Arwa*

Ok start of RAM, first K is interrupt vectcr table
I6k 000UG-Q3FFY PC-0 system board KAM cnds
37k 04000-07FFF

48k 38000-0BFFF

64k 1000V-13FFF PC-1 system board RAM ends
80k 14000-1/FFF

EXS 18000~ 1BFFF

112k iCO00-3FFFF

128k 20000-73FFF

144k 23000-2 FFF

160k 28000-2BFFI

176k 2CQUO-2FFFF

192k  30000-33FFF
208k 34006U-37FFF
224k 38000-3EFFF -
240k  3CO00-3FFPF



256k .

272k
288k
304k

320k
336k
352k
368k

384k
400k
416k
432k

448k
464k
480k
496k

512k
528k
544k
560k

576k
592k
609k
624k
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40000-43FFF
44000-47FFF
48000-4BFFF
4CO00-4FFFF

50000-53FFF
54000-57FFF
58000-5BFFF
5C000-SFFFF

60000-63FFF
64000-67FFF
68000-6BFFF
6C000-6FFFF

70000-73FFF
74000-77FFF
78000~7BFFF
7€000-~-7FFFF

80000-83FFF
84000-87FFF
88000-8BFFF
8C000-8FFFF

90000-93FFF
94000-97FFF
98000-9BFFF
9C000~-9FFFF

PC-2 system board RAM ends

' the original IBM PC-1 BIOS -limited memory to 544k

to 640k (top of RAM address space)

AQ0QQ *tewv g4k **++*x EGA address

640k

- 656k
© 672k
688k

A0000-A9580
-AF8CO
-A3FFF

A4000-A7FFF

A8000~ABFFF

ACO0G-AFFFF

MCGA 320x200 256 colour video buffer
MCGA 640x480 2 colour video buffer

this 64k segment may be used for contiguous DOS
RAM with appropriate hardware and softvare

BOOOO ***#x g4k ***++ mono and CGA address

704k
720k

736k
756k

B0COO-B3PFF
B4000-B7FFF

B8000-BBFFF
BCO0O-BFFFF

4k: monochrome display PCir and eatly Tandy 1000
BIOS revector diréct write to the
B8 area to the Video Gate Array
16k CGA uses and reserved system RAM

COO000 *wawn Fhic *rrenchwr At AN AWN expanlion ROM

768k
784k

800k
816k

CO0000-C3FFF
C4000-~CSFFF
C6000-C63FF
C6400-C7FFF
C8000-CBFFF
CA000

CCO00-CDFPP
CEOOO-CFFFF

16k EGA BIOS C000:001E EGA BIOS signature (letters IBM
256 bytes Professional Graphics Display,comm..area
16k hard disk controller BIOS, drive 0 defaylt

some 2nd floppy (high dcn-lty) controlior BIOS
8k IBM PC Network l!TB

DO0CGO *##*++ g4k *»**+ expansion ROM

832k

248k
864k
880k

BOOOO **+wx g4k *w+»+ expansion ROM

896k
912k
928k

DO000-D7FFP
DA0OO
D4000-DTFFP

DP800O-DBFFF
DCO00-DFFFF

EOQQ0-E3FFF
E4000-E7FFF
E8000-EBFFF

32k IBM Cluster Adapter PCjr first ROM carfridge
voice communications: - address. area. !

Common e nded memory
board paging area.

BCjr second ROH ca:t;dge
address area .




12 . The Programmer’s Technical Reference
944k . ECOO0-EFFFF | spare ROM sockets on AT
FOOOO0 *#*** g4k ***»+ system

" 960k FO000-F3FFF reserved by IBM cartridge address

976k F4000- area (PCjr csttridge
F6000 ROM BASIC Begins BASIC)

992k F8000-FBOOO
1008k FCOOO-FFFFF ROM BASIC and coriginal
BIOS (Compatibility BIOS
' in PS/2)
1024k FFFFF end of nemory (1024k) for 8088 machines

384k 100000-15FFFF 80286/AT extended memory area, 1Mb motherboard
15Mb 100000-FFFFFF 80286 /AT extended memory address space’

15Mb  160000~-FDFFFF Micro Channel RAM expansion (15Mb extended memory)
128k FEQQOO-FFFIFF system board ROM {PS/2 Advanced BIOS)

Note that the ROM BIOS has a duplicated address space which causes it to ‘appear’ both at the

"end of the 1 megabyte real mode space and at the end of the 16 megabyte protected mode space.
The addresses from OE0000 to OFFFFF are equal to OFE0000 to OFFFFFE This is necessary due
to differences in the memory addressmg between Realand Protected Modes. . -

PC POrt Assignment

~hexaddress Function " Models
PCir |PC |XT |AT |CVT |M30 |PS2
pc . .

0000-000F 8237 DMA controller . 3 : KRRS

0010-001F 8237 DMA controller ) AT . Ps2

00200027 8259A interrupt controller .

0020-003F- 8259A interrupt controllex (AT)

0020-0021 Interrupt controller 1, 8259A PC AT - Ps2

0040-0043 ' Programmable timer 8253 PC

00400047 . Programmable timers . PS2

0040-00SF 8253~5 programmable timers AT .
{note: 0041 was memory refresh in PCs. Not used in PS8/2)

0060-0063 Keyboard controller 8255A PC

0060-006F 8042 keyboard controller AT R

0060 IOSGA keyboard input port ' ’ Ps2

0061 speaker PCjr PC XT AT bvr

06061 IOSGA speaker control M30 PS2

0061 On gsome clones, setting or clearing bit 2 controls Turbo mode

0062 IOSGA configuration control M3O PS2

0063 SSGA, undocumented PS2

0064 keyboard auxiliary device ' ‘ . ) PS2

0065-006A SSGA, undocumented . . - PS2

0068 SSGA, RAM enable/remap . ) Lo PS2

QQ6C~006F " SSGA, undocumented . ) . g s . PSR

0070 AT CHMOS write i:ntarnp.i reyidter - ’ R o

0071 “KT CMOS ‘read internal register . '~ . . . | O T

00706-0071 €MOS' real-time clock, NMI mMask = T A -+

0070-007F CMOS real-time clock, NMI mask AT )

0074-0076 reserved . e ege L. - pB2

0800-008F SSGA DMA page registers . : R . PS2

0080~009F DMA page registers,. 74LS612 . L. AT

0090 central arbitration control port N ) } (Micro Chapnel)

0091 . card selected- feedback ) ’ (H;cro Channel}).

. 0092 system control .port a . (Micro channel)
0093 reserved (Micro channel)
0094 system board setup ¢ (Micro Channel)
0096 POS “‘CD SETUP’' selector . . . ... {Micro Channel)
00A0-00Al . Interrupt controller 2, 8259A AT : PS2
00A0-00AF I0SGA NMI mask register . } PS2
00B0-00BF realtime clock/calendar, (undocumented) . s PS2

00C0-00DF * reserved PCjr PC XT AT CVT H30



