




























































































































































































































































































































































































































































































































































































































































































Memory Map

How the Map Entries Are Formated
Here is the explanation of a typical memory map interrupt
vector:

14 Print Screen Image

INT 5, All PCs, Points: BIOS, Set: BIOS, Contents: FFF54
BIOS calls this interrupt when Shift-PrtSc or Fn-P is pressed.
GRAPHICS.COM changes this vector to point to itself. See
also location 500h.

Location 14 hexadecimal contains a vector that is used to
point to Print Screen Image (which corresponds to interrupt
05h) and is used for the same purpose in the PC1, PC2, XT,
and PCjr.

The vector points to memory occupied by ROM BIOS.

This vector is set by ROM BIOS and its typical absolute
memory location contents are as shown. Any differences in
typical contents between models of the PC would also be
shown, so they must all use the same address in this vector.
The vector’s actual (nonabsolute) four-byte memory contents
are composed of a two-byte IP offset (LSB, MSB), then a two-
byte CS segment (LSB, MSB). See Chapter 1 if you're unfamil-
iar with the use of this address format.

Memory location 500h contains some information related
to this subject, and further information may be present im-
mediately following 500h. An asterisk (*) would be placed
before the “INT 5” if the interrupt or function was new in
DOS 2.x, or a dagger (1) if it was new in DOS 3.x. Since mem-
ory contents are somewhat configuration-dependent, use Pro-
gram 1-9, VECTORSD, or 1-8, VECTORSB, in Chapter 1 to
determine and document the vector contents for the configura-
tion of your computer. The typical contents listed here were
obtained on the following systems:

PC1: DOS 2.1, 384K, color and monochrome monitors, par-
allel printer, using BASICA, two floppy disks.

XT: DOS 2.1, 384K, color and monochrome monitors, parallel
printer, using BASICA, one floppy disk, one hard disk.

PCjr: DOS 2.1, 384K (128K base and 256K expansion), color
monitor, parallel printer, using BASIC cartridge, one floppy
disk.

In order to increase the possiblity of compatibility with fu-
ture PCs, some locations should not be accessed directly. For
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these locations, we have included the expression upward-
compatible manner or method. You should use the method in-
dicated to obtain the value of the memory location being
discussed.

Locations: 0-3FFh

1024 Bytes for 256 Interrupt Vectors

Interrupts may be caused by a signal on the INTR pin of the
8088. The 8088 detects the interrupt at the end of execution of
- the current instruction. The flag register, CS (code segment),
and IP (instruction pointer) are pushed on the stack to save
the current state of the system. The trap and interrupt bits of
the flag register are cleared to prevent any further interrupts
while the interrupt is being handled. The interrupt vector se-
lected is based on the interrupt number, and the vector is used
to proceed to the interrupt routine. The routine issues an IRET
instruction when it has finished processing the interrupt con-
dition. This causes the saved system state to be restored, and
the interrupted process continues.

Interrupts can be ignored by using the CLI operation code
which clears the interrupt bit in the flag register. The NMI
interrupt cannot be ignored. It is triggered by a signal on the
8088 NMI pin.

8088 Interrupts

00 8088 Divide by Zero Error

INT 0, All PCs, Points: IRET, Set: DOS/BASIC, Contents:
067B6, Jr=ESDEE

Produces divide overflow or BASIC’s Division by zero message,
then continues.

04 8088 Single Step

INT 1, All PCs, Points: IRET, Set: DOS, Contents: 847
Performs routine after each instruction; trap flag automatically
set off during the routine. Activated by trap bit in flag register,
used by DEBUG trace.

08 Parity Error Non-Maskable-Interrupt (NMI)

INT 2, not Jr, Points: BIOS, Set: BIOS, Contents: FF85F,
PC1=FE2C3

Produces parity check 1 or parity check 2 message, then halts.
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08 Keyboard Non-Maskable-Interrupt (NMI)
INT 2, Jr, Points: BIOS, Set: BIOS, Contents: FOF78
Keyboard read and assemble bits routine.

0C 8088 Breakpoint

INT 3, All PCs, Points: BIOS, Set: BIOS, Contents: 847
Routine to be executed when instruction CCh (or INT 3) is
reached. Used by DEBUG go with breakpoints.

10 8088 Overflow

INT 4, All PCs, Points: IRET, Set: DOS/BASIC, Contents:
067B2, Jr=ESDEA

Used with INTO operation code to activate user overflow
handler routine.

14 Print Screen image

INT 5, All PCs, Points: BIOS, Set: BIOS, Contents: FFF54
BIOS calls this interrupt when Shift-PrtSc or Fn-P is pressed.
GRAPHICS.COM changes this vector to point to itself. See
also location 500h.

18 Reserved for Future Use
INT 6, All PCs, Points: IRET, PC1=0, Set: BIOS, Contents:
FFF23, PC1=0, Jr=FF815

1C Reserved for Future Use
INT 7, All PCs, Points: IRET, PC1=0, Set: BIOS, Contents:
FFF23, PC1=0, Jr=FF815

8259 Interrupt Requests (IRQ)

The 8259 Interrupt Controller chip receives interrupts from
various other devices and presents these prioritized interrupts
to the 8088 if the 8259 interrupt mask bit in port 21h for that
type of interrupt is enabled. Pending interrupts are held until
the current interrupt has finished. A special end-of-interrupt
(EOI) signal must be sent to 8259 port 20h by an interrupt
routine to indicate that the next interrupt may be processed.
The 8259 prioritizes the types of interrupts so that the system
timer and keyboard have highest priority.

20 8253 Channel 0 System-Timer-Tick Attention (IRQ0)

INT 8, All PCs, Points: BIOS, Set: BIOS, Contents: FFEA5
Normally, 8253 channel 0 (see 8253 ports 40-43) causes an
IRQO interrupt every 54.936 milliseconds, which activates a
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routine to update the system timer at 46C-470h, checks to see
. if the disk motor should be turned off, and drives INT 1C for
user timer-tick tasks. See also INT 1A and INT 21 functions
2C-2Dh.

24 Keyboard Attention (IRQ1)

INT 9, All PCs, Points: BIOS/BASIC, Set: BIOS/BASIC,
Contents: FFEA5/07D85, Jr=F1561/EABB2

PC 8259 causes this vector to be used to activate the keyboard
handler routine whenever a key is pressed or released. PCjr
uses 8088 NMI INT 2 to detect a keypress or release, INT 48
to map 62-key keyboard to 83-key keyboard equivalent; then
this interrupt is called. PCjr Cassette BASIC uses a temporary
INT 9 so that it can check for Ctrl-Esc or Esc as first key
pressed after power-on. See also related memory usage start-
ing at locations 417h and 480h; also ports 60-61h. Because of
the large number of related memory locations, see Chapter 2.

28 Reserved for Future Use (IRQ2)

INT A, All PCs, Points: IRET, PC1=0, Set: BIOS, Contents:
FFF23, PC1=0, Jr=FF815

Reserved for I/O expansion channel use.

2C Reserved for Communications COM2 (IRQ3)

INT B, All PCs, Points: 0, Jr=IRET, Set: BIOS, Contents:
FF815 PCjr: Primary Serial Port.

See memory location 50h.

30 QReserved for Communications COM1, BSC, or SDLC
(IRQ4)

INT C, All PCs, Points: 0, Jr=IRET, Set: BIOS, Contents:
FF815 PCjr: Internal Modem Port.

See memory location 50h.

34 Hard Disk Attention (IRQ5)

INT D, XT, Points: Hard Disk BIOS, Set: Hard Disk BIOS,
Contents: C8760

Used to signal hard disk BIOS that a hard disk controller inter-
rupt has occurred; usually means that status information is
now available.

34 Reserved for Hard Disk BIOS (IRQ5)
INT D, Not XT/PCjr, Points: 0, Set: BIOS, Contents: 00000
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34 Vertical Retrace (IRQ5)

INT D, PCjr, Points: IRET, Set: BIOS, Contents: FF815
Available for user routine to synchronize palette register
modification with video vertical refresh. See Chapter 4 for
details.

38 Disk Attention (IRQ6)
INT E, All PCs, Points: BIOS, Set: BIOS Contents: FEF57
Used to signal BIOS that a disk controller interrupt has oc-
curred. This usually means that status information for the last
I/0 request is now available. On the PCjr, the watchdog timer
(port F2h) is connected to this line to terminate the disk opera-
tion during a disk error. All other 8259 interrupts are disabled
during the disk function, causing a beep if a key is pressed.

3C Reserved for Parallel Printer (IRQ7)
INT F, All PCs, Points: 0, Jr=IRET, Set: BIOS, Contents:
FF815

BIOS Device Function Requests

The ROM BIOS provides service request routines for the
management of the attached peripheral devices. DOS provides
a higher-level interface to user programs for device requests,
but these BIOS routines are ultimately used by DOS routines
to satisfy requests for device services. See the ROM BIOS list-
ing in the Technical Reference manual. Notice that PCjr
routines are not always at the same BIOS location as PC
routines. The use of these interrupt vectors to reach the de-
sired routine is the key to upward compatibility with future
PCs. See Chapter 1 for a program that you can use in BASIC
to request DOS services.

40 Video Functions

INT 10, All PCs, Points: BIOS, Set: BIOS, Contents: FF065,
Jr=F0DO0B ‘

This routine provides a variety of video services. See Chapter
4, memory locations beginning at 74h, 7Ch, and 449h. Also
see INT 1D, INT 1F; DOS functions 2, 6, and 9; ports 3B0h,
3DO0h, and 21h.
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AH Function

00 Set mode

01 Set cursor type

02  Set cursor position

03  Get cursor position

04 Get light pen position

05 Set display page

06  Scroll up

07  Scroll down

08 Get attribute and character

09 Put attribute and character

0A Put character

OB Set palette

0C Put dot

0D Get dot

OE Put TTY mode

OF Get status: columns, mode, page
10  Set palette registers (PCjr only)

44 Equipment Determination

INT 11, All PCs, Points: BIOS, Set: BIOS, Contents: FF84D
The routine returns equipment configuration bytes originating
from ports 60-62h at power-on. See memory locations
410-411h for details of returned information.

48 Memory Size Determination

INT 12, All PCs, Points: BIOS, Set: BIOS, Contents: FF841
The total amount of usable memory (not including display
memory) in 1K blocks is returned. The PCjr includes only up
to 112K (128K-16K for video), no matter how much additional
memory is added. PCJRMEM.COM device driver supplied
with expansion memory alters to true total memory size or
memory size minus RAM disk space. See memory locations
413-414h and ports 60-62h.

4C Disk Functions

INT 13, Not XT, Points: BIOS, Set: BIOS, Contents: FEC59
The subject routine performs a variety of disk functions. See
also memory locations starting at 78h, 43Eh; ports 4, 21h, 40h,
41h, 60h, FOh (PCjr), and 3FOh.
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AH Function

00 Reset controller
"01 Get status

02 Get sectors

03 Put sectors

04 Verify sectors

05 Format track

4C Hard Disk Functions

INT 13, XT, Points: Hard Disk BIOS, Set: Hard Disk BIOS,
Contents: C8256

Routine performs a wide choice of hard disk functions. Disk
functions vector is relocated to INT 40. See ports mentioned
above and 6, C2h, and 320h; see memory location 474h and
routines starting at location C8000h.

AH Function

00 Reset controller

01 Get status

02 Get sectors

03 Put sectors

04 Verify sectors

05 Format track

06 Format track and bad sector flags
07 Format drive starting at specified sector
08 Return parameters from drive table
09 Initialize drive pair characteristics using INT 41
0A Read long

0B  Write long

0C Seek

0D Alternate disk reset

OE Read sector buffer

OF Write sector buffer

10 Test drive read

11  Recalibrate

12 Controller RAM diagnostic

13  Drive diagnostic

14 Controller internal diagnostic

50 RS-232 Serial Communications Functions

INT 14, A1l PCs, Points: BIOS, Set: BIOS, Contents: FE739
For serial communications using a built-in modem or the asyn-
chronous communications adapter for a serial printer or ex-
ternal modem. See ports starting at 2F8h for primary COM1,
and 3F8h for alternate COM2. Pluggable shunt modules are
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provided on the adapter card to allow COM1 or COM2 selec-
tion. The PCjr Internal Modem is logically addressed as
COM1, even though it physically uses ports starting at 3F8h.
When the internal modem is not installed, COM1 is the RS-
232 connection starting at port 2F8h. See associated locations
2Ch, 30h, 400h, 47Ch.

AH Function

00 Initialize port
01 Put character
02 Get character
03  Get port status

DB25

Pin Usage
Transmitted data
Received data
Request to send
Clear to send
Data set ready
Signal ground
Carrier detect
Data terminal ready
Ring indicator

NOWONONUGHE WN

NN

54 Cassette Functions

INT 15, A1l PCs, Points: BIOS, Set: BIOS, Contents: FF859
(The XT returns an invalid cmd error code if this vector is
used.) All other 8259 interrupts are masked off while the cas-
sette is being accessed, including the system timer. See related
memory locations starting at 467h. The PCjr provides a
mechanism to channel the cassette audio input to the TI CSG
sound chip. See Chapter 3; see also ports 42h and 62h (bit 4).

AH Function
00 Motor on
01 Motor off
02 Get blocks (motor on, then off)
03 Put blocks (motor on, then off)

58 Keyboard Functions

INT16, All PCs, Points: BIOS, Set: BIOS, Contents: FES2E,
Jr=F13DD

Provides a number of keyboard-related services. See Chapter
2, related memory starting at locations 24h, 417h, and 480h;
INT 9, INT 21 functions 1, 6-8, A-Ch, INT 48-49; and ports
60-61h. 223
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AH Function

00 Read key

01 Get character status

02  Get Shift status

03 Set typamatic rates (PCjr only)

04 Set keyboard clicker on/off (PCjr only)

5C Parallel Printer Functions

INT 17, All PCs, Points: BIOS, Set: BIOS, Contents: FEFD2
The BIOS routine provides several parallel printer services.
The DOS MODE command can be used to direct parallel
printer functions to a serial printer. Also see INT 5, F, 21 func-
tion 5, and DOS 3.0 INT 2F. See ports 21h, 278h, 378h, and
3BCh. Connector pin usage is contained at the latter port
descriptions.

AH Function

00 Put character
01 Initialize printer
02 Get status

BIOS Miscellaneous Interrupts

60 ROM-Resident BASIC Entry Point

INT 18, Not PCjr, Points: Cassette BASIC, Set: BIOS, Con-
tents: F6000

Entry point for ROM-resident Cassette BASIC.

60 ROM-Resident BASIC Entry Point

INT 18, PCjr, Points: BIOS/Cartridge BASIC, Set:
BIOS/Cartridge BASIC, Contents: FFFCB/E8177

This vector is set to point to a BIOS routine that will install a
temporary INT 9 vector to test for Ctrl-Esc and Esc as the first
keypress; it overlays this vector to point to the ROM-resident
Cassette BASIC at F6000h and issues INT 18 to go there. If
the BASIC cartridge is installed, the cartridge initialization rou-
tine during POST or system reset overlays this vector to point
to its own entry point at E8177h. See Chapter 1 for more de-
tails about BASIC, cartridges, and Cartridge BASIC.

64 Bootstrap Routine

INT 19, All PCs, Points: BIOS, Set: BIOS, Contents: FE6F2,
XT=C8186, Jr=F0B1B

The routine loads a sector from the disk or hard disk into loca-
tion 7C00 and executes the instructions loaded. Failure to read

224



Memory Map

the disk or hard disk causes INT 18 to be used to go to ROM
BASIC. See Chapter 1 for a full description of the system
bootstrap process.

68 System Timer Functions/PCjr Sound Source Functions
INT 1A, All PCs, Points: BIOS, Set: BIOS, Contents: FFEGE,
Jr=F1393

Provides system timer (location 46Ch) read/set services and
PCjr sound input selection. See also INT 1C and INT 8.

AH Function
00 Get clock
01 Set clock
80 Set sound multiplexor (PCjr only)
Timer channel 2
Cassette
I/0O channel
TI CSG sound chip

See Chapter 3 for details of the PCjr sound selection function.

6C Keyboard Break User Routine

INT 1B, All PCs, Points: IRET/BASIC, Set: BIOS/BASIC,
Contents: 840/7E30, Jr=840/EAC49

Called by INT 9 routine to perform any user-desired actions
when Ctrl-Break or Fn-Break is pressed. See Chapter 2 for
additional details.

70 System-Timer-Tick User Routine

INT 1C, All PCs, Points: IRET/BASIC, Set: BIOS/BASIC,
Contents: 840/6371, Jr=FF83C/E880B

Called by INT 8 routine to perform any user-desired actions
when a system timer tick has occurred. See Chapter 3 for
additional details.

BIOS Tables

Vectors to system tables are provided so that the user can
copy the tables to RAM, modify them, then change the vector
to point to the customized version of the tables. See DOS
functions 35h and 25h for the supported upward-compatible
method of retrieving and changing the contents of a vector.
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74 Video Parameter Table

INT 1D, All PCs, Points: BIOS, Set: BIOS, Contents: FF0A4
This vector points to a table containing four sets of 16 values
to be loaded into the 6845 registers for screen modes
corresponding to 40 X 25 (modes 0 and 1), 80 X 25 (modes 2
and 3), graphics (modes 4-6), and monochrome (mode 7 or
extended graphics modes 8-Ah on the PCjr). See Chapter 4
for more video mode details. See location 449h; INT 10, INT
1F; DOS functions 2, 6, and 9; ports 3B0Oh, 3DOh, and 21h.

78 Disk Parameter Table

INT 1E, All PCs, Points: DOS Data Area, Set: BIOS,
Contents: 522

The vector points to a table of disk operational characteristic
parameters copied from ROM BIOS (FEFC7, Jr=FEFBS) to the
DOS work area. The BIOS copy of the table is used during the
bootstrap process and later moved to 522h. See the XT Tech-
nical Reference manual, page A-44; PCjr, page A-80. Some
abbreviations need explanation: SRT=step rate time (ex-
pressed in 2 millisecond increments), HD=head, EOT=end of
track (number of last sector on the track), gap length=space
between sectors, DTL=data length of sector. If a hard disk is
present on the system, the disk parameter table is copied from
C8201 and the hard disk parameter table is pointed to by INT
41. The PCjr motor start-up time is enforced to a minimum of
0.5 seconds, regardless of any lower value that may be placed
in the table. See locations 522h, 43Eh, and port 3FOh (or port
FOh for the PCjr).

7C Graphics Characters 128-255

INT 1F, All PCs, Points: Expansion ROM/0/BIOS, Set:
BIOS, Contents: F0000, PC1=0, Jr=FEO5E

This vector points to a table of PEL maps for graphics charac-
ters 128-255. The PCjr provides these maps in ROM BIOS. In
the PC, this vector is to be set by the user. DOS 3.0 loads a
table of PEL maps, makes it resident, and modifies this vector
in response to the GRAFTABL command. See Chapter 4 for
additional information and instructions for creating PEL maps
for graphics characters 128-255 for the PC, similar to the way
used by DOS 3.0. A vector to PEL maps for the first set of
graphics characters (0-127) can be found at INT 44 in the
PCijr.
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DOS Interrupts and Functions

See DOS 2.0, Appendix D, or DOS 2.10/3.0 Technical Ref-
erence manual, Chapter 5, for specifics of using these DOS ser-
vices. The key to upward compatibility with future PCs is the
use of these interrupt vectors to reach the desired routine. See
Chapter 1 (Programs 1-13, 1-14, and 1-15) for programs that
you can use in BASIC to request DOS services.

80 DOS Program Terminate

INT 20, All PCs, Points: DOS, Set: DOS, Contents: 1937,
XT=19B7, Jr=19A7 _

Normal program exit return address. The interrupts saved in
the PSP are restored for the terminating program. DOS func-
tions 31h or 4Ch are preferred over using INT 20 since return
codes may be passed. See Chapter 1 for additional details.

84 DOS Function Call

INT 21, All PCs, Points: Resident COMMAND.COM, Set:
COMMAND.COM, Contents: 5580, XT=55A0, Jr=5530
Used to pass function requests to COMMAND.COM for rout-
ing to the appropriate routine in IBMDOS.COM. See Appen-
dix D for a list of the interrupts and functions by type of
device. The SRVCCALL program (Programs 1-13, 1-14, 1-15)
in Chapter 1 can be used to call for DOS functions from your
BASIC programs. An asterisk (*) is placed before the function
number if the function was new in DOS 2.x or a dagger () if
it was new in DOS 3.x.

AH Function

00 Terminate program, same as INT 20

01 Keyboard input (with wait, echo, break)

02 Display character (with break)

03 Auxiliary input (with wait)

04 Auxiliary output

05 Printer output

06 Direct console I/O (no wait, break, or echo)
DL=FFh return input character
DL<>FFh output character

07 Direct console input (with wait, no echo or break)

08 Console input (with wait and break, no echo)

09 Display string till $ (with break)

0A Buffered keyboard input (with wait, break)

0B Check standard input character availability

0C Clear keyboard buffer and do function 1, 6, 7, 8, or Ah
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Disk reset

Select disk

Open file FCB

Close file FCB

Search for first matching filename

Search for next matching filename

Delete file

Sequential disk read

Sequential disk write

Create file

Rename file

Reserved

Query current disk

Set disk transfer area address

Query drive allocation units and sectors by FCB
Query drive allocation units and sectors by drive number

1D-20 Reserved

21

Disk random read by FCB

Disk random write by FCB

Disk file size to record number

Set disk random record number

Set interrupt vector

Create a program segment prefix
Random block read using FCB

Random block write using FCB

Parse filename

Get date

Set date

Get time

Set time

Set disk write verify on/off

Get disk transfer area address

Get DOS version

KEEP, terminate process and stay resident
Reserved

Get or set Break on/off

Reserved

Get interrupt vector

Get disk free space

Reserved

Get country delimiter information
MKDIR, create subdirectory using name
RMDIR, remove directory using name
CHDIR, change current directory using name
CREAT, create file using name

Open a file using name
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*3E
*3F
*40
*41
*42
*43
*44
*45
*46
*47
*48
*49
*4A
*4B
*4C
*4D
*4F
*4F
50-53
*54
55
*56
*57
158
159
15A
15B
$5C
5D
15E
t5F
160
161
162

Close a file using handle

Read file using handle, redirection if standard input device
Write file using handle, redirection if standard output device
UNLINK, delete file using name

LSEEK, move file pointer using handle

CHMOD, change or get file mode using name

IOCTL, perform get/put/status/device information by handle
DUP, get duplicate handle

DUP, point file handle at another file

Read directory for drive

Allocate memory in paragraphs

Free allocated memory in paragraphs

SETBLOCK, change allocated paragraphs amount

EXEC, load or execute program by name

EXIT, terminate process with return code

WAIT, get return code from process

FIND FIRST, find first file and get information using name
Find next file and get information using name

Reserved

Get disk verify state

Reserved

Rename file using name

Get/set file date/time using handle

Reserved

Get extended error code for INT 21 or 24

Create temporary file

Create new file, cannot previously exist

Lock/unlock file access

Reserved

Reserved

Reserved

Reserved

Reserved

Get PSP address

88 DOS Program Terminate User Address

INT 22, All PCs, Points: Resident COMMAND.COM,, Set:
COMMAND.COM, Contents: 568C, XT =56AC, Jr=>563E
The routine that this vector points to is called by DOS when a
program ends so that any user-required cleanup may be done
by an invoking program. For example, modules under DEBUG
have this vector pointing back to DEBUG so that it will regain
control when the program ends. This vector is saved in the in-
voked program’s PSP. DEBUG’s INT 22 in its PSP points back
to COMMAND.COM. COMMAND.COM checks the integrity

229



Memory Map

of the transient portion and reloads it if needed. See Chapter 1
for more details on the transient portion of COMMAND.COM,
invoking programs, and the PSP contents.

8C DOS Break User Exit Address

INT 23, All PCs, Points: Resident COMMAND.COM/
BASIC, Set: COMMAND.COM/BASIC, Contents:
5689/623A, XT=56A9/625A, Jr=>5649/E8157

This vector points to a user routine which is called by DOS
when a Ctrl-Break or Fn-Break is entered so that the program
will allow or disallow the termination of the current activity or
the program. For example, for modules running under DE-
BUG, this vector points back to DEBUG so that it will regain
control when Break is entered. This vector is saved in the in-
voked program’s PSP. DEBUG’s INT 23 in its PSP points back
to COMMAND.COM. See Chapter 1 for more details of
invoking programs and the PSP.

90 DOS Fatal Error Handler Address

INT 24, All PCs, Points: Resident COMMAND.COM/
BASIC, Set: COMMAND.COM/BASIC, Contents:
58D2/67BE, XT=58F2/67DE, Jr=>5892/E8DF6

This vector is used to point to the routine that DOS will call
when an error occurs that DOS error recovery has been unable
to correct. The routine will examine the error conditions and
decide what action needs to be taken. The Abort, Ignore, or Re-
try message is indicative of the possible error choices. All pro-
grams, including those invoked by other programs, point by
default to a routine in COMMAND.COM. BASIC attempts to
handle its own errors, going to COMMAND.COM only in ex-
treme cases. The original contents of this vector are saved in
the current PSP to be restored when the program ends. The
INT 24 vector saved in the PSP for COMMAND.COM points
to the DOS entry point for a fatal error in COMMAND.COM.
This entry point is at 19F3h, XT=1A13h, Jr=19B3h.

94 DOS Read Absolute Disk Sectors
INT 25, All PCs, Points: DOS, Set: DOS, Contents: 2210,
XT=2290, Jr=2280

98 DOS Write Absolute Disk Sectors
INT 26, All PCs, Points: DOS, Set: DOS, Contents: 225E,
XT=22DE, Jr=22CE
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9C DOS Terminate But Stay Resident

INT 27, All PCs, Points: DOS, Set: DOS, Contents: 3543,
XT=35C3, Jr=35B3

The terminating program is retained in memory with all fur-
ther programs being loaded above the end of it. Function 31h
serves the same purpose but allows a return code to be passed
to the invoking program or batch file. See Chapter 1 for addi-
tional details about this feature. The “Video” chapter, Chapter
4, uses this call to cause PEL maps for graphics characters
128-255 to remain resident after the program ends.

A0 Used Internally by DOS

INT 28, All PCs, Points: DOS, Set: DOS, Contents: 1943,
XT=19C3, Jr=19B3

Seems to be consistently used as a vector to an IRET instruc-
tion in COMMAND.COM.

A4 Used Internally by DOS

INT 29, All PCs, Points: IBMBIO.COM, Set: DOS, Contents:
82E

Seems to be consistently used as a vector to an INT 10 func-
tion Eh (put TTY) followed by an IRET.

A8-BB Reserved for DOS
INT 2A-2E, All PCs, Contents: Zeros

BC Print Queue Functions

INT 2F, DOS 3.x, Points: DOS

Reports status; submits or cancels print queue files.
AL Function

00 Determine if queue handler installed

01 Submit file for printing

02 Cancel print of file

03 Cancel print of all files

04 Hold the print queue for scan

05 Activate the print queue after hold

BC Reserved for DOS
INT 2F, Not DOS 3.x, Contents: Zeros

CO-FF Reserved for DOS
INT 30-3F,_All PCs, Contents: Zeros, Jr=FF815 (IRET)
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100 Disk Functions

INT 40, Only XT, Points: BIOS, Set: Hard Disk DOS,
Contents: FEC59

When the XT hard disk BIOS replaces the INT 13 disk func-
tions vector with a vector pointing to itself for hard disk func-
tions, it saves the old disk INT 13 vector here so that it may
call INT 40 to perform disk functions. See locations 4Ch and
78h.

104 Hard Disk Parameter Table ‘

INT 41, XT Only, Points: Hard Disk BIOS, Set: Hard Disk
BIOS, Contents: C83E7

The vector points to a table of hard disk operational
characteristic parameters in hard disk BIOS. You can copy this
table to RAM, modify the parameters, and change this vector
to point to your own version of the table. The hard disk BIOS
copy of the table will be used during the bootstrap process.
The hard disk parameters are used by the INT 13 routine to
accomplish the hard disk functions. Four different hard disk
drive types can be defined in the table entries. The contents
and meaning of the table entries can be seen starting on page
A-94 of the XT Technical Reference manual. The parameter
table for disk is copied from hard disk BIOS at C8201h to
location 522h and is pointed to by INT 1E. See ports 6, C2h,
and 320h and memory location 474h; see hard disk BIOS
routines starting at location C8000h.

108-10C Reserved for BIOS
INT 42-43, All PCs, Contents: Zeros, Jr=FF815 (IRET)

110 PCjr Graphics Characters 0-127

INT 44, PCjr Only, Points: BIOS, Set: BIOS, Contents:
Jr=FFAG6E

This vector points to a table of PEL maps for graphics charac-
ters 0-127. The PCjr provides these maps in ROM BIOS. In
the PC, the PEL maps are always assumed to be located at
FFA6Eh, making it impossible for the user to redefine these
characters. See Chapter 4 for additional information about PEL
maps. A vector to PEL maps for the second set of graphics
characters (128-255) for all PCs can be found at INT 1F.

110 Reserved for BIOS
INT 44, Not PCjr, Contents: Zeros
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114-11C Reserved for BIOS
INT 45-47, All PCs, Contents: Zeros, Jr=FF815 (IRET)

120 PCjr Keyboard Translation
INT 48, PCjr Only, Points: BIOS, Set: BIOS, Contents:
Jr=F10Cé :
The subject routine performs the needed translation from the
PCjr 62-key keyboard scan codes to the PC 83-key keyboard
scan codes so that the PC-style INT 9 keyboard attention rou-
tine may be used for compatibility purposes. Scan codes above
those generated by the keyboard are also processed by using
the table pointed to by INT 49.

See Chapter 2 for additional details.

120 Reserved for BIOS
INT 48, Not PCjr, Contents: Zeros

124 PCjr Nonkeyboard Translation Table

INT 49, PCjr Only, Points: BIOS, Set: BIOS, Contents:
Jr=F109D

Translation table for INT 48 to use in interpreting
nonkeyboard-generated scan codes (56-7Eh and D6-FEh). The
default table translates these scan codes into keyboard scan
codes of 48-69h. See Chapter 2, INT 48, INT 9, and Technical
Reference manual, page 5-42.

124 Reserved for BIOS
INT 49, Not PCjr, Contents: Zeros

128-17F Reserved for BIOS
INT 4A-5F, All PCs, Contents: Zeros, Jr=FF815 (IRET)

180-19F Reserved for User Interrupts
INT 60-67, All PCs, Contents: Zeros, Jr=FF815 (IRET)

1A0-1FF Reserved
INT 68-7F, All PCs, Contents: Zeros, Jr=FF815 (IRET)

200-217 Reserved for BASIC
INT 80-85, All PCs, Contents: Dynamic

218-3C3 Reserved for BASIC Interpreter
INT 86-F0, All PCs, Contents: Dynamic

3C4-3FF Reserved for Interproccess Communications
INT F1-FF, All PCs, Contents: Dynamic
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Locations: 400—-4FFh

256 Bytes for BIOS Data Areas

Starting with memory location 400h, we will no longer be
discussing interrupt vectors but rather data storage areas.
Thus, the “INT number, Points:, Set:, and Contents:” line is of
no particular use. Since the data stored in these locations is
often model-dependent, each entry will indicate which model
the information applies to or does not apply to. If there is no
indication, then it is used in the same way for all models.

Configuration Data

400 Asynchronous Adapter Port Addresses

Port addresses of up to four RS-232 asynchronous adapters
(currently, only two supported). If two adapters are present,
the first two bytes will contain F8 03 (3F8h) and the next two,
F8 02 (2F8h). Any unused entries will contain zeros. The PCjr
has 2F8h as the first address if the internal modem is not in-
stalled; otherwise, 3F8h, then 2F8h. The port address order
corresponds to COM1 and COM2. See ports 2F8h and 3F8h
and memory locations 50h, 2Ch, 30h, 526h, and 47Ch.

408 Parallel Printer Adapter Port Addresses

Port addresses of up to four parallel printer adapters (cur-
rently, only three supported). If three adapters are present, the
first two bytes will contain BC 03 (3BCh monochrome /printer
adapter), then 78 03 (378h), and the next two, 78 02 (278h).
Any unused entries will contain zeros. The PCjr contains 378h
in the first entry if the parallel printer adapter is installed. The
port address order corresponds to LPT1, LPT2, LPT3. See
ports 278h, 378h, and 3BCh, and memory locations 3Ch, 5Ch,
BCh, and 478h.

410 Equipment Flags

These indicator flags are set by BIOS POST routines from
configuration switches obtained through ports 60-62h. The
PCjr sets these flags (to maintain compatibility) based on the
equipment installed rather than using configuration switches.
Use INT 11 to obtain this byte and the next (411h) in an up-
wardly compatible manner. See Chapter 1 for additional de-
tails. The configuration switches are used in the following
arrangement:
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Switch 1
Toggle XT PC1/PC2
1 POST loop Drives with 7-8
2 8087 Same
3-4 Memory on system board Same
5-6 Monitor type Same
7-8 Drives available Same
Switch 2
Toggle XT PC1/PC2
1-5 Not present Memory options
6-8 Not present Unused
bits 7-6 Number of disks present (if bit 0=1)
_00=1

01=2

10=3

11=4

bits 5-4 Initial video mode
00=None (or enhanced video adapter)
01=40X25 color (PCjr default)
10=80X25 color
11=80X25 monochrome

bits 3-2 System board RAM

XT/PC2 PC1 PCjr

00=64K 16K

01=128K 32K

10=192K 48K Entry level, 48K
11=256K 64K Enhanced, 64K

bit 1 Not used
bit 0 1=Disk drive installed

411 Equipment Flag 2

This flag byte is set by the BIOS POST routines when examin-
ing the system for adapter cards. INT 11 should be used to ob-
tain the contents of this byte in an upwardly compatible
manner.

bits 7-6 Number of parallel printers (see location 408h)

bit 5 PCjr only: 1=serial printer in use (see location 400h)
Unused by all PCs except PCjr

bit 4 1=Game adapter present (normally 1 on PCjr) (see port 200)

bits 3-1 Number of asynchronous adapters (see location 400h)
(normally 1 on PCjr)

bit0 PG onlﬁz 1=no DMA, 0=DMA on system (normally 1)
Unused by all PCs except PCjr
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412 PCjr: Count of Keyboard Transmission Errors
All PCs Except PCjr: Manufacturer Test Flags

413 Memory Size

Amount of memory available including system board and
expansion memory in I/O channel, not including display
memory. Expressed in terms of 1K blocks. Use INT 12 to ob-
tain this value in an upwardly compatible method. See Chap-
ter 1, ports 60-62h, and location 415h.

The PCjr includes only up to 112K (128K-16K for video),
no matter how much additional memory is added. The
PCJRMEM.COM device driver supplied with expansion mem-
ory alters this location to true total memory size or to memory
size minus selected RAM disk space.

415 Expansion Memory

PC1/2: Number of 1K blocks of memory expansion in I/O
channel, not including display memory.

PCjr: Number of 1K blocks of memory on system board and
expansion in I/O channel, but not display memory.

XT: Manufacturer test routines work area.

Keyboard Data

417 Keyboard Flag

This flag of the keyboard state is maintained by the INT 9
(and INT 48 in the PCjr) keyboard attention routines. It, and
location 418h, can be examined to determine the current Shift
and toggle key settings. Note that only location 417h (not
418h) is returned in response to using the provided keyboard
status function of INT 16, function 2. See Chapter 2 for addi-
tional information, related memory locations, and TRM
references. '

bit 7 Ins toggled

bit 6 Caps Lock toggled
bit 5 Num Lock toggled
bit 4 Scroll Lock toggled
bit 3 Alt pressed

bit 2 Ctrl pressed

bit 1 Left Shift pressed
bit 0 Right Shift pressed
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418 Keyboard Flag 1
See the description above of the first flag byte.
See location 485h for PCjr-only additional keyboard data.

bit 7 Ins pressed

bit 6 Caps Lock pressed

bit 5 Num Lock pressed

bit 4 Scroll Lock pressed

bit 3 Ctrl-Num Lock or Fn-Pause toggled

bit 2 PCjr: Keyboard clicker on

bit 1 PCjr: Alt-Ctrl-Caps Lock (clicker) toggled

419 Alt-Keypad Accumulator
Accumulator for Alt-keypad (or Alt-Fn-N Alt-numbers on
PCjr) ASCII character number entry. See Chapter 2.

41A Buffer Head
Pointer to the next character to be retrieved from the keyboard
circular buffer.

The first entry in the buffer is 41Eh, but it's not necessar-
ily the head of the buffer, as explained in Chapter 2. The con-
tents of these locations are actually not in the typical vector
format, but are a two-byte offset from 400h.

All PCs except PC1: See 480h for keyboard buffer
start/end pointers.

41C Buffer Tail
Pointer to the next unused entry in the circular keyboard
buffer.

The last entry in the buffer is 43Ch, but it’s not necessar-
ily the tail of the buffer, as explained in Chapter 2. The con-
tents of these locations are actually not in the typical vector
format, but are a two-byte offset from 400h. If 41C-41Dh is
the same as 41A-41Bh, then the buffer is empty. If 41A-41Bh
is two more than 41C-41Dh, then the buffer is full. The key-
board buffer can be cleared by setting Buffer Tail to the same
value as Buffer Head or using DOS function Ch.

All PCs except PC1: See 480h for keyboard buffer
start/end pointers.

41E Keyboard Buffer
Circular keyboard buffer containing 16 entries (15 usable),
each with the ASCII code/scan code or zero/extended scan
code of a keypress. See locations 41Ah, 41Ch, 480h, 417h,
and Chapter 2.
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Disk Data
See also INT E, 13, 1E; memory location 522h; and ports 3FOh
(or port FOh for the PCjr), 4, 21h, 40h, 41h, 60h.

43E Seek Status
Drive needs recalibration (the head retracted to track 0) if
drive number bit=0. Causes the next seek (positioning the
head to the proper cylinder) to be preceded by a recalibrate
operation. All set to zero with INT 13, function 0.

All PCs except PCjr: Bit 7=1 means INT E/IRQ 6 being
processed.
bit 3 drive D
bit 2 drive C
bit 1 drive B
bit 0 drive A

43F Motor Status

The bit corresponding to the subject drive is set to zero if the
drive motor is running. Bit 7 is set on if a write is currently be-
ing performed on any of the drives. See port F2h for the PCjr
watchdog timer that monitors the motor status.

bit 7 1=Write occurring

bit 3 drive D

bit 2 drive C

bit 1 drive B

bit 0 drive A

440 Motor Count
Used as a counter to insure that motor turnoff occurs two sec-
onds (default) after operation has completed.

441 Disk Status

Status of 1/O request as interpreted by INT 13 (or INT 40 on
an XT). If the carry flag is set on return from INT 13, AH con-
tains the contents of this byte. See also location 442h.

bit 7=Time-out from disk drive

bit 6=Seek failed

bit 5=Controller failure
bit 4=CRC error on read
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All PCs except PCjr: bit 3=DMA overrun

bit 2=Requested sector not found

bit 1=Write attempted to a protected disk
All PCs except PCjr: with bit 3=DMA 64K boundary crossed
Pcjr: with bit 0=Address mark not found

bit 0=Bad command given to disk controller

442 Controller Status/Hard Disk Command Block

This seven-byte area is used both as a storage area for status
information returned from the disk and hard disk controller
chip, and as a construction area for the command block to be
sent to the hard disk controller. See XT Technical Reference
manual, page 1-185, for the hard disk command block format
and A-92 for the routine that sets the block. See TRM, page
1-164, for the possible disk status codes returned. The PCjr
Technical Reference manual doesn’t document the possible sta-
tus bytes, so see A-79 for the routine that tests the results. The
hard disk status bytes are shown starting on TRM page 1-181.
See ports starting at 320h.

Video Data

See Chapter 4 for details of user and system usage. Also see
INT 10, 1D, 1F; memory locations 410h, 449h, B00OOOh,
B8000h; and ports 21h, 3BOh, 3DOh.

449 CRT Mode

ROM BIOS CRT mode value (as opposed to 6845 mode at
location 465h). Use INT 10, function 0 to change the current
video mode, and function Fh to request the current setting of
the video mode.

Contents Meaning Screen/Width

0 40X25 b/w text 0/40 burst off

1 40X25 16-color text 0/40 burst on

2 80X25 b/w text 0/80 burst off

3 80X25 16-color text 0/80 burst on

4 320X200 4-color graphics 1/40, 2/40, 4/40
5 320X200 b/w graphics 3/40

6 640X200 b/w graphics 1/80,2/80, 3/80, 4/80
7 All PCs except PCjr:

7 80X25 mono text any monochrome
8-A PCjr only:

160X200 16-color graphics 3/20
320X200 16-color graphics 5/40, 6/40
640200 4-color graphics 5/80, 6/80

> O
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44A CRT Columns '

Width of display screen in columns. INT 10, function Fh re-
turns the current number of video columns. Set with video
mode using INT 10, function 0.

14h = 20 column PCjr mode 8

28h = 40 columns
50h = 80 columns

44C CRT Buffer Length
Length of the video buffer for the current video mode page.
Set with video mode using INT 10, function 0.

Length Use Screen/Width Mode Pages in 16K
800h Color text 0/40 0 8
1000h  Color text 0/80 2/3 4
4000h  Color graphics 1,2/40,80 4/6 1
4000h  PCjr only 3/20,40,80 8/5/6 1
4000h  PCjr only 4/40,80 4/6 1
8000h  PCjr only 5,6/40,80 9/A half
4000h* Monochrome

(All PCs except PCjr) 0,1,2/40,80 7 1

*Should be 1000h

44E CRT Start

The offset of the starting byte of the active page (see location
462h) in the display buffer. Can be any multiple (including 0)
of CRT Buffer Length at location 44Ch. For example, the sec-
ond page of a mode 0 screen would be at offset 1000h since
the first page is at Oh. Set by implication with INT 10, func-
tion 5h, and determinable with function Fh.

450 Cursor Position
Cursor location for each of up to eight pages. Expressed in

two-byte column, row format for each page. Set and obtained
with INT 10, functions 2 and 3.

450-451h page 0
452-453h page 1
454-455h  page 2
456-457h  page 3
458-45%9h - page 4
45A-45Bh page 5
45C-45Dh page 6
45E-45Fh  page 7
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460 Cursor Mode

Current cursor mode setting. Set with INT 10, function 1. De-
faults would be expected to be 0706h (color) or 0COBh (mono-
chrome), but they are observed to be 6700h (regardless of
active monitor type in use) until set by user program.

460 Cursor end line
0Ch monochrome default
07h color default
461 Cursor start line
Bits 7-6 Unused
Bit5  Cursor displayed, 0=yes
Bits 4-0 Cursor start line
0Bh monochrome default
06h color default

462 Active Page

Which page in display memory is currently being shown,
based upon the CRT Buffer Length and CRT Start values. INT
10, function 5 can be used to select the displayed page; func-
tion Fh is used to determine the current selection.

463 Address of Active 6845
Active display adapter index register port address.

3B4h Monochrome
3D4h Color

465 CRT Mode Setting

Current setting of the active 6845 mode register (3B8h or
3D8h) or the PCjr Video Gate Array, register 0. See also loca-
tion 449h. For the PCjr, see also port 61h, bit 2 for alpha/
graphics steering. INT 10, function 0 can be used to set the
video mode; function Fh is available to determine the current
setting.

bits 7-6 unused bit: 543210

bit 5 background intensity 101100 40X25 b/w
becomes blink attribute 101000 40X25 16-color

bit 4 640X200 dimensions 101101 80X25 b/w

bit 3 enable video signal 101001 80X25 16-color

bit 2 select b/w mode 01110 320X200 b/w

bit 1 select graphics mode 01010 320200 4-color

bit 0 80X25 text mode 11110  640X200 b/w
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449h Screen Screen/ 465h 44Ch  462h
Characteristics Width/Burst PC PCjr Length Pages
0 40X25 b/w text 0/40/off 2Ch Ch 800h* 8
1 40X25 16-col text 0/40/on 28h 8h 800h* 8
2 80X25 b/w text 0/80/off 2Dh Dh 1000h* 4
3 80X25 16-col text 0/80/on 29h 9h 1000h* 4
4 320200 4-col graphics 1,2,3,4/40/on 2Ah Ah 4000h* 1
5 320200 b/w graphics 1,2,3,4/40/0ff 2Eh Eh 4000h* 1
6 640X200 b/w graphics 1,2,3,4/80/0ff 1Eh Eh 4000h* 1
7 PCjr 80X25 monochrome text any/any/any 2%h n/a i 1
8 PCjr 160X200 16-col graphics 3/20/on n/a 1Ah  4000h*
9 PCjr 320200 16-col graphics 5,6/40/on n/a 1Bh  8000h* ¢
A PCjr 640200 4-col graphics 5,6/80/on n/a Bh 8000h* 1

*The PCjr may have up to eight display buffers of 16K, each segmented into screen pages of the
appropriate length.

tRequires PCjr 64K display/memory enhancement.

$Contains 4000h in error, should be 1000h.

n/a Not applicable.

466 CRT Palette
Current palette mask setting from port 3D%h (not on PCjr).
Because of the significant differences in the method used to
select colors on the PCjr from the PC, you should use INT 10,
function Bh to select the color palette to maintain upward
compatibility.
Text Modes

bits 7-5 unused

bit 4 intensity of background
bits 3-0 screen/border IRGB

Graphics Modes
bits 7-6 unused
bit 5 (0=green, red, and brown palette
1=cyan, magenta, and white palette
See third palette capabilities in Chapter 4.
bit 4 unused
bits 3-0 IRGB of background

Default Contents
3Fh 640X200 b/w
30h every other mode
00h PCjr

Cassette Data
Cassette supported in PC1/2 and PCjr only. The next three
entries therefore do not apply to the XT.
Used for POST routine work areas in the XT. See also
INT 15 and ports 42h, 62h.
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467 Edge Time Count
Amount of time spent at last data transition.

469 CRC Register
Work register for 256-byte data block CRC calculation and
comparison.

46B Last Input Value
Last half-bit input value. A cassette bit is made up of two 250-
microsecond halves.

Miscellaneous Data
46C Timer
A four-byte timer value, incremented by INT 8/IRQ 0. Left-to-
right significance. See also INT 1A, which can set or get this
value, INT 1C, DOS functions 2C-2Dh, and ports 21h bit 0,
and 60h. For many purposes, the low-order byte can be used
as a random number.

470 Timer Overflow
If nonzero, then the above timer has rolled over (24 hours
have elapsed) since the last read.

471 BIOS Break
Bit 7=1 if Break key has ever been pressed.

472 Reset Flag

A value of 1234h, if Ctrl-Alt-Del detected by INT 9. POST

and memory testing are skipped if 34h is found here. See

Chapter 1 for a description of the system boot process.
PCjr only: Always 1234h so that cartridge

removal/insertion won’t cause POST routine execution.

474-4EF PC1/2 Unused Area
- An unused area in the PC.

474 PCjr Disk Track Last Accessed

Four bytes used to note the number of the last track accessed
on each of four possible drives. If the last track was zero, a
seek need not be preceded by a recalibration.

474 XT Hard Disk Status

BIOS interpretation of hard disk controller status bytes. INT
13, function 1 obtains this byte for examination and zeros it.
See TRM, page A-85, for contents meaning.
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475 XT Hard Disk File Number
Number of hard disks found on system, including expansion
unit. May contain a maximum of two.

476 XT Hard Disk Control Byte

Temporary holding area for hard disk control byte from sixth
parameter table entry. See INT 13, location 104h, and TRM,
page 1-186.

477 XT Hard Disk Port Offset
Which port relative to 320h is being accessed by INT 13.

478 Parallel Printer Time-out Values

All PCs except PC1: Four 0-255 second time-out values for
parallel printers. Each set by the POST routines to 14h (20
seconds). This value explains why it takes so long for a BASIC
program to determine that a parallel printer is not online.

47C RS-232 Time-out Values

All PCs except PC1: Four 0-255 second time-out values for
RS-232 serial devices. Each set by the POST routines to 1
second.

480 Keyboard Buffer Start
All PCs except PC1: Offset from 400h where the circular key-
board buffer begins. Defaults to 1Eh. See location 41Ah.

482 Keyboard Buffer End .
All PCs except PC1: Offset from 400h where the circular key-
board buffer ends. Defaults to 3Eh. See location 41Ch.

484-48F Unused Area in XT

484 PCijr Interrupt Flag
Flag used to indicate that a timer channel 0 interrupt occurred
as expected in POST routines.

485 PCjr Current Character
Character to be repeated by typamatic keyboard function. See
Chapter 2.

486 PCjr Variable Delay
Countdown of delay before typamatic key repeat. INT 16,

function 3 can be used to indirectly adjust this value. See
Chapter 2.
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487 PCijr Current Function

Used by INT 48 as a flag to determine when the Fn key has
been released so that multiple functions can be requested
while the function key is held down.

488 PCjr Keyboard Flag 2

Third keyboard flag for the PCjr, used for the Fn key and
repeating keys. See locations 417h and 418h, as well as details
in Chapter 2. Not obtainable with provided interrupts.

bit 7 1=Fn currently pressed

bit 6 1=Fn key released

bit 5 1=Fn key seen, green labeled key next

bit 4 1=Fn key locked on

bit 3 1=Typamatic off

bit 2 1=Typamatic at half rate

bit 1 1=Typamatic delay is increased

bit 0 1=Typamatic delay elapsed, put out character

489 PCjr Horizontal Position of Screen

Current value of 6845 register 2 (horizontal synch) adjustable
by five either way with Ctrl-Alt-cursor keys to center the
screen. See Chapters 2 and 4, and port 3D5h.

48A PCjr CRT/CPU Page Register Image

Image of data in CRT/CPU page register. Specifies the mem-
ory pages being accessed by the 8088 processor and displayed
on the monitor screen. See Chapter 4 and port 3DFh. The de-
fault contents for a 128K PCjr is 3Fh which causes 16K at
1C000h to be used by the processor as well as the display.

490-4EF Reserved for System Usage
Normally contains zeros.

4F0-4FF Reserved for User Interprocess Communications

Locations: 500—-6FFh

512 bytes for DOS Data Areas

The following 512 bytes in the memory map (except for a few
notable exceptions) are dynamically used by DOS and, in a
few areas, by BASIC. The level of DOS and BASIC that is em-
ployed determines the exact manner in which these bytes are
used, and there appear to be vast areas that are completely
unused except by POST and diagnostic routines.
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500-700 Disk Directory Buffer for Boot Process
The use of this area to contain the disk directory for the boot
process explains the residual garbage left here.

500 Print Screen Status
Used by INT 5 to suppress a PrtSc request while processing a
previous PrtSc request.

0=not active or successful
1=in progress
FFh=error

501-503 PCijr POST and Diagnostics Data Areas

504 Single Disk Drive Logical Drive
Indicator used by DOS to track the current logical disk drive
being used on a single drive system.

0=drive A
1=drive B
505-50E PCjr POST and Diagnostics Data Areas

50F BASIC SHELL Flag
Set to 2 as a flag. Prevents another BASIC from being exe-
cuted from the BASIC SHELL command. See Chapter 1.

510-511 BASIC Data Segment Storage

Contains the segment number of the beginning of the BASIC
64K workspace. Add 1000h (64K/16-byte segments) to find
the end of the workspace. Multiply by 10h for absolute mem-
ory address. See Chapter 1 for BASIC data segment memory
map.

512-515 BASIC Timer Interrupt Vector
BASIC's save area for the INT 1C vector.

516-519 BASIC Break Interrupt Vector
BASIC's save area for the INT 23 vector.

51A-51D BASIC Fatal Error Interrupt Vector
BASIC’s save area for the INT 24 vector.

51E-51F BASIC Dynamic Use
520-521 DOS Dynamic Use

246



Memory Map

522-52C Disk Parameter Table

Pointed to by INT 1E, this is a table of disk characteristics
copied from ROM BIOS and modified constantly to self-adjust
the disk drive. The following table shows the location, typical
adjusted value, and meaning of the parameter table entries.

Location Value Meaning
522 bits 7-4 DO Step rate time in 2 ms increments
bits 3-0  OF Head unload time in 32 ms increments
523 bits 7-1 02 Head load time in 4 ms increments
bit 0 01 1=non-DMA (used on PCjr)
524 25 Wait time before motor shutoff
525 02 Bytes per sector/256
526 09 Sectors per track
527 2A Gap length between sectors
528 FF Data length
529 50 Formatted gap length
52A F6 Format fill byte
52B OF Head settle time in millisecond increments
52C 02 Motor start time in 1/8 second increments

52D-6FF DOS Unknown Use

Filling this area with zeros using DEBUG does not appear to
have any disastrous consequences, nor do the zeros appear to
be overlaid later.

Locations: 700-9FFFF
653,567 Bytes for Programs and Data Areas
See Chapter 1 for details of the partitioning of this area.

700-E2F IBMBIOS.COM in DOS 2.10

E30-4DB8 I1BMDOS.COM in DOS 2.10

Memory storage block chain anchors (see Chapter 1):
EBC PC DOS 2.0 memory chain base

F28 PC DOS 2.1 memory chain base

F3C XT DOS 2.0 memory chain base

F98 PCjr DOS 2.1 memory chain base

FA8 XT DOS 2.1 memory chain base
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4DB9-53EF Standard Device Drivers, Buffers, and File
Control Entries In DOS 2.10

The size of this area will be changed when specifying values
other than the defaults in CONFIG.SYS. The offsets of the
following areas of memory will be correspondingly different
from those shown.

53F0-5FCF Resident COMMAND.COM in DOS 2.10

gF%O—GO?F Default-Size Master Environment Area in DOS
.1

6080-60AF Environment Area for Next Application Program
in DOS 2.10

60B0-9FFFF Application Program Area
7C00 512-Byte Boot Sector Location

Locations: AOOOO-BFFFF

128K for Video Buffers
See Chapter 4 for details of the use of this area.

A0000-AFFFF Reserved for Future Video
All PCs except PCjr: Enhanced video adapters use this area.

B0000-BOFFF Monochrome Display Memory

All PCs except PCjr: 1000h 4096 bytes in length.

Pcjr: References to this area of memory are rerouted by the
PCjr VGA, based upon the CRT/CPU register (see location
48Ah).

B1000-B7FFF Reserved for Future Video
All PCs except PCjr.

B8000-BBFFF Color Display Memory

All PCs except PCjr: 4000h 16384 bytes in length.

PCjr: References to this area of memory are rerouted by the
PCjr VGA, based upon the CRT/CPU register (see location
48Ah.)

BCO000-BFFFF Reserved for Future Video
All PCs except PCjr.
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Locations: COO00-EFFFF
192K for Future ROM, PCjr Cartridges

See Chapter 1 for details on the partitioning of this area, car-
tridge fundamentals, and expansion ROM details.

An interrupt vector/function that references a routine in
the following memory map entries is indicated after the
description of the routine by the interrupt number and then
any associated function number.

C0000-C7FFF Reserved for future expansion ROM, PCjr cartridge

C8000 Hard disk BIOS through C87BB; XT only

C8005 Copyright; XT only

C8003 Initialization: Replace INT 13, 19, 40, 41 diagnostics
for all drives; XT only '

C8142 Diagnostics error handler; XT only

C8186 Bootstrap loader; XT only; 19

C8201 Disk parameter table; XT only; 1E

C820C Exit housekeeping; XT only

C8256 Hard disk functions, high level; XT only; 13

C829C Function table; XT only

C82CC Port select, low level; XT only

C82EA Hard disk functions, midlevel; XT only

C8337 Reset function; XT only; 13/00

C834D Status function; XT only; 13/01

C8356 Read function; XT only; 13/02

C8360 Write function; XT only; 13/03

C836A Verify function; XT only; 13/04

C8372 Format track function; XT only; 13/05

C8379 Format bad track function; XT only; 13/06

C8380 Format drive function; XT only; 13/07

C8390 Fetch parameter table byte; XT only; 13/08

C83E7 Parameter table for four drives; XT only; 41

C8427 Initialize drive pair function, high level; XT only;
13/09

C8444 Initialize drive, midlevel; XT only

C84C2 Initialize drive, low level; XT only

C84CF Read long function; XT only; 13/0A

C84DD Write long function; XT only; 13/0B

C84F2 Seek function; XT only; 13/0C

C84F9 Read sector buffer function; XT only; 13/0E

C8507 Write sector buffer function; XT only; 13/0F

C8515 Test drive ready function; XT only; 13/10

C851C Recalibrate function; XT only; 13/11

C8523 Controller RAM diagnostics; XT only; 13/12

C852A Drive diagnostics; XT only; 13/13
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C8531 Controller internal diagnostics; XT only; 13/14

C8536 DMA setup, high level; XT only

C8562 Command block output to controller; XT only

C859C Interpret sense bytes returned from controller; XT
onl

C861A Badycontroller, seek, or time-out; XT only

C8627 Bad address mark, ECC, or track; XT only

C866A Bad command or address mark; XT only

C8677 Bad controller or ECC; XT only

C869F DMA setup, low level; XT only

C8708 Wait for hard disk attention interrupt; XT only

C8771 Port select, high level; XT only

C878D Find parameter table offset for drive; XT only

C87B3 ROM release date, eight bytes; XT only

D0000-D7FFF Reserved for future expansion ROM, PCjr cartridge

D8000-DFFFF Reserved for future expansion ROM, PCjr cartridge

EQ000-E7FFF Reserved for future expansion ROM, PCjr cartridge

E8000-EFFFF Reserved for future expansion ROM, PCjr BASIC
cartridge

Locations: FOO00-FFFFF

64K for ROM BIOS, Diagnostics, Cassette BASIC
An interrupt vector/function (if any) that references a routine
in the following memory map entries is indicated after the
description of the routine by the interrupt number and then
any associated function number.

F0000 ROM BIOS starts; PCjr only

F0000 ROM part number, eight characters, another at FE000;
PCjr only

F0008 Copyright; PCjr only

F001B Temporary return pointers; PCjr only

F0030 POST messages; PCjr only

F0043 Disable NMI, VGA, sound, cassette motor; PCjr only

F006D 8088 test; PCjr only

FOOCA 8255 test and initialize; PCjr only

F0103 6845/VGA initialize; PCjr only

F0134 ROM BIOS/BASIC test; PCjr only

F015F RAM test 0-2K and just below end (for video buffer);
PCjr only

FO1EB INT 0-1F initialize; PCjr only

F0250 Configuration switch simulation; PCjr only

F0260 8259 initialize and test; PCjr only

F02A0 8253 timer test; PCjr only

FO3B7 CRT initialize and test, put logo; PCjr only
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F04CC Keyboard buffer parameters initialize; PCjr only
F0503 Memory size, test or clear; PCjr only

FO5BC Memory K tested message to screen; PCjr only
F0640 Keyboard test; PCjr only

F0678 IR link test; PCjr only

F0703 Cassette port test; PCjr only

F0785 8250 serial printer test; PCjr only

F0796 8250 internal modem test; PCjr only

FO7AD Set up hardware interrupt table; PCjr only

FO7E0 Cartridge scan between C0000-F0000h; PCjr only
F0806 Disk control chip/watchdog timer test; PCjr only
FOS8E0 Printer/RS-232 base setup; PCjr only

F098C Burn-in loop check; PCjr only

FO9AD Warm start INT 19 or cold start diagnostics; PCjr only
F09BC POST error handler; PCjr only

FOA61 Manufacturer test routine; PCjr only

FOAC4 8250 initialization; PCjr only

FOAF8 8250 test; PCjr only

FOB1B Bootstrap loader; PCjr only; 19

FOB59 Initialize or test memory; PCjr only

FOC21 Put logo on screen; PCjr only

FODOB Video 1/0; PCjr only; 10

FODAS5 Set mode; PCjr only; 10/00

FOF78 Keyboard read and deserialize NMI routine; PCjr only; 02
F1069 INT 48 tables; PCjr only

F109D INT 49 nonkeyboard scan code table; PCjr only; 49
F10C6 PCjr-to-PC scan code conversion, calls INT 9; PCjr only; 48
F11CB Break key test; PCjr only

F131E Typamatic key handler; PCjr only

F1393 Get/set time-of-day and audio source; PCjr only; 1A
F13DD Keyboard 1/O; PCjr only; 16

F146C Scan codes; PCjr only

F1561 Keyboard interrupt routine (called by INT 48); PCjr only; 09
F1749 Break key test; PCjr only

F188D Manufacturer tick via INT 1C; PCjr only

F18A9 Display ASCII code; PCjr only

F18C3 Handle no-printer condition; PCjr only

F1937 Temporary INT 9, test for Esc or Ctrl-Esc; PCjr only
F1992 Write TTY; PCjr only; 10/0E

F1A0C Sound error beep; PCjr only

F2000 Keyboard adventure program; PCjr only

F6000 Cassette BASIC; 18

FE000 ROM part number, eight characters

FE008 Copyright

FEO1B Set up permanent INT 9; PCjr only

FE021 Load manufacturer test routine; XT only
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FE035 Keyboard error beeps; PCjr only

FEO05B Test 8088; all PCs except PCjr

FEOSE PEL maps for graphics characters 128-255; PCjr only; 1F

FEOAE 8255 initialize; all PCs except PCjr

FEOC3 Call for ROM checksum; XT only

FEOD3 Disable DMA; PC2 only

FEOD9 Disable DMA; XT only

FEOD7 Check timer channel 0; PC2 only

FEOE1 Check timer channel 0; XT only

FE10A Test and initialize DMA for memory refresh; PC2 only

FE112 Test and initialize DMA for memory refresh; XT only

FE14B Determine memory size and check memory in first 32K;
PC2 only

FE165 Determine memory size and check memory in first 32K;
XT only

FE1B4 Initialize 8259; PC2 only

FE1C4 Load manufacturer test routine; PC2 only

FE1CE Initialize 8259; XT only

FE1DE Set first 32 interrupts to temporary routine; XT only

FE1F7 Set first 32 interrupts to temporary routine; PC2 only

FE202 Save configuration switches in equipment flag; XT only

FE217 8259 test; XT only

FE242 Test and initialize 6845; XT only

FE2AD Test and initialize 6845; PC2 only

FE2C3 Jump to FF85F NMI parity error routine; XT only; 02

FE2F3 8253 test, setup; PC2 only

FE329 8259 test; XT only

FE35D 8253 test, setup; XT only

FE382 Check expansion box; PC2 only

FE3A2 Test keyboard; XT only

FE3DE Setup INT 0-15; XT only

FE43B Test keyboard; PC2 only

FE418 Check expansion box; XT only

FE45E Set cursor type; PCjr only; 10/01

FE46A Test memory above 32K; XT only

FE483 Cassette test; PC2 only

FE488 Set cursor position; PCjr only; 10/02

FE4B3 Set video page; PCjr only; 10/05

FE4BC Check ROM C8000-F4000h; PC2 only

FE4DB Read/set CRT/CPU register; PCjr only; 10/05

FE4DC Check BASIC ROM; PC2 only

FE4F1 Check disk; PC2 only

FE518 Check for ROM in C8000-F4000h; XT only

FE52D Read cursor position; PCjr only; 10/03

FE53B Check BASIC ROM; XT only

FE53C Set up printer and RS-232 base addresses; PC2 only
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FE543 Set colors; PCjr only; 10/0B

FE551 Check disk; XT only

FE597 Set up printer and RS-232 base addresses; XT only

FE5B1 Read video status; PCjr only; 10/0F

FE5BC Enable NMI interrupts; PC2 only

FE5C2 Calculate display buffer address of character; PCjr only

FE5CD Branch to bootstrap loader; PC2 only; 19

FE5CF Error beep; PC2 only

FE5D3 Scroll up; PCjr only; 10/06

FE603 Beep; PC2 only

FE625 Convert and print ASCII; PC2 only

FE63F Scroll down; PCjr only; 10/07

FE643 Reset the keyboard; PC2 only

FE65F Enable NMI interrupts; XT only

FE66D Branch to bootstrap loader; XT only; 19

FE66F Subroutine to test RAM; XT only

FE675 Read 245 bytes in 512 bytes; PCjr only

FE684 Perform checksum and initialization of ROM modules;
PC2 only

FE685 Set VGA palette registers; PCjr only; 10/10

FE6CB Print ROM checksum error message; XT only

FE6D8 Set manufacturer checkpoint; PCjr only

FE6E4 Bootstrap loader; PC2 only

FE6F2 Bootstrap loader; XT only

FE6F2 Redirection to bootstrap loader FOB1B; PCjr only; 19

FE6F5 8259 test conditions setup; PCjr only

FE706 8259 interrupt check; PCjr only

FE719 8250 interrupt clear; PCjr only

FE739 RS-2321/0; 14

FE809 Print ROM checksum error message; PC2 only

FE81A Read timer 1; PCjr only

FE82E Keyboard 1/0; 16

FE831 Test 8250; PCjr only

FE87E Keyboard tables; all PCs except PCjr

FE987 Keyboard attention routine; all PCs except PCjr; 09

FE98A Disk control chip test; PCjr only

FE9B4 Fetch values from disk parameter table; PCjr only

FE9E1 Set buffer for read/write/verify; PCjr only

FE9FB Seek track, optionally recalibrate; PCjr only

FEAGF Disk control chip attention handler; PCjr only

FEAAO Read disk control chip interrupt information; PCjr only

FEAE1 Calculate sectors transferred; PCjr only _

FEAFC Disable all 8259 interrupts except watchdog (INT 6);
PCjr only

FEB09 Ctrl-Break test; all PCs except PCjr

FEBOB Enable all interrupts; PCjr only
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FEB31
FEB45
FEB51
FEC59

Wait for clock update on 8253; PCjr only
Set drive bit mask for INT 13; PCjr only
Check ROM C0000-F0000h; PCjr only
Disk I/0; 13

FED4A Perform verify of disk I/O; all PCs except PCjr

FEE41
FEE6B

Disk control chip-output; all PCs except PCjr
Fetch values from disk parameter table; all PCs except PCjr

FEE7D Disk seek; all PCs except PCjr.
FEEC8 DMA setup for disk operation; all PCs except PCjr

FEF12
FEF33
FEF57
FEF69
FEFB8
FEFC7

Handle disk attention; all PCs except PCjr

Wait for disk attention to occur; all PCs except PCjr

Disk attention handler; OE

Read disk control chip; all PCs except PCjr

Disk parameter table moved to 522h; see INT 1E; PCjr only
Disk parameter table moved to 522h; see INT 1E; all PCs
except PCjr

FEFD2 Printer I/0

FF045
FF068

FF085
FF0A4
FFOE4
FFOFC
FF113
FF12C
FF146

Video I/0; all PCs except PCjr

Save keyboard scan code during POST; save any keypresses
during power-on sequence; PCjr only

Set 8250 parms; PCjr only

Mode parameter tables; 1D

Read attribute and character at cursor; PCjr only; 10/08

Set mode; all PCs except PCjr

Write attribute and character at cursor; PCjr only; 10/09
Write character at cursor; PCjr only; 10/0A

Read dot at cursor; PCjr only; 10/0D

FF1CD Set cursor type; all PCs except PCjr; 01

FF1D9
FF1EE
FF217
FF239
FF24E
FF259
FF274
FF285

FF296
FF305
FF338
FF374

FF3B9

FF3EC
FF3F1
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Write dot at cursor; PCjr only; 10/0C

Set cursor position; all PCs except PCjr

Set video page; all PCs except PCjr

Read cursor position; all PCs except PCjr

Set colors; all PCs except PCjr

Graphics scroll up; PCjr only; 10/06

Read video state; all PCs except PCjr; 10/0F

Calculate display buffer address of character; all PCs except
PCjr

Scroll up; all PCs except PCjr; 10/06

Graphics scroll down; PCjr only; 10/07

Scroll down; all PCs except PCjr; 10/07

Read attribute and character at cursor; all PCs except PCjr;
10/08

Write attribute and character at cursor; all PCs except PCjr;
10/09

Write character at cursor; all PCs except PCjr; 10/0A
Write graphics character; PCjr only ’
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FF41E Read dot; all PCs except PCjr; 10/0D

FF42F Write dot; all PCs except PCjr; 10/0C

FF452 Calculate buffer location for dot; all PCs except PCjr

FF495 Graphics scroll up; all PCs except PCjr; 10/06

FF4EE Graphics scroll down; all PCs except PCjr; 10/07

FF531 Read graphics character; PCjr only

FF578 Graphics write character; all PCs except PCjr

FF629 Graphics read character; all PCs except PCjr

FF659 Expand medium color; PCjr only

FF67E Expand byte; PCjr only

FF6A0 Expand nybble; PCjr only

FF6AE Expand medium color; all PCs except PCjr

FF6C3 Expand byte; all PCs except PCjr

FF6C3 Read medium byte; PCjr only

FF6E5 Read medium byte; all PCs except PCjr

FF6FC Read medium byte; PCjr only

FF702 Calculate medium cursor position in display buffer; all PCs
except PCjr

FF718 Write TTY; all PCs except PCjr; 10/0E

FF729 Calculate medium cursor position in display buffer;
PCjr only

FF746 Read light pen; PCjr only

FF794 Read light pen; all PCs except PCjr; 10/04

FF815 Dummy interrupt intercept for unused INT vectors like 180h;
PCjr only

FF83C IRET instruction for unused INT vectors; PCjr only

FF841 Memory size service; 12

FF84D Equipment determination; 11

FF859 Cassette dummy routine; XT only; 15

FF859 Cassette I/O; all PCs except XT; 15

FF85F NMI interrupt routine, parity check; XT only

FF8F2 ROM checksum subroutine; XT only

FFS8FF POST error messages; XT only

FF93C Blink LED for manufacturer tests; XT only

FF953 Checksum optional ROM and initialize; XT only

FF98B Convert and print ASCII; XT only

FF9A9 Print message on screen; XT only

FF9D8 Error beep; XT only

FFA08 Beep; XT only

FFA2A Reset the keyboard; XT only

FFASF Carriage return/linefeed to printer; PCjr only

FFAGE PEL maps for graphics characters 0-127; all PCs except PCjr

FFAG6E PEL maps for graphics characters 0-127; PCjr only; 44

FFE6E Time-of-day read/set; all PCs except PCjr; 1A

FFE71 Checksum optional ROM and initialize; PCjr only

FFE9A Read 8250 register; PCjr only
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FFEAS5 8253 interrupt handler, timer tick
FFEEB Checksum ROM; PCjr only
FFEF3 INT 8-1F vector table
FFF23 Error messages; PC2 only
FFF23 Temporary interrupt service routine; XT only
FFF23 Print message on screen; PCjr only
FFF31 Sound beeper; PCjr only
FFF47 Temporary interrupt service routine; PC2 only
FFF54 Screen print; 05
FFFCB Set Cassette BASIC vector, then call via INT 18; PCjr only
FFFCB Carriage return/linefeed to printer; PC2 only
FFFDA Error messages; PC2 only
FFFDA Print segment as 20-bit address; XT only
FFFEO Initialize timer; PCjr only
FFFF0 Power-on reset jump vector
FFFF5 ROM release date, eight characters
FFFFE Model values
FF=PC, early XT
FE=XT
FD=]r
FC=AT
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Using the same address and data lines as main memory, the
I/O port address space is segregated from main memory only
by the presence of a signal on a control line.

The architecture of the 8088 allows an I/O port address
space size of 1024, 400h, bytes (1K) since only ten bits are
used to derive the address of the port. The ports in this ad-
dress space are accessed by using special IN and OUT assem-
bler instructions (INP and OUT in BASIC programs, and I and
O in DEBUG).

The Technical Reference manual discusses ports for each
feature in the section devoted to that feature. Reading the
BIOS listing provides additional information about port usage.
This Appendix is the culmination of all the available infor-
mation about port usage, presented in port number order for
ease of reference.

The PC implementation of the ports segregates them into
several usage groups: system board use only, system board
and I/O channel use (output only), and I/O channel use only.

These I/O ports cannot uniformly be used for both input
and output purposes. Some device ports are used for different
types of data in a flip-flop manner. Other ports are used for
different purposes depending on the current contents of a sec-
ond port. The expected contents of a port as well as the I/O
directions supported are determined solely by the device con-
nected to the port.

Figure B-1 summarizes the I/O port address space. Those
areas that are not used or reserved could be used by future
IBM products or another vendor’s equipment.
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Figure B-1. 1/O Ports Map

1/0 Ports 000h Through OFFh—System Board Use

Oh 1h 2h 3h 4h Sh 6h 7h 8h 9h Ah Bh Ch Dh Eh Fh
000h " DMA 8237-A

+

010h IMFG

N + — M + + + —— 4+ +

|
|

020h INT 8259

+ + + + + " + + + + +

+ +

030h

" 3 + . + . + + . : : e

040h TIMER 8253-5

050h

+ " + + + ’ 3 + + . + 4 +
t t + t + + +

060h l"PI 82lSSA-5'

070h

080h DI;/IA Pa'ge Re;gs

+ + + + + +

090h

0AOh S NMI Mask Register

0BOh

+ + + + + —

ocoh | @ | @

+

4+ +

0DOh

M M N + + + + e N N + + N N .

OEOh

+ + + PR -+ + N " + + 4 +
+ + t + + + + +— + + ot

0FOh PCJR Disk

Oh 1Th 2h 3h 4h 5h 6h 7h 8 9h Ah Bh Ch Dh Eh Fh

(1) = PCjr sound chip
(2) = Non-PCjr DMA channel 3 connection selection

I/0O Ports 100h Through 1FFh—System Board and 1/O Channel Use
*** Restricted to Output-Only Use, Unused in PC ***
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200h
210h
220h
230h
240h
250h
260h
270h
280h
290h
2A0h
2B0h
2COh
2D0h
2EOh
2F0h

300h
310h
320h
330h
340h
350h
"360h
370h
380h
390h
3A0h
3B0h
3C0h
3D0h
3EOh
3F0h

Oh

1h

2h

1/0 Ports 200h Through 3FFh—I1/0 Channel Use
4h S5h 6h 7h 8h 9h Ah Bh

3h

+

Ch

Dh  Eh

Fh

+ +

Expansion Unit

Game Control

+

+

—t- +

Reserved

3rd Paralie] l’ri;lter

3270 PC

+ + + + +

Reserved

Asynch Communications 2

Oh

1h

2h

3h

4h | S5h } 6h | 7h | 8h | 9h | Ah | Bh

Ch

Dh | Eh

Prototype Card

Prototype Card

Hard Disk

XT/370

+ 3 + '

+ + - + + PR

2nd Parallel Pnnter i

+ +

) SDL.C or 2nd Bisynch 'Communica'tions

+

+ - +
+ + +

lst Blsynch Commumcahons

+ + + -

Monochrome Dnsplay and lst Paral]el Pnnter

Reserved

PRt

Color/Graphxcs Dnsplay

Reserved

Disk

Asynch Communications 1

"

Oh

1h

2h

3h

4h 5h 6h 7h 8 9h Ah Bh Ch Dh Eh

Fh
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000-OFF for System Board Only
Not for I/O Channel

8237A-5 Direct Memory Access (DMA) Controller

The 8237 provides four independent channels for fast data
transfer of up to 64K between devices and memory, or mem-
ory to memory (using two channels). Memory-to-memory

. transfer is not supported on the PC.

The DMA controller accomplishes data movement using
one-sixth of the clock cycles needed by the 8088. The Tech-
nical Reference manual does not document the inner workings
of the 8237, or contain instructions for its use, as it is not nor-
mally accessible from user programs, and its correct operation
is crucial to system activities. See the XT Technical Reference
manual, page A-8 and A-41, for setup information. See INTEL
Microprocessor and Peripheral Handbook, page 2-88, for
specifications.

Channel 0 has the highest priority for operation, with
channel 3 having the lowest priority. DMA channels 1-3 are
present on the I/O bus to the expansion slots. The read-cycle
created by channel 0 is also present on the I/O bus.

000 Channel 0 Address Register

All PCs except PCjr: Used for memory refresh by read of one
byte in 64K every 15 microseconds, then automatically
reinitialized to do it all again, over and over. See port 83.
Write expects start address offset LSB, then MSB. Write auto-
matically sets current address. Read returns current address
offset LSB, then MSB. The base address cannot be obtained
from this register.

001 Channel 0 Word Count

All PCs except PCjr: Set to FFFFh=64K for memory refresh
purposes. Write expects start count LSB, then MSB. Write
automatically sets the current count. Operation progresses un-
til the current count reaches zero. Read returns start count
LSB, then MSB. The base count cannot be obtained from this
register.

002 Channel 1 Address Register

All PCs except PCjr: Not used; memory-to-memory transfer
precluded on PC. See port 83 which is shared with channel 0.
Target address for memory-to-memory operations.
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003 Channel 1 Word Count
All PCs except PCjr: Not used; memory-to-memory transfer
precluded on PC.

004 Channel 2 Address Register
All PCs except PCjr: Used for floppy disk data transfer; see
port 81. Read/write data and sequences same as channel 0.

005 Channel 2 Word Count
All PCs except PCjr: Read/write data and sequences same as
channel 0.

006 Channel 3 Address Register
All PCs except PCjr: Used for hard disk data transfer; see port
82 and C2. Read/write data and sequences same as channel 0.

007 Channel 3 Word Count
All PCs except PCjr: Read/write data and sequences same as
channel 0.

008 Status/Command Register
All PCs except PCjr: Read returns status, write sets command.
Status register bits:

bit 7 channel 3 request pending
bit 6 channel 2 request pending
bit 5 channel 1 request pending
bit 4 channel 0 request pending
bit 3 channel 3 ended
bit 2 channel 2 ended
bit 1 channel 1 ended
bit 0 channel 0 ended

Command register bits, initialized to 00

bit 7 0=DACK sense active low

bit 6 0=DREQ sense active high

bit 5 0=select late write (do not change)

bit 4 0=fixed priority (do not change)

bit 3 0=normal timing (do not change)

bit 2 0=controller enabled

bit 1 unused on PC, should be zero

bit 0 0=memory to memory disabled, unused on PC, should be
zero
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009 Request Register
All PCs except PCjr: Provided to generate DMA block mode
request by software. Unused on PC.

bits 7-3 not used

bit 2 1=set request bit
O=reset request bit

bits 1-0 00=channel 0
01=channel 1
10=channel 2
11=channel 3

00A Mask Register
All PCs except PCjr: Selects DMA channel masks to enable or
disable the channel.

bits 7-3 not used
bit 2  1=set mask bit (disable), 0=clear mask bit (enable)
bits 1-0 00=channel 0

01=channel 1

10=channel 2

11=channel 3

00B Mode Register
All PCs except PCjr: PC uses “single” mode for all channels.
Initialization values: channel 0=>58h, 1=41h, 2=42h, 3=43h.

bits 7-6 00=demand mode
01=single mode
10=Dblock mode
11=cascade mode

bit 5 0=address increment
1=address decrement

bit 4 1=automatic reinitialize

bits 3-2 00=verify
01 =write
10=read

bits 1-0 00=channel 0
01=channel 1
10=channel 2
11=channel 3

00C Clear LSB/MSB Flip-Flop
All PCs except PCjr: Write to here to reset to LSB first, then
MSB. ‘
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00D Master Clear/Temporary Register

All PCs except PCjr: A write to this port causes all DMA activ-
ity to cease and an internal reset to be done; initialization will
be needed. The readable temporary register is not used on the
PC since it is used only in memory-to-memory operations.

00E Clear Mask Register
All PCs except PCjr: A write to this port enables all DMA
channels for interrupts.

O0OF Multiple Mask Register
All PCs except PCjr: A write sets all mask register bits.

bits 7-4 not used

bit 3 1=set channel 3 mask bit, 0=clear
bit 2 1=set channel 2 mask bit, 0=clear
bit 1 1=set channel 1 mask bit, 0=clear
bit 0 1=set channel 0 mask bit, 0=clear

Manufacturer Test Monitoring Device
010 POST Routine sends a test checkpoint number to this de-
vice during manufacturer burn-in loop testing.

011-01F not implemented

8259A Programmable Interrupt Controller

The 8259 prioritizes up to eight interrupts and presents them
to the 8088 in their priority sequence. Pending lower priority
interrupts are held until they may be processed. INT 08-0F are
associated with the eight 8259 interrupts (IRQ 0-7). IRQ 0 is
highest priority, while IRQ 7 is lowest. Interrupt types may be
individually enabled or disabled by setting 8259 mask bits.
The associated interrupt routine is responsible for notifying the
8259 when other interrupts may be processed by sending 20h
to port 20h. See the preamble to INT 08 in the Memory Map
Appendix for additional information.

The Technical Reference manual does not document the in-
ner workings of the 8259 or contain instructions for its use, as
it is not normally accessible from user programs. See XT Tech-
nical Reference manual, page 1-9, or PCjr, page 2-15, for a list
of the IRQ usage. PCjr TRM, page 2-16, offers some summary
information about the PC usage of the device. TRM, page A-9
and A-12, or PCjr, A-11, shows the initialization routine for
the 8259. See INTEL Microprocessor and Peripheral Handbook,
page 2-120, for specifications.
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Because of the complexity of the various options allowed
in this device, we'll be focusing on how the 8259 is used in
the PC models. Explanation of the full range of capabilities of
the 8259 is beyond the scope of this section.

020 8259 Command Port

Send 20h here to signal end-of-interrupt (EOI). PC models use
ICW1=13h here to set edge-triggered mode, eight-byte inter-
rupt vectors, noncascade mode, and ICW4 required. Then,
ICW2=8h is sent to port 21 to select INT 08-0F to correspond
to IRQ 0-7. Next, ICW4="5h is set to port 21 to designate no
nesting, buffered slave mode, no automatic end-of-interrupt
(EQI), and 8088 mode.

021 Interrupt Mask Register
O=interrupt enabled, 1=interrupt disabled
bit 0=highest priority, bit 7=lowest
bit 7 IRQ 7 Parallel printer, on I/O channel
bit 6 IRQ 6 Disk controller, on I/O channel; all PCs except
PCjr
bit 6 IRQ 6 Disk watchdog timer, every three seconds; PCjr
onl
bit 5 IRQ 5 Haxyd disk, on I/O channel; XT only
bit 5 IRQ 5 Available for I/O channel use; all PCs except PCjr
bit 5 IRQ 5 PCjr vertical retrace
bit 4 IRQ 4 COM]1, on I/O channel
bit 3 IRQ 3 COM2, on I/O channel
bit 2 IRQ 2 I/O channel use, available for use
bit 1 IRQ 1 Keyboard, not on I/O channel; all PCs except PCjr
bit 1 IRQ 1 PCijr reserved (keyboard uses 8088 NMI)
bit 0 IRQ 0 System timer, not on I/O channel

8253-5 Programmable Interval Timer
The 8253-5 features three independently programmable timers
with several modes of timing operations available. The Tech-
nical Reference manual does not document the inner workings
of the 8253 or contain instructions for its use. Because of this,
and the power of the 8253 in performing timing functions for
your programs, an expanded discussion of the 8253 is offered
here. See the INTEL Microprocessor and Peripheral Handbook,
page 6-139, for specifications. See TRM, page A-13, or A-11 in
PCjr TRM for the POST 8253 check-out routine. See also
Chapter 3 for examples of using channel 2 of the timer.
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The 8253 clock input of 1,193,180 hertz is derived from
the 4,772,727 hertz system clock which is obtained from the
system-board 14.3178 megahertz crystal. This frequency re-
sults in an interrupt frequency ranging between a high of
every 838.0965152 nanoseconds (corresponding to one bus cy-
cle, or four 8088 cycles) to a low of every 54.925493 milli-
seconds depending on the 1-65536 divisor selected. Use a
divisor of 0 after 65535 to obtain 65536. Set the mode bits in
port 43 to load the LSB/MSB divisor for the desired channel.

Load the divisor into the port for that channel (40-42) to
set the interrupt rate. To calculate the divisor, divide 1,193,180
by the desired frequency. Or, the frequency per second equals
1,193,180 divided by the divisor. For example, BASIC uses a
divisor of 16,384 to obtain 1,193,180/16,384=72.82592773
interrupts per second (an interrupt every 1/72.82592773 =
13.731373 milliseconds) to time music functions.

Timer channel current contents may be obtained without
affecting the current countdown in that channel by latching
the channel using port 43, then reading LSB/MSB with INP
instructions. Both LSB and MSB must be read to insure proper
operation.

040 8253 Channel 0

Used for system timer INT 08 via 8259 IRQ 0. See INT 08.
Uses a divisor of 0 (65536) to cause an interrupt 18.20648193
times per second, or 54.925493 milliseconds apart. The disk
motor timing is also based on INT 08. Operates in mode 3; see
port 43h. In its normal mode of operation, a pseudorandom
number can be obtained by latching the counter with OUT
&h43,0, then R=INP(&h40):R1=INP(&h40). Both INPs must
be done. This latching of the counter does not affect its
countdown.

041 8253 Channel 1
All PCs except PCjr: Used to time the memory refresh cycle.
Operates in mode 2 with a divisor of 18, causing an interrupt
to the 8237 DMA controller every 15.08 microseconds. Do not
disturb.

PCjr only: PCjr uses for keyboard serial data timer and
accumulator for clock ticks during disk I/O. Therefore, no
keyboard during disk 1/0.
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042 8253 Channel 2

Used for cassette (not XT) and speaker functions. Connected to
speaker by port 61h. See Chapter 3 for examples of use. See
TRM, page 1-120, or PCjr, page 2-85.

043 8253 Mode Control

bits 7-6 00=channel 0
01=channel 1
10=channel 2
bits 5-4 00=latch present counter value
01=read/write only MSB
10=read/write only LSB
11=read/write LSB, then MSB
bits 3-1 000=mode 0: countdown with optional inhibit (level
output)
inhibit via count register reload
001=mode 1: countdown with optional restart (level
output)
restart via count register reload
010=mode 2: generate one pulse out of N
all PCs except PCjr: used for DMA memory refresh by
channel 1
011=mode 3: generate square wave
used for channels 0 and 2
100=mode 4: countdown with optional inhibit (pulse
output)
101=mode 5: countdown with optional restart (pulse
output)
bit 0 0=nbinary, 1=BCD counter decrementing
binary counting always used in PC

8255A-5 Programmable Peripheral Interface
The 8255A-5 features three independently accessible 1/O ports
that interface external devices to the bus circuitry. These ex-
ternal devices are the keyboard, speaker, configuration switches,
and cassette tape. The 8255 supports several modes of periph-
eral interfacing in addition to the mode used by the PC.

The Technical Reference manual does not document the in-
ner workings of the 8255 or contain instructions for its use. A
brief summary of the port allocation can be found on TRM
page 1-10 (PCjr page 2-30). These are the first pages of a
fairly complete explanation of port assignments. See the
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INTEL Microprocessor and Peripheral Handbook, page 6-166, for
specifications. See TRM, page A-7, or page A-8 in the PCjr
TRM for the POST 8255 initialization routine. Also see Chap-
ter 1 for explanations of the configuration switch usage.

Because each model of the PC family uses these ports in
vastly different ways, their contents will be separately
documented here, and PC1 switch meanings will be included.
Be sure to use INT 11 to obtain the equipment configuration
that is set in the switches. See memory locations 410-411. The
following diagram summarizes switch usage on the PC1, PC2,
and XT.

XT PC1/PC2
Switch group 1
Toggle
1 POST loop Num. drives, also 7-8
2 8087 Same
3-4 Memory on Same, but different
system board meanings
5-6 Monitor type Same
7-8 Num. drives Same
Switch 2 Toggle
Not present 1-5 Memory expansion
6-8 Unused

060 Port A Input
PC1 and PC2 only: Used for keyboard scan code input or
configuration switch group 1 input.

Keyboard scan code image if port 61 bit 7=0, or
configuration switch group 1 image if port 61 bit 7=1. The
configuration switches are presented in the following
arrangement:

bits 7-6 sw 8-7 Number of disks
00=1
01=2
10=3
11=4

bits 5-4 sw 6-5 Type of display
00=reserved
01=color 40X25 b/w
10=color 80X25 b/w
11=mono
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PC1 only:
bits 3-2 sw 4-3 RAM on system board
00=16K
01=32K
10=48K
11=64K

PC2 only:

bits 3-2 sw 4-3 RAM on system board
00=64K
01=128K
10=192K
11=256K

bitl sw2 Reserved for 8087

bit0 swl Use disk to load system

060 Port A Input
XT only: Bits 7-0 keyboard scan code image or diagnostic
monitoring output. See Chapter 2.

060 Port A Output

PCjr only: Used for keyboard scan code input simulation by
INT 48 in the PCjr, and four hardware mode selection output
switch bits. Bits 7-0 keyboard scan code image. See Chapter 1.

061 Port B Output
PC1 and PC2 only:

bit 7 0=Keyboard enable, 1=clear keyboard and read switches
bit 6 1=Keyboard clicking on, 0=off (see Chapter 2)
bit 5 0=Enable parity error signals from expansion ports
bit 4 0=RAM parity error enable
bit 3 0=Cassette motor on
bit 2 Select source for port 62 bits 0-3
0=Read spare switches
1=Read RAM size switches
bit 1 1=Speaker enabled (see Chapter 3)
bit 0 Speaker input gate (see Chapter 3)
1=8253 channel 2 1.19318 megahertz clock input
0=Direct speaker control via port 61 bit 1

061 Port B Output
XT only:

bit 7 0=Keyboard enable, 1=acknowledge
bit 6 1=XKeyboard clicking on, 0=off (see Chapter 2)
bit 5 0=Enable parity error signals from expansion ports
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bit 4 0=RAM parity error enable

bit 3 0=Read high switches
1=Read low switches

bit 2 Spare

bit 1 1=Speaker enabled (see Chapter 3)

bit 0 Speaker input gate (see Chapter 3)
1=8253 channel 2 1.19318 megahertz clock input
0=Direct speaker control via port 61 bit 1

061 Port B Output
PCjr only:
bit 7 Reserved
bits 6-5 Sound source multiplexor input selection
(See Chapter 3)
00=8253 channel 2 (power-on default)
01=Cassette audio in
10=I/0 channel audio in
11=TI76496 CSG
bit 4 Disable internal speaker and cassette motor
(See Chapter 3)
bit 3 0=Cassette motor on if port 61 bit 4=0
bit 2 Text/graphics steerer (see Chapter 4)
1=Text
0=Graphics
bit 1 1==C5peaker enabled (see Chapter 3)
bit 0 Speaker input gate (see Chapter 3)
1=8253 channel 2 1.19318 megahertz clock input
0=Direct speaker control via port 61 bit 1
062 Port C Input
PC1 and PC2 only:

bit 7 1=RAM parity error

bit 6 1=Error in expansion slots

bit 5 8253 channel 2 output signal (see Chapter 3)
bit4 = Cassette data input

Either

bits 3-0 Switch group 2, switches 4-1 if port 61 bit 2=1
I/0 channel expansion memory /32K

Or

bits 3-1 Unused

bit 1 Switch group 2, switch 5 if port 61 bit 2=0
1/0 channel expansion memory /32K
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062

Port C Input

XT only:

bit 7 1=RAM parity error

bit 6 1=Error in expansion slots

bit 5 8253 channel 2 output signal (see Chapter 3)
bit 4 Unused spare

Either

bits 3-0 Switches 4-1 if port 61 bit 3=1
Bits 3-2 memory on system board
00=64k
01=128k
10=192k
11=256k
Bit 1 co-processor installed
Bit 0 loop in POST

Or

bits 3-0 Switches 8-5 if port 61 bit 3=0
Bits 3-2 disk available
00=1
01=2
10=3
11=4
Bits 1-0 initial monitor mode
00=reserved (used for enhanced graphics adapters)
01=color 40X25
10=color 80X25
11=b/w 80X25

062 Port C Input
PCjr only:
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bit 7 0=Keyboard cable connected

bit 6 Keyboard data serial input

bit 5 8253 channel 2 output signal (see Chapter 3)

bit 4 Cassette data input or same as bit 5

bit 3 0=64k expansion installed

bit 2 0=Disk drive installed

bit 1 0=Internal modem installed

bit 0 1=Keyboard latched, cleared by read indicates missed
key during disk I/O
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063 Mode Control Register
Normally set to 99h to cause port B to be an output port (a
read obtains the last value sent) and ports A and C to be input
ports. PCjr sets this to 88h to cause ports A and B to be output
ports and port A to be input.

bit 7 1=Active

bits 6-5 Port A mode

00=Mode 0 (PC usage)

01=Mode 1
1x=Mode 2
bit 4 1=Port A 1=input, 0=output
bit 3 1=Port C (bits 7-4) 1=input, 0=output
bit 2 Port B mode
0=Mode 0 (PC usage)
1=Mode 1
bit 1 1=Port B 1=input, 0=output
bit 0 1=Port C (bits 3-0) 1=input, 0=output

DMA Page Registers

These page registers are provided to specify the high-order 4
bits to be used for the current DMA channel address register.
The DMA address registers are only 16 bits wide, so 4 bits of
these additional bytes are needed to form a 20-bit address.
(These page registers are for all PCs except PCjr.)

080 unused

081 high-order four bits of DMA channel 2 address

082 high-order four bits of DMA channel 3 address

083 high-order four bits of DMA channel 1 address

NMI Mask Register
0A0 RAM Parity and Channel Error NMI Mask

All PCs except PCjr:
bit 7 1=enable NMI, 0=disable NMI

0AO0 Latching Options, Read Operation Clears
PCjr only: See PCjr TRM, 2-35.
bit 7 1=NMI for keyboard enabled
0=Disabled, used during disk I/O to sense ignored
keypresses by examining port 62 bit 0
bit 6 1=8253 timer channel 2 (40 kilohertz) to IR diagnos-
tic test
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bit 5 8253 timer channel 1 input clock select
0=1.1925 megahertz for keyboard deserialization
1=Timer 0 output into timer 1 for timer 0 overflow
detection during disk I/O for accurate time-of-day
update (see 8253 timer)

bit 4 0=Enable 8088 HRQ line for future bus-attached
DMA controller or alternate processors

bits 3-0 Unused

Complex Sound Generator

The sound chip incorporates three programmable tone gen-
erators (voices) that can produce tones through the entire
range of human hearing, a programmable noise generator, a
separate attenuation control for each voice, and simultaneous
mixed output. Separate volume controls allow a range of 2 to
28 decibel attenuation, as well as settings for full and no vol-
ume. See Chapter 3 for a discussion of the use of this port.

0CO0 T.I. SN76496 Programmable Tone/Noise Generator
Access Port
Warning: The PCjr “hangs” if this port is read.
PCjr only:
bit 7 1=Bits 6—4 contain internal register number to select
one of eight internal registers
0=Second byte of multibyte sequence, used only for
frequency specification continuation byte; bits 5-0 are
most significant and first byte bits 3-0 least
significant
bits 6-5 00=Voice 1 selected
01=Voice 2 selected
10=Voice 3 selected
11=Voice 4 selected
bit 4 0=Voices 1-3 frequency in bits 3-0 and possibly an-
other byte to follow
1=Voices 1-4 attenuation in bits 3-0

Either
bits 3-0 Frequency or attenuation data as identified by bits

Frequency value: 3,579,540/(32 * desired frequency)
(See bits 7=0 description above for continuation byte
format)

Attenuation: any combination of bits 3-0

Bit 3=2 decibels

Bit 2=4 decibels
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Bit 1=38 decibels

Bit 0=16 decibels

All bits 0 = full volume
All bits 1 = sound off

Or

If bits 6-5 = 11 (voice 4)
bit 3 Unused

bit 2 0=Periodic noise, 1=white noise
bits 1-0 Frequency shift rate

00=6991

01=3496

10=1748

11=Voice 3 frequency

DMA Channel 3 Selector
See also ports 6 and 82h.

0C2 Selects Device to Be Attached to DMA Channel 3
All PCs except PCjr:

bits 7-6 11=DMA connected to DREQ3 and DACKS3 on the
bus
bits 7-6 10=DMA connected to hard disk

OEQO-OEF Reserved

PCijr Disk Controller
See ports 3F0 for non-PCjr disk and 320 for hard disk.

OF0 Disk Controlier
PCjr only:
See PCjr Technical Reference manual, page 3-13.

OF2 Control Port for the Controller

PCjr only:
bit 7 0=Reset the controller
bit 6 1=Start watchdog timer, followed by 0
bit 5 1=Enable watchdog timer; see port 21 bit 6
bit 0 1=Turn on drive motor and select drive

OF4 Status Register for Controller
PCjr only:
See also memory locations 43E-48, 78.
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Either

Contents before request:

bit 7 1=Ready to communicate to controller

bit 6 1=Data direction from controller to processor
bit 5 1=Command in process, busy

Or

Contents after request:

bit 7 1=Time-out from disk drive

bit 6 1=Seek failed

bit 5 1=Controller failure

bit 4 1=CRC error on read

bit 3 1=DMA overrun

bit 2 1=Requested sector not found

bit 1 1=Write attempted to protected disk
with bit 3=DMA 64K boundary crossed
with bit 0=Address mark not found

bit 0 1=Bad command given to disk controller

OF5 Data Port for Controller
PCjr only:
See also INT 13.
Write: 1-9 byte command block; includes cylinder, head, sector,
block, and control byte. Command class and operation:
02h=Read track
03h=Specify SRT, HUT, HLT, DMA
04h=>Sense drive status
05h=Write data
06h=Read
07h=Recalibrate
08h==Sense interrupt status
09h=Write deleted data
0Ah=Read ID
0Ch=Read deleted data
ODh=Format track
0Fh=Seek
11h=Scan equal
19h=Scan low or equal
1Dh=Scan high or equal

0100-01FF for System Board and 1/O Channel

Restricted to output-only and so unused on PCs.
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0200-03FF for 1/O Channel, Not for System
Board

Game Controller

See Technical Reference manual, page 1-204; PCjr, page 2-119.
A read should be preceded by an initializing write of any data.
The write will start the timing for the resistive values.

201

bits 7-4 Digital inputs

1=no contact, 0=pressed
bit 7 joystick b, button 2
bit 7 paddle d, button
bit 6 joystick b, button 1 -
bit 6 paddle ¢, button
bit 5 joystick a, button 2
bit 5 paddle b, button
bit 4 joystick a, button 1
bit 4 paddle a, button

bits 3-0 Resistive inputs
Length of pulse determined by 0-100K ohm resistive load.
Time=24.2 microseconds + (0.011 microsecond * resistance).
(1 is default bit setting, 0=timing active)

bit 3 joystick b, y coordinate

bit 3 paddle d, coordinate

bit 2 joystick b, x coordinate

bit 2 paddle c, coordinate

bit 1 joystick a, y coordinate

bit 1 paddle b, coordinate

bit 0 joystick a, x coordinate

bit 0 paddle a, coordinate

Expansion Unit

An optional expansion unit features a “receiver card” that
communicates with an “extender card” in an I/O expansion
slot of the system unit (PC). Switches on the card indicate the
amount of expansion RAM in the expansion unit, and wait
states are inserted for the RAM. The expansion unit ports dis-
cussed below apply to all PCs except the PCjr unless noted
otherwise. See XT Technical Reference manual, page 1-71.
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210-213 Extender Card Ports

210 write: latch expansion bus data
read: verify expansion bus data
211 write: clear wait, test latch
read: MSB of data address
212 read: LSB of data address
213 write: 00h=disable expansion unit,
0lh=enable expansion unit

read: status
bits 7-4 switches
1=off
0=on
bits 2-3 not used
bit 1 wait state request flag

bit 0 enabled/disabled

214-215 Receiver Card Ports

214 write: latch data
read: data

215 read: MSB of address
next read: LSB of address

220-24F Reserved on All PCs

Third Parallel Printer

278-27F All PCs except PCjr: Third parallel printer (LPT3) if
other two installed; otherwise, second or first. See second
printer at 378-37F and the full description of parallel printer
ports at 3BC.

2D0-2DF reserved for 3270PC
2F0-2F7 reserved

Second Asynchronous Adapter, PCjr: First

2F8-2FF Secondary Asynchronous Communications

All PCs except PCjr: See primary at 3F8-3FF for details of
asynchronous ports. See also TRM, page 1-215.

2F8-2FF Primary Asynchronous Communications

PCjr only: See 3F8-3FF for details of asynchronous ports. See
also PCjr TRM, pages 2-125 and 4-18. Note that the PCjr does
not support user outl, out2, or ring indicator. When the in- ‘
ternal modem is installed, it becomes COM1 but uses ports
3F8-3FF.
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Prototype Card
300-31F All PCs except PCjr: Prototype experimentation card;
see TRM, page 1-209.

Hard Disk Controller
See XT Technical Reference manual, pages 1-179 and A-86. See
ports 3F0 for disk ports or FO for the PCjr.

The descriptions of hard disk controller ports apply to all
PCs except the PCjr.

320 Read/write from/to controller

Write: 1-9 byte command block includes cylinder, head,
sector, block, and control byte.
Command class and operation:

00h Test ready
01h Recalibrate
03h Sense
04h Format drive
05h Check track
06h Format track
07h Format bad track
08h Read
0Ah Write
0Bh Seek
0Ch Initialize drive
0Dh Read ECC
OEh Read buffer
OFh Write buffer
EOh Perform RAM diagnostics
E3h Perform drive diagnostics
E4h Perform controller diagnostics
E5h Read long
E6h Write long
Read: sense bytes when port 321 error bit on.

Byte 0:
bit 7 address valid
bit 6 spare

bit 5-4  error type (see TRM, page A-100)
bit 3-0  error code

Byte 1:
bits 7-6  zero
bit 5 drive number

bits 4-0 head number
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Byte 2:
bits 7-5 cylinder number high bits
bits 4-0 sector number
Byte 3:
bits 7-0 cylinder number low bits
321 read: controller status
bit 5 drive number (0/1)
bit 1 error occurred, read sense bytes
write: controller reset

322 write: generate controller select pulse

323 write: pattern to DMA and interrupt mask register (see
ports OF, 21, and C2)

330-33F reserved for XT /370

Second Parallel Printer, PCjr First

378-37F All PCs except PCjr: Second parallel printer (LPT2) if
primary installed; otherwise first. See third printer at 278-27F
and the full description of parallel printer ports at 3BC. See
TRM, page 1-107.

378-37F PCjr only: Parallel printer (LPT1). See the full
description of the parallel printer ports at 3BC. See PCjr TRM,
page 3-95.

Second Bisynchronous or Primary SDLC Adapter
380-389 Second Binary Synchronous Adapter

All PCs except PCjr: If primary installed at 3A0; otherwise pri-
mary. See primary adapter at 3A0-3A9 for the description of
these ports. See TRM, page 1-245.

380-38C Synchronous Data Link Control (SDLC) Adapter
All PCs except PCjr: For the sake of anyone actually using this
high-performance, expensive, mainframe communications
adapter, a summary of port usage is included here. For more
specific information see TRM, page 1-265. All references to
8253, 8255, and 8273 for the SDLC adapter refer to the on-
board units and not to the system board devices.

The descriptions below apply to all PCs except the PCjr.

380 8255 Port A, internal/external sense
381 8255 Port B, external modem interface
382 8255 Port C, internal control and gating
383 8255 Mode register

384 8253 Channel 0 square wave generation
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385 8253 Channel 1 inactivity time-out
386 8253 Channel 2 inactivity time-out
387 8253 Mode register

388 8273 Read: status; Write: command
389 8273 Write: parameter; Read: response
38A 8273 Transmit interrupt status

38B 8273 Receiver interrupt status

38C 8273 Data

Primary Bisynchronous Adapter
3A0-3A9 Primary Binary Synchronous Adapter
A secondary adapter can be installed at port location 380-38C.
See TRM, page 1-245. Just in case you ever acquire this
adapter or use one in your business environment, here is a
summary of the adapter’s port usage. Since it is rare to find
one in a PC, consult the TRM for more specifics. The 8253,
8255, and 8273 referenced in this section are present on the
adapter and are distinct from those on the system board.

The descriptions below apply to all PCs except the PCjr.

3A0/380 8255 Port A, internal/external sense
3A1/381 8255 Port B, external modem interface
3A2/382 8255 Port C, internal control and gating
3A3/383 8255 Mode register

3A4/384 8253 Counter 0 not used

3A5/385 8253 Counter 1 inactivity time-outs
3A6/386 8253 Counter 2 inactivity time-outs
3A7/387 8253 Mode register

3A8/388 8251 Data

3A9/389 8251 Command, mode, status register

Monochrome Monitor and Parallel Printer Adapter
This is the most popular adapter installed in non-PCjr models
of the PC. The clarity of the characters on a monochrome dis-
play, the relatively low cost of a monochrome monitor, and
the included connection for an inexpensive dot-matrix or letter-
quality printer combine to make this adapter an excellent
choice for word processing and nongraphics-display comput-
ing. The adapter is so popular that a whole industry has
formed to compete with the IBM version of the adapter, offer-
ing still more features packed into a single expansion slot.
The PCjr does not support this adapter. However, those
programs previously written for the monochrome display are
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supported by the PCjr Video Gate Array (VGA); access in-
tended for the monochrome display buffer is redirected to the
PCjr’s active display buffer. References to the monochrome
display ports are, however, not redirected to the color display
ports, proving once again that provided interrupts and func-
tions are the necessary keys to upward compatibility.

See Chapter 4 for a full discussion of the port usage for
the monochrome display. See also XT Technical Reference man-
ual, page 1-113, ports 61/62, and memory locations B000O,
4,4951065, INT 10, and INT 1D. See color video ports starting
at 3DO0.

The descriptions below apply to all PCs except the PCjr.

3B0-3BB Monochrome Monitor Adapter
3B0-3B3 See ports 3B4 and 3B5.

3B4 6845 Index register, used to select register to be accessed
with port 3B5. See the register numbers at that port. This port
is not readable. The vector at 463h points here if monochrome
is the current active display. Note that the address decode
method used on the adapter allows port 3B4 to be addressed
as 3B0, 3B2, 3B4, or 3B6.

3B5 6845 Data to be placed in the register selected by port
3B4. Only registers C-Fh may be retrieved; all others are
write-only. If the adapter is not installed, FFh will be the result
of a read from this port. Note that the address decode method
used on the adapter allows port 3B5 to be addressed as 3B1,
3B3, 3B5, or 3B7.
Register Use Contents
Horz total characters —1 61h

character clock cycles per
horizontal line (size to screen)

1 Horz displayed characters/line 50h

2 Horz synch position 52h
up/down centering

3 Horz synch width in characters 0Fh

4 Vert total lines —1 1%h
int (lines * scan lines/char) —1

5 Vert total lines —1 06h
fraction of above

6 Vert displayed rows 19h

7 Vert synch pésition row 1%h
top to first row of chars

8 Interlace mode 02h
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9 Maximum scan line address 0Dh
scan lines/character —1
10 Cursor starting scan line 0Bh

bit 7 unused
bit 6 blink rate, don’t use
since hardware blinking
bit 5 0=display
1=no display
bits 4-0 starting scan line
0=top, 0D=Dbottom
BASIC LOCATE changes this register
11 Cursor ending scan line 0Ch
bits 7-5 unused
bits 4-0 ending scan line
0=top, 0D=Dbottom
BASIC LOCATE changes this register
12 Memory address MSB 00 readable
bits 7-6 unused
bits 5-0 half the offset for the
byte to be at top left

13 Memory address LSB 00 readable
half the offset for the
byte to be at top left

14 Cursor address MSB 00 readable

bits 7-6 unused
bits 5-0 half the offset for the
byte to be at top left,
plus cursor offset
15 Cursor address LSB 00 readable
half the offset for the
byte to be at top left,
plus cursor offset
16 Reserved for light pen
17 Reserved for light pen

3B6-3B7 See notes for ports 3B4 and 3B5.
3B8 6845 Mode control register
bit 5 enable blink
bit 3 enable video signal (doesn’t affect monochrome cursor)
bit 0 80X25 text
3B9 Reserved for color select register on color adapter
3BA Status register, read-only
bit 3 1=vertical retrace
bit 0 0=video enabled

1=horizontal retrace
3BB Reserved for light pen strobe reset
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Primary Parallel Printer

3BC-3BF Parallel Printer Adapter

See ports 378-37F for second printer adapter (primary on
PCjr) and 278-27F for third printer. See TRM, page 1-107;
PCjr, page 3-95. Only ports 378 to 37F apply to PCjr.

3BC/378/278 Printer data out, also readable

bit 7 pin 9 data bit 7
bit 6 pin 8 data bit 6
bit 5 pin 7 data bit 5
bit 4 pin 6 data bit 4
bit 3 pin 5 data bit 3
bit 2 pin 4 data bit 2
bit 1 pin 3 data bit 1
bit 0 pin 2 data bit 0

3BD/379/279 Printer status register

bit 7 0=busy, pin 11
bit 6 0=acknowledge, pin 10
bit 5 1=out of paper, pin 12
bit 4 1=online (selected), pin 13
bit 3 1=error, pin 15
bit 2 0=unused
bit 1 0=unused
bit 0 1=time-out
3BE/37A /27A Printer control register
bits 7-5 unused
bit 4 0=disable, 1=IRQ?7 enable for printer acknowledge
bit 3 1=printer reads output, pin 17
bit 2 0=initialize printer, pin 16
bit 1 1=auto linefeed, pin 14
bit 0 1=output data to printer, pin 1
3BF /37F /27F not used

. 3C0-3CF reserved

Color/Graphics Adapter

See Chapter 4 for a full discussion of the port usage for the
color display. See also TRM, page 1-123; ports 21, 61, 62, 3DF;
and memory locations B80000, 449-466, 489-48A, INT 10,
INT 44, INT 05, INT 1F, INT 0D, and INT 1D. See mono-
chrome video ports at 3B0.
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3D0-3DC Color/Graphics Monitor Adapter
3D0-3D3 See ports 3D4 and 3D5.

3D4 6845 Index register, used to select register to be accessed
with port 3D5. See the register numbers at that port. This port
is not readable. The vector at 463h points here if color is the
current active display. Note that the address decode method
used on the adapter allows port 3D4 to be addressed as 3D0,
3D2, 3D4, or 3D6.

3D5 6845 Data to be placed in the register selected by port
3D4. Only registers C-Fh can be retrieved; all others are
write-only. If the adapter is not installed, FFh will be the result
of a read from this port. Note that the address decode method
used on the adapter allows port 3D5 to be addressed as 3D1,
3D3, 3D5, or 3D7.

Register Use Contents
Mode 40/80/Graph/
Jr Graph

0 Horz total characters —1 38/71/38/61h
character clock cycles per
horizontal line (size to screen)

1 Horz displayed characters/line 28/50/28/50h

2 Horz synch position 2D/5A/2D/52h
up/down centering

3 Horz synch width in characters A/A/A/Fh

4 Vert total lines —1 1F/1E/7F/1%h
int (lines * scan lines/char) —1

5 Vert total lines —1 6/6/6/6h
fraction of above

6 Vert displayed rows 19/19/64/19h

7 Vert synch position 1C/1C/70/1%h
top to first row of chars

8 Interlace mode 2/2/2/2h

9 Maximum scan line address 7/7/1/Dh
scan lines per char —1

10 Cursor starting scan line 6/6/6/Bh

bit 7 unused

bit 6 blink rate, don’t use
since hardware blinking

bit5 0=display
1=no display

bits 4 0 starting scan line
0=top, 0D=bottom

BASIC LOCATE changes this register
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11 Cursor ending scan line 7/7/7/Ch
bits 7-5 unused
bits 4-0 ending scan line
0=top, 0D=Dbottom
BASIC LOCATE changes this register
12 Memory address MSB 0/0/0/0 readable
bits 7-6 unused
bits 5-0 half the offset for the
byte to be at top left

13 Memory address LSB 0/0/0/0 readable
half the offset for the
byte to be at top left

14 Cursor address MSB 0/0/0/0 readable

bits 7-6 unused
bits 5-0 half the offset for the
byte to be at top left,
plus cursor offset
15 Cursor address LSB 0/0/0/0 readable
half the offset for the
byte to be at top left,
plus cursor offset
16 Light pen MSB
17 Light pen LSB

3D6-3D7 not used; see notes for ports 3D4-3D5

3D8 control register
(Port access not honored by PCjr; see PCjr TRM, page 4-16,
port 3DA.)

bit 5 1=background intensity means blink
0=background intensity for 16 colors

bit 4 640200 mode

bit 3 enable video signal

bit 2 select b/w mode

bit 1 select graphics

bit 0 80X25 text

The usage of the above control register for various modes is:

Bit: 54 3 21 0 mode
101100 40X25 b/w
101000 40X25 16-color
101101 80X25 b/w
101001 80X 25 16-color
x 01110 320X200b/w
x 01010 320X200 4-color
x 11110 640X200b/w
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3D9 color select register

(Port access not honored by PCjr; see PCjr TRM, page 4-16,
port 3DA.)

For text modes:

bits 7-5 unused
bit 4  intensity of background
bits 3-0 screen/border IRBG

For graphics modes:

bits 7-6 unused
bit 5  0=green, red, and brown palette
1=cyan, magenta, and white palette
bit4  unused
bits 3-0 IRGB for background
3F 640200 b/w
30 every other mode

3DA Status register
PCjr uses this port for VGA access.
All PCs except PCjr:

bits 7-4 not used

bit 3 vertical retrace

bit 2 light pen switch

bit 1 light pen trigger set

bit 0 display enabled
PCjr only:
Video Gate Array (VGA) control port; see PCjr TRM, page
2-63. The port functions in an address/data flip-flop mode,
with a read setting the address mode and obtaining status bits.
The addressing mode accepts the number of the register to be
given the following data. Registers are numbered 0-1Fh. See
also port 61, bit 2.
PCjr only:
Status register:

bit 4 1=video dot information available, diagnostic function

bit 3 1=vertical retrace active

bit 2 0=light pen triggered

bit 1 1=light pen trigger set

bit 0 1=display enabled

PCjr only:
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Register Use
00 Mode control register 1
bits 7-5 unused
bit 4 1=16-color graphics for 160X200 and 320X200
modes
bit 3 1=video enabled
bit 2 1=color burst disabled, gray shades;
no effect on RGB monitors
bit 1 1=graphics, 0=text
bit 0 1=64k expansion, high band width for modes
80X25 text, 640X200 4-color, 320X200 16-color
01 Palette mask register
A zero in the following bits causes the correspond-
ing attribute bits 3-0 to be ignored.
bit 3 palette mask 3 16-color mode
bit 2 palette mask 2 16-color mode
bit 1 palette mask 1 16/4 color mode
bit 0 palette mask 0 16/4/2 color mode
02 Border color register
bit 3 intensity
bit 2 red
bit 1 green
bit 0 blue
03 Mode control register 2
bit 3 1=two-color graphics
bit 2 should be zero
bit 1 1=enable blink
bit 0 should be zero
04 Reset register
Not usable to RAM-resident programs
bit 1 synchronous reset
bit 0 asynchronous reset
10-1F  Palette registers
These registers allow the user to specify the colors to
be generated by the matching attribute gyte contents. For
example, an attribute byte containing 6h would use pal-
ette register 16h for the desired IRBG setting of the color.
bit 3 intensity
bit 2 red
bit 1 green
bit 0 blue

3DB Clear light pen latch by any write
3DC Preset light pen latch

3DF PCjr only: CRT/CPU page register; see also memory location
48Ah. .
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bits 7-6 00=all text modes
' 01=low-resolution graphics (160X200)
11=high-resolution graphics (640X200)
bits 5-3 16K video page address for redirection of
B8000,/B0000
bits 2-0 16K video page being displayed
The default contents for a 128K PCjr is 3Fh which means:
bit: 7654 3210
0011 1111=3Fh
bits 7-6=00 text mode

bits 5-3=111 = 7*16K = 114,688 = 1C000h = processor

accessed page

bits 2-0=111 = 7*16K = 114,688 = 1C000h = display

accessed page

3E0-3E7 reserved
Disk Controller

See ports OF0 for PCjr disk and 320 for hard disk; see TRM,

page 1-151.

The following description of the disk controller ports ap-

plies to all PCs except PCjr.

3F2 Control Port for the Controller

bit 7 1=drive D motor enable
bit 6 1=drive C motor enable
bit 5 1=drive B motor enable
bit 4 1=drive A motor enable
bit 3 1=enable interrupt and DMA requests,

0=disconnect from bus
bit 2 0=reset the controller
bit 1-0 drive select

00=A

01=B

10=C

11=D

3F4 Status Register for the Controller
bit 7 1=ready to communicate to controller
bit 6 1=data direction from controller to processor
bit 5 1=non-DMA mode
bit 4 1=command in process, busy
bit 3 1=Drive D in seek mode
bit 2 1=Drive C in seek mode
bit 1 1=Drive B in seek mode
bit 0 1=Drive A in seek mode
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3F5 Data Register

See also INT 13.

Write: 1-9 byte command block; includes cylinder, head, sec-
tor, block, and control byte. Command class and operation:

02h =Read track

03h =Specify SRT, HUT, HLT, DMA
04h =Sense drive status
05h =Write data

06h =Read

07h =Recalibrate

08h =Sense interrupt status
09h =Write deleted data
0Ah =Read ID

0Ch =Read deleted data
0Dh =Format track

OFh =Seek

11h =S5can equal

19h =Scan low or equal
1Dh =Scan high or equal

Primary Asynchronous Adapter, PCjr Internal Modem

3F8-3FF Primary Asynchronous Serial Communications
See secondary (PCjr primary) at 2F8-2FF.

See also TRM, page 1-215; PCjr TRM, pages 2-125, 3-33,
and 4-18. Note that the PCjr does not support user OUT],
OUT?, or ring indicator. Also see memory locations 400, 50,
2C, 30, and 47C.

3F8/2F8 Read: transmit buffer. Write: receive buffer, or baud
rate divisor LSB if port 3FB, bit 7=1.

PCjr baud rate divisor is different from other models;
clock input is 1.7895 megahertz rather than 1.8432 megahertz.

3F9/2F9 Write: interrupt enable register or baud rate divisor
MSB if port 3FB, bit 7=1.

PCjr baud rate divisor is different from other models;
clock input is 1.7895 megahertz rather than 1.8432 megahertz.
Interrupt enable register:

bits 7-4 forced to 0

bit 3 1=enable change-in-modem-status interrupt
bit 2 1=enable line-status interrupt

bit 1 1=enable transmit-register-empty interrupt
bit 0 1=data-available interrupt
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3FA /2FA Interrupt identification register (prioritized)

bits 7-3 forced to 0

bits 2-1 00=change-in-modem-status (lowest)
bits 2-1 01=transmit-register-empty (low)
bits 2-1 10=data-available (high)

bits 2-1 11=line status (highest)

bit 0 1=no interrupt pending

bit 0 0=interrupt pending

3FB/2FB Line control register

bit 7 0=normal, 1=address baud rate divisor registers
bit 6 0=break disabled, 1=enabled
bit 5 0=parity disabled
1=if bit 4-3=01 parity always 1
if bit 4-3=11 parity always 0
if bit 3=0 no parity
bit 4 0=odd parity, 1=even
bit 3 0=no parity, 1=parity
bit 2 0=1 stop bit
1=1.5 stop bits if 5 bits/character or
2 stop bits if 6-8 bits/character
bits 1-0 00=>5 bits/character
01=6 bits/character
10=7 bits/character
11=8 bits/character

3FC/2FC Modem control register

bits 7-5 forced to zero

bit 4 0=normal, 1=loop back test

bits 3-2 all PCs except PCjr

bit 3 1=interrupts to system bus, user-designated output: OUT2
bit 2 user-designated output, OUT1

bit 1 1=activate rts

bit 0 1=activate dtr

3FD/2FD Line status register

bit 7 forced to 0

bit 6 1=transmit shift register is empty
bit 5 1=transmit hold register is empty
bit 4 1=Dbreak received

bit 3 1=framing error received

bit 2 1=parity error received

bit 1 1=overrun error received

bit 0 1=data received
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3FE/2FE Modem status register

bit 7 1=receive line signal detect

bit 6 1=ring indicator (all PCs except PCjr)

bit 5 1=dsr

bit 4 1=cts

bit 3 1=receive line signal detect has changed state

bit 2 1=ring indicator has changed state (all PCs except PCjr)
bit 1 1=dsr has changed state

bit 0 1=cts has changed state

3FF /2FF Scratch pad register
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Interrupts

interrupts and Functions by Type of Service
See the Memory Map Appendix, Appendix A, for interrupts
and functions in numerical order.

An asterisk (*) marks new DOS 2.0/2.10 interrupts and
functions.

A dagger (1) marks new DOS 3.0/3.01 interrupts and
functions.

Keyboard Services

09 BIOS keyboard interrupt vector
16 BIOS keyboard functions

00 Read key

01 Get character status

02 Get shift status

03 Set key repeat rates (PCjr only)

04 Set keyboard clicker on/off (PCjr only)
21 DOS function request

01 Keyboard input (with wait, echo, break)

06 Direct console I/O (no wait, break, or echo)

DL=FFh return input character

07 Direct console input (with wait, no echo or break)

08 Console input (with wait and break, no echo)

0A Buffered keyboard input (with wait, break)

0B Check standard input character availability

0C Clear keyboard buffer and do function 1, 6, 7, 8, or A
48 BIOS cordless keyboard 62 to 83 key translation (PCjr only)
49 BIOS nonkeyboard scan code translation table (PCjr only)

Video Services

0D BIOS vertical retrace attention (PCjr only)
10 BIOS video functions

00 Set mode

01 Set cursor type

02 Set cursor position

03 Get cursor position

04 Get light pen position

05 Set display page
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06 Scroll up
07 Scroll down
08 Get attribute and character
09 Put attribute and character
0A Put character
0B Set palette
0C Put dot
0D Get dot
OE Put TTY mode
OF Get status: columns, mode, page
10 Set palette registers (PCjr only)
1D BIOS video parameters table vector
1F  BIOS 128-255 graphics character patterns vector
21 DOS function request
02 Display character (with break)
06 Direct console I/O (no wait, break, or echo)
DL<>FFh output character
09 Display string till $ (with break)
44 BIOS 0-127 graphics character patterns vector (PCjr only)

Disk Services

0D BIOS hard disk attention
0E BIOS floppy disk attention
13 BIOS hard disk functions (XT only)
00 Reset controller
01 Get status
02 Get sectors
03 Put sectors
04 Verify sectors
05 Format track
06 Format track and bad sector flags
07 Format drive starting at specified sector
08 Return current drive parameters
09 Initialize drive pair characteristics using INT 41
0A Read long
0B Write long
0C Seek
0D Alternate disk reset
OE Read sector buffer
OF Write sector buffer
10 Test drive read
11 Recalibrate
12 Controller RAM diagnostic
13 Drive diagnostic
14 Controller internal diagnostic

296



Interrupts

13 BIOS disk functions
00 Reset controller
01 Get status
02 Get sectors
03 Put sectors
04 Verify sectors
05 Format track
1E BIOS disk parameters table vector
21 DOS function request
0D Disk reset
OE Select disk
OF Open file FCB
10 Close file FCB
11 Search for first matching filename
12 Search for next matching filename
13 Delete file
14 Sequential disk read
15 Sequential disk write
16 Create file
17 Rename file
19 Query current disk
1A Set disk transfer area address
1B Query drive allocation units and sectors by FCB
1C Query drive allocation units and sectors by drive number
21 Disk random read by FCB
22 Disk random write by FCB
23 Disk file size to record number
24 Set disk random record number
27 Random block read using FCB
28 Random block write using FCB
29 Parse filename
_ 2E Set disk write verify on/off
*2F Get disk transfer area address
*36 Get disk free space
*39 MKDIR, create subdirectory using name
*3A RMDIR, remove directory using name
*3B CHDIR, change current directory using name
*3C CREAT, create file using name
*3D Open a file using name
*3E Close file using handle
*3F Read file using handle, redirection if standard input device
*40 Write file using handle, redirection if standard output device
*41 UNLINK, delete file using name
*42 LSEEK, move file pointer using handle
*43 CHMOD, change or get file mode using name
*44 IOCTL, perform get/put/status/device-information by

handle
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25
26
40
41

*45 DUP, get duplicate handle
*46 DUP, point file handle at another file
*47 Read directory for drive
*4E FIND FIRST, find first file and get information using name
* 4F Find next file and get information using name
*54 Get disk verify state
*56 Rename file using name
*57 Get/set file date/time using handle
t5A Create temporary file
15B Create new file, cannot previously exist
15C Lock/unlock file access
DOS absolute disk read
DOS absolute disk write
BIOS reserved for floppy disk I/O when hard disk installed
BIOS hard disk parameter table vector

Program Management Services

1B
20
21

BIOS user break routine vector
DOS program terminate, same as INT 21, function 00
DOS function request
00 Terminate program, same as INT 20
26 Create a program segment prefix
*31 KEEP, terminate process and stay resident
*48 Allocate memory in paragraphs
* 49 Free allocated memory in paragraphs
*4A SETBLOCK, change allocated paragraphs amount
*4B EXEC, load or execute program by name
*4C EXIT, terminate process with return code
*4D WAIT, get return code from process
159 Get extended error code for INT 21 or 24
162 Get PSP address
DOS program terminate address
DOS program Ctrl/Break exit address
DOS critical error handler vector
DOS terminate program, stay resident

Clock/Date/Time Services

08
1A

1C
21

BIOS 8253 timer interrupt vector
BIOS time-of-day clock functions
00 Get clock

01 Set clock

BIOS user timer tick routine vector
DOS function request

2A Get date
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2B Set date

2C Get time

2D Set time
*38 Get country delimiter information
*57 Get/set file date/time using handle

Printer Services

05 BIOS print screen
OF BIOS reserved for printer
17 BIOS printer functions
00 Put character
01 Initialize printer
02 Get status
21 DOS function request
05 Printer output
2F 1DOS submit, cancel, or get printer status
100 Determine if handler installed
101 Submit file for printing
102 Cancel print of file
103 Cancel print of all files
104 Hold the print queue for scan
105 Activate the print queue after hold

RS-232 Services

0B BIOS reserved for communications
0C BIOS reserved for communications
14 BIOS RS-232 communications functions
00 Initialize port
01 Put character
02 Get character
03 Get port status

Cassette Services (Not XT)

15 BIOS cassette functions
00 Motor on
01 Motor off
02 Get blocks.
03 Put blocks

Auxiliary Device Services

21 DOS function request
03 Auxiliary input (with wait)
04 Auxiliary output
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Miscellaneous 8088 System Services

8088 Divide by zero

8088 Single step

8088 Non-Maskable Interrupt
8088 Breakpoint instruction
8088 Overflow

Miscellaneous BIOS System Services

BIOS get equipment status

BIOS get memory size

BIOS BASIC entry point

BIOS system boot

BIOS

80 Set sound multiplexor (PCjr only)

Miscellaneous DOS System Services

21
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DOS function request
25 Set interrupt vector
*30 Get DOS version
*33 Get or set Ctrl/Break on/off
*35 Get interrupt vector
*38 Get country delimiter information
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This Appendix will help you determine which commands and
functions are usable with the various versions of DOS. For ex-
ample, as you can see below, VER was new in DOS 2. You
will not be able to call it from a program designed for all ver-
sions of DOS unless you determine the DOS version from
your program and have the program act accordingly.

Batch file commands were enhanced in DOS 2.0, so you
will need to know the version of DOS before using those en-
hanced facilities. Programs 1-2 and 1-3, MEMDOSVR and
MEMDOSVS, presented in Chapter 1 can be used as models
for determining the version of DOS that is being used.

To further pursue the details of an enhancement made to
a DOS command, you will need the DOS manual at the level
of the enhancement. DOS changes are shown on page A-1 of
the DOS manual, page E-1 of the DOS 2.10 manual, and page
1-4 of the DOS 3.0 manual.

File Sizes of DOS

DOS level 3.0 21 2.0 1.1
IBMBIOS 8964 4736 4608 1920
IBMDOS 27920 17024 17152 6400
COMMAND 22042 17792 17664 4959

Approximate DOS Memory Usage

DOS level 3.0 2.1 2.0 1.1
36K 24K 24K 12K

DOS 1.1

New: EXEC2BIN, date/time stamping of files

Enhanced: COPY, DEBUG, DISKCOMP, DISKCOPY,
FORMAT, LINK, MODE
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DOS 2.0
New:

Enhanced:

DOS 3.0
New:

Enhanced:

304

ASSIGN, BACKUP, BREAK, CHDIR, CLS, CTTY,
FDISK, FIND, GRAPHICS, MKDIR, MORE, PATH,
PROMPT, PRINT, RECOVER, RESTORE, RMDIR,
SET, SORT, TREE, VER, VERIFY, VOL, sub-
directories, disk labels, Ansi.sys, redirection,
piping, nine sectors/track, functions 2F-57h
CHKDSK, COMP, DEBUG, DIR, DISKCOMP,
DISKCOPY, EDLIN, ERASE, FORMAT, Config.sys,
directories, batch files, function 1Bh, INT 25

ATTRIB, COUNTRY, GRAFTABL, KEYBxx,
LABEL, LASTDRIVE, SELECT, SHARE, VDISK,
high-capacity drives, country-specific keyboard and
graphics characters, extended error codes, unique
filenames, INT 2F (printer queue functions), func-
tions 45, 59-5C, 62h

BACKUP, DATE, DISKCOMP, DISKCOPY,
FORMAT, GRAPHICS, PRINT, RESTORE, com-
mand path, INT21, INT24, functions 38h, 3Dh, 44h
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This Appendix will help you determine which BASIC com-
mands and functions are usable with the various versions of
BASIC and DOS. For example, as you can see below, WIN-
DOW was new in DOS 2, isn’t present in Cassette or Disk
BASIC, and in the PCjr version has enhancements. You can
also see that LINE is supported in all versions of BASIC, but
DOS 2 and the PCjr versions have enhancements. Obviously,
enhancements are never reflected in Cassette BASIC or earlier
versions of BASIC. Program 1-4, MEMBASVR, in Chapter 1
can be used as a model to determine which version of BASIC
is being used. Programs 1-2 and 1-3 can be used to determine
the DOS version.

To pursue the details of an enhancement made to a
BASIC command further, you will need the BASIC manual at
the DOS level of that enhancement or above. The first part of
the manual describes enhancements from the earlier level.
BASIC 2.0 changes are shown on page vii of the BASIC man-
ual, while BASIC 3.0 shows changes for 2.0 and 3.0 beginning
on page V.

File Sizes of BASIC
DOS level 3.0 2.1 2.0 1.1
BASIC 17024 16256 16256 11392
BASICA 26880 26112 25984 16768

Key: C=Cassette, D=Disk, A=Advanced, ]=]Junior
1=DOS 1.1, 2=DOS 2.0, 3=DOS 3.0
See BASIC manual for BASIC compiler differences.

Not New in Enhanced in
in BASIC Version Version

atn 2

basic C 2

bload 2

bsave 2

chain C
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chdir
circle
clear
color
com(n)
common
~ cos

cvd

cvi

cvs
date$
delete
draw
environ
environ$
eof
erdev
erdev$
€xp

field
files

get (files)
get (graphics)
ioctl
ioctl$
key
key(n)
kill

line

load

loc

lof

log

Iset
merge
mkd$
mkdir
mki$
mks$
name
noise

on com(n)
on key(n)
on pen
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C 2
C,D ], 2
J
J
C,D
C
2
C
C
C
C
2
C,D ], 2
C ] 3
C, ] 3
2
C]J 3
C] 3
2
C
C
C 2
C,D
CJ 3
CJ 3
2
C 2
C 2
]2
2
C 2
2
2
C
2
C
C 2
C
C
C 2
C,D A ]
C,D
C,D
C,D
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Not New in Enhanced in

in BASIC Version Version
on play(n) C, D 2
on strig(n)
on timer
open
open “com...
paint
palette
palette using
pcopy
play
play(n)
pmap
point
preset
pset
put (files)
put (graphics)
randomize
reset
rmdir
rset
run
save
screen
shell
sin
sqr
strig(n)
tan
term
time$
timer
varptr$
view
window
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BASIC Tokens

BASIC Tokens in Numeric Order

00 End of line, zero line link is end of
program

0B Two-byte octal integer

0C Two-byte hex integer

0D Two-byte line address —1 (after
RUN)

OE Two-byte line number (before RUN)

OF One-byte unsigned integer (10-255)

11 Digit 0

12 Digit 1

13 Digit 2

14 Digit 3

15 Digit 4

16 Digit 5

17 Digit 6

18 Digit 7

19 Digit 8

1A Digit 9

1C Two-byte unsigned integer (0-32767)

1D Four-byte single-precision floating
point

1F Eight-byte double-precision floating
point

20-7F Printable characters, not used for

tokens

Cassette Commands

81 END 92 CLEAR A6 EDIT

82 FOR 93 LIST A7 ERROR
83 NEXT 94 NEW A8 RESUME
84 DATA 95 ON A9 DELETE
85 INPUT 96 WAIT AA AUTO
86 DIM 97 DEF AB RENUM
87 READ 98 POKE AC DEFSTR
88 LET 99 CONT AD DEFINT
89 GOTO 9C OUT AE DEFSNG
8A RUN 9D LPRINT AF DEFDBL
8B IF 9E LLIST B0 LINE
8C RESTORE A0 WIDTH B1 WHILE
8D GOSUB Al ELSE B2 WEND
8E RETURN A2 TRON B3 CALL
8F REM " A3 TROFF B7 WRITE
90 STOP A4 SWAP B8 OPTION
91 PRINT A5 ERASE B9 RANDOMIZE
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BA OPEN CCTO DD OFF
BB CLOSE CD THEN DE INKEY$
BC LOAD CE TAB( E6 >
BD MERGE CF STEP E7 =
BE SAVE D0 USR E8 <
BF COLOR D1 EN E9 +
Co0 CLS D2 SPC( EA —
C1 MOTOR D3 NOT EB *

C2 BSAVE D4 ERL EC /

C3 BLOAD D5 ERR ED ~

C4 SOUND D6 STRING$ EE AND
C5 BEEP D7 USING EF OR
Cé6 PSET D8 INSTR FO XOR
C7 PRESET D9’ F1 EQV
C8 SCREEN DA VARPTR F2 IMP
C9 KEY DB CSRLIN F3 MOD
CA LOCATE DC POINT F4 \

Disk Functions

FD 81 CVI
FD 82 CVS
FD 83 CVD
FD 84 MKI$
FD 85 MKS$
FD 86 MKD$

Disk Commands

FE 81 FILES FE 8C CHAIN FE 98 VIEW

FE 82 FIELD FE 8D DATE$ FE 99 PMAP

FE 83 SYSTEM FE 8E TIME$ FE 9A ERDEV
FE 8¢ NAME FE 8F PAINT FE 9B CHDIR
FE 85 LSET FE 90 COM FE 9C RMDIR
FE 86 RSET FE 91 CIRCLE FE 9D ENVIRON
FE 87 KILL FE 92 DRAW FE 9E WINDOW
FE 88 PUT FE 93 PLAY FE 9F PALETTE
FE 89 GET FE 94 TIMER FE A4 NOISE
FE 8A RESET FE 95 IOCTL FE A5 PCOPY
FE 88 COMMON FE 96 MKDIR FE A6 TERM

FE 97 SHELL

Cassette Functions

FF 81 LEFT$ FF 8D TAN FF 9A HEX$
FF 82 RIGHT$ FF 8E ATN FF 9B LPOS
FF 83 MID$ FF 8F FRE FF 9C CINT
FF 84 SGN FF 90 INP FF 9D CSNG
FE 85 INT FF 91 POS FF 9E CDBL
FF 86 ABS FF 92 LEN FF 9F FIX
FF 87 SQR FF 93 STR$ FF A0 PEN
FF 88 RND FF 94 VAL FF A1 STICK
FF 89 SIN FF 95 ASC FF A2 STRIG
FF 8A LOG FF 96 CHR$ FF A3 EOF
FF 8B EXP FF 97 PEEK FF A4 LOC
FF 8C COS FF 98 SPACE$ FF A5 LOF
FF 99 OCT$
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BASIC Tokens in Alphabetical Order

D9
EB
E9
EA

’

VAN |+ %

ABS
AND
ASC
ATN
AUTO
BEEP
BLOAD
BSAVE
CALL
CDBL
CHAIN
CHDIR
CHR$
CINT
CIRCLE
CLEAR
CLOSE
CLS
COLOR
COM
COMMON
CONT
Cos
CSNG
CSRLIN
CVD
CvI
CVs
DATA
DATE$
DEF
DEFDBL
DEFINT
DEFSNG
DEFSTR
DELETE
Digit 0
Digit 1
Digit 2
Digit 3
Digit 4
Digit 5
Digit 6
Digit 7
Digit 8
Digit 9

86
FE 92
A6
1F
Al
81

FF 8F
FE 89
8D
89
FF 9A
8B
F2
DE
FF 90
85
D8
FF 85
FE 95
Cc9
FE 87
FF 81
FF 92
88
BO
93
9E
BC
FF A4
CA
FF A5
FF 8A
FF 9B
9D
FE 85
BD
FF 83
FD 86

DIM
DRAW
EDIT
Eight-byte double-precision floating point
ELSE
END
End of line, zero line link is end of program
ENVIRON
EOF
EQV
ERASE
ERDEV
ERL
ERR
ERROR
EXP
FIELD
FILES
FIX

FN
FOR
Four-byte single-precision floating point
FRE
GET
GOSUB
GOTO
HEX$
IF

IMP
INKEY$
INP
INPUT
INSTR
INT
IOCTL
KEY
KILL
LEFT$
LEN
LET
LINE
LIST
LLIST
LOAD
LOC
LOCATE
LOF
LOG
LPOS
LPRINT
LSET
MERGE
MID$
MKD$
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FE 96
FD 84
FD 85
F3
C1
FE 84
94
83
FE A4

FF 99
DD
95

OF
BA
B8
EF
9C
FE 8F
FE 9F
FE A5
FF 97
FF A0
FE 93
FE 99
DC
98

FF 91
Cc7

91

Cé
FE 88
B9

87

8F
AB
FE 8A
8C
A8
8E

FF 82
FE 9C
FF 88
FE 86
8A

316

MKDIR
MKI$
MKS$
MOD
MOTOR
NAME
NEW
NEXT
NOISE
NOT
OCT$
OFF

ON
One-byte unsigned integer (10-255)
OPEN
OPTION
OR

OouT
PAINT
PALETTE
PCOPY
PEEK
PEN
PLAY
PMAP
POINT
POKE
POS
PRESET
PRINT
PSET
PUT
RANDOMIZE
READ
REM
RENUM
RESET
RESTORE
RESUME
RETURN
RIGHT$
RMDIR
RND
RSET
RUN

BE
Cc8
FF 84
FE 97
FF 89
C4
FF 98
D2
FF 87
CF
FF Al
90

FF 93
FF A2
D6
A4
FE 83
CE
FF 8D
FE A6
CD
FE 8E
FE 94
CcC
A3
A2
0C
oD
OE
0B
1C
D7
DO
FF 94
DA
FE 98
96

B2

Bl
A0
FE 9E
B7

FO

F4
ED

SAVE

SCREEN

SGN

SHELL

SIN

SOUND

SPACE$

SPC(

SQR

STEP

STICK

STOP

STR$

STRIG

STRING$

SWAP

SYSTEM

TAB(

TAN

TERM

THEN

TIME$

TIMER

TO

TROFF

TRON

Two-byte hex integer
Two-byte line address —1 (after RUN)
Two-byte line number (before RUN)
Two-byte octal integer
Two-byte unsigned integer (0-32767)
USING

USR

VAL

VARPTR

VIEW

WAIT

WEND

WHILE

WIDTH

WINDOW

WRITE

XOR

A
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Appendix G

ASCII Values

Hex ASCII Character Hex ASCII  Character
0 000 (null) 20 032 (space)
1 001 © 21 033 !
2 002 ® 22 034 "
3 003 v 23 035 #
4 004 . 24 036 $
5 005 3 25 037 %
6 006 * 26 038 &
7 007 (beep) 27 039 ’
8 008 o 28 040 (
9 009 (tab) 29 041 )
A 010 0] 2A 042 *
B 011 o 2B 043 +
C 012 (form feed) 2C 044 '
D 013° (carriage return) 2D 045 -
E 014 Jd 2E 046 .
F 015 2 2F 047 /

10 016 > 30 048 0

11 017 < 31 049 1

12 018 H 32 050 2

13 019 " 33 051 3

14 020 T 34 052 4

15 021 5 35 053 5

16 022 - 36 054 6

17 023 ] 37 055 7

18 024 } 38 056 8

19 025 { 39 057 9

1A 026 - 3A 058 :

1B 027 - 3B 059 ;
1C 028 L 3C 060 <
1D 029 3D 06t =
1E 030 A 3E 062 >
1IF 031 v 3F 063 ?
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ASCII Values

Hex ASCII Character Hex ASCII Character
40 064 @ 60 096 :
41 065 A 61 097 a
42 066 B 62 098 b
43 067 C 63 099 c
44 068 D 64 100 d
45 069 E 65 101 e
46 070 F 66 102 f
47 071 G 67 103 g
48 072 H 68 104 h
49 073 1 69 105 i
4A 074 ] 6A 106 j
4B 075 K 6B 107 k
4C 076 L 6C 108 1
4D 077 M 6D 109 m
4E 078 N 6E 110 n
4F 079 (0] 6F 111 o
50 080 P 70 112 P
51 081 Q 71 113 q
52 082 R 72 114 r
53 083 S 73 115 s
54 084 T 74 116 t
55 085 U 75 117 u
56 086 A" 76 118 \'
57 087 w 77 119 w
58 088 X 78 120 X
59 089 Y 79 121 y
5A 090 Zz 7A 122 z
5B 091 [ 7B 123 {
5C 092 \ 7C 124 !
5D 093 ] 7D 125 }
5E 094 A 7E 126 ~
S5F 095 - 7F 127 a
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ASCII Values

ASCII

128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159

Character

C:O:: £/ S0/ 0: Oy 8 I o >0 =0 07 @ DD Do W W DSy

\?ﬂ(mﬁ

Character

_I ]‘\,|olm Zyg.c'\o\—‘m

......

JILLLL!I:L.HJ-_L.JL_L—xg
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ASCII Values

Hex ASCII Character Hex ASCII Character
co 192 L EO0 224 a
C1 193 + E1l 225 g
C2 194 - E2 226 r
C3 195 F E3 227 ™
C4 196 - E4 228 z
c5 197 + E5 229 o
Cc6 198 E E6 230 H
c7 199 I E7 231 T
C8 200 © E8 232 o)
c9 201 " E9 233 e
CA 202 a EA 234 Q
CB 203 e EB 235 6
CC 204 (3 EC 236 o0
CD 205 = ED 237 %)
CE 206 4k EE 238 €
CF 207 = EF 239 N
DO 208 4 FO 240 =
D1 209 = F1 241 +
D2 210 - F2 242 >
D3 211 w F3 243 <
D4 212 = F4 244 r
D5 213 P F5 245 J
D6 214 " F6 246 +
D7 215 ¥ F7 247 ~
D8 216 + F8 248 °
D9 217 a F9 249 o
DA 218 r FA 250 .
DB 219 ] FB 251 J
DC 220 - FC 252 n
DD 221 1 FD 253 2
DE 222 1 FE 254 [ |
DF 223 - FF 255 (blank)
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Appendix H

The Automatic
Proofreader

Charles Brannon

Now there’s a way to banish practically all typing errors when
you enter BASIC programs in this book. “The Automatic
Proofreader” instantly checks your typing as you enter each
line. The Proofreader works on any IBM PC or Enhanced
Model PCjr with Cartridge BASIC.

The Proofreader lets you enter program lines as you nor-
mally do, but with an important difference. After you type in
a line and press Enter, a pair of letters appears, inserted just
before the line you've typed. This pair of letters is called a
checksum. You compare the checksum to a matching code of
letters in the program listing. If the pair of letters on your screen
matches the pair of letters in the program listing, the line was en-
tered correctly. A glance is all it takes to confirm that you've
typed the line right.

Does it sound too good to be true? It isn’t. Thousands of
readers of our magazines, COMPUTE! and COMPUTE!s Ga-
zette, have been successfully using similar Proofreaders to type
in program listings for their Commodore, Atari, and IBM
computers.

Using the Proofreader

To get started, type in the Automatic Proofreader listing at the
end of this Appendix and save a couple of copies. You'll want
to use it whenever you enter a program from this book, COM-
PUTE! magazine, and future COMPUTE! books. Naturally, the
Proofreader can’t check itself, so you'll have to be extra careful
when you type it in. Often, when readers experience difficulty
with the Proofreader, the problem has been traced to improp-
erly typing the Proofreader program. If it’s not typed in cor-
rectly, you may receive the message Error #2. The Proofreader
traps all errors, even syntax errors. Instead of getting the usual
message, Syntax error in ..., you get the error number (2 is syn-
tax error) with no hint as to where the error might be. To help
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The Automatic Proofreader

you find your typos, change the 650 to 0 in line 140. This
turns off the error trapping so that you'll get the usual error
messages if you have any errors.

Before using the Proofreader to type in programs, it’s a
good idea to test all the Proofreader commands, especially the
SAVE command, just to make sure there are no bugs lurking
in some obscure place in the program. To test the Proof-
reader’'s SAVE command, run the Proofreader and type in one
line, say, 10 REM. Now save this test program. If you didn’t
get an error message, you can safely type in a complete listing
without fear of losing all your typing due to a bug in the
SAVE command. When you think you have all the bugs out,
type BASIC to exit the Proofreader, change line 140 back to
normal, and save this bug-free version of the Proofreader.

When you run the Automatic Proofreader, the screen
clears to white and the prompt Proofreader Ready appears. At
this point, the Proofreader is ready to accept program lines or
commands. You can just type in a program as you normally
would.

Here’s an example of how it works. Type in the following
line:

120 RESUME 130

When you press Enter, there’ll be a short delay and the
checksum will appear:

BE 120 RESUME 130

The two letters BE are the checksum. Try making a change in
the line, then press Enter. Notice that the checksum has
changed. The slightest alteration to the line results in a dif-
ferent checksum.

Most of the BASIC program listings published in this
book have a checksum printed to the left of each line number.
Just type in each line (omitting the printed checksum, of
course) and compare the checksum on your screen with the
checksum in the listing. If they match, go on to the next line.
If they don’t match, there’s a difference between the way you
typed the line and the way it appears in the book. It might be
a very slight difference that’s hard to spot at first. When you
find it, you can correct the line immediately with the cursor
and editing keys instead of waiting to find the error when you
run the program.
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Although the Proofreader is an indispensable aid, there
are a few things to watch out for. First, the Proofreader is very
literal: It looks at the individual characters in a line. It makes a
distinction between upper- and lowercase, so be sure to leave
Caps Lock on while you type in a listing, releasing it when nec-
essary to enter lowercase. For similar reasons, do not use the
question mark (?) as an abbreviation for PRINT—they’re not
the same thing in the Proofreader’s eyes. The Proofreader can
even catch transposition errors—such as PIRNT instead of
PRINT.

The Proofreader is also picky with spaces, since proper
spacing is important to prevent syntax errors in IBM BASIC.
Adding an extra space or leaving one out—even in places
where it’s normally permitted, such as within PRINT state-
ments or comment statements—will result in a different
checksum. If you want to modify something, we recommend
that you first type the program exactly as it’s published, verify
that it runs, and then make your modifications.

Proofreader Commands
The Proofreader has many commands, almost identical in syn-
tax to those found in IBM BASIC. In fact, the editing environ-
ment is so similar that you may forget you're using a BASIC
program to enter other BASIC programs. If in doubt, remem-
ber that BASIC’s prompt is Ok while the Proofreader says
Proofreader Ready. Also, the screen is white when the Proof-
reader is active.

LIST works just like it does in BASIC. LIST 10 lists line
10 only. LIST 40-90 displays all lines between 40 and 90,
inclusive. If you press any key while the program is listing,
the listing will stop. Unless you are running the Proofreader
under PCjr Cartridge BASIC or BASICA 2.0 or 2.1, do not
press Break to stop the listing or you will exit the Proofreader.
The Break key is trapped with Advanced BASIC 2.0 or 2.1, so
you'll get the message Stopped.

CHECK is a special Proofreader command that acts like
LIST, except it also displays the checksum for each line.

LLIST will list the program to the current printer device. It
works as LLIST does in BASIC.

NEW clears out the program in memory—not the Proof-
reader, but the program you're typing. However, there’s an ex-
tra safeguard built in. Unlike BASIC, the Proofreader will ask,
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Erase program—Are you sure? You must enter Y to erase the
program. Remember, this won’t remove the Proofreader itself,
but only the program held by the Proofreader.

FILES lists the disk directory on the screen. It lists only
the directory for drive A.

BASIC exits the Proofreader. It returns you to BASIC’s Ok
prompt and returns the screen color to black, leaving the
Proofreader still in memory. To be safe, always save your pro-
gram on disk before leaving the Proofreader. If you acci-
dentally -exit the Proofreader by typing BASIC, you can reenter
the Proofreader and retrieve your program by typing CONT.
You'll get a syntax error message and the screen won't return
to white, but the program you were typing will be intact.

SAVE and LOAD Commands

You can save a program at any point when using the Proof-
reader. Just type SAVE “filename”. As usual, the ending quote
is optional. If you don’t enter a period and a three-character
extender, the extender .BAS will be automatically appended.
Again, this is just like IBM BASIC.

Unlike IBM BASIC, the Proofreader always saves pro-
grams to disk in ASCII form. You can load this program from
BASIC like any other. Since ASCII files take up more room on °*
a disk than ordinary program files, later you may want to
resave the program back to disk from BASIC in order to con-
serve disk space. (Be sure to type NEW before loading an
ASCII file.)

You can reload programs into the Proofreader with the
command LOAD “filename”. (As with the SAVE command,
the extender .BAS is assumed if you don't enter an extension.)
This way you can type in part of a long program, save it on
disk, and load it again later to continue typing. But make sure
the program you're loading was saved by the Proofreader. The
Proofreader cannot successfully load a program file that’s not
in ASCII form.

Program H-1. The Automatic Proofreader

12 *Automatic Proofreader Version 2.0¢ (Lines
270,516,515,517,628,630 changed from V1.0)
194 DIM L$(S500),LNUM(S5P9):COLOR @,7,7:KEY OFF:
CLS: MAX=0: LNUM{(0)=65336"
1184 ON ERROR GOTO 120:KEY 15,CHR%{(4)+CHR$(70):
ON KEY(15) GOSUB 649:KEY (15) ON:GOTO 134
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129
130
149
1S5¢

169

179
180
19@
200
219

22a

249
269

279

289
299
300
319
320
339
349

359

RESUME 139

DEF SEG=%HA4¢¥:W=PEEK (&H4A)

ON ERROR GOTO 652:PRINT:PRINT”Proofreader

Ready."”

LINE INPUT L&:Y=CSRLIN-INT{(LEN(L$)/W)—-1:L0
CATE Y,1

DEF SEG=@:POKE 1859,3¢:POKE 1052,34:POKE 1
254,90: POKE 1655,79:POKE 1056,13:POKE 1657,
28:LINE INPUT L$:DEF SEG:IF L&="" THEN 15¢

IF LEFT$(L$,1)=" " THEN L$=MID${L$,2):60TO
179
IF VAL (LEFT$(L$,2))=@8 AND MID$(L$,3,1)=" "

THEN L$=MID&(L$.4)
LNUM=VAL (L$) : TEXT$=MID$ (L$,LEN{(STRS (LNUM))
+1)
IF ASC(L$) >37 THEN 26# “no line number, th
erefore command
IF TEXT$="" THEN GOSUR S4¢: IF LNUM=LNUM(P)
THEN GOSUB S6@:G0TO 158 ELSE 150
CKSUM=@:FOR I=1 TO LEN({L%):CKSUM=(CKSUM+AS
C(MIDS{(L$,I))XI) AND 255:NEXT:LOCATE Y,1:P
RINT CHRS$ (65+CKKSUM/ 16) +CHRS$ (65+ (CKSUM AND
15))+" "+l $
GOSUR S4¢: IF LNUM(P)=LNUM THEN L$(P)=TEXTS$
:GOTO 1SP °“replace line
GOSUBR 58¢:60T0 158 ‘insert the line
TEXT$="":FOR I=1 TO LEN(L%):A=ASC(MID$ (L%,
IN): TEXTH=TEXTH+CHRE (A+32X (A>9&6& AND AL123)
) sNEXT
DELIMITER=INSTR(TEXT®," "):COMMANDS=TEXT$:
ARG$="":IF DELIMITER THEN COMMAND$=LEFT&(T
EXT$,DELIMITER-1) : ARGH=MIDS (TEXT$, DELIMITE
R+1) ELSE DELIMITER=INSTR(TEXT$,CHR${34)):
IF DELIMITER THEN COMMANDS$=LEFT$(TEXT$,DEL
IMITER-1) : ARG$=MID$ (TEXT$ ,DELIMITER)
IF COMMAND$< >"LIST" THEN 419
OPEN "scrn:" FOR OQUTPUT AS #1
IF ARGS="" THEN FIRST=80:P=MAX-1:60T0 349
DELIMITER=INSTR(ARG%,"—-"):IF DELIMITER=4 T
HEN LNUM=VAL (ARG$) : GOSUR S4@:FIRST=P:G0TO
349
FIRST=VAL (LEFT$ (ARG$,DELIMITER) ) : LAST=VAL (
MIDS$ (ARG$, DELIMITER+1))
LNUM=F IRST:GOSUB S4@:FIRST=F:LNUM=LAST:GOS
UB S49:IF P=¢ THEN P=MAX-1
FOR X=FIRST TO P:N$=MID&{(STR$ {(LNUM(X)) ,2)+

IF CKFLAG=¢ THEN A$="":60T0 374
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369

379
380
390
499
419
429
43¢
440

459
469

479

48¢
499

=

S19
515

S17
529
S49
S69

589

-1
=38
&29

639
649

659

330

CKSUM=@: A$=N$+L$ (X)) :FOR I=1 TO LEN(A%):CKS
UM=(CKSUM+ASC(MID$ (A%, 1)) XxI) AND 255:NEXT:
A$=CHRS$ (6S+CKSUM/16) +CHR$ (65+ (CKSUM AND 15
))_'." n

PRINT #1,AS+N$+LE(X)

IF INKEY$<>"" THEN X=P

NEXT :CLOSE #1:CKFLAG=0

GOTO 130

IF COMMAND$="LLIST" THEN OPEN "1lpti:" FOR
OUTPUT AS #1:60T7T0 3¢¢@

IF COMMAND$="CHECK" THEN CKFLAG=1:G0T0 299
IF COMMAND$<>"SAVE" THEN 450

GOSUB 69%: 0PEN ARGS FOR OUTPUT AS #1:ARGS$=
"r:GOTO 390

IF COMMAND%<>"LOAD" THEN 49¢

gogUB 609@: 0PEN ARGS$ FOR INPUT AS #1:MAX=@:
WHILE NOT EOF(1):LINE INPUT #1,L&%:LNUM(P)=
VAL (L$) : LS (P)=MIDS(LE,LEN(STR$ (VAL (L$)) ) +1
) : P=P+1:WEND

MAX=P:CLOSE #1:607T0 139

IF COMMAND$="NEW" THEN INPUT "Erase progra
m — Are you sure";L$:IF LEFT${(L$,1)="y" OR
LEFTS$(L$,1)="Y" THEN MAX=0:60T0 134:ELSE
139

I1IF COMMAND$="BASIC” THEN COLOR 7,.84,6:0N ER
ROR GOTO 9:CLS:END

IF COMMAND$<>"FILES" THEN 520

IF ARGS="" THEN ARG$="A:" ELSE SEL=1:G0SUB
609

FILES ARG$:G0TO 139

PRINT"Syntax error”:G0TO 139

P=@: WHILE LNUM>LNUM(P) AND P<MAX:P=P+1:WEN
D: RETURN

MAX=MAX—-1:FOR X=P TO MAX:LNUM{X)=LNUM{(X+1)
tL$(X)=L$(X+1) :NEXT: RETURN

MAX=MAX+1:FOR X=MAX TO P+1 STEP —1:LNUM(X)
=LNUM(X-1) : LS (X)=L$(X—1) :NEXT: LS (P)=TEXT&:
LNUM(P) =LNUM: RETURN

IF LEFT${(ARGS,1)<>CHR$(34) THEN 520 ELSE A

RG$=M1D% (ARGS, 2)

IF RIGHT${(ARG$, 1)=CHR$(34) THEN ARG$=LEFT$
(ARGS, LEN{ARG%) -1)

IF SEL=0 AND INSTR(ARGS,"”.")=0 THEN ARG$=A
RG#+" . BAS"

SEL=¢: RETURN

CLOSE #1:CKFLAG=@: PRINT"Stopped.":RETURN 1

59

PRINT "Error #";ERR:RESUME 159



Index

absolute address 6, 8, 10, 38
accumulator 9
active display page 199
active page number 199
allocated segment 35
all-points-addressable display 146
Alt key 72-73, 103
Alt-keypad accumulator 237
ANSILSYS 26, 83
APAGE 153, 203
array variable 44, 46-49
asynchronous adapter
port addresses 234
primary 290
second 278
attenuation control 129
attribute byte 52, 171
audio jacks 111
AUTOEXEC.BAT 30
AX (AH/AL) 9
background
color 173-74, 184
intensity 174
base pointer 9
base register 9-10
BASIC
APAGE 153, 203
BEEP 111, 131
break interrupt vector 246
BURST 203
CS segment register 7
data segment storage 246
DRAW 155
fatal error interrupt vector 246
keyboard buffer 44
key trapping 88
line number 45
PALETTE 203
PALETTE USING 203
PCjr cartridge 15, 23
protected program 49-50
random number seed 44
SCREEN 151-52, 203
segment number 44
SHELL flag 246
SOUND 111, 131
string space 44
timer interrupt vector 246
tokens 46, 313-16
variables 45-49
version 15-17, 307-9
VPAGE 153, 203
workspace 44, 46
BASICA 15
batch files 31-34

beep routine 111-12
BEEP statement 111, 131
BIOS
break data 243
hard disk 24
version 12-13
video mode 202
bisynchronous adapter 280-81
blink, character 171
BLOAD 45, 49-50, 56
boot
process 18-33
record 23
sector 24
bootstrap routine 224-25
border color register 288
border drawing characters 167
BP 9
break code 70
Break key 88-90
breakpoint 218
buffer
display 143-45, 180-81
head 77, 237
keyboard 76-83, 237
tail 77, 237
BURST 203
BX (BH/BL) 9
cable, keyboard 101
Caps Lock key 73, 103
cartridge 23, 30, 43, 50
cassette
CRC register 243
data input 271-72
edge time count 243
functions 223
last input value 243
motor on 270-71
tape write routines 123
character cell 156

character generator 142-44, 155, 193, 197

circular buffer 76
clicker 73, 97
clock tick 123
code segment register 9, 43
cold start 19
color
adapter, memory usage 187, 193
attribute byte 173
border 288
burst signal 154
display memory 248
palette 184
register 176
select register 287



color/graphics display adapter 142-43,
284-89
COMMAND.COM 29-37, 248
COMMAND.COM, secondary 31-32
command port, 8259 266
COM1, COM2 266
COMSPEC parameter 30
communications COM1 219
communications COM2 (IRQ3) 219
Complex Sound Generator 129
CONFIG.SYS 26, 38
configuration switches 22, 148, 269-70
co-processor 272
count register 9
CRT /processor page register 144, 153,
181, 288
CS9
Ctrl key 72-73
Ctrl-Alt-Caps Lock keys 73
Ctrl-Alt-Del keys 19, 91 103
Ctrl-Alt-Ins keys 91
- Ctrl-Num Lock keys 73
Ctrl-Scroll Lock keys 103
cursor
ending scan line 283, 286
location 180
position 202
shape 153
start/end 202
starting scan line 283, 285
CX (CH/CL) 9
data register 9
data segment register 9, 36, 43
DEF SEG 7, 43-44
destination index register 9
DI 9
digital input 277
disabling
Break key 89
reboot sequence 91
disk
attention (IRQ6) 220
controller 289
controller status/hard disk command
block 239
drive installed 272
functions 221-22, 232
motor count 238
motor status 238
parameter table 226, 247
seek status 238
status 238-39
watchdog timer 266
display
adapter, active 154
adapter ports 202
buffer 143-45

divide by zero error 217
Direct Memory Access Controller (DMA)
262, 273, 275. See also 8237
DMA memory refresh 123
DOS
break user exit address 230
commands from BASIC 50-51
directory buffer 246
fatal error handler address 230
function 16h 76
function 27h 53
function 31h 36-37
function 4%h 35
function 4Ah 35, 37
function 4Bh 31, 35
function 4Ch 35
function 4Dh 35
function call 227-29
keyboard functions 99
program terminate 227
program terminate user address 229-30
read absolute disk sectors 230
terminate but stay resident 231
version 14-15, 303-4
write absolute disk sectors 230
double-dot character 155, 170
double precision variable 48
DRAW statement 155
DS 9
DTA 36
DX (DH/DL) 9
80C48 microprocessor 100
8088 interrupts 217-18
8048 microprocessor 100, 102
8255 Programmable Peripheral Interface
95, 100-101, 111, 121, 153, 268-73
8259 Programmable Interrupt Controller
102, 124, 265-66
8253 Programmable Interval Timer 111,
121, 218-19, 266-68, 271-74

8237 Direct Memory Access Controller 262

End of Interrupt (EOI) 104
ENVIRONMENT 28, 30, 36
equipment
determination 221
flags 234-35
error
B, PCjr 101
code 301 101
divide by zero 217
in expansion slots 271
ES 9
escape sequence 83-88
Esc key 83
.EXE module 35
expansion unit 277
extended graphics modes 187



extended scan code 70, 72, 79, 96, 103
extender card ports 278
extra segment register 9
file
attribute byte 25
control block (FCB) 36
hidden 25, 30
piping 30
system 25
Fn-Echo keys 101
foreground color 173
formatted parameter areas 44
frequency divisor 130-31
Function key 72-73, 75
game controller 277
gate, channel 2 input clock 123
glitches, video 193-98
graphics
character chart 158-62
characters 128-255 162, 226
PEL maps 158
screen modes 153, 184
hard disk
attention (IRQ5) 219
BIOS 24, 249
control byte 244
controller 279
file number 244
functions 222
parameter table 232
port offset 244
status 243
hidden file 25
horizontal retrace 194, 283
hot start 22
IBMBIO.COM 25-29
IBMBIOS.COM 247
IBMDOS.COM 25-29, 52, 247
index register 10
infrared link 101
insert mode 73
instruction pointer 9
INT
40, 217
27, 217
217-18
27, 218
40, 218
103, 169, 218
218
218
114, 124, 218

40, 219

219

D 175, 197, 219-20
E 220

ATWOOIOAURWN =D

40, 70-71, 78, 91, 95, 100, 102, 219

F 27, 220

10 220-21

11 221

12 221

13 221-22

14 222-23

15 223

16 80, 96-98 223-24

17 224

18 17, 224

19 22, 224-25

1A 225

1B 40, 89, 103, 225

1C 40, 136, 225

1D 226

1E 226

1F 226

20-2F 27

20 227

21 99, 227-29

22-24 36

22 30, 229-30

23 30, 40, 230

24 30, 40 230

25 230

26 230

27 37, 231

28 231

29 231

2F 231

40 232

41 232

44 232

48 71, 233

49 233

60-67 37, 233
integer variable 47
intensity, character 171
interrupt

mask register, 8259 266

time-of-day 124
invoked module 35-36
invoking module 36
I/0

channel checks 101

ports 52-53
10.5YS 25
IP9
joystick 277
keyboard

Alt 103

attention (IRQ1) 219

Break 30, 88-90

break code 70

break user routine 225

buffer 77-83, 103, 237

buffer end 244



buffer length 77-78, 82

buffer relocation 82-83
buffer start 244
cable 101, 272

Caps Lock 103
clicker 97, 270
Ctrl-Alt-Del 19
Ctrl-Scroll-Lock 103
data serial input 272
deserialization 274
differences 69
emptying buffer 78
enable 270

flags 72-73, 236-37
Fn 72-73, 75
functions 223-24
infared link 101
interrupt 266
latched 272

NMI 218, 273

Num Lock 103
Pause 102

plugging buffer 79-80
Prtsc 103, 169
redefinitions 83

scan code 70, 79, 96, 100-102, 269-70

shift status 73-75, 96
state 75
status flag 70

key trapping, in BASIC 88

least significant byte 7
light pen 283, 286, 288
loader program 35
location
24-27h 102
58-5Ch 96
60h 95
70h 136
7Ch 158
110h 158
410-413h 22
413-414h 46
415-416h 22
417h 98
417-418h 70, 72, 102
41%h 103
41Ch 77
41E-43Dh 76
44%h 151, 153
449-466h 154
44Ch 181
44Eh 199
44E-44Fh 181
450-45Fh 180-81
462h 181, 199
465h 153
466h 154

472h 103

472-473h 19

480h 82

482h 82

488h 70, 75, 98

510-511h 43, 46

700h 26

7C00h 24
logical drive, single disk drive 246
LSB 7

machine language, in BASIC workspace 45

machine type 12
manufacturer
test flags 236
test monitoring device 265
MC14529B multiplexor chip 128
memory
allocated 27
color adapter usage 187, 193
expansion 236, 272
monochrome display 247
refresh 145
segment: offset addressing 4-10
size 236
size determination 221
typical PC usage 20-21
mode control register 288
modem, internal 272
monitors 146-51
monochrome monitor/parallel printer
adapter 281
most significant byte (MSB) 7
MSDOS.SYS 25
multipage display buffer 181
music
background 121
notes 113
NMI mask register 273
Non-Maskable Interrupt (NMI) 101
number
of asynchronous adapters 235
of disks 269
of disks present 235
of parallel printers 235
Num Lock key 73, 103
offset 4-10
overflow 218
paddle 277
page number, active 181
page register, CRT/processor 144, 153,
181, 288
palette
mask register 175, 288
registers 184, 288
third 185
PALETTE statement 203
PALETTE USING statement 203



paragraph boundary 6
parallel printer
adapter port addresses 234
primary 284
second 280
third 278
time-out values 244
functions 224
parity error 23, 101, 270-73
parity error NMI 217
pause 102
PCjr
BASIC cartridge 15, 23, 50
character generator ROM 155
count of keyboard transmission errors
236
CRT/CPU page register image 245
current character 244
current function 245
disk controller 275-76
disk track last accessed 243
Error B 101
extended graphics modes 187
Fn flags 75
frequency divisor 130
graphics characters 0-127 232
graphic characters 128-255 162
horizontal screen printer 245
internal modem 290
interrupt flag 244
keyboard flag 2 245
keyboard translation 233
nonkeyboard translation table 233
palette register 175, 184
POST and diagnostics data 246
sound chip 128-29
sound source functions 225
variable delay 244
vertical retrace 197
phantom keypress 71
picture element (PEL) 155, 186
piping 51 )
primary SDLC adapter 280
print
queue functions 231
screen image 218
screen status 246
program loader 30-31
Programmable Interrupt Controller
265-66. See also 8259
Programmable Interval Timer 266. See
also 8253
Programmable Peripheral Interface 111,
268. See also 8255
Program Segment Prefix (PSP) 28-29,
36-37, 44
protected program 44, 49-50

prototype card 279
Prtsc key 103, 169
port address space 52-53
power-on self test (POST) 19
RAM
on system board 270
parity error 271-72
random number, BASIC 44
raster generator 143
reboot sequence 91
receiver card ports 278
redirection 30, 51
reset flag 243
reset, system 19

resident portion, COMMAND.COM 29-30

resident programs 37
resistive input 277
restart, system 91
reverse character 171
RGB bits 172
ROM
BIOS 250
part number 12
resident BASIC entry point 224
resident programs 2§
RS-232 serial communications functions
222-23
RS-232 time-out values 244
scalar variable 44, 46-49
scan code 70, 100-102
screen
active display page 199
active page number 199
disabling 195
KEY line 182
modes 151
page beginning 202
page length 181, 202
page number 202
page offset 181
paging 180-85
scrolling 195
scrolling registers 199
starting address, display page 199
type of display 269
SCREEN statement 151-52, 203
Scroll Lock 73
segment
generally 4-11
number 28
number in BASIC 44
:offset addressing 38
override 11
register 9
SHELL command 14, 29, 50-51
Shift key 72-73
shift status 96



SI9
single-dot character 155, 170
single precision variable 48
single step 217
6845 143
6845 registers 151, 201-2
SN76496 Programmable Tone/Noise
Generator 129, 274-75
sound
attenuation 129, 274
chip 129, 274-75
frequency divisor 130
multiplexor input selection 271
voices 1-3 frequency 274
SOUND statement 111, 131
source index register 9
SP9, 11
speaker
data gate 123
internal 11, 270-71
SRVCCALL 53, 96, 98
559,11
stack
pointer 52
pointer register 9, 11
segment 50
segment register 9, 11
storage
block 27, 35-37
chain anchor 27
string variable 47-49
switches 1-8 272
switch group 2 271
system
board RAM 235
file 25
timer 266
timer functions 225
timer tick user routine 225
text character chart 157-60
tick, clock 123
time-of-day interrupt 124
timer
data 243
overflow 243, 274
tick 114
tokenizing BASIC keywords 46-47
313-16
transient portion, COMMAND.COM
29-30
typamatic 73
typamatic key rate 97
underlined character 171
unprotecting BASIC programs 49-50
user interrupts 233
variable

BASIC 44
header 48
names 47
pool 46-49
storage 46-49
vector
break interrupt 89
captured 39-43
contents 38
general form 6-7
images 38
vertical retrace 194, 197, 220, 266, 283
VGA 143-44, 287 *
video
active page 241 .
address of active 6845 241
attributes 171
blink enable/disable 174, 283, 288
character generator 142-44, 155
CRT buffer length 240
CRT columns 240
CRT mode 239
CRT mode setting 241-42
CRT palette 242
CRT start 240
cursor mode 241
cursor position 240
display adapter ports 202
display buffer 143-45, 180-81
display enable/disable 174, 283
extended graphics modes 187
functions 220-21
Gate Array (VGA) 143-44, 287
glitch elimination 193-98
graphics characters 158-62
horizontal retrace 194, 283
initial mode 235, 272
modes 151-55
monitors 146-51
page switching 180-84
palette 202
palette register 175, 286
parameter table 226
picture element (PEL) 186
port base 202
ports 201
raster generator 143
screen paging 180, 197
status 202
text characters 157-60
third palette 185
tracking summary 202
vertical retrace 194, 283
VPAGE 153, 203
warm start 19, 91
workspace, size in BASIC 46



The IBM PC, in all its permutations, is a powerful machine.
Unfortunately, many of its most powerful features—its built-
in hardware and software—are hidden and not well-
documenied. Even relatively simple things may seem
impossible if you're using a trial-and-error approach. How
can you call DOS and BIOS functions from BASIC pro-
grams? Is there a way to tell, frorn your program, what ver-
sion of DOS or BASIC is being used? Can you tumn off the
Ctrl/Break sequence from BASIC?

If you use an IBM PC, XT, XT/370, PCjr, Portable PC, or
a 3270PC, COMPUTE!'s Mapping the IBM PC and PCjr will
show you how to do all this and much more. Here's a brief
look at just some of what you'll find in this extensive ref-
erence guide:

» Scores of well-documented program examples
« Handy cross-references to IBM documentation

« In-depth discussions of the keyboard, video, and sound

o Comprehensive mernory and port maps

o An inferrupt and function guide

» Comparisons of the various versions of DOS and BASIC

o A complete list of BASIC tokens, including disk commands
and functions

The techniques and tricks explained and illustrated in
this book will help you design impressive, effective, pro-
fessional-quality programs. Whether you've been program-
ming in 8088 machine language for years or are just
starting out, you'll find COMPUTE!'s Mapping the IBM PC
and PCjran indispensable guide fo the vast capabilities in-
side your computer.

ISBN 0-942386-92-2
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