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1Kk ,n°pbAn maTLIIm N on 3R (P55 Y772)  nvadand anow L,nTh
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yym onw o@owh CS:IP avra »vow (@97a% v wy IR)  npva gpod



B irdeb> Rlan n>3o51nb

ni2°08 a0

:0°290 1% nabIas nipeod Lnvavh nIcnan

2wnEa RN 259 NnvRY 72330 - 0oman npood - Hardware Interrupts .1
aRYIND bwnb - vhn / vop v57%Y Y55 9773 on A svom mpros (CPU-Y  yimw
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.1355n hipood 'y

EXE-7 ya1p 702 T1p% nooynoa? 1 mn vywnd X1 CALL-v 1% owox DOS nnn
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wsw *"y) CALL nTipp *"y 1%*K> ny*33%°n na3svy1? gynon® nva DOS nnn
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.BIOS-11 Yw ISR-71 Yw nx5ni nasnsn nx Yvom vea 32 nanwnn WRD

ISR mpopa Y9p5u nyisvin wanns

73290 npYoD |*2 YTan navm UK L7133 nIpvoD navmab  wpn 9o
IO L, RI7 735N NPYDDA N2VTA NTIYAM 2ChmBR TUACR IR .a01T¥yTeb
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INTEL. DOS AND BIOS INTERRUPTS

Address
SEG:OFF 20-bit Type Purpose

03EA2 Intel Divide Overflow This imterrupt occurs when a divide overflow takes place. The
interrupt vector vardes with the DOS version.

068ED latel Single-step This interrupt simulates single-step execution. IBM uses the Trace
command in DEBUG to accomplish this task.

FEIC3  BIOS  Non-Maskable This interrupt cannot be prevenied. It calls the BIOS NEAR

Interrupt procedure NMI_INT and resuits from memory errors on the
system board (PARITY CHECX 1) or add-on boards (PARITY
CHECK 2.
0686 Intel  Set Breakpoint This interrupt stops the processing at 2 particular address.
00847 Intet Interrupe If This interrupt activates an INTO instruction return (IRET).
Overflow .

FFF54 BICS Print Screen This interrupt prints the screen under program control. The FAR
procedure called is PRINT_SCREEN and the address 0050: 0000
contains the status.

- - - Not used.
- - - Not used.

FFEAS BIOS Timer Interrupt This routine handles the timer interrupt from channel 0 of the 8253
timer. There are approximatcly 18.2 interrupts/second. This
handler maintains a count of the number of times it was called
since power up. The FAR procedure is TIMER_INT and it calls
an interrupt 1C H, in turn, which can contain a user routine.

FE987 BIOS ° Keyboard Interrupt  This routine is FAR procedure KB_INT. [t continues to address
F000: EC32 and constitutes the keyboard interrupt. INT 16H is
the keyboard I/O routine and is much more flexible.

- - - Not used.
- - - Not used.
- - - Not used.
- - - Not used.
FEF57 BIOS Floppy Diskette This FAR procedure, DISK_INT, handles the disketie mt:m.:pt.
00847 _INTO _ This inzerrupt activaios the same call a¢ TYPE & N
pﬂwidu the CR‘!' im.ufm The use of this innu'mpl lnvolm
many options which are discussed in a subsequent table. .
i . i ure looks for the number of printers, any game /O, the

Frsn Bios Faipment nl:snmprl:rzif RS-232C cards, number of ﬁish:ttc drives, video mode,

and RAM size.
FOOO: F841 FF341 BIOS . Mcmory Size Deternrines the memory size from data.
F000: EC59 FEC59 BIOS Diskette 1/0 This procedure calls a series of routines that accom?lish df'skclt!:
: (C800:0256 — XT) 1/O. Since a number of parameters are involved, this routine will be
discussed separately.
F0O00: E739 FE739 BICS Communications This procedure lets the user input/output data from the RS-232C
Adapter commuaications port.
FQO00: F359 FF8s59 BIOS Cassette [/O This interrupt is used to contral cassette /O,
FOOO: ES2E FES2E BIOS Keyboard [/C This interrupt manipulates AX to read the keyboard. 1t will bc
discussed separateiy
F00G: FEFD2 FEFD2 BIOS Prinuer [/O This routine provides communication with the prin_ter. _Ir. uses the
‘ AX and DX registers to setup parameters. We will discuss it later.
F600:000 F6000 = BIOS Cassette BASIC This interrupt cails cassette BASIC.
F000:E6F2 FE6F2 BIOS Bootstrap Track 0 sector 1 of Drive A is read into the boot location. Control is
transferred there. ,
F000: FEGE FFE6E BIOS T'lme-Of-Day‘ This routine allows the dock to be set/read ‘CX contains the high
portion of the count and DX the low portion.
0070:0140 00840 DOS Curl-Break This interrupt results when a keyboard interrupt is used.
F000:FF53 FFF53 BIOS Dummy Return This interrupt simply cails an IRET instruction. )
FO0O: FOA4 FFDA4 BIOS Video Parameters This is simply a tabie of byte values and routines for setting up
various graphics parameters.
0000:0522 00522 DOS Floppy Tabic
Q0E3:0B07 01937 DOS Graphics Table Used with DOS 3.0 .
PSP : 0000 - DOSs Pragram Terminate This interrupt is issued by DOS to exit from a program. [t is the f:mt
) address in the Program Segment Prefix area.
relocatable — DOos Function Request This interrupt has many options and will be discussed latelr. '
i ntrot transfers to the address specified at this iaterrupt location
Fap:0008 N pos Ferminae Address Cawhen the program terminates. g:not issue this address directiy.
PSP:CO0E — DOS Curl-Break Exit This interrupt is issued in response to a Cirl-Break from ihe standard
Address input.



TABLE 5.2 (Continued)}

Address

Description

Purpose

Type

20-bit

SEG:OFF

Int.

This interrupt is called when a critical error occurs within DOS such

Critical Error

DOS

PSP:0012

4

as a disk error.

This interrupt transfers control to the device driver for a read.

Haadler Vector
Absolute Disk

DGs

relocatable

Read

Absolute Disk

This interrupt transfers control to the device driver for a write.

DOSs

relocatable

26

Write

This vector is used by programs (o remain resident after DOS

Terminate But Stay

DOS

relocatabie

27

regains controi.

Resident

RESERVED FOR DOS

28-2E
F

This interrupt defines 2 general interface between 2 processes. Each

Multipiex Intcrrui:n

DOsS

rejocatabie

handler is assigned a specific number in AH and the function of

the handler in AL.

RESERVED FOR DOS

Seaec. vl INOAUCUION 1O 1Intanmups 1

Table 5.2 is rather extensive and contains most of the interrupt vectors for the
IBM PCand X1 [2]. Mosl of these interrupts will not be uselul [rom a programming
viewpoint; however, the interrupts indicated in the description as affecling m:.n__ things
as 1/0 can make the programmer’s job much simpler. Three types of interrugits are
discussed: Intel, BIOS, and DOS. The lutel interrupts are common to most Intel
processors in the 8086 family. The BIOS interrupls are wﬂanwm.o“ to the IBM Basic
Input Output System and the DOS interrupts are, of course, specific to the 1BM Disk
Operaling System [3). The BIOS interrupts are explained in the BIOS program
listing discusscd above, and the DOS interrupts are described in the DOS Technical
Reference manual [4].

.5.1.1 Interrupts 0-OFH'

Interrupts 0-4 are not particularly uscful to the assembie ..”vﬂ.cm,q.sz__zoa because they
tend to call system oriented functions. INT 5 can be used {0 print the contents of the
screen Cathode Ray Tube (CRT) under program control. If, for example, asprogram’
generates outpul Lo the screen, it might be desirable to automatically savé this output
and INT 5 is usefui for this purpose. INT 8 is the Timer Inlerrupt and returns a time
count ity locations 0040: 006C and 0040:006E where these are the low and high count,
respectively. This 32-bit time count can be uscd to time events in the progtam. INT9
aclivates when keys are pressed or released and simply stops the processing. This
interrupt is more of a system interrupl. The'INT 16H keyboard 1/0 interrppt will be

. discussed in detail rather than focusing on INT 9. Both -address the keyboard
operation; however, INT 16H has considerable flexibility over INT 9. Interrupts
OAH 1o 0FH tend 1o be either unused at present or system oriented and will not he
discussed further, INT 10H, however, is the video 1/O routine alrcady mentioned.
This interrupt has many options as discussed in the program listing in the 1BM
Technical Reference munual. Essentially all screen 1/0 under program control can be
implemented using this interrupt. The foltowing discussion addresses this interrupt in
some depth.

5.1.2 Interrupt 10H: Video |/O

The type 10H interrupt has 16 basic options controlled by the AH register at the time
the interrupt is calied. Table 5.3 describes these options and the registers that must be
set Lo control output. The mode option (AH = 0) deterrhines the scrcen resolution
and what graphics are available. To handle the increased memory requirements for
the graphics modes, additional video memory must be provided and is usually
supplied with the graphics card purchased. The following discussion illustrates the
use of this video interrupt and how 1o achieve screen graphics. .

All standard screen modes involve the use of a raster sean which simply mcans
the electron beam moves vertically downward after scanning across for each line from
left to right. The resolution of a dot in one of the graphics modes is determined by the.
number of lines vertically down the screen and by the number of columns horizontalty
across the screen. In the 640 x 200 graphics mode, for example, the height of the
screen can be thought of as 200 dots high. Similarly, the screen width would be 640
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/* c;intrld.c - Change Ctrl-Break interrupt handler.
Pure C version. */

#include <stdio.h>
#include <dos.h>

volatile int Ctrl_Break. Flag:

void interrupt (*Int27Save) (void); /* Pointer to function */

void interrupt Ctrl Break_ Handler{(void)}
{
Ctrl_Break Flag = 1;
printf("C: Ctrl-Break has been pressed.\n");

} /* Ctrl_Break Handler */

void main{void)

{
Int27Save = getvect(27); /* Preserve old pointer */

setvect (27, Ctrl_Break Handler); /* Set entry to new handler */

printf("C: Press Ctrl-Break to continue.\n");
Ctrl_Break Flag = 0;

while (Ctrl_Break Flag == 0)
; /* Do nothing */

printf("C: Terminating ...\n");
setvect (27,Int27Save); /* Restore old pointer */

} /* main */

E:\users\eytan\asm>tcc -ml -r- c¢_intrld.c
Turbo C++ Version 3.00 Copyright (c¢) 1992 Borland International

¢_intrld.c:
Turbo Link Version 5.0 Copyright (c¢) 1992 Borland Internatiocnal

Available memory 4112144
E:\>c_intrld.exe
C: Press Ctrl-Break to continue.
C: Ctrl-Break has been pressed.

C: Terminating ...

E:\>



/* c_intr2d.c - Change Ctrl-Break interrupt handler.
C + ASM version. */

#include <stdio.h>
#include <dos.h>

volatile int Ctrl Break Flag:
long int Int27Save; /* 32bit used to hold old ISR address */
void interrupt Ctrl_Break Handler (void)
{
Ctrl_Break_Flag = 1;
printf{("C+InASM 1: Ctrl-Break has been pressed.\n"):
}

void main(void)

{
/* Int278ave = getvect(27); Presexrve old pointer */
asm {
' PUSH ES /* Preserve registers */
PUSH AX
/* Preserve pointer of o©ld interrupt handler */
MOV AX, 0 /* Set ES to point to Interrupt vector segment */
MOV ES,AX
MOV AX,ES:{[27%*4] /* Read offset entry of Ctrl-Break ... */
MOV WORD PTR Int27S8ave,AX /* ... interrupt handler */
MOV AX,ES:[27*4+2] /* Read segment entry of Ctrl-Break ... */
MOV WORD PTR Int27S8ave+2,AX /* ... interrupt handler ¥*/
/* gsatvect (27,Ctr]l_Break_Handler) : S8et new interrupt handler */

CLI /* Disable interrupts while IV is being changed */
/* Set offset of new interrupt handler */

MOV WORD PTR ES:[27*%4],0FFSET Ctrl_Break Handler
/* Set segment number of new interrupt handler */

MOV WORD PTR ES:[27*4+2],S5EG Ctrl_Break_Handler

STI /* Re-enable interrupts (modification finished) ¥*/
POP AX /* Restore registers */
POP ES

}

printf ("C+InASM 1: Press Ctrl-Break to continue.\n");
Ctrl_Break_Flag = 0;

while (!Ctrl_Break_Flag)

H /* Do nothing */
I* setvect (27, Int27Save); Restore old pointer */
asm { :
PUSH ES /* Preserve registers */
PUSH AX
MOV AX, O /* Set ES to point to Interrupt vector segment */
MOV ES,AX
/* Ragstore old interrupt handler */
CLI /* Disable interrupts while IV is being changed */
MOV AX,WORD PTR Int27Save /* Restore the offset ...*/
MOV ES:[27*4] ,AX /* ... of 0ld interrupt handler */

MOV AX,WORD PTR Int27Save+2 /* Restore the segment number ... */
MOV ES:[27*4+2],AX /* ... of old interrupt handler */

STI /* Re-enable interrupts (modification finished) */
POP AX /* Restore registers */
POP ES

}

} /* main */

E:\>c_intr2d.exe
C+InASM 1: Press Ctrl-Break to continue.
C+InaASM 1: Ctrl-Break has been pressed.

E:\>



/* c_intr3d.c - Change Ctrl-Break interrupt handler.
C + ASM version, use DOS INT 21h AH=35hL, 25h. */

#include <stdio.h>
#include <dos.h>

int Ctrl Break_Flag;
1ongm§§t Intg7que; /* 32hit used to hold old ISR address */

void interrupt Ctrl_Break Handler (void)
{
Ctrl_Break Flag =
printf("C+InASM 2:
}

1;
Ctrxrl-Break has been pressed.\n");

void main(void)

{

/* Int27Save = getvect(27); Preserve old pointer */
asm {
PUSH DS /* Preserve registers */
PUSH ES
PUSH AX
PUSH BX
MOV AH,35h /* Set DOS interrupt handlexr */
MOV AL, 27 /* Set interrupt vector entry number */
INT 21h /* Invoke DOS */

. /* Preserve offset of o0ld interrupt handler */
MOV WORD PTR Int27Save,BX
MOV AX,ES /* Preserve segment number of old ... */
MOV WORD PTR Int27Save+2,AX /* ... interrupt handler */

/* setvect (27, Ctrl_ Break_Handler); Set new interrupt handler */
/* Set offget of new interrupt handler */
MOV DX,OFFSET Ctrl_ Break Handler
MOV AX,SEG Ctrl_Break Handler /* Set segment number of new ... */

MOV DS,AX /* ... interrupt handler */

MOV AH,25h /* Set DOS interrupt handler */

MOV AL, 27 /* Set interrupt vector entry number */
INT 21h /* Invoke DOS */

POP BX /* Restore registers */

POP AX

POP ES

POP DS

}

printf ("C+InASM 2: Press Ctrl-Break to continue.\n");

Ctrl_Break_Flag = 0;
while (!Ctrl_Break_ Flag)
; /* Do nothing */

/* setvect (27, Int27Save); Restore old pointer */
asm
PUSH DS /* Pregserve registers */
PUSH AX

/* Restore number old interrupt handler */

MOV DX,WORD PTR Int27Save
MOV AX,WORD PTR Int27Save+2 /* Restore the number ... */

MOV DS, aX /* ... of old interrupt handler */
MOV AH, 25h /* Set DOS interrupt handler */

MOV AL, 27 /* Set interrupt vector entry numbexr */
INT 21ih /* Invoke DOS */

POP AX /* Restore registers */

POP DS

}
} /* main ¥/

E:\>c_intr3d.exe
C+InASM 2: Press Ctrl-Break to continue.
C+INASM 2: Ctrl-Break has been pressed.

Es\>



mainint3.c, ctribrkl.asm X»2%7T N1*333N

mrawyn wyeb  ,c intrld.c- nnr wym>  mainint3.c  nvadanm
extern-> nymam XK ow nomims 73°K Ctrl_Break Handler ni>viimw
77778190 MU Ke7 YYIB LIAR PR3P PYIDI NORIME FUTIN KRR DY)
X3 ©'RI7 IMIXw M 79°5% .ctrbrhl.asm y33p3 mmanw vhamox  npwa
mawn ®en ¢ _intrld.c -» e1anb

extern void interrupt Ctrl Break Handler(void);
X>7 navbesn nvasinn Yw Yiontpn naw
tcc -ml -r- mainint3.c ctribrhl.asm

2% @owb  SRT>  ponka ot wx .ctrlbrhl.asm yaspa v joanay
730177 L IRET 739omi n1apd *"y nwmasn n3vvIIn Yw TR 73990
NYTIPDI @¥IAIRT 93 NR naTnwn/nownen
PUSH AX
PUSH BX

PUSH BP

NY73Pbl QNIR NOTRYDY

POP BP
POP DI

POP AX
nasnn  printf-% nxvapn ,LARGE 9732 nbompnn nvisanme 111701

D wNIAMT (VO DXY LINAD TDOM DA) RPM LIID YW nviom?  Apent
nyTIpDa

MOV AX,SEG printf str



PUSH AX
PUSH OFFSET printf str

ATIPD MAWY [OII2
MOV DS, AX
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/* mainint3.c - Main for pure assembler interrupt handler */

#include <stdio.h>
#include <dos.h>

volatile int Ctrl_Break Flag;
void interrupt (*Int27Save) (void); /* Pointer to function */

extern void interrupt Ctrl_Break_Handlex (void);
void main(void)

{
Int27Save = getvect(27); /* Preserve old pointer */

setvect (27, Ctrl_Break Handler):;
printf("C: Press Ctrl-Break to continue.\n");

Ctrl Break_Flag = 0;

while (Ctrl Break_ Flag == 0)
; /* Do nothing */

printf{"Terminating ...\n");
setvect (27,Int278ave); /* Restore old pointer */

} /* main */

E:\>tcc -ml -r- mainint3.c ctrlbrhl.asm
Turbo C++ Version 3.00 Copyright (c) 1992 Borland International
mainint3.c:

ctrlbrhl.asm:
Turbo Assembler Version 3.1 Copyright (c) 1988, 1992 Borland International

Assembling file: ctrlbrhl.ASM

Exrror messages: None
Warning messages: None
Passes: 1

Remaining memory: 418k
Turbo Link Version 5.0 Copyright (c¢) 1992 Borland International
Available memory 4112112

E:\>mainint3.exe

C: Press Ctrl-Break to continue.
ASM: Ctrl-Break has been pressed
Terminating ...

E:\USERS\EYTAN\ASM>
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ctrlbrhl.asm - pure assembler Ctrl-Break handler.

-MODEL LARGE

PUBLIC _Ctrl_Break Handler
EXTRN _Ctrl_Break_Flag:WORD
EXTRN _printf:FAR

void

g
: interrupt Ctrl Break Handler (void)
r
«.DATA
printf_str DB ‘ASM: Ctrl-Break has been pressed’,10,0
.CODE
_Ctrl_ Break Handler PROC FAR
PUSH AX ; Preseve all registers ...
PUSH BX ? ... other than FLAGS and SP.
PUSH CX
PUSH DX
PUSH ES
PUSH DS
PUSH SI
PUSH DI
PUSH BP .
MOV AX,SEG _Ctrl_Break_ Flag ; Set ES to segment ...
MOV ES,AX 3 ... oOf Ctrl Break Flag

e wa me W
-

MOV

e e W

MOV
MOV
PUSH
PUSH
CALL

Ny e W
A4

POP
POP
POP
POP
POP
POP
POP
POP
POP
IRET

Ctrl_Break Flag = 1;
ES: [_Ctrl_Break_Flagl,1 ; Set global flag to 1

printf ("ASM: Ctrl-Break has been pressed\n");

Set DS to segment ...

... ©Of printf str

Store complete address
e« Of printf str

AX, SEG printf_str
DS, AX

DS

OFFSET printf_str
_printef

SP,4

W W % W

Free parameter space

e

Restore all registers ...
.+ Other than FLAGS and SP.

BP
DI
SI
DS
ES
DX
CX
BX
AX

e “wg§

; Return from interrupt

_Ctrl_Break Handler ENDP

END



