7 JDom 3'IpD

(Interrupts) nipsop

29N nank 99T Lnsswaa® CPU-n bw 0303 nurbw nnavn bw gy XU fpood
LMK 737039% nidynon nvadan Sw onswyw nxsw Sw nisa opopn RUT Aptod Yy
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.CPU

.70 59 NANR 7ISUAT YAYDwAa LNYASY3IT NUIdINR navEva wynb N2
ne391na noabn o enba maveyn (Temn kD Dar) BHa M3 avnn arh o navvaan
12913 NPODIAT nr333na "Trabn vnvat 1vn n3vwIan TRV quiwR Mobhnw
J1°) ,nUDAbAR MY DR Tvam 1R (P93 T773) Nvasanh 2090w L hTh
DR DNOWwn TATR Rvbabhn mIvwLYwe nava S0y tw o nrasanm nav¥va peaavn
apeOd  Pw DATWBRT DX RUIM 119X 1PYBR (NYIDAnm YD 173 LPPD vvmawn
7299m nTIpD B vamk LY 073 ,wnanab ey npcos bw Yehnn . 1yawna
MTAPDR AR BTN NTIPI DR NITAY nawexr RYYY MNUR RITWPD DIRD KPP ,nv3dana
XIp3  qonnaw Lahbh "mivdaban niatwinta LYo 17w nra R¥Y1UW 12300 LUK
Ny 33N 9y avab yeown kY opbw nbvenme 15 773%2 mhanba ,ov-ISR oab
e 555 13 ISR-n .nvYmvacm menn 115 nrRrbw nyownw IR L,Nopodisn
NPODAAT NT3IDINMY L,NY37 MR NYT°T2 nposast nridant  awehen nro qrThn?
LTPODIT RYT NIW YaI? DAY 2¥MI wINhn

~3 Xpanm K7 PR NIRTY RN ORYTOM AWIM DR 1°3AY 0113 73307 771 DR
:CPU

o R >7 Sy nyapan yaxeab aRon ATI1pDA L,NYIANM 79737 NTI0N WKRD
iN*33907 19%7 *d% muaw (pIRa nadIvnd LCS:IP avmh
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.%0on mTIpbnw o5y °p by yapy wnn i, (IJMP, CALL

1372713 napwvn aMEen (3370 Averi)  ADD, MOV smd naTipsm ant 9y
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LNYXANNT NY3I3INT N3 NRIN) yixva’ nxan 17900 DYapBT vawa
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NIpeds *3230

102390 7»3% nibTa1 nIpod L,nvacb aasnan

2WNHI AN 2°27 DINCRY 73%an - gom»ia napeod - Hardware Interrupts .1
nR¥InD bwnd - wbs / vbp vov1xb Y5 7173 on At avom nyprop (CPU-Y panmw
.M2OYR DTN AR DIYpBa wpp nxent YW

bw nxsan qvnm2  popn KD 2xk» NY3NI0 DIpOD - paatan - Exceptions .2
.7P% nvoxbp xmatt xen (divide overflow) ooxa npavn JDIPA2937 neoann
X2 naIna% mwab 19%03 L Ncpan RY 721518 NIIpD v¥a® 11901 Of NINR NINMAST

.'90% UPOYT 12 1URY BUUROCT 1315% AWUR L 1975712 navp

9972 - NY13907 DBTYC2 NYpURD - 13230 nipeon - Software Interrupts .3
JINT mapsn ="y 99>
SR) 1372772 NAMUCRPR NIV NTINLAND wantw YPO 172 DR AT A0p NYpod
.{(n*351n% yam»

L(INT 21h) DOS @ n313"LI77 NIIDD2 1IWHNYT SWRD :737R7 93D NXT

naprop)  2-1 1 a0m nIpUonY o DURNM T BIDY0 NOWRIAY IRDA TwvRY

NI oD} 3 370m NYPUUEn TIRD B 2-1 1 av0n  mipron L (maarany AN

DK 9Y3n NN :TMITLAIY NIDYRDR MO LYMD O T32IN naprod L (71303n
LINBTAYA OMCPR 9D NIRIPIT NIITYIN

?{call) n3>v17% nisynon? 73510 npvop_ 1v2 Yevan on

:QYY Py DY v v
18771 n2ao s Yw EXE-n 7ap 73 reman 1ip% RUn mavwiab nioynon L1

Lawnen Yw e%29%a Braany maam 777 ntwwa 72390 nptos L2

nawy CALL natya nva xb (UNIX, WINDOWS NT) nisams nisayma .1 vaab
anve v9ax JEXE-n p2pY pann x¥man TIP% NIBYNOA 71330 NpULDR DUWINY N
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X7 N3 NYI5IN WKRD  LUWHR Uhv2 MUt 127w 0% QAR Wy 1132
177377 n1TIpa? nabasam  CALL ns»soynon .mwsbw nbapmy 19931 npnyan
nRI9p Pomd C-3 nvasan awkd . 119013 EXE-n opatp Bw a1 "maimsn"a oorgnd
vPp / ubp mIvRW 73°vY7 %5) strepy, sin, gsort s nYtwATAVD  nYIvLITb
»k3°2 7 EXE-71 yasp 702 HSoam (abysnn noavna nyonon / Ayebws miTRA
AT L 12tR ey (vesy PSR nabaybh DR owenl (N1ULYTIVD  NYvIDCD Inn)
e ubs [/ vYp NY3CwLIT LABEY DYIDIN2 ANDIY YTIPR TP 713y DA 11503 12983
moyDmn n3Yna ovynon Par EXE-7 papa ovRypiw oeTip oavn printf, fopen

.713290 naprop »"y

EXE-n yasp 7302 19p% nypynon? Tomn vynd xin CALL-2 ame%? awox DOS nnn
JTISL 1PNV WRD MY AT YW 1rISY AT LnanR nawyb nvvan PRY NnY
ws w *"y) CALL n73ps "y a%*r3 nvv393 n nyavwsab genon® ey DOS  nnan
MUYy IRM %73 Ky CALL-3 fts wanew nvbey nyowa Par (7vxpaip? qwavioa
.0 023%¥na P

nbaw - vHasba (BY3INI TIAM) SRWH PIT KOO NI2I0 Nprodh nRCp .2 v2ab

13 wnrwn (orawavin 256-%) baaam mrhoaremn L (1Pn% oxanew) IV naphoon

(UNIX, NT) nasasm nooowma - Som 3%en S9IRw am1 navongy namsss vl
LINIR NawY naRor ®Y nabean nataoan - 1aam oa R

nYeaDD WAntA 113338

IV _sx Interrupt Vector nip»opd nbap

ninwrb  nhgpn®  nvaw napoop epom (255 v 0-») 256 avmyep PC awnma

1R .2wnmn Yw o 1vbR® 12T 256 “ponn nabxeam pbis &Y LnmRY 9RO
(segment + offset) o xbm av7vivIp 256 Hw 7wn o p JORT NYAwY nywer
.0 .. 255 n99povss nyrwor naprod 256 713y "nynoab (kD" ovowivish onw

bv real mode 23xmay 8086-2  .IV x Interrupt Vector x9p3 nrin nbav rwmn
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Interrupt Service Routine np3 052 %48%vn Nivwys NvXIPI AT 720N LN
xgnm3 nprobn Y ISR-% 9v3vipn 9 9pom nprod M3y ,x@AIT? ISR 7Pl R
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JINT mavomn n7ipd %w vazea "y - 73230 NIpUoD2

D000 WINcH 11313180
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05377 axa (IF)  Interrupt Flag %277 nx ooxm X7 .2

MIPY0D NWRANR Y3199 "2TAW 10X YATD LN IRD a3 79 by
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nyo X7 N°aommn WK (3N 13’55

IP | 4

€S

FLAGS

IP-5 Sw gwwnn ovoayn ovpbwa IV-n Yw K*4+3 99 K*4 niazwmnon
(K*4+2, K*4+3) CS-n (K*4, K*4+1)

nNIa*ndn

aRan ATpEn bw nawmon e neaomea namwan CS:IP nandd 7omn RO

nainon (obxa npavnn ,divide overflow-m1 Iwd) Nan*ionm nAzsan 932y Lyyeab

.MPDDIMW HTIPDR YW NAINDT RPIVT KPR YI¥eaY ORI OTIPHT KD KU DM
.a%pn qansr By Ppab Ax11> XA OIRD Papewn

:CALL maamim nA7ipD yagrab  na7 A7om3 ARIT PPRAn XD whnm ,093°0%
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F

(IF) Interrupt Flag-n

11333 5y vowwn LIF sk Interrupt Flag-nm 2a7 ov*p 872370 923% 7In2
nywpan obynn CPU-m .nawss  dmand nprod 1vaaam L IF = 0 9wx>  .nipronn
yeown X% IF-n .2y» mamnm paphob yasaan LIF = 1 9wxd .gaman naprep
X% 139907 oW Bvaxm wew own pina qawn L (INT nTapsR) nasanm nipeop by
IR TIYW DYaRM L, MPU0D NYnShn mnxy? niwaa abids

nIRPeoET 11333n% nYvIwPpYw 034on RITIPD

.(IF = 0) IF-n 9o ) - CLI
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{IF = 1) IF-a npbin - STI
.k 73590 npoop% o913 - wiap pom Tomn ko - INT k

IP, €S, FLAGS-71 nx nvaommms (POP) no~%w - npsopa Pipvvm q1tn - IRET
whwaw  oeoavy  CS:IP-n »aaswy  (nvaonma 13ww 7WwH) 0RATT 3R 1T

Lvaonnn
037¥Y CvpivIx pIxa e TF-ay IF-0 ,IRET-n vz 2 oyw A% w

09377 TR oY fpoba YIBY vpnn

Jrap Flag (TF) -n

n9%3 1penpy CPU-m P37 R3m IWRDW BYPAT 93K MR 531 ®n TF-n

pizra Y vanx 1 Tpon hpton Yo (mavan nwynd) hprob y¥am RN IR DINYOB
o'w .single step-m np°od 95 “wa noxap2 1 DO APULD  .A2IOn NTIPD W
wnnn KY 977 A¥DINA L,NAPUODR 113Aan 0"y nvumivix n3» TF-nw jyanw 2%
ov-debugger n113%n winend Spvya W3 AT (1A .anxy 1 oapvop bw ISR-3
*sngy 1 vpom nprop By morbwn R wyv? npab nvn debugger-n .DOS nnn
70 1 apeop Sw abw  ISR-7 np7an nv3sINm YW A3I5m pTIph Yy G vaxed
A% mabayn aror webnm v v vEPh nvadanmy CPU-R oa¥m o nR pa2

(CLI ,STI) IF-% wow »p3 ,3%w »333 / Ap°%Tav nmywm s mitipd 1Pr TF-Y
IRET 3% POPF niTipon hatya 1°5°pya nwyd %aTn 9373 IR mpyTn . bumb
.89 R S novan Ivn o0voa by mwyr qa7n %% m

:17nPs R TF-11 npban® »3%0IR TP

PUSHF

POP AX
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" 17¥on nyavIRa #3I59n” ntas? weaxr ROM-BIOS -n nx

;%91 ROM-BIOS v niz»nn »wxn
.Read Only Memory, Basic Input Output System

nawnamen qwR L (29055 Dy5c AR BO nvarpYw) vHaBOR NYITLINA M2
.n1p oba Y99°b n93°win nvapvo o¥va 17 .ov- ISR naaxa

640K-11 1°2 13n90r bw 384K-3 XY 197307 NMI2wND nacman  anbw  bapnn
Aseww 9oy cm now ansk JUMA-n1 ax Upper Memory Area -n ax IM-% praswxan
.ow 0°5vap nbyenm nesaym RY DY mo¥peaRa XY wsba SYSTEM-S

192 @'®73 PC-3 a@v3vwxan 0 - 1M niaawnon anan

1M
\
384K UMA - Upper Memory Area (Reserved)
\|/
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/|\
640K
Conventional Memory
\|/
0
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DOS ,mvavx i 1°3 @972 wow nawmoy PC »37%» Yw o 9173 non wew nambw
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Sv nesapvo Sw oYpovt Y NIppYom  aven Abyen nisqvn . (Device driver
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,UPD / vhp Sw 210 55 73w 23m3 avA AT .0°7PwImT 0U218C DIRD Yw drivers
.BIOS-11 xbnbx

n13vwe (DOS) mbyoan nanwen ponoome L INT 21h -% 13a%32 2% owb o
noayn %o oonawn @Rt awnmam phnoom .APYERA noavm ovwwm pbn pa'k BIOS-n
opbn ,0m2 wenwa® L, 129m ,NaTSR OIUR APYBT NOIWM  .DNATWI 1YY nbven
,oms  pYmn nambynn sxTya NT ax LINUX am> abysm naoawm 1pRY ,0730 R
07310 D 2prwn



niatwn nipsob bw nopbn nnewn

N1 >InR 7p*057 310 ow puivide)>Bimlole}s
DOS 13N Divide overflow 0
BIOS nmIn Print-Screen 5
BIOS hitRl Timer 8
BIOS Tanen Keyboard 9
BIOS m359n Video (16} 10h
BIOS 7359n Floppy (19) 13h
BIOS 713270 Keyboard (22) 16h
DOS 7anIn Crtl1-Break (27) 1Bh
DOS hiRh| Function Request (33) 21h
F1himb i

vbn/ubp-% 1 WOy TV TIWHNUIW T3I5INT NpUeb A Xy 21h tpon  mphod
.(INT 21h) DOS 9%

mpeop .M p>  n3vR Y1 L (Keyboard) nibpm napron onvaw 16h-9 9 napoos
(wpn Sw vme / axenb Yo oy nwnann)  ntbpen bw gawann npeep KU 9
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1w
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naayn pay ,nbyean noiyet Aatn2 921° 19w ,DOS nyvanRa X N2 Zapunw
Divide =2ab %"35  .nva% D350 &% BIOS-n1 .ovatwn &Y nyib abiss nbyoan
.Overflow

,BIOS niy*av naba» '153 Keyboard, Timer nip-os %w o>-ISR-71 ,nxy nnivb
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2 INTEL, DOS AND BIOS INTERRUPTS

Address
SEG:OFF Wbt Type Purpose
03EAZ [ntel Divide Overflow This interrupt oecurs when a divide averflow takes place. The
interTupt vector vares with the DOS version.
068ED Tntel Single-step This interrupt simulates single-step execution. 1BM uses the Trace
command in DEBUG 1o accomplish this task.
: FEIC3  BIOS  Non-Maskable This interrupt cannot be prevented. It calis the BIOS NEAR
(F000 F35F — XT) Interrupt procedure NMI_{NT and results from memory errors on the
system board (PARITY CHECK 1) or add-oa boards (PARITY
CHECK 2).
068E6 Intel Set Breakpoint This intermpt s10ps the procsssing at 2 particuiar address.
00847 Intel In!errupt If This in[gmp{ activates an INTO instruction returm (IRET).
Overflow
FFF54 BIOS Print Screen This interrupt prints the screen under program coniral. The FAR
procedure cplled is PRINT_SCREEN and the address 0050 : 0000
contains the status.
- - - - Not used.
- - - Mot used,

FOCO: FEAS FFEAS BIOS Timer Intermpt This routine handles the timer interrupt from chansel O of the 8253
timer, There are approximately 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 cails
an inwerrupt 1C H, in tumn, which can contain a user routine,

FE987 BIOS ' Keyboard Interrupt This routine is FAR proceduse KB_INT. It continues to address
. FD00: EC32 and constitules the keyboard interrupt. INT i6H is
the keyboard I/Q routine and is much more flexible.
- - - Not used.
- - - Not used,
- - - Not used.
- - - Nat used.
FEF57 BIOS Floppy Disker1e This FAR proadurc, DISK_INT, handles the diskstte i mtcrrupl
00847. DOos - This & interrupt u:mralu me samo all - TYPE 4
e e N WL gt ey o ) o e s R
"provides tlw CRT intevface. The use of this lnlarn.lpt Invclvu
many options which are discussed in a subsequent table. .
FF34D BIOS Eguipment - This procedure looks for the number of printers, any game 1O, the
pumber of R$-232C cards, number of diskette drives, video mode,
and RAM size,
FFa841 BIOS . Memory Size Determines the memory size irom data,
FOQQ: EC59 FECS9 BIGS Diskerte 1/0 This procedure calls a series of routinﬁ-that acx:omPlish d_i.skctt.c
(CB00:0256 ~ XT) }/O. Since 2 number of parameters are invoived, this routine will be
discussed separately.
FOOQ: E739 FE739 BIOS Communications This procedure lets the user input/output data from the RS5-232C
Adapter commugnications port.

FO00: F859 FF85% BIOS  Cassettz [/O This interrupt is used to conlrol cassette [/C. .

F0OO: ES2E FEZZE BIOS Keyboard [/O This interrupt manipu_latcs AX to read the keyboard. 1t will be
discussed scparatety

: i is routine provides communication with the printer. It uses the

PO TERDR FErD S0 Priner o Th:x anLclinD)‘: registers to setup parameters. We will discuss it later.

F600:000 F6000 BIOS Casserte BASIC This interrupt calls cassetie BASIC. _ .

F000: E6F2 FE6F2 BIOS Boatstrap Track O sector 1 of Drive A is read into the boot lecarion. Control is

) ransferred there, ‘

F000: FESE FFEGE BIOS Time-Of-Day This routine allows the clock to be set/read. .CX contains the high
portion of the count and DX the low portion.

N 0070:0140 00840 DOs Ctri-Break This interrupt results when a keyboard imer.rupt is used.

FOOO: FF33 FFF33 BIOS Dummy Return This interrupt simply <alls an IRET ins:rucm?n. .

FOOG: FQA4 FFDA4 BIOS Video Parameters This is simpiy 2 'table of byte values and routines jor setting up
various graphics parametcrs.

0000:0522 00522 pos Floppy Table

00E3: 0BO7 T 01937 DOS Graphics Table Used with DOS 3.0 . '

PSP 0000 — DOs Program Terminate  This interrupt is issued by DOS 1o exit from a program. It is the ﬁrsl

' address in the Program Segment Prefix arca.

relocatable — DOs Function Requesi This interrupt has many options and‘ will be di—sc?;sscd later. -

PSP :000A - DOS Terminate Address Control transfers to the at?drtss specified at this interrupt !ciatxofz
when the program lerminates. Do not issue this address directiy.

PSP:000E - DOS Ctri-Break Exit “This interrupt is issued in response to a Ctrl-Break [rom the siandard

Address

inputL

14

{Continued)
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TABLE 5.2 (Continued}

Address

Description

Purpose

Type

20-bit

SEG:QFF

Int,

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

Critical Error

DOS

PSP:0012

u

as a disk error,
This interrupt transfers control to the device driver for a read.

Handler Vector
Absolute Disk

DOS

relocarabie

15

Read
Absalute Disk

This interrupt transfers control (o the device driver (or a write.

DOs

relacziable

2%

Wrile

‘This vector is used by srograms (o remain resident after DOS

Terminate But Stay

DOos

relocatable

7

regains control.

Resident

RESERVED FOR DOS

This interrupt defines a general interface betwesn 2 processes. Each

Multiplex !nrcrrui)l

DOS

relocatable

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

the handler in AL.

RESERVED FOR DOS

30-3F

sSaec. v.¥ INroduUCiIonN ¢ 1IMenupws

Table 5.2 is rather extensive and containg most of the interrupt vectors fur the
IBM PC and XT [2]. Most of these interrupts will not be useful from a programming
viewpoint; however, the interrupts indicated in the description as alfecting such things
as 1/O can make the programmer’s job much simpler. Three types of interrufits are
discussed: Intel, BIOS, and DOS. The Intel inlerrupts are common to most Intel
processors in Lthe 8086 family. The BIOS interrupts are mﬂnn:._o 10 the IBM Basic
Input Output System and the DOS interrupts are, c:ecao.mﬁon_ﬁo to the IBM Disk
Operating System [3]. The BIOS interrupis are explained in the BIOS program
listing discussed above, and the DOS interrupts are described in the DOS Technical
Reference manual [4]).

.6.1.1 Interrupts 0-OFH'

Interrupts 0-4 are not particularly useful to the n;wa:&_nn nomqm:_:an because they
tend 1o call system oriented functions. INT 5 can be used i priit the contents of the
screen Calhode Ray Tube (CRT) under program control. 1, for example, a-program
generates output 1o the screen, it might be desirable to automatically save this output
and INT 5 is useful for this purpose, INT § is the Timer Interrupt and refurns a time
count in locations 0040:006C and 0040: 00GE where these are the low and high count,
respectively. This 32-bit time count can be used (o time events in the program. INT 9
activates when keys are pressed or released and simply stops the proggssing. This
interrupt is more of a system interrupt. The'INT 16H keyhoard 1O iiterrupt will be

. discussed in dctail rather than focusing on INT 9. Both address the kcyboard

operation; however, INT 16H has considerable Nlexibility over INT 9. Interrupts
OAH to OFH tend to be either unused al present ur system oriented and will not be
discussed further. INT 10H, however, is the video 1JO routing already mentioncd.
This interrupt has many options us discussed in the program listing in the 1BM
Technical Reference manual. Essentially all screen /0O under program control can be
implemented using this interrupt. The [ollowing 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 called. Table 5.3 describes these options and the registers that must be
set 1o control outpul, The mode option (AH = 0) determines the screen resolulion
and what graphics are available. To handle the increased memdry requitements lor
the graphics modes, additional video memory must be provided and is vsualy
supplied with the graphics card purchased. The following discussion illustraics the
use of this video interrupt and how 1o achieve screen graphics,

All standard screen modes involve the use of a ruster scan which .a:::_v_ means
the electron beam moves veriically downward afier scanning across lor each line from
left to right. The resolution of a dot in one of the graphics modes is determined by the
number of lines veetically down the screen and by the number ol columns horizontally
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

[ 4.5




