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WeR1980UA SAdmasIas Flag

diagldnavuuuuduiian Wsinsy Wsunsuiviiuansey ivgansineu
wanlunsisaauteyandeuneu uiesenduuwiduse

A4 No o

iielusunsunuranain visewlediddsliainsavinuldegigness Wlsunsugesneanisineu
WaINaULlUSUATUYIEN

minglinadu power A1ebd lidvagtiuazyinalisunsueslsey wiselusunsuregan1sineuluud?
Tngavinnnagne wawinissuldsinsudmsy shutdown aglianunsasnidnlusunsuila
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CS231: UNN 7 : NSTATINILNITVINGU

N159AT91ILNT1591197U ( Interrupt) AaIaN1TMEANITINUVRLIUSUNTUYEIATID LialrgUunsal

v v 1 1 o Y] 1
aeuandru lgaulilasinsiwaas nglulasinsiwdaiwasaznauauadlaaninissulusunsugay
LNBUIZNaNA ANUAINABINTITVRRUNTAINEUBN

TUsunsugaeNIaUlannIg Interrupt 138091 ISR (Interrupt Service Routine)

n13 Interrupt @unsatiaaIndyralwiinteuan (Hardware Interrupt)
wsatinanlusuasunle (Software Interrupt)

Lulasinsiwaiga suiazuazilaseasnauasn1svineIu Interrupt UANFANNY
UNUAZANYINIS Interrupt Va4 8086
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Interrupt ¥a4 8086 ¥ag 256 wuu (5UwuU / ¥ila / Type / Was)

WalAn Interrupt AU 1UsuNsHAzASEIAA luanwae CALL wuu FAR lUgesuvieniunnaneny
Yuagnuviinvas Interrupt

Vo

TnglalasTnsiwawesiileldsudynias Interrupt azineudail
vinAndedifdeUszananaagliiase
Push @1 Flag , CS uag IP §1%3U Return nau
[WAQA974 Interrupt Vector 41 Interrupt wwasiigniden azfas CALL lugls Address lny

A\

AnanyaIad Interrupt w&3919IN15 CALL TU&3 Address 1
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3¥UU Interrupt Y24 8086

- Hardware Interrupt

- Maskable (INTR) 5945U 256 WuU

~ Non-maskable (NMI) 5895 2 winiu
- Software Interrupt $895U 256 LU

YAV Interrupt SIULAN 256 LU
ER)
OOH - FFH
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A1519NLEN19UA ALITU9YRIlUSLNSUNTYUSNIS K5BYIN9ULABLNA Interrupt LWUURIY ¢ 58091

Interrupt Vector

FO000 BIOS
EO000 BIOS
D0000 VRAM n15098
p AU Segment (CS) 14 2 lud

C0000 VRAM N15728 o . .

WU Offset (IP) 14 2 lus
A0000 VRAM m3n98 Aeilu Interrupt 1 wuvagld 4 Tud
90000 3 y

8086 9933UNT Interrupt MNUUA 256 LLUU
.......................................................................................... ﬁﬂiﬁﬁﬁﬁﬂﬂ?qmﬁqﬁﬂﬁuﬂ 4 x 256 = 1024 ‘LUC;{ ‘Vﬁ@ 1 KiB
........................................................................................... L%"uq]f]ﬂumﬂqﬁ O 5q 1023 ﬁ%@ OOOO B OO3FF cfjul)aq
10000
00000 00000-003FF Interrupt Vector Table

9/12/2021 uA.n3. U3 Wouutn 6



CS231: UNN 7 : NSTATINILNITVINGU

A1519NLEN9UA ANLIUIYRIlUSLNSHNTYUSNIS WIDYIN9IULUBLAA Interrupt LUUAIY 9 L5891

Interrupt Vector

FO000 BIOS

E0000 BIOS

D0000 VRAM A15799

C0000 VRAM n15098

A0000 VRAM A15799

90000

10000

00000 00000-003FF Interrupt Vector Table

—

0000C 1P INT 3
0000A CS INT 2
00008 IP INT 2
00006 CS INT 1
00004 1P INT 1
00002 CS INT O
00000 IP INT O

4 lus
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A1519NLEN9UA ANLIUIYRIlUSLNSHNTYUSNIS WIDYIN9IULUBLAA Interrupt LUUAIY 9 L5891

Interrupt Vector

i5aansa Wsunsululasinswawes Wisenlusunsuegesfidonis
dlofin1siAn Interrupt Lin1511t01 Segment uag Offset YadfuLa
oooC | 1P INT 3 lUsunsuges wn@ulu Interrupt Vector
0000A CS INT 2
feg1agy Tsenlusiunsugosidiunis 0100:0400 WalAn Interrupt Luuyl 0
00008 P INT 2 X f
00006 | CS INT 1 CS:IP
00004 | 1P INT 1 TydAn 0100 1T euasiisiiumis 00002
00002 | CS INT 0 WAZLEUAT 0400 a9lumLkuLd 00000
00000 | IP INT 0 ) o L L ;
WINABINT TsenlusiNINgoiA1LRLe 0100:0400 WalAn Interrupt LUyl 1

AlMFeudayaasiumus INT 1 segiuvusdnly

ToiA 0100 Weuasiisiiumda 00006
LazlguA 0400 aslusrie 00004
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ADIN1T Interrupt WUUN 7A Aeu CS:IP asluniigauanlusunusla ?

AMVUG P = nx 4
0000C | IP INT 3
AMLNRUI CS = [P+ 2
0000A CS INT 2 r . - .
118 N A YUAKTENUNELAY Interrupt
00008 P INT 2
00006 | CS INT 1
00004 | IP INT 1
00002 | Cs INT 0 n="7A
00000 | 1P NT O AU IP = TAx 4 = 01E8

ALMUY CS = 1E8 + 2 = 1EA
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8086 @130@319 Interrupt b0l 256 wuu (00 —FF) weidlunesingnlgeaulyue,

00 — 04 1Ju Default Interrupt Qﬂﬁiamﬂﬁué@mmﬁﬂﬁdﬂﬁ
00 Divide by Zero winiile fin1smsudasavnsiandu o
01 Single Step lddmsunssufiazds (debug mode)
02 Non-maskable Interrupt iAnilolasuduanaiivn INTR veslulasinswawes
03 Break Point lddmivasisgangnnisvinaiuveduswnsy (debug mode)
04 Overflow InLlensAaiieeming +/ - Wasuly @ndheanaon)
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CS231: UNN 7 : NMSTAIINILNITVNNNU

8086 #1111308314 Interrupt g 256 wuu (00 -FF) uadiunsdgnldeuluuan

vnWanlUsunsuuY IBM PC 928 Interrupt #ignl#luuda Tne BIOS

Interrupts | tNe2989AU

10H DATNUAZNITUEAIHE
=) ¢ 1 1 4 1 i 1 Aa v
11H IUALLDUAVIIANIANTINABAN 9 N15AANY ¢ Nldnataly
12H ASIVADUVUINVDINUIIAIUIINIRUA
13H 91u/18U Vayaasdsn
15H Tgwua912a1 (Delay)
16H udunun
19H Reboot

1AH W[
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8086 #1111308314 Interrupt g 256 wuu (00 -FF) uadiunsdgnldeuluuan

1N Boot 1AT89A15zUUU{UANTS MS-DOS il Interrupt Ngnldlulaeszuuufunnis

Interrupts \N8IY89NU

20H ulUsuNsu waznaug shell
21H Senly APl va953uuUfURNIS

33H 13en 1Y mouse driver
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8086 #1:150&319 Interrupt 1A 256 wuu (00 - FF) uaiuneagnldeamuluuas
intel gsulilfasluaunan dwsululaswsiwawadsuiidslioan
13H - 1FH (12 wuv)

wel 1BM T 13H, 15H, 16H, 19H, 1AH d1%5U BIOS
AIUUI Interrupt TALs1 Tgaulaludag

20H - FFH (223 LLuv)
WINNRIULUTHNTUUY MS-DOS Tisalearu 20H,21H,33H

nniuil Intel delaildau Interrupt Maaauls
weldly 05H - 12H uny

MS-DOS gnenianluaausl WindowsXP wag IBM BIOS fAgnldautiauavunaunisinniassinu
Windows11 gniannisatuayu BIOS waziUasuldly UEFI
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3¥UU Interrupt Y24 8086

- Hardware Interrupt

- Maskable (INTR) 5945U 256 WuU

~ Non-maskable (NMI) 5895 2 winiu
- Software Interrupt $845U 256 LU

9/12/2021 uA.as. U3 Wouudn
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N158319dueunal Interrupt A28 software Tulusunsa ToANES

INT operand

Operand 7l#l¢ : Immediate 8bit Wintiy

BIOS uaz DOS & API T#iSanTlannu Interrupt 1ngdea1nisniinesniiuniesdamasunse stack
A9819L9U

Interrupt wianeay 19H W ISR va4 BIOS 14lun1s Reboot 1A384
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CS231: UNN 7 : ANSTATINILNITVINGU

INT 19H
HLT

Interrupt wueLay 19H tu ISR was BIOS 14lun1s Reboot 1A384

|

&=

# cmulator: noname bin flags
file math debug wview external wirtual devices wirtual drive help
2 cF |0~
= (] di » >3 T
Load reload step back single step run step delay ms: 0 ZF IE
regilers [ oio00m00 [ oi000000 Z; P%i
PRGN 01000: CD 205 =@ INT ©15h B
TRl 01001 19 625 | i g [
A100Z: F4 244 S NOP o [0
e (R R nE N 3
. IF 1~
oo oo || 200 20 144 E| || NOP
= b | gloge: 39 143 £ | NGB v B
P |oooo .
01008: 90 144 || NOP | |
55 o100 1009: 99 144 E| || NOP
sP [FFFE D100A: 144 E NOP
gP  [oooo P100B: 99 144 E NOP
P108C: 99 144 E NOP
st [oo00 ©P10oD: 99 144 E NOP
ol [oooo R1ORE: 99 144 E':] e 5
ps [0100
ES W screenl souﬂ:el resell aux | vals | debugl stack I flags |
® emulator: noname.bin_ - a X lag
file math debug wview external wvirtual devices virtual drive help
CF [u -
= (] dl > = w5 5 i
Load reload step back single step un_...i| step delay ms: 0 ZF [E‘
feds FFFF-0000 FFFF:0000 Zi %
PACHTI FFFFO: FF 255 RE| BIOS DI -]
FFFF1: FF 255 R 1015 pe [0 ]
Bithfoo foo | s, || IRET
b I EEEE % || B o
e F 0w
o foo oo || EEEES S5 994 7 || oureh '
r oo || EFEFZ: €2 298 b || 92 8%h i
P |oooo B : I
FFFFE8: 6F 111 o | ADD [BX + SI1, [ _eawe |
Z 100 FFFF9: 6F 111 o | ADD [BX + SI1. .
sP [FFre FFFFA: 74 116 t ADD [BX + SIJ, .
ee  [oooo FFFFB: 90 208 NI ADD [BX + SI1, .
FFFFC: 9@ 9@ NI ADD [BX + SIJ1, .
St |0000 FFFFD: @@ @20 N ADD [BX + SI1, .
ol [oooo FFFE: Q@ Q@@ Nlﬂ 5
ps (0100
£S W sueenl soun:el eset | aux | vars | dabugl stack | flags |

9/12/2021
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CS231: UNN 7 : ANSTATINILNITVINGU

Interrupt wueLay 19H tu ISR was BIOS 14lun1s Reboot 1A384

W =mulator: noname.bin O X flags
file math debug wview external wirtual devices wirtualdrive help b~
@|o ql I» » |V
Load reload step back single step run step delay ms: 0 ZF |0 >
tegales 1 rreeami e S0 I
i WW @ rmessage X Iﬁ OF [0 =
B WW program requested reboot. the emulator halted. PE |0 =
(B4 WE note: you can overwrite INT 18h in interrupt vector table _ AE |0 [¥
ox [0 o0 e ustom ntemuptasm n examples. Fo s
INT 19H s oF o>
SI1, ,_J_analse
HLT - §1, e
- i
- SIT, |
Sl : SI1, .
ol [oooo FFFFE: ©@ 202 N
ps [o100 d =l
€6 W Sl:feenl soulce| reset l aUx | vars I debug| stack I flags |
2 v o . 0000:00064 0000:00066
Interrupt 19H LAy Address 1AiALs
|P: 19H X 4 — 0064H rFRandomAccessMe%ry —
| oo00:0084 C list
CS= 64H +2 = 0066H
PPOR:0064 |00 Q0| FF FF| 60 01 90 F4-00 01 00 F4 00 @1 90 F4 vees 10.9.2.9.0.9
P0R: Y074 C7 AF 00 F4-00 21 20 F4 S50 @1 @9 F4 Q.94 . 9.9, 9P, 1
PPER:0084 0V V2 00 F4 00 P01 00 F4-00 ©1 00 F4 0 Q1 00 F4 .90.97.9.9.9.9.0.9
PPER:0094 00 Q1 00 F4 00 01 @B F4-00 01 @@ F4 @0 @1 00 F4 L0.9.9.9.9.9.9.9
PPPR:0RA4 00 91 00 F4 00 01 @0 F4-00 ©1 20 F4 20 @1 20 F4 L0.9.0.9.9.9.0.9
PPPR:00B4 0V Q1 00 F4 0@ 01 @0 F4-00 01 @0 F4 @0 Q1 00 F4 L0.9.9.9.9.9.9.9
PRPR:00C4 0OV Q1 0V F4 00 P1 00 F4-00 O3 00 F4 00 Q1 ©Q F4 L2.9.9.9.».9.9.9
- anNd ot 1 oy FA oy 1 oy FA-0y 1 o FA oo 1 ol F4 A a @A a & aEda

Hoyalu Interrupt Vector venlviGenlilusunsuisumis €S 1P A FFFF : 0000
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Interrupt wueLay 19H tu ISR was BIOS 14lun1s Reboot 1A384

Interrupt 19H 9zifiu Address T37isums

IP= 19H x 4 = 0064H
CS= 64H +2 = 0066H

0000:00064 0000:00066

[F" Random Access MeXory
[ ooooooes ||\ wpdate [ ©/table st

QPY0: 0064 | 00 G@l FF FF| 60 01 00 F4-00 @1 20 F4 20 Q1 @9 F4 v 9.9.9.9.0.9
©RYB: B4 C7 AF 00 F4-00 901 00 F4 S0 ©1 ©Q F4 L8, 9A» . 9.9, 9PO. 1
PPPR:0084 0V Q2 00 F4 00 Q1 B0 F4-00 01 @0 F4 @0 Q1 @0 F4 .0.9.9.9.9.9.0.49
PPPR:0094 00 Q1 00 F4 0@ Q01 @0 F4-00 01 @@ F4 Q0 @1 @0 F4 L2.9.9.9.9.9.9.9
P00R:00A4 00 Q1 0 F4 00 POl 00 F4-00 @1 00 F4 00 @1 @@ F4 .8.9.9.9.8.9.8.49
PPPR:00B4 0V Q1 00 F4 0@ Q01 @0 F4-00 01 @0 F4 @0 Q1 ©Q F4 L2.9.9.9.9.97.9.9
PP0R:00C4 0O Q1 OV F4 00 V1 00 F4-00 O3 VB F4 QY0 Ol Q@ F4 LO.9.0.9.v.9.9.9
AR - ANA At (A1 A FA oy (1 oy FA-0a 1 o F4A i 1 ol F4 @ a @ da s a @ d
Jayalu Interrupt Vector vanlvisenlglusunsumsumiia CS: 1P FFFF : 0000
. 8 cmulator: noname.bin_ — O X flags
file math debug wview external virtual devices wirjual drive  Relp oF IEI
= (] 4l [ 2 T oo W 0w
Load reload step back single step run step delay ms: 0 ZF ’EI
; — SF |0 vl
L [W || FFFF.0000 o [0
ax [oo oo S 255 Ry ’jj
Bx [00 [00 FFFFl B2t R0 |
o [0 [ || FEFE3: 1 o [o~]
DX IH[W FFFF4 IF [E
—_ | FFFFS:
CS |FFFF : DF |0 v|
FFFF8: é6F 111 o X + SI1, analyse
= i || FFFF9: 6F 111 o X + SI1, .
sP  [Frrs FFFFA: 74 116 t X + 8I1, .
# [0~ || FFFFB: 02 002 NI X + SI1. |
FFFFC: 28 200 NI A + S11, |
S| 0000 FFFFD: @@ 922 NI X + SI1, .
ol [oooo FFFFE: @@ @@ NI
ps [0100 =) jd
ES 0100 screen | sourcel reset | aux | vars J debugl stack J flags I
9/12/2021 ue.as. U3 Weuud 18
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Interrupt Services U84 IBM 8086 PC (17i Emulator $895)

http://www.ablmcc.edu.hk/~scy/CIT/8086 bios_and_dos_interrupts.htm

INT / AX
INT 10h/00h INT 21h INT 21h/35h
INT 10h/01h INT 10h/1003h INT 21h/01h INT 21h/39h
INT 10h/02h INT 11h INT 21h/02h INT 21h/3Ah
INT 10h/03h INT 12h INT 21h/05h INT 21h/3Bh
INT 10h/05h INT 13h/00h INT 21h/06h INT 21h/3Ch
INT 10h/06h INT 13h/02h INT 21h/07h INT 21h/3Dh
INT 10h/07h INT 13h/03h INT 21h/09h INT 21h/3Eh
INT 10h/08h INT 15h/86h INT 21h/0Ah INT 21h/3Fh
INT 10h/09h INT 16h/00h INT 21h/0Bh INT 21h/40h
INT 10h/0Ah INT 16h/01h INT 21h/0Ch INT 21h/41h
INT 10h/0Ch INT 19h INT 21h/0Eh INT 21h/42h
INT 10h/0Dh INT 1Ah/00h INT 21h/19h INT 21h/47h
INT 10h/0Eh INT 20h INT 21h/25h INT 21h/4Ch
INT 10h/13h INT 21h/2Ah INT 21h/56h
INT 21h/2Ch

INT 33h/0000h

INT 33h/0001h

INT 33h/0002h

INT 33h/0003h

9/12/2021
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CS231: UNN 7 : NMSTAIINILNITVNNNU

Interrupt Services U84 IBM 8086 PC (17i Emulator 5895U)

INT 10h / AH = OEh - teletype output.
input:
AL = character to write.
this functions displays a character on the screen, advancing the cursor and scrolling the screen as
necessary. the printing is always done to current active page.
example:
mov al, 'a’
mov ah, Oeh
int 10h
; note: on specific systems this

; function may not be supported in graphics mode.

Teletypewriter (TTY)

9/12/2021 uA.as. U3 Wouudn 20



CS231: UNN 7 : ANSTATINILNITVINGU

Interrupt Services U84 IBM 8086 PC (‘17i Emulator 58495U)

St emulator screen (41x25 chars) — O X

MOV AH,0XE
MOV AL,'X'
INT 10H

HLT

clear screen change font
|

9/12/2021 uA.n3. U3 Wouutn
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CS231: UNN 7 : ANSTATINILNITVINGU

Interrupt Services U84 IBM 8086 PC (‘ﬁ Emulator 58495U)

# cmulator: noname.bin =
file math debug wiew external wirtual devices wirtual drive help
MOV AH,0XE & ‘ R ‘ » » |——— |
Load reload step back single step run step delay ms: 200 ZF
e [ ol000000 [ otoooo00 *F
LEA DI,MSG ax [oo Joo 01000: $ MOV_AH, @Eh B
: MOV D 5]5]% P
Ll: CMP DI ,O = Wﬁ " . CMP b tDI] @@h clear screen change fon
(ot [0 [0 || p1003: 1| JZ o1ih 4 : S
£s : D = —
MOV AL,[DI] r po || 61667 sl AR5 gigh i L T MOV AH,OXE B
%] 8: t HLT _anal se
INC DI = o100 01009: Bl | DEC AX e | LT+ Cup ?SI].G
5P [FFFE %) A: e DB _65h JE DONE —
INT 10H 8P [0000 91008 : 4 | INSB . MOV AL, [DI]
%) G ¢ G INSB INC DI
JMP L1 SN 0000 % D: = QUTSH INT 1iGH
ol [oooo %) E: '_'J « ¥ u - JMP L1
DONE: ps [o100 EIO[\I'IE: B
ES W screen | source| reset J auy I vars ‘ debug‘ stack | flags | <] | o
HLT -

MSG DB "Hello World!",0

9/12/2021 uA.n3. U3 Wouutn 22



CS231: UNN 7 : NMSTAIINILNITVNNNU

PC BIOS

INT 10h / AH = OEh - teletype output.

a dy < a LYY % P a 1 1 o =
UINTULUUNITNUNAIDNES 1 AIBBNANIILATDINUN Teletype LLGWI’]VL@JI‘UiLLﬂi@JﬂﬂLLﬂﬂﬂ’eJEJﬂ‘VlNGDEJﬂ’TW ?

Teletypewriter (TTY)

9/12/2021 uA.as. U3 Wouudn 23
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PC BIOS

WNNoNee19ve BIOS Aoty Hardware Abstraction Layer Lol Application @oa13iu Hardware
9¢/l7 Application @u1savinaulaui Hardware Ausnsinsiule

Application

BIOS 9¢m319a0u31 Terminal 1Uu Teletype w30 9800 wagazdadoniuliuansua
Hardware unddugldanunsauSuusisanlamerulusunsuvas BIOS

9/12/2021 uA.as. U3 Wouudn 24



CS231: UNN 7 : ANSTATINILNITVINGU

P Hard Disk Boot Priority

22222227

Quick Boot

First Boot Device
Second Boot Device
Third Boot Device
Password Check
HDD S.M.A.R.T. Ca
Limit CPUID Max.
No-Execute Memory
Delay For HDD (Se
Full Screen LOGD
Backup BIDS Image
Init Display Firs

[Press Enter]
[Disabled]
[USB-HDD]
[CDROMI

First Boot Device

acy LAN
abled

ENTER : ficcept

Item Help

oppyl

t from

1201

t from L5120

rd Disk]
t from HDD

ROM]
t from CDROM

vanc:

I/0 Device Configuration

Item Specific Help

onboard AC97 Audio Controller
onboard FDC Swap A & B
Floppy Disk Access Control
onboard Serial Port 2

UART2 Use Standard Infrared
onboard Parallel Port
Parallel Port Mode

ECP DMA Select

Onboard Game Port

Onboard AC97 Modem Controller [g:iisg}eg
sable

[200H-207H]

o WiaE

<Enter> to select the
g: address & IRQ for

Fl 1

ESC

Application

Operating System

BIOS

9/12/2021
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CS231: UNN 7 : NMSTAIINILNITVNNNU

339 a7 BIOS 928Tun15vin Hardware Abstraction laluszaunils
wAnIndaen15.3ey Application Tuuu CPU wiawwanvasufiuansnaiu
Wiy IBM/PC XT %38 IBM/PC AT
n15188U Application 19ine1uluszau Operating System aziiaudanguuazlusunsuladiienda

L6l IBM PC Compatible VgﬂLﬂ%a\‘lﬁ BIOS %1 Clone %38 Reverse Engineering 4131nfuavuvas IBM
Application 3sa1unsaldeu BIOS lalaglidasneradnlusunsuazaiunsasuuuasasdulila

Application

Operating System

BIOS

9/12/2021 uA.as. U3 Wouudn 26



CS231: UM 7 : NSTATIILAITVINGU

DOS API

INT 21h / AH=2 - write character to standard output.
entry: DL = character to write, after execution AL = DL.
example:

mov ah, 2

mov dl, 'a'

int 21h

52UUUfUAN1598978vin Hardware Abstraction Tuszauigediu fvagraiu 7 Layer U aghildddn Teletype uén
1 = 1
LHALLIFNTING standard output

Application

9/12/2021 uA.as. U0 [eunin 27



CS231: UNii 7 -

ANSYAVINIZNITNINUY

MOV AH,0X2

LEA DIL,MSG

L1: CMP [DI],0
JE DONE
MOV DL,[DI]
INC DI
INT 21H
JMP L1

DONE:

HLT

DOS AP
M cmulator: noname.bin — ]
file math debug wiew external virtual devices wirtual drive help
= ‘ O ’ » » i
Load reload step back single step run step delay ms: 200 ZF
:egistersH L IW IW *F
DN = UL
B W[ﬁ %)% PF
52 JE SE
DX Wlﬁ C INC DI ’ IF ’1 j M original source code  — |
cs  [o100 = INT DF |0 = MOV AH, BX2 4
- B Ll T B e |
analyse 3 LEA DI SG
e b1 e & SLeogp o0
8P [o000 Q1oPB: 15 ©21 § INSB MOV DL,LDI]
1eaC: 47 @71 G INSB INC DI
SI- |o00o PleeD: CD 205 = QUTSH INT 21H
i [oooo Q1lo0E: 21 033 ! JMP L1
=l = DONE :
ol HIT A
ES 0100 screen ‘ source‘ resgl | aux l vars | debug ‘ stack ‘ flags | LI_I ﬂ

MSG DB "Hello World!",0

9/12/2021
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CS231: UNN 7 : NSTATINILNITVINGU

INT 21h / AH=9 - output of a string at DS:DX. String must be terminated by 'S'.

example:

org 100h

mov dx, offset msg
mov ah, 9

int 21h

ret

msg db "hello world $"

DOS API

9/12/2021
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CS231: UNN 7 : ANSTATINILNITVINGU

MOV AX,CS
MOV DS,AX  ; DS=CS

MOV AH,0x09
LEA DX,MSG
INT 21h

HLT

MSG DB "Hello World!$"

DOS API

& emulator screen (38x11 chars)

Hello World?

clear screen change font

9/12/2021
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DOS API

MOV AX,CS s St emulator screen (42x25 chars) — O X
Hello WorldfTHIS IS CSMJU

MOV DS,AX ; DS=CS

MOV AH,0x09

LEA DX,MSG
INT 21h

LEA DX,MSG2
INT 21h

HLT

MSG DB "Hello World!$" clear screen change font
MSG2 DB "THIS IS CSMJUS ABCD"
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INT 21H / O9H

Standard Output Abstraction

Display Monitor

Teletypewriter

9/12/2021
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Standard Output Abstraction

H ascii codes

00: null

QR
NNR PR R R R
bpr S g e e ey

N=_:= a v 3i70

(AN
N
o
P 2T 4+ 4~

V32:
v33:

-
0
1]

I + ¥ «“RoN 3%

VOIOUTRWNFO\

-QV " Vo CLICE

P/ PN X E<C-HNALTVOZEZ ACLHIOTMMOODI>E

R S R
NN R e e e e e

NNNNN
OUTRWN

127:

FSWOSIOUTRWNEFO

D 3W—-mN<XECCHULTATO0II—A-JUHhDOLO0D ~
e
LY
W

DX MACOCO00:0mmE M i o M0 00 D00 0-C::O

VA XX 1@ 10IDZ:n OO s

- e = == > >-—l

NNNNNNNNN
[ e e

NNNN
NNNN
WNEO

e e e e Pt

I~-4 il “~eom -MMMOo O5F | 51 [ Fxwe4- | +— F r

vaeS /OGO T O OO0 O

o - MN=Xn 1+ 1

jm N W =,
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Al ascii codes

Standard Output Abstraction

null B832:
0v33:

[ T O R ]

L R ¥ 1]

oo
Lo
o0

S
M
E
g

0+
B
M
r+

M=[:= a v Hlr
= VO~OUTRWNEON\
<X CHWNADOTOZX

| A AT |

S
o))
DV I A=
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Standard Output Abstraction

H ascii codes

Q02: © 034: " MOV DS,AX ; DS=CS

P03: * 035: #

00G: 036: $

202: + 63 ¥ 86l emulat 8025 chars)
¢ a emulator screen X cnars

%8; Eee %235 e MOV AH,0x09

995: back 229: ¢ LEA DX,MSG Hello World!

817 'Pews Bok: T INT 21h CS

017: ¢  04d: . ASSEMBLY

@13: cret 945: - HLT

Ri14: § R46: .

%i? 3 éi‘ég A4 MSG DB "Hello",32,"World!"

©18: ; 050 : % DB 10,"MJU",13,"CS"

219: 1 PS1: 3

020: ¢  ©52: 4 DB 10,13,"ASSEMBLY",10," IS "

g 2

023- T 05S: 7 DB 10,"EASY",07,"$

024: 1 PS6: 8

025: | P57: 9

026: -+ 0S8: :

QZ7: « R59: ;

P28: _ pe: <

R29: o P61: =

030: a 062: >

031: R63: ?
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N156519 ISR (Interrupt Service Routine)

a03a%19 ISR Tunesiivieumiien DOS Standard Output Print String

WAlUAEUSTE Terminate 210 $ v NULL

1) aselusunIugey wasnagay

2) @enwila Interrupt

3) AU Address @93 Interrupt Vector
a) Lﬁ'wﬁaaﬂaaq Interrupt Vector

Al ascii codes

PRB: null
eRl: ®
baz: @
PU3: »
bag: e
Dos: &
PRE: &
Ba7: bee
PR8: bac
PE9: ta
P19: newl
11: o
R12: ¢
P13: cret
014: §
P1S: %
v16: »
P17: 4«
18: ¢
19: 1
Rz20: 1
21: §
R22: .
023:
v24: 1t
25: |
p26: -+
R27: «
@28 .
bz29: o
P30: a
©31:

1o + Mo =N B3 .=l

= YOO~CUTRAWNFO N\

NV L A=

|

0
(1]
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A1583574 ISR (Interrupt Service Routine)

1) a519lUsINsUgERY Lagnnday

Input : DS:DX  AWKLNIEAUTITRDINITUAAIEILENVIZUUIDATN

N15a574 ISR Mnde9n1sialrlusunsudunlgausiule WUsinsugasnas19al1sinig

ShwAvessidwmasias Flag 11
Hefin1sSenldaulusunsugeenieds INT agiin1siAuan Flag aslu Stack fae fipasedal

A lulusunsugeenin1sSenltuuy FAR ws1g Interrupt Vector 4n151AUTS Segment wag
Offset
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A1583574 ISR (Interrupt Service Routine) 1) asulusunsugen waznadey

MOV AX,CS )
MOV DS,AX

LEA DX,MSG

PUSHF

MOV off_printf, Printf
MOV seg_printf, seg Printf — Code naapulUsunsugoy
CALL FAR off_printf
HLT

MSG DB "Hello World!",0
off_printf dw ?
seg_printf dw ?

Printf PROC FAR
o 1 aa P o . o { POP CX ; preserving IP
UUNNATIAAR BT LS HLAUINGU POP BX ; preserving CS
PUSHA ; preserving Registers
MOV AH,0XE
MOV DI,DX
L1: CMP [DI],0
JE DONE
MOV AL,[DI]
INC DI
INT 10H
JMP L1
DONE:

A | Aa s POPA ; Restoring Registers
AUAIAALNDYT , Flag {

_ Code lUswnsugasg

POPF ; Restoring Flags
PUSH BX; restirong CS
PUSH CX; restoring IP
RET

Printf ENDP

LAZALUUINAU
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A158574 ISR (Interrupt Service Routine)

MOV AX,CS
MOV DS,AX .
LEA DX,MSG ‘ _ o
file math debug wview externa rtual devices wirtual drive  help
PUSHF & ‘ Y ‘ I» » —
MOV off_printf, Printf Load reload step back single step run step delay ms: 200
MOV seg_printf, seg Printf 'EQ‘Ste'SH L 0100:0000 0100:0000
CALL FAR off_printf ax [00 foo_ Al - B A -
HLT B Jjoo | 01002: N MOV AX. ©BP2%h
MSG DB "Hello World!",0 o o fow B1004: D& 216 1 H8¥ igﬁlmm' .
ello World!", : i
: o< foo oo | Bi00S: B 184 ® || MOV COO162hI, Al
e laEREl R
. IP : 3
seg_printf dw ? s [ || @1008: 89 137 &| || MOV DX, @@1ich
P1009: @6 206 & | INT ©40h
el @it
Printf PROC FAR BP  |0000 P100C: 8C 140 i DB 65h
POP CX ; preserving IP SL 1000 Q10@D: C8 200 L INSB
. ol [oooo Qlo0E: 89 137 & INSB
POP BX ; preserving CS os [o700 Q100F: @6 PRE # QUTSH
. . P110: 02 B2 @ AND [BX1 + O6Fh
PUSHA ; preserving Registers gs [o100 P1pll: 01 001 bjg 22%‘-
©1012: 8C 140 i
MOV AH,0XE ©1013: C8 200 ij 5
MOV DI,DX
L1: CMP [D|],0 SDIEEH‘ S‘DHICE‘ lesell aux | vars | debugl stack, | flags ‘
JE DONE
MOV AL,[DI]
INC DI
INT 10H
JMP L1
DONE:
POPA ; Restoring Registers

POPF ; Restoring Flags
PUSH BX; restirong CS
PUSH CX; restoring IP
RET

Printf ENDP

I s I IS S I S

1) a519lUsINSUERY Lagnaday

=
20

<<
JI=
nx
>0
<w

:

or o+
FFFA 0000 =
FFF8 ooge @ = °~
= A
=R AT
PF |0~
FFEE 0000 g5
FFEC @000 @ 4 [0~
FFEA 0000 . [
FFES 0000
FFE6 @000  of |0 |
el s
analyse clear screen
FEQ 0000 z
FDE 0000 @ .
FDC 0000
FDA 01 MOV AX,8@ ; Modify interrupt vect-
:FFD8 Q000 MOV DS, AX
FFD6 0000 MOV AX.OFFSET Printf m
FED4 @000 ' MOV @x0100, AX
FEDZ Q000 MOV AX, SEG Printf
FFD@ 0000 MOV Bx1@2, AX
FECE 0000
FFCC 0000

le
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A1583574 ISR (Interrupt Service Routine)

2) L@9nvia Interrupt

8086 &1111308319 Interrupt 1a 256 wuu (00 - FF) usdiunedagnlgauliuas

AIUUIN Interrupt s Tgaulalugag
20H - FFH (223 1L1uv)
WINNRAIULUTENTNUU MS-DOS Tiealeeru 20H,21H,33H

Adadneilaziaentyiuas 40H wssdelilagnlyan
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A1583574 ISR (Interrupt Service Routine)

3) AU Address @113U Interrupt Vector

Aag19laztaanidiuas 40H
n= 40H

IP=4xn=4x40H = 100H
CS=IP+2=100H +2 = 102H

9/12/2021 uA.as. U3 Wouudn
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A1583574 ISR (Interrupt Service Routine)

I 1 o o
LRNUAUIYAINUIN Segment O

JUNNAWIUS I USWASUE D e
aslu Interrupt Vector

NaaeultIU Interrupt 40H

TUSHNSUYDENHIUNITNAADULA?

MOV AX,0 ; Modify interrupt vector
MOV DS,AX ;

MOV AX,OFFSET Printf

MOV 0x0100,AX

MOV AX, SEG Printf

MOV 0x102,AX

MOV AX,CS

MOV DS,AX

LEA DX,MSG

INT 40h

HLT

MSG DB "Hello World!",0

Printf PROC FAR
POP CX ; preserving IP
POP BX ; preserving CS
PUSHA ; preserving Registers
MOV AH,0XE
MOV DI,DX

L1: CMP [DI],0
JE DONE
MOV AL,[DI]
INC DI
INT 10H
JMP L1

DONE:
POPA ; Restoring Registers
POPF ; Restoring Flags
PUSH BX; restirong CS
PUSH CX; restoring IP
RET

Printf ENDP

4) Wiitayaag Interrupt Vector

flagetiaziaenldwuas 40H
n= 40H

IP=4xn=4x40H = 100H
CS=IP+2=100H +2 = 102H
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A158574 ISR (Interrupt Service Routine)

I 1 o o
RNUAUIYAINUIN Segment O

JUNNAWIUS I USWASUE e
aslu Interrupt Vector

NaaeultU Interrupt 40H

TUSHNSUYDENHIUNITNAADULA?

MOV AX,0 ; Modify interrupt vector
MOV DS,AX ;
MOV AX,OFFSET Printf

00000100 A_ufdate—‘J @ table

S

]
8888
I0QEEeE
Yyt

{\]
VOO
Eyerfurt e fur ey
mmmTmTmTmTm
WWEOEEE®
S
nmmTmmmTm
BADDADDADN
A=0:0:8:00:80
TO@OODO@D®
L=88L0=0004
HEEE@OOO®
A=A8A00000A
EL-L-L-T-t-F-1-|

EEEERE

MQV 0x0100,AX
MOV AX, SEG Printf
MOV 0x102,AX —
[ Random Access Memory
MQV AX,CS
MOV DS,AX 0000: @100
22 013e
LEA DX,MSG 88885 8%38
INT 40h 9000: D150
g0%0: 0120
HLT

MSG DB "Hello World!",0

Printf PROC FAR

POP CX ; preserving :\
PoP 8X; preserving €5 CS:IP woalushnsueae Printf

PUSHA ; preserving Registers
MOV AH,0XE
MOV DI,DX

L1: CMP [DI],0
JE DONE
MOV AL,[DI]
INC DI
INT 10H
JMP L1

DONE:
POPA ; Restoring Registers
POPF ; Restoring Flags
PUSH BX; restirong CS
PUSH CX; restoring IP
RET

Printf ENDP

9/12/2021
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A158574 ISR (Interrupt Service Routine)

I 1 o o
RNUAUIYAINUIN Segment O

JUNNAWIUS I USWASUE e
aslu Interrupt Vector

NaaeultU Interrupt 40H

TUSHNSUYDENHIUNITNAADULA?

MOV AX,0 ; Modify interrupt vector
MOV DS,AX ;

MOV AX,OFFSET Printf

MOV 0x0100,AX

MOV AX, SEG Printf

MOV 0x102,AX

MOV AX,CS

MOV DS,AX

LEA DX,MSG
INT 40h

S —
HLT

MSG DB "Hello World!",0

Printf PROC FAR
POP CX ; preserving IP
POP BX ; preserving CS
PUSHA ; preserving Registers
MOV AH,0XE
MOV DI,DX

L1: CMP [DI],0
JE DONE
MOV AL,[DI]
INC DI
INT 10H
JMP L1

DONE:
POPA ; Restoring Registers
POPF ; Restoring Flags
PUSH BX; restirong CS
PUSH CX; restoring IP
RET

Printf ENDP

9/12/2021
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A158574 ISR (Interrupt Service Routine)

MOV AX,0 ; Modify interrupt vector
MOV DS,AX ; -

file ot ‘debug view estermal, vittual devices, virtual dfive el 0100:FFFE FFoQ <
MOV AX,OFFSET Printf & 9 : » > | ——r— m :m: o000 | o o=
Load | reload ‘ step back | single step run step delay ms: 200 8%885;;;8 8888 ZF [G
MOV 0x0100,AX : 5160 FFF 0000 s [0
. ek 0100:0000 0100:0000 @100;::: 2000
MOV AX, SEG Printf PETETER ©1000: @ MOV AX, 00000h BIZENEsH a4 % s [o ]
MOV 0x102,AX LCNC 01007 N 2% Obpooh | |0100:FFEE Ooga " =
| e | Slod fodiZ 1 | pvihiemla IGRESE W82 ) 1S
: i : e
o< foo oo | BI065: Ba 184 e || MOV Cod183h1, Al [0100:F F [
MOV AX,CS cs [0 || @le@é: 29 @41 ) || MOV AX, CS 9100: F oF [o~]
1P [oooo Q1007: B3 22 NI MOV DS, AX 8%88; =
MOV DS’AX ii W §i§§§ ég ééé El E§¥ 8§®h@991Ch 8%8855 {@ analyse clear screen change font
FFFE :F i
LEA DX,MSG o o || 0100B: @1 001 & | DEC_AX ~le1eo:F 2 Fv
b= @ioeC: 8C 149 i DB 65h 9100:F MOV AX,0 ; Modify interrupt vect-
INT 40h SIEN 0008 ©loeD: C8 208 Lt INSB Q1e0:F MOV DS, AX é .
pi [oooo QI1ORE: 89 137 & INSB 2100:F MOV AX,OFFSET Printf =
Q100F: D6 @RE ¢ QUTSH Q1e0: F MOV ©x0100, AX
HLT ps [o100 & )
010190: B2 202 @ AND [BX1 + @&6Fh (@1@@:F MOV AXi SEG Printf
" o es [o100 91011: @1 201 @ || JB @92h @102: F MOV Bx102, AX
MSG DB "Hello World!",0 P1912: 8C 140 { DB 6&4h 2100: F
©1013: C8 200 E;j 5 0100:F MOV AX . GS
Printf PROC FAR MAy N’ kY -
POP CX ; preserving IP 1 screen. snurcel lesell aux J vars I dsbug‘ stack I flags ‘ A L!
POP BX ; preserving CS J
PUSHA ; preserving Registers
MOV AH,0XE
MOV DI,DX
L1: CMP [DI],0
JE DONE
MOV AL,[DI]
INC DI
INT 10H
IMP L1
DONE:
POPA ; Restoring Registers
POPF ; Restoring Flags
PUSH BX; restirong CS
PUSH CX; restoring IP
RET d' v - aa ¢ aaaa &
- wiolndne TUsuasuiiinu CS:IP 1ilus3ames 387amsinuluusy
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N15&519 ISR (Interrupt Service Routine)

MOV AX,0 ; Modify interrupt vector
MOV DS,AX ;

MOV AX,OFFSET Printf

MOV 0x0100,AX

MOV AX, SEG Printf

MOV 0x102,AX

MOV AX,CS

MOV DS,AX

LEA DX,MSG

INT 40h

HLT

MSG DB "Hello World!",0

Printf PROC FAR
POP CX ; preserving IP
POP BX ; preserving CS
PUSHA ; preserving Registers
MOV AH,0XE
MOV DI,DX
L1: CMP [DI],0
JE DONE
MOV AL,[DI]
INC DI

INT 10H
JMP L1

DONE:
POPA ; Restoring Registers
POPF ; Restoring Flags
PUSH BX; restirong CS
PUSH CX; restoring IP
RET

Printf ENDP

A 4

Printf PROC FAR
POP CX ; preserving IP
POP BX ; preserving CS
PUSHA ; preserving Registers
MOV AH,0XE
MOV DI,DX

L1: CMP [DI],0
JE DONE
MOV AL,[DI]
INC DI
INT 10H
JMP L1

DONE:
POPA ; Restoring Registers
POPF
PUSH BX; restirong CS
PUSH CX; restoring IP
RET

Printf ENDP

; Restoring Flags

n13AUAT Flag waznauglusunsuman
aunsaildludidafisafe Interrupt Return
IRET

minaulusunsueosnae IRET

Tvida POPF aanainlusunsuliiae
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A158319 ISR (Interrupt Service Routine)
53UUUf AN MS-DOS wazlusunsuuszanauuszuuyfjiinis MS-DOS 14351lun15a519 Device Driver

Driver usrfiassuuujuiinisiduiinandiguiasaiusnes duegrau
- CDROM
- Memory

- Display

Driver usyiinazinaaidrgnitgainuidnlaniedates (TSR) faaeagu
- Mouse
- Audio player
- Thai Font
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Interrupt gNAUANNITINIUAE IF
IF =1 ; Enable
IF = 0 ; Disable

flags

LEF

=
4

ZF
SF
OF

AR

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

mnlifssnsirinisnsiadudeyann Interrupt vlasenisas IF W0y 0
peAes CLI: Clear Interrupt Enable Flag

WINABINSIRNITRS9T USRIl Interrupt vhlsisnenisns IF 10 1
AIUATEN STI : Set Interrupt Enable Flag

9/12/2021
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3¥UU Interrupt Y24 8086

- Hardware Interrupt

- Maskable (INTR) §895U 256 WU

_ Non-maskable (NMI) 5895usuufi 2 wirtiu
- Software Interrupt 5995U 256 LLUU

9/12/2021 uA.as. U3 Wouudn
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Hardware Interrupt

Hardware Interrupt az10un158319n15 Interrupt Tnadyaiuniausn
Pin DO - D7 l¥@anvunaav

NMI / INTR / INTA f523a0Un135 Enable %38 Disable 113 Interrupt
wazlda519n15 Interrupt

\Benyiin (LWa3) Interrupt

#519n15 Interrupt

MAX
MODE
GhnD O 1 —/ 40 [ U
AD14 O 2 39 [0 AD1s
AD13 [ 3 38 [ A16/s3
AD12 [ 4 37 [ A17/s4
ap11 O 5 36 [J A1ls/ss
AD10 [ 6 35 [J A19/s6
apo [ 7 34 [0 BHE/s7
aps [ s 33 [ mMN/MX
ap7 O 9 32 [J RD
Apbs [ 10 scoszus 31 [J RQ/GTO
ADs [ 11 30 [ RQ/GTL
apa O 12 29 [0 [ocK
ap3 O 13 28 O 52
AD2 O 14 27 @ s1
ap1 O 15 26 [J S0
apo [ 16 25 [ Qso
nvi O 17 24 [ os1
INTR [ 18 23 [ TEST
clk O 19 22 [ RreaDY
GND O 20 21 [ RESET

(

MIN
MODE

(HOLD)
(HLDA)

(WR)

(M/IO)

(DT/R)

(DEN)

(ALE)

(INTA) ——

A
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Hardware Interrupt

GhnD O 1 J 4 3

ap14 [ 2 39 0

AD13 [ 3 38 O

AD12 [ 4 37 @

w ] o & o o ap11 O 5 36

M3319 Non-maskable interrupt lalaenis Waguszaudyyi 10 O 6 =

270 Low Ju High 91 NMI AD9 [ 7 34 O

aufin Interrupt wUUdl 2 Auviufindaasadu operation fifasineg 23 g 2 32 g
8086

abe O 10 py 31 Q3

AD5s [ 11 30

apa O 12 29 O

ap3 O 13 28 O

AD2 [ 14 27 3

ap1 O 15 26 3

apo [ 16 25 O

) NMI [ 17 24 O

INTR [ 18 23 0

ck O 19 22 3

GND O 20 21 3

MAX
MODE

Uce
AD15
Al6/S3
Al7/S4

>
&
®
vl
v

A19/56
BHE/S7
MN/MX
RD
RQ/GTO
RQ/GTL
LocK

MIN
MODE

(HOLD)
(HLDA)
(WR)
(M/IO)
(DT/R)
(DEN)
(ALE)
(INTA)

9/12/2021 uA.n3. U3 Wouutn

51



CS231: UNN 7 : ANSTATINILNITVINGU

Hardware Interrupt

=)

N158319 Maskable interrupt AVUADUNUTUNINTIZI
- Disable 31nlUsunsula

= a }7%4
- \@anviala

YURBUNTS Interrupt LLUU Maskable

1) dagsysynsu High 191 INTR ( Interrupt Request)

GhnD O 1 —/ 4 3
ap14 [ 2 39 0
AD13 [ 3 38 O
AD12 [ 4 37 @
ap11 O 5 36 O
AD10 [ 6 35 O
apo O 7 34 O
aps [ s 33 0
ap7 O 9 32 O
8086
abe O 10 py 31 Q3
AD5s [ 11 30
apa O 12 29 O
ap3 O 13 28 O
AD2 [ 14 27 3
ap1 O 15 26 3
apo [ 16 25 O
nvi O 17 24 A
INTR [ 18 23 0
ck O 19 22 3
GND O 20 21 3

MAX
MODE

Uce
AD15
Al6/S3
Al7/S4

>
&
®
vl
v

A19/56
BHE/S7
MN/MX
RD
RQ/GTO
RQ/GTL
LOCK

MIN
MODE

(HOLD)
(HLDA)
(WR)
(M/IO)
(DT/R)
(DEN)
(ALE)
(INTA)
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Hardware Interrupt

=)

N156319 Maskable interrupt AAYUADULNNIUNILNTIZIN
- Disable 31nlUsunsula

= a }7%4
- \@anviala

YURBUNTS Interrupt LLUU Maskable

2) iaéﬂuﬁq;ay'lmﬁ INTA (Interrupt Acknowledge)
#1nN13 Interrupt lailagnDisable lnalusunsuuaz
lulaslnsiwaiwasniouiazgndndenas

Foyoyrauil INTA azidsuadu Low

GhnD O 1 —/ 4 3
ap14 [ 2 39 0
AD13 [ 3 38 O
AD12 [ 4 37 4
ap11 O 5 36 O
AD10 O 6 35 O
apo O 7 34 O
aps [ s 33 0
ap7 O 9 32 O
8086
a6 0 10 py 31 Q3
AD5s [ 11 30
apa O 12 29 O
AD3 [ 13 28 O
AD2 [ 14 27 3
ap1 O 15 26 3
apo [ 16 25 O
nvi O 17 24 A
INTR [ 18 23 0
clk O 19 22 3
GND O 20 21 3

MAX
MODE

Uce
AD15
Al6/S3
Al7/S4

>
=
®
wn
V]

A19/56
BHE/S7
MN/MX
RD
RQ/GTO
RQ/GTL
LOCK

MIN
MODE

(HOLD)
(HLDA)
(WR)
(M/IO)
(DT/R)
(DEN)
(ALE)

(INTA) m—)p
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Hardware Interrupt

v ad a & '
N1361379 Maskable interrupt SUVUNDULNUIUUINNIIEIN mé’ée (mgums)
- Disable a1nlUswnsule ovod: ~ 40P u
A Ay AD14 O 2 39 [0 AD1s
- Laaﬂ?juﬂ‘lﬂ AD13 [ 3 38 [ A16/s3
AD12 [ 4 37 [ A17/s4
ap11 O 5 36 [J A1ls/ss
AD10 O 6 35 [ A19/56
2 apo [ 7 34 [0 BHE/s7
YUNBUNIT Interrupt LLUU Maskable Ape O s 33 @ mN/mx
— aADp7 O 9 32 [J RD
8086 o
abe 0 10 py 31 [ RQ/GTO (HOLD)
ADs [ 11 30 [J RQ/GTL (HLDA)
3) Jaurila %59 LWasvas Interrupt 1119 DO - D7 e ol O L
ap3 O 13 28 O =2 (M/i0)
AD2 [ 14 27 O s1 (DT/R)
ap1 O 15 26 [J S0 (DEN)
— apo [ 16 25 [ Qso (ALE)
nmi O 17 24 O qs1 (INTA)
INTR [ 18 23 [ TEST
clk O 19 22 [ RreaDY
GND O 20 21 [ RESET

9/12/2021 uA.n3. U3 Wouutn 54



CS231: UNN 7 : ANSTATINILNITVINGU

8086 Interrupt handle

B
L 1
Complete Push - TEMP
Current Flags
Instruction l 0
Set Execute
@ ves TEMP=TF ISR
NO 1
IF=0 pop
VES TF=0 IP and CS
no , '
yes L Push
> opf
@ CS and IP pop
()
NO
v '
L ACKROW
: “m::oe call Resume
ISR Procedure
o v
Execute Read Type | | -
Next Code
Instruction
I —

http://www.uobabylon.edu.ig/eprints/publication 12 20160 1426.pdf
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8086 Interrupt handle

.
X Push . :
Complete = “ TEMP
Current Flags
Instruction l 0
Set Execute
@ — TEMP=TF ISR
- l }
IF=0 pop
VES TF=0 IPand CS
- | |
Yes L Push
@ CSand P Dt
NO |
1 '
1 Acknowiedge call Resume
ISR Procedure
o v
Execute Read Type s
Next Code
Instruction
] —

AP UANNE ALY
58991ng9antusngn

1) Software Interrupts , default
2) Non-maskable (NMI)

3) Maskable (INTR)

4) Single Step (TF)
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Hardware Interrupt

INTR Tvitdan 256 wuu wedl INTR aguAtduLag?
v v

MINADINIS LA

Keyboard tin INT 50H iaiin1snaudu

Mouse un INT 51H tliadin15v8u

znodrelnadngls ?

#1N AAN Mouse Wag 1A Keyboard wiaunu
2ziAn Interrupt Aalviy ?

\Benyiin (LWa3) Interrupt

#519n15 Interrupt

—

{

GhnD O 1 —/ 4 3
ap14 [ 2 39 0
AD13 [ 3 38 O
AD12 [ 4 37 @
ap11 O 5 36 O
AD10 [ 6 35 O
apo O 7 34 O
aps [ s 33 0
ap7 O 9 32 O
8086
abe O 10 py 31 Q3
AD5s [ 11 30
apa O 12 29 O
ap3 O 13 28 O
AD2 [ 14 27 3
ap1 O 15 26 3
apo [ 16 25 O
nvi O 17 24 A
INTR [ 18 23 0
ck O 19 22 3
GND O 20 21 3

MAX
MODE

Uce
AD15
Al6/S3
Al7/S4

>
&
®
vl
v

A19/56
BHE/S7
MN/MX
RD
RQ/GTO
RQ/GTL
LOCK

MIN
MODE

(HOLD)
(HLDA)

(WR)

(M/IO)

(DT/R)

(DEN)

(ALE)

(INTA) ——

A
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MAX
MODE
ehnp O 1 N 40 [ U
ap14 [ 2 39 [J apis
ap13 [ 3 38 [ A16/s3
AD12 [ 4 37 [ A17/54
ap11 [ s 36 [J A18/s5
ap1o [ s 35 [0 A19/56
ape [ 7 34 [ BHE/S7
apg O s 33 [ mn/mMX
Ap7 O o 32 0 RrRD
ADe [ 10 8(3,8[}6 31 [J RQ/GTO
aps O 11 30 [0 RQ/GTI
ap4a O 12 29 [0 ock
ap3 O 13 28 [ s2
apz O 14 27 0 s1
ap1 [ 15 26 [ so
apo [ 16 25 [J Qso
Nvi O 17 24 [J qs1
INTR [ 18 23 [J TEST
ck O 19 22 [J READY
GND [ 20 21 [J RESET

(

MIN
MODE

(HOLD)
(HLDA)
(WR)
(M/10)
(DT/R)
(DEN)
(ALE)
(INTA)

The Hardware

Intel 8086 lulpaanuuuinlAivinaulan18TnaLRe

o 1

A0819LU Address pin tag Data pin TeusIuniu

Toyarrgeaninasuiu (Multiplexing) Tuin
Jndueadi@ndndudandiglunisuendygiaia 2 sonainiu

113 Interrupt 91NABUBNAUAY
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STUUABNNLADS (Computer System)

CPU RAM

Devices
V4@)

DATA BUS

ADDRESS BUS

CONTROL BUS

a\ d' [~ 1
JEUUABUNAADSIUUNT 1 Wulluugs
Wuniwsau
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IBM PC Hardware

8087 MAX (MIN
MODE \MODE
GND O 1 N 40 [ ue
FPU AD14 [ 2 39 [ AD15
Onboard AD13 [ 3 38 [0 A16/s3
1/O AD12 [ 4 37 3 A17/s4
DMA ap11 O s 36 [ A1g/ss
AD10 [ & 35 [0 A19/s6
8237 apo O 7 34 [ BHE/S?
Timer aps O s 33 [ mN/MX
AD7 O 9 — 32 [ rRD
8254 Aps [0 10 ¢py 31 [ RQ/GTO  (HOLD)
ADs O 11 30 [ RQ/GTI  (HLDA)
8259 AD4 O 12 29 [ [OCK (WR)
PIC AD3 [ 13 28 [ 52 (M/I0)
RAM ap2 [ 14 27 0 st (DT/R)
AD1 [ 15 26 [0 50 (DEN)
ADo [ 16 25 [ Qso (ALE)
Latches/Buffer 5086 = 24 Host (N
ROM MCU INTR [ 18 23 [ TEST
ck O 19 22 [ ReADY
GND [ 20 21 [J RESET
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Expansion slot

Expansion slot

Expansion slot

Expansion slot

Expansion slot

IBM PC Hardware

8087
FPU

Onboard
l/O DMA
8237
Timer
8254
8259
RAM PIC
ROM Latches/Buffer

8086
MCU

8088 CPU 8259 PIC
e

INTR INT IRO | (_(g

INTA 1 > [INTA R11*— &
IR2te— & N

d 0]

o

data bus } g

R7 fe— &

address { decoder =t CS

deysyrau Interrupt INTR gnueneaanilunatedulaelddn
8259 PIC (PROGRAMMABLE INTERRUPT CONTROLLER)

- Tdwgnea1uIu INTR 1aga1u1sa Enable / Disable wsazaala
- ApAfuANAIALY 9N15AAVBY Interrupt wazAlA
- Muuavia Interrupt Ty INTR fignaengluusaziaiig

9/12/2021
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8088 CPU

INTR

INTA

data bus

address [

decoder

Ea

8259 PIC
INT IRO 1
INTA IR11

IR2 1
IR7 1
Cs

SP/EN

from peripherals

IBM PC Hardware

8259 @1u1509818 Interrupt 310 1 Uy 8 14

du15a6aN29lang 8 A2
IBM PC / XT azl43nd 1 A1
IBM PC / AT 920TNAUAININUY 2 A7

INTR INT

IRQO (AuEARYEeER)
IRQ1

L

IRQ7 (A WdARAIGR)

9/12/2021
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IBM PC Hardware

< CPU Address/Data/Control Bus >
I Py

INTA* INT INTA* INT
Slave 8259A (ool Master 8259A
[R?QS IRQ10 | TRQI2 | TRQ14 IRQO | IRQ2 | IRQ4 | IRQ6

IRQ9 IRQII ’ IRQ13 ‘ IRQ15 IRQ1  IRQ3 ‘ IRQ5 ’ IRQ7

| | | | | |
< ISA (AT) Bus >

FNsn(w21ile) veedu IRQ 0 - IRQ 7 1RQ 2 lenaeiudnean 2 Sadely 1 én

a o oA

Fnead 2 veredu IRQ 8 - IRQ 15 Tuldnnaa
52331 IRQ 0 - IRQ 15 us IRQ 2 T ulld sqaudu 15 @
0,1,3,4,5,6,7,8,9,10,11,12,13,14,15
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16 Bit ISA Bus — top view

7
-
-
AL GND B 1 A1 uocuh
. | RESETDRV B 2 A 2 Data7
Expansion slot ! v B3 A3 owms
| RQO B 4 A 4 Datas
| s B S5 A 5 Data4
| DRQZ B 6 A 6 Data3
l “12v B 7 A 7 Data2
Expansion SLOt | Reserved,NC B 8 A8 Datat
| v B 9 A 9 Datad
l GND B 10 A10 I/O CHRDY
| MEMW B 11 A1l AEN
| WMEMR B 12 A12  Addr19
Expansion slot i o B3
BR B14 A14  Addri7
! DACK3 B15 A15  Addr16
8 Bit XT-Bus — i DRQ3 B16 A16 Addris
% ! DACK1 B17 A17  Addri4
Expan5|on Stot : DRQ1 B18 A18  Addri3
I REFRESH B 19 A19  Addri2
I clk B20 A20 Addrit
I IRQT B21 A21 Addri0
N o A I RQE B22 A22 Addr 9
Expansion slot INWAIN 1 IRQ, Ras 8z Az acar s
l IRQ4 B24 A24 Addr 7
| RQ3 B25 A25 Addr 6
| DACK2 B26 A26 Addr 5 16 Bit ISA-B
8087 | Tic B27 A2T Addr 4 ! -eus
l ALE B28 A28 Addr 3
FPU k +5V B29 A20 Addr 2
osc B30 A3 Addr 1
Onboard o oo 831 st Addr o0
\
I/O N
MEMCS16 D 1 C 1 SBHE
8237 70CsS16 D 2 C 2 Addrz3 ° ' g Y
- RQ10 D 3 C 3 Addr22 1 1 IRQ 15 ?
Timer , O 94 R NILU LA AFUYN Lelid ¢
a v
YNAIN 2 IRQ RQ12 D 5 S —
8254 RQ15 D 6 C 6 Addr19
RQ14 D 7 C 7 Addris
8259 DACKO D 8 C 8 Addr17
DRQO D 9 ¢ o WEWR
DACKS D10 c10 MEMW
RAM PlC DRQ5 D 11 C11 Data 8
DACKS D12 €12 Data 9
DRQ6 D13 €13 Datat0
DACKT D14 C14 Datatt
8086 DRQ7 D15 C15 Data12
L h /B ff-' +5V D16 €16 Data13
ROM atC es/purrer MASTER D17 €17 Datata

MCU GND D18 c1s Dala|5/
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IBM PC Interrupts

m THuEnsg) Tdaumadandu)

0 System timer

1 Keyboard Interface

2 Cascade for second IRQ controller

3 Serial port, COM2

4 Serial Port COM1

5 Parallel Port LPT2 (Parallel port Tulusun Normal lail4 IRQ) Sound card
6 Floppy Disk Drive Interface

7 Parallel Port LPT1 (Parallel port Tulvisun Normal 1414 IRQ)

8 Real Time Clock

9 39 Video Display Interface cards
10 319

11 9

12 PS/2 - type mouse port

13 Coprocessor

14 Primary IDE/ATA adaptor

15 Secondary IDE/ATA adaptor
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IBM PC Interrupts

Wl et et e
0

System timer
1 Keyboard Interface
2 Cascade for second IRQ controller
IRQ 0 -15
Lfiagn Hardware a1guan Interrupt 3 el port COM2
NS NI192TeY ISR WWUSMS Hardware wanil 4 serial Port COML
Qgé}'aqgﬁan INT sljﬁﬂlwu L‘U@%@ﬂi 5 Parallel Port LPT2 (Parallel port Tulviua Normal uild IRQ) Sound card
IRQ Wauleeiu Interrupt Vector Table agn9ls ? 6 Floppy Disk Drive Interface
7 Parallel Port LPT1 (Parallel port Tuluun Normal laild IRQ)
8 Real Time Clock
9 dns Video Display Interface cards
INT O0OH - INT 255H 10 e
11 39
12 PS/2 - type mouse port
13 Coprocessor
14 Primary IDE/ATA adaptor
15 Secondary IDE/ATA adaptor
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IBM PC Interrupts

8088 CPU 8259 PIC
INTR INT IRO Je— %
INTA > INTA R11*— &
IR21=— &
' 8
data bus . g
IR7T 1T*— &

address f decoder =t CS

In 8259 adrunsalusunsulei IRQ usazda tin INT vialuudld
uinaelaivuny INT aangnlyluuas
BIOS azlUsunsuniinaugniaias
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Int. Num.

0

M m O N @ > WV 0 N 60 A WN =

10

Description

CPU divide by zero

Debug single step

Non Maskable Interrupt (NMI input on processor)
Debug breakpoints

Arithmetic overflow

BIOS provided Print Screen routine

Reserved

Reserved

IRQO, Time of day hardware services

IRQ1, Keyboard Interface

IRQ2, ISA Bus cascade services for second 8259
IRQ3, Com 2 hardware

IRQ4, Com1 hardware

IRQ5, LPT2, Parallel port hardware (Hard Disk on XT)
IRQ6, Floppy Disk adaptor

IRQ7, LPT1, Parallel port hardware

Video services, see note 1

38
o

IBM PC Interrupts

11
12
13
14
15
16
17
18
19
1A
1B
1C
1D
1E
1F
20
21
22
23
24
25
26
27

Equipment check

Memory size determination

Floppy I/0 routines

Serial port I/O routines

PC used for Cassette tape services
Keyboard 1/0 routines

Printer 1/O routines

Points to basic interpreter in a "real" IBM PC
Bootstrap loader

Time of day services

Services Ctrl-Break service

Timer tick (provides 18.2 ticks per second)
Video parameters

Disk parameters

Video graphics

Program termination (obsolete)

All DOS services available through this Interrupt
Terminate address

Ctrl-Break exit address

Critical error handler

Read logical sectors

Write logical sectors

Terminate and stay resident routines (obsolete)

28 to 3F Reserved for DOS
40 to 4F Reserved for BIOS

50 Reserved for BIOS
51 Mouse functions

52 to 59 Reserved for BIOS
5A Reserved for BIOS
5B Reserved for BIOS
5D Reserved for BIOS
5E Reserved for BIOS
5F Reserved for BIOS

60 to 66 Reserved for User programs
67 Used for EMS functions
68 to 6F Unused

70 IRQ8, ISA bus Real time clock

71 IRQY, takes the place of IRQ2

72 IRQ10 (available hardware interrupt)
73 IRQ11 (available hardware interrupt)
74 IRQ12 (available hardware interrupt)
75 IRQ13, maths co-processor

76 IRQ14, ISA bus hard disk controller
7 IRQ15, (available hardware interrupt)

78 to 7F Unused

80 to 85 Reserved for basic
86 to FO Used by basic

F1 to FF Unused

http://philipstorr.id.au/pcbook/book2/intlist.htm
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IBM PC Interrupts

COPYRIGHT 1989 ¢
cnemws LABS, INC.

DSP - 1321

B

CT-13288 ECOPVHIGHT CREATIVE LﬂBs. ||‘|C. 1950 ~ ‘ ﬁ. A by i = ®  MADE TN SINGAPORE

nsaduvenentdladuninsgiuves 1IBM PC fldaunsaidan IRQ leldias
Jumper A13ZAINTINU IRQ VB9 System Bus
Kldfauladn aglivuivaunsalddauluszuu
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IBM PC Interrupts

JagUuil aunsalsanaviindnududaunaziisnuiuuinau
= 1'% IS =< A (% Y
n1staan IRQ fleile edilaniavu Auladng
Jalinsunuiisnemalulad Plug and Play lagli BIOS Wudiden IRQ Thlusunauvainsfnasas
AT BUS gnunuiinag PCI BUS lag CPU lilanduaudyananing qlu System Bus lagnsauen

1 1 < ad (% = a
LLGIEJEJN‘l’inGl'm’Jﬁﬂ'ﬁ Interrupt 9LKRUDULAN

& Device Manager

b i Input/output (10)

v i Interrupt request (IRQ)
= (1SA) 000000000 (00)
i (1SA) 0x00000004 (04)
17 (ISA) 0x00000005 (05)
3 (5A) 0x00000008 (08)
¥ (15A) 0x0000000D (13)
3 (5A) 0x00000037 (55)
i3 (5A) 000000038 (56)
= (SA) 0x00000039 (57)
£ (SA) 0300000034 (58)
¥= (5A) 0x0000003B (59)

> i Direct memory access (DMA)

System timer

Communications Port (COM1)
High Definition Audio Controller
System CMOS/real time clock
Numeric data processor
Microsoft ACPI-Compliant System
Microsoft ACPI-Compliant System
Microsoft ACPI-Compliant System
Microsoft ACPI-Compliant System
Microsoft ACPI-Compliant System

% Device Manager = a X
File Action View Help

a5 m Hm B

v :.j.; FrogPC3

File Action View Help

e 5 Hm B

¥ (1SA4) 0x000001F9 (505)
3 (1SA) 0X000001FA (506)
£ (1SA) 0X000001FB (507)
£ (1S4) Ox000001FC (508)
E3 (1SA) 0x000001FD (509)
t_] (ISA) Ox000001FE (510)
¥ (1SA) OX000001FF (511)
3 (PC1) 0x0000000A (10)
¥ (PCI) 0x00000010 (16)
§ (PC)) 0x00000010 (16)
[ (PCI) 0x00000010 (16)
= (Pl 0x00000011 (17)
§ (PCI) 0x00000017 (23)
EF (PCI) OXFEFFFFFD (-3)
S (PC) OXFFFFFFFE (-2)

Microsoft ACPI-Compliant System
Microsoft ACPI-Compliant System
Microsoft ACPI-Compliant System
Microsoft ACPI-Compliant System
Microsoft ACPI-Compliant System
Microsoft ACPI-Compliant System
Microsoft ACPI-Compliant System
Virtualization Engine Controller
High Definition Audic Controller
Intel(R) 5 Series/3400 Series Chipset Family USB Enhanced Host Controller - 3B3C
NVIDIA GeForce GT 710
High Definition Audio Controller
Intel(R) 5 Series/3400 Series Chipset Family USB Enhanced Host Controller - 3834
Intel(R) 82578DM Gigabit Network Connection
Intel(R) Chipset SATA/PCle RST Premium Controller

K3 (1SA) 0x0000003C (60) Microsoft ACPI-Compliant System " > 3 Memory
B nray A AnnaaAnm sma oA fia o~ i- - N
£ >
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IBM PC Interrupts

=1 g ac = d' ) = Yy a
UNslaAN® IS N5 s ulUsIASUINE AS293UNT5I58n1EU3N1591n Hardware
Tneanfen15ULe1 Address vadlusunsugasluaneluniienauan Interrupt Vector

& A o = o o = v .
YUADUULUULNYIATINIIVBINITNINIUNU hardware 1590158519 Driver
= 4 1Y v 1 . o 1
1Ud Hardware ABINIEIVBUALUE Microprocessor AzVN984ls ?
%38Lla Microprocessor fiaen1sdedoyaluds Hardware azvinagnsls ?

Hardware 1175§1U488141%U Mouse, Keyboard, Display, Disk Drive
1565801y APl ¥a4 BIOS %50 Operating System 1a

1Y 24 dy i v W ¥ 1
WEIALI16919 Hardware JudLeg L'S’]ﬁ]%ﬁ@ﬁﬁiﬂUﬁJu‘lﬂ@UN‘li

= P2 e o
15719zuANwI S luunan U
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