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CS231: 9 : syuudfuAn1s MS-DOS uazn1sasalusunsudseend
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CS231: 9 : syuudfuAn1s MS-DOS uazn1sasalusunsudseend

n1saselusunsuUszand amnsasenly APl (Application Program Interface) 9nszuudfunis wetielmdsulusunsula ¢
wazduad

TUsunsunazsuvuszuuliiRnslaazees
- AsUuwuunuiiszuuUfuRnisinvue (binary file format)
- insneguiuumheanudaunssuuluRnIsinvue ( memory model)

a a

- {9ASUAU LagRAUAARUNMTUA

q

nslusunsuivelsunly AP
- Bunltlagnss e Interrupts wise Call TUgsmunuanigama
- BunEuYARELN (SDK)

User

Application
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CS231: 9 : szuuUfuan1s MS-DOS wagn1sasielusunsuyseens

MS-DOS : Disk Operating System (gadmsuszuuufjuiinig Microsoft far ) 1uszuuUfiRn15dm5ux86 -based poufianes
duyanaiilasunsiaulaedwlnglulassenst Tagsam MS-DOS mMadsuiierliuiBM PC DOSwaysyUUURURNTUNTZUUT
engudfuldfu MS-DOS unansaiendt "DOS" MS-DOS WuszuuUfiRnismdndwiuiBM PC fdriuldreufinmeddiuynna
Tuthememssui 1980

Time-line 7idAey

- 6-DOS gna¥tulag Tim Paterson Tull 1980 Tnidsunuunnanssuuufoinis CP/M fivinauuu CPU 8080/8085 1w
a1u130vUUY 8086 Lo

- Microsoft @@y 86-D0S Uanell 1980

- #ul 1981 Microsoft 413 Tim Paterson i#snuU3uUss 86-D0S Tvhauiu 8088 (FusiA1gnues 8086) sgn 1BM 14lunns
W 1BM PC XT

- Umel 1981 Microsoft i 86-DOS vamun uaziUasudeidiu PC DOS 1.0

- 1 1982 Microsoft 919 Mark Zbikowski tW1315u%9aIu1 MS-DOS siawnu Tim Paterson

- MS-DOS 7/8 fie MS-DOS Jugmine gvmmnlidudiumilsves Windows9s Tull 1995

- MS-DOS grugaiaulul 1996 uazunLTIfIE WindowsXP

https://hmong.in.th/wiki/MS-DOS
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CS231: 9 : spuuUfjuiRn1s MS-DOS wagn1saselusunsuyseend

U

A1MUN1S Boot

1 lalastnsiwaiwos 8086 iegnarelnidiasausn (Cold boot) agsihnnsasA3Iames PC = FFFFO

1,048,575 Bytes —

Memorry

ROM )
BIOS Address daulign Map Luéfa ROM
INUN 16 Bytes @15y
Instruction tieltludaiaIes
9 16 Bytes liunwadmsvasislusunsy
LANINWOAEINTUANES JMP LUy Long
RAM Wuesslliaediandenen Ae JMP Tu Byte wsn
wag FUasuAUeslUsILATL POST (Power on
self test) Tudn 4 Bytes finan
— 00000 u ffff : 0000
: 0000 EASBEOOOFO FOOO: EOSB
: 0005 30362F32 [322F1,DH
: 0009 332F BP, [BX]
:000B 3939 [BX+DI1,DI
: 000D OOFC AH, BH
A1l ROM 284 BIOS ¥84iA389 PC 'F :000F EE DX, AL

10/9/2021
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CS231: 9 : spuuUfjuiRn1s MS-DOS wagn1saselusunsuyseend

U

A1MUN1S Boot

2 lalasinsiawes JMP luSwnuriasuduvasiusunsy POST 7 FOO0:E05B

ROM ¢ PC = FEO5B

BIOS o o
):EO5B FA Undeyayad Interrupt
:EQ5C OF OF .

‘EG5D O1EO AX,SP 98 Microcode
:EO5F A90100 AX, 000 Fealusiames
:E062 7406 EO6A

el i AL, o1 } d959%a POST 99011914 /O
1,048,575 Bytes — 900 :E066 E692 92,AL
VG0, :EO068 EBFE E068
:EO6A BOOF AL, OF e o
’ dspndald RTC
RAM :EO6C E670 70,AL }
:EO6E E471 AL, 71 21UA19N RTC

Memorry 000 :EO70 86C4 AL, AH
:EQ72 AL, 64 21UA19N keyboard
A ord! AL, 04

— 00000

10/9/2021 uA.n3. U3 Wouutn 6



CS231: 9 : szuuUfuan1s MS-DOS wagn1sasielusunsuyseens

U

A1AUN1S Boot

3 1 10L@598uUN13 POST 22911N15M579d8 U Boot device Mnwuazyiin1slyuan Sector addnuieaud s 7C00

TUnoUilIenI1 Bootstrap loader

. FFFFF
ROM
BIOS
1,048,575 Bytes —
512 By‘teS MBR g:d}: 83§§§§ EE:EEE% i
RAM St Disk 10 P::iliond i
Memorry 7 o §
52595"%@3@{{{{?%?%
;ggégggggﬂewsgggg
e PC = 7C00 1B e e i3
P (— :
— 00000

#A99Nvan MBR a9gnieauda21911n153Y Instruction Tuduvisiilnaaudily

BIOS azdugamavineu aunsuanilliaslundinivasszuulfianig
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CS231: 9 : szuuUfuan1s MS-DOS wagn1sasielusunsuyseens

U

A1AUN1S Boot

4 \Jlow3adunns POST 92911N15M5I988UNT Boot device MNNuUIzyiNIsivan Sector avgnlasnudn sy 7C00

v
U

TUnoUilIenI1 Bootstrap loader

512 Bytes
)
(

Block | Code BPB EBPB Code Required
%%a Code File Structure Code Signature
RIIREIN 0 3 62 510

\_j Y
448 Bytes
|

JMP 62

TUsunsudmsuluanssuuuunnts aganumniail
158031 Bootloader

10/9/2021
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CS231: 9 : spuuUfjuiRn1s MS-DOS wagn1saselusunsuyseend

U

A1MUN1S Boot

14
U

5 Bootloader 984 MS-DOS fUADUNITNNIUAIT

1 ayraeuitlunaiuiy 10.5YS vively

2 mnnsranvazshnsTnaauiiudigmisenaiudi 10.5YS Ao Kernel vasszuuUfoints MS-DOS
3 Sulusunsu 10.5YS

4 TWsunsu 10.5YS agvihwthillvan Driver fne udngiiennud)

5 ety MSDOS.SYS iindnteannudn 39 Kemnel NSulingousyuuwiludoya warn1sdnnisuiieainudd

6 Tramuily CONFIG.SYS wagvinnisiunan driver Miaadd user @1u1sadauwinale

7 Tvanudly COMMAND.COM wirguinsanud wiluiielusunsu SHELL Ald@asafugld

C:\>
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CS231: 9 : szuuUfuan1s MS-DOS wagn1sasielusunsuyseens

MS-DOS & API Tiisunlelalaemswinu Software Interrupt

Interrupt vector
20h
21h
22h
23h

24h

25h

26h

27h
28h
2%h

2Ah
2Bh
2Ch
2Dh
2Eh

2Fh

https://en.wikipedia.org/wiki/DOS_API

Description
Terminate program
Main DOS API
Program terminate address
Control-C handler address

Critical error handler address

Absolute disk read

Absolute disk write

Terminate and stay resident
Idle callout
Fast console output

Networking and critical section
Unused
Unused
Unused

Reload transient

Multiplex

Version

1.0+
1.0+
1.0+
1.0+

1.0+

1.0+

1.0+

1.0+

2.0+

2.0+

3.0+

2.0+

3.0+

Notes
Implemented in DOS kernel
Implemented in DOS kernel
Return address in calling program
Default handler is in the command shell (usually COMMAND.COM)

Default handler is in the command shell (usually COMMAND.COM)

Implemented in DOS kernel, enhanced in DOS 3.31 to support up to 2 GB partitions
Implemented in DOS kernel, enhanced in DOS 3.31 to support up to 2 GB partitions
Implemented in COMMAND.COM in DOS 1.0, DOS kernel in DOS 2.0+

Called by DOS kernel when waiting for input

Implemented by the built-in console device driver or a replacement driver like ANSI.SYS

Called by DOS kernel to interface with networking software

Implemented in COMMAND.COM

Implemented in DOS kernel and various programs (PRINT, MSCDEX, DOSKEY, APPEND, etc.) depending on subfunction

number

10/9/2021
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CS231: 9 : szuuUfuan1s MS-DOS wagn1sasielusunsuyseens

MS-DOS & API Tiisunlelalaemswinu Software Interrupt

AH Description Version 1Bh  Get allocation info for default drive 1.0+ 35h  |Get interrupt vector 2.0+ 53h  |Create disk parameter block 2.0+
00h Program terminate 1.0+ - Get allocation info for specified e 36h |Get free disk space 2.0+ 54h  |Get verify flag 2.0+
01h Character input 1.0+ drive 37h  |Get or set switch character 2.0+ 55h  |Create program PSP 2.0+
02h Character output 1.0+ 1Dh  Reserved 1.0+ 38h  Get or set country info 2.0+ 56h  Rename file 2.0+
03h  Auxiliary input 1.0+ 1Eh  Reserved 1.0+ 39h  Create subdirectory 2.0+ 57Th  Get or set file date and time 2.0+
04h  Auxiliary output 1.0+ _— Get disk parameter block for a0 3Ah  Remove subdirectory 2.0+ 58h  Get or set allocation strategy 211+
05h  |Printer output 1.0+ default drive 3Bh  Change current directory 2.0+ 59h  Get extended error info 3.0+
06h Direct console I/0 1.0+ 20h  Reserved 1.0+ 3Ch |Create or truncate file 2.0+ 5Ah  |Create unique file 3.0+
s Direct console input A 21h  Random read 1.0+ 3Dh  |Open file 2.0+ 5Bh  |Create new file 3.0+

without echo 22h  |Random write 1.0+ 3Eh  Close file 2.0+ 5Ch  Lock or unlock file 3.0+
— Console input without Los 23h  Get file size in records 1.0+ 3Fh  Read file or device 2.0+ 5Dh  File sharing functions 3.0+
echo 24h  Set random record number 1.0+ 40h  Write file or device 2.0+ 5Eh  Network functions 3.0+
09h  Display string 1.0+ 25h  Set interrupt vector 1.0+ 41h  Delete file 2.0+ 5Fh  Network redirection functions  |3.0+
OAh  Buffered keyboard input 1.0+ 26h  Create PSP 1.0+ 42h  Move file pointer 2.0+ 60h  Qualify filename 3.0+
0Bh Get input status 1.0+ 27h  Random block read 1.0+ 43h  |Get or set file attributes 2.0+ 61h |Reserved 3.0+
e Flush input buffer and a6 28h  Random block write 1.0+ 44h  1/O control for devices 2.0+ 62h  Get current PSP 3.0+
input 29h  Parse filename 1.0+ 45h  Duplicate handle 2.0+ 63h  Get DBCS lead byte table pointer 3.0+
ODh  Disk reset 1.0+ 2Ah  Get date 1.0+ 46h  Redirect handle 2.0+ 64h  Set wait for external event flag 3.2+
OEh  Set default drive 1.0+ 2Bh  Set date 1.0+ 4Th  Get current directory 2.0+ 65h Get extended country info 3.3+
OFh  Open file 1.0+ 2Ch  Get time 1.0+ 48h  Allocate memory 2.0+ 66h  Get or set code page 33+
10h  Close file 1.0+ 2Dh  Set time 1.0+ 49h  Release memory 2.0+ 67h  Set handle count 3.3+
11h  Find first file 1.0+ 2Eh  Set verify flag 1.0+ 4Ah  Reallocate memory 2.0+ 68h  Commit file 3.3+
12h  [Find next file 1.0+ 2Fh  |Get disk transfer address 2.0+ 4Bh  Execute program 2.0+ 69h  Get or set media id 4.0+
13h  Delete file 1.0+ 30h  Get DOS version 2.0+ 4Ch  Terminate with return code 2.0+ 6Ah | Commit file 4.0+
14h  Sequential read 1.0+ 31h  Terminate and stay resident 2.0+ 4Dh  Get program return code 2.0+ 6Bh  Reserved 4.0+
15h  Sequential write 1.0+ o Get disk parameter block for e 4Eh  Find first file 2.0+ 6Ch  Extended open/create file 4.0+
16h Create or truncate file 1.0+ specified drive 4Fh  Find next file 2.0+
17h Rename file 1.0+ 33h  Get or set Ctrl-Break 2.0+ 50h  Set current PSP 2.0+
18h Reserved 1.0+ 34h  |Get InDOS flag pointer 2.0+ 51h  Get current PSP 2.0+
19h Get default drive 1.0+ Get DOS internal pointers
1Ah Set disk transfer address 1.0+ o2 (SYSVARS) e
https://en.wikipedia.org/wiki/DOS_API
10/9/2021 w03 U0 Weuun 11



CS231: 9 : szuuUfuan1s MS-DOS wagn1sasielusunsuyseens

EMU8086 il Console uaz Shell F3laisa95u MS-DOS API 06

APl Aisenlglaaatiiineaing

INT 20h

INT 21h
INT 21h/01h

INT 21h/02h

INT 21h/05h

INT 21h/06h

INT 21h/07h

INT 21h/09h

INT 21h/0Ah

INT 21h/35h
INT 21h/39h
INT 21h/3Ah
INT 21h/3Bh
INT 21h/3Ch
INT 21h/3Dh

INT 21h/3Eh

INT 21h/0Bh

INT 21h/3Fh

INT 21h/0Ch

INT 21h/40h

INT 21h/0Eh

INT 21h/19h

INT 21h/25h

INT 21h/2Ah

INT 21h/41h

INT 21h/42h

INT 21h/47h

INT 21h/4Ch

INT 21h/2Ch

INT 21h/56h

http://www.ablmcc.edu.hk/~scy/CIT/8086 bios and dos interrupts.htm

INT 33h/0000h

INT 33h/0001h

INT 33h/0002h

INT 33h/0003h

10/9/2021
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CS231: 9 : szuuUfuan1s MS-DOS wagn1sasielusunsuyseens

Wlaglddsly MS-DOS vin133u Application sszuuujiinisagiinisivan uwililusunsu (Executable file) Lngvitgainudn
wazdansEesmuvie Segment vadlusunsy Stack wazduruasuAUNTIOU Tugdiuuil MS-DOS awnsausnsianisia

winalaannisudanien Assembly lag Assembler 158071 Object file dsluanunsasiaulaiudl Weowin MS-DOS aglinsiu
FUMYeY Segment wazdoyadu q NSndulunisauaunisinanlusunsy Wignuieaud

Object file azfvignifiuseasiBaniindu el MS-DOS amnsalvanlusunsudignieanuiilisgisgnies
wiltulusunsuviinilisenin Executable file

Tsunsuivhwihiiudas Object file Uiy Executable file faluswnsu Linker

/ Object file \

(.bin, .obj)

Source code  mmmm) | Assembler Linker |mmmm) Executable file
(.asm) \ Symbol table — I (.com, .exe)

(.txt, .lst)

Linkable libraries

(.dl, .bin, .obj)

10/9/2021 uA.as. U3 Wouudn 13



CS231: 9 : szuuUfuan1s MS-DOS wagn1sasielusunsuyseens

MS-DOS $895U Executable file 2 WUU AB .com wag .exe

com 1197MA131 command wngdwsulusunsufifivunadn Tsunsuommnegly Segment Woaitu Tneidushani
offset= 100h oy waw stack agvanfiulu segment L2 vz MS-DOS xlnandeyariuilindgmissaruuily
Payatunilumilaudunisdnasdlusinsuainmiisauitasluwiudoya
Uaf

-TUsunsuladne dmusenausing 9 vadlusunsuegly segment ReIRUNNR

- e wnelaunsiudtugnivandigmihenusivme sy

- e uTusndld Linker asnsad319ann Image vaslusunsulumoaudilalnense
Uaidy

- TUsunsuaualaiy 64kB luld ins1zauinagiiu 1 segment

- 131l header l1i9995U meta-data

TUshnsUavuas 1l gunuunludvnd Asudy .com

10/9/2021 uA.as. U3 Wouudn
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CS231: 9 : spuuUfjuiRn1s MS-DOS wagn1saselusunsuyseend

7198191A98519909UTHNTULUY .com

a v A B8 < ulator sc {2x:
ORG 100h IjJiLmlimimdumyOFFSET = 100H SRS
DATA ALRUIUABLIUUYDYA «
Varl DB 'Hello World$'
CODE munsinelusinsy ® -
MOV AH,9 TO THE OPERATING SYSTEM
LEA DX ,Varl 138 APl duSuLanseesnUse
INT 21H
MOV AH,0x4C

138N APl aUlUSLASY
INT 21H

clear screen change font

10/9/2021 uA.n3. U3 Wouutn 15



CS231: 9 : spuuUfjuiRn1s MS-DOS wagn1saselusunsuyseend

Listin
Source code S

ORG 100h

[ 1] ORG 100h
-DATA [ 2] 0100: EB OC DATA
Varl DB 'Hello World$' [ 3] 0102: 48 65 6C 6C 6F 20 57 6F 72 6C 64 24 Varl DB Hello World$'
CODE -
MOV AH.9 Assembler| [ 4 oioe .CODE > Linker

—

NT 21H [ 6 0110: BA 0201 LEA DX,Var1

[ 7] 0113:CD 21 INT 21H

[ 8 0115 BAO100 MOV DX, 1
MOV AH,0x4C [ 9] 0118: B4 4C MOV AH,0x4C
INT 21H [ 10] 011A: CD 21 INT 21H

Symbol
Name Offset  Size Type Segment
> VAR1 00102 1 VAR (NOSEG)
CODE 0010E -1 LABEL (NOSEG
gnidiailulag MS-DOS Linker >
.COM MS-DOS
Offset (o) 00 01 %2 03 04 05 06 O 10 11 12 13 14 15 16 1% Decoded text Loader

00000020 BA 0OZ 01 CD 21 BA 01 00 B4 4C CD 21

0ooooooo 48 65 6C 6C 6F z0 57 6F 72 6C 64 Z4 B4 09

HrHello World§ao
u®a! u@.ala!

10/9/2021
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CS231: 9 : szuuUfuan1s MS-DOS wagn1sasielusunsuyseens

MS-DOS $895U Executable file 2 WUU AB .com wag .exe

exe 1N9INATN executable Wngdmulusunuifivualvg Wsunsuananlvandigrinennudlévans Segment wielnani
A segment VaLSUNLA 5995U Meta-data fivane Sub-format 5845U static link wag dynamic link
Len segment Uoya wazdneuruslusunsivaesula
exe d1w5u MS-DOS vziluguuuy EXE MZ
exe d1m3U Windows az1uguiuy EXE PE 333995Un35598 Resource 14 (@8 uazgunm icon
U

- s9s5ulusunTuILIn g

- sosfumsvhaufiduden

~laisfudeasau object wanunl3lundluien
SRIGH

- foatilusnsugaglun1sa3ng (Linker) ldaansaldisAnasnlusiunsuasunainmeaugila

10/9/2021 uA.as. U3 Wouudn 17



CS231: 9 : spuuUfjuiRn1s MS-DOS wagn1saselusunsuyseend

fe819lA59a519909lUSUNTULUL .exe TUskNsHashiARaNdII1 stack 88U1¥UAY code
WNIEREAUAY segment AU code UagdY segment &19
data SEGMENT 13 Segment %o data

Varl DB "Hello world$"

ENDS

stack SEGMENT e Segment T stack
DW 128 DUP(0)

ENDS

codel SEGMENT 1813 Segment ¥ codel -
v o C A Hello world
start: seylmdusunuasunu

MOV AX, data ,
MOV DS, AX fnesne Segment ToyalUagh data

.message
PROGRAM HAS RETURNED CONTROL

MOV ES, AX TO THE OPERATING SYSTEM

LEA DX, Varl
MOV AH, 9 1580 DOS APl @S ulansanednse

INT 21H

MOV AH, 0x4C
INT 21H

ENDS
end start srysumaly Assembler gavinnsia

} 15en DOS APl @115UaulUsHhNTa chasoem | cewn

10/9/2021 uA.n3. U3 Wouutn 18



CS231: 9 : spuuUfjuiRn1s MS-DOS wagn1saselusunsuyseend

7298191AT985199091UTHNTUKUY .exe Listin Meta-data
isting

SO urce COd e SV data SEGMENT 0000:4D - exe signature (M)
[ 2] 0000:48 65 6C 6C 6F 20 77 6F 72 6C 64 24 Varl DB "Hello world$" 0001:5A - exe signature (2)
data SEGMENT 0002:22 - bytes on last page (Lbyte)
L3 ENDS 0003:01 - bytes on last page (h.byte)
Varl DB "Hello world$" N
[a 0004:02 - 512 byte pages in file (Lbyte)
ENDS s stack SEGMENT 0005:00 - 512 byte pages in file (h.byte)
stack SEGMENT [ 6] 0010: 00 00 00 00 00 00 00 00 00 00 00 00 DW 128 DUP(0) 0006:01 - relocations (Lbyte)
DW 128 DUP(0) 0007:00 - relocations (h.byte)
ENDS 0008:20 - paragraphs in header (Lbyte)
codel SEGMENT 0009:00 - paragraphs in header (h.byte)
art - NS 000A:00 - minimum memory (Lbyte)
start: :
—p Asse[ Y |bLer 000B:00 - minimum memory (h.byte)
MOV AX, data L8
g Ll el SEGMENT 000C: FF - maximum memory (Lbyte)
: code
MOV Ds, AX 000D: FF - maximum memory (h.byte)
[ 10] o110 start:
MOV ES, AX 000E:01 - SS - stack segment (Lbyte)
[ 11] 0110: B8 00 00 MOV AX, data
000F: 00 - SS - stack segment (h.byte)
[ 12] 0113:8ED8 MOV DS, AX 0010: 00 o - otuck poiter (Lbyte)
: - SP - stack pointer (Lbyte)
LEA DX, Varl [ 131 0115: 8E CO MOV ES, AX P 4
0011:01 - SP - stack pointer (h.byte)
MOV AH, 9 [ 14] :
[ 15] 0117:BA 0000 LEA DX, Vart 0012:69 - check sum (Lbyte) .
: , Var
INT 21H 0013:3E - check sum (h.byte) | > I_ N ke r
[ 16] 011A:B4 09 MOV AH, 9
0014:00 - IP - instruction pointer (Lbyte)
[ 171 o11C:CD 21 INT 21H
MOV AH, 0x4C e 0015:00 - IP - instruction pointer (h.byte)
)y 0016:11 - CS - code segment (Lbyte)
INT 21H [ 19] O11E: B4 4C MOV AH, 0x4C ¢ ¢
0017:00 - CS - code segment (h.byte)
ENDS [ 20] 0120:CD 21 INT 21H
0018: 1E - relocation table adress (Lbyte)
end start [ 21] : ENDS R
[ 22) 0019:00 - relocation table adress (h.byte)
001A:00 - overlay number (Lbyte)
[ 23] : end start
[ 24] 001B:00 - overlay number (h.byte)
. 001C:01 - signature (Lbyte)
001D: 00 - signature (h.byte)
001E:01 - relocation table - offset inside segment (Lbyte)
001F: 00 - relocation table - offset inside segment (h.byte)
S m b OL 0020:11 - relocation table - segment anchor (Lbyte)
y 0021:00 - relocation table - segment anchor (h.byte)
0022 to O1FF - reserved relocation area (00)
Name Offset Size Type Segment

DATA 00000 -5 SEGMENT (ITSELF)
VAR1 00000 1 VAR data
STACK 00001 -5 SEGMENT (ITSELF)
CODE1 011 -5 SEGMENT (ITSELF)
START 000! -1 LABEL codel

BB6AO? AX | O76A 000 48 65 BC 24 60 00 00 80 Hello worldS
ars . ‘NF DS‘HX () () 8 0 8 ) 0
MS-DOS 9778 :0005 ¢ ES,AX
———p Oradik BAOOOO DX, 0000
Loader 9?77B: B409 AH, 09

Cch21 21
B44C AH,4C
21

10/9/2021 uA.n3. U3 Wouutn 19



CS231: 9 : szuuUfuan1s MS-DOS wagn1sasielusunsuyseens

lunslusunsulaeld APl vesszuuUUinTs uenannnisisen AP laensenu INT wad Seanansalusunsulagldusdiuu vie
Macro 13avinlaggKan

&, = A = ) wa = % ° Y] Y
Macro 1ue3eadiatielun1sileu code amlud@ d9lUswnsy assembler @unsatgntatazinulgaule

Macro_name MACRO Parameters

Macro_name ENDM

ABUNSITIUADIVININITUSENIA macro WMnaunisiSenldiaus nseazlans include nnuAunIeuanAls

10/9/2021 uA.as. U3 Wouudn 20



CS231: 9 : spuuUfjuiRn1s MS-DOS wagn1saselusunsuyseend

f29819N1585719 Macro @VSULARAENYDNUTY

ORG 100h
.data ‘ emulator; noname.com X
msgl db "hello world$" file tnath debug wiew extermal wirtusl devices wirtual drive  help
g = qdl 2 2 = = 5
crif db 10’13’5 Load ‘ relI?ad step back single step run step delay ms; 0
msg2 db "csmju$ e — | T |
code ATl 07 100: EB 235 - HA B
printf MACRO string — B [00 [o0 @71@1 15 @21 | MOVHEX -
pusha cx [00_[45 97193 85 10 MOV DS, AX
oo | grigt €Y | MRy L o
P cs o7 INT_@21h
mov ax,cs P [o1oo gggi
mov ds,ax 55 o700 IF;HEHE
lea dx,string _ 98734 macro Hgg Bé Eg
iy B ggroen
Po! BOSHA
popa PUSHF
printf ENDM _ HSE Sé E?:
start: MOV DX, @@111h
MOV AH, ©%h
printf msg1 E’QE’F@ i
printf crlf wenly ro A EEI_I?A
printf msg2 i NOP
hit L) --- =l

screen | suurcel reset I aux ] vars ] debugl stack | flags |
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§19619 Macro 8 code sty EMUS086

; this macro pri
3 the current cu
PUTC MACRO

PUSH

Mov

MoV

INT

POP
ENDM

5 this macro pri
; PRINT 'hello

; new line is

PRINT  MACRO
LOCAL next_cha
PUSH AX
PUSH SI
IHp skip_dcl

s_dcl DB
skip_dc

LEA
next_char:

MOV

cMP

iz

INC

MoV

INT

MNP
printed:
PoP sI
POP AX
ENDM

nts a char in AL and advances

rsor position

char

added.
sdat

r, s_dcl, printed, skip_dcl

; store registers...

; skip declaration.

sdat, @

SI, s_dcl

AL, cs:[s1]
AL, ©

printed

SI

AH, @Eh ; teletype function
16h

next_char

; re-store registers...

Inc/emu8086.inc
https://github.com/AhmadNaserTurnkeySolutions/emu8086/blob/master/inc/emu8086.inc

*PUTC char - macro with 1 parameter, prints out an ASCII char at

b current cursor position.

i *GOTOXY col, row - macro with 2 parameters, sets cursor position.

A *PRINT string - macro with 1 parameter, prints out a string.
*PRINTN string - macro with 1 parameter, prints out a string. The
same as PRINT but automatically adds "carriage return" at the end of

prviaie bl S the string.

*CURSOROFF - turns off the text cursor.
*CURSORON - turns on the text cursor.

*PRINT_STRING - procedure to print a null terminated string at current cursor position, receives address of string
in DS:SI register. To use it declare: DEFINE_PRINT_STRING before END directive.

*PTHIS - procedure to print a null terminated string at current cursor position (just as PRINT_STRING), but receives address of
string from Stack. The ZERO TERMINATED string should be defined just after the CALL instruction. For example:

CALL PTHIS

db 'Hello World!", 0

To use it declare: DEFINE_PTHIS before END directive.

*GET_STRING - procedure to get a null terminated string from a user, the received string is written to buffer at DS:DI, buffer
size should be in DX. Procedure stops the input when 'Enter' is pressed. To use it

declare: DEFINE_GET_STRING before END directive.

*CLEAR_SCREEN - procedure to clear the screen, (done by scrolling entire screen window), and set cursor position to top of it.
To use it declare: DEFINE_CLEAR_SCREEN before END directive.

*SCAN_NUM - procedure that gets the multi-digit SIGNED number from the keyboard, and stores the result in CX register. To

use it declare: DEFINE_SCAN_NUM before END directive.

*PRINT_NUM - procedure that prints a signed number in AX register. To use it

declare: DEFINE_PRINT_NUM and DEFINE_PRINT_NUM_UNS before END directive.

*PRINT_NUM_UNS - procedure that prints out an unsigned number in AX register. To use it

declare: DEFINE_PRINT_NUM_UNS before END directive.

10/9/2021
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F19819N71514 Macro SUS1IULAY 2 AUIUINAULAILEAINAUUID NN

include emu8086.inc

org 100h .- W iah
DATA file I;:Uw Lj':L"-E{aT'EH e..‘hru::f WMHHHITD w'w:zl-‘.‘-n-D>zw:\-r- o ,ﬁwmd = Bl |—1
vall dw ? Load ‘ reload ‘ step back single step run step delay ms: 0 edit show as: |hex ¥
val2 dw ? e = [ oroomioe [ oroooton ¥'AL1 ?9@h
AT 07 100: EB 225 UB JMP_B10éh ’
w oo oo | MEHRTEPTMPRSEmN || ABR EBR © 3117 AC
CODE o« (TP || g7tes: 09 oo N || pUsH X
start: v foo oo | 87105 88 000 NI || JMP @124h
. . R Cs o700 B7186: 50 B8y P INC BP
PRINTN "Enter the first value: P [o100 7107: S6 @86 V OUTSB
% @a71@8: EB 235 U JZ 80173h
call scan_num il @7129: 1A @26 =+ JB 8130h
sP [FFFE O710A: 45 69 E JZ 017Ah
mov vall,cx B [ooo0 @719B: 6E 110 n DB_65h
B710C: 74 116 t AND [BP]1 + @6Sh, AH
PRINTN "" s 0000 P718D: 65 101 e JB B018Bh
Dl |oooo Q710E: 72 114 r JZ B813Ah
PRINTN "Enter the second value: " s [6700 U710F: 20 ©32 Sl || JBE 817Dh
s [oron 87 %? Zg %ég h BHEB184h
H %
iz sy | BR on
mov val2,cx 07114: 66 102 ¥ || MOV Si, ©D1PAh
PRINTN " a7115: 69 185 i CS
o7i17: 75 118 ¢ || Ehp AL &8h
. S
Gs AR Y | R
orii: 76 438 v/ || uSY B, eeh
. £ a
call print_num @711C: 6C 128 1| || JMP @127h ,
@711[): 75 117 ULJ - clear screen change font
HLT screen | source‘ reset I aux [ vars | debugl stack [ flags |

DEFINE_SCAN_NUM
DEFINE_PRINT_NUM
DEFINE_PRINT_NUM_UNS

end
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#29819nN1519 Macro

include 'emu8086.inc’
org 100h
.DATA

.CODE
start:
PRINTN "Hello World"

PRINTN " THIS IS CSMJU"

HLT

| i emulator screen (24x7 c... 7— [ X
Hello World
THIS IS CSMJU

clear screen change font ]
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Wun1w C gnudailuniwiases lnensuvailuniw Assembly neulasiienld macro fign include wunlu source code
i stdio, stdlib 91ntuAagn wuadu object file sie Assembler uazyiinis Link Tl executable nelusunsy linker
w1 C FalndiAeaiuniwl Assembly WWueegneann wavanunsaleu N1 Assembly UYuiu source code nwn C lotae

Cis [y Copy

// asm_overview.cpp
// processor: x86
void _ declspec(naked) main()
{
// Naked functions must provide their own prolog...
__asm {
push ebp
mov ebp, esp
sub esp, _ LOCAL_SIZE
}

// «.. and epilog
__asm {

pop ebp

ret
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Assembler £a5p35uUn3 Call iimsdsiumsfimosin stack TusUuuuamsgiu Tnefinisdanisuazaiis Prolog wag Epilog
lnednlusi® 1Sundn INVOKE

N15438U Application dsuszuulfuRnis Windows agl¥35n15 INVOKE wununisld Macro

ms1ziduns call TWsunsuiigrudaifiunwiedosd lisudufeadalmimiounisld Macro

lusunsuyt call azaglu library Mignsaudnlilu exe Tudunauvesnis link w3aisenainuuisAudn vise library AldTauiule
i DLL «Jusiu

Assembler AinLNAU EMUB086 $845UANLaansatifioad Macro winti
nMsdeulusunsuiidudeurideasonldnig Invoke doauasululd Assembler AidiAuaLsaINTUFI0E 9Ly
MASM
TASM

Flat asm
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feglusunsud s U Application @1%5U Microsoft Windows

Assembler Debugger

@ flat assembler 1.73.28 == (u] %

File Edit Search Run Options Help
éarma\: uz

mov ah,9 e
mov dx, msg

int Zih

oV ah, 4Ch

int 21h

msg db 'Hello',13,' world!',24h

test2. ASM

A |

™

https://flatassembler.net http://www.ollydbg.de

B emuB086 - assembler and microprocessor e, — o X 1
® ermulstor: nonamecom = o x

file edit bookmarks assembler ermulator math ascii codes

help

Fle math debug view extemsl vibualdevices vl drve belp

D = e . W || H >
new  open  examples save compile emulate | ¢ w fPUSRE 1
S 2 s g gy | YA
02 Ty ios T | mov DX: Gbiezn
a3 1 db hello wor1d$ T | a7ies: €€ 188 1 || MOY AH, @oh
o4 f db 19 10 o [mo | @7106: &F 111 o | INT @2ih
o5 : PR Ul By
2 d cstu # [ | g7109: &F 111 of || PUSHA
: w e || 0710A: 72 114 ¢ || PUSHE,
@7 printF MACRO string e | 071000 £5 100 & | Hov Ba: f3
28 pusha @ o | g7100: 24 @35 $ || MOV DX. @910Eh
] hf w o | 7105 BA 010 N | HOV AH. o%h
89 pus T | @710F: @0 @13 ol || INT_Bzih
10 mov ax,cs o5 foTon @711e: 24 936 37 | POPF r
% s [ || 87111 63 899 ¢ PD;A
15 o b il h H
12 lea dx.string G7114: €4 104 §| | MOV aX, €S
13 mov 2 G720y | WOV B derum
1 ik Zth il A DR N
15 popf @7119: 8¢ 140 i || POBF
i . .pore Gl b | e
- :
17 erintf FNDM JJ g7iic: Da zis 1 | Noe
» 67110: BA 186 1 Y
[Tine: 23 col: 38 [ | o e st

VTWQWUL‘Wﬁ@u EmU8086 assembl.er ﬁ’]q’]ul,wﬁau Emu8086 emulator

10/9/2021 uA.n3. U3 Wouutn 27



CS231: 9 : szuuUfuan1s MS-DOS wagn1sasielusunsuyseens

Lulaslnswaasnszna X86 lagniaunseiiawnagieeniuiy uwidasanudiiulaiu 8086
Tsunsuideudmsu 8086 anunsavinulaiululasinswawesiulagdu

3AMDS A

32 bits 16 bits 8 bits 8 bits

AH AL

32 Upl |

RAX
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v
%

33amSNINUAvUalulASINS ALY DS X64

v
(%

119 64 Un 32 Unang 16 Una4 8 Unang

RAX EAX AX AL

RBX EBX BX BL

RCX ECX CcX CL

RDX EDX DX DL
X64 B

RSI ESI Sl SIL
(CPV)

RDI EDI DI DIL

RBP EBP BP BPL

RSP ESP SP SPL

R8 R8D R8W R8B

R9 R9D ROW R9B

R10 R10D R10OW R10B

R11 R11D R11W R11B
X87 7

R12 R12D R12W R12B
(FPU)

R13 R13D R13W R13B

R14 R14D R14wW R14B

R15 R15D R15W R15B
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AN 231 ST UUADUNILADSLATY NI ALYUUE

1AS9A5 19D LATDIARUNILADS LA AT IATEY NNELBEINUALaZASLUaN 1w laslUSILNTY
LOALTULUADS 1ASIASNVDILBAIULUABS NISWEULUSLATUNWILDALTUUS

NS UIUSULATULUULLALAS LUSLASULUULENEIY

Computer organization and machine language; Assembly language and assembler;
Addressing technique; Structure of assembler; Programming in assembly language; Macro

programming; Module programming
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Y lUADISIU NWILDELYUUE ?

- AnWIN15YNIUYRY Hardware wagssuuUfuANTg

- faungenviusiiulsyananauanuidnayldninensies
- AUKazRAlYgAUNNIaewadlUswnsu (Debug)

~ finse 899U Hardware 1agnss

- RYRANINMIUNITSNEIANUUaBANY lUSTUUABNNILMDS
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MMluanUSoU sLuUADLN AT ?

- @iledulszneusing 9 warludiu vesssuuAoLRIADS

- Wilsaentlnenssumasnuds (SP)

~ Wile3dnnsdeansneluesesraufiames ( Bus , Addressing)
- Whlarednueniisysziang
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PUIADLUZU

Assembly Language for x86 Processors : International Edition

By (author) Kip R. Irvine

For the Intel/Windows/DOS platform
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