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g Jl
< zr <k KOS
0 <k %0 OH =
Rl
RO %O <N oM &
H B B BB

B LC|3E]|H(Directives)2} H= 0§

(Labels)
B L|2=(Mnemonics)idf O]JHAFAH(Operands)

=
=
B ZAM(Comments)

m o]

I
0




ullF

B HY(+ EE - )= MEHALSE
= 5 +5 -5

B ZTlL(radix): binary, decimal, hexadecimal, or octal
= d - decimal (ex) 26, 26d
= h— hexadecimal (ex) 2Bh, 55H,
- b,y binary (ex) 10110001b ;32(2 fﬁl g':*ﬁj:
= 0, q- octal (ex) 42q, 420

= r—encoded real (A4S 27ILTYWEHE B7|, IEEE754 BETA])




T A& Al (Expressions)

m QIMRIQL @M &

T
Operator Name Precedence Level
() parentheses ]
+,- unary plus, minus 2
*,/ multiply, divide 3
MOD modulus 3
+,- add, subtract 4
B OMESE O AIMEIH, 7|02 B O] HYAIZHO S~ WEIA] OF
[ O:" Expression Value
16 / & 3
-3 + 4) * (&6 - 1) -35
-3+ 4 *6 -1 20
25 mod 3 1

oo



+3.0
-44.2E+05
26.E5 B0 R OEEFE] &9 A4 A0] &t
B HYT AL
(0fl) +1.0 Q] IEEE-754 32-bit HE A4 T 2l(short real)
0011 1111 1000 0000 0OOOO 0000 0000 0000 (2714
- 3F800000r




2Xiet BAIE 2 Q0| " " EE 2 K0 EA
2R A4
n A

= ASCIlI 22X} =1 byte
DXt AbA

= OT
= "ABC" ... 3 byte
= 'Wxyz' ... 4 byte

Embedded quotes: L2 O} H 0] X =l
= 'Say "Goodnight," Gracie'
= "Thisisn't a test"



e 0125012t A}
]

B 0)2F0] (HLE A2 BZX)

= Instruction mnemonics (ex) mov, add, mul

= register (ex) eax, ebx, esi

= directives (ex) proc, endp, end, include
= type attributes (ex) byte, word

= operators (ex) mod

= predefined symbols (ex) @data

B AlHZ(lIdentifiers)
s 1~ 247 2A}
» [HAEAL R EOX] &2 (case insensitive)
- OB I SH(CP)S FO FEY L& US
« X BAHE CHS BAIS Y 7HsY
= QIfHi(letter), underscore( ), @, ? E=$
= lUOj= AIRY 4 QS
() wvarl Count _main $first @@myfile

0144
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Y C|=lE] H (Directives)
=1

H C|=lE|BH
= OAIEC|7} QA0 OS2 mofl A 2|0t= BHO]
« 717019} 0| AOM, HWAIZHO|| HUE|X] S
» HAZAIE L8 @ 2(case insensitive)
» IALE, 4O SEWMIAHE) dA, B2 RE HEd, Ha, T2 ALK
M St 22 Aol A2

= (0l]) .data .code .model dword proc
B C[E[H FHO
myVar dword 26 L HL2Z2 HR2] oS ClAIE|I B
mov eax, myVar ... OO A& (EAD) AN
B O{d=d{el CIHE[H
» FHO ZE RSN 22 BHO HEYS 3R
« CIEE[H: O3 S2{0tCt CI=EE| R (M=




™E = O (Instructions)
=1

m 330

x JAIE0]] ©J0HA] CPUQ] HE (] FITBHY] £01= 7 2 B3
(cf) CIAE|H : 7]1HI0{Q oA G S

- .- HA D=

AWAIZrO HIZZ]0)l A IO CPUOIA & YH

o 0

R
. UUPN YA
label . mnemonic  operand(s) ; comment
(optional) (required) (usually required) (optional)
n 0:“

mov ax, 5 ; ax € 5h

ot target. inc  ax ;ax € ax + 1

code label mov myVar, ax ; myVar € ax

jmp target

data label
™S

~myVar word 100 ; 16-bit variable

0144
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myg 2I0IE, LIZ S (Mnmonics), T A &AL
-

m 0] = (Label)

= BHO E= HIOIHQ /IAIE EAIOH= AEHAL
label: | code
= Code label (ex) target :
= jumpll loop A0 target (22 S LHAIE)
= Data label (ex) myVar byte 'A' label | data

= B QL] AHA(H L US Q)
B H=0] L] B (Instruction Mnemonics)
» HHOQ AL YO LTt TIEE HIE0H= Ol&
= 0§]: MOV, ADD, SUB, MUL, INC, DEC
B II|HAHXH(Operands)

-2 [ R SN SR 96 2+4
= Bj|A] A E{(register) eax esi
= {2 2]: data label, ... count

HICH S 01 = 2|91 0f 11



e DIGARL 291 BHO| 9 A
ul Il

B No operand

= Stc ; set Carry Flag(CF) - implicit operand
B One operand

= iNnC eax ; register

= INC myByte ; memory ( )
B Two operands

= add ebx, ecx ; reqgister, register

= Sub myByte, 25 ; memory, constant

= add eax, 36*25 ; register, constant-expression

HICH S 01 = 2|91 0f 12



e T 1(Comments)
=13

A
] T
|

x

rer

& Z M (single-line comment)

add ax, 10 - add 10 into ax

s 25 F£AM(block comment) - 2] =

COMMENT &
This line |s a comment.
This line Is also a comment.

&

}
\ A AL "ol 7|18

13



‘. NOP %‘FEI:!O'I
il

B NOP ™=
- 1HIO|E 37|2 0}2 SXE Ot %S
- ACE B4 TE 40 WIS AR HBATIT| QA ASY

Q0000000 66 8B (C3 mov ax,bx
00000003 90 | nop
00000004 8B D1 mov edx,ecx

align next instruction

B x86 T2 HAE 49] Hi&O] F£40 = AEQL HIO|E{(32HIE
A7DE O HIEA &S = US

VEEEIIY 14



e 32 Ol H40] S, w

il lF
B MS-DOSE X = 1=H (real-address mode)
title add and subtract IO HZ22 LIEEHE =24
.model small .. jB2] 2= real (CS,DS ZF 171)
.code .. dE HOHE A|J%A}
mailn proc .. X2 A& AlEF (main)
mov ax, 1000h ;. ax € 1000h
add ax, 400h ; ax € ax + 400h
sub ax, 200h ; axXx € ax — 200h
mov ax, 4c00h
int 21h ; terminate the program
main endp Lo A2 AN £ (main)
end main LLIEZ T B omainBEE] A ERSE

O] A E &= memory operand& At20}LXA] Y2
debugE A0 S=F 291 715 (debuge windows 70l 22)

MITH 2l 01412 2] 1 0f 15



- JGI)k()I EH}HI tH H Al
e A 2] 3, B
]

B protected mode& 32-bit A L

TITLE Add and Subtract (AddSub.asm)
; This program adds and subtracts 32-bit integers.
INCLUDE Irvine32.1nc ... A Hl& OIY S include
.code
main PROC
mov eax,10000h ; EAX = 10000h
add eax,40000h ; EAX = 50000h
sub eax,20000h ; EAX = 30000h
call DumpRegs ; display registers
exit ; macro for termination
main ENDP
END main

HICH S 01 = 2|91 0f 16



ul
B Program output (call DumpRegs)
= Call Dump Regs : A7} HI20l= =2 T2 AKX @ =
= ZIXIAEQL E2id US =Y

EAX=00030000 EBX=7FFDFOOO0 ECX=00000101 EDX=FFFFFFFF
ES1=00000000 EDI=00000000 EBP=0012FFFO ESP=0012FFC4
EIP=00401024 EFL=00000206 CF=0 SF=0 ZF=0 OF=0

VEEEIIY 17



T AddSubQ] CIE KA — no include
=13

TITLE Add and Subtract (AddSubAlt.asm)
; This program adds and subtracts 32-bit integers.
.386 ... 386 HEHO| Al
-.MODEL flat,stdcall LLHIYDE(AUMIHE)
.STACK 4096

ExitProcess PROTO, dwExitCode:DWORD ... 8t& 4T AM A
DumpRegs PROTO

.code
main PROC
mov eax,10000h ;. EAX = 10000h
add eax,40000h . EAX = 50000h
sub eax,20000h . EAX = 30000h
call DumpRegs
INVOKE ExitProcess,0 ... ExitProcess Bt T = (HIZIZY 0)
main ENDP
END main

VEEEIIY 18



[

Program Bl Z==El(Template)

TITLE Program Template (Template.asm)

Program Description:

Author:

Creation Date:

Revisions:

Date: Modified by:

INCLUDE Irvine32.inc
.data
; (Insert variables here)
.code
main PROC
; (Insert executable i1nstructions here)
exit
main ENDP
; (Insert additional procedures here)
END main

19




e 33 ZEIMOAE, 3, Y
il B
B Assemble-Link-Execute A}O]&

Link
library
Step 2 Step 3: Step 4: OS
Source Assembler .| Object Linker . Executable loader > Output
file file file

—s-| Listing
file

Step 1: Text editor

1. text editorAt2 - source file 2Hd (ZH%&FAL .asm)
2. assembler 21894 > object file 24/ (22X} .obj)
3. linker 2184 > executable file 24/ (Zt%&HK} .exe)
4. loader 210 > I Z ]2 Al0H

HICH S 01 = 2|91 0f 20



mp A2 YA
]
B O]l =2{(Assembler)
= MASM 6.xx 7IX[= OIS E HE 2 LA 0H0F
= Visual C++ 2008 0|2 HE{= O{MIER{E ZO0I Y

= ML.EXE Microsoft Macro Assembler 9.00
m U
s LINK.EXE 32-hit code linker
s LINK16.EXE 16-bit code linker (A A} Hl-&)

= linke object filed} library file |22 Q42 F0{OF T
B O] Eg| HOE {ITt batch IIY (KA} Ml S)
= AssemblerQ} LinkerE H&010] 40, Tl QO ol& F|&2
= MAKE16.BAT 16-bit source program& (DOS&)
= ASM32.BAT 32-bit source program& (Windows&)
= MAKE32.BAT A A7 &%t batch Ot £7d0F 71
= FHO 7|9 HYS AWM= AT path 2780] R

21



| HMIEP] Batch I 2 ]2 210H{(}7]

B A|ZEF-21%-cmd (EE= command)
JREERSE
C> path %path%;c:\Irvine
E=[MOT > AL > 15 > 2 FHL] ME 2 PATH Hy A3

(cf) [AlZEF-Microsoft VisualStudio2010 — VistualStudioTools —
VisualStudio2010EHEEDE]| £ MEHOIH HAHO| 2
MMOPH PATH A™ 249Q

B source X = 1=H0] Q= directory= O] =
C> cd c:\user\gdhong

B assemble & link
C> make32 asmfile FEg&=

C> makel6 asmfile
(HEAL .asm2 “4=h)

o= A0 22



e 2| A E I (Listing File)
ol

B Z|AE OFY (AL .Ist) | OIS ¥=g Zo

= source code, addresses, object code (machine language)
= segment names, symbols (variables, procedures, and constants)

H (:

source code
address machine

(offset) |anguage title add and subtract
l -model small
aadan -code
ABBo main proc
AdBa8 BB 14808 mov ax, 1H88h
Aga3 65 dyea add ax, 488h
agasG 2D 8288 sub ax, 288h
faape? B8 4CAA mov ax, 4cBah
ggac cCDh 21 int 21h
ABBE main endp
end main

ul oA =S2IA0] 23



‘- Segments and

DGROUP . . .
_DATA . . .
CTEXT . . .

Procedures,

parameters and locals:

main . . . .

Symbols:

@CodeSize .
EDataSize .
@Interface .
@Hodel . . .
@Bcode . . .
Adata . . .
@fardata?® .
@fardata . .
@stack . . .

HAMICHE

Hame

Size

GROUP
16 Bit
16 Bit

Type

P Hear

Type

Humber
Humber
Humber
Humber
Text
Text
Text
Text
Text

0=
i

=Rl

Length Align Combine Class

aaaa Yord Public 'DATA®
Aa8E Yord Public 'CODE®

Ualue Attr

ga88 _TEXT Length= 888E Public

Ualue Attr

eeaeh
8aa6h
aeaeh
8882h
_TEXT
DEROUP
FAR_BSS
FAR_DATA
DGROUP

24



w34 GIOIE Hol
]

Ha AR Y

BYTE, SBYTE (DB)

8-bit unsigned / signed integer

WORD, SWORD (DW)

16-bit unsigned / signed integer

DWORD, SDWORD (DD)

32-bit unsigned / signed integer

QWORD (DQ) 64-bit integer
FWORD 48-bit integer (16-bit segment:32-bit offset)
TBYTE 80-bit integer

= DB, DW, DD, DQLX LW O 2 A A2 HMEHOIX]

M4 AEY

olo

REAL4 4-byte(32-bit) real, single precision
REALS 8-byte (64-bit) real, double precision
REAL10 10-byte (80-bit) real, extended

s |EEE 754 standard format

VEEEIIY 25




mm GIOIE HoIE
]

B GOojH Z2=
= W20 HaE HEC] 30S 4B

H a valuel
valuel BYTE 127 a3 valuez
value2 SBYTE -50
value3 WORD 65535 ara valued
value4 SDWORD  12345678h
value5 QWORD ? a+8 values

= 7 : uninitialized data

B A CJMEIE AL
a DB 'A'
b DW 55aah

a+16




W 0121 7o) 2712 Bo)

B O 7He] 2713 E

_ 10 |listl
listl BYTE 10,20,30,? 20
list2 BYTE 41h, 00100010b 30
?
» XTIV E2 MR LIE TILE MEIts 41h |list2
22h
B ojj0]=0] = HIOIE Z2el&
list3 BYTE 10, 20 10 |list3

BYTE 30, 'Z' 20
 ,{ 30

. A7IZHEE AS0H0 B Mol £2 A




Al

[1)%

7H()I
o —

HO

AIE2 ZAI2] HHIE 2 A% E
=82 OISR E SS{MA B7| (2 0/ = 22 O=H)
« {7 & HIOJE(0)Q 2 HAIHOE SE5% > A 53 2AIE

« MO

oll: BAE ALE

strl BYTE "Enter your name',0 ///
str2 BYTE "Error: halting program®,0
str3 BYTE "A","E","I","0","U"
greeting BYTE "Welcome to the Demo program
BYTE "created by Kip Irvine.",0
greetingl BYTE "Welcome to the Demo program ',
""‘created by Kip Irvine.",0 OfLt2]

=AIE

VEEEIIY 28



Y End of Line &XI<&E
il
B CR/LF 2A12 (end-of-line 2XA}14Q)
= ODh = carriage return(CR) ... A E line 20 & 0|=
= OAh = line feed(LF) .. 4AME LIS lineQ & 0]1)

CR
LF |

strl BYTE "Enter your name: "*,0Dh,0Ah
BYTE "Enter your address: ',0
newLine BYTE ODh,0OAh,O




e DUP A AFA}L
ul B
B DUP ¢ AHAL
» AL E HIE JIR2EHE A0 642 7Hel IO 2 &7t 2H
« HiE1l EAIE 2720 S

—_

Array byte 20 dup (0)

J

7I2H 2713

7 N
| By
» FIREQL A7IY Yok M4 Bl A4 £40]0{0F U

varl BYTE 20 DUP(0O) ; 20 bytes, all equal to zero
var2 BYTE 20 DUP(?) ; 20 bytes, uninitialized
var3 BYTE 4 DUP('STACK'™) ; 20 Bytes

; STACKSTACKSTACKSTACK"™

vard BYTE 10,3 DUP(0),20

HICH S 01 = 2|91 0f 30



™ WORD, SDWORD 0|O|E] H9]
=13
B Q| C (16-bit) HIOJE] Me

wordl WORD 65535 ; largest unsigned wvalue
word2 SWORD -32768 ; smallest signed wvalue
word3 WORD ? ; uninitialized, unsigned

B 2AC HIE

Offset Value
myList WORD 1,2,3,4,5 0000: 1
0002: 2
0004 3
0006: 4
0D008: 5

31



T DWORD, SDWORD L|O]|E| 9]

B O =%IE(32H|IE) HIOIH 82

vall DWORD 123456780 ; unsigned
val2 SDWORD —2147483648 ; signed
DWORD 20 DUP(?2) ; unsigned array
B OS/EHIE Offset Value
myList DWORD 1,2,3,4,5 0000: ]
0004: 2
D00S: 3
000C: 4
B H2A0| QI A = A(32H|E) A 0010: )

pval DWDRD




T QWORD, TBYTE L|O]E &9]
=0
B 64H|E C|OJE] ™o

quadl QWORD 1234567812345678h

B 10H}O]E packed BCD L|O|E| do
« ZHHIO|E S 10714 1RI2] X&)l AR

intVal TBYTE 800000000000001234h

Decimal Value Storage Bytes

+1234 34 12 00 00 00 00 00 00 00 00

= TBYTE 27|32 167142 |0t 20 K2
= packed BCDOJ| CHOHA = 7RHOIA] A TH

33



T Little Endian & A

B Little Endian & A
Oici HIO|E= 3 d%E HO0|H A=Y HE2e A

MZEIH, Z|0t2] HIOIE=

L XK

— A -

» X86 TZ MM = O] &AE AT

H (:

vall DWORD 12345678h

(cf) Big Endian & A

= XSS HIOIE 7 ZAHAH(ZI0HS]) HI 22|

= A 0] &A=

FH(ZI ) IHIEEI

0000:
0001:
0002:

0003:

0000:
0001:
0002:

0003:

34



I

AddSub2: AddSub 2 1 2H0]] HL =7}

TITLE Add and Subtract, Version 2 (AddSub2.asm)
; This program adds and subtracts 32-bit unsigned

; Integers and stores the sum in a variable.

INCLUDE Irvine32.1Inc

.data

vall DWORD 10000h

val2 DWORD 40000h

val3 DWORD 20000h

finalval DWORD ?

.code

main PROC
mov eax,vall ; start with 10000h
add eax,val? ; add 40000h
sub eax,val3 ; Subtract 20000h
mov finalVval,eax ; store the result (30000h)
call DumpRegs ; display the registers
exit

main ENDP

END main

VEEEIIY 35




e H1Z 7121 EIOIE A
]

B _data? LC|AIE|H
» H[Z7|Z} OIOJE HIOAHE HAN AT
» O] IOAHEON U&= HEE "2 XTI AHE0HOF
» ZE O NOHEE AYIrAU0| ETFAZIA] O0LA

T2 AUENY 718 E0HE
B Example
.data
smallArray DWORD 10 DUP(0) —+—— 40B
.data?

bigArray DWORD 5000 DUP(?) — > YO0 EUE|X] O

.data
smallArray DWORD 10 DUP(0) —+—— 40B AlCHTIIQ T3 7]
bigArray DWORD 5000 DUP(?) —1— 20KB > 20KB

oo



T Code?} Data®] =8t
ol

B code JI1™HEQ} data M| 1HE FAHE X0{A BHA 750t

— O 1=

B O{{IE2{7} Z2 HIAHE7|2] B0HsS

.code

move eax, ebx
.data

-

tgggeDWORD | Zte MIAHED|2] SR A
) H2{i(HO] AIOHD =<2 Hb

mov temp, eax HH0Q AW == WIHOIA] &

.code

move eax, ebx
mov temp, eax

.data
temp DWORD ?




]
m 7]|%(symbol) &
» 35 54 E—!iE

z A|ERH(7] ©)Q AIAIH HO
s HMAAXIE (=)
o T T T =

Symbol Variable
M3 ALE no yes
HYAIZ0 22| W} no yes
B |2 g4 Fo|E8 CEEIH
= S22 (3)
= EQU
= TEXTEQU




- S22 (=) CI=E|H
|
B name = expression
= name: 7|2 0| S (AEAD, 7124+
= expression: a 32-bit @& (&4, &4 £4)
COUNT = 500

mov al, COUNT - 500

B s MEel 7ts

COUNT = &

mov al, COUNT ;AL

COUNT = 10

mov al, COUNT ;AL
AL
A

I
n

10

COUNT = 100

mov al, COUNT ; = 100

B 4471 LiE0] HRY 715 d0] QICHE 7|2 84+ 5 F2 00
AE0t= 20| T2 RAIE20 53

o4 =S 2| A0f

M



e HHZ 2RtEO] 27) A
]

B Uix{ ?|X] 7I=2E(location counter): $
» QI T2 EF0| CiPr LT M-S LIEFH
B H{E2| A7] ALt
» HIE AIEE 9|0t HIE CIS0IA LS "WEiC| S22 CIAIE|IHE
AE00] ALt
size = ($ - arrayA|ZHHX]) / (arrayiAs 7))

list BYTE 10,20,30,40 byvte arra
ListSize = ($ - list) y y
list WORD 1000h,2000h,3000h,4000h

_ _ _ word array
ListSize = ($ - list) / 2

list DWORD 1,2,3,4 dword array
ListSize = ($ - list) / 4




™ EQU C|AIE|H
=1

m EQU
» JIRE B4 EE HIAEQ HEAA
name EQU expression ; integer expression
name EQU symbol ; existing symbol name
name EQU <text> ; any text

- Ao 4 ¢S

matrixl EQU 10 * 10 —— 100
matrix2 EQU <10 * 10> ——> 10 * 10
matrix3 EQU matrixl

Pl EQU <3.1416>

presskey EQU <"Press any key to continue...",0>
.data

prompt BYTE pressKey

41



wag TEXTEQU C|ME|H

B TEXTEQU (HIAE D3 E)
. 37tX| B

name TEXTEQU <text>
name TEXTEQU textmacro
name TEXTEQU %constExpr

= 82 7ts

rowSize
.data
promptl

count
move
setupAL
.code

setupAL

continueMsg TEXTEQU <"Do you wish to continue (Y/N)?">

=5

BYTE continueMsg

TEXTEQU %(rowSize * 2) ; evaluates the expression <10>

TEXTEQU <mov>
TEXTEQU <move al,count>

; generates: ""mov al,l10"

oA =S2IA0]

M

42




g 3.6 Real-Address Mode 2= 12T

il
B 16-bit MS-DOS T = 7] =H A4
m U
= MS-DOS 4l BIOS 84 T = 7
= HE2Z] 2 AT S (71 8086 R EO M= HMITHO] A=)
m CHA
» MIOHERF QIEXMZ QIAITHOF B
= Win32 function2 =8 £ S
» A271s HIE 2|7} 640KBO A HM|PHE (DOS A3 7F & 8)
m ALY
= [INCLUDE Irvinel6.inc = A A7F Ml &0t= 0
n DSZIS T2 3HO| HIO]JE| MIOAT™HE A|RMZAZ X 7|8H0OF T
mov ax, @data
mov ds, ax - DS = @data
makel6.batE 0| 2010 (A= L] .. A A&
Windows 70]%t 64H|E A M HINIA A|0LX] &S

oA =S2IA0]



T AddSub?2, 16-Bit Version

]
TITLE Add and Subtract, VerS|on 2 (AddSub2.asm)
INCLUDE Irvinel6.inc . (changed)
.data

vall DWORD 10000h
val2 DWORD 40000h
val3 DWORD 20000h
finalval DWORD ?

.code

main PROC
mov ax,@data ; Initialize DS (new)
mov ds,ax . (new)
mov eax,vall ; get First value
add eax,val? ; add second value
sub eax,val3 ; subtract third value
mov FfinalVal,eax ; store the result
call DumpRegs ; display registers
exit

main ENDP

END main




