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LST File and The Memory Contents of Code

Offset from 0x004010106
LST Ffij’f,,f”’ (Code Segment Starting address) = g 5 Bl
I

Memory ASSEH’Ibly
Code

Solution Explorer B x

=01 ‘=
Machine *§ 3 Solution 'Project' (1 project
Code = [ Project
Fam S 24 External Dependencie
{_B@@B@B@@ B8 /12345678 mov EAX,12345678h ; & AddSub2.asm
00000005 TS 0AGBOCAD add EAX,@A@BBCEDh ;
eooeeeeA [20 ele203e4 | sub EAX,01020384h

BEREREAF EE 0BOBEBES E call DumpRegs ;3 display the registers
exit
Be80e01B main EMNDP
END main
Microsoft (R) Macro Assembler Version 18.88.48219.81 18/28/15 18:14:38

1Add and Subtract, Version 2 (AddSub2.asm Symbols 2 - 1

e = £

Memory 1 Registers

EAX = 12345678 EBX

7FFD7000 ~

Ethtle Endian

oxeaadlo1e Ibﬁj?g ©6 34 12| xVa. A ECX = @8813FFBe EDX = 7CS0ES514
- 00AD1015 Bt Bd Bc OB 68 ..... EST = IQEDFQPB FDI = GO0Bee20
oot o ersorar | [ sy - e
Bx8049101F e8 0 01 80 00 &a... B B

S e e .o Instruction Point after the excution
©x00201024  6a @0 e8 9 Bf j.e&c. of the first line of code.

BxEE4P01829 88 B cc cc cc  ..111 < »
) A ARl TTTTT Il:ﬂ SOIUtiOn_._




Registers for x86

GENERAL DATA AND ADDRESS REGISTERS ESI
AX EAX EDI
.
CX ECX : EBP '
X {EX
S ESI ESP '
e | sp |
SP
BP EBP : ! ]
SP ESP EFLAGS
SEGMENT SELECTOR REGISTERS -
cs CODE
SS STACK
DS ‘ 8 8
s DATA AH | AL
FS 8 bits + 8 bits
GS J :
INSTRUCTION POINTER :
AND FLAGS REGISTER AX 16 bits
31 16 15 0 5 :
P EIP , :
FLAGS | EFLAGS EAX 32 bits

Figure 2-1. Intel386™ DX Base
Architecture Registers



Basic Data Types

MEMORY

BYTE VALUES (811 values in hexadecimal)
» Byte (BYTE), Words B B
(WORD) ” Dou ble D A — DOUBLE *::}r::’i:RE“ A
Words (DWORD) | = }
° thtle'Endlan B 06 | CONTAINS FEOG
* Align by 2 (word) or 4 | s o A
(Dword) for better 1 comameze
performance — instead ? —
of odd address | e e
7 0 4
BYTE BYTE 3 74 :_—‘ L
15 - 0 2 CB _ﬂ» CONTAINS T4CE
HIGE BYTE LOW BYTE WORD t - __}_ n’f?i?z_ri:ﬂ“ '
address n+l address n °
31 |23 15 .

address n+2 address n+2 address n+l address n



Data Declaration

Directives for Data Declaration and
Reservation of Memory

BYTE: Reserves 1 byte in memory

« Example: D1 BYTE 20
D2 BYTE 00010100b
Stringl BYTE “Joe” ;
[4A 6F 65]
WORD: 2 bytes are reserved
« Example: numl WORD -10
num2 WORD FFFFH
DWORD: 4 bytes are reserved
 Example: N1 DWORD -10

QWORD: 8 bytes
* 64 bit: RAX RBX RCX ,etc
« 32 bit: EDX:EAX Concatenation for CDQ instruction

M MmO G mME o 9~ & DN o

0
MUL

SOH
ST
ETX
EOT
ERQ
ACK
BEL
BS
HT
LF
WT
FF
CR
S0
sl

1

DLE |space

[0y
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Instruction Format

Opcode:

— specifies the operation performed by the
Instruction.

Register specifier

— an instruction may specify one or two
register operands.

Addressing-mode specifier

— when present, specifies whether an operand
IS a register or memory location.

Displacement

— when the addressing-mode specifier
Indicates that a displacement will be used to
compute the address of an operand, the
displacement is encoded in the instruction.

Immediate operand

— when present, directly provides the value of
an operand of the instruction. Immediate
operands may be 8, 16, or 32 bits wide.

mow

mow

moss

mowv
mow
mowv
mow

mows

ea¥, sSource
dest, eax

eax, source+d

dest+4, eax
eax, source+8
dest+8, eax
eax, source+l2

dest+12, eax

mov eax, 0



Register Size and Data

* Register/Data designation
dependency:

 Before [EAX]=01234567
e Instruction

- mov EAX, 1Fh

—  After [EAX]= 0000001F
- mov eax, 1F00h

— After [EAX] =00001FO00
- mov AX, 1F0oh

— After [EAX]=01231F00
- mov AL, 1Fh

—  After [EAX]=0123451F
- mov ah, 1Fh

— After [EAX] =01231F67



Register Size and Data

e Assuming that the content of eax is [01FFO1FF],
what would be the content of eax after each
Instruction?

mov al, 155 eax:|
mov ax, 155 eax:|
mov eax, 155 eax:|

e Further Example

e Before EAX: [01010101]
mov al -10 ; EAX(] ]
mov ax, -10; EAX!| |
mov eax, -10; EAX:| |



Group Activity

Group Activity for 1386 Registers and Instructions

Group #:
MNames:

A. For each of the problem below, assume that the content of EAY is 0x01FFO1FF, namely,
[EAX] =01FFO1FF

1.mov &L, 155 ——o new [EAX] = D1FFO19B
2. mov AX, 155 —— new [EAX] =
3.mov eax, 155 -——— new [EAX]=

B. For each of the problem below, assume that the content of EAX. [EAX] =01010101

4 mov al, -18 -— new [EAX] =
S.mov AX, -1 —— new [EAX] =
6. mov eax, -180 -—- - new [EAX] =

C. Fill the blanks for the register contents after the instmiction

EEFORE NSTRUCTION AFTER
[EBX]-0000FF75 | mov ebx, ecx [EBX]=
[ECX]=000001A2 [ECX]=
[EAX]=000001A2 | mov eax, 1@ [EAX]
[EDX]=FF734C2E | mov edx, -1 [EDX]}=
[EAX]=0000014B | mov AH, @ [EAX]=
[EAX]=000000064 | mov al, -1 [EAX]=
[EBXF00003A4C | mov dValue, ebx [dValue] =
[EBX]=
[ECX]=00000000 | mov ECX, 128 [ECX]=

e Do first

manually
(Oct 14)

Do then by
Assembly
coding
(Today)



Group Activity

Group Activity for 1386 Registers and Instructions

e Do first

MNames:

A. For each of the problem below, assume that the content of EAY is 0x01FFO1FF, namely, m a n al I
[EAX] =01FF01FF u y

.mov AL, 155 ——- new [EAX]= D1FFO19B
.mov AX, 155 ——— new [EAX] = @) \FF bb Q,B ® DO then
.mov eax, 155 -——— new [EAX]= O_Q_Q_Q_Qo_ﬁ B b

B. For each of the problem below, assume that the content of EAX. [EAX] =01010101

4.mov al, -180 - new [EAX] = 18 ‘ 0' ol F é Assembly

5.mov AX, -18 - new [EAX] = — é .
DU AR S coding

C. Fill the blanks for the register contents after the instmiction
BEFOFRE INSTRUCTION AFTER.

[F¥] (=] —_

(=1

) . A 7
[EBX]=0000FF75 | mov ebx, ecx EBXI= OO0 UUO/ n <=
[ECX]=000001A2 o Ecx= 00 00 0| A2
[EAX]=000001A2 | mov eax,Qe Q EAX] py po oo & 4
[EDXJFFT54C2E | mov edx, -1 EX- Cr e FF
[EAX]=0000014B | mov AH, @ [EAX]= 0‘0 00 '()0 pra )
[EAX]=000000064 | mov al, -1 EAXF rp 00 o0 F F
[EBXF00003A4C | mov dValue, ebx [dValue] = 00 0(7 5A‘4’C

BB 002024 4<
[ECX]=00000000 | mov ECX, 128 EXF »pp0 90 %O




Class activity ---- ASM code for verification

Write a code and debug to validate the manual execution of the problems below.

Capture the register or memory screen and paste for each of the problems.

#1. mov AL, 155 ; with [EAX]=01FFO1FF

RegSize0.asm x
TITLE Register Size and Data (RegSized.asm)

¥ 4 K

; This program adds and subtracts 32-bit integers.

IMNCLUDE Irwvine32.inc
.data
dValue

|

DWORD

.code
main PROC

;(a)

mov  EAX,B81FF81FFh
mov AX, 155

Address: i_OxOO405[JDO - | "lEAX = @1FFOO9B EBX = 7FFDD@P@ ECX = @O13F
0=RRAOSARE A0 B B8P BB B0 BB BR 8B ... .. ... ~ JEDX = 7C99ES514 ESI = 1861F9D@ EDI = 00080
EIP = ©0401019 ESP = @013FFC4 EBP = @@13F

OxB0485068 ©0 B0 60 00 80 00 B0 @8 ........
) 2 8@ 38 31 32 33 34 35 36
43 44 45

e0eee246

.8123456
789ABCDE—

Bx00405818

37 38 39 41 42




386 Instruction Set

e 9 Operation
Categories

 Number of operands:

Data Transfer
Arithmetic
Shift/Rotate

String Manipulation
Bit Manipulation
Control Transfer

High Level Language

Support
Operating System
Support
Processor Control

0,1, 2,0or3

25

B e UL B L E1 P L R .
C_ADDITION )
ADD Add operan
ADC Add with camy
INC Increment oparand by 1
AR ASCI adjust for addition
DAA Decimal adjust for addition
C SUBTRATTION D
sSUB Subtract oparands
SBB Subtract with borrow
DEC Decreament oparand by 1
NEG MNegate operand
CMP Compare oparands
DAS Decimal aqust for subtraction
AAS ASCII Adjust for subtraction
C MULTIPLICATION >

rLUIL Multiply Double/Single Precision
ML Integer multply
AAM ASCI| adjust after multiply

< DIVISION )
Y Dnvide unsigned
| DIV Integer Dvide
AAD ASCII adjust before division




Data movement Instructions

MOV (Move)

— transfers a byte, word, or doubleword from the source operand to
the destination operand: R> M, M > R, R>R, DR, IS M e

— The MOV instruction_cannot move M>M L Lo A )
— M-=>M via MOVS (strlng) R Twmedie
D 0 il mbe
MOVZX (Move with Zero-Extended)
MOVSX (Move with Sign-Extended)

XCHG (Exchange)
— swaps the contents of two operands.

— swap two byte operands, two word operands, or two
doubleword operands.

— The operands for the XCHG instruction may be_two

_register operahds, or.a register aperand with a
memory operand. R R

 Rm




MOVZX (Before: EAX=[1111FFFF])

Using MOVZX to copy a byte into a 16-bit destination.

¢ MOVZX 0 10001111 Source

mov AL, 8Fh

movzx AX, AL \ \

* After [EAX] - 00000000 10001111 Destination
1111008F |

NOTE:movzx can extend to 32-bit destination too.
movzx EAX, AL ;[EAX]=0000008F
movzx EAX, AX ; [EAX]=0000008F



MOVSX (Before: EAX=[1111FFFF])

PY M OVSX Using MOVSX to copy a byte into a 16-bit destination.
mov AL. 8Fh 10001111 Source
movsx, AX, AL |
(copy 8 bits)
« After[EAX]=
1111FFF8

11111111 10001111 Destination

NOTE:movsx can extend to 32-bit destination too.
movsx EAX, AL ;[EAX]=FFFFFF8F
movsx EAX, AX ; [EAX]=FFFFFF8F



Direct-Offset Operands

e Add displacement to the name of a variable

« Accessing memory locations that may not have
explicit labels

« BYTE Case [AL]

arrayB BYTE 10h,20h,30h,40h,50h

mov al,arrayB ; AL = 10h First Byte access
~— 7

mov al, [arrayB+1] ; AL = 20h

mov al, [arrayB+2] ; AL = 30h

0x00404000 10 20 30 40 50 00 00 006
0x00404008 60 00 00 06 OO 06 00 00
0x00404010 60 00 00 06 OO 06 00 00



Direct-Offset Operands

« WORD case [AX]

.data
arrayW WOERD 100h,200h,300h

. code
mov ax,arrayw Z(/

mov ax, [arraywW+2]

« DWORD case [EAX]

.data
arrayD DWORD 10000h,20000h

. code ll{_//
mov eax,arrayD

mov eax, [arrayD+4]

0x00404000 |06 01)606 82'86 03|00 e0e
0x00404008 00 00 00 00 60 00 00 00
0x00404010 0O 0O 00 06 06 b6 b6 60

; AX = 100h
; AX = 200h

0x00404000 (oo oo o1 69'96 00 02 00

Ox00404008 0o 0o 00 00 00 00 00 00
0x00404010 oo oo 00 00 00 00 00 00

; EAX¥X = 10000h
200000



Example Code /chO4/moves.asm

TITLE Data Transfer Examples (Moves.asm)

3 Chapter 4 example. Demonstration of MOV and
;3 XCHG with direct and direct-offset operands.

INCLUDE Irwvine32.1inc ;3 Memory-to-memory exchange:
.data mov ax,wvall 3 AX = 1888h
vall WORD 16e8h xchg ax,vall ; AX = 2808h, val2 = 1808h
val2 WORD 2888h mov wvall,ax ; vall = 2886h
arrayB BYTE 18h,26h,30h,40h,56h ; Direct-Offset Addressing (byte array):
arrayll WORD 186h,2eeh,3eeh mov al,arrayB ; AL = 1@h
arrayD DWORD 16606h,200806h mov al,[arrayB+1] ; AL = 28h
mov al,[arrayB+2] ; AL = 38h
.code
main PROC ; Direct-Offset Addressing (word array):
mov ax,arrayl 3 AX = 1@eh
3 MOVEIX mov ax, [arrayl+2] ; AX = 288h
mow bx,BAG9Eh
movzx eax,bx ; EAX = 9880A69Bh ; Direct-Offset Addressing (doubleword array):
movzx edx,bl ; EDX = ©808889Bh mov eax,arrayD ; EAX = 10888h
movzx cx,bl ;5 CX = 089Bh mov eax, [arrayD+4] ; EAX = 20808h
;3 MOVSX exit
mow bx, 8A69Eh
movsx eax,bx ; EAX = FFFFAB69Bh main ENDP
movsx edx,bl ; EDX = FFFFFF9Bh END main

mowv bl,7Bh
movsx cx,bl ; CX = 807BEh



Data and Code Segment

; Chapter 4 example. Demonstration of MOV and
; XCHG with direct and direct-offset operands.

INCLUDE Irvine32.inc
.data

vall WORD 1888h
val?2 WORD 2886h

arrayB BYTE 16h,26h,36h,46h,56h
arrayhl WORD 100h,206h,38eh
arrayD DWORD 10008h,26000h

.code
main PROC
;5 MOVZX
mov bx,B8A69Bh
movzx eax,bx ;3 EAX = BBeeA69Bh
movzx edx,bl ; EDX = peaseasBh
movrx cx_hl = (X = AR9Bh
100% = ¢
I!M_Memor}rl * X
Address: | 0:00404000 Address: | 0:00401000 -]
Px00404000 ©0 10 90 20 10 20 38 48 ...|09x06481888 cc cc cc cc cc e9 @6 IIITie. -
PxPP4P40OS 50 90 ©1 00 92 00 03 @0 P..|0xPR401E0A7 @@ P8 00 cc cc cc cc ...IIII
Ox00404016 ©0 01 PO 0P 0P 02 00 PP ...|0xPB48188E cc cc 66 bb 9b a6 Bf IIfn. .
PxPP4P4013 9O PO PO 00 00 00 00 80 ...|oxPe401015 b7 c3 of b6 d3 66 of -A.90F.
OxP0404020 ©O 00 90 00 90 00 00 ee ...|0xePe48101C b6 cb 66 bb 9b a6 @f 9YEf».,.
PxPO40402% ©O0 0P PO 00 PP 00 09 8B ...|0xPe481823 bf 3 of be d3 b3 7b  :A..0.{ -
0x00404030 @0 60 60 ee ee oo oo oo ...| = memoy: [CEEEEEEEEEEEEEEEEES

PreBRARARIR LA A8 AR AR AR AR AL BE



Data type Conversion Instructions

CBW (Convert Byte to Word)

— extends the sign of the byte in
register AL throughout AX.
CWDE (Convert Word to Doubleword
Extended)

— extends the sign of the word in
register AX throughout EAX.

CWD (Convert Word to Doubleword)

— extends the sign of the word in
register AX throughout register DX

— can be used to produce a doubleword
dividend from a word before a word
division

CDQ (Convert Doubleword to Quad-
Word)

— extends the sign of the doubleword

in EAX throughout EDX.

— can be used to produce a quad-word
dividend from a doubleword before
doubleword division.

EAX

EBX

| ecx

EDX

AX

T

-




Data type Conversion Instructions —

CBW (Convert Byte to Word)

— extends the sign of the byte
in register AL throughout AX.

CWDE (Convert Word to
Doubleword Extended)
— extends the sign of the word

in register AX throughout
EAX.

CWD (Convert Word to
Doubleword)

— extends the sign of the word
in register AX throughout
register DX

— can be used to produce a
doubleword dividend from a
word before a word division

CDQ (Convert Doubleword to
Quad-Word)

— extends the sign of the
doubleword in EAX
throughout EDX.

— can be used to produce a quad-
word dividend from a
doubleword before doubleword
division.

MOV EAX,12345678h
MOV EDX,11111111h

MOV AL,8Fh

CBW ;Byte to Word
sEAX= [

CWDE sWORD to DWORD
JEAX = [

CWD sWORD to DWORD
3 EAX= [
5 EDX= [

CDQ sDWORD to QWORD
3 EAX = [
;s EDX = [




Conversion.asm >

TITLE D

INCLUDE

.code
main PR(

maon
maon
maon
ch
Clt
Tt
cde

ax:

main ENI
END madir

Address: | 000404

P

b

P

woon

[
[V Y
1

P

"

b
=
(%)
m = B

Y

Lo I v I o B o B v T v I v
[

L T v I o B v B v I v I
s

[ I v B o B o B v R v I ¥

DD D @D @D
= "
Lo I v I v I B v I v I ¥

Group #

Names:

1. Execute each line manually (this will prepare your for Quiz #2)

2. Then write a code which contains all 8 lines shown below, and debug (by F10 key) to find out the

contents of the registers as we execute each line at a time.

mow
mow
mow
mow
mow
MOVZX
MOVZX
MOVZX
mow
MOVSX
Mmovsx
mow
MoVSsX
mow
mow
mow
CBU
CWDE
CWD
DQ

EAX, 12345678h
EBX, OFFFFFFFFh
ECX, 11223344h
EDX, @AABBCCDDh
BX, 9A69Bh

EDX, BL

EAX, BX

CX,BL

BX, 0A69Bh
EAX, BX

EDX, BL

BL,70

CX, BL

EAX, 12345678h
EDX, 11111111h
AL, 8Fh

;EBX=
; EDX=
SEAX=
;ECK=
;EBX =
S EAX=
;EDX =
; EBX=
; ECX

1; EDX
] :EDX

et e e et e e e e e

AL throughout

d Extended)
AX throughout

)

AX throughout

Jividend from a

Word)
:AX throughout

ividend from a
.






