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[Blmi: Hardware/Software Interface

temp = v[k];
High Level Language v[K] = V[k+1];
Program vk+1] = temp:
Comiter TS
% lw $15, 0($2)
Assembly Language
(i Program Iw $16, 4(32)
I sw $16, 0(52) Hasis
Assembler sw $15, 4($2)
1000 1100 0100 1111 0000 0000 0000 0000
Machine Language 1000 1100 0101 0000 0000 0000 0000 0100
Program 1010 1100 0101 0000 0000 0000 0000 0000

1010 1100 0100 1111 0000 0000 0000 0100
Machine Interpretation

Control Signal ... , EXTop=1,ALUSelA=1,ALUSelB=11,ALUop=add,
# Specification lorD=1,Read,MemtoReg=1,RegWr=1,......

pres —...11111001011 ...
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HlerRIE <

. NBIESTICRIES—XE, BENBHES
. MEBIESE—N1FF, HEFFEER

100010 DW | mod reg r/m disp8&
10001000 01 001 001 11111010

1?7%1’!5{% E':tJIT:TJ' 3\ %T;gﬁt% S‘Zﬂlliz({ﬁi’%i)
- ICHIESRENSBIESHGS R (UEBEARAEI)
mov [bx+di-6],cl & movb %cl, -6(%bx,%di)
Intelf&z{ AT&T &30
mov, movb, bx, %bxZFE2ENICTH R, SR
[aSRINEEA: MIR[bx]+R[di]-6]—RIcl] | \/;. ropues—py=e

SFEEIES RLT (Register Transfer Language)
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Carnegie Mellon

Today: Machine Programming I: Basics

m Assembly Basics: Registers, operands, move
m Arithmetic & logical operations
m C, assembly, machine code

Bryant and O’Hallaron, Computer Systems: A Programmer’s Perspective, Third Edition 9
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Our Coverage

m IA32
" The traditional x86

m Xx86-64

" The standard
" buptl> gcc hello.c

m Presentation
= Book covers x86-64
= Web aside on IA32

= We will only cover x86-64

Bryant and O’Hallaron, Computer Systems: A Programmer’s Perspective, Third Edition 10
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Today: Machine Programming I: Basics

m Assembly Basics: Registers, operands, move
m Arithmetic & logical operations
m C, assembly, machine code

Bryant and O’Hallaron, Computer Systems: A Programmer’s Perspective, Third Edition "
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Levels of Abstraction

C programmer

C code
Nice clean layers,
but beware...
Assembly programmer
ot Addresses Mieniony
- Registers oata ; f;; ‘::
Condition Instructions Stack
Codes <

Computer Designer

Caches, clock freq, layout, ...

Of course, you know that: It’s why you are taking this course.

Bryant and O’Hallaron, Computer Systems: A Programmer’s Perspective, Third Edition 12
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Definitions

m Architecture: (also ISA: instruction set architecture) The
parts of a processor design that one needs to understand
for writing correct machine/assembly code

= Examples: instruction set specification, registers

= Machine Code: The byte-level programs that a processor executes
= Assembly Code: A text representation of machine code

m Microarchitecture: Implementation of the architecture

= Examples: cache sizes and core frequency

m Example ISAs:
" Intel: x86, 1A32, Itanium, x86-64
= ARM: Used in almost all mobile phones
= RISCV: New open-source ISA

Bryant and O’Hallaron, Computer Systems: A Programmer’s Perspective, Third Edition 13



Assembly/Machine Code View

CPU Memory
Addresses
Registers >
& Data Code
PC < > Data
Condition Instructions Stack
Codes <

Programmer-Visible State

= PC: Program counter " Memory

: : = B
= Address of next instruction yte addressable array

= Called “RIP” (x86-64)
= Register file

= Code and user data
= Stack to support procedures

= Heavily used program data

= Condition codes

= Store status information about most
recent arithmetic or logical operation

= Used for conditional branching

Bryant al 14
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Assembly Characteristics: Data Types

m “Integer” data of 1, 2, 4, or 8 bytes
= Data values
= Addresses (untyped pointers)

m Floating point data of 4, 8, or 10 bytes
m (SIMD vector data types of 8, 16, 32 or 64 bytes)
m Code: Byte sequences encoding series of instructions

m No aggregate types such as arrays or structures
= Just contiguously allocated bytes in memory

Bryant and O’Hallaron, Computer Systems: A Programmer’s Perspective, Third Edition 15
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Xx86-64 Integer Registers

srax %eax 2$r8 $r8d

$rbx $ebx $r9 $r9d

$rcx $ecx srl0 $rl0od
srdx $edx srll srlld
srsi %esi $rl2 sri2d
srdi %edi $rl3 $rl3d
3rsp %esp srl4 $rlad
srbp %ebp $rl5 $rl15d

= Can reference low-order 4 bytes (also low-order 1 & 2 bytes)
= Not part of memory (or cache)

Bryant and O’Hallaron, Computer Systems: A Programmer’s Perspective, Third Edition 16
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Some History: IA32 Registers Origin

(mostly obsolete)

—
$eax $ax $ah %al accumulate
zecx %Cx %ch $cl counter

3

8

= edx $dx %dh %d1 data

2 <

©

o sebx $bx $bh sbl base

3

o o . P source
oSl oS1 indes
o : o A3 destination

L Oedl sdi index
o o stack
°eSP e pointer

base
sebp $bp _
pointer
\ )
Y

16-bit virtual registers
(backwards compatibility)

Bryant and O’Hallaron, Computer Systems: A Programmer’s Perspective, Third EditlSn 17
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Assembly Characteristics: Operations

m Transfer data between memory and register
" |Load data from memory into register
= Store register data into memory

m Perform arithmetic function on register or memory data

m Transfer control
= Unconditional jumps to/from procedures
= Conditional branches
" |ndirect branches

Bryant and O’Hallaron, Computer Systems: A Programmer’s Perspective, Third Edition 18
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FhERR SR ERBY T UL 753X (3243

intx; 0

float a[100];

short b[4][4]; B 616

char c;

long *c1; dlO] 544

double d[10]; X435

. . C 536
AL p[3]13] o3l |52
i=990F, 104+99x4=500
b[i][j1a9itttan it &2 b[0][1] b[0][0] 504
504 +ix8+jx2 a[99] 500
i=3, j=20F, 504+24+4=532
d[i]a9HbtitanEr it &2 a[0] 104
544+ix8 X 100

,oJ=9Hd, 544+9x8=616 E .
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Example Data Representations

C Data Type Typical 32-bit | Typical 64-bit x86-64

char

short 2 2 2
int 4 4 4
long 4 8 8
float 4 4 4
double 8 8 3
pointer 4 8 8

Bryant and O’Hallaron, Computer Systems: A Programmer’s Perspective, Third Edition 22
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FhiEmR R ERRITUL TN

int ) &

float a[100]; bO

short b[4][4];

char c; d_[g] 616

long *c1; :

double d[10]; d[0] c44

FLEENEBTAFUEHGE?

x. c: {ifs / Bt C |536

alil: 104+ix4, LbFIZHE+(0FE b[3][3] b[3][2] 532

dlil: 544+ix8, LLBIZEht+{uis :

b[il[jl: 504+ix8+jx2, b[O][1] b[0][0] 504

Bk + EbFIZHE +37F% a[99] 500

18b[i][jIBNZIEAXFRAHESRILAR ;

“movw 504(%ebp,%esi,2), %eax” a[0] 104
Hrh, ix87£EBPH, j{EESIH, X 100

Bryant and O’Hallarczwhu %ogrammer’s Perspective, Third Edition E 23
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Moving Data ATTHE S Srax
m Moving Data srcx
mo ource, Dest $rdx

C, C++#¥i%E, 16 =
m Operand Types HIHURAL, oxFF3k | [STPX
Immediate: Constant integer data Srsi
= Example: $0x400, $-533 >rdi

= Like C constant, but prefixed with *$’
= Encoded with 1, 2, or 4 bytes
= Register: One of 16 integer registers

3rsp

srbp

= Example: $rax, %rl3

grn (n=8~15)

= But $rsp reserved for special use
Qthers have special uses for particular instructions
onsecutive bytes of memory at address given by register

= Simplest example: ($rax) :
Warning: Intel docs use

mov Dest, Source

Bryant and O’Hallaron, Computer Systems: A Programmer’s Perspective, Third Edition 24
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movq Operand Combinations

Source Dest Src,Dest C Analog
4 Reg movq $0x4,%rax temp = 0x4;
Imm
Mem movg $-147, (%$rax) *p = -147;

movqg %$rax,srdx temp2 = templ;
movq < Reg Reg q p p
Mem movq %rax, (%rdx) *p = temp;

\ Mem Reg movq (%rax) ,h srdx temp = *p;

Cannot do memory-memory transfer with a single instruction

Bryant and O’Hallaron, Computer Systems: A Programmer’s Perspective, Third Edition 25
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Simple Memory Addressing Modes

m Normal (R) Mem[Reg[R]]
= Register R specifies memory address
= Aha! Pointer dereferencing in C

movq (%rcx) ,%rax

m Displacement D(R) Mem|[Reg[R]+D]
= Register R specifies start of memory region
= Constant displacement D specifies offset

movqg 8 (3rbp) , 3rdx

Bryant and O’Hallaron, Computer Systems: A Programmer’s Perspective, Third Edition 26



Example of Simple Addressing Modes

void

whatAmI (<type> a, <type> b)

{

???°?
whatAmI:

} o] - o]
movq (%rdi) , %rax
movqg $rsi), %rdx
movqg $rdx, (%rdi)
movqg $rax, (%rsi)
ret

i grsi
srdi

Bryant and O’Hallaron, Computer Systems: A Programmer’s Perspective, Third Edition
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Example of Simple Addressing Modes

void swap
(long *xp, long *yp)
{ swap:
long t0 = *xp; movq (%rdi) , %rax
long tl1 = *yp; movqg $rsi), %rdx
*xp = tl1; movqg $rdx, (%rdi)
*yp = tO0; movqg $rax, (%rsi)
} ret

Bryant and O’Hallaron, Computer Systems: A Programmer’s Perspective, Third Edition 28
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Understanding Swap()

Memory
void swap Registers
(long *xp, long *yp)
{ srdi o
long t0 = *xp; o _ -
long tl1 = *yp; oret
*xp = tl; $rax
*yp = t0;
} Srdx
Register Value
srdi Xp
srsi YP swap:
$rax t0 movq $rdi), %rax # t0 = *xp
$Srdx tl movq $rsi), %$rdx # tl1 = *yp
movq $rdx, (%rdi) # *xp = tl
movq $rax, (%rsi) # *yp = tO

ret

Bryant and O’Hallaron, Computer Systems: A Programmer’s Perspective, Third Edition 29



Understanding Swap()

] Memory
Reg|5te rs Address
: 123 | 0x120
$rdi| 0x120
0x118
$rsi| 0x100
0x110
srax 0x108
$rdx 456 | 0x100
swap:
movq $rdi), %$rax # t0 = *xp
movqgq $rsi), %$rdx # tl1 = *yp
movq $rdx, (%rdi) # *xp = tl
movq $rax, (%rsi) # *yp = tO

ret

Bryant and O’Hallaron, Computer Systems: A Programmer’s Perspective, Third Edition 30
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Understanding Swap()

] Memory
Reg|5te rs Address
: 123 | 0x120
$rdi| 0x120
0x118
$rsi| 0x100
0x110
$rdx 456 | 0x100
swap:
movqg $rdi) , %rax # t0 = *xp
movqgq $rsi), %$rdx # tl1 = *yp
movq $rdx, (%rdi) # *xp = tl
movq $rax, (%rsi) # *yp = tO

ret

Bryant and O’Hallaron, Computer Systems: A Programmer’s Perspective, Third Edition 3



Understanding Swap()

] Memory
Registers Address
: 123 | 0x120
$rdi| 0x120
0x118
$rsi| 0x100
0x110
$rdx 456 [€ 456 | 0x100
swap:
movq $rdi), %$rax # t0 = *xp
movqg $rsi), %rdx # tl = *yp
movq $rdx, (%rdi) # *xp = tl
movq $rax, (%rsi) # *yp = tO

ret

Bryant and O’Hallaron, Computer Systems: A Programmer’s Perspective, Third Edition 32
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Understanding Swap()

] Memory
Reg|5te rs Address
456 | 0x120
srdi| 0x120 *
0x118
$rsi| 0x100
0x110
$rax 123 0x108
$rdx 456 456 | 0x100
swap:
movq $rdi) , %rax # t0 = *xp
movq $rsi), %rdx # tl = *yp
movqg $rdx, (%rdi) # *xp = tl
movq $rax, (%rsi) # *yp = tO

ret

Bryant and O’Hallaron, Computer Systems: A Programmer’s Perspective, Third Edition 3
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Understanding Swap()

] Memory
Registers Address
: 456 | 0x120
srdi| 0x120
0x118
%$rsi| 0x100
0x110
%rax 123 \ 0x108
$rdx 456 123 | 0x100
swap:
movq $rdi), %$rax # t0 = *xp
movqgq $rsi), %$rdx # tl1 = *yp
movq $rdx, (%rdi) # *xp = tl
movq $rax, (%rsi) # *yp = tO

ret

Bryant and O’Hallaron, Computer Systems: A Programmer’s Perspective, Third Edition 34
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Simple Memory Addressing Modes

m Normal (R) Mem[Reg[R]]
= Register R specifies memory address
= Aha! Pointer dereferencing in C

movq (%rcx) ,%rax

m Displacement D(R) Mem|[Reg[R]+D]
= Register R specifies start of memory region
= Constant displacement D specifies offset

movqg 8 (3rbp) , 3rdx

Bryant and O’Hallaron, Computer Systems: A Programmer’s Perspective, Third Edition 35



Complete Memory Addressing Modes

m Most General Form
D(Rb,Ri,S) Mem[Reg[Rb]+S*Reg[Ri]+ D]
= D: Constant “displacement” 1, 2, or 4 bytes
= Rb: Base register: Any of 16 integer registers

= Ri: Index register: Any, except for $rsp
= S: Scale: 1, 2, 4, or 8 (why these numbers?)

m Special Cases

(Rb,Ri) Mem[Reg[Rb]+Reg[Ri]]
D(Rb,Ri) Mem[Reg[Rb]+Reg[Ri]+D]
(Rb,Ri,S) Mem|[Reg[Rb]+S*Reg[Ri]]

Bryant and O’Hallaron, Computer Systems: A Programmer’s Perspective, Third Edition 36
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Address Computation Examples

D(Rb,Ri,S) Mem[Reg[Rb]+S*Reg[Ri]+ D]

o
srdx 0x£000 = D:  Constant “displacement” 1, 2, or 4 bytes

o rox 00100 u R!:): Base regi?ter: Any of 16 integer registers
= Ri: Indexregister: Any, except for $rsp
= S: Scale: 1, 2, 4, or 8 (why these numbers?)
Expression Address Computation Address

O0x8 ($rdx)

($rdx, 3rcx)

(3rdx, 3rcx, 4)

0x80 (, $rdx, 2)

Bryant and O’Hallaron, Computer Systems: A Programmer’s Perspective, Third Edition 37



Today: Machine Programming I: Basics

m History of Intel processors and architectures
m Assembly Basics: Registers, operands, move
m Arithmetic & logical operations

m C, assembly, machine code

Bryant and O’Hallaron, Computer Systems: A Programmer’s Perspective, Third Edition 38
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EREAREHESLCE (324u)

Ee | BrRER | EWMFERRS BRIEEIZEE) | AT&TIESENETT W C BB
ADD 7 el OF. ZF. SF. CF | L/ f52#] | addb. addw. addl +
SUB X OF. ZF. SF. CF | /S84y | subb. subw. subl &
INC 1~ OF. ZF. SF LT EEEEY | incb. inew. inc +r
DEC £ OF. ZF. SF FLAFTFEEET | decb. decw. decl -
NEG 1~ OF. ZF. SF. CF | /&S5 | negb. negw. negl -
CMP 24 OF. ZF. SF. CF | /7S48 | cmpb. cmpw. cmpl | < == > >=
MUL 1 i FAFSEEY | mulb. mulw. mull *
MUL s 7 ALY | mulb. mulw. mull *
MUL 3 7 FAFSEEY | mulb. mulw. mull *
IMUL Lt i TSRS |imulb. imulw. imull *
IMUL 7 el 7 TS Y | imulb. imulw. imull *
IMUL i 7 TS EEY | imulb. imulw. imull *
DIV i 7T FTLAFS =Y divb. divw. divl /, %
IDIV 15 7 FAFSEEY | idivb. idivw. idivl /%

Bryant and O’Hallaron, Computer Systems: A Programmer’s Perspective, Third Edition 39



IA-32FHigS$ A
(1) &EES

- EREEEES
MOV: —fg{&ix, 8fEmovb, movwiimoviZE
MOVS: FSH Bi&EE, Mllmovsbw, movswIE
MOVZ: Y EB{&Ei%E, lmovzwl, movzblE
XCHG: #iE3cin
PUSH/POP: At&/dite, Wllpushl,pushw,popl,popwE
- HHHEEES
LEA: hNgkBaaitilt, tNleal (%edx, %eax), %eax” BITNEEN
R[eax]—R[edx]+R[eax], #1178, BR[edx]=/,
Rleax]=/, MIESMITE, Rleax]=/i+j

- WAEHIES
INFIOUT: 1/0ixO551FssZAAY3ZHA
- IEEEES

PUSHF, POPF: SEFLAGE:, ShiSHEINASTIEEFLAG

Bryant and O’Hallaron, Computer Systems: A Programmer’s Perspective, Third Edition 40
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Address Computation Instruction

m leaq Src, Dst
= Srcis address mode expression
= Set Dst to address denoted by expression

m Uses
= Computing addresses without a memory reference
= E.g., translationofp = &x[1];

= Computing arithmetic expressions of the form x + k*y

= k=1,2,4,0r8
leag ($0x1000), %rax # $rax = 1000H
m Example leag (%rbx), %rax # %rax = %rbx
long ml2 (long x .
{ ) SR 2 Converted to ASM by compiler:
return x*12; leaq (%rdi,%rdi,2), %rax # t = x+2*x
} salg $2, %rax # return t<<2

Bryant and O’Hallaron, Computer Systems: A Programmer’s Perspective, Third Edition 41



IA-32F RS RE

(2) EREAREEES

- I/ HEE (BIiRE. FARPE/FHS)
ADD: i, &8f5addb, addw, addIZ
SUB: [, ®ifsubb, subw, subls

- 181/ B1iEE (FEINBRCFLAIMYITE. ARDE/FFS)
INC: 10, 8#Fincb, incw, inclE
DEC: &, ®#Edecb., decw, declE

- NAEE (RIinE. BXJ0ESA, WEERH0/CF=0,FNCF=1)
NEG: Hifi, €ifnegb, negw, neglZ

- [IERIEE (RESEIIES. ARPE/FHS)
CMP: b5, 8ffEcmpb, cmpw, cmpl3E

- 3k / BRIER (ANHFE. KRX/FHH95)
MUL / IMUL: &Sk / GTSk
DIV/ IDIV: 5ZASE: / BRsSiE

Bryant and O’Hallaron, Computer Systems: A Programmer’s Perspective, Third Edition 42
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. {Bi8R[ax]=FFFAH, R[bx]=FFFOH, M iTFIntel{&Xi5S “add ax,
bx" [, AX. BXHBABFEMTAL? t7&CF. OF, ZF, SFEE14?
B3RS ISR EAE AT TS G IS BAMBFRHISHESIITER.

fig: I8e: Rlax]—R[ax]+R[bx], ESHITRRIESRUT

R[ax]=FFFAH+FFFOH=FFEAH , BXHRAIEB A

CF=1, OF=0, ZF=0, SF=1

el 2HisE, MCF=1i#B&ER

I&IE: FFFARYEL({E$65535-5=65530, FFFORYEL(EF965520
FFEABYE(E7365535-21=65514%65530+65520, BPiis

BemiaensE, NOF=0iRIBEReH R

ISE: FFFARYE(EN-6, FFFORIE(EN-16
FFEARYE({E/3-22=-6+(-16), 55RIEff, T

Bryant and O’Hallaron, Computer Systems: A Programmer’s Perspective, Third Edition 43
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« ERES: UiRh—1. BPE=EMEER
- BRL—MEERSRC, MS—NRR(ELISSTEAL/AX/EAXR,

SRCHIRNMZEASIER, SREFMIEAX (16i) FDX-AX (32f) Bk
EDX-EAX (644i) Hi. DX-AXFRR32{usfAAVSE. {€16{535I1EDX

F1AXHR,
— EIESHhISYIE/MEELDSTHISRC, MJIEDSTHISRCIER, ZEHRE
DSTH,

— BSOS =/MRELIREG, SRCFHIIMM, MIGSRCFIZIEPEZIMM
fA3k, Z5R1EREGH,

- RiEES: RIPREHIFSE, AEDX-EAXRRRERLATSERBRE]
- BR8, W16(BIFETEAXTFeRR, MEDAL, REFEAH
- BA16{L, NB2(FIRATEDX-AXTFeH, MELAX, RHEDX
- H732(u, WREFRETEEDX-EAXSFFRa, MIXEAX, RETEEDX

U ERABEAEIICES, ERREESHEERZIFEREET. BACK
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- {Ri&R[eax]=000000B4H, R[ebx]=00000011H,
M[000000F8H]=000000A0H, i&i|d):
(1) BUTIES "mulb %bl” 7, MESEFRNATESREZN? 25
54T “imulb %bl” IESFRRERNZN—H? ATA? wHZblE
HHASEEISHIERRILSIE.

i&: “mulb %bl"” JJ&EJ Rlax]—R[al]xR[bl], RITERMT

Rlax]=B4H*11H (FFSE£8180%017483F) 1011 0100
R[ax]=0BF4H, E{&$3060=180 x 17 x__ 0001 0001
1011 0100

1011 0100
“imulb %bl” Th&Ed Rlax]—R[al]xR[bl] 0000 1011 1111 0100

AH=? AL=?

Rlax]=B4H*11H (FFSEE-76F1171H50€)

#HR[ax]=0BF4H, NE{E/33060#-76 x 17 HFEEER, =1
R[al]=F4H, R[ah]=? AHHEIZTAL A—EE! HER{Rn i, WFITHE
StHE; BH2nfiL,

R[ax]=FAF4H, E{E/3-1292=-76 x 17 MISEA “7RER” &k
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« {RiZR[eax]=000000B4H, R[ebx]=00000011H,
M[000000F8H]=000000A0H, i5[al:

(2) }i13#ES “imull $-16, (%eax,%ebx,4), %eax” [GILLSFSF1=E
BrioRETEW? FIRANSSHRESESL?
fF: "“imull -16, (%eax, %ebx,4),%eax”
IDEEA R[eax]—(-16)xM[R[eax]+R[ebx]x4] , HITERIT
R[eax]+R[ebx]x4=000000B4H+00000011H<<2=000000F8H
R[eax]=(-16)xM[000000F8H]
=(-16)x 000000A0H (FHFIFSEEEIGE)
=FFFFFF60H< <4
=FFFFF600H
EAXFREIES(E%-2560 SKIP
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IA-32EHiES A

(3) ELiEEES
- 1Z5EisE ((INOTA RS, HittlsS$SOF=CF=0, fZFfISF
IRIBERIEE: 520, WZF=1; BREMA1, WSF=1)
NOT: JE, &#& notb, notw, notlE
AND: 5, &}% andb, andw, andIZ
OR: 5§, &#E orb., orw, orls
XOR: 58k, &4 xorb, xorw, xorlE
TEST: i “"5" #EMRX, (NEIWIFRE
- BlusE (/880 RR/&IERHECF)
SHL/SHR: Z48% /6%, &4% shlb, shrw, shrl&E
SAL/SAR: BRE/A%, EBHint, RS iT
ROL/ROR: fEIAE/fATE, 845 rolb, rorw, rolls
RCL/RCR: B E/GT2, 1SCHEIREE—EB R TBIATE(L

I ERABAEIICES, EFREESHGEERZIFIERE.
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[RiZshortB T ExifmiFs D i ESFasAXA, R[ax]=FF80H
. M T CHRABER I TEZEXREZSNEED RS D?
movw %ax, %dx

salw $2, %ax 1111 1111 1000 0000<<2
addl %dx, %ax 1111 1111 1000 000041111 1110 0000 0000

sarw $1, %ax 11111101 1000 0000>>1=1111 1110 1100 0000

%: $2FN$1 3 BIFRFIZEDER2F01

x@shortBTE, MEEREARBLIES, FHHITHTS RN,
g LR i3 TRIR[ax] =x, MHAIT((x<<2)+x)>>1[F,
Rlax]=5x/2, EALZEEN, AXRRIRASERAGB. BEFSEK
T, #OF=0, gfimt. REAXBHIRS/HFECOH, 2 A
shortBIEEIAY, E(EJ-320, I8IE: x=-128, 5x/2=-320, &
DONE, Z5SRIEM.
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(4) EHEBIES
SIS 2 BHEEIiEE BiRE ST

- BRHEBIES
JMP DST: ZEFHEBEIBIRESDSTLHMIT
- S5z
Jcc DST: ccAFRHE, RIS (RHE) HMESHERY,
EHE, NiEEZBiRESDSTAMNGT, BUIRIREHIT
- FhesE

SETcc DST: 1&FKHEM8ccfRFZIDST (BEE—18\iFFss )

— AR

B (BFa=EREA)

CALL DST: iZ[OitbtitRANE, EEDSTT
RET: MiZFREYHREIIIERA, ZIRALATT

I ERABAEIICES, EFREESHGEERZIFIERE.
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Arithmetic Expression Example

long arith

{
long tl

long t2
long t3
long t4
long t5
long rva

1

(long x, long y, long z)

xX+y;

z+tl;

x+4;

y * 48;

t3 + t4;

= t2 * t5;

return rval;

arith:
leaq (%rdi, %rsi), %rax
addq srdx, %rax
leaq %rsi,%rsi,2), %rdx
salqg $4, %$rdx
leaq 4 (%$rdi, %rdx), %rcx
imulq rcx, 3rax
ret

Interesting Instructions
" leagq: address computation
" salgq:shift
= imulgqg: multiplication
= But, only used once
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Understanding Arithmetic Expression

Example

arith:
leaq (%rdi, %$rsi), %rax # tl
long arith addqg $rdx, %rax # t2
(long x, long y, long z) leaq (%rsi,%rsi,2), %rdx
{ salqg $4, %rdx # t4
long tl = x+y; leaq 4 (%rdi,%rdx), %rcx # t5
long t2 = z+tl; imulqg $rcx, %Srax # rval
long t3 = x+4; ret

long t4 =y * 48;

long t5 = t3 + t4; Register | Usels)
= t2 * t5;

long rval =

return rval; srdi Argument x
} srsi Argument y
srdx Argument z,
t4
srax tl, t2, rval

$rcx t5
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(%

m Z>]: 3.1. 3.2. 3.3. 3.4. 3.6
m {EMNV: 3.58. 3.60
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