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1. Representing and
Manipulating Information

1.1. Integer
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1 int logicalNeg(int x) {
2 inta = x| (~x + 1);

3 return (a >> 31) + 1; // EMT !x
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1.2. Floating Point
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1.2.1. IEEE Floating-Point Representation
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1.2.2. Rounding

IEEE /3 QEAREEXT 4 HEL(Rounding) B =;:

Mode Description

Round-to-even find a closest match, or
round either upward or
downward such that the
least significant digit of the
result is even
Round-toward-zero downward if greater than
zero, upward otherwise
Round-down <z

Round-up zt >z

% 1 Rounding Modes
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2. Machine-Level Representation

of Programs
WRBEEFMEANBIE S TUSE coderos

edition | X86 Opcode and Instruction Reference
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2.1. Historical Perspective

8086(1978, 29K e fAE) B —1X x86 RIIAFEE,
16 A& 2. i386(1985, 275K GARE )Y R F| 32
LR A B — /N MEEAT UNIX B x86 SAFE 2§,
Pentium 4E(2004, 125M SR E)5| ANBEREHR
5 EM64TERLEMRA x86-64). Core i7, Sandy
Bridge(2011, 1.16B @A E)5| AT AVX 545 &.

long double - Wikipedia

2.2. Program Encodings

Xt gec BX clang, -S $RIFZEIERHE TR XA . s
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2.3. Data Formats

C Intel data  Assembly- Size(bytes)

declaration type code suffix

char Byte b 1

short Word w 2

int Double 1 4
word

long Quad q 8
word

char * Quad q 8
word

float Single s 4
precision

double Double 1 8
precision

% 2 Size of C data types in x86-64

x86 A% ESTIN 10 FRHEFAEBY BAEC T
HINEBH long double EH . MEWMERZE x86 F
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2.4. Accessing Information

x86-64 22K 16 N 64 LB R FH R, U1~
B3R W EE 5T
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63 31 15 7 Purpose

%rax %eax  %ax %al Return value
%rbx %ebx  %bx  %bl Callee saved
%LCX %ecxX %X %cl 4th argument
%rdx %edx  %dx  %dl  3rd argument
%rsi %esi  %si %sil  2nd argument

%rdi %edi  %di %dil
%rbp %ebp  %bp %bpl
%rsp esp  %Sp %spl
%8  %r8d  %r8w  %r8b
%9  %r9d  %r9w  %r9b
%rl0 %rled %rlOw %rlEb
%rll %rlld %rllw %rllb
%rl2  %rl2d %rl2w %rl2b
%rl3  %r13d %rl3w %rl3b
%xrl4 %rlad %rldw %rldb
%rl5 %rl5d %rl5w %rlSb

1st argument
Callee saved
Stack pointer
5th argument
6th argument
Caller saved
Caller saved
Callee saved
Callee saved
Callee saved

Callee saved

% 3 Integer registers

FHEBTLURE 1,248 FH 04 N XK
ARBESEZELPHTFENTERHENA
XAE RN :
- R 12 FIHES ERTEEURALF IR
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mE.
lrsp AR BREAATEM 15 NIRRBERE
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2.4.1. Operand Specifiers

ERTFREARMTE TN

Type Form Operand  Name
value

Immediate $Imm Imm Immediate

Register 1, RI[r,] Register

Memory  Imm M[Imm|  Absolute

Memory  (r,) M][R]r,]] Indirect

Type Form Operand  Name
value
Memory  Imm(r,) M|[Imm + Base+
R[ry]] displacement
Memory  (r,7;) Indexed
MI[Rlry] +
R[r;]]
Memory M[Imm + Indexed
Imm(ry,7;) Rlry) +
R[r;]]
Memory  (r,,7;,5) Scaled
MRy} + indexed
R[r;] - s]
Memory M[Imm + Scaled
Tmm(ry, r;, 8)2[7',)] + indexed
Rlr;] - sl
% 4 Operand forms
FR4PHsREER1,2,4,8 PHI—/N

A AN FFUARERNEInm(r,, r;, 5) XANREK
NIIMERRA effective address. 1ea IS LTHE
AR L Fo s a B TS,

2.5. Data Movement Instructions

Instruction Discription

movb S, D Move byte

movw S, D Move word

movl S, D Move double word
movq S, D Move quad word

movabsq S, D Move quad word

% 5 Simple data movement instructions
F R vov A5 flim:

1 movl $0x4050,%eax
2 movq %rax,-12(%rbp)

[A Assembly (x86_64)]

x86-64 FLE B E1HE S 8 BARART BEH R N 77

Hohk, 4 SRAA SR BAF B T RN B SN R ik
EHENRINFEEF BENTFERTREARE

k.

AR novl MBRUFEBRENER ST 4FT
BEE XEZARIIBIAN.



R Z SNER vovz Ao movs %5158 A zero-
extending PA & sign-extending.

2.6. Pushing and Popping Stack Data
x86-64 1 A% B & AL [ R ALK, Bl R AR TR G 3t
it R i B /N ARFEET A Jirsp.

rusa fa ror IS HIERT:

1 pushq %rbp [AxAssembly (x86_64)]

N

1 subq $8,%rsp [AxAssembly (x86_64)]

2 movq %rbp, (%rsp)

KT ARADFndkfE 6 Hoht 22 6] 2 5 YR S, A K Pa
BT USEXEXE:

« Memory, Pages, mmap, and Linear Address

Spaces

2.7. Arithmetic and Logical Operations

Instr Operand Effect Description

2.8. Control

2.8.1. Condition Codes

CF Carry flag. The most recent operation
generated a carry out of the most significant
bit. Used to detect overflow yielded zero.

ZF Zero flag. The most recent operation yielded
zZero

SF Sign flag. The most recent operation yielded a
negative value.

0F Overflow flag. The most recent operation
caused a two’s-complement overflow: either

negative or positive.
ER leaq AX LB HEAMRE = £ R, F A #RAF
B Rtk

Instr Operand Based on
cmMp S1, S22 S2 - S1
TEST S1, S2 S22 & S1

% 7 Comparsion and test instructions
cvr 5§ tesT REBME 4 MRE MELRERIEE.
tesT R TURENFH R ETREXRM;FH
ﬁﬂ:

1 testq %rax,%rax [A\ Assembly (x86_64)]

2.8.2. Accessing the Condition Codes

leag S, D D <- &S Load effective
address

INC D D <- D+ 1 Increment

DEC D D <- D -1 Decrement

NEG D D <--D Negate

NOT D D <- ~D Complement

ADD S, D D<-D+5S Add

suB S, D D <- D - S Substract

IMUL S, D D <- D% 1 Multiply

XOR S, D D <- D -1 Exclusive-or

OR S, D D<-D ]S Or

AND S, D D<-D&S And

saL  k, D D <- D << k Left shift

sHL  k, D D <- D << k Left shift(same
as SAL)

sAR  k, D D <- D >> k Arithmetic right
shift

SHR k, D D <- D >> k Logical right
shift

% 6 Integer arithmetic operations

Instr Synonym Effect Set
condition
sete D setz D <- ZF Zero
setne D setnz D <- ZF Not zero
sets D D <- SF Negative
setns D D <- ~SF Nonnegative
setg D setnle D <- Greater
~(SFAOF)&~ZF (Signed)
setge D setnl D <- Greater or
~(SF~OF) Equal
(Signed)
setl D setnge D <- SFAOF  Less

(Signed)



https://pointersgonewild.com/2023/03/12/memory-pages-mmap-and-linear-address-spaces/
https://pointersgonewild.com/2023/03/12/memory-pages-mmap-and-linear-address-spaces/

Instr Synonym Effect Set Instr Synonym Jump Description
condition condition
setle D setng D <- Less or jle Label jng (SFAOF) | Less or
(SFAOF) |ZF  Equal ZF Equal
(Signed) (Signed)
seta D setnbe D <- Above ja Label  jnbe ~CF&~ZF Above
~CF&~ZF (Unsigned) (Unsigned)
setae D setnb D <- ~CF Above or jae Label jnb ~CF Above or
equal equal
(Unsigned) (Unsigned)
setb D setnae D <- CF Below jb Label  jnae CF Below
(Unsigned) (Unsigned)
setbe D setna D <- CF|ZF Below or jbe Label jna CF|ZF Below or
equal equal
(Unsigned) (Unsigned)

5 8 The seT instructions
AR ser BF 1 FEKRIDHFFRRNE.

2.8.3. Jump Instructions

Instr Synonym Jump Description
condition

jmp Label 1 Direct
jump

jmp 1 Indirect

*0perand jump

je Label jz ZF Equal or
Zero

jne Label jnz ~SF Not equal
or not zero

js Label SF Negative

jns Label ~SF Nonnegative

jg Label jnle ~(SFMOF) &~ZiGreater
(Signed)

jge Label jnl ~(SFAOF) Greater or
equal
(Signed)

jl Label jnge SFAOF Less
(Signed)

% 9 The jump instructions

2.9. Procedures

2.9.1. The Run-Time Stack
R EHEAR LB RBIRE:

1 subqg $16, %rsp [A\ Assembly (x86_64)]

2 addq $16, %rsp

AR x86-64 HE HANREG %rsp MIZXFFE 16
FH.M car HERN 8 T R E bk B 1%, FT
PURR carl Z R0 MIZARIE %rsp & 16 R 8.
MR AR EMRIAAKE /rsp BIFRE
HAuFR .

2.9.2. Data Transfer

x86-64 .S A 6 N s I UEL IR KK
AET e NEB AR ERI XL S

AT AR RS E B AR S BN
FHREPHARE—NESREEHITERAR
TNSBEAREES T 6 NS EANREHHE.
N EIRRAAZESE ABI(Application Binary
Interface) 38 89 —2R 4, & F B9 F & (Linux,
Windows) X & 7 [E B2 A B T8 ABI #LSE.



2.9.3. Local Storage on the Stack

—RFHREESR TS RAETFFELEEE

TE=MEATEEZLEELL:

- RERR B A B A LB mAEE 5 H A2
R8I

- BERTBA

- REARBIANHBRA EHEE

2.9.4. Local Storage in Registers

FHHERE Jrbx, %rbp UK %r12 & 4r1s #BEM AR

F R (callee-saved). AR T %rsp BEFF &R

& 8 & & (caller-saved).

2.10. Array Allocation and Access
2.11. Floting-Point Code

3. ik
IA— B KET 15 E AL Lab AR REE

#3.
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