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1. Representing and Manipulating Information

1.1. Integer

char RAE signed IE unsigned BURTIRIFERR(CRIB IR IFERTIANE signed) Ul R FHFEHIfRTEE, 7]
PM#EFR] signed char B{# unsigned char.
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1. A DUREEFFSALAINTZE 0 iE 2 o.
int logicalNeg(int x) {

int a = x | (~x + 1);
return (a >> 31) + 1; // EMT 'x

ks
2. NTF x, y FSHEBIEGE BT, 0 T x /& 0x80000000 FYIBFHE L, F7 2 E Bii~x+y-1.
HRIFIENMA: FIFSSHK x « 14 ZFEERRZMNMAM T (x >> 4) - (x >> 1) JGHTREE] tea f5
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1.2. Floating Point
IEEE 754 FRUERUE T 1% REUS 7 RIS B IXEIR R Ry IEEE 1% R
TRk REU RS AROR A LS e x 2v TR/



1.2.1. IEEE Floating-Point Representation
IEEE 7 sUBUiE I AR

V = (-1)sM2¥
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- ERINEGE N
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32 PIFREL 23 M, 8 fLE
64 PETFREL 52 M, 11 LE
AT IR, 700 3 RIE L
Normalized Values exp T2 0B FREE 1

E = e — Bias

[RIHEXS T 32 AT 64 A1 s B0 BTG 53512 [—127, +128] A [—1023, +1024] (HE FEEIX H exp
TREZ R 0 BE R LIFHERAN[-126, +127] PASK [—-1022, +1023).
frac fRBENM = 14 f = 1.f,_|...f1 fo dXJBN T ICTT RS HIBE i — RS FE.

Denormalized Values exp £ 0

E=1—Bias, M = f

IXFE AT PAZR+0.05 —0.0, K| FRRAEH 20, 0HI 2L
Special Values exp £ 1

o frac & 0,R/+00

o frac NEZE 0N NaN(Not a number)
MR Denormalized Value 2|5/ Normalized Value FYI 8 /& -7 I A0, U0 SR 1% s B st T8
55 BEARRE SR R/ N R R IR B A B 57 R HE 7 v DU B NG AT HE Y.
1.2.2. Rounding
IEEE {7 REWREE X T 4 FHEZ)(Rounding) f 5K

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 xt >z

%% 1 Rounding Modes
Round-to-even /2 i B AR TIAGHIRE.



2. Machine-Level Representation of Programs
x86 J& —RINE AHE S B HNUCISOFF S IR REHA.

IA-32 Intel Architecture, 32-bit 85 ,jE H FKN i386.

WNREEFIEMI x86 52,0 PAZE coder64 edition | X86 Opcode and Instruction Reference 1.12.

2.1. Historical Perspective

8086(1978, 29K fRAE)EH —1X x86 RANALFHES, 16 1V 2178y 1386(1985, 275K iR E) Y BH 32 i,
HE—NA] PUZTT UNIX 1 x86 AEFEES. Pentium 4E(2004, 125M fAE) 5| NBLFER RS EMeaTELAE
F%9 x86-64). Core i7, Sandy Bridge(2011, 1.16B fAE)5I AT AVX 554,

2.2. Program Encodings

X gec B clang, -S gmiFiIim I S (LA, s S5 8). - mistie Il H B AR SR (B o S5 ). -0 S
TR E it S 42.

ATT ¥ (gcc, objdump BIBRIAMETN) S Intel 18 (Intel, FHERAIERIAE ) ER B ILHRITE S HIF R 7T 1\ Intel
Fa AR EROY A1HES.

NEREAE C H i R gm RS, nT DUEIS asn S8R 7 PIEAAHE FH 1 m] DABEREI g~ 1.

2.3. Data Formats

C declaration Intel data type Assembly-code suffix Size(bytes)

char Byte b 1
short Word w 2
int Double word 1 4
long Quad word q 8
char * Quad word q 8
float Single precision s 1
double Double precision 1 8

72 2 Size of C data types in x86-64
x86 P50 SR 10 AU RSB AR C @ B long double fEFH.MEUIERAE x86 5,18
7, long double AJRE[ENRZE! double, H H. 10 T 1# REIPEREL AN float B double.
JE8% 1 BEFROR int XFIR double, Nt RN TR AU E AT HBI4E 2, Zi A an B AR BOZ B A RL AT A 2R
A,
2.4. Accessing Information
x86-64 ZEHH 16 1> 64 A HYIEH T 748, EA IBE LB R e e
A 8086 AEFHES A 8 ™ 16 NA TR %ax B %bp)JA32 T EF 32 1L JFESEHT 8 1 16 1V B AE RS
78 32 NEAFAFES(M Zeax Bl %ebp). B T x86-64, 16 F1Eost JEN 64 1L, HIEIN T 8 NHHIFF 1788
(M %r8 B %r15).

63 31 15 7 Purpose

%rax %eax  %ax %al Return value

long double - Wikipedia



http://ref.x86asm.net/coder64.html
https://en.wikipedia.org/wiki/Long_double

63 31 15 7 Purpose

%rbx %ebx  %bx  %bl Callee saved
%rex  %hecx  %ex o hel 4th argument
%rdx  %edx  %dx  %dl  3rd argument

%rsi %esi %si  %sil  2nd argument

%rdi %edi  %di %dil  1st argument
%xrbp %ebp  %bp %bpl  Callee saved
%rsp %esp  %Sp %spl  Stack pointer
%r8  %r8d  %r8w  %r8b  5th argument
%r9  %r9d  %r9w  %r9b  6th argument
%r10 %r10d %rlOw %rl0b Caller saved
%rll %rlld %rllw %rllb Caller saved
%r12 %rl2d %rl12w %rl2b Callee saved
%rl3 %rl3d %rl3w %rl3b Callee saved
%rl4  %rlad %rl4w %rl4b  Callee saved
%rl5 %rl5d %rl5w %rl5b Callee saved

73 Integer registers

ZMMO  [YMMO_[xmmo J[zMm1  [YMm1_mt ]| [sT(0) [Mmo [ sT(1) [Mm1 ]| [ETTAdeA] RaX|[Eeer] v re|[Elmadwalr12| [mswicro| cra
ZMM2 sT(2) [Mm2 ][ sT(3) [Mm3 | [ET7exesx] Rex o] ro|Emlri3) [ cr1 | cRs
ZMM4  [YMM4 MM ][zMM5  [YMM5 D5 | [sT4) [(Mm4 [sT(5) M5 || [[EEIodec] Rex|[Edred woo]rio| =] lri4] [ cr2 | cre
ZIMM6  [YMM6_[XmMs6 ][zMM7  [YMM7_[vim7 ]| [ sT(6) [MM6 || sT(7) [MM7 || [EEAoxE0x] ROX|[ETevf o] r11|[Elesdwlris| [ cr3 | cr7

ZMM8 YMM8  [XMM8 ||| ZMM9 YMMS  [XMM9 [erdBPIEBP|RBP| |[o1d DI| EDI| RDI 1P| EIP| RIP \ MXCSR || CR8
ZMM10 [ YMM10 XMM10][ZMM11 [ YMM11 cw |[Fp_1p [[Fp_DP|[Fp_cs| [EZ sl £s] Rs1| [ETsPlEsPRSP CR9

ZMM12 XMM12 || ZMM13 XMM13 SwW CR10

ZMM14 | YMMA14 2]l ZMMA5 YMM15 [KMM15 ™ H s-bitregister [l 32-bitregister [l 80-bitregister [l 256-bit register CR11
16-bit register 64-bit register 128-bit register 512-bit register
9
ZMM16|[ ZMM17|| ZMM18 || ZMM19 || ZMM20|| ZMM21 || ZMM22|| ZMM23| |FP_DS CR12
ZMM24 || ZMM25 || ZMM26 || ZMM27 || ZMM28 (| ZMM29 || ZMM30 || ZMM31| |FP, 0PC|FP7DPHFPJP (& ‘ SS H DS ‘ ‘ GDTR H IDTR | | DRO | DR6 | CR13
s | Fs | es || TR | otr || pr1 || DR7 CR14
DR2 DR8 CR15

DR3 || DR9
| br4 | DR10 | DR12 | DR14 |
[ bRs |[oR11 | DR13 | DR15 |

1 x86 FFfrde
e ] DATEIR 1,2,4,8 2717 B 75 SN B AN RIS FE B3 L FON T B bR a7 A7 e BE 3T, B IX AR
R
- A 1.2 FEAHER, BIRFE S ST T REEA ).
- A 4 FHHHES BERFEa e E T 2EE.
%rsp FAAT e A AR A 15 DA77 A F B8 R IE.

2.4.1. Operand Specifiers

Type Form Operand value Name
Immediate $Imm Imm Immediate
Register 7, RIr,] Register
Memory  Imm M [Imm|] Absolute
Memory  (r,) MIR]r,]] Indirect




Type Form Operand value Name

Memory  Imm(r,) M[Imm + R[r]] Base + displacement
Memory  (r,7;) MIR[ry] + Rr;]] Indexed
Memory  Imm(r,,7;)  M[Imm + R[r,] + R[r;]] Indexed
Memory  (r,7;,S) MIR[ry] + R[r;] - s] Scaled indexed
[

Memory  Imm(r,,7;,s) M[Imm + R[r,] + R[r;] - s] Scaled indexed

7% 4 Operand forms
R 4aPMsHEER 1, 2,4, 8 FI—
BRI R Imm (ry, v, 8), X DNRIEAMEFY effective address. Lea 5 AT PATFHIX
FERHIIE A L N # B H A 25 17 8.

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

FHN vov 2. lan:

movl $0x4050,%eax [A Assembly (x86_64)]
movq %rax,-12(%rbp)

x86-64 FLE SB35 09 HARAITR N REER 2 P A7 sk, 40 SRR SC A XA I 75 3R B 24 S R 2 stk O(E
INEEF 728, BN P E AN F L.

TR novl WERPAF SN HIR, 285 4 7 B, IX 2 Z B2 2 AT,

BRIt Z INEH movz Fl movs B, 7350 zero-extending PAK sign-extending.

2.6. Pushing and Popping Stack Data
x86-64 H AR AL AL K, Wl R AR TTHY i dik S i 38/ N Aed g E oA virsp.

pusH F por FELHITEFUNT:

pushq %rbp [A Assembly (x86_64)]
R
subq $8,%rsp [A Assembly (x86_64)]

movq %xrbp, (%rsp)

KT FI R R IR = (R A JRAZ, ARG 284, i] IS X S

« Memory, Pages, mmap, and Linear Address Spaces



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

2.7. Arithmetic and Logical Operations

Instr Operand Effect

Description

leaq 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+S 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 sa1)
saAR  k, D D <- D >> k Arithmetic right shift
SHR k, D D <- D >> k Logical right shift
7% 6 Integer arithmetic operations

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 zero

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.

TR Leaq XS _EHIPY/ MR 2L R0, AR 2 A7 .

Instr Operand Based on

cmp S1, S2
TEST S1, S2

S2 - S1
S2 & S1

%% 7 Comparsion and test instructions

cvr 5 test HESHRIE 4 DRE AMEIRIELL

resT TN 517 a8 02 f i R AP A

testq %rax,%rax

2.8.2. Accessing the Condition Codes

(A Assembly (x86_64)

Instr Synonym Effect

Set condition

sete D setz D <- ZF
setne D setnz D <- ZF

Zero

Not zero




Instr Synonym Effect Set condition

sets D D <- SF Negative

setns D D <- ~SF Nonnegative

setg D setnle D <- ~(SFAOF)&~ZF Greater (Signed)

setge D setnl D <- ~(SF"OF) Greater or Equal (Signed)

setl D setnge D <- SFAOF Less (Signed)

setle D setng D <- (SF™OF)|ZF Less or Equal (Signed)

seta D setnbe D <- ~CF&~ZF Above (Unsigned)

setae D setnb D <- ~CF Above or equal (Unsigned)

setb D setnae D <- CF Below (Unsigned)

setbe D setna D <- CF|ZF Below or equal (Unsigned)
%2 8 The seT instructions

FER ser 1E 1 PR/ FFFERE AT

2.8.3. Jump Instructions

Instr Synonym Jump condition Description

jmp Label 1 Direct jump

jmp *Operand 1 Indirect 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)&~ZF  Greater (Signed)

jge Label jnl ~(SF~OF) Greater or equal (Signed)

j1 Label jnge SFAOF Less (Signed)

jle Label jng (SF~OF) | ZF Less or Equal (Signed)

ja Label jnbe ~CF&~ZF Above (Unsigned)

jae Label jnb ~CF Above or equal (Unsigned)

jb Label jnae CF Below (Unsigned)

jbe Label jna CF|ZF Below or equal (Unsigned)
%% 9 The jump instructions

2.9. Procedures

2.9.1. The Run-Time Stack
AR EAER B B R S A

subq $16, %rsp
addq $16, %rsp

= x86-64 LT, HEANREUG %rsp MIZXTTE] 16 FH.1M cart FELRKF 8 71 AR [A] ikt o #e, At A

VEAH carr Z BN IZRIE %rsp 15 16 5% 8.

RSV HAE AR ZNWKE. %irsp RITAT 7526 HAPR.

[A Assembly (x86_64)]




2.9.2. Data Transfer

x86-64 I ZH 6 M Fan ] MES WMREHE L T 6 PMSEFIRIVRIBELALES.

N T VAR R R, B R SR N R F R ARG I SR EEHITERAE 7 12
BANRAZT 6 MNZE) HEAIR[EHLE.

PA_E VA2 7E 52 ABI(Application Binary Interface)yE I —#K 53, AR & (Linux, Windows) AR A
[FIHYZAER A B CHY ABI JLTE.

2.9.3. Local Storage on the Stack

— MR RS R AT RE  BU e FF ey b BAE R E =MIE 0 N RE e b

o Jr AR B Y ML BEARAE FH, 1 G A 3 2 L Ath 2 FH Y BRI Y

- Ffras S

- FREOEIFEE VIR B AR R

2.9.4. Local Storage in Registers

FFAF e %rbx, %rbp AR %r12 & %r1s BRBJE FHE (R 17 (callee-saved). H AR T %rsp IZF 7ol 2 VA A
HRTE (caller-saved).

2.10. Array Allocation and Access

2.11. Floting-Point Code

3. PR3

« WR—AARE T 15 FFAURHY Lab, fRUBRIETG 2.

« Relative relocations and RELR | RJJ &



https://github.com/Seterplus/CSAPP
https://github.com/Seterplus/CSAPP
https://maskray.me/blog/2021-10-31-relative-relocations-and-relr
https://maskray.me/blog/2021-10-31-relative-relocations-and-relr
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