hx7] 2.0

(15558 CSAPP] R #s8ie< SRR

HENEERENREEN—, MEMNBLCEETEN [BRESX] . BEEHRE, REABHBETFERD
RO, BARCIRERNHAHRBEERKIBA FERSA] . X—HRNS TEFZIRRWNMAHRTH, EANE
AL, BRI LURIIESZ ISR,

RINE

EEERRD

= R

= HIEET - TRNESERNAFESERTH

R V=SSR ML - =HiR. SRR, EPXKiat
£ NF5EF - AEERSEFIE

B 1% - ARAYCIEEE

{h FEEHR - TREZETRS S8

bt KoL - BABAENRE KEEIFR RS
2R EMRFESIEAESE - MCHEN P RFIIERM
15l BRI - NRIRIGEIRF RIS IRIE

R FTEEY - thE TP &REEAIFNEE

EEERD

SCIGHERS

| Data Lab - i#2(F, #iEF=

Il Bomb Lab - iC%4%, #Mi5 gdb

Il Attack Lab - JEiREUMEI#HIERT

IV Cache Lab - SCHI—MEFESRINEITE
V Shell Lab - sCI— shell

VI Malloc Lab - SEFI— M aiSHES ER
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* VIl Proxy Lab - SLHl— NS &EHEFRINIERSS S

FIBR

1. THREARR CPU 2819, LUK CPU Ifa#HTE<itE
2. EREANCHmEZL, ENNSUARFIEEAN

3. IR ANEE SRS TR

4. IR TEA DR E ESCIAN

5. EREIEERTFRIEES T

6. THEREFENFFNERFAARE P iEH BRI T
7. FIBARBHRTRON SR BERE

X—HIIAERS, FREINEERMLCRISELAS, BoPRERMTHIREENR, FEESEH
x,

EihFHA

M 8086 Zl| Core i7

1978 &£, Intel ¥ T 5E—5K x86 I8 EMIHMALIEEE——Intel 8086[1], LAHIFFT Intel x86 R5AREHIF
B, 8086 2 16 {iufyatRes, £ IBM PC #1 DOS i&it, & 1MB Ruttbhitzsia), /\&FE/SH0 1985, $£—
32 i Intel 4hIR2§(1A32) 386 4, 2004 &=, FBE(Pentium) 4E pk AT E— 64 (4-EEE(x86-64), 53K
WEE BE/RERIER M LARIRIR, 2006 £ Core 2 (AT H—153# Intel LR,

ZIZORI IR AAIX A -


http://wdxtub.com/csapp/thick-csapp-lab-7/2016/04/16/

Integrated‘Memory Controller -3:Ch DDR3

Core0 Corel CoreZ2 Core3

Shared L3 Cache

BEERAIIRRAR, SRR T SHFRERRNIEEESEN, KBTS EMRFMIENE ST
FHRFRIES, XBDATTREDZTIONR] (XE—MREERERRMNESERIER) , FAREXEAR
BER, RERRMERRARN TGRSR RA T SMEHTE, JRENT 1% BEH.

RTINS IERRASHITIRES, SBIMUEEREEA, Nk 2015 F4Y Core i7 Broadwell, BILAMNTFEEE]
RERTHHIMANTRRERZBHOFESEME, W PCle, SATA, DDR3 £,



R —FFFE - AMD, EFHHEE, &R Opteron RFUZ Pentium 4 FEEHNF, AEFAKTES
RY 64 {\#0fE x86-64,

Intel 7£ 64 (AMRRAIREHAEIXURK, 2001 FAITEFERSIHAIZRIERIEM IA32 #iE IA64, BZF
REERMRERAILE T AMD 2. [FETE 2003 SR 1AY x86-64(FEM AMD64) ZRIJIIEEFE, B8
Intel JIFTFRIEL, BRETE 2004 SFEHFHE—NU EM6AT BU%RFG, HL/LFF] AMD64 —#f, ITITERR T FLKis
AORLIEES, J1FERSZIS x86-64, tHREX—HEBENBHINE.

M C EIiNZKES
MNeFBHMELERERERNMTNF T ER LIER, EENTASSKIRER LA, FRLIEFHR
REASHT [BIR] | #iek T AKEECHAE. TEXENRAER [@iF] mAR [wiF] , JLUA

7R RN USRI AT R 2L,

MEFEEH C KBNAREREARNER, T=RUBEERN [PT] RaRETRERN, m C AENE
NREHSET [BFgit] XM, BEEX—1ZE, (FRE=REINA CIESHHI, LR
BLHENFMEY BT EESR] .



—IFNESHRIERR—EEZNN, ME—RJEENTENLEZIN. CIESABREMNITETHRITH
1EFr, SERUKE L m— R R IE

e CiE=MB(da.c, wang.Q) 2T 4miF_AIEIE( gcc -0g -S )RLIICERIMAS(da.s, wang.s)
o C#RAAS(da.s, wang.s)Zd /w8948 ( gcc By as )R AXISFERF(da.o, wang.o)
* YJ&FER(da.o, wang.o)LAK FREeHSEE(lib.a) it sEiEasAUab I ( gecc 8% 1d )&RERATTEN I HRITIER

HAEERE—RABIESImEEMCHRAE, JRaELEHLIER, XERERN, EARRENEL
ERBEAHITIESINE. XEHANTE— M RIERTAIREIA.,

1 // KRS sum.c

2 long plus(long x, long y);

3

4 void sumstore(long x, long y, long *dest)
5 A

6 long t = plus(x, y);

7 *dest = t;

8 }

XM AT TR

1 sumstore:

2 pushg  %rbx

3 movq %rbx, %rbx
4 call plus

5 movq %rax, (%rbx)
6 popq %rbx

7 ret

EER—THAAI, CIESHBHIER T BR—BRICR, ElRABT, F— I F TR EERE
fF. [SERTRERE 1/2/3 NMAESHRAUREE, AHARUXENFAE? XHMENGERIEE ST
T, FRERLERRNMESATHITIHERN:
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00 N O v A W N R

YISERT NTF

ot :

PC . BUE | e
0B [ 5S |

TEFFiTERER(PC, Program counter) - 78 F—RIg<RIMMBE, 7E x86-64 7R RIP
17 (Register) - FARIFHESIRELMEIRIE
FIHHEB(Codition codes) - BREREFRENEARSEEEFINESE, ARMSHHEE

XEFETE, WIEREBEHITIURFELEIFERR, BBERKRRE=M: FEEUE. iTEMERES.
FREEREEAFISFRZEEEREE, HTHENRNFFRNERFTNEENTEAZR, Ehizd
FEEIFRMRENFRME DT, XBHEBEANTACRABEEEH 5< BIFL ((BFHR BERR) X
(=221} 7= W

HAERIEERFFRIMSRIESKERRIE— TN C 2CRBEWECERIEL:

// C X3
*dest = t;

/] SIRAGCERAED

movq %rax, (%rbx)

JASIVESISESREE
Ox40059e: 46 89 03

CABHNERRESR, MIECE t FHEENSH dest BRNREH. MNECRAE, MEE 8FH (15
R4, Quad words) BEIZIREH (XBHESHIUE movg ) . t RIERFESERS %rax 1, dest
TERRSHEUEERTFAE Y%orbx R, T *dest EEUHHHE(F, WNTAERFHHLERINANE, BHE M[%rbx] , £
LRI AIMESRFEUIL, B (%rbx) . BB 3 M FHRNES, FHR1FIE ox40059e XML
.

iCRWAI]
BIEHAVEE 7 7 —FTEFRTHEATRE, RS 7T —RRIAR, X—HRIINSERERARHA
e, NMALCRINEAR, XBoRBEAELMRET/ VFAAE, ERNTRERSHEFEEEER.


lsy
Highlight

lsy
Highlight

lsy
Highlight

lsy
Highlight

lsy
Highlight

lsy
Highlight


x86-64 ZRMFRIBRFEFRINTENR (ERAERIZEREATERD)

%ah | %al

Yorax
%rbx
%rcx
%rdx
%rsi
Yordi
%rsp
%rbp
%8
%9
%r10
%riil

%bh | %bi

%ch | %cl

%dh | %dl

%r12
%r13
%r14
%r15

FPHEESFRNDM, RITFTURIERAANAEURAENSFEER, BEHBHE 16 UF17S, B
2 16 b EEES 8086 MUiIRIT, AEZEHMHRE 32 UFHFE (XBERERBHHIEN) | 45 32 fIEREEE
F, MEERD S 64 (LERRIHHY, XEFRIRITHRE T S ARIRIR TREM, JL+5Fa1RY x86 I
AR LAETT!

BI7N N 1FER(%rax, %rbx, %rcx, %rdx, %rsi, %rdi)FREASFE, BH [l RS

%rax(%eax) FAFHEN

%rex(%ecx) FIFIHER

%rdx(%edx) BTRFEE

%rbx(%ebx) AT MARFEIRAIEIE
%rsi(%esi) BT REFIRERSIE
%rdi(%edi) BT RFEIRERSIE

M %rsp(%esp) 1 %rbp(%ebp) NZIE/9tLigstANEISE KRR, TEKIIEIT movq XMELSHKTHEE
VEEIO=FPEAZEEY: I7A0E(Imm). ZHFEE(Reg)INEFEMem),

T movq FESHN, HBERFEEFIERNEELR, RRFEILURNAY. SEREREFENES—M,
EERMPEAERSFRERNTE. BFSNERESIITLUXEHE movq [Imm|Reg|Mem], [Reg|Mem]



FMRIEF, FNEBREIE, flan:

movq Imm, Reg -> mov $0x5, %rax -> temp = 0x5;
movqg Imm, Mem -> mov $0x5, (%rax) -> *p = Ox5;
movq Reg, Reg -> mov %rax, %rdx -> temp2 = tempil;
movq Reg, Mem -> mov %rax, (%rdx) -> *p = temp;

movq Mem, Reg -> mov (%rax), %rdx -> temp = *p;

XEE—MERRIFAER, 88 movq Mem, Mem XANAT, BHMER, HIIKEMNEA—FKIESTHRRE
[ERYEESSHE,

LFEMNMIFPELRENETESH, ESHERHMESI, XBoRHER:

HERI, (R), BT Mem[Reg[R]] , MR FFRR R IEERFMUL, XKUTF CiIESFHRIEF, 18X
3. movg (%rcx), %rax EELRBLLL %rox HiFsRFFERIMIEATFERIINANEYE, FRIFFES %rax
i

BAMEIN, DR), 13T Mem[Reg[R]+D] , FHfFa R SHEBIRAAFMIUL, G D 2RBE, XN
movq 8(%rbp),%rdx HEELL %rbp EHFesPFENMIIEINL 8 MEBELENFRRXNMAEEE, =72
Ef7an %rdx |

EASUXMABIREE, FUASHKE, FAZEEMIBHILRIZH. TSIk, thRiEARE
£ D(Rb, Ri, S) -> Mem[Reg[Rb]+S*Reg[Ri]+D] , Hrh:

D - BHIRZE

Rb - BE577es

Ri - 5|57, A BER %rsp
S -FK# (1, 2, 4, 8)

PRILEZSh, EBINT=FMSIAREIR

(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]]
BA BT EARRIGIFRINE—T, XEBRIR %rdx PHIFE oxfeee , %rcx HFE oxelee , A4

0x8(%rdx) = oOxfeoo + Ox8 = 0Oxf00s8
(%rdx, %rcx) = 0xfo00 + 0x100 = Oxf100
(%rdx, %rcx, 4) = 0xf000 + 4*0x100 = Oxf400

ox80(, %rdx, 2) = 2*0xf000 + Ox80 = 0Ox1e080


lsy
Highlight

lsy
Highlight


1
2

TRTSUZE, BIIREBRIZEES, XEBIL le

T p = &x[i]; . BBRE—DEEFRIGIF, RiR

long m12(long x)
{

return x * 12;

XS ATCERAER 9

leaq (%rdi, %rdi, 2), %rax # t <- x+x*2

salg $2, %rax

# return t <<

BLIBEIREEN %rdi HFeshFa0sdE (i)
HiE<, IREHINF, MEXNTERSHAHSEEHE—HN, ESHERILUSE Intel B3],

FEWMREHRIES

addq Src, Dest -> Dest

Dest + Src

subg Src, Dest -> Dest = Dest - Src

imulg Src, Dest -> Dest = Dest * Src

salq Src, Dest ->
sarq Src, Dest ->
shrq Src, Dest ->
xorq Src, Dest ->

andq Src, Dest ->

Dest

Dest

Dest << Src

Dest >> Src

Dest = Dest >> Src

Dest = Dest ™ Src

Dest

Dest & Src

org Src, Dest -> Dest = Dest | Src

FBE—EREHRIES

incq Dest -> Dest
decq Dest -> Dest
negq Dest -> Dest

notq Dest -> Dest

s = 2 |

FAIFEEIR—T x86-64 L IEEHARISFRE, X—

Dest + 1

Dest - 1

-Dest

~Dest

aq IE<SHBIF. BAERIERA leaq Src, Dst , HA
Src EHHIIRIAT,, ARIETENEFEAN Dst IEENSFER, iR, TARGES | BT LATE, 2l

—N C BHE:

2

HiTizE, REMWEL %rax, REHE

HBORER, SUEFHH

—EEIHNEARE
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Y%rax %r8

%rbx %9

Yorcx %r10

%rdx %ri1

Y%orsi %r12

Y%rdi %r13

%rsp %r14

%rbp %r15

%rip 1E<IEE, BIXXHRY PC

CF||ZF | |SF| |OF| 4 fCh3(Condition Codes)

BAEERNE, SR EIREERTHIEFRIEXER:

IR SRR IAE (%rax, ...
IEATRMEAOHHHERELE (%rsp) oh

B RIHO RS SR RETE (%rip, ..) o
ERTIRHIRAHAE CF, ZF, SF, OF &

FHRBSHE
RERNIMRRNL (CF, ZF, SF, OF) mE2RmEErrImEEHR, SE8E:

CF: Carry Flag (337550

ZF: Zero Flag

SF: Sign Flag (X IE/50)

OF: Overflow Flag (t33BHFS£0)

BRI EXPMRRM, RROFARRRES, E0MIF, RUOBMNE—FEN t = a + b MEG, iC
R<IRIZARYZ addq Src, Dest , BPAMREBXMRMEERNAR, SENKRE CEREZIRINMIREL, M
EARXN R TRMBR IR OIRERY, FRARIURE, Fla0:

SNERMEDEUEIN, ERSMEFEHRM (EHEatT) . BPA CF RRUMSHKIRE
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o MRtFFO0, BPA ZF tRRAUSHIRE

* R t/AIF 0, BPA SFIRRAUSHIRE

* MR 2" s complement i@, A OF imRNUEWIREN 1 (mHAIIBERE (2>0 && b > 0 & t <) ||
(a<0 && b<o && t>=0))

BHEMT, HENXIRARTE, RARIFD S0 SNARNSHTNN, REDSHTREN, &
_B, (A leag isOMpEAauERE. )
BTRARE, ETLERTRE, BNUSERIER apq 159, XE) q 1SR 64 RV, B
%t cmpg Src2(b), Srci(a) EETIHE a-b (= a b |IFE2EEN) , ASFA a-b HERREIIROH
TRIRBIE

RERESETERU (BHEEHT) . B4 CFIRRAFMSRE

a#l b 1HER, tEHE a-b HFEJAT, ZF iRRARKIRE

N a<b, HEEE (a-b)<e AF, FPA SFiRRMIESHIRE

GNER 2' s complement i&H, FFA OF iRRISWIRE (HHANBERE (a>0 & b > 0 & t <0) ||

(a<@ && b<o && t>=0) )

B—fATEXRENHLZZMER testq <SS, BRRKIH testq Src2(b), Srci(a) FEREFITE
ag&b (= a b IFF2EER) , ARFE a-b NEREWIMHTEERBINRE, BERRSIEEF—
BRAFEUE mask:

H a&b == 0 R, ZF iRRUSHIRE

2 a&b < @ AY, SFIRRUSHWIRE

BT XMENFMES, SAABIARRASHIN, K ERRRIEAFIRT.

MAZT 7T &R, MILSREERRNBET, BEELir EMERERHMUBIARRE T ARRRE.
MNFERE—RFBAINIF (RiFFIREHTHN)

1 long absdiff(long x, long y)
2 {

3 long result;

4 if (x > y)

5 result = x-y;

6 else

7 result = y-x;

8 return result;

9 }

SIRAGCERICESANT, XE %rdi FIRIF TS x, %rsi PREFTSEy, M %rax —RARFERENE:
1t
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[EE G G Y

00 N O v A~ W N R

1 absdiff: y X
2 cmpq %rsi, %rdi
3 jle

4 movq %%i,%%x
5 subq VMi,%kx
°  ret(yQy)

7 4: # X <=

8 movq /&1,A&x
9 subq %rdl, Argx
0 ret‘[Df)

XEFHAIRBLEHI MBI ERZE, FTUFEFNECEN, FRECRAFISFIEM, XEHAIA goto

IBEHESE X, EARLHMCRERIOIREEXIT, HEZRIHE:

1 long absdiff _goto(long x, long y)
2 A

3 long result;

4 int ntest = x <= y;

5 if (ntest) goto Else;
6 result = x-y;

7 goto Done;

8 Else:

9 result = y-x;

@ Done:

1 return result;

2}

BKIBER—MEMHEOEIENE, il val = Test ? Then_Expr :

. val = x>y ? X-y : y-X;

#EHaRY, goto LR

ntest = ITest;
if (ntest) goto Else;
value = Then_Expr;
goto Done;
Else:
val = Else_Expr;
Done:

BRLER LICRMERAINE, AREXER, SXAB—MIZIERINE

i, ATADEORXIMREERARARIFNE.

Else_Expr; , ES FHEAVEREHT

DINEDRIFIT. MERAITRIT—

4


lsy
Ink

lsy
Ink

lsy
Ink

lsy
Ink

lsy
Ink

lsy
Ink

lsy
Ink

lsy
Ink

lsy
Ink

lsy
Ink

lsy
Ink

lsy
Ink

lsy
Ink

lsy
Ink

lsy
Ink

lsy
Ink

lsy
Ink

lsy
Ink

lsy
Ink

lsy
Ink

lsy
Ink

lsy
Ink

lsy
Ink

lsy
Ink

lsy
Ink

lsy
Ink

lsy
Ink


FAFNEMAERT CPU FRRKFEMKELTIERN, WERMIT—RIIBRIEFE ABCDE ANMEER, BBAEHIT A
RYRTE, SEPR_EHYT B FRRAIEIRSERIT A RIERIINEEISFRT, XEFEHEFHAITIN A, BRI LIZZIHIT
B MAMEFEEHAN. WREF—EHEINFN, BAXMERTU-—EHTTIE, ZXR2FE. BE—B
BN, AT A T—2EHTHIR C, BRHNEIER B, XEHERHEIEKERE (BAAfE
EENRFRERE T) |, REEHHAN C TEEEUE, XHlHR TRARIMERERm. AUAMNEER [9X
] X—RARBR (DXMURB—MEEXERRT) |, ERNTXEAFEAM—RFHEDE
i, HSLABEFRIITIE.

SLIERRE—RIESFF if(Test) Dest <- Src HYRME, EHMRRATLAARE, FIRFENBEREITH
B, TRFWZFHRETEIMRSIE CERY goto FEFHAAI T :

result = Then_Expr;
eval = Else Expr;
nt = !Test;

if (nt) result = eval;

vi p W N R

return result;

BARRMGER . RIE—HEFHAE MO, HEEHITAT, REFBELENSEESHTHHTIRE, XEMTEE
27T EAD T RN (FEFTMKLE) . G TEXEE, B %rdi PREFTSE x, %rsi PR
BETESHy, M %rax —fRFEREFEREE:

1 absdiff:

2 movq %;§i, %ng # X

3 subq %rsi, %Ehx # result = x-y
4 movq %rsi, %Jhx

5 subq %éﬁi, %réx # eval = y-X

6 cmpq %rsi, %251 # x:y

7

8

cmovle %J&%, %;gx # if <=, result = eval

~————

ret

XN AR, (BRI —EERANERT:

EARER M ZRIZEERAEL®, MRXANMEMFZEZRETEIE, JEAMEKT, UFES T
RTERERSR.

PBIMESRISEHRERRTR, W0 val = p ? *p : 0; , AWM EEWITE, AATESEEFEI—RH
m

e —MHENRS Pt EREEIERN, BBAMAREXEF val = x > 0 2 x*= 7 1 x+= 3; , IXFf
BRT, BAEHET, B4 x HESERAZEAVEERT.

B
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FREBH AL ERR Do-While iIERLARXIMN{ER goto iEAIFH THEAIMRAS :

1 // Do While By C BSHB
2 long pcount_do(unsigned long x)

3 A

4 long result = 9;

5 do {

6 result += x & 0x1;
7 X >>=1;

8 } while (x);

9 return result;
10 }
11
12 // Goto hgAs
13 long pcount_goto(unsigned long x)
14 {
15 long result = 0;
16 loop:
17 result += x & 9x1;
18 X >>= 1;
19 if (x) goto loop;
20 return result;
21}

XN RETESH x PESOUR 1, BFERCHNT:

1 movl $0, %eax # result = 0

2 .L2: X }; # loop:

3 movq %rdi, %rdx

4 andl $1, %edx #t =x & ox1

5 addq %Jax, %Iﬁx # result += t

6 shrq %rdi #x >>=1

7 211 .L2 # if (x) goto loop
8 \ESEE ret

)

Hq; %rdi PFHERIRSE x, %rax FHERVRIRENE. HRREBARIFZZUNT:

// C Code
do
Body
while (Test);

// Goto Version

N o1 wWwN R

loop:
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Body
if (Test)
10 goto loop

mxgF While i5GrY4EH:, SEZBZIGE, 20:

1 // C While version
2 while (Test)

3 Body

4

5 // Goto Version

6 goto test;
7 loop:

8 Body

9 test:
10 if (Test)
11 goto loop;
12 done:

WRERZEFFE -01 4, BBASIE While 5&HiZAL Do-While, ARBERMIIMNAY Goto iRA,
73 Do-While IEEIHTIERE R, EFE CPU FizEEE,

EEXREEREAN For B3R, RILI—L—24HaR While R9ZZ0, WF

1 // For

2 for (Init; Test; Update)
3 Body

4

5 // While Version

6 Init;

7 while (Test) {

8 Body

9 Update;
10 }

Switch &4

EEHAIEEERERM switch 1BG, XMEERNEG—IXFIMEE S RERIBERRE (A8 CPU B993Z
RNSZIUEE) . XER—TERRIGIFHE THE:

1 1long switch_eg (long x, long y, long z){
2 long w = 1;

3 switch (x) {

4 case 1:
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5 w = y*z;
6 break;
7 case 2:
8 w=y/z;
9 // fall through
10 case 3:
11 W += Z;
12 break;
13 case 5
14 case 6:
15 w -= Z;
16 break;
17 default:
18 w = 2;
19 }
20 return w;
21}

XMMFHEE T KERD AT FRAIER -

HERIFM: 56
fall through: 2 B&HT 3 BIRED (XPMENID, —BKRRAXAR, NRHEER, SYELITR)
TRKHIZM: 4

BIKEADIR? EEaskin, FABEER ((ReRkIERNBRALNERSBAEER: ERE, HEEENSH
%), TEESRNTLRED, XE %rdi 288 x, %rsi 228y, %rdx 2% z, %rax 2iREIE

1 switch _eg:
2 movq %rdx, %rcx
3 cmpq $6, %?&i # x:6
4 ja .L8
5 jmp * L4(, %rdi, 8)
R/
1 .section .rodata
2 .align 8
3 .L4:
4 .quad .L8 # x = 0
5 .quad A3 # x =1
6 .quad L5 # x =2
7 .quad L9 #x =3
8 .quad L8 # x =4


lsy
Ink

lsy
Ink

lsy
Ink


9 .quad L7 # x
10 .quad L7 # x

1l
a U

XEFEIE, HAER 6 #THR (FH 6 Z&AR) , REFIA ja BSHTHE, M4, EANRR
ERNE, jo BMETAFSHRY, FLUREIBREEXRT 6, TRERMA ja BEE default B9,

ABRT—H jmp *.L4(,%rdi, 8) # goto *ITab[x] , B—MAZHEE, BIE CERIPEETIFFHITH
5.

teamisd, EEBEE jmp .18, HIEREBE .18 FTERIRE, i x =0

SNERE jmp *.L4(,%rdi,8) FBARSGHKE L4 REERK 8 MFT (8 8 BIEE) , TRENE 0~6 AT
Bl

BT EmERGIF, BATRTLAKHE T HEME switch IBARYATR: KU switch IBASEBkER, BB T8
SFRIRSER (if-elseif-elseif-else)

SizREmA
EF—HhENFZITHRZNAF BB ESIMREETN, X—PRNKE—EMEFRANGE: TERA
(EHERAERE) BIAE CPU MIRFHPEEASTIN. BEZE, MTBESEEINEHHEIAR,
ESEARREES R = BRSO HE:

1. EBfH . AEMATHARITISIENRS, AR AR EEFFGRIMETS

2. fGiEdiE: BRTERENSHUARITEREE
3. AFEE: AETRERITRRHRSERT, UREREIZ EREBAE

UEX=m, #EEENRESEITIN

He4sta

£ x86-64 H, FMBRIL, LR L—HRATEKXE, XMXERIETEHEFHETHEHARERL, AR
&, HUGEE, FRLARIRAMBIER S, TEREELAEINMES s %rsp BIE, X SFa2tkistt,
FSRICRIRTRINE.
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1% JE

btk
525N
eehils
— A
%rsp | v
%rsp —»

AN

A MRIZ—FFIR %rsp RLE, XITF push BE, WHAIRE pushq Src 1§S, BERES=RTE="TE:

1. MItBlIE Src HRERHHIR{EEL

2. 18 %rsp HRpYitbibEE 8 (BRI T—MIE)

3. BB NG %rsp BIFETE
XANAHE Y%rsp FXTNIEER,
BR—IR, BRIgE—FHE %rsp AL, T pop BIE, WHNAZE popq Dest IS, BERSTH TE=NE
=

1. M\ %rsp FTFRERIIEUEISE N SR
2. 188 %rsp FPRYMBILIENN 8 (EIZ|_E—MUE)
3. IBNIA BN SRAYERE] Dest & (XEMNME—E17E8)

XAGE %rsp MM EE,

AR



TRETHRERZE, FNEBET— REERRNIFRERRR— NIRRT —LET.

1 // multstore R%{

2 void multstore (long x, long, y, long *dest)

3 A

4 long t = mult2(x, y);

5 *dest = t;

6 }

7

8 // mult2 EREY

9 long mult2(long a, long b)

10 {

11 long s = a * b;

12 return s;

13}

POIVESHIE TR EYSR

1 0000000000400540 <multstore>:

2 # x £ %rdi H1, y T %rsi H, dest £ %rdx

3 400540: push  %rbx # BISERRF %rbx
4 400541: mov %rdx, %rbx # {R1F dest

5 400544: callq 400550 <mult2> # JEMH mult2(x, y)
6 # t & %rax #

7 400549: mov %rax, (%rbx) # FRIFEER dest
8 40054c: pop %rbx # BT HEREIRERE %rbx
9 40054d: retq # R[]

10

11 00000400550 <mult2>:

12 # a £ %rdi &1, b £ %rsi &

13 400550: mov %rdi, %rax # 187 a B9 E

14 400553: imul %»rsi, %rax ##a*b

15 # s 7 %rax #

16 400557: retq # IR[E]

AILIEE, IEAREFNEESHTH, BT call label RHTAM (SLEEREMLIANG, AEBEERIRT
RZAY label) | IREIAYBIE, KR T—FIESRIMELE, BT ret R TIRE (BHEUEMEFRE, AEHEEE]

X RzitbE)
HAl) RS KEERNERRITE
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ox130| ; ; :
0x128
0x120
0x118 0x400549 0x400549
%rsp |_0x120 0x118 0x118 0x120
%rip |0x400544 0x400550 0x400557 0x400549

1. FTEHATE] 400544 BB—1TRIRIE %rsp FERKIRN (FFAEERINATMBIL) | %rip IERSRIERITAIES (B
= 400544)

2. E E—DiRMFRC R, BEABERIXER, %rip f8MA mult2 REFFRAIETS (EHI2 400550) , ZRIRIE
IR FEAEKINE (REENME) , T2 %rsp MR THEE

3. BEWITEIT retq BE, XMIHMEEMAIMEMETEHEINE (XERATLAMBEGRET) |, R
XS EF R RS M AYEK

4. RIRRERIFEHRA multstore ERETPLAREEHAIT

BATTLARIL, REGERSSFIRE %rax REFIEEBREE, MEEFSEETH. XHEERRITE
AR EIRAE,

BASERABANSHESEMER? NRSHKEBEI N, BASHIE: %rdi, %rsi, %rdx, %rcx, %r8, %r9
th, KRBT, SBINE— MR, MREESTE %rax &,

BEAEF S TREGER, BATMAMATLUE 2EP[0ER, mMdFEMNIEERXR, fefEkss
Ec—Mit Frames, B—IMEZFEES:

REEE

KitvFlE (WNRFE)

IEAT=SE (ANRFE)

B EARNMEHT=ESE, REEREIRHTEIL, 7 x86-64/Linux &, #&infYiE2EE
89, HEINERTANEPEE:

Argument Build: EEFREISE
MRAFRERFESFRT, SR TEREXE
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ERFRFEFRLTX
ERILIMAYIEET (ATi)

TyE A RO R &5 -

REREIE (EA call IESWENELRT)
ERFTRIISE

BN T ERTR:

F1BH

IR [O]thit

g E %rbp — | |H %rbp

FiFasiE
s
ISER-

F1TEH

i85 %rsp —>

E:L |
BTRERRERN, BERBEMERRST, B E0F

return (x & 1) + pcount_r(x >> 1);

1 1long pcount_r(unsigned long x) {
2 if (x == 0)

3 return 0;

4 else

5

6

XM AT RS9

ek (AN
7 3043

— A

H

LY

15 & 1%

i [
'%I:l /)

& Bt

R

& 1%




1 pcount_r:

2 mov $0, %eax

3 testq %rdi, %rdi
4 je .L6

5 push %rbx

6 movq %rdi, %rbx
7 andl $1, %ebx

8 shrq %rdi

9 call pcount_r
10 addq %rbx, %rax
11 popq %rbx
12 .L6:
13 rep; ret

SFRATRISRET, SAMERITER, BRI&EIRE, FrLABEARSHME— MeUhUERstll, BRARS—RXY
THERERRS (X —HFTERTIRNRMNSMEIRE) | FTA—RRRSES TR B R T

BB,

iEThE

E—TE T 7T ITERRENAAN=SRAESEIA, X—THR(REEEANEIERNAFEE T B,

FHPHNELFE], FTREVEEEFRENFTHEAREN, BACKRER— X NFRE:

S

char

short

int

long

float

double

long double

gt

HAZETLNBEFRIGIFR—B TR T !

32 i 64 {i x86-64
1 1 1
2 2 2
4 4 4
4 8 8
4 4 4
8 8 8
- - 10/16
4 8 8
L)
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X X+4 X+8 X+12 X+16 x+20 X+24
char s[12] ' |
int val[5] 1 2 3 4 <]
double a[3] 3.1415 3.1415926535897

char *p[3] |

BRPARIELERIbIL SR, MARSARGASIC, AT int val[5] i

SIAB -5} =1
val[4] int 5
val int * X
val+l int * x+4
&val[2] int * X+8
val[5] int 7?7 R
*(val+l) int 2
val+i int * X + 4i

SHEEE
MTEZHEREE, BEAIZ T ARIIC], RET, CRF, WMREET 5 KANFDRIE, BAKEREER
HAER R*CK FH, BMERBFERRSISAT:

%%@ T ALRTA

P\%C%K
Ardie-g ALOR] - ArdIcl]

M N
\”/// C
At4xr AL D% exes
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int A[R][C]; @A\ 4*R*C £

A A A A A A
[0] LRI [0] 1] .o 1 LR [R-1] LR [HH}J
| [0 (c-1 | [o] [C-1) [0 [C-1
! ! T
A A+(1*C*4) A+((R-1)*C*4)

S AN S —H 0] LB F RS TRIGANIE, WETKPRR

BRpERRG TN

int get_a digit(int index, int dig)
{

1

2

3 return A[index][dig]; S

. : AL roby ] ELl=A) e

st (R C = 5 )

T X trden
1 leaq (%rdi, %rdi, 4), %rax # 5 * index
2 addl %rax, %rsi # 5 * index + dig ’X%'\v\(i\e}(—l* 0’%(0'
3 movl A(, %rsi, 4), %eax # M[A + 4*(5*index+dig)]

* S%\rdrﬂwroh g‘ @
4 g @ TGS FE—ARE Z &b

A+

EE BRI —ThESEEN S, K%ﬁﬁﬁ@%éﬁﬁ%’éﬁ“ {BRSERIAIEAL,
EFIHETEMERMERR TR ELATRAIE (TR BERFNAERS) . XEFAHE CIES
EfREREZ, ENMISCRABUESAME,

i

ZEiRE CIESTIFEERN—MIE, BARERFPENEFMRAE? FHITEBIRFRIFIFHREITES.
NBA VXD

1 struct rec

2 A

3 int af[4];

4 size t i;

5 struct rect *next;
6 1}

BAERFRAIARIZE
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a0] | a[1] | a[2] | a[3 next |
0 4 8 > 16 24 32

SNSRI e — T EHIRTTRAVEIN,, JREH= HIAEA ITUEA—HRUEER, Eban

struct S1

1
2 { .
4 int i[2]; /
5 double v; D[\ U % /_)T%M%—
6 } *p; N

@W”%%x

RABEXIFFAIGEL, FrLABRRIHE R FERY:

o] ol [ [
TR T ‘

p+0 p+4 p+8 pP+16 p+24
8 HOMEHL 4 ROFEAN 8 HIfE X 8 HIfE X

BASIFFHRNZ, IRSUBRRRTEE K NFT5, IPAtiEB%RE K a9EE, (L
4 B9fEEL, v FREER 8 RIBEL

LAIXE int 248 | FER

RagIAR [Y6m] B9xhge: SChift "BURITTRIRNIE, WIREIEREEE K =15, BRAIHERE K AY
B2 —XREwindowsHIRER, MLinuxsRRIRISTERIER "2F T EWRSEAIMEUN VT 280EEL, BKRY
#ESAY (int,double float) AIMEMEAAREARIEEL"

At ABXER, HARFLDEERRR 4 8E 8 M FHURMA, AP FHELRERSER S, Bifk
ERYE, BXE:

=

1=7: char, ...
o RBHBIRIFRF
2 =FT5: short, ...
o HMEFERARAY 1 LURRRE o
4 =15 int, float, ...
o MHIMERAIRAY 2 LS W/E oo
8 75 double, long, char *, ...
o MHIMERAAY 3 LUiSWIRE o0 *
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* 16 =75: long double (GCC on Linux)

o MHFEARAY 4 ELEF/E 0000

MF—DEEKRE, FTEENATETEGMERARIEEMEF LG, AUTEEESEESHTE,

tean:

1 struct S2 {

2 double v;
3 int i[2];
4 char c;

5 }*p;

T T

A

p+0

A

A

P+8 p+16 p+24

B R, ERTHEMIRIIHRET LSRRI, flal, EBARNEEERENERE, WAZKIIERD

5K

1 struct S4 {

2 char c;
3 int i;
4 char d;
5 }*p;

6

7 struct S5 {

8 int i;
9 char c;
10 char d;
11} *p;

XIRZAIHFFIRE :

N2 4 12
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S4 |efs®®| i |d[3F¥
S5 |_i|cld]z#®

XEFEANFESARENAY, TA7T 4 MFPEE, NRXNMNEERERERIRZIR, XEETMBAFERL
K. IR e casy-.
EXih

X—HENBRENRE 37, EERRASTXEHS RN, K REEEFERFHENM
ZA4HY (x86-64 Linux)



E{THI A%
& AN 8VIB

7
5 1
AR

& LERE{TH R, 8 8MB IA/NRE, —ARREREIBRE. AERE, sISHAFEskaEXEL
H, a0 malloc(), calloc(), new() %F. ReRHE BHNERHFSHENEE MINREFEE, #&
TE, BEFMER, HeaRAFESITHITIIWISRES, X—8oRiEH.

JLRE, #HESRLEE, Bedk, SBELMERS—MEFNAFEE T, XMIHERE( IS LAETXF S
UEHAFRIEMERD T

ZENMF

1 typedef struct
2 A

3 int a[2];
4 double d;



5 } struct_t;

6

7 double fun(int i)

8 {

9 volatile struct_t s;

10 s.d = 3.14;

11 s.a[i] = 1073741824; // TJEEESHER
12 return s.d;

13}

REIRY | AJRERIHUTEESRE |

fun(@) -> 3.14
fun(1) -> 3.14
fun(2) -> 3.1399998664856
fun(3) -> 2.00000061035156
fun(4) -> 3.14

fun(6) -> Segmentation fault

ZRUSFEXMEIR, RRABHRRGFHIMRED THERBRIIFRENT d BYE. RiEE, XENKE
! MRARERAFFRIORKE, RRSZHMXFEE, TEHRHNER A RRIFAEE.
A Y e S N

f£ Unix #1, gets() BREAISCEIRIXFFRY:

1 // M stdin hEREUEIA
2 char *gets(char *dest)
3 {

4 int ¢ = getchar();
5 char *p = dest;

6 while (c != EOF & c != "\n")
7 {

8 *p++ = C;

9 c = getchar();
10 }
11 *po= "\O';
12 return dest;
13}

TJUBEHREERNRZEEANZLZER (FRREZHEM) , RUMBRIEE strcpy, strcat,
scanf, fscanf, sscanf I, ELaniR

1 void echo() {
2 char buf[4]; // K/ *



gets(buf);
puts(buf);

void call _echo() {
echo();

O 00 N O U1 b W

N
BA BRI — TR, FRERE: ;%%Y} 55,
unix> ./echodemo
Input: 012345678901234567890123
Output: ©012345678901234567890123

unix> ./echodemo
Input: 0123456789012345678901234

Segmentation Fault

N oo v WwN R

NHABEBETE echo() B buf 94 4 char, BRA—HIRBAXAZEZEE? FNECHEIBEEE
=

1 00000000004006Ccf <echo>:

2 4006cf: 48 83 ec 18 sub  $0x18, %rsp

3 4006d3: 48 89 e7 mov  %rsp, %rdi

4 4006d6: e8 a5 ff ff ff callg 400680 <gets>
5 4006db: 48 89 e7 mov  %rsp, %rdi

6 4006de: e8 3d fe ff ff callq 400520 <puts@plt>
7 4006e3: 48 83 c4 18 add  $0x18, %rsp

8 4006e7: c3 retq

9
10 # call_echo %
11 4006e8: 48 83 ec 08 sub  $0x8, %rsp
12 4006ec: b8 00 00 00 00 mov  $0x0, %eax
13 4006f1: e8 d9 ff ff ff callqg 4006cf <echo>
14 4006f6: 48 83 c4 08 add  $0x8, %rsp
15 4006fa: c3 retq

A& 4006cf X—47, RILARIISLPR LS %rsp HEC T 0x18 BU=SE], FRLARTLABZAALE 4 4™ char,

EVER gets HRELZAT (55 4006d6 1T) , AFHEKIREEN:



call _echo

9% 0

Y%rsp—buf LELIERI[111[0]

Z& EEAIBETLIERI, call_echo #XINPREEERBZAMITIESHIMELE 4006f6 , ATFIREIZ FLREEH
T. BAITANZIEE 01234567890123456789012 Zf5, MMt hXgiEss, W



Yorsp — buf

BERETXiEHT, BEEFIERFTLYIIKRES, BREEULMRERT (HMEKEHIMKRER) , B2
EHZ—RANE, tHEEMH A 0123456789012345678901234 , RFHMIIERBIXFERY:



call echo

Y%orsp — buf

FICIREMUHAEEIE 7, 2 echo HITEAAZEMRIE] call_echo EREIAY, FBkIEE] 0x400034 XPABER
MAgeitehY, Rk, BEEPXiEE, HAITEERIR B R BEEEUH IR EEBEERIAIES | T
EZ LR BIXf S SR TEEAR!

BAFMNIMEREER, BALEETXGHIE, B/MA:

1. FFEREB, RENIEIXEE
2. BFEZEAE, BBARMEFERIVRP
3. JmiREE BT LA MAIE(stack canaries)
F—h, EREYNXiEH, FBIIAELT2GEE, W fgets, strncpy FE.

BTM, AN EAHE, RN KiatiRNERRE, FEBRUER S—F, HABRKENRE, FED
HJLB—BRAFRCARE, BAEREANEFXEHMSHNES.



A W N B

B=H, {ERAIENLH(Stack Canaries), fEEKR, MEEBHETXAOMEIN—MIAINE, MREIXD
BXWT, BBAMAEL T,

B2, RYEMXKiaH, S8R —MIENAEN, RARESHAEREM]. JUNBERERINE, KRIR
FINRIERARIPIE, REEEFELERUSSERERARTHIMENNRESIESFS (A
Gadgets) . B—F gadget BEERT return 15§¢, FMUTHZEERBHHFIER. RINVERXLNRRE, K
TEAULERE R RGN EiER R TESEE.

BHFBE X HITIERIGF, &1 [EEE CSAPP] Il Attack Lab At TR, XEARBEA.

=R
BIE T % TIF S UIBLARIE A THLSIRIERANR, X—T3( 15k I IR X e BRI RS,

FRFRESRITARSEIRE
BxdimiEasRFINeG, TEEIERBNRNES IR, HZEERERR
IRIENESRIIARD, SEFBESERAT. BRATLFUNS AR EMFIBET

BRI
BN R R EUARLRIERE, EFTERmEE. HRNAURE— T SERITE: X 8ERR. IENRE
iR, HEFEERIRER. TR XHERFKNIFENRFE—ENTHE, Fan:

TR R IR THY

BRI TR

SNENETEREFRROMERELUN B HARAR

AR CIBAEERILAYRIIR T, 1RSI 14RE

RIRFERAHRN mIERRAINN, EDRBESERoE. ABHIFIEE. BAEER. BMREAEFHE, #
LB mERR I —EAHEE TF.

BRENXERTE— I EINEE, MRBASILUIEESHE, EAEREFRITANRRT, REMRRESE
SRRYLCRIBRETRTRY. FEXED ARMARIERRE TIIEMGEFSNER, RERDHI TN,
ETRENB-ERECEEIENTT, MARKERIEREE RIFERFR.

(L2
WR—NFEALZEIFAENER, RFEEBNEEAIINE, XERFEHE X, FiESEMEITLIE
sh5erk, LCEliRGER -01 ik, —MoIlF:

void set_row(double *a, double *b, long i, long n){
long j;
for (j =0; j < n; j++){
a[n*i + j] = b[J];


https://wdxmzy.com/csapp/thin-csapp-2/2016/04/16/2016/04/16/thick-csapp-lab-3/

XE n*i BEEWRITEN, TLIKEHERINE

1 long j;

2 int ni =n * i;

3 for (j =0; j<n; j++){
4 a[ni + 3j] = b[J];

5 1}

AT REE

S BRIFRA A AR ARIRIE, a0 16%x FALA x << 4 K8, —MURBEBHFAFE, I
PSR —RFIRIINE, R

1 for (i =0; i< n; i++){

2 int ni = n * i;

3 for (j = 0; j < n; j++)
4 a[ni + j] = b[]];

5 1}

ALME n*i BILEAE, Hean:

1 int ni = 9;

2 for (i =0; i< n; i++){

3 for (j = 0; j < n; j++)
4 a[ni + j] = b[]];

5 ni += n;

6 }

KHFHRIAN

HJUERESORANAITEESR, fHian:

1 /* Sum neighbors of i, j */
2 up = val[(i-1)*n + § ;
3 down = val[(i+l)*n + j 1;
4 left = val[i*n + j-11;
5 right = val[i*n + J+1];
6 sum = up + down + left + right;



LM

1 long inj = i*n + j;

2 up = val[inj - n]J;
3 down = val[inj + n];
4 left = val[inj - 17;
5 right = val[inj + 1];
6

sum = up + down

-+

left + right;

BRI, RSN E N BREFINMA, BREERTLMN 3 KEEEEFHDEIREE 18, MTAFXE
fE0? WEE /N 2 IR,

IS EEiER

BARE—BRARE, B4 ER:

1 void lowerl(char *s){

2 size_t i;

3 for (i = @0; 1 < strlen(s); i++)

4 if (s[i] >= 'A" && s[i] <= 'Z")
5 s[i] -= ("A" - 'a');

6 }

[EEET, EFAFRRKERNNNRE, HESREE XN SXEATEHRSER—IX strlen(s) , MX
PMREABFEBSIBHFARRDSKE, EIESRERR T X7,

JLUBAMALIE? &8, BARTTE—RHMF T :

1 void lower2(char *s){

2 size t i;

3 size t len = strlen(s);

4 for (i = 0; 1 < len; i++)

5 if (s[i] >= 'A" && s[i] <= 'Z")
6 s[i] -= ("A" - "a");

7}

Pt LimiEss R BaiEX NI ERG BRI MEETE?

AIERY, miIERRAIRIBUMERTH, EASERARZEMAENSBEATZM, MIAFEEZENZNE
Zig, I3, BRI strlen XPRBHXRTFHEH s IKE, BABREFTEENITE. RBHZER

5, HESHE,

FTLARZ AR RBESERE R R B it TR I,



EENFRE
B TRBAVES—BRIIBRETCHNES

1 // 8 nxn BUFEFF a RIE—TI0EXR, FEIAE b
2 void sum_rowsl(double *a, double *b, long n)
3

4 long i, j;

5 for (i = 0; i < n; i++)

6 {

7 b[i] = 0;

8 for (j = 95 j < n; j++)

9 b[i] += a[i*n + Jj];
10 }
1}

XIMAGC RS

1 # sum_rowsl BYNTEIA

2 .L4:

3 movsd  (%rsi, %rax, 8), %xmm@ # ;EREEN
4 addsd  (%rdi), %xmmeo # FEEN

5 movsd  %xmm@, (%rsi, %rax, 8) # [ZFRIREFE
6 addq $8, %rdi
7 cmpq %»rcx, %rdi
8

jne .L4

JUERELCRT, SRESE b[i] FHEBZHE, MMARERSEXATENMGENE? EAETREX
B a 1 b BRANEE—RAFIIL, BARKREHN, HBABERERN. EEFEIERMA, LhRE
BREVEFHEERN, FUARIISIAN—NEREE, XEMETLUEMRNES | FBRYE,

1 // 8 nxn BUFERF a RIB—TI0EXR, FEIAE b F
2 void sum_rows2(double *a, double *b, long n)
3 {

4 long i, j;

5 for (i = 9; i < n; i++)

6 {

7 double val = 9;

8 for (j = 0; j < n; j++)

9 val += a[i*n + j];
10 b[i] = val;
11 }
12}



XIMAGC RS

# sum_rows2 AfEIR
.L10:
addsd  (%rdi), %xmm@  # (FMEERAN + ML
addq $9, %rdi
cmpq %rax, %rdi
jne .L10
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1. Intel 8086

2. PINEE

3. Intel® 64 and IA-32 Architectures Software Developer’ s Manual
4. REISEYwE
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