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41.22  Thumb-2 X F 4 Xcode 4.6.3
#de (LLVM) - 454
41.2.3  dF4£4k4) Xcode 4.6. S(LLVM)
VAR Keil 6/2013 -

41.2.1

4141 £B Rk

4151 &
4152

FHRBIREET,
44 atoi()

64 4T #) MSVC 2013 #A46-

64 42 F # GCC 4.9.1 4460
42.13  ARMAEXF Keil 612013 #£4L 460
42.1.4  Thumb #£X T Keil 6/2013

Bt

4222 ARM X Tt Keil6/2013

423
F3E

43.1

Z
RN R B
4311 FHF B S stremp() -
4312 FHF#KABHK strlen()
4313 F4F B LA F3 stropy(
43.1.4 AL E KL memset()
43.1.5 A% E 4L memepy()
43.1.6 A3tk &3 mememp()
43.1.7 IDA By

EME CYIRENT

PRAEST

FASE ITELH A absQEREL - 478

451 x64 FH GCC4.9.1 itk
452 ARMB64 T i GCC 4.9 ffith-

FA6 T TREBBEH
461 HHEANME
46.1.1  cdecl AL

46.12 ETHABHBAIL

462 vprintf & HF
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B

a8

i
i
EEE A

Sl

i o
SSSmRme e
A

-

o e
AR
B

=AYy
BOWM

FERATEAL C/CHRE, TRARTR AR TR LGRS+ K. RS BRI, RAE AT
B RIS OB, 2t BRI BASS, PEBRA MU LLEREIL x86 127
RS CRINEROTE. A

E
=

FAT CICHIES
SUCHRIRID, T ILAES 7E NGB FUR BRI C/C+RR). BUAT

TR ATIEII R, RIENASREE A, DU S .
A A KR x86/x64 FI ARM AL AT, IS OB SL A B —RIHESE, T BABRIT AR BRI






#£1E CPUEN

CPU BHUTREFEVIAHSINE YT, 2B, JURME EEH T LI

JEOT: CPUBENKEGY. MNUNKEMSTT: KIS ESFREME . BENTE, IHEFE
4. 925 CPU #i4 A L4444 (Instruction Set Architecture, ISA).

HLEERD: RI%L CPU MIREAVID. — 4of5 Sl MO T

CHRREE: b TR AR AR TR R, 5 5i0MRT, RS AMUEY R

CPU B55: Hifh CPU #4 KRR MIBHH/2 (GPR). x86 CPU HL AT 8 1> GPR, x64 BLHEAE
% 16/~ GPR, 1 ARM EASEEH 16~ GPR. BN CPU AR —TIHIEATT, TRELEN
ST RIS I AR . A A — R B R RRE &, BRI B 8 A 32 (AR, A4k CPU
SENFTRRBTARDEST!
(PL) MK SI7EHE? CPU WIARAZSHRE, REASEAE C/CHr. Javas Pwhon
B WE NI WHIES . CPU TEABEMIFREN LS. WAARKK, SV
Jﬁfﬁﬁxﬁ‘iﬁuz&%ﬁ!iﬁ CPU, A3t AR oK ] LRI CPU 5 LWBRFER) CPU B2k, ARAITH Qfﬂ.
ZHFHK, WAL E R ER R R E S RERT, JORE R — B AR 5 H 3
B AN SR, BT, BT E A — R R R A TR TR CPU AR BIRR FHCARIE &, &
14 P 28/Compiler.

2, BT /Filﬁ&"

11 IESER

6 x86 (1B LML (ISA) B, % opeode GLAHRAI MBI MIKEARAR. thFIRAIE
I%EE, ERIHEY 64 KL CPU f54 S4BT R TIM A MR BT i & . 1RETR R 16 B
2086 CPU R34, ML x86 MR-, 1] LB SRS CPU R ARALIEHI.
ARM BT RISC” CPU, " Hfi4 AL R v 2 Wit F1 R REE opeode (K€ —FL, it &, & ik
S FILL T (15 R . BN, B4 ARM S ML IR 2 E 4 AT RS AfEIXF
=T#AE “ARM R
R, AR BRI R, TR AR, 4okS3E CPU A RO 4 4
L FRMOA U T — R4 SR A ERETE 2 AT IR “Thumb” BTSRRI, AR
=22 4 YTDHIIE S IUAE “Thumb BUEL” $64. AT Thumb 384 S RAEBEEITH M ARM f84, BA
ZeiE 4 IR, SR, 2R — /M BT LRI ZE(E ARM BERA Thumb BEUKIIFE 4 .
275, ARM HIZFEE TS 78 Thumb 8446, {041 ARM v7 & FFMHEH T Thumb-2 JE4 4.
Thumb-2 JEA MR EAEAE 2 AT INRB A, 2 AP IEER FRIES NI 4 T I,
25 )R B “Thumb-2 FE 442 ARM J54H0M Thumb F4 RIS AH". SFRLE, B2
S SRR, OIS ARM RN HETHR . R T Thumb SIS EZE,
Thumb-2 TS ARM MR EF . BT Xoode Z7 SR Thumb-2 H 44 1, FTLABLL £
Pod/iPhone/iPad NI FF#IRA T Thumb-2 fi &4

iced instruction computing /FE iR & 5.
B KA A, S TSRS Ml A RIS 1322 WAT A 4.
OV/PUSH/CATLJce %3R4




4 W EIRRAEE (B

64 fizl] ARM ZHIRSHEITTE . 3Kk CPU (4 SR B T Al PR 2 KK P B 4 SF°F opeodes R
T Thumb BEaRAHE4 . FHRTHE, 64 G ARM TAET B oA, DEHRAERMNEM, ARM IR
L8499 3 % ARM BRI, Thumb Moty 44 (RIS Thumb-2) Fl ARM64 TR 4. BRIXLIE
Sy A TLTENR, FERRNL: FAKEA R R T ARG RS HRI; -~ MELHE
B AL ENER . AR, AR 3 Futp 4, BEPORR —FLFRIES B, RATH ARM

T ARM AREEY 5, EHVEGEBHRA TR AR, XD A T I KA
32 fi opcode. 4 MIPS. PowerPC AN Alpha AXP R R A




RMITHE W ROELY, DLE ERBMRNEET.
AT [ B8 5 R BT R
$ELEE 21 ClCH KT

int £()
{

return 123;
4]

2.1 x86

HTF AT R, GCC HiIFRFEMITCMIES, WFIR.
#5478 2.2 Optimizing GCC/MSVC (SL4%IH )

£:
mov  eax, 123
ret

MSVC HFHFRFHM Lk 4 Ee 2.

AR BRI BB SIEHUY 123 7P BAX S5, IRIBMEUARIZE", 5
E 4184 &1t EAX M0 24 {FIR B E M8 44 Vi 2 B, T0IRAT# R AL Cealler) S5 M EAX #4748 LR,
EELFRELR,

2.2 ARM

ARM #URAF AT ?
154 7E S 2.3 Optimizing Keil 6/2013 (ARM #3()

£ 2ROC
HOV  r0,30x7b ; 123
BX  1r
ENDP

ARM F2JFAEH RO A7 S AE M BORINIE, 7 LASE &-4E40 123 Bb{i 4 RO.

ARM F2FEF LR #7728 (Link Register) 77{fi MHUARZ )R MR (RA/ Return Address). x86
BERER R STt DRIRE . 0TI, BX LR 4R (E BRI, KPR E SR R
H, RRBEHITRME caller #FLERS .

L HTIL, x86 A ARM J54-4RH1 MOV $RAFISAN M “move” WAMAME. EHFHAR
#| (copy), TIAFEE) (move).

2.3 MIPS
4 MIPS 384 12, S 778 HIb 7. —FRZLLET 4 (S0-831), 53— F LA Lt 475 (pseudoname)

@ Calling Convention, (R s fil s VAL,



6 3 ) TR
4 (SVO-VAO, LD, 7£ GCC R RICRE T Pt i e

& ()

64754 2.4 Optimizing GCC 445 (SCHw )
3 §31
o s2,123 4 0xTb

AT TDA 4 BRSO

5458 2.5 Optimizing GCC 445 (IDA)

1i $v0, 0x7B

%Eﬁ%%lﬁﬁﬂ%ﬁ%@%ﬁ(?ﬁ‘%w FIAL %‘ﬁ%%{ﬁi&\'ﬂfﬁﬂ"]@?{-iﬁ{ﬁﬁfsz (EISVO). BLAt LI $E
o34 “Load Immediate nESIEED” WS

HA, JAIR febMBT PR, EEC e
gk, XAHTERARL T ARM SE4 I LR P 1ES .

A, It A ERS L FuEER A IR R ERIERT 2 XET RISC RSBt ——
53 CERD FrAJEIRME (Branch delay slonfg Bl . AL, Ry B RESE, FrFor s
LEm—4TEY EFERTIELIAITES ) BRI TSR ik RISC M3 A R
BAVRUAEIRT. BL ﬁiz?ﬁ@E’\IJWJ)Z%EWWEHE@‘))?% L RAERBES 2B,

MIPS $54 55 HFRER

S, MIPS %ﬂb}é#’ﬂ‘]’%ﬁ%‘%%%ﬂ%"}%ﬂiﬂﬁﬁ/J\S?—RH’SEL (AR T AERERNE B AL
o 4 RS B KA KT RHEAT

SRR R, HEERIs31 HISRA ez kil




$¥ 3E Hello, world!

TE, BATTHER (CE

#include <stdio.h>

) —BOhE AR

int main(}

orintf{"hello, world\n"|;
retura 0;

3.1 x86

3.1.1 MSVC
B FORRATHIE I FIEHE4, LA MSVC 2010 4R T XA«

cl l.cpp /Fal.asm

o/ Fa S0 040 1 A8 AL LI 2R A6 26 B S0 Cassembly listing file), FHHEEIC4RTIR MR IEH
R Lasm.

LA A E R Lasm AT -

$54WB 31 MSVC 2010

NT
'hello, world', ORH, O00H

ENDS

PUBLIC _main

EXTRN _printf:PROC

; Function compile flags: /Odtp

_TEXT  SEGMENT

main PROC
push  ebp
rov ebp, esp
push OFFSET $51
call _printf
add  esp, 4
xor  eax, eax
pop ebp
rez 0

_main  ENDP

_TEXT ENDS

MSVC 4 BRI 4R T B SCHEER A T Intel T4, ILHMTE 5 AAAEWIF ERUEME, B Intel IE4RA AT&T
Fh. EE 313 WHIRE R Z MR .

TEAERR Lasm 2 )5, SiE8e4A K Lobj F. L BEEE A TTHAT UM Lexe.

£ hello world SXAMIITFHR, 3085 HPMATEEL, BN CONST MLTEXT B BN 1S ZREHE A RALE: .
FeA, CICHTRIT TR EH4 “Hello, world” 4MET —/Mifl (const char[]), HZAEARETRAREN 14

@ Brian W. Kemighan, The C Programming Language. Ed. by Dennis M. Ritchie. 2nd. Prentice Hall Professional Tech- nical Reference,
1988, ISBN: 0131103709.



8 @ TR ()

FRIHAIE (S 51 Bjame Stroustrup. The C+ Programming Language, 4th Edition. 2013 {95 176 1, 7.3.2 49,
N, HRPERREATT A RN, IRTE N EHEFAT 8 i 18SG3830,
Kk, AR AU S T
finclude <stdic.h>
const char *$SG3830[]="hello, worldin";
int main(}

printf{SSG3830};
return 0;

&

CEEIB Lasm SCRFRT, FRATTE R BLGR B TR AR BRI T2 0, BD 00h. IR
CICHFAF B MOFRHMIT, SRR E NI FH BT TRINGHIRE EEMEN EH AT G RARHE
S IEATI 57.11 5.

FEABE TEXT R | MRS, HIERY main). ACHESH LR, ERMIRIAEIREENR
HJ¥E (function prologue) AFHRA (function epilogue). SKEF_EFTH MRMBHAAT R AP EREA .
ERFFZ RS2 IE, RATREYSE BT printfOR Hi1HE 4 CALL _printf.

Jfid PUSH 364, A2 8 MR EHHEE AR, SOPE,  prinef()if 20t T LA v AR B (K6
i “hello, world!” ffJitshit.

7E printfQ) BRI Z R LA, FEFP IR I SR R 5] mainQe8#2 r. ULRE, ARl CBIFRE) {5k
BE SRR 2 T o XA T S SRR R (ESP 77 B M) SRBEMUX A 74t

F4IEMR “add ESP, 47, #1ESP #7744 (HkdRtt/Stack Pointer) BAGEATIN 4,

AT L “4” 2 BEHA x86 T M AR 32 7 (W 4 595 HodEfR, [MEE, 7E x64
BEMOX MBS, BSP BN L 8.

, XEARATTLLEGE Y “POP RH 7. REAVINIES Eikd s TR RIEURTT POP fE41E
FHIA A7 R LA BB R AR AR

SRS (A1) Intel CHEMEEE) AL ADD RSB ERR, €L POP ECX #f4.
111, Oracle RDBMS (111 Intel C++4#i% 334578 it 2 POP ECX 154, M A4 H] ADD #i4 . I POP ECX
AT &N ECX FERNME, 2w B RERRR T 0.

Intel C++4 % 2% il POP ECX 1541143 b — ANt st/ , POP ECX X Zff) OPCODE (1 F45) bt ADD
ESP ) OPCODE (3 F715) 4.

. EDFRE

45478 3.2 Oracle RDBMS 10.2 Linux (8 app.o)

.text:0800029A  push  ebx
. text:0800029B call  gksfroChild
. text: 08000220 pop  ecx

AT AR RGNV i

T L C/CHFEIT L, printfQBIEEE IR Z IS, main()FREIEIR M 0 (el ST H IR MR [EIE4) . BT main)
HRRHIE HEE R 0.

IXAMRIEIE A R4 “XOR EAX, BAX” 5K .

B4, XOR AR “57B” *. @yEaBl i RA S a4, MARMEA “MOV EAX, 07 #i4.
ETRN Y FIZHE M opeode B (2 FHT:S T,

g —SE4F IR AER] “SUB EAX,BAX” 440 EAX A8 B %, L SUB REHILZH. B2,

@© {8 CPU #5. RN,
@ & hup:ifen.wikipedia.org/wiki/Exclusive_or.




¥3% Hello, world! 9
main() e VRIS —TE SR AE EAX MEAE.
I RS RIS 4 RET, RS AT . 8 # A3 M st R ss i 4t
EFRG, Mg C/CHH) CRTSHL.

312 GCC

BTk, HAMEA GCC 4:4.1 % PEAHHITRIXA hello world R

gee 1

Fefi M R4 T 5L DA (Interactive Disassembler) 755 main()e H) R AT DA BTl miL 40
FAMHR, 5 MSVC ERENCHTES MR, ENMRA el FESRICHTRS.

sk, R GCC 4% LM Intel FEFRANLAFIFEICAF, T LAER GOC BB “-S-masm=intel 7

5458 33 7 IDA RMBIMICHES

Main proc near
var_10 = dword ptr -10h
push  ebp
mov  ebp, esp

and  esp, OFFFFFFFOR
sub  esp, 10h

mov  eax, offset aHiellokorld ; “ncllo, world\a"
mov  [esptlibtvar_10], eax
call  _printf
nov  eax, O
leave
retn
main endp

GCC EFRACHIES ., 5 MSVC /E i SAEAAM I . 2% %3 “hello, world” F4F R EHUR B
2 Rt ARSI EAX AR, RIS RRE.

H AR R AU FEFH 4 ) AND ESP, OFFFFFFFOh” 354, ‘& 44k skl (ESP [KfE) F1 16 F°1
SAFEXTFE R 16 MRS, BT VIALrIfE 4. R ATXIF, T4 CPU WHREREW KA
EAREIB A BARAE 8 LSRR LU 32 42 x86 CPU F1 64 fif x64 CPU MUK, B2
ST IATSE BV I TR A AT 16 FAORTE (R 16 4087, AITRR A T HmE4
SUTACR TR B T IR &g PR, ©

“SUB ESP, 10h” B¢k 40 0x10 bytes, B 16 T34 . BAEFCEH, RFERAHE 4 7M.
B2 E A HF R (ESP) T T 16 FH0H, FrlEERE&ML 16 T M.

TG, PPl bl (FREM M) FTHES NBISGR R . Jbab, GOC MR MOV 44 1 MSVC
SEfE PUSH 164, $heh var_10 BREHMZET, FIRIAG Y prind() s k@24

BEED, FRFERMA printf)e L.

GCC RIMSVC R, BRAEA TR, 5 0e 24 B IR L R “MOV EAX, 07 45
= (AR, RAIEZLHE MOV 154 opeode F5ETELL XOR 54 opeode Ko

FJ5 4 LEAVE 4, %%F “MOV ESP,EBP” A1 “POPEBP” Wiski#fi%. /ML, EAHRAFET
SERIEE ESP, IF¥5 EBP RUECI ISR AR B i IOMIUBIRGS . B, TR B TT A5 R
=8P A1 EBP 47 T #i4F (MOVEBP, ESP/AND ESP, ...), i LA o BB 708 27 B S I Ly (P2 o

3.1.3 GCC:AT&T &

AT&T AR ERERIC A T 1 R KU . RFRE AL UNIX Z B L.

B

runtime library:sec:CRT, 2 WA 68.1 7,

=% Wikipedia: Data structure alignment hitp://cn.wikipedia.org/wiki/Data_structure_alignment.




BTk, BATHA GCCAT3 S T I RIUEIER .
je4ER 34 (£ GCC 473 HIFRER
Fifte A ¥ BRI T A

JE4ER 35 GCCAT.3 EMMICHRES
ifile  ¥§ T8t
Isection .rodata

"hello, world\n"

nain
main, @function
main:
.LFBO:
cfi startproc
sebp
£ _cfa offset 8
offset 5, -8
p, tebp
LLFEO:

~main
ntufLinaro 4.7.3-lvbuntul} ¢.7.3"

SRR, AR, b TET

f BRI, NSRS S - TR T
fi ind-tabl E&

T AT S DAS T AN (W ATBART GCC HISRIFIE
TR A ofi EHNILERIRS), HLEHNTIES.

_string "hello, world\n"

main:
pushl  $ebp
movl  besp, tebp
andl  §-16, %esp
subl  $16, Sesp
movl  §.LCO, (%esp)
call  printf
movl ~ $0, %eax
leave
ret
AR BEEA TG LA, BATEAE— T Intel SEAR AT&T BRI

o EHFIAR (operands, WIEHEI) 15 5 AR A o
ntel R <fgA><BiR-<R>.

AT&T #5#: <fi4><ii><AiF>-
SR Intel EARIOIR LA 5 (= YA, ABA ETT LAy AT&T JEL M ERA L)

ST RSB A, IKFTRR AR, HA C B M3 T 0 E e R SR AT




% 3% Hello, world! 11

4 memepy() strepy()e
o AT&T B, AHFRAHLAERTESS (%) bril, ELEEZ HERETAS (§) i,
AT&T EREREIE S, M Intel IEANMBEATES.
® AT&TEVRE, §ANEHIR RS U1 SRR MO AL
—9—quad (64 fir)
—1 481X 32 % long FI&THE .
—w $51R 16 i word TUEHE .
—b $&1% 8 {if byte Bi%H,

o ILBIX BIFES% Sun AR KA (x86 Assembly Language Reference Manual).

AT R hello world 11y AT&T EAIES, MERWER IDA EF M IRCWALAKA . HLEA
TEERE, AT RURAIFF 0 OFFFFFFFOh 7R3 B T+ HIMS-16——IR B AT 32byte BUHARIAT
=55, RERRFEEE—H.

BN, 7EHH main(fT,£hEE EAX RFAHIOTRA R MOV HE 4TI & XOR 84, MOV ki R4
EZRME (oad). FLEHELARLEREGEAHULY “LOAD” “STORE” ZEMRA .

3.2 x86-64

3.2.1 MSVC-x86-64
FH 64 L MSVC ik LIRIERF, URASEFidiES.
ELEL 3T MSVC 2012 x64

5562989 DB 'hello, world', 00H
=2in 2ROC
sub . 40
lea OFFSET FLAT:§5G2989
call rintf

xor
add
ret
ENDP

% x86-64 HELE{ CPU B, i (Bmas fE skt Bl 64 (i 3s. IR AN R-7 SIS AR EL M4
st rEES. N TR MR, WOV TSR, RERLTATINSTR LRSS
£ GESTL 643 Tl fasteall 450, WHRR, FERLISCERTFHEENSSE, FRANG HEERD
LHISH. Winod IEFELMA RCX. RDX. RS RO X 4 MFFRAEE S, RIMEREE
SEEE L printf)HH RCX HRSHBSHL MRA1R 32 NADFIR RS2 AR

7 x86-64 FMETA b, FIERAIEEER 64 A1), FHETF RFRNFFRD. HEHTHAENE
= st ARG 32 AL, BERSIEY 32 MR DAL, A HHET 32 figT.

7 64 {if x86 HEAEHT CPU 41, RAX/EAX/AX/AL HIs SRR T .

7077 | h | s | ah | 3d | 20 | s | om

| EAX

AX

| am [ AL
main() R AR EHE R RN E, AR FIIEATBREENEE, CTENRERIIREN 32

eEE. RMEZ. R 64 NRATF, ERFEINN EAX WERT, M RAX IEFR E&R%.
Eat, ORI AR BARA 40 FENKIE. XEIEARENE N ANAT, WHEED




C(shadow space). AT 8.2.1 158 B PR M/ 27
322 GCC-x86-64

TeANE R 64 4% Linux ¥ GCC 4 iF 8344 1% LAFERF, WARWTHRKIES.

$ETIER 38 GCC4.4.6x64

.string “hello, world\n"
main:
rsp, §
edi,
cax,
print
sax, e

PN HRET, SAUJEER RDIL RSI. RDX. RCX. R8. R9 X 6 4>
L NRER SR R B R 24 O
°C G AR EDL %F (748 (R 72380 32 6D TrfA4FRIaEr. EDI AIb RDI 5
CRY 32 frdilk 34y, A1 GCC REHA %A RDI #AFA%?
64 Bl e 4 MOV (£S5 N\ R-F7EA MK 32 Ri b o gy, BIxS B-F P dfifT s
BRI, 2RI AP 32 fribhk FTLL, “MOV EAX, 011223344h” 5%} RAX
FAFRAT EHMB IR, BN RS &k (BT Sibittmns.

WSATIF GCC AR MR obj ST, TR lBthEE WA #EN opeode.

PN
EXTH

#F

i "hello, world\n"

call
xor
add

retn
main endp

{5 opeode WA 7 AF 1. (B4R, T FRTTEIE R, GCC UHAT T MMM ILALE . it
S, By 32 frdtshl CRRED) BEAS AR HLAEA IS 4GB, B MR BB A ST 4GB.

FEYIR printf().2 717, FEETE T EAX 785, X x86-64 HEARMRSMTEIEN . 7E R MR
FERE CRMET, BAX 2577 88 AR AR F L 1) 0 42 %5 77 2% (vector registers). ©

3.3 GCC g5 HE- 4L
B C A S B ] T PR R (TSI WD, SiESmaBX i 7 HamsulT

FE, DRI EAS R AR L. Tid GOC HAMTEBIOE: &R T Ay R R P AR
RAPRE FIHIE B

“Options Number of opcode bytes” fit A 52k 7l




% 3% Hello, world! 13

printf ("world\n"l;

b

int £2()
{

printf ("hello world\n"};
1i

int maini)

}
LR CICHRPRIE (BIE MSVC 238 £ MIMFHATHEXN MM FAFE, Al GCC4.8.1 H15F
il

RN E R,

SOIEHR 3.10 7 IDA 8 GCC 4.8.1 MICHKIES

1 roc near

s = dword ptr -1Ch
sub , 1Ch
mov +1Ch+s], offset s ; "world\n"
call _puts
add  esp, 1Ch
retn

f1 endp

2 proc near

s = dword ptr -1Ch
sub  esp,
mov  [esp offset aHello ; "hello "
call  p
add  esp, 1Ch
retn

2 endp

akiello @b 'hello'

s db 'world', Oxa, 0

AEFTENSE T8 “hello world” I, B0l is] 3ot M b SKRR ERTTRATAR. AETBH putsQ Rl 2k
AT, RO S R AR T T AR A AN . SRR R BRI A A LU R, X
BN FERFREHE 1% 3T,

# FLOBR S putsQE O, B4 FAF R “world” RIS ING: KA (R 2
BRI AR 3 4 2B T URIB 7 0 1 SR SR T T 1 T o

GCC RFHLT XM ARG AT

{1 1A, B puts()

3.4 ARM

R ANLY, AR T LA TR ARM SR IHTHR

® 2013 £ 6 HIAHT Keil fiFaE.

®  Apple Xcode 4.63 IDE ({7 LLVM-GCC 4.2 4% #) . ©

e [l ARM64 ) GCC 4.9 (Linaro), ZL 32 fi7ff) Windows FRFFATHH FI&WHIT4R: hitp:/iwwwlinaro.org/
projects/army8/o

FRARR BRI, A IIA S5 i ARM FEFFERE 32 i ARM AE[F, 7E/44 64 S ARM FR/FRT, A

@ Apple 2 TR Xeode 4.6.3 #FMAT RSV ELTFI GCC T, RBEMIEF (code generator) WH K12 LLVM,



14 FHTRRAEH (L)

FrILh ARM64 F2F -
344 Keil 62013—k BARATIAE ARM X
AT Keil 52T hello world FEFF4RTEA ARM fi 4 SR IIICAITEIF:

armcc.exe --arm --c30 -0

nain
10 40 2D E9 STMFD SP!, {R4,LR}
1E OE BF E2 RDR R0, aHelloWorld ; "
BB BL _2printf
E3 MOV RO, #0
.text:00000010 10 80 BD E8 LDMFD SP!, {R4,PC}
2 :000001EC 68 65 6C 6C+aHelloliorld DCB "hello, world",C i DATA main+d

MR, AT TR P ARM A

HARTWHITFR, FEROHE 4 AT, Lk
Se AR, TS RALE S L Thumb 23K

BUAERB I, 10 “STMFD  SPI, {R4LR}” A T x86 {7 PUSH $§4. B R4 47
234 LR(Link Register) 2 7735 (L (BB AR A T« Bedh, ACSCHEERLE ST, W0 CEERT. X
R ARM R 954 S EAT PUSH $4, KA Thumb fiE HiEAER A “PUSIPOP” $84-
4 1DA AT AT IS SRRV, FT AARBAREAF AT IDA 47 LIRTRFF

AR A TRl SPOEN, TERT AR — B LLTAER% R4 A LR [I{H.

STMED J54-fishy —UAriE £ A F1F 4K, Thumb B PUSH 5 4T LUXRERE R . 920 b x86
Fa b Erh IR IR T 16 4. STMFD # 47 TR MR A PUSH 384, BEAVTRES 77 SP 18
W B AP AR T AP A2 2R 0. BUtiiR, STMFD AT SAE TG 72 BN A 2R (AT A B AT AR

BT RINIEA T “ADR RO, aHelloWorld”. "€ 5% PCUHHFHUEEE, SARIE “hello, world” FHF &
[R A (AR 55 PC AT, K ILEAAFAE RO o ATEERE S A SR EIAL PC R AFRRIOTEAL
P, GRS A AT B PC Rt 2 R “ 5 B KeAR B position-independent code”s 7 (HX0

Sl RSP A AT S RO %, OS AV TRAART RHSHY a7t RARE N R AR
M2 N R R IR SRR ). ST TAETRFE P A TR AT (Bl

&
BRELAEIEIR), MR PC IRE. ADR K R A L 5 R R ML 2 (RS FEihe RO,
TR PC HRATTTRBIF A SR R L TR B G R TR P A B AR B
«BL _ 2printf” “¥if printfQ# . BL Sl FLAR RS :
o 5 F—AdE 4 ML, HIHEE: 0xC 4 “MOV RO, #0” iitlthE, BA LR .
o RUEIS printf)EBLIUHEIET N PC W74 PEIDESE Gt o
Y printf)5ER TAEZ G LA IR L, B N RR AR EERAT T — 4 AR A BTEL
U BL $R AT LB N, WEE BL iR F— A4 b A LR 74725
AR CISC (BZIEAH) ML RISC Ot At dhaEastE TARRER LAYDCA. AT E A

@ fiin, ARM B4R L E A PUSHPOP Hi 4
@ STMFD £ Storage Multiple Full Descending 1%
@ stack pointer, HiEE. x86/x64 EHEH
Program Counter, =3 i 4
RYME S

PRSP, ifi ARM HE4E (I SP 2L SPe

, A1 CPU i)




% 3% Hello, world! 15

IR x86 R E, A RGEAT LIF AR R ] o

T, ARM #ERBUES LT AR ISP RIRYE . 4 ARM B EIE A0 32 4 545,
BTBLBL $54T0EEM 32 RZERHULER 32 AN ML (FANRTR), B RARA 24 MR, AL, B
SF4I54 opcode AU 4 T, WHEAHEMELIAE 4n 4b, WHRFSHMERISEPI( A A%, T4L opcode £
B, (EALEE ARM BLURIE BRI, AILE8IHE 4 P opeode MM 24 176 2 7, JERR 26 frfRidbt, 7
TR, AT, R84 BBL MBI AM bRk, RAEART R EA32MB KL

F—%&3#54 “MOVRO, #0” % RO F(FHEE. Hello World # C {15, FREEMT. Zi410
BFMESE RO F 178+

JREST “LDMFD SPI, R4.PC” 344847, &5 STMFD Bitd B, iy M. Extkbin
FEI, RUIR{% R4 B PC, JF B4 HERIRE SP. ATRURIX 4R 45 POP R &RAHDL. main(pa 2L
HIE— 454 B STMED 84, T4 R4 %17 3 FI LR 77 S5 44 4% AL A% 7 - main() PR 3076 45 FR AL AH LDMFD
&4, HARFARITREAFEN PC IR R4 B IE K AR,

FFHRET, FTEM AL, BAUTIRERIE R LR FAE R, BORTEIA printfOf
H2JF LR FERNELRENE, FUERENE SESMIEATIRA LR SN ERRMI
FHAENT, LR SRR SRS PC, LUERIFEFIAME MRS, 2 IO REL
main()Z LR, TR ] A[44 OS loader, BU# CRT TPAIFAEE:, sk {RAMEMIRI L.

FHRBET ) DCB R ILGTE 3 P S ASCIT T4 54U W ALI09R 4, AR T x86 1480 DB 84

3.4.2 Thumb R T. RFBMRAETH Keil

BLFE LA Thumb 4 B HTE AR5

armcc.exe —-thunb --c90 -00 l.c

A4 DA THEEIMTIES .

35478 312 {#H IDA M2 Non-optimizing Keil 6/2013 (Thumb #3X)

main

L& 10 BS PUSH (R4, LR}

.text:00000002 CO A0 BDR RO, aKelloWorld;"hello, world"
.text:00000004 06 £0 2E F9  BL _2printf

.text:00000008 00 20 HOVS RO, #0

.text:00000002 10 BD poR (R4, PC}

.text:00000304 68 65 6C 6C +aHelloWorld DCB "hello, world",0 ; DATA XREF: main+2

Thumb EFRFHIARRIES, HTREE 2 F5/16 449 opcode, XA Thumb HEVRFIURHL. {2/ Thumb
HAHBEETRS BL “B LL” FRIT 4 A7 opeode, b RERRH 2 SARBSAURAT. ¥4 16 47 opeode ik
AEERER, ALLLAHRE G PC R RS, bl EI BL #8444 2 4 16 AL opcode. 14
16 BER A AT R R IR 10 6, 35 R4 RTLUELRR RAOIE 11 2. T Thumb BE2U) opeode RIEIEL
2 A, PR MR 0 (Thumb #1 opeode IFTHIBALALLAUR 20), TR, TE
YT Thumb HIRATETEIE AT, (AEASAN FARHEL/RS | AL, k22 (i, B Thumb ) BL BHEE 4
TR EIAR bt T HBER SRR 2 ikl +2MB (22 A PSR BUEIX D FRERREEZ .

FHFERSAEALT4S, PUSH A1 POP T{E 75 STMFD/LDMED #H{bl. BAARE EFRAHR, BRI
AL SP 5. ADR f54 SRTCIIERAIRL. 11 MOVS fa & ASHHURIME (RO 78 EH%.

3.4.3 ARM R T. FEMRALEIH Xcode
R FIRAETL, Xcode 4.6.3 H§47= K RINTIAID, BURGEFFE IALILIN, ibH SR

D 3R I 26 S S BAHE (26 bits signed int) MR {ETIIE.
@ LDMFD J Ioad Multiple Full Descending #1455«



16 # o TRAURIE® ()

R, HRERFREIN-03, A Xcode (RALAILIN-03) %k Hello world F2-. 1XH-232I01F T
RICHRIG.

454755 3.13  Optimizing Xcode 4.6.3 (LLVM) (ARM #3%)

__text:000028C4 _helloworld

8 2D ES  STMFD SP!, {(R7, LR}
6 01 B3 MOV RO, #0x1686
wov R7, 5P

RO, 40
2DD RO, BC, RO
BL _puts
MOV RO, 0
LDMFD SP!, {7, BC]

elloWorld_0 DC3 "Hellec World!", 0

BAVHAFHER S STMFD/LDMFD $54 T

A MOV 15404575 5 “Hello World!” F{RES &, 0x1686 ML) RO &2

HRAE Apple ABI s 2B LIFLIEY, RT 95428540 04T (frame pointer) 75774

“MOVTRO, #0” 5 0 53| RO #2531 16 Ak, 75 ARM BEUE, HEHIHI MOV J54 HAEBRIERSAERRH{E
16 fzkik, T4 ARM F84 82 32 d 7. 248, FIrL AMLEERIATIRRREL FTLL Ie5feasia
{ir (85 16 A5 31 G0) BTIEHRIEN MOVT $HARIETIAL. ATIHAMIXS MOVT & Al HAE, BIATER
FTF—4484 “MOV RO, #0x1686” I, RO 2F{734197 16 R KA AR AR A B TR A

“ADD RO, PC, RO” #f PC il RO BEATHRA, 5150 T4 s Lottt Wrsc/rgind 1 &k
AREG”, BATVRIEILFEAT L JE R AR IE R . ekt FRFERSIXAMEAT T N E B IE.

RIE, FFEE BL IEEH pusQOREL MRAR Huxﬂl’ﬁﬂ#‘l prmtl()@éx AR AT GCC
REERY, GRS A printfO R EUH S putsQERHL GX P ¢ Al

JiE LE" SRR T R 225 s 4 printf)RAGTRF “%” TT M) I, i putsQEAEIUAR
SRR TR RS RAIKSIE, AAX P R A RS SN

fta GCC gL E#? KRR b FIXFER T putsO . BT pms()%iﬁ%&t
BT (%), REHEAFERIE stdout WAL, JITLL putsQ B SIS AT R

JATEN “MOV RO, #0” #1444 RO FFHEF.

3.4.4 Thumb-2 R T. FERMALTMN Xcode (LLVM )
IR, Xeode 4.63 2RTAMALHIR, FFLL Thumb-2 B4 1F IR 7
354758 3.14 Optimizing Xcode 4.6.3 (LLVM) (Thumb-2 #3X)

:00002B6C hello_world
:00002B6C PUSE {RT,IR}
000028 MOVR R0, #0x13D8

100002572
100002574
100002878
000028
000025
00002880

__cstring:00003E70 48 €5 6C 6F 20+aHelloWorld DCB "Hello word!",0xA,0

E 24 JCHR App10.
@ Xeode 463 I T GCC mmﬁzs
® 2% hup: ._printfigee_printfhtm]




%3 % Tello, world! 17

FIcER 0, thumb BIRA9 BLX R BL $84-BA 2 A 16 R & MR IBLI . 7 Thumb-2 BT,
BL Al BLX 84X Fi {1t} opeode 4 ML 32 Rifg 4454, HoNH) opeode #BLL OxFx 2 OxEx JF k.

¢ 5it7% Thumb F1 Thumb-2 IR 2T opeode B, 1DA &I A RAX M. 78R ARM H
R4, TDA LLFT 0 MR, RUGTITF @R # opoode. KR 1P IIHEI 25«

MY, 76 IDA SR ARM SFE R4, HLRRUF .

® ARM Jt ARM64 B4, opeode BA 4-3-2-1 [RIGFF o«

®  Thumb FX 4, opcode A 2-1 MU Boe

® Thumb-2 B 16 f23F44, It opocde LA 2-1-4-3 BN B7R o

{6 1IDA H1, FATAWEEE] LR MOVW . MOVT.W. BLX #&4#5LL 0xFx k.

ZJGI) “MOVW RO, #0x13D8” HSrHI% $1 RO FATAR MK 16 frtihl, [N FPRRIAT 16 .

“MOVT.W RO, #0”HIAEH ST i — M1 T Thumb K40 MOVT BRI, RRIL A A Thumb-2

EXBAE T, BB EMXHE Thumb-2 B0 “BLX” #§4. 4K BLX 5 Thumb #3019 BL
SEERANRD. B putsOE SR TIHIE RA 72T LR 27774, KEbA T pusQm#L,
77 ELIT B4R TR 3% A Thumb/Thumb-2 BRIy ARM HECs B[ 50 574 B EO0 H I AL TR 88 R AT 4R
RUATRE. B2, EREIL T RSB, A THIT 7RI ARM B4

__symbolstubl:00003FEC _puts ; CODE XREF: _hello_world+E

__symbolstubl:00003FEC 44 FO ES LDR =_imp, 5

BEHBEE TR, AL AR LB putsQRi3L?

HHEEAME AT,

JUTBAT TR 4: F B3 A R, VEAIUESR Windows FOFEFEEA R#4 M4 DLL 304, Linux 72
EERL L AR.SO X MacOSX REHTEA 2 Ht £ FE.dylib 3CfF. 05 RA0B AR Rh A
R, AR C B ——putsQ R EUBABISR

THUTFIBEFISCH (Windows [ PE TTHRATSCHE, ELF 2% Mach-0) #i# —MfiAZREL (import section)o
SAFEREY TSR T R A AR O A e (R TR R R), JF L EATANIERRA
LREE R

FERAE RGMAT BRI, S RIIMEERR (OS loader) £ iRIRIXA R B FF Il HZE A
. TENERIEHF EHURI R, X SARNR SRRIATIES, B SRR R

FEAGId, _imp_puts FERAERZINARFEF (OS loader) 7 hello world B F{2 ftimsb s m L ibl, &
F 32 fudsk. ERRFEMM LDR HABULS AR, HEMEIEL PC 44, A LUAR! putsQ
Y.

T, RIS

MXBEMHN, MR RE
STENHD WAL . FTLL, ARSI —ANBL ARM BIRGEATH9AMST
B JJF Thumb IS AT ETT LAk BEA-AbF 4% O D) B¢
GBI JE IR %L (thunk function).

WA —A ARM B HEIT, St BL 54 S0 IR D) B8 RS Sebk e 3. (LR AR
HHMIE4 R BL A& BLX, 7T RACELRE AT DRIz AT

FLFEEEHRFALY (thunk function) HIFRR

WSHAREY, £ WS ENSTARRNER" NHES. BN, sk, &—%
& AR AL 5 W hitp:/www.catb.orgfjargon/html/T/thunk html

P. Z. Ingerman 75 1961 £ 8 3R H T thunk S84, BAMMESIEHEA ittt hime an
HRTE (RED WRAZE, UWEEHREAN, FiESHEME thunk, HREEEEMEEELET]HS.

B RUAOE M A AEHE,  ATLARIERE#RD> OS loader ZENEY T HI#EHT .

R4 TAEEIATE I EGRIE, CPU SRV 32 i3l (54
B E R ARSI
T R E PG Ry




18 # T ERANE (L)

BRRT IBM #5 “thunk” —iR7T 525, P 16 B3 32 G 32 BL31 16 GLMIFARIIAE “ thunk”.

3.45 ARMG4

GCC
FEF GCC 4.8.1 4 LR ARG IF 4 ARM64 B2IF, IR 51 NATRIAAH.

354758 3.15 Non-optimizing GCC 4.8.1 + objdump

1 0000000000400580 <main>:
290£7pfd  stp x29, x30, [sp, #-16]!
mov %29, sp

adrp  x0, 400000 < init-0x3b8>
add %0, x0, $0x648

bl 400420 <putséplt>

mov w0, #0x0 /%0
a dp  x29, %30, [spl, 416
d65F03c0 et

13 Contents of section .rodata:
14 400640 01000200 00000000 48

i, ARMG64 {1 CPU HTTREIEFT - ARM a0, FAIZATF Thumb B Thumb-2 #, FIEAEL
U 32 Grite s, H—Jiii, 64 REG N FRECLEM T —#, T 64 A X-FRFfH GF2
B B ). S48, FEIFIG T DURET W-S Sk 2 AR TTHE U 25 AF AR RO 1 32 L3I

REFFR STP (Store Pain) JEAIEFIASHE (B X29,X30) MEAHEIEER, BAKH&LbR
T B S A P 17 o BOAE R, (R T TR & VARG TSP FF A7, FTLL IR A
O, ARM64 & [N25 (7 ES 40 64 1 3P 788, A AR AT 8 T FRLRIFEA 16
T A ARAF R AT A

AR A TR SR, BRE EARERE TSR IMAERIT. B, ZIRS L SP MR 16, #
So A AR AR R, KRBT “TARSfpre-index” 14 I “FEIRZR | /post-index”
A G2, TRFHNES, EE WA 2825,

L % 5% 0 x86 T8 RAGEMIE, 154544024 T PUSH X29 Al PUSH X30 Fi% 54 . 7 ARM64
& 1, X290 FATRRNTRE FP, X30 % LR (9{EH, P 2777 B AE PR B TS AR A AL P H L

5= & IRAIE SP I HI% X29, B FP. BXFISR G ALK Bl

ADRP #l ADD Jo 4 i E G, # “Hello!” S5 HITREHE B X0 SAT4E, SATITE 1M BB HUEE
SR . BRI TEIRE], ARM A TR HHE AR S AV EOR 2R AT (]
BRI 2831 ). FLl, HESTEA S HEAIEAHIT L NEOM, 5% ADRP {8 4KB TEH
AL X0, TiJE 45 =4k ADD HEATIREIE ST IF4 0 45 M ko FANRREE S IAT 284 15,

0x400000 + 0x648 = 0x400648. 1EA-HUR2 AL T rodata FHEELH C T4 H “Hello!” HIMAE,

Rk, R BL f5 4R putsQm AL, S AT 2 0 3.4.3 1.

MOV $a4- Ik WO ZAF B E R, WO R X0 RIS 32 6, i FEFR.

[wne | woe |
x|
[ wo |
mainOEEGEE X0 3 SRR AR 0. FUPRALIR S R MERIE. it AL
AP REE] X0 AARTOIE 32 B, HI WO FPA7ER? IRAHULAN x86-64 FOAH{LL: TAHBHEME T HAMHLE,

6ebe 6£210000 ...vrnnn Hellol..




4 3 # Hello, world! 19

ARMGA A H) int USRI 32 (8. 33T 32 R0 int ZUHURSR UL, X0 AAARRIOIL 32 L5 KT .
S THHATEOR, BOMIHRIEET TOME LRI E L, AE mainQIR [ 64 fEH-

6454 3.16 main()iRE uint64_t BlETHE

#include <stdio.h>
#include <stdint.h>

uint6d_t main()

{
printf ("Hello!\n");
return 0;

)
SRS BRI, BN MOV 4 R/E T M.

45472 317 Non-optimizing GCC 4.8.1 + objdump
400524:  d2800000 mov x0, #0xD /40

ZEUE 2 S5, LDP (Load Pain)fi &7 X29 Ml X30 A AF 2 I0MH. BLALMIS A B A BT I, RE
SRE TR T R AR, TS FHE SP IOME S 16 BT RAGEH. B FLH K| (postindex) 4.

RET #5442 ARM64 T4 (b (i 4. MRS A9/EM 15 BX LR AR, (B EE LRIZES 7R 14
FRHATHRRE T CRIME X30 HAARRAIMAD, ML REIRS R CPU MR MIIBERA . TR
TR MEIT R, RET 544001 T MBI AE, ERHIITACRET -

FFRRALTHEEZ G, GCC ZEMRIRIB RS —HE . AU AT/ A

3.5 MIPS

351 #£/5#&%t Global pointer

S SR R MIPS B RGN — A BB A, RATOLMIE, §4% MIPS AR 32 fLHfEL, Hill
R IEATEEAYN 32 Aol ($EED). BOREBL R MIPS SEME B —IHE S B — B MRE .
BISCHIBI T, GOC FEALHSCA FAF H It T ZERHA

NGRS A S A LU — B A RS . S 16 B E (AR 0.
BULATT— 23 A A0 1T LU BRI T, A IUIE R « 5729327687 ~ “F T8 +327677 2
[EIRHEE GA3E GOKB). i T WAL & KGR 015 R IE, MIPS “PARNIRE T — e RT3,
3 HARA B AR B T — AN DA 64KB 1 FHARZE IR . 88k & S R B “ 2RI &
FE, THIFE MBS, $51 64KB (B NURASAETI. T 64KB ZFEH M T4 2R
B, LUK printfQR % NS S HAN BRI . GCC BT R SIRFRESRAEERATRIE, ivd
Elilr o R AR HULRTEAT BEAWEE

7F ELF #2030 fR, 33/ 64KB i AKHER T sbss Fil.sdata Z 1. “.sbss” 2 small BSS (Block Started by
Symbol) (IS, M TAFHAHIGAILATEAE. “ sdaa” /& small data HI4FS, JiT TAPMAE R EUE T ER

ARSI SR AT SR BT LA [ 47 B 90 o B ] ) B ALAE sdlata 3B A2.sbss BB

AL TIRLRI N R TTAE SN A FIgE Al MS-DOS AFE (BUA I 49 T, Bl MS-DOS 11
XMS/EMS TR AR R Rk PR By SUAHE AR 1 P AR AR I 2 1 4 A 64KB B

k3R MIPS SFA M T HBE. 2/ PowerPC T4 WA TiX M.

3.5.2 Optimizing GCC

TFEXBAABERT “ARist” mEe.
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354758 3.18  Optimizing GCC 4.4.5 GC4&#iH)

$1C0:

2 ; \000 is zero byte in octal bas

3 .ascii "Helle, world!\Dl!

4 main:

5 ; function prologue.

6 ; set the GP:

7 lui  $28,%hii_gnu_local_gp)

8 addiu $sp, §sp,-32

9 addiu _local gp)
10 ; save the RA to the 1L :

1 s

uts() function from the GP to §25:

ext >txng to $4 ($a0):

8 2ddin $4,54,310(3LCO) ; branch delay slot
9 ; store the RA:

20 $31,28($sp)

21 ; copy 0 from Szero to Sv0:

22 move  $2,50

23 ; return by jumping to the RA:

bl
25 ; function epilog:
26 addiu $sp,$sp,32 ; branch delay slot

ERHOT R S WIGIL T SRR RIS GP AP, JE AR 64KB JaRBHIIET R
[FIN, FRFFIERA %ﬁz»m&mga—‘-zwmma B FIRHER putsQFRECHHR T printfORRAL. T putsQRE BAGHEIE,
M3 LW (Load Word) $54-ERE T $25 #4788 MUE, AP 16 AHBALRME 16 frihbksr 5 LUI(Load
Upper Immediate) il ADDIU(Add Immediate Unsigned Word)Fi% 61184 %7235 LUL H1) Upper —HleHIEl
SRR T FAFIOTE 16 {7, SUARRY, ADDIU NHEEERHIEAMIIE 16 (AT TRANZH. ADDIU fit
AT IALR $542 5, BRAETREET. $4 SRILMEIA0 T8, MHMRENHEEE— B0,

JALR (Jump and Link Register)1§4-Bk4£$1525 F 12284 H03B AL, BN putsQRR &M A shdbdl, I AT —
% LW 354 L7265 T RA 7248 TTIL, MIPS RETHMA BB IIES ARM REHHEL. R,
T SRR, /4T RA BT SRR ELBTILN. “ T —4&” fe4 bt 12 W5
% GLEISZEHD fa4 ik, FTol, TERTIC4 JALR 4 HBHE, SN RA FAERNR PC+8, B
ADDIU J5E (84 LW $R-4-#oHhlt.

% 19 1) LW (Load Wordyfi4-, i FARAHukE 8 RA EIRE SR, WIEE, REBLIFARTHA
TR RS

4 22 17 MOVE $§4080 ($ZERO) (I{HEHIZS2SV0). MIPS H—AMHHH R, CHEM MR
HE 0. fIIR, BN MIPS MBFEARUN 0 RiHENGETAGRELMHE, FUMITIFT —ME
FSO A7 AR B 0 BB, SXAMEITHUR T A MUBERRIR: 15 MIPS REZ P, WHER
FEERZ MMM (BEF) ?ﬁé HitI#iii, MOVE DST, SRC &Bid kg4 ADD DST,SRC, SZERO
SIS, B DST=SRC+0, iXWIAIHRAES M. MM L, MIPS BERA RATEURTTHEM SZH opeode, M
T opeode (1945, AR T FF /R AL EEVIEAT MOVE 164 I CPU AT SEFF AL LA IVEIZ$E. CPU
Hetg AhX IR A T4 B, FEIBAT BN RHEFHF R M) ALU (Arithmetic logic unit).

24 1710 T $54-LBHEE R RA FRig i pusitl, SEs AV A B B0R PR M & R IR . JBRT 4
YIEIRMIN, LS ADDIU 84456 F 1541817, MR~

@ HBHHICAHAI5 FIERAT (Branch delay slot) HRY.
@ H7% MIPS £ ¥ {FaH AR, HELIZECI.
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O R R

ZATERE T IDA LR TR,

HKEiFEH 319 Opimizing GCC4.4.5(IDA)
:00000000 main:

000000

£00C0000 var_10 - -x10

tion prolegue.

the G2:

200000000 lui $gp, (_gnu_local_gp >> 16)
00000004 addiu $sp, -0x20

00000008 la $9p, {_gnu_loczl gp & OxFFIF]
save the RA to the local stack:

.text:0000000C su $ra, 0x20+var 4 ($sp)

e GP to the local stack:

; for some reason, this instruction is missing in the GCC assembly output:

text: 00000010 sW $gp, Dx20+var_10{$sp)
load the address of the puts{} function from the GP to §t9:
-text:00000014 i 5t9, (puts & OxFEFF) ($gp)
; form the address of the text string in Sa0:
- text: 00000018 lui $a0, (STCO >> 15) 4§ "Hello, world!"
; jump to puts(}, saving the return address in the link register:
- text:0000001C alr ste
-text:00000020 la $a0, ($LCO & OXFFFF} 4 "Hello, world!"

restore the RA:
24 .text:0000002¢ 1w $ra, 0x20+var_4(Ssp)
25 ; copy 0 from $zera to Sv0:

-text:00000028 nove $v0, $zero

; return by jumping to the RA:

-text:0000002¢ r sra

; function epilogue:

-text:00000030 addiu $sp, 0%20

15 THIRA T RTIRAE GP . S ABBIERFBINE, GOC MNTHHH A ALK 5
S, RPKAE GCC B MREY. P, LRTTL 2R GP #I{H. EREWEAHE B O 64KB
=EE0.

B RAT putsQERETHBR I A (FHEIUESTO A7 AP . X8 TIR KIS AR At “lail” S48, I TRAF
FEEMRR. TS R T RAER S AR AT Ccaller-saved), FRUNEH Al BEAHBIRH KIREES .

3.5.3 Non-optimizing GCC

R|@7EE 3.20 Non-optimizing GCC 4.4.5 ((C44HIH)
SLCO:

-

.ascii "Hello, world!\012\000"
3 main:

4 ; function prologue.

5 ; save the RA ($31} and FP in the stack:

6 addiu $sp,$sp,-32

7 s $31,28(5sp)

8 sW $p,24($sp)

9 ; sel the FP [stack frame pointer}:
10 move  $fp,Ssp

11 ; set the GP:

2 lui  $28,%hi(_gnu_local gp)

13 addiu $28,$28,%lo(_gnu_local gp)
14 ; load the address of the text string:

WA, AT GCC MFAP R, FTRILAISHHETRIBATE. Ll GCC M ICHIES 2 PUMRA L —LE (R
ERICMELIIE R EOH.
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i TARAUEAEE ()

15 Lui $2,%hi (SLCO)

16 addiu §4,52,310(51C0)

17 ; load the address of puts() using the GP:
18 v $2,5calll6lputs) (§28)
19 nop

20 ; call puts{):

21 nove  $25,$2

22 jalr $25

23 nop; branch delay slot

24

25 ; restore the GP from the local stack:
26 1w $28,165tp)

27 ; set register $2 (§V0) to zero:

28 move $2,50

29 ; function epilogue.

30 ; restore the SP:

31 move $sp,$fp

32 ; restore the Ra:

33 1w $31,28($sp)

34 ; restore the FP:

s v $fp,24($sp)

36 addiu $sp, $sp, 32

37 ; jump to the RA:

38 3 83

39 nop; branch delay slot

S RILANE GOC SNBSS . Jit, TATATLORSEIRTE FP 2B R, il L
AT 3 A NOP CEHRfE) 164, {5 3 MBS, B4 PRSI BEIR S SR
s NN (A ERTRE SR, TS HIEAES SR, FTBL GCC RIERATEN IR
92 SR NOP #84-. R, ERAERKETIZE, GCC TR & MERIEL NOP H 4. Fith, 4

ALATHRFFEIX L NOP #54.
18 IDA BT FIXBURES .

#5458 321 Non-optimizing GCC 4.4.5 (IDA)
1 .text:00000000 main:
2 .text:00000000

= -0x10
- -8
-4

3 .text:00000000 var_10
4 .text:00000000 var_8
5 .text:00000000 var_4
6 .text:00000000

7 ; function prologue.
§ ; save the RA and FP in the stack:

9 .text:00000000 addiu $sp,
10 . text:00000004 sw sra,
11 .text:00000008 su sfp,
12 ; set the FP (stack frame pointer):

13 000000C nove $tp,
1¢ ; set the GP:

15 .text:00000010 la sap,
16 . text:00000018 su $ap.
17 ; load the address of the text string:

18 000001C Tui $v0,
19 . 0000020 addiu $a0,
20 ; load the address of puts{) using the GP:
21 .text:00000024 1u sv0,
22 .text:00000028 or sat,
23 ; call puts{):

24 .text:0000002C move 59,
25 . text:00000030 jalr $t9
26 .text:00000034 or $at,
27 ; restore the GP from local stack:

28 . text:00000038 n $9p,

29 ; set register $2 (§V0) to zero:

-0x20
0x20+var_4 ($sp)
0x20+var_8($sp)

ssp

__gnu_local_gp
0x20+var_10 ($sp)

(aHelloWorld >> 16] 4 "Hello, world!"
sv0, (akelloWorld & OxFFFF) # "Hello, world!"

(puts & OxEFEF] ($gp}
$zero ; NOP

$v0
NoP

$zero ;

0x20+var_10{$£p)



%33 Hello, world! 23
30 .text:0000003C move Sv0, Szero
31 ; function epilogue.
32 ; restore the SP:
33 .text:00000040 move $sp, $fp
34 ; restore the RA:
35 .text:00000044 1w $ra, 0x20+var_d($sp)
36 ; restore the FP:
37 .text:00000048 1w $fp, O0x20+var_8($sp)
38 .text:0000004C addiu $sp, 0x20
39 ; jump to the RA:
40 .text:00000050 jr $ra
41 .text:00000054 or $at, $zero ; NOP

LARFFEE 1S ATHAT A EHE R EHAS—IDA WA T LUVADDIU $R4%f, INEMERHA
HXMIEA LA(Load address). FR4MhIR4 M T 8 T4 XM hIES (B “#7) FFIEHIEH MIPS
EL. BT AT S IDA B IRA XN F84 M E A 308

NOP (R 7RT WA T B Ao 7, [0 IDA #K%EWMH%WE%‘M% NOP #§4-,
ST 2217, #2617, 3 41 /7193542 “OR $AT, SZERO”, KM LE, EHHRMHHFHSAT I
E5 0 MATHRIEH. HEMAF L XHERES CPU #9 NOP #i4. MIPS Tl A — BB 7 4 i)
FEAHEHNLA RA NOP 184

354 #in

B A AR SO A i . (B RN RS T R, XRAAN? o TR
rintf() A AR B TFRRF L AURAT RA FFA7 2R HOEAN GP (NIME, T SLAL B T8tk s
R BT RASHIREEHF SR, HRAEES AR 23 15,

355 Optimizing GCC: GDB M4 #77%

5458 3.22 GDB HRIERRE

root@debian-mip
root@debian-mip:
GNU gdb (GDB) 7 ebian

Copyright (C) 2009 Free Soflware Foundation, Inc.

License GPLv3+: GNU GPL version 3 or later <http://gnu.org/licenses/gpl.html>
This is free software: you are free to change and redistribute it.

There is NO WARRANTY, to the extent permitted by law. Type "show copying”
and "show warranty" for details.

This GDB was configured as "mips-linux-gau".

For bug reporting instructions, please see:
<http://wwi.gnu.org/software/gdb/bugs/>. . .

Reading symbols from /root/hw...[no debugging symbols found]...done.

(gdb) b main

Breakpoint 1 at 0x400654

(gdb} run

Starting program: /root/mw

gec hw.c =03 -0 A
gab hw

Breakpoint 1, 0x00400654 in main ()
(gdb) set step-mode on

(gdb) disas
Dump of assembler code for function main:
0%00400640 <main+0>:  lui g, 0x42

0x00400644 <main+d>: addiv  sp,sp,-32

addiu  gp,gp,-3062¢

0x00400648 <maint8>

0x0040064C sw ra, 26 (sp}
0x00400650 s ap, 16(sp}
0x00400654 <main+20>:  lw £9,-32716 (gp}
0x00400658 <main+24>:  lui a0, 0x40
0x0040065¢ <main+28>:  jalr 9
0x00400660 <main+32>:  addiu  a0,a0,2080



24 amskdgE (ER)

0x00400664 <waint36>: 1w 1a,28 (sp.
0%00400668 <main+d0: move  v0,zexo
0x0040066¢ <main+dd
0x00400670 <main+4f>:  addiv
End of assembler dump.

(gdb] s

0x00400658 in main ()

(gdb] s

0x0040065¢ in main ()

(gdb) s

0x2ab2de60 in priatf (] from /Lib/libc.s0.6
(gdb) x/s $a0

0x400820: "hello, world"

(gdb)

a
sp,sp, 32

3.6 KiF

mAﬂ%é%%%i%EMW%E%HLY%%ﬁm64ﬁ%ﬁWE#Em32ﬁﬁﬁnﬁﬁ*yWE
R EARBR, T CPU [oR e AP aRE e Nk L P TR — SRR, 32 ArfEETRR
%Eﬁiﬁm%%%fyWuﬁ%ﬂ%zﬁ%%64ﬁﬁﬁw

3.7 &4IA

374 #EA1
i T b 32 AL k.
wain:

push OxFFFEFFFF

call MessageBeep

xor eax,eax

retn

372 EH2
E%KLMM@ﬁMM%vﬁﬁﬁﬁTAwﬂK%%%%&»

main:
pusng
movg
movl
call
popd
ret




F4E FRPYFENRBER

HYFE (function prologue) A BMTLEENMMHEBITHI —RIIES. Wirdih4 KB .

SR MIRER: (ERGRARAT EBP FAEARMNZA . 45 ESP MISIHI3) EBP F 7758, MR R0k
» DI A B R R A A 2

RHAER NN, B SRR BRI, RGP PBA AT, B R EBP SRRSO, HHARA R bI
EERL A% i (callee).

mov  esp, ebp
pop  ebp
ret 0

FEBY R R BRI S E, RATT LRI = RIRBI &R B
EJ37A R

BHUT H AR MRS 10 PEREIZN, BTGB AR A A,
FEMW NS LA 36.3 1.



BE5E

BRI HL R R S S BRI R A o

AR LB, HRIR CPU A4 R EHIIEA BriR I W AR B K ILDT T SR W
REF x86/x64 T4 i) ESP T4 8/RSP % (74, LA ARM P EH SP AT

1R R WLHOFE 4 PUSH il POP, 75 x86 Al ARM Thumb Bt R4 4 EEE X FI4H 4. PUSH
Je4 21 ESPIRSP/SP AP BIOIMEITIRIEAZ ST, A2k 4 (3240 W8 (64 £, RIEHEREHEILE
REAF IR R TR RN T

POP K54 2 PUSH JE 4 Iilteff: S MHkIRED (Stack Pointer, FEEAFERL) BRRNTET
SEE, R GE¥ RS SRR, IR JE EEAE R BN L 4 2 8.

LENERRNZSIAZ S, Hedi%h, BF Stack Pointer B R HLE R B FI R . PUSH Ao HAR R
{5, T POP LI AL, K “R” B I R A AR B R B B JE B PO A
BARFERE S, BRI itk

BAR x86/x64 MOFR CAMAEFENE T, {Hs2 ARM AR EI G2, ARM [k R A RS ik B
bk (descending stack) 7 LA A% IR An s FRR L, AR E R AT Ll
STMFD/LDMED. STMED/LDMED %Ff ¥Rtk it & T ARM {31k Cascending stack)
R MU o PR AR, R T A G FRRE (BRI N, 30 STMEA/LMDFA.
STMEA/LDMEA &8 44 BB BN &2 7

5.1 Httatke#EfE

LHARG R B, ARG O R I ECREA A SRR, ARTIRESTILER
MK, SRR R, S AT .

S BB AT SRR Y SR SRR 5 CEAPAFEIB LK. ERIHE, A
TS I BIAESy, B “Himeap” I “HRistack”. 4K, ERFHUTIE R, AR A EN A
BHALFB, FTAATTF AR TN TF:

HlER HRHESR

4 034, H—AEAIAR (L
1 B EAE.

#21 htp://en.wikipedia.org/wiki/Call_stack
ke & A BT 4 TR, 475 Store Multiple Full Descending. Toad Multiple Full Descending. Store Multiple Empty

@
Descending. Load Multiple Empty Descending « Store Muliple Full Ascending - Load Multiple Full Ascending - Store Multiple Empty
Ascending.  Load Multiple Empty Ascending. o Full Fmpty (R HIET s SISIRETRA fs R B, AR
& Full stack: TiEFHERMMEREF T, £T— AMITE S FMHE, 7 AR AL Empty stack.




#F5F & 27

BEAFEMER T, LA SKkbytes ARZ L, RARLFH. TEHHKER, LFTAELLARR45%
FHAR LR R R, AR T RBLLEE M e R B, ©H MA RIS R AR 4
CRE A

XFEF AR ECAARR TR ET: BT ET AL
EHHEITNEDH, BWAERIIRA, W REERRMA LG TR
framEemse, BRERELAELET .

52 esAR

TG —TURIREFES; K1
—HRIIFSEIL. ETERA

521 RTFERBLERA 9B Eib ik

x86

LA call T4 AFALERET, call 15445 RUF MR EBALH RAF PR 7E call FTIRAIRY
EHERZIG, RFENTIOA RS, BhE B RE .

CALL $54 %M T “PUSH JRl#hl” A1 “IMP ei¥bll” Aoe45.

WM BHEE RET 184, SARTIETUREAE, ASHEEEIRA 0L, HATH T “POP Ml
=7+ “IMP R Hbhl” $E54.

BAHRY, BHTRAS. SEERLREN, RS

void £()

: £

LA MSVC 2008 4% LT #)E I, 45 2A9EHR

np6>cl ss.cpp /Fass.asn
icrosoft (R} 32-bit C/C++ Optimizing Compiler Version 15.00.21022.08 for 80x86
Copyright (C} Microsoft Corporation. All rights reserved.

ss.cpj

c \tmps\ss Cpp(4] : warning CAT17: £ : recursive on all control paths. Functionwill cause runtime stack overflow
EREIE R &% 5 A RIS

£@EYAXXZ PROC [

File c:\tmp6\ss.cpp
i Line 2
push  ebp
mow ebp, esp
Line 3
call ?£QEYAXXE af
Line ¢
pop ebp
0
2£BEYAXXZ ENDP ;£
WL, IR FAALEIROx”, A RAITEFF BT AR (K RV, T Bl 208 AT (R 47
YAXXZ PROC R
le c:\tmpé\ss.cpp

ne 2
ef:
ne 3
Jmp SHORT $LL3RE
2£@GYAXXZ ENDP £




28 W TR (L)

T RETFRHRGET, GCC 441 AU #IR MSVC R, St GOC R RAMETE k.
ARM

ARM B (6 A AR T, WUREFT R, 4234 i, Bl “Hello, World!” FEIF &
[ AR AE LR (link register) 7 (£ 75 B {2, Wi FRiE &Mk A I R A, BB R AT
[ LR HAERM0 . 0N, RAERSLRn O¥FEAL) RIF LR FFHHE. AT EERLF =
4 5] “PUSH R4-R7, LR”, FF{ERA4EE] “POP R4-R7, PC” s &S BB SO B B R
TR, SN —— 4, I BT LR SRR

R AR SO, R EAORBUR SR AR, e EURIE R L Cleal
function)” ¥, MERBIE U, BRI LR S0 1 S R AT S B A AN B LA T A
AL AT AR AN S Al IR . BTRA, TR B SRS AR AR, AR T, B
Sy icHR {REARLESN AT RAM BEAT S AT SRR, BTLVENUIEAT A T eI x86 RA. AN
AR AR AT AR RO, X RO BRI “ATRTIC” Hths .

KA T RS, 50832, 833, 15271, 1547, 1737, 19.5.4 7, 19.17 3, 1933
SRR .

522 BHER

e x86 FERTLF R, SRR BHE AR cdecl®s D odecl 77 BV S S SN e N ]

push arg3

push arg2

push argl

call £

add esp, 12 4*3=12

iR E (Callee functions) SRR R RIS

TEEAT FORBZ AT, TR T B EH U A T A B 47 e
ESP iR P

argl, E7E IDA Bi2 A arg 0

S Esr, WATLUREATEEZ . SHUCE IR A IR AL -

i, JEF R RTAENE (heap) M NI AR B M. TEREFRABECLE, A LLFI EAX 77
FE3 0 RS, R ST . UL x86 R ARM Z4 b, MARAESHOLRN
T ARSI, TSR T

BAh, BRI BRSNS B T £ 0 BH SRR LB SE R TR, ERE
T (%I SATRELE. DTSR . RRITE RS printfQBRFR L :

printf("sd sd 3d", 1234};

A AR printf) FLF 1234, T BIE &L SR 3Rk A 1234 2 JE RS TR

®

i index.jsp? arm.doc.faqs/kal 3785.himl. 54 SCEK SLRRRT BECH “ASwE

@ F4LLiT, 2 PDP-11 A VAX & L, INFIEHIIE &R EATRFHIN R, R AT O FER R 7EE AT AR
fih b, LETHEMERIA. RN IR 1R T AL R .

@ BAMEA stdeall, fasteall, thiscall %. Windows LiREHRFF A sideall.

@ Donald Knuth & {The Art of Computer Programming} 5] 14.1 WEIIAAT FRIT. HH R R
i IMP B TR ST IR A BN ZISRIR AT S8 Knuth (KR VATE System/360 AR

R5) T —HOTE,
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HULATAN, PO main( RIS 4 BB, BAOITLUEZ SN main(),main(int arge, char
*argv[])& mainint argc, char *argy[], char *envp[]).

S b CRT M mainQRE 46 R FHXAMEFI0.

push' envp

push argv

push arge
call main

BB A AT E AR 75 main( A RIS B4, ARFIRAT DUBREEAT, SHURIAGRAE AR,
SERSWTRIGHART . AN main()FHF I % main(int arge, char*argv(]), FRFHLAENS U9 £ AT
As¥, FRRTGEEHESASE. BRIbLsh, BT Y] main( int arge), ER AR LIEAT.

523 THFiEEMER

ek AR TR HE L Cstack pointer) #IJ73k, BRCHTTAC B LML s — 1l T4 i Jmi AR
AREEN . AW, KRBT SO BHER, EAEWE DR N REE .

BY T LR USRI 7 A7 b RS B, (B SR kA i R R T D22 R FhAsE AR
REIT .

5.2.4 x86:alloca()ek %L

E

alloca( B R & ¥
Kk, allocaOBR ¥ RS MR IR AT, BILZ5h, 5 malloc(ei BB AT RE KA.

RYRAMNBLIE ESP (0, THREE MR 3 2 PR, HEMA E allocaQBH>

EHNE. FiLl, FEAREERHTA free) B BRI XA RE IR AT .

alloca() BT TIEFEREH.

B, X FREOHE LA SR A AR/ D A WERE . R e ESP (K4E, SEIT ESP i T B
SEEAE AR R —RHA R

_GNUC_
<alloca.h> // 6CC

c: <malloc.h> // MSVC
fendif
#include <stdio.n>
void £}
{
char *buf=(char*jalloca (600};
#ifdef _GNUC_
srprintf (buf, 600, "hi! %d, sd, sd\n", 1, 2, 31; // GCC
felse
_snprintf [buf, 600, "hi! ®d, ¥d, $d\n", 1, 2, 3}; // MSVC
tendif

puts (buf) ;
i
snprint()E $iH34 AEFT printfOFR 5L Th BE3E R . printfO44) tH 45 R 1 21 stdout (S R4 terminal
=% console —KHHIH B A1), 7 snprintfONIELE S4B buf 541 (AT RZREO . RAOIFLERL
puts() B A e buf 8 754 tH B stdout. 2444, printf) BRI FE AL LASERL_snprint()F1 putsQFI A R Th Ak«
EYEERREMRNME, FTZRIEERS N 2 AR

D EMSVC REFHE, 928177 54 AT 4 H % C:AProgram Files (x86)\Microsoft Visual Studio 10.00Clertisrclintel T )
allocal6.asm F chistk asm 1]




30 B (EA)

MSVC
TLAEAEA MSVC 2010 4 LTI, BHIMART B FHIR.

154758 5.1 MSVC 2010

nov eax, 600 ; 00000258K

call  _alloca probe 16

mov esi, esp

push 3

push 2

push 1

push  OFFSET $5G2672

push 600 ; 00000258H
push  esi

call  _saprintf

push  esi
call  _puts
add  esp, 28 7 0000001cH

BT alloca()FR KR4 VRS [ 1A 30 (B LA 90 30), R4 MR B0, EAMRIPRAT IR
TR EAX S 77550 allocaQR Bk — KB40, 7EA allocaQ B ¥T2JE, ESP HHHRI 600 FHAA
BN AR, ARSI buf.

GCC Intel iFf#

FEGTR ERMDI, GCC 44,1 REEALEHSEEL.

j54iER 52 GCC4.7.3

Foic:
.string "hi! i, %d, sd\n"
£:
push ebp
mov ebp, esp
push abx
sub esp, 660
lea ebx, [esp+39)
and ebx, -1 ; align pointer by 16-bit border
mov W 18
mov 3
nov [esp+16], 2
nov espt12], 1
moy {esp+8], OFFSZT FLAT:.LCO ; "hi! 3d, %d, Sd\n"
nov DHORD fesptd], 60 ; maxlen
call _sapri
n DHORD PTR [esp], ebx ;s
call
mov ebx, DWORD PTR [ebp-4]
leave
ret
GCC+ AT&T itk

BFRIRAEG AT&T ERITES .
5475853 GCC4.7.3

.1CO:
.string "hi! &d, %d, sd\n" \
\

£:




5% #& 31

pushl
movl
pushl
subl
leal
andl
movl
movl
movl
novl
movl
movl
call
movl
call
novl
leave
et

4ebp
$esp, ebp
%ebx

$660, tesp
39(3esp), sebx
$-16, sebx
Sebx, (3esp)
53, 20(%esp)
$2, 16(sesp)
$1, 12(%esp)
$.1C0, 8(%esp)
5600, ¢(%esp)

_snprintf
sebx, (tesp)
puts

-4 (gebp), tebx

B Intel RIS ST S0 K o
o, “movl $3, 20(%esp)” AL Intel HAH] “mov DWORD PTR [esp+20], 37 $654. 7ELL “5f7 a8+
EER MARTUN, AT&T BEEENFUERERETH YR (%FES)".

525 (Windows ) SEH &L R & 418

URFRF BALYE SEH LR, IMAMMILRERTER L,
AT 68.3 1 BT EHRMINN A

526 ZHEKHE R
AHHE 182 TRATT MO,
5.3 #HAESHHEHANBEEFHEE K

R RRGD, ARFHARNZ IS, PITERB—AIBLHT, BAERTPHITTER BT RITR.

ESP-0xC 2 AR, 7 IDA Bidb var §
ESP-8 B 1ABHAER, DA Bidh var 4
ESP-4 GRA7H EBP {4

ESP Bk
ESP+4. argl, 7€ TDA B2 arg 0
ESP=8 arg2, 7E IDA Mg arg 4

ESP+0xC arg3, {C IDA 2100 arg 8

5.4 iXehRE

AN LR W, B R

AT EATEAFERNE? fFRPCRHUE, AR R

HRMARRRY AN EATRAD TN “BE " “EHIR". RATRE FIEXBAR.

#include <stdio.h>

void £1()
{

int a=1, b=2, c=3;




32

TR E (R

wvoid £2(]
{

int a, b, ¢
printf ("sd, %d, 3d\n", a, b, ¢}

ix

int main()

{
1074
£20);

b
R MSVC 2010 4 /5 T2 BI30 T BT/ H9FCID .

$5G2752 DB

c$ = -12 i
by = -8 i
a5 = -4 F
_£1 PROC
push ebp
mov ebp, esp
sub esp, 12
nov DHORD PTR _a$[ebp], 1
mov DWORD PTR _bS$(ebpl, 2
mov DHORD PTR _c§[ebpl, 3
nov esp, ebp
pop ebp
ret 0
£1  ENDE
s = -12 i size = 4
; size = 4
; size = 4
ebp
ebp, esp
esp, 12
eax, DHORD PTR _c$ [ebp]
eax
ccx, DWORD PTR _bS [ebp]
ecx

edx, DHORD PTR _a$lebp]

edx
OFFSET $562752 ; '%d,
DWORD PTR _imp_printf

esp, 16
esp, ebp
abp
0
main  PROC
push ebp
nov ebp, esp
call Sf.
call _f2
xor eax, eax
pop. ebp
ret 0
_main  ENDP

FHERLE IR




c:\Polygonte>cl st.c /Fast
Microsoft (2] 32-bit C/C++ Optimizing Compiler Version 16.00.40219.01 for 80x86
Copyright (C) Micresoft Corporation. All rights reserved.

arning C4700: uninitialized local variable 'c' used
: uninitialized local variable 'b' used

uninitialized local variable 'a' used

al Linker Version 10.00.40219.01

Corporation. ALl rights reserved.

Copyright (C] Microsoft
Jout:st.exe

st.0pj

FLRBIT RS R,

c:\Polygon\cost

S

K, HAR! BREATAAS ROMLAERLE, TR H O H ONE. RORMMERREE
SRAT ML A -

T OllyDbg 4TFFXANRF, Wil 5.1 Fizm.

P50 47 OllyDbe 7E4T OEANTH
T AORMEBEER av by cTRESE, ETFET 0xIFF860 THEAIELMIL AL .
IR, FEPUT RORT, THLIE 5.2 Fis.

52 {1 OllyDbg #F ROBMEEERL
R0OFRFZAERE, A1 B =AM E AR

BT DU =32 5t LAty el AT 7 B J5 R A RAG T = AN AR RO (.
TR, A RS A REZFIIT, R AR ATE R LA SP EX S E A

B XA A AT R




34 i TR (A

FAHOTRARRL. JEed, Ak R BE REBRAT A (EATT
RIS, EEEBAEEN, RENFTEE AR RS ZH - RENEW, TS T
SN ESAR . PR, SR RN, TR R B R
AT R R SRR © BATRT BLZE A9 B BT 2 W FF e 2 o it B
R AREA ETTRTE, L REEHONEF AR, T LBIERIE ks NI

55 #RIA

551 @B 1
A MSVC iPe. BT FHURIT, KT 3 MR IXEHER AT ARHH MSVC
WAL “/0x”, TR X STERHE Hth it 4?7 Hft4 GCC HTREEAR?
#include <stdio.h>
int main()
printf ("$d, ¢, %d\n");

return 0;

HREZMGLI.
552 ®B?2

5 1] R T IR AR DB
£ MSVC 2010 (3 H/Ox 3T i Aam .

#4758 5.5 Optimizing MSVC 2010
$563103 DB "5d', OaH, 00H

_main  PROC
push 0
call  DNWORD PTR _imp__ time6d
push
push
piish
call
add
xor

ret
_main  ENDE

JE4HE 5.6 £ Kell 62013 (ERRALT ) HIFMHE ARM BT

main PROC
PUSH  (rd,lr)
MoV 0,10
BL time
MoV £1,x0
ROR 0, 110.321
BL _2printf
oV 0,40
ro2 {x4,pe}
ENDP




#5% #&

lec)

S4EE 5.7 2 Keil 6/2013 (AAMAET ) HEMAL Thumb BIXRE

"sd\n", 0

PUSH

MOVS

BL

wovs  rl,r0

ADR 0, (10.20]

oL _2printf

MOVS r0, %0

BOP {ré,peh

ENCP
116.20]

pce  "sd\a",0
B4R 5.8 % GCC 4.9 (ERMMUIET ) HIFMEH ARME4 KT
main:

stp x29, x30, (sp, -16]!

rov x0, 0

add %29, sp, O

bl tine

mov  xl, x0

ldp  x29, x30, (spl, 16

adrp %0, .LC

add %0, x0, :lol2:.I

b orintf
LLCO:

.string “sd\n"

4B 59 18 GCC 4.4.5 (BAMMLIET ) HEMSH MIPS #5< (IDA)

$1C0:

1ui $gp, {_gnu_local gp >> 16)
addiu  $sp, -0x20

1a $gp, |_gnu_local gp & OXEFFY)
sw sra, 0x20+var 4($sp)

sw $gp, 0x20+var_10($sp)

1w $L9, (time & OXFFFF) ($gp]

or sat, $zero

jalr  §t9

move  $a0, $zero

i 9o, 0x20+var 10(Ssp)

ui $a0, (SLCO >> 16) # "td\n"
Iw $t9, (printf & OXFFFF) ($gp)
1w Sra, 0x20+var_d($sp)

2 5a0, [SLCO & OXFEFE] 4 "Sd\n"
move  $al, $v0

3 $t9

addiu  $sp, 0x20

.ascii "3d\n"<0> 4 DATA XREF: main+28



#e6E printf)RMSSHITE

PAER AT Hello, world! AR, RTINS

4include <stdio.h>

int main()
princf("a=5d; b=td; c=sd”, 1, 2, 3};
return 0;

6.1 Xx86

6.1.1 x86: & 3NBE

MSVC

ﬁm MSVC 2010 express #iif LAREIF, aT734) FIRCEHTES:

d’', O0H
push 3
push 2
push
push OFFSET $3G3830
call _printf
add  esp, 16 5 000000108

15 5 A Hello World FRRFARIEA . Ffl ] printfO RIS S LIS AMRIE, 35— M SHRERA ML

{6 32 RERHET, 32 RLMHESRELA int JSTUHRAD AR 32 B4 T Hibk HABXEMTAZH
B axa=16 (FAT) MIFEREEEI.

G EC G, “ADD ESP, X” 18451 ESP 27488 R RRIEr . AU, BATAT LB call
2 ERIX AR HINTS BT HR Ezié’éit 40

KRR EAGE R T AL N cdecl AP, ABRALE 64 WL B A

RSB FES A S A E,  BR REN I Z AR VHABIES . T4V AR
BYAEMZEE “ADD ESPX” TRAUEFAIE, —UVEHREHBTA 0. s

push al

push a2
call ...

push al
cal

push al
push a2
push a3
call ...
add esp, 24

(@ calling convention, 34 “VBFEMLE” “ VI sE " k.



% 6% printfOE 5530

T R MR F T
ECHEE 6.1 x86

_text:10011387 push 3
call sub_10001880 ; takes one argume:
call sub_100019D0 ; takes no argumen
call sub_10006A90 ; takes no arguments a
push 1

call sub_10001830 ; takes one argument (1]

T (3)

R OllyDbg #i MSVC Gl nars

add esp, 8 ; drops two azquments from stack at once

TAERATEE OllyDbg HINAIX G OllyDbg f3EH Z WA user-land (/' 73] win32 debugger.
ZEEEH MSVC 2012 SRR/ ATLFAIE, 2 H/MD 330, A4 475% /7 5 MSVCR*.DLL @57 33

S, KR, RATHAETE debugger i A SR FUFL P M bRHERE LA H R BUT LR

7E OllyDbg FAFHFHATILA, H5E— MBI RA nidILdll, $K/5% FO BT, JAJRIEM Bkl

E7% CRT-code H.. AN ZAE I main()FRHL.

B4 MSVC # main() i 043 BB RTDBR A A AL, B LA B2 18 T 35 5 3 RS ZE I Ak 2] mainQ B8 20tk -

=E 6.1 fis.

HE main(BREN RIS

6.1 {#R OliyD!

i PUSH EBP $i%, % F2 WENS, #ik FOMIEN. XAMRATHL CRT-code, FEHEATH

EFHARZHT CRT R,
TR 6 Yk F8 B, R UBET 6 &i4. WiE 62 Fim

e

6.2 A#H OllyDbg: s

SR, $54HEEF PC 1514 CALL printf #4-. SHABERMHREAAR, OllyDbg WAL RAITH K

EARNMFR. R

B EEIR? FATE - debugger AT, WHE 6.3 Pias.

P8, EIP ISR, FTlsA A — S
ESP FIfF£4 OllyDbg BisE8rr, FNFEXIUS RS ESP 4£aR{H R AT k.

R AT,

AR S 3 Pl Medbabs] . K0{E51 % OllyDbg fH:F1. OllyDbg fEUS A printf)XFEMKIfE 4

FHEH, BREHIELIIERITE RS A =AMEUAT TR



38 Wi TR E (EH)

B AT LU BURRIG A L T printfO RS AL A S PR “Follow in dump”, JXHE
FRHEAE R A 4 R e SUAL A s I 8 R IR R 7 BB S R P A A
NIRRT DA RS R T, ARG A R A R A . BRAMIIT R,
SR KR e, (B RRATTLAAT, WIS RERRE.

HF P84, HIBHUT (Step Over).

AL ERIE 6.4 it 45

[Estimibe st AN
{1 OllyDbg: W% PUSH fi4
AR (TR

FH MR WL E 6.5 B

6.5 i OllyDb; 2=
PLdE, EAX FTEIHMOMLR 0xD (B 13D JEAMHR printfOR AT EN SR LA )
. EIP SRR MR T AR, $KIF e RAENT CALL printf #4519 PC. HUEFN, ECX i EDX
AR Tk B4R printfQ B HAE TR R A A7 2
XA FEMIISE OSP MR LSRR H R TefiTAT LW BRI SR I AR
printfOR B A AL 3 AN BRI AL LR cdec] Yo P24 52 R R PR 7 RO S SRARSL
\ss VIR Cealler function) $UBEEIR S AL MR

[66 fEH OllyDbg: M%

ESP HAERIIEAT N, (BT SRR VA P AT AR A AR T (e
TN IK L), TOMR BERRATE SP 7 ki (EHh) SRR T W (noise) B # AR (garbage),
R THHBOAL. Fob, AR IR SRR, T RSE AT L BRI R AR

GCC

BUERAEM GCC 4.4.1 SHFIEAFLF, LR DA AT AT AT SO
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=2in proc near

= dword ptr -10h
= dword ptr -0Ch
= dword ptr -8

= dvord ptr -4
push  ebp
mov  ebp, esy
and esp, OFFFFFFFOh
sub  esp, 10h
MoV eax, offset aADBOCD ; "a=td; b=$d; c=td"
mov  lesptl0h+var 4], 3
mov [esp+l0htvar 8], 2
mov  lesp+l0htvarCl, 1
mov  [esprlOhivar_10], ecax
call  _printf
mov  eax, 0
leave
retn
m=in endp

S MSVC ERMBEFMI, GCC 4RI e SRR N TR FHFE . TERAMFIF, Gee
SEEA PUSHIPOP 54, TR B HAIET T M4

GCC #1 GDB

GDB 32 GNU debugger.

ZE Linux ) BABEE PR RR RO, Jh, “—o” MR TG A debug 5.
$gccl.c-g -0l

TR AT RAT AT IR

$ gdb 1

S%U gdb (GDB) 7.6.1-ubuntu

Copyright (C) 2013 Free Software Foundation, Inc.

License GPLv3+: GNU GPL version 3 or later <http://gnu.c:q/l)censes/qg].htm1>
Tois is free software: you are free to change and redistribute it.

re is NO WARRANTY, the extent permitted by law, Type "show copying"
show warranty" for details.

Ris GDB was configured as "1686-1linux-gnu".

or bug reporting instructions, please sze
<2ttp://wwa.gnu.org/software /adb/ougs /> .

Feading symbols from /home/dennis/polygon/1. . .done.

FEOHE 62 1 printf)EBF 142 IS BN K

{gdb) b princf
Sreakpoint 1 at 0x80482£0

RFBITRT . BATRF REA printf) HEAHS, 7Ll GDB TR A NI o (2, X3
BRATERIEF

fgdb) run

Starting program: /home/dennis/polygon/1

Sreakpoint 1, _printf (format=0x80484£0 "a=t
23 printf.c: No such file or directory.
274 GDB RHE N 10 MR, HHA LS —Fl £k,
{gdb) /10w Sesp

Oxbffffllc: O ¢ 0x080484£0 i1
OxbEfffl2c: 3 0x08048¢

OxbEfffl3c: 0xb7e29905 0x00000001

FATERMAIEIAIE RAO08048440), % T WriEX 5, RfTik GDB BN XA TR 4

i b=td; c=8d") at printf.c:29




i DA (R

w9 0 werERREROM
(gdb) x/53 0x08048442
0x804844a <main+td5>
0x804844f <maintS:
0x8048450 <main+3l>: ret
0x80¢845 xchg  %ax,%ax
0x8048453:  xchg  Sax,%ax

ret 2 5] XCHG 18415 NOP #4457 x86 SE4 AT L M NOP d5 4, SeBE L, SECRA RISC
ff CPU Hy$5 445 B th 3 L Y NOP 34
R = MR (0x08048410) R R e (TRED:

(gab) x/s 0x080484£0
0x80484£0: wa=id; b=td; c=hd"

B ENSARIE, RAds prinfORBIORT HEABE. RAHAOER, WA, ©
T fig LA 6 B MR R B A W LERATIRA

JeE. RATIT “Gnish” 8%, SIS <4k HUT & TRIES . ERIRAER L RATTHI
FO, X4IE431 S GDB HUT printfOREL, FEIEHA L.

(gdb) finish

orintf (format=0x8048470 "a-id; b=td; c=td"} st printf.c:29

§ return 0;
value returned is $2 = 13

GDB B fE pritfQIBHAT, EAX FHARMENA 13 MR B ATEN AR, LR
OllyDbg 4T A -

GDB TR T RIS “return 0; 7, B 1. IR E AT Y. SR E Le SCERAE AT A
34, GDB FE SO EARE T ICGRTE A MBS, GDB SR A 1 2 03 A % LR U —
1T ? s JATh TS AT AL M R E T o R T R RRE BEETT I G PEATEGRIFRE
FRrEE, SARERESH L b5 R 4 Ml o2 A B R R Sy — IHRAPFE T PUT AR

Foll] KA T EAX 3178 RERETR 13:

(gdb) info registers

eax 0xd 13

ecx 0x0 0

edx 0x0

ebx 0xb7£c00 -1208221696

esp OxpfELE OxbEE££120

ebp OxbELEE OxbELFF138

esi 0x0 0

edi 0x0 0

eip 0x80484¢4a 0x80484da <maint45>

SR A R AT RS . [ 7 SR R B R ORI EIEAT 096 €

(gdb) disas

Dump of assembler code for function main:
0x0804841d <+0>: push  %ebp
0xDB04B41e <H1>: mov  %esp,ehp
0x08048420 <+3>: and  SOxEffZfff0,sesp

0x08048423 <+6>1
0x08048426 <+9

sub  §0x10,%esp
movl  $0x3,0xc(3esp)

0x0804842e <+17>:  movl  $0x2,0x8(%esp)

0x08048436 <+25>: movl  §0x1,0x4(%esp)

0x0804843 <+33>:  movl  $0x80484£0, (%espl

0x08048445 <+d0>: call  0x80482£0 <printfiplt>
=> 0x0804844a <+5> mov  $0x0,%eax

0x0804844E <+5 leave

0x08048450 <+51>: ret
£nd of assembler dump.

LT, GDB 4L AT&T iR BRI Gitk4 . RATT LGN FidE4, 4 GDB SR Intel ¥
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(gdb) set disassembly-flavor intel
(gdb} disas
Dump of assembler code for functicn main:

0x0804841d <+0>: push  ebp
0x0804841e <+1>: mov  ebp, esp
0x08048420 <+3>: and  esp , DxEEEFEEf0

0x08048423 <+6>: sub  esp, 0x10
0x08048426 <+5: mov  DWORD TR [esp+0xc),0x3
0x0804842e <+17>:  mov  DWORD PTR [esp+0x8],0x2
0x08048436 <+25>:  mov  DHORD PTR[esp+0xd],0x1
0x0804843e <+33>:  mov  DWORD PTR[esp], OxBO4BA0
0x08048445 <+d0>:  call  0xB04B2£0 <printfEpli>
0x0804844a <+45>:  mov  eax, Ox0

0x0804844F <+50>
0x08048450 <+51>:  rot
End of assembler dump.

HHR, Bk, GDB HRIES FoniX IR R AT A5 R 5.

(gdb) step
7 b

Y
v

TERAT

(gdb) info registers

“MOV EAX, 0” 428, EAX ¥ EHE. BATHMIEATIAT:

sax 0x0 0

eck 0x0 i

edx 0x0 0

ebx 0xbT£c0000 -1208221696

esp OxbEFE£120 OxbEEFF120

ebp OxbffF£138 OxbfEFF138

esi 0x0 [}

edi 0x0 4

eip 0x804844F 0x804844f <main+50>

6.1.2 xB4: &9 MHE
AT FHR, BAIHREARID, BSHEERMNE 9 4~ Hip 8 MBHR int BAAR, 5% 1
SE TR R R R T

2include <stdio.h>
t main)

printf{"a=sg; b=td; c=td; d=td; e=%d; f=%d; g=%d; h=%d\n",.1, 2, 3, 4, 5, & 7, 6);
return 0;
b

MSVC

BISCA4HIL, Win64 M1l RCX. RDX. R8. RY FEIMELIBET 4 M4 EHHAKEAHERNSEL,
AP RETXA S ETENGIFE, MHESEHT MOV 4R b AT BB AE T
=R PUSH 154

3E4iEE 6.3 MSVC 2012 x64

5562923 DB ‘a=td; b=td; c=3d; d=id; e=3d; f-id; g-%d; h=sd’, OaH, 00K
main PROC

sub sp, 88

mov. DWORD PTR 8

mov DWORD PTR [rsp+36], 7

mov OWORD PTR [rsp+48], 6

nov DWORD PTR [rsp+40], 5

oy DWORD PTR [rsp+32], 4

mov r9d, 3




42 i TR E (M)

mov edx, 1
lea rcx, OFFSET FLAT: $5G2923
call  printf

; return 0

xor cax, eax
add rsp, 88
ret 0

main  END?

_TEXT  ENDS

END

6 64 BUARG T BRI 4 FHER. 4, Sy L AR A T 8 A Sk,
SR AR R 64 (i, REFBRERSHENS AR . R T FERGNEA
BHATRAE T, T LGRS AT IR FF o BTLL, 64 RS FA R ARRARE 8 FH M.
R, 32 RURSH N FE 2 R R A 4 R

GCC

<86-64 1) % NIX REFIE Win6d HMUN T iMtIESH ‘& s RDL RS, RDX. RCX. R8.
RY AEEEHTAAN B TR EBIR IS EEBICRIIDR, GCC R R T
EDI 254525 TiR5e e RDI 2577 8. TEATIONG 3.2.2 i, 64 fiL GCC TR e XN RS

7322 HHOMAMA TR, BT printf AL AT T EAX #7785 Al A A [ R AE

#5475 6.4 Optimizing GCC 4.4.6 x64

.string "a=%d; D d-%d; e=%d; f=3d; g=id; h=td\n"

main:
sub rsp, 40
nov r9d,
mov 8d,
mov ecx,
nov edx,
mov esi,
nov edi, FLAT: .LCO
xor eax, number of vector registers passed
nov DWORD PTR [rsp+l6], 8
mov DRORD PTR [rsp+Bl, 7
mov DHORD PTR [rspl, 6
call printf
; return 0
xor eax, eax
add rsp, 40
ret

GCC + GDB

ZEA GDB B E LT, RIS TRTR I

$ gec -g 2.¢ 0 2

are Foundation, Inc.
NU GPL version3 or later<http://gnu.org/licenses/gpl.html>
re : you are free to change and redistripute it.

to the extent permitted by law. Type "show copying”
for details.
This GOB was configured as"x86_64 -linux gnu".
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For bug reporting instructions, please see:
<http://www.gnu.org/software/gdb/ougs/>. ..
Reading symbols from /home/dennis/polygon/2...dore.

BR, KAWE printfOBAT 207 R WA, RIFISITIEAEF:
(gdb) b printf
Breakpoint 1 at 0x400410

(gdb) run
Starting program: /home/dennis/polygon/2

Breakpoint 1, _printf (format=0x400628 "a=:
29 printf.c: No such file or directory

RSIRDX/RCX/R8/R #F ££45 (¥ {E 4 2L 130 45 PR B B4 RIP 7577 B30 (R 242 print )RR 500 B ik o
FATATLATE GDB BLITH % F 7 25 A

(gdb) info registers
x 0x0

i b=td; c=td; d=bd; e=bd; f=id; g=td;

$d\n") at printf.c:29

0
0x0 0
0x3 3
0x2 2
ox1 1
0x400628 4195880
OxTEEEEE:
OxTLELEELEAE3E
0xd 4
0x5 5

OxVLLLIEffdced  140737488346336
OxTLEEE7265060  140737346263776
0x400440 €195392

0x7£E;

140737488347200

OxT£E££7265560  Ox7TEE££7265560 <_printi>

#ELEL 65 RERAUFHE

{gdb) x/s$rdi
0x400626: “a=hd;b=3d;

d;d=%d; e=5d;

=5d; g="

Sa\n"
RG] g T BARKRrTBOHUE . $74 P {838 giant words, BITLA 64 {7 words RUAGR MM B8 &40,

{gdb) x/10gSzsp

OxTEEEEEFEALI8: 76

OxTEEEEEEEAEAS: 7 0x0000TEEE
OXTEEEEEE

OxTEFEFEEFAFG8: 0x00007£E, 3des  0x0000008000000000
OxTELEEEEEALT8: 0x00007ELEEEEFO4B8  0x0000000100000000

64 RIRFRIR S 32 URLMRBATAKMR A . HEME—MLREE Y RA. BEHEN, £=
SEREERENSH 6. 7. 8. MIZERBIME “87 (0B 32 ROBILARE BN E, SRR
FEH “0x0000700000008”. B2 int REUEM (%) 32 i, HTLLXFHEREI AL P=/ERE. B,
SATAT LA IR 1 32 A AR B R AL SR .

R, BATEIL TR TE printf)REUEIT LR M. R EHHE #5954 . GDB #4 E7K main()
EEHLHS.

{gdb) set disassembly-flavor intel

(gdb) disas 0x0000000000400576
Damp of assembler code for functicn main:

0x000000000040052d <+0>: push  rbp

0x000000000040052¢ <+1>: mov  rbp, rsp
0x0000000000400531 <+d>: sub  rsp, 0x20
0x0000000000400535 <+8>: mov  DWORD PTR [rsp+0x10], 0x8
0x000000000040053d <+16>:  mov  DWORD PTR [rsp+Ox8), 0x7
0x000D00000DA0C345 <+24>:  mov  DWORD PTR [rspl, 0x6

0x000000000040054c <+31>:  mov  rSd, 0x5




mIRAEEE (ER)

z8d, 0x¢
ecx,
edx,

0x0000000000400552
0x0000000000400558

0x0000000000400562

0x0000000000400567 edi, 0x400628
0x0000000000400 eax,

0x0000000000400 0x400410, <printf@plt>
0x0000000000£00576 : eax, 0x0
1%0000000000400570 leave

0x000000000040057¢
End of assembler dump.

BTk, M “finish” J§4547 printf) 2 FRURRIT. & T HIR4 &I BAX AERE, FTLAEREN
W EAX B4 4%, DI/, RIP$55HE 1 LEAVE f54, LR main(M¥IHEIEGE — 446 4.
{gdb) finish

Run £il1 exit
a=1;b=2;

at=0x400628"a=%d;b=td; & ;£=3d; g=%d;h=td\n") at printf.c:29

#0_printf
5 £26:9=T;

je=3ja
main () at2.c:6

returnd;

v returned is §

{gdb} next

7 Vi

{gdb} info registers

rax 0x0 0

rbx o0 0

rox 0x26 38

rdx 0x7££££7dd59E0 110737351866864
rsi OxTEEEFFAY 2147483609

rdi 0x0 0

rbp 0x QE60 0xTEEFEEEEAE60
rsp OxTELEEFFEAL40 OxTEEEEELEAEA0
x8 372
9

10

rll

iz

13

rld

rl5 0x0

ri) 0x400575 0x40057b <main+78>

6.2 ARM

621 ARM R TE5% 3 M EH

ARM%%&%&%&M,E%ﬁ%ﬁ%ﬁ:MW4¢§ﬁ@%%Rm43§ﬁ$y%ﬁﬂm&%ﬁﬁ
ﬁm%ﬁeEﬁW(ﬁ%>%%J,ﬁﬁ%%&ﬁﬁ%i&&mﬂﬁiﬁwh&%ﬁnEkﬁww%im
MBS AR, SR 64.3 I 64.5.1 .

32 1 ARM R4

e LA Keil - ARM 485

B4ES 66 IEBEMALM Keil 62013 (ARM )

main
10 40 2D E9 STMFD $2!, (R4, IR}
03 30 AD E3 MOV R3, #3
02 20 A0 E3 MOV R2, 42
01 10 R0 B3 MOV RL, #1

08 00 8F E2 ADR RO, aADBOCD; "a=8d; b=%d; c=td"
0 06 00 00 EB BL _2printf
0000018 00 00 AO E3 MOV RO, 0 ; return ¢

:0000001C 1D 80 BD B8 LDMFD SPB!, {R4,PC
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AW, RO~R3 FHEB/MRGFESE. FHh, RO G RMAEER LTS, R FFEEE 1,
R2 FAFHREIE 2, R3 FATER1LHE 3.

0x18 LbEIFRA4 RO FAFE8 T, R REEVAAUIDHH “return 07,

KB g P AUPAR.

B T RS8R, Keil 6/2013 A pAGICERIES g 2 MA

TERS T IRALZESIE) Keil 6/2013 (Thumb BisX)

E4ER 6.7 TR TRUETR Keil 6/2013 (Thumb #3X)

-text: OODUCUDD main

000 10 BS PUSH (R4, LR}
03 23 MOVS  R3, #3
402 22 MOVS  R2, 42
01 21 MOVS  R1, #1
02 1O ADR RO, aADBDCD;"a=3d; b=td; c=td"
00 FO 0D F8 BL  _2printf
2 00 20 MOVS RO, 40
10 8D P02 (R4,EC}

mEﬁMW AT ARM R2IT-BAT KL 2
FERIEAETIRY Keil 6/2013 (ARM BEX) + JCiRFHE
BA TS FEAFIE RIS B “return 07 [RIEA:
#include <stdic.h>

void main(}

printf("asid; besd; c=%d", 1, 2, 3);
ke
*H)ﬁﬂ@?[ﬁm?ﬁ’?hkﬁmlﬂﬂ% El:

14 main

403 30 R0 E3 MOV
18 02 20 A0 E3 MOV
01 10 0 E3 MOV

R3,
2,
R1, 4

1E OE 8F E2 ADR R0, aADBDCD  ;"a=td;b=8d;c=td\n"

24 CB 18 00 EA B _2printf

B?‘é‘é> 4\0#@3)3425\16'] BL 4§ @ %% 5‘“1@)]5/‘&7%?“)-”%1{@@}”1/ AL, A #‘f‘&’ﬁ IR
HRR . BB T %A E R B IS USRS —4
ik, REHH LR A EROMMATIER . RELE, S x86 THHI IMP I5-0JE Ml hitAhiFd
ST ? SR L, XA SRTH CRARETD FEATERAER . ERR TR

(1) B SP (Stack Pointer) #F#%H & LK.

(2) MM printfORERFRFHRG 4184 WHZEEFELLMRIE.

B R BT AR AR, 7ESEAR prinfOBEMMEL 2 S5, TR SURELEMIS] LR 4448 HAFMRITR iy
SEAEL. LR BEHF S FE A printfOR $ & £, T AT EA printfOk £ SMY R .
EARTTIESAEN LR B, FUBRFALET LR (RE. B4 ORI REZR, RIras
EfbdAE. HONGRPERRIAT T AR AL .

YRR S HOTE AL A — AN BN, R BT E AT IR A

A5 13,11 FH “TRLTE 1327 R T A LIER.

ARM64

e LI GCC (Linaro) 4.9



46 # R IAREHEE (B

$4EL 6.8 FEEMALM GCC (Linaro) 4.9

el
.string "a=hd; b=hd; c=3d"
2:
; save FP and LR in stack frame:
stp x29, x30, [sp, -16]!
; set stack frame (FP=SP):
add x29, sp, 0
adrp %0, .ICL
add x0, x0, :lol2:.1C1
mov Wi, 1
nov w2, 2
mov Wi &
bl printf
mov w0, 0
; restore FP and LR
1dp x29, %30, [sp], 16
ret

#1—% STP(Store Pain)i 448 FP(X29)F LR(X30)HIEHEE AR . B4 “ADD X29, SP, 0” f84#H
Hobll, B HURIE SP HI{ES A X29.

JATHif “ADDRP/ADD” &5 T TR et

JERE Y printfORBS AL AR L, %d 2 32 B0 int MIUHAR . FTOL, FRIFAEAIT FAEARA0 32 BLTF6E
JETHRIEHE 15 2. 3.

BN 3 A T GCC (Linaro) 4.9 KITRALIET, BARMITES 5N,

6.2.2 ARMERT4E 8 MSH
AT 6.1.2 FEIHIF R

#include <stdio.h>

int main()

{

PLTIR T

i £=%d; g=3d; h=td\n", 1, 2, 3, 4,

printf("a=sd; b=td; c=bd;
return 0;
b

Optimizing Keil 6/2013: ARM #£:{

.text:00000028 main
.text:00000028
.£ext:00000028 var_18 = -0x18

00000028 war 14
:00000028 wvar 4
00000028

100000028

-0x14
-4

STR LR, [SP,#var 4]!
SUB 5P, 8P, #0x14

:0000003C
0000040
000044

ADD  R12, 57, #0x1Bivar_14
STMIA R12, (RO-R3}

100000048 MOV RO, #4
10000004 STR RO, [SP,#0x184var 18]
00000050 MOV R3, #3
:00000054 MoV R2, #2
MoV R1, #1
ADR RO, aADBDCDDDEDFDGD ; "a=%d; b=$d; c=%d;
:00000060 BL _2printf

0000064 1 ADD 5P, 8P, #0x14
0000068 04 FO 9D E4 LDR  PC, [Srétvar_d], 44
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TN RIS

HHFE:

SE—4AE4% “STR LR, [SP#var_4]!” 5 LR FF(Fa5 MO (HEEAbe . A ST A printfQ s #Li I 15,
BT RBEXANFERIOME. HLSPUENSERIXBTFMET (pre-index) 154 . HAKHK,
ERHESH SP IS 4, MUFHIE LR MERTEEE SP HIIRWATIIL, &X&IEL 5 x86 TA
PUSH #7443 3{bl. 7% PUSH {84 IFANE, WS AR 282 4.

3B _dkHi4 “SUB SP, SP, #0x14” FHEBUEIRST SP, LUME/HR N 0x14 (B0 20) FH5HI774k
ZEIA AEREEERE T, B 4008 5 A 32 (B4, FTCULR T A 5x4=20 45 M2 RE =Tl o
T B0 BT 5 (0BT 4 A SO0 R B A AR B ST AR

BRI 5, 6. 7. 8:

BHS. 6. 7+ 8 FIPAFREEI ROL RIL R2, R3 #7735, SAFHIT “ADD R12, SP, #0x18+var_14”
IRLTTARETIRE Mt B 8] R12 HAF8 . LIS EIR ST A RERAE . var_14 22 TDA BIEIC S
Fo HEEST-0x14. ZF “var 27 BRIE IMIE S RE KBRS Ly, FITHRERH
MUREAE R, %, RI2 FFFREELHAN SP+4.

JETHIR “STMIARI2, {RO-R3} " #H44E RO~R3 H£3 PN AT S 3] R12 AE SR EATRmp AR ishl |
STMIA # “Store Multiple Increment After” FAES . ZE X, BEAN—MSIFEIE, RI2 BEHEM 4.
BT AR B A 4.

MOV #5411 RO FEJRBESAMME “4”. $R/F, “STR RO, [SP#0x18+var 18]” #5448 RO 757735
B ARG TR BT var_18 HE2-0x18, FTLURBIMMELLE N 0. I, RO FFFRTAME
H42 5B SP iR H A fEHdE .

MR 1L 2, 3:

AEik4E printf)F BT =ASH v by ¢ (MBI 1. 2, 3) 383 R1L R2, R3 FA7 8455545 printl()
B TEULZAT, HALE S MEFME AR AR, fEERERTHBRLIE, WIHAN print)
BHTT AR e RN AN T .

A printf() R £

HHEE:

“ADD SP, SP, #0x14” $5-4{EAIEE SP &R 1A printf) 2 ATHPRA, RERERUAR = AMER. 44,
e A AR A LB B R, IWATFEARNbE . TERT HABRR A, B S
YERLFIIRIR, “LDR PC, [SP+4+var_4]44” MARTHRER LR SAF88 HOML, H3Ueibsh PC %7745,
PRI LB, X ERENMEF. RAROREHAERNS, BT ¢ ]
Ipost-index” J84. ARV, ESEI[SP+4+var_4] (B [SPD) {5384 PC, #RJFFH SP=SP—4
HIEH. Aft4 IDA DUXFI RS BoRIX 43647 DA LT 4RI M AR, var 4 &
JREER B ARE LR MEE SR X545 x86 “F A ) POP #5440 2400,

Optimizing Keil 6/2013: Thumb Fizt

-zex£:0000001C printf_main2

000001C 00 BS PUSH  {IR}

000001E 08 23 MOVS  R3, #8

0000020 85 BO SUB  SP, 5P, #0xl4
0000022 04 93 STR  R3, [SP,#0x18+var 8]
0000024 07 22 MoVS B2, #7

100000026 06 21 MOVS  R1, #6



48 DI EREEE (B
MOVS RO, #5

ADD  R3, SB, #0xlBivar 1¢
:0000002C STMIA R3!, {RO-R2}

100000022 movs RO, #4

£:00000030 00 90 sTR RO, [SP, #Ox18+var 18]
:00000032 03 23 movs B3, 43

100000034 02 22 uovs  R2, #2

100000036 01 21 Movs  RL, #1

100000038 A0 AO ADR RO, aADSDCODDEDEDGD ; "a=bdi b<id; c=id; d=td; e=td; f=td; g=5".
:0000003A 06 FO D3 F8 2L __2printf

0000038

000003E Joc_3E ; CODE XREF: examplel3_f+18
000003E 05 BO aDD 5P, SB, #0x14
text:00000040 00 BD pop  {EC}

Thumb B LTS5 ARM KIS0 HREL (BRBEAKBINUT AR 8, Thumb HALAER
ol 8 AR, SETRUCH T, 6. S HEEAME, TEB =K 4 AR

Optimizing Xcode 4.6.3 (LLVM): ARM i

__text:0000230C _printf main2
__text:0000290C

_ text:0000280C var_1C = -0x1C
__text:0000290C varC = -0xC

__text:0000290C

text:0000290C 80 40 20 ES  STMFD SB!, (RT,LR}

_text:00002910 0D 70 RO EL MOV BT, SP

T text:00002914 14 DO 4D E2 SUB 5%, SP, H0xl¢

rext:00002918 70 05 01 £3 Mov RO, #0x15T0

“text:0000291C Q7 CO RO E3 MOV RL2, £7

00002920 00 00 40 E3 MOVT RO, #0

002924 04 20 AO E3 MOV RZ, #4

00002928 00 00 8F E0 ADD RO, PC, RO

Lext:0000292C 06 30 RO E3 MOV R3, 36
00002930 05 10 AD E3 MOV R1, #5
100002934 00 20 8D ES STR B2, [SP,#0x1CH

0a 10 8D EQ  STMFA 5P, {R1,R3,R12)

08 90 A0 E3 MOV  RY, #8

01 10 R0 E3 MOV RL, #1

02 20 RO E3 MOV RZ, #2

03 30 A0 E3 MOV R3, #3

10 90 8D ES STR  RY, [SP,H#OxICHva

" text:00002950 A4 05 00 EB BL  _printf

“ext:00002854 07 DO A0 El MOV 8B, R7
text:00002958 80 80 BD E§ LOMFD SPL, (X7, PC)

XL AT S I R L {15 STMFA (Store Multiple Full Ascending)ff4 TR
STMIB (Store Multiple Increment Before)fI[F X1« A RN SP RN, AR EURIEEARR: 10
RSN, FIBE SP IRk, ©

BRI A T ERAHT, (LRI xcode S RITEFR—FE A I, 7EME 02918,
0x2920. 0x2928 &, RO A7 S HIATSHRAEALLT AT Ll — S AL T, A AR BT
TR, WE, PSRBT AT TR 4. L “MOVT RO, #0” R “ADD RO, PC,RO” 2}
(P4 RARAE RO HTRE S, BT SRBTEEIHT L. 571, “MOVT RO, #07HIMOV
R, #4” 2RI, ATLARIHRAT. AR TR SRR SRR AT RO EIE

Optimizing Xcode 4.6.3 (LLVM): Thumb-2 #&X

__text:00002BA0 _printf main2

@ febFiRm kb AT IR, BB full stack [, L EEATY empty stack TIEH].




# 6% printf)® 3 5 S HHA 49

__text:00002BA0

__text:00002BA0 wvar_1C = -0x1C
__text:00002BA0 var_18 = -0x18

:000028A0 var ¢ = -0xC

100002340

00002820 PUSH {R7,LR}

00002832 1oV R7, SP

0000284 suB SP, 5P, $0x14

00002826 20 MovH RO, #0x1208

00002822 oc Mov.W R12, 47

00002BAE 00 MOVT.R RO, 40

0000282 uOVS R2, #4

00002834 £DD RO, BC ; char *

00002386 HOVS R3, #6

00002388 HovS RL, #5

00002383 4 OE ADD.W LR, SP, #OxIC+var_18

000028BE STR R2, [S?,#0x1C+var_IC]

00002BCO 4F FO 08 0% MOV.W R9, #8

000028C4 88 ES OA 10 STMIA.W LR, (R1,B3,R12}

:00002BCB 01 21 RI, #1

00002BCA 02 22 MOVS RZ, 2

00002BCC 03 23 MOVS R3, #3

:00002BCE CD F8 STR.W RO, [SP,#0x1C+var C]
__texc:00002BD2 01 FO 0A EA BLX _prints
__text:Q0002BD6 05 30 ADD s, SP, $#0x14
__text:00002BD8 80 BD 20P {R7,EC}

5 ARM HaR45 R A G, KBRS 17 76T B R Thumb F5&BIAFAE. BRUIEZAT, ARM B
#1 Thumb R &% BRI IFLEFRE A .
ARM64

Non-optimizing GCC (Linaro) 4.9

148 6.9 Non-optimizing GCC (Linaro) 4.9

o e ]
.string "a=3d; b=%d; c=3d; d=3d; e=3d; f=%d; g=id; h=td\n"
E3:
; grab more space in stack:
sub sp, sp, #32
; save FP and LR in stack frame:
stp x29, x30, [sp,16]
; set stack frame (FP=SP):
add x28, sp, 16
adrp %0, .LC2 ; "a=hd; b=hd; c=3d; d=%d; e=id; f=3d; g=3d; h=id\n"
add x0, x0, :lol2:.LC2
nov wl, 8 ; 9th argument
str wl, [sp] ; store 9th argument in the stack
mov wl, 1
nov W2, 2
nov W33
nov v, 4
nov WS, 5
nov 6, 6
nov Wi, 7
bl printf
sub sp, x29, #16
; restore FP and LR
1dp x29, x30, [sp,16]
add sp, sp, 32

ret

X-58 W-SF 17 ARG AT 8 MM (£ ARMI3c]. TR IREEH 64 frfrras, FIUEMARE




50 o TR (B

X0 HHE. FAMIS R T 32 A2, 2P REAR MG 32 BB W-A Tt . TR

Bk LA S (Hfi 8). CPU % 7R AT, 7 DA B A BV R MR A IR B AL
AL fF, GCC  (linaro) 4.9 A RS S5 A R

6.3 MIPS

631 fE#3MFH

Optimizing GCC 44.5
#£ MIPS T4 L4 7% “Hello, world!” ¥, SRR A putsOFR R AR primtfO R 2L, i BERE
iss~$7 HE (HISA0~$A2) ALIAT3 ABH.

X3IARTEME A TELREER, BA B RS (arguments) MIFIFE.

#5475 610 Optimizing GCC 44.5 GCRES)

Lascii  "a=hd; b=3d; c=td\000"
main:
; function prologue:

ivi 28, %hi(_gnu_local_gp!

addiu  $sp,$sp,-32
sadiu  $28,528,3lo(_gnu_local gp)
s 531,28 ($50)

; load address of printfi}:

n 525, 3cal LL6 (printf] ($28)

Joad address of the text string and set lst argument of
Tui 54,3hi (S1.C0)
addiu  $4,84,310(5

; set 2nd argument of print H

1i $5,1 ¥ 0x1

printf():

0]

; set 3rd argument of printf(l:
1i $6,2 ¥ 0x2

; call printf{l:
$:

5
rqument of printf(] (branch delay slot):
57,3 4 0x3
; function epilogue:
531,28 ($5p)
set return value to O:
move $2,80
; return

i $31
addiu  $sp,$sp,32 ; branch delay slot

$54758 6.11 Optimizing GCC 4.4.5 (IDA)

text:00000000 main:

.text: 00000000
_text:00000000 vaz_10
_text:00000000 var_4 =

i 0000000

; tion prologue:

L text:00000000 1ui  $gp, (_gnu_local gp >> 16)

L text:00000004 addiu $sp, -0x20

L text:00000008 1a  Sgp, (_gnu local gp & OXFFFF)
L text:0000000C s $ra, Ox20+var_4($sp)

L text:00000010 su 9gp, 0x20+var_10{$sp}

; load address of printfi):
_text:00000014 1w §t9, (printf & OXFFFF) ($gp)




% 6% printf)BEK 5 S K 51

; load address of the text string and set lst argument of printf(}:

- text:00000018 la $a0, SLCO I "a=3d; b=3d; c-3d"

5 set 2nd arqument of printf(}:

~text:00000020 1 $al, 1

i set 3rd argument of printf():

~text:00000024 i sa2, 2

; call printf({):

.text:00000028 jalr $t9

; set 4th argument of printf() (branch delay slot):
ext:0000002C 1 sa3, 3

; function epilogue:

- text:00000030 v $ra, 0x20+var_4i$sp)

; set return value to 0:

-text:00000034 move $v0, $zero

i return

-text:00000038 jr $ra

- text:0000003C addiu #sp, 0x20 ; branch delay slot

DA %4 E75 0x1C 1354 . SR E 0x18 £ “LUI” 1 “ADDIU” Bi4484, IDA BENERAESA
JEES, SAT 8AFEW.

Non-optimizing GCC 4.4.5

TR ERGES NLEDL A4 GCC Mt e 4 S aBEE.

#£47%%$ 6.12 Non-optimizing GCC 4.4.5 (L4 )

$LCO:

.ascii "a=3d; b-id; c=3d\000"
main:
; function prologue:

addiu  $sp,$sp,-32

su $31,28($sp}

s $£p, 24 ($ep)

move  §$fp,$sp

lui $28, %501 (_gnu_local_gp)

addiu  $28,528, 51o(_gnu_local _gp)
; load address of the text string

lui $2,3hi ($1C0)

addiu  $2,52,310($1C0)
i set st argument of printf():

move  $4,$2
i set 2nd argument of printf{l:

1i $5,1 + 0xl
; set 3rd argument of printf():

1i 56,2 # 0x2
; set 4th argument of printf():

13 7,3 #0x3
; get address of printf(]:

v $2,%calll6|

nop

5 call printf():
move  $25,52
jalr 525
nop

5 function epilogue:
) $28,16(5fp)
i set return value to 0:

move  §2,50
move  $sp, Sfp
1u 531,28 ($sp)
i $£p,24{$sp)
addiu  $sp, $sp, 32
i return
3 31



52 # i TRAEEE (B

#5458 6.13 Non-optimizing GCC 4.4.5 (IDA)

00000000 main:

0000000
000000 var_10 = -0x10
000000 var_8 =-8

= -4
text:00000000 zddiu $sp, ~0%20
. text:0000000 su S$ra, 0x20+var 4({$sp)
. text:00000008 s $fp, 0x20-var 8($sp)
. text:0000000C nove $fp, Ssp
. text:00000010 la $0p, _gnu_local gp
. text:00000018 E Sgp, 0x20+var 10(Ssp)
; load address of the tex:t string:
£:0000001C la $v0, ahDBDCD § "a=3d; b=8c; c=%d"
; set lst argument of printf(}:
x0:00000024 move 5a0, $v0
; set 2nd argument of prinzf():
. text:00000028 1 sal, 1
; set 3rd argument of printf():
. text:0000002C 1i $a2, 2
; sel 4th argument of printf{l:
. text:00000030 1 a3, 3
; get address of printf():
L text:00000034 1u $v0, (printf & OXFFEF) (Sgp}
L text:00000038 or sat, Szero
5 call printf{l:
.text:0000003C nove 519, $v0
~text:00000040 jalr st
. text: 00000044 or $at, $zero ; NOP
; function epilogue:
. text:00000048 i $gp, 0x20+var_10(3fp)
; set return value to 0:
text:0000004C move $v0, Szero
0000050 move $sp, $fp
: 00000054 i $ra, 0x20+var_4($sp)
. text: 00000058 1w 0x20+var_8 ($sp)
.text:0000005C addiu $sp, 0x20
i return
. text: 00000060 jr sra
. text: 00000064 or $at, $zero ; NOP

632 B INSH

FATERALA 6.1.2 Wl F, R 9 MSHIEIE.
#include <stdio.h>

int main()

printf("a=3d; b=%¢; ¢ h=sd\n", 1, 2, 3, 4, 5, 6 7, 8);

return 0;

td; d=3d; e=id; f=%d; o

Y
Optimizing GCC 4.4.5

B LA BT, MIPS £{EHSAO-SA3 EH 4 M os, ERREREANSE. KHT&E%
KR4 % “032” MEIOBHL . SR ERSH MIPS RAXRARZALAE. WRRMT HAbME
FORE LR, PIIN32 A, WERMHBUSTRRKEE.

FEIHA TR “SW” 2 “Store Word” W45, FILIEHFRIEEANT. MIPS (S HRMDN
WA EE T AN AE I AR AE A . T T ATIE MRS, SAEAE A LISW 354




% 6% printf) @ 5 A0 53
4% 6.14 Optimizing GCC 4.4.5 (L4 1)

S1CO0:

cascii "a=gd; b=8d; c=3d; d=3d; e=3d;

d; g=%d; h=d\012\000"

ion prologue:
ui 528, %hi (_gnu_local_gp)
addiu  $sp,$sp,-56

addiu  $28,528,%10( gnu_local_gp)

sw $31,52 ($sp)
; pass 5th argument in stack:
52,4 # 0xd
su $2,16($5p]
5 pass 6th argument in stack:
1 52,5 05
v 52,20 ($sp)
; pass 7th argument in stack:
1 52,6 1 0x6
s $2,24($sp)
; pass 8th argument in stack:
2,7 4 0x7
1w $25,%calllé(printf) ($28)
$2,28 (§5p)
; pass 1st argument in $a0:
lui 54, 2hi [SLCO)
: pass 9th argument in stack:
1i 52,8 # 0x8
s 52,32(8sp)

addiu $4,54,%10($1.C0)
; pass 2nd argument in $al:
1

4 0x1
; pass 3rd argument in $a2:
1i $6,2 ¥ 0x2
; call printf():
jalr
: pass 4th argument in $a3 [branch delay slot):
$7,3 # 0x3

nction epilogue:
n $31,52($sp)
: set return value to 0:
move  $2,80
7 return
3 $31
addiu  $sp,$sp,56 ; branch delay slat

#4615 Optimizing GCC 4.4.5 (IDA)

-£ex£:00000000 main:
-text:00000000

.£2x£:00000000 var_28
00000000 var_24
-2ext:00000000 var_20
%£:00000000 var_1C
00000000 var_18
%£:00000000 var_10
00000000 var_4

00000000
: function prologue:
~zext:00000000 Lui $gp, (_gnu_local_gp >> 16)
_zext:00000004 addiu $sp, ~0x38
xt:00000008 la $9p, (_gnu_local_gp & OxFFFF)
_zext:0000000C su $za, 0x38+var 4(Ssp)
x£:00000010 su $gp, 0x38+var_10($sp)
7 pass 5th arqument in stack:
xt£:00000014 1i $v0, 4
_zext:00000018 sw $v0, 0x38+var_28($sp)

: pass 6th argunent in stack:




A TAERENE (R

- text:0000001C 1 5§90, 5
. text:00000020 su $v0, 0x38+var_24($so)
; pass 7th argument in stack:
. text:00000024 Ti $v0, 6
F 00000028 i $v0, Ox38+var_20(9sp)
; pass Bth argument in stack:
. text:0000002C 11 §v0, 7
_text:00000030 i $t9, (printf & OxFEFF) ($gp)
- text:00000034 sw $v0, 0x38+var_1C($sp)
; prepare lst argument in $al:
. text: 00000038 lui 520, [$LCO >> 16) #
pass 9th argument in stack:
. text:0000003C 1i $v0, 8
.text:00000040 sw $v0, 0x38+var 18(Ssp)
; pass lst argument in Sal:
. text:00000044 la 520, ($1CO & OXFFFF) § "a=%d; b=td; c=td;
; pass 2nd argument in $al:
text :00000048 1i sal, 1
s 3rd argument in $a2:
0000004C 1 sa2, 2
5 call printf():
text:00000050 jalr €9
; pass 4th argument in $a3 (branch delay slot):
0000054 1i a3, 3
; function epilogue:
. text:00000058 lu $ra, 0x38+var_4($sp)
; set return value to 0:
-text:0000005C move $v0, $zero
; return
. text:00000060 ir sra
- text:00000064 addiu $sp, 0x38 ; branch delay slot

Non-optimizing GCC 4.4.5
KRBTSR, GCC S4B A MRS .
34752 616 Non-optimizing GCC 4.4.5 ( iC44IH )

d; e

$LCO:

; c=id; d=%d; e=td; f=td; ; h=5d\012\000"

"a=td; b=

.a

main:
; function prologue:
addiu  $sp,$sp,-56

su $31,52($sp)

sw $£p,48($sp)

move  $fp,$sp

lui 528, thi (__gnu_local_go)
addiu  $28,$28,%1o(_gnu local gp)
lui $2,%hi ($1C0)

addiv  $2,$2,%10($1CQ)
; pass Sth argument in stack:

1 $3,4 § 0xt
su $3,16($sp)
; pass 6th argument in stack:
1i $3,5 1 0x3
£ $3,20($sp)
; pass 7th argument in stack:
1i 53,6 4 0x6
s $3,2413sp)
; pass Bth argument in stack:
1 53,7 £ 0x7
s $3,28(5sp)
; pass 9th argument in stack:
$3,8 + 0x8
su $3,32($sp)

; pass lst argument in $al:
move 34,52




% 6% printfQE $ 5 5F0AA 55

; pass 2nd argument in $al:

11 §5,1 4 0x1
; pass 3rd argument in $a2:
1 $6,2 # 0x2
; pass 4th argument in $a3:
11 3 £ 0x3
5 call printf():
u $2,3calll6 (printf) (528}
nop
move  $25,52
jalr  §25

nop
; function epilogue:
$28,40($fp)
; set return value to 0:
move $2,50

mave $sp, SEp

1w $31,52($sp)

1w $£p, 48 (Ssp)

addiu  $sp,$sp, 56
: return

3 531

nop

475 6.17 Non-optimizing GCC 4.4.5 (IDA)

-£ext:00000000 main:
-£ex£:00000000
~2ext:00000000 var 28
00000000 var_24
00000000 var_20
00000000 vaz_1C
00000000
00000000
00000000
00000000
£ext:00000000
function prologue:

addiu §sp, -Dx38
sw  $ra, Ox38+var d($sp)
s $p, Ox38+var_8($sp)
zext:0000000C nove $fp, $sp

£ex£:00000010 la  $gp, _gnu_localgp

xt:00000018 sw  $gp, Ox38+var_10($sp)
xt:0000001C la $v0, aADBDCDDDEDFDGD # "a=%d; b=%d; c=%d; d=%d; e=%d; f=%d; g=%" ...
pass 5th argument in stack:
<oxt:00000024 i $vl, 4
_2=x£:00000028 s §v1, 0x38+var_28($sp)
: pass 6th argument in stack:
_ext:0000002C JERNEE -
_22x£:00000030 sw  $vl, Dx38+var_24($sp)
oass 7th argument in stack:
+ext:00000034 1 svl, 6
ext:00000038 s $vl, 0x38+var_20($sp)
pass Bth argument in stack:
+=x£:0000003C 1 svl, 7
£:00000040 sW $vl, 0x38+var 1C($sp)
: pass 9th argument in stack:
_2=x£:00000044 1 svl, 8
2=x£:00000048 s Svl, 0x38tvar_18($sp)
pass lst argument in $a0:
xt:0000004C nove $a0, $v0
: pass 2nd argument in $al: |
xt:00000050 i sal, 1 |

pass 3rd argument in $a2:
_£=xt:00000054 1 sa2, 2




TR AR ()

; pass 4th argument in
.text:00000058

} call printfl}:

. text:0000005:

1w $v0, (printf & OXFFFE) ($gp)

. text: 00000060 or $at, $zero

. text:00000064 move §t9, $v0
.text:00000068 jalr $t9

S 0000006C or $at, $zero ; NOP

; function epilogue:

.text:00000070 1w 0x38+var_10($fp)
; set return Vv to 0

.text:00000074 move $v0, Szero
.text:00000078 move $sp, $f]

. text:0000007C Lw $ra, 0x38+var_4($sp)
.text:00000080 1w $fp, 0x38+var_8($sp)
. text:00000084 addiu $sp, 0x38

; return

.text:00000088 ir $ra

. text:0000008C or Sat, $zero ; NOP

6.4 B
TR B %, TR A R AT

{54758 6.18 x86

_ fmemeew W6 0 0 0 00000000000

PUSH 3rd argument
PUSH 2nd argument
PUSH 1st argument
CALL fu
; modif

ion
stack pointer (if needed)

154758 6.19 x64 (MSVC)

_ HReRHea9 xeaMovh) o0

MOV RCX, 1st argument
MOV RDX, 2nd argument
MOV RE, 3rd argument
MOV B9, 4th argument

PUSH 5th, 6th argument, etc (if needed)

CALL function
; modify stack pointer (if needed)

1E47E$ 6.20 x64 (GCC)

__EEmeLA Mee U s e ey

MOV RDI, lst argument
MoV RSI, 2nd argument
MOV RDX, 3rd argument
MOV RCX, 4th argument
MOV RE, 5th argument
MOV RY, 6th argument

PUSH 7th, 8th argument, etc (if needed)
CALL function
; modify stack pointer (if nee

$£4iER 621 ARM

| wmewgeA MM 0000000 0O

MOV RO, 1st argument
MoV R1, 2nd argument
MOV R2, 3rd argument
MOV R3, dth argument
; pass Sth, 6th argument, etc, in stack (if needed)




% 6% printf)E 555 57

i modify stack pointer (if needed)

$54EE6.22 ARMB4

MOV X0, st argument

MOV X1, 2nd argument

MOV X2, 3rd argument

MOV X3, 4th argument

MOV X4, 5th argument

MOV X5, 6th argument

MOV X6, 7Tth argument

MOV X7, 8th argument

; pass 9th, 10th argument, stc, in stack (if needed)
BL CALL function

; modify stack pointer (if needed)

4158623 MIPS (032 HAAE)

LI $4, 1st argument ; AKA $A0
2nd argument ; AXA $A1
3rd argument ; AKA $R2
4th argument ; AKA $A3
; pass Sth, 6th argument, etc, in stack {if needed)
i temp_reg, address of function

JALR temp_reg

6.5 H itk

7 x86+ x64, ARM Fl MIPS 6 b, 2R EEHBSHNFTES AR, RFHERERE, B
EEBBHWIES CPU KIRRHRRIBATY). MBPAES N, AL ol LUIFR I — A REIE AL
EEERS BB TN

ATHERIZ, TR 032 AAEN, MIPS FEI 4 5~7 B /FA M {ESA0-SAT 178, 9
= b HIEARGEATUEASZERO 2SN A A7 SR AER, ) LIREC AL R A A 45 -

CPU & AETAEITE FTHF 1 A 215 -

STHRTE S MR T T ASRIRELIE /T k(B B8, B AR F R AR AR S 54,
ESEBSHNTFEETIRARE, FETHREESREREESH. T, XENBTFEIRERZST.




# 73 scanf()

AR scanfOBIEL
71 BWER
#include<stdio.h>

intmain (]
(

int x;
printf ("Enter X:\n"};

scanf ("
printf ("You entered L L
return 0;

i

S, AR T AT R KRB scanfORREATH ATE- RS A SR T R

e H .
741 EEEN
EENRER,

B BTSRRI . IR R PR R T PRolis s e e e
& TR, BRI SR . T i AR Rt I RRGERIREY, T
R AT M B R G AL PN A AN E AR X R WaB Rt TR &
A FLh i)ﬁPﬂﬁm%&ﬂﬁ?ﬂ%iﬁ%ﬂ(fﬁnﬁiﬁmwmﬂfm LR T B A B LR T
SIS B

7 CrCHH IR, 5B BRI W LB

x86 REMFER 32 BT (4 FHEID FRTEEr: x64 FEMAEA 64 AT (8 ESGE SN o
JeA SRR, 64 fLRGM IR H 32 fi GeftEE KT . AR x86 T4 T RS T x86-64 T
SRR s> NI e LS R T R

A ﬁ%ﬁ}ﬂﬁ:}ﬁﬁ%i‘%ﬁ‘ylﬁﬁm%%ﬂfﬁﬁ Sk Fbdgkt, B, A C VEE memepyOR
B, FER AR ISR R FF R A R IR MR, T 2 A void*iiEH I
. RAELT, b B RO BRI A B FE MR

Fok [T R T MR A S AR KB 10 TATEAHRE AR scanf()ERHUR AT A
JRE % AME. E/ﬁﬂﬁ%%%*ﬁiﬁ)ﬁﬁ’(ﬂ%)ﬁi?¥¢/l‘z}3&y Ti R B RIE

7 CIC+HIgR ISR ﬁl%%%ﬂ%&%’iﬂﬁﬁﬁﬁm&ﬂ'%ﬁﬁﬁﬂE‘J%‘é@u RIS TSR
FEEL, WHTRHALEAER.

7.4.2 x86
MSVC
{7 MSVC 2010 % LI, w33 PRI RS

CONST ~ SEGMENT




£ 7F scanf() 59

$563831 DB 'Enter X:', Oad, 00K
$5G3832 DB 'sd', OOH

$5G3833 DB 'You entered %d...', 0aH, 00K
CONST ~ ENDS

PUBLIC main

EXTRN  _scanf:PROC

EXTRN  _printf:PROC

i Function compile flags: /0dtp
_TEXT | SFGMENT

_x$=-4 i size - 4
_main  PROC

push  ebp

mov  ebp, esp

push  ecx

push  OFFSET $3G3831 ; 'Enter X: '
call _prints

add  esp, 4

lea  eax, DWORD PTR x$[ebp]

push  eax
push  OFFSET $5G3832 ; 'sd’
call _scanf

add  esp, 8§
mov  ecx, DWORD PTR _x$[ebp]

push  ecx

push  OFFSET $5G3833 ; 'You entered 5d..."
call _printf

add  esp, 8

i return 0
xor  eax, eax
Moy esp, ebp
pop  ebp

ret 0

_main  ENDP
_TEXT  ENDS

& x BRI,

CICHhRERER s BRI PRSI AT LU SR A, L 3R M0h B FIRSI R S Rt i,

EEEL, AR R R R A R A BARNTRHAE R TSR Rk —, {H2Hg
X867 B IR AR AR AR AR R RSP R A R A A

ERYF TG % “PUSH BCX” #54-, PG RB R A MA R “POP ECX” 54, PrELE
EFERRLF ECX W91H.

FFRE, EAIRSTERAMTT 4 R0 B2 Yok i

CHRE X8 QUER-4 AT HIRWEE x, 7 EBP R EF BRI AR AT 54T

ERBEATHIMI, EBP —BIR (I 4B HIMM (stack frame). IXRE, M6 3URVTT 0 EBP-+offset i3
EEAMAR. URINBENNESBH.

ESP h AT LURIR VI i) A AR, $KIR 057 T sAT 250, R ESP WIS R, kR
SE. RECAHZAVRAFRIE EBP SE4HRA ESP IR0, KRN T W RAC R HUB 1T RIAE
EBP FERAEMI RS ESP {H T

32 BIRGE, ABAGHI (stack frame) £l iR,

JHEREE 2, IDAKFIEH var 8
AR #1, DA FRICH var 4

& [EE Retum address
RS, DA FFiCH arg 0




60 #HTEREEE (L)

EBP-+0xC

EBP-+0x10

AHI 9 scanfOTT AL

B ABRRE—MEE, SRAEH “%d” WHRLTRE. BOABERBHER fastuk.

¥4, “Iea eax, DWORD PTR _xS[ebp]” #6445 &t x (bl N EAX S 174, “lea” £ “load effective
address” W45, REHIRIBIER (BTABED SNERGEE (offser) (EXEIAIATFE (& e
o 2d. ©

St LEA 4 EBP 37285 % xSTA, SRUEEH EAX PR RAEMIE A BLE R, RS R
F ¢ leaeax, [ebp-4]"

S, JUT L EBP AFIITME 4, JHE MR AR T EAX A # ek, 1L EAX e ]
EHEEANIRZ G, T IFHE AR scanfORA L.

ZEWF prinfQEHZ A, IR TR B, IHRLFHE Yo enered %d..;n” (B4 .

printfOFHT A 1128 ~ NS Kk “mov ecx[ebp=4]” A . MBS eox B cbp—4 BiTRI
MRS CEPARTR x 4D, TR ebp—4 FTZEIARIIBIL.

JLJE TR AT ECX HERE AR, SRJF R B printfQ R 4

7.1.3 MSVC+OQllyDbg

SR OllyDbg iR LB T . IMEAFLIE, — 9 FS BERBAT, SRR nedlLdll, 3
NIRRT SR, Pk main) L FRAL. 75 main(HLE AR %354 “PUSH EBP”,
SEEERALE R 2 AN S, BAE FO B, BTN INE S

el RIS B B x ST, W 71 PR

i

B 7.1 OllyDbg: A5 x [HIRELE R

LECAN TR ML, JRATV7E 25 42 96 1 B3 75 § ¥ty BAX F 1745, SRFEVERE “Follow in stack”, MIk—
Sk, OllyDbg AhA7itkes O FLIL AL ATH: Py Hidft UETRAT A M R R T B . R ALk
FERE R EAOE. Mok, TEHUAE 0x6E494714 SRHIUERLE A .
ZE R4, PUSH 154 2HEAUAEM SR SR T — Mk, B8k, (ER2
FERATSE scanfORIBLZ AT, WA F8 B, FEHAT scanf(FRELHIIN A%,

W72 BHIGHD

TeATEAGEATRFH 5L AR, 123, 4 7.2 BR.
scanfO) I LHIPIT 25 THEWIE 7.3 PR

EAX 774 BACH BAUIERIE 1. RSB T 1 M- RATAT LA PR SR AR R

@ R A2




7% scanf() 61

5, HHGD 0x7B (EIHCF 123),

uazé"'?i; e
% ?Z.,:“.f%‘éém‘ﬁim“‘m

#73 OllyDbg: IEAT scanf)ZJ&
EAMER BT AR ECX B8, RRBRIELRALBS printfORE, Q14 7.4 PR,

U e [

74 OllyDbg: %ﬁ@ﬁiﬁﬁ ‘printf()

GCC

FATEE Linux GCC 4.4.1 T4 BXBALT .

=2in proc near

var_20 duord prr -20h

war ic dword prr -1Ch

var 4 = duord ptr -4
push  ebp
mov ebp, esp
and esp, OFFFFFFFOh
sub esp, 20n
nov [esp+20h+var 201, offset aEnterX ; "Enter X:"
call  puts
mov  eax, offset aD ; "id"
lea edx, [esp+20h+var_d]
nov [esp+20htvar_1C], edx
fov [esp+20htvar 201, eax
call  __isoc99_scanf
mov edx, [esp+20h+var_d]
mov eax, offset aYouBnteredd _ ; "You entered 3d...\n"
mov [esp+20htvar_1C], edx
nov [esp+20h+var_20], eax
call  _printf
mov cax, 0
leave
retn

=2in endp



62 ww DRGSR (B

GCC 4E printf(y&#k A putsO)» SKFN 3.4.3 VTR AILBUARR .

Mik, GCC @it MOV Je 4 SMARRIRAR, X AT MSVC AR

el

AT RSN AR, R LIER CloHHE RS ZEARN AR A 4 CIC+H
R, REFHAMGERZE HEABRIER, AL R T R RifR 4 2 AR REH
[ T B SUTITU e SRR S R BE AR .

714 x64

FEHPETT ) x64 P& W ETRUTRF I B FRARFNS R, R H P AR S
Geph 2 ob, FiPEITEA x86 RIS TR KK IR A

MSVC
MSVC 2012 x84
5561289 DB ‘Enter X: ', Oaf, 00H
$5G1291 DB '5d', 00H
$561292 DB You entered §d... ', OaH, 008

_DATA  ENDS

TEXT ~ SEGMENT

x$ = 32
main  PROC
$IN3
sub rsp, 56
lea rex, ; ‘Enter X: '
call printf
lea rdx, QWORD PTR x§(rspl
lea rex, OFFSST FLAT:$5G1291 ; '3d'
call scant
nov edx, DWORD PTR x$[rspl
lea ox, OFFSET FIAT:$5G1292 ; 'You entered 3d... '
call printf
return 0
xor eax, eax
add rsp, 56
ret 0
main  ENDP
_TEXT  ENDS
GCC

fEF] GCC 4.6 (AR LIER—03) gk LRFF, W ARF IR FiE L .

5458 7.2 Optimizing GCC 4.4.6 x64

LLCO:
.string "Enter X:"
.Ic1:
.string "#d"
.LC2:
.string "You entered ¥d...\n"
nain:

sub  rsp, 24
mov  edi, OFFSET FLAT:.LCO ; "Enter X:"



1%

scanf() 63

jreturn

ret

715 ARM

.text:00000042
.text:00000042
.text:00000042
- text:00000042
-£ext:00000042
.text:00000044
-text:00000046
-£ext:0000004A
-text:0000004C
-text:0000004E
-text:00000052
-text:00000054
-text:00000056
.text:0000005A
-text:0000005C

SUEBAFRAT.
ARM64

xor  eax, eax
call  printf

[

xor  eax, eax

add  rsp, 24

call  puts

lea  rsi, [rsp+l2)

mov  edi, OFFSET FLAT:.LCL ;
xor  eax, eax

call  _isoc9d scanf

mov  esi, DHORD PTR [rsp+l2]
mov  edi, OFFSET FLAT:.LCZ ;

Optimizing Keil 6/2013 (Thumb #£:X)

scanf_main

var_8

08 BS
A9 20
06 ¥0 D3 I8
69 46
22 20
06 FO CD F§
00 99
A9 RO
06 F0 CB F8
00 20
08 BD

"You entered %d...\n"

=-8

PUSK
ADR
BL
oV
ADR
BL
LDR
2DR
BL
HOVS
poP

{83, 1R}

RO, aEnterX ; "Bnter X:\n"
_2printf

R1, SP

RO, ap i omedn

_ Oscan?

R1, [SP,#8+var 5]

RO, 2YouEnteredd__ ; "You enteredsd.\n"
_2printf

RO, #0

{R3,PC}

scanf( iR SRR BB REHELR M. (AR, HFRATHRT —MRATRN R, B
EEA A FH I BRIRREEE M AT, T BB CPU B AFs T . TEE R RR
=, R FEETHIER D, B IDA 4720 var_8, ARifi, SEWFERFSE S UEEMN . figH SPiER
EEETN, RHLEG AT A SP AR, HF, BIFUHIRE SP e Bk
EARI S, PR TS NRE BN RO FHEME, Wb K, scanfOR MRS T EH
FESY. FIZF, BFEH LDR B4 R EEE RS R S48, LI printfOi .
EME(I Xcode LLVM F2/FLL ARM 4R BEX BARIT, 540/ U ga 1G9 IR bl

1Y

#4573 Non-optimizing GCC 4.9.1 ARM64

.str

.str

scanf_main:

stp
; set stack
add

zdrp

ing "Enter X:"

ing "3d"

%29, %30,
frame (FP=SP)
%29, sp, 0

%0, .LCO

[sp/

_32]1

.string "You entered 3d...\n"

; load pointer to the "Enter X:" string:

s
6
5
8 ; subtract 32 from SP, then save FP and IR in stack frame:
E
0



64

IR ()

add x0, x0, :l012:.1C0
X0=pointer to the "Enter X:" string
print it:

bl puts

; load pointer to the "§d" string:
adrp %0, .ICL

add  x0, x0, :l012:.IC1
; find a space in stack frame for
add  x1, x29, 28

(X1=FP+28):

el s of "x" variable
pass the ss to scanf() and ca:
bl __isoc99_scanf

able in stack frame:

; load 32-bit value from the v
1dr  wl, [x29,28]

i Wl=x

load pointer to the "You entered id...\n" string
; printf{) will take text string from X0 and "x" va

from X1 (or W1}

mov w0, O

; restore FP and LR, then add 32 to SP:
ldp %29, x30, [spl, 32

ret

355 22 47 SRR R IRAS Bt x TOFERRZIAL. 24 scanfQ Bl BORIUX MIEZ EHITH A SRR

A AN MAERAE . BTSRRI 32 ROBAIER . 5 27 ATROR QLA AKLR F A4 printf) FHL

7.16 MIPS
MIPS 45 .58 AL A B B R RS 70 B MDA o SRR A2 BT OB Ssp+24 R HIE AN scanf)

R RE 2 B, B3 LW (Load Word) Je &SR AN TE AR S M b DUERE printf()

ko

=455 7.4 Optimizing GCC 4.4.5 (assembly output)
$1C0:
.ascii "Enter X:\000"
$LC1:
.ascii "#d\000"
$LC2:
.ascii "You entered id...\012\000"
main:
; function prologue:
lui  $28,%hi(_gnu_local gp}
addiu  $sp, $sp,~40
addiu  $28,$28,5lo(_gnu_local_gp)
sw $31,36(5sp)
; call puts(}:
$25,%calll6(puts) (528}
lui  $4,3hi($1C0)
jalr  §25
addiu  $¢,$¢,510(SLC0} ; branch delay slot
; call scanf():
1w $28,1613sp)
lui $4,%hi($1C1)
1u $25,%calll6 (_isoc99_scanf) ($28)
; set 2nd argument of scanZ{l, $a +24
addiv  §5,9sp,24
jalr  §25
addiu $¢,$4,810(SLC1) ; branch delay slot

; call printf():
1 $28,16($sp)
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7 set 2nd argument of printf(),
7 load word at address Sspi24:
1w 35,24 (3sp)

i $25,%ca1116 (printf) ($28)
lui  $4,%hi(sLC2)
jalr 525

addiu  $4,$4,%810($LC2) ; branch delay slot

i function epilogue:
1w $31,36(Ssp)
; set return value to 0:
move  $2,80
; return:
3 531
addiu S$sp,$sp, 40 ; branch delay slot

DA AR F RS R T
#ELWET5 Optimizing GCC 4.4.5 (IDA)

-text: 00000000

+£ext:00000000 var_18 = -0x18
~text:00000000 var_10 = -0x10
=-q
Tui $gp, (_gnu_local_gp >> 16)
2ddiu $sp, -0x28
la $9p, (_gnu_local gp & OXFFFF)
sw Sra, 0x28+var_4($sp)
- text:00000010 sw $Sap, 0x28+var 18($sp)
; call puts{j:
-text:00000014 1w $t9, (puts & OXFFFF] (Sgp)
-£ext: 00000018 1ui $a0, ($LCO >> 16) 4 "Enter X:"
- text:0000001C jalr $t9
- text 100000020 la $a0, (SLCO & OxFFFF) # "Enter X:" ; branch delay slot
5 call scanfi):
-text:00000024 1w $ap, 0x28+var 18 ($sp)
-text:00000028 lui $a0, (S1C1 >> 16) # "sa"
- text:0000002C 1w $t9, (_is0c99 scanf & OXFFFF) (Sgp)
; set 2nd arqument of scanf(), $al=$sp+24:
- text:00000030 addiu $al, $sp, 0x28+var_10
~text:0000003¢ jalr $t9 ; branch delay slot
- text:00000038 la $a0, (SIC1 & OxFFFE) # "sav
i call printf():
- text:0000003C v $9p, 0x28+var 18 ($sp)

; set 2nd argument of printf(),
i load word at address $sp+24:

-£ext:00000040 i $al, 0x28+var_10($sp)
-text: 00000044 1 $t9, (printf & OXFFFF) (Sgp)
-text:00000048 Llui $20, (SLC2 >> 16) 4 "You entered %d...\n"
-text:0000004C jalr $t9
£ext:00000050 la $a0, ($LC2 & OXFFEF) # "You entered §d...\n" ; brach delay slot
function epilogue:
-text:00000054 lu §ra, O0x28+var_4($sp)
i set return value to 0:
-text: 00000058 move $v0, $zero
i return:
Iz $ra
addiu $sp, 0x28 ; branch delay slot

72 2ETE

TEARMLMIBIREE, Wk« FRBUERTRLBER, WARHANKR? —8 ¢ ERENT



66 S TR CEA)

LA, FAR RIS DAV AR T A A LA M E BT R T AR 4
A, RIS T R MEARR .
#include <stdio.n>

/inow x is global variable
int x;

int main{)
{
printf ("Enter X:\n");
scanf ("8d", &x};
printf {"You entered ¥d...\n", x};

return 0;
i

7.21 MSVC: x86

_DATA SEGMENT
COoMM _x:DWORD
$8G2456 DB ‘Enter X: ', OaH, 00H
$5G2457 DB "sd', O0H
$5G2458 D3 'You entered %d... ', 0aH, O00H
_DATA ENDS
PUBLIC _main
EXTRN __scanf:PROC
EXTRN _ printf: PR
; Function compile flags: /0dtp
_TEXT SEGMENT
_main PROC
push  ebp
mov  ebp, esp
push OFFSET $5G2456
call _printf
add  esp, 4
push  OFFSET _x
push  OFFSET $862457
call _scant
add  esp, 8
mov eax, DWORD PTR _x
push

eax

push  OFFSET $5G2458
call _printf

add  esp, 8

xor  eax, eax
pop  ebp
et 0

_main  ENDE
_TEXT  ENDS

SHECRRNR, x BRI data 5, S TTRAT A R B R
A7 iR A SRS DA 1 4 R v AERTRAT ST KRB AR & & FUEM AR .

SR AL AT T W AR L & R AR RN 1 BAE R LR BN TR &
EHIERS VM (BB RS AT HUER] .

LR FRRRTORME), RIS AE S

int x=10; //RERIE

LIPS UN T
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_DATA  SEGMENT
= oD 0ak

R4 AT xo H 4 DD {8% DWORD, 5 x A& 32 Rrifi%ik.

FAE IDA AT TR x SATYIRA IR aT AT SO0, AT & S 8GR B L M B BRI (e 28 xe
ST 2 R T ARG K TG

F IDA $TTF 7.2 1 AR AR x WIBI T, TBAK BRI TRA%.

.data:0040FA80 _x dd ? ; DATR XREF: maintl0
.data:0040FRS0 ; maint22

.data:0040FA84 dword 40FA84 dd ? ; DATA XREF: memset+lE
.data:0040FA84 i unknown_libname_1-28
.data:0040FR88 dword 4OFASS da ? ; DATA XREF: __sbh_find block+s
.data:0040FR88 i __sbh_free block+2BC

data FREC ; LPVOID lpMenm

data FRSC lphem da ? ; DATA XREF: __sbh find block+B
_data:0040FASC ; __sbh free block+2CA
.data:0040FRI0 dword_¢0FAS0 dd 7 i DATA Xi _V6_eaphlloctl3
.data:0040FR90 i _calloc_implt72

.data:0040FA¢ dword ¢0FA%4 dd 2 ; DATA XREF: __ sbh free block+2FE

KBV AR LA <7 7 FRCIAE R, KRR x ERAFID. REE LR FINRE p T
EAEEN . SN TEY. HRAETIT R, KRBT A L
T AT BRI 2 B KRR, AR T R .

7.22 MSVC: x86+OllyDbg

FATT BATE OllyDbg WA IFIEUE B 2R & . WE 7.5 Fiur.

7.5 OllyDbug: 3&4T scanf)B¥Z IR

LSRR x INIFEEGRBLE . AIAIRIITSE PUSH #8425, B8 x IEEHREIBHEE AL, A
SRR A Ll x BRI 3SR “Follow in dump”, FEAEAEMAI PR E QWS .

AN 123 205, REOFEHSIOR 0xTB (£ FE D MERESD).

EATRATHGL, WA ASE T2 0x7B? FHEFRL, HALNIZ 000000 7B, TTH, XA x86 R
SERARERY </NEFHFYLITTLE-ENDIAN” HIAEUSIE. NEFFBT “515 O Flendianness” K1
= UHE AFREBURRIE, BT SRR . APHER 31 SN BT

BJE, EAX 7517 88 (e B AN AR T 32 RUA, HPH 2 I printfQ R 4L

e, AR x MR AEHEER 0x00C53394.

7 OllyDbg WL, 4T Alt+M £ & ST A% 50N HERZ (9 I 77U (process memory map) . W1 7.6 Fiors,
ALY TR PE B data 5.

= HBHE 18007, 6787,




68 #H

@7.'5 OllyDbg: A2 FFEBEAT
723 GCC: x86
75 G4 R, Linux 5 Windows HIgRFEAEREAIAK. CHRHIEBAIFET B (sogament) EHFH
SERHE b Linux GOC AERMAMIEIL AR HIIAE bss B, XA ELF SRR T IA REHRR R

; Segment type: Uninitialized
; Segment permissions: Read/Write

REAERAWT HIAE, LIk 10, WA I _data B, FEHAE TR

; Segment type: Pure data
; Segment permissions: Read/Write

7.24 MSVC: x64

B 7.6 MSVC2012x64

SEGMENT
%:DWORD
$862924 DB ‘Enter X: ', OaH, 00H
3862925 DB '5d', OOH
$562925 DB "You entered &d... ', OaH, DOH
_DATA ENDS
_TEXT
nain
$LN3:
sub rsp, 40
lea rcx, OFFSET FLAT:$SG2924 ; 'Enter X: '
call printf
lea rdx, OFFSET FLAT:X
lea rox, OFFSET FLAT:$8G2925 ; 'ed’
call scant
mov edx, DWORD PTR x
lea rox, OFFSET FLAT:$8G2926 ; 'You entered 3d... '
call printf
; return 0
xor eax, eax
add sp, 40
ret 0
main ENDP

_TEXT ENDS
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B x64 AU x86 HIFCRSEEA T B IHE AR x ORI AR scanfOR BB AL LEA #4368
= TEIIRE T printfQR AR MOV 754 3R x HI(E. “DWORD PTR” SHLIEH A%, &
TERETM W, HOREVIG AR 32 RIAGEL, LUE MOV 452 RES IE M AL TR J1

7.2.5 ARM: Optimizing Keil 6/2013 (Thumb #&=t)

£:00000000 ; Segment type: Pure code
100000000 AREA . text, CODE

100000000 main

100000000 PUSE  {R4,LR}
~£ext:00000002 ADR i "Enter X:\n"
-text:00000004 5L
~£ext:00000008 LDR
~ext: 00000002 ADR S nadn
~text:0000000C BL
-£ext:00000010 LDR
00000012 LR
00000014 AR RO, aYoufnteredd _  ; "You entered %d...\n"
BL _ 2printf
MOVS RO, #0
POP {R4,PC}
aEnterX DCB "Enter X:",0xa,0 i DATA XREF: main+2
£C8 0
beB 0
- : off_2C DCD x i DATA XREF: main+8
-text:0000002C i main+1d
~text:00000030 ab DCB "%d", 0 i DATA XRSF: maintd
-text:00000033 bes 0
-text:00000034 aYouEnteredD__ DCE "You entered $d...",0xA,0 ; DATA XREF: mainil4
~text:00000047 DCB 0
-text:00000047 ; .text ends
-text:00000047
-data:00000048 ; Segment type: Pure data
-data:00000048 AREA .data, DATA
-data: 00000048 ; ORG 0x¢8
-data:00000048 EXPORT x
.data:00000048 x DCD OxA ; DATA XREF: main8
-data:00000048 . i main+1o
-data:00000048 ; .data ends

BOAE x REFAER, PG HIITHIRR “dan” PRI, HEIRETESN, HaRFHaN
FERBE (tex), (B2 x FERHMIFHIRE (daw) ? FHEET » RFRE. PHBY, BRMETY, BT
AR A . 7E ARM RGHL, RISBRHAZT DT TALEASH ROM (Read-Only Memory),
FEIRARAPET RAM (Random-Access Memory) . 5 x86/x64 REUIEL, ARM REHINAE B A AT,
SRR K. 7E ARM REUEE ROM [OISUT, (58 RAM AFErEns B S —Fiossh. 1Loh,
ARM R RILE RAM EIEHLERENNG ST RAM FRiff R, R S TS (R A 4T«

FERSERIBIIES T, BFHER x SR T MEH (B off 20). M5, FEFHRZMILKMRE T x
EEHATHIRE . TRPENERTE x 7 A/ e S B R AR BRI B W 7R 2318, SLIRAE AT 7T A2
SEXRFUIRAHITALAE ). Thumb 30 F, ARM RZiH) LDR 54 RAEM AL 1020 452 f s
B 32 6 ARM BESUF, et R ARV (R HAE4005 T2 PR XA LR S ML (55
FRELZED MRERENBR. BT IEE BT B RIE, R REEE, SR LENR x
EEMAE. T ERBIB (linker) x MHbIE nREL MBI, L3 AT AEHE LIS 30 P77 IO S,
UL AR A SRR Y BT x (M Ik Sy R FIRRIE A0 2 A o

5k, IR RA RN H B iconst, Keil HiiFEF XM LRSS considata FEE. XA Y
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M IEREES (EH)

TEFIEH linker 1EIXAF B 5 RIS B —EHA ROM.

7.26 ARMG4

458 7.7 Non-optimizing GCC 4.9.1 ARM64

ccomm x4, 4
.LCO:
.string "Enter X:"

e
5

1

2

3

4 .ICL:
5 _string "sd"
5

7

8

9

b ds
.string "You entered %d...\n"
£5:
9 ; save FP and LR in stack frame:
10 stp x28, x30, [sp, -16]!
11 ; set stack frame (FP=SP)
12 add %29, sp, 0
13 ; load pointer to the "Enter X:" string:
14 adrp %0, .1CO
15 add x0, x0, :lol2:.LCO
16 bl puts
17 ; load pointer to the "%d" string:
18 adrp %0, .1C1
19 add x0, x0, :lol2:.IC1
20 ; form address of x global variable:
21 adrp x1, x
22 add x1, xl, :lol2:x
23 b1 _isoc99_scant
24 ; form address of x global variable again:
25 adrp %0, x
26 add %0, %0, :1l012:x
27 ; load value from memory at this address:
28 1dr wl, 1x0]
29 ; load pointer to the "You entered d...\n" string:
30 adrp 0, .LC2
31 add x0, %0, :lol2:.1C2
32 bl printf
33 ; return 0
34 nov w0, 0
35 ; restore FP and IR:
36 1dp x29, %30, [spl, 16
37 et

RAAEAR bt x YRS AR . 2L ADRP/ADD $E45 CGF 21 ATANES 25 4T) THEE RS
7.27 MIPS

TEARRIGER R

DB x AR R . B HEERENARATIN, SR DA BT, FARFERYIAL
B GRAT B AT AR IR T, FTLATE IDA 8T x tHU7E sbes ELF B (200 3.5.1 WROLTaED.
JE4iEE 7.8 Optimizing GCC 4.4.5 (IDA)

:004006C0 main:

£:004006C0

004006C0 var_10 = -0x10

0040060 var 4 = -4

:004006C0

; function prologue:

.text:004006C0 lui  Sgp, 0x42
.text:004006C4 addiv  §sp, -0x20
.text:004006C8 1 $gp, 0x418940
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- text:004006CC
_text:004006D0

; call puts():
~text:004006D1
_text:004006D8
.text:004006DC
_text: 00400620

; call scanf():
_text:004006E4
_text: 00400658
_text:004006EC

; prepare address of x
~text:004006F0
-text:004006F4
text:004006F8

call printf():
_text:004006FC
~text:00400700

get address of x:
text:00400704
text:00400708

; load value from "x"
~text:0040070C
_text:00400710
_text:00400714

; function epilogue:
-£ext:00400718
_text:0040071C
100400720
100400724

.sbss:
.sbss:
.sbss:
-sbss:
.sbss:

IDA LK R 152

0041099C # Segment type:
0041099C

0041099C

0041099C x:

0041099C

variable and pass

sw $ra, 0x20+var_d($sp)

sw $gp, 0x20+var_10($sp)

la $t9, puts

lui a0, 0x40

jalr  $t9 ; puts

la $a0, aEnterX # "Enter X:" ; branch
1n $qp, 0x20+var_10($sp!

lui  $a0, 0x40

1a £9, _isoc99_scant

1a sal, x

jalr  $t9 ; _isoc99_scant

1a $a0, aD 4 "sd" ; branch dela
1u $ap, 0x20+var 10($sp

lui $a0, 0x40

1a $v0, x

1a $29, printf

© to printf() in $al:

1 sal, (x - 0x41099C) ($v0)

jalr  $t8 ; printf

la $a0, a¥ouEnteredD__ ¥ "You entered %d
Tw Sra, 0x20+var_4($sp)

move $v0, $zero

jr sra

addiu  $sp, 0x20 ; branch delay slot

Uninitialized
_sbss

_globl x
.space 4

delay slot

y slot

...\n" ; branch delay slot

B ROVRGIBIT objdump WEE LR AR TIRKICHITES .
54558 7.9 Optimizing GCC 4.4.5 (objdump)

1 004006¢0 <main>:
2 ; function prologue:
3 4006c0: 3c1c0042
4 4006cd: 2Tbdffed
5 4006c8: 2798940
& 4006cc: afb£001c
7 400660: afhc0010
5 call puts():
4006d4: 8£998034
4006d8: 3¢040040
4006dc: 0320£809
4006e0: 24840850
; call scanf():
4006e4: 8£bc0010
4006e8: 3¢040040
4006ec: 8£998038
; prepare address of x:
4006£0: 8£858044
4006£4: 0320£609
2006£8: 248408 ¢
; call printfi}:
4006c: 8£bc0010
400700z 3c040040
; get address of x:
400704: 81828044

lui 9p, 0x42
addin sp,sp,~32
addin 9p, gp, ~30400
su ra, 28 {sp)
su gp16(sp}
t9,-32716(gp)
20,040
jalr t9
addin 40,a0,2288 ; branch delay s
Lu gp, L16(sp}
ui 20, 0x40
Y £9,-32712 (gp.
1 al,-32700 (gp)
jalr 43
addiu a0,a0,2300 ; branch delay s
Lu gp, 16(3p}
lui a0, 0x40
i v0,-32700(gp)

lot

lot
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26 400708: 8£99803 1w ©9,-32708 (gp
7 ; load value from "x" variable and pass it to printf() in $a
28 40070c: 80450000 1n al,0(v0)
29 40071 0320£809 jalr 3
30 40071 24840900 addiu a0,a0,2304 ; branch delay slot
31 ; function epilogue:
32 86 n ra, 28{sp)
33 00 nove 0, zero
3 03600008 ir ra
35 270d0020 addiu sp,sp,32 ; branch delay slot
36 ; pack of NOPs used for aligning next function start on 16-byte boundary
7 00200825 move at
38 00200825 move at,at
IS AT AL IMFE &0 A RHEE GP R A AR R S BORAT, LISETH AR x 75 64KB iz X 1

ity k. tesh,

HEFNZE R x (ML P A K
WAt EEREER
fEBIXH & NOP 54,

e 2R

=%
i3

SASNBEH (puts()~ scanf()s printf()) 412 64KB HHE M RO E B, WA
GP ISLHIBREY (3 9 47 5 16 47 45 26 7). GP fRAEEREMA L . £S5,
FhER (AT 5
FERMHIFISR NOP #i % . BRI RIS “MOVESAT, $AT”.
SRR AR AR AT ) 16 F AR .

= ANk R

o XHRES, HARANMIFOAMRENT .

el IR STIB T HAH A B R RAT O

int x=10; // default value

IR {A T AR B B

5458 7.10 Optimizing GCC 4.4.5 (IDA)

00400640 main:

£:004006A0
100400680 var_10
00400620 var_§ -8
00400610 var_4 -1
00400640
00400630 lui
00400634 addiu
:004006A8 1i

_text:004006AC su

- text: 00400680 su

- text: 00400684 su

.text: 00400688 la

- text:0040068C 1ui

- text:004006C0 jalr

- text:004006CH 1a

- text:004006C8 n

; are high part of x address:
004006CC Tui
00400600 2

- text:004006D4
; add low part of x address:
~text: 00400608

; now address of x is in §

- text:004006DC jalr
s 004006E0 la
.text: 00400684 i

; get a word from memory:

- text: 00400688 i

i value of x is now in $al.
-text:004006EC la
.text:004006F0 lui

.text:004006F4 jalr

-0x10

Sgp, 0x42

Ssp, -0x20

$gp, 0x418930

§ra, 0x20+var_d($sp)
$50, 0x20+var_8($sp)
$gp, 0x20+var_10($sp)

$t9, puts

$a0, 0x40

$t9 ; puts

$a0, aEnterX # "Enter X:"
$gp, 0x20+var_10(Ss

$50, Oxdl
$t9, isoc99 scanf
5a0, 0x40

sal, $s0, (x - 0x410000
$t9 5
$a0, aD
$gp, 0x20+var_10(Ssp)

$al, x

5t9, printf
a0, 0x40
$t9 ; printf




# 7% scanf() 7

1004006F8 1z 5a0, aYoukinteredD__ # "You entered %d...\n"

2 04006FC Lw $ra, 0x20+var_4($sp)
-text:00400700 move $v0, szero
-text:00400704 it $50, 0x20+var_8(Ssp)
-text:00400708 jr $re

-£ext:0040070C addiu Ssp, 0x20

_data: 00410920 .globl x

:00410920 x: wword  OxA
AP ELEA T sdata B ? X A[AERLRZH] T GCC HEINMILM. TR, 255 x U7 data BY . iX
RSB E AR AR, RO LRI BSR4 s
MTPS )T H ot #13 4-ih FE AR et ik . A1 A9/ LUI(Load Upper Immediate)1 ADDIU
43d Immediate Unsigned Word)354- 1 .
FAARGANBY objdump LEEHI Y MR (IS .

#£47E$ 711 Optimizing GCC 4.4.5 (objdump)

004006a0 <main>:

£006a0: 3c1c0042 lui gp, 0x42
4006a4: 27baffed addin sprsp,-32
400628 279¢8930 addin 9p,ap, ~30416
4006zc: 2fbfo0lc su ra, 28 (sp)
4006b0: 2500018 su 50,24 (sp)
4006b4: afbc0010 s 9p, 16(sp)
4006b8: 6996034 v £9,-327161ap)
4006be: 3c040040 lui 20,0x40
4006¢0: 0320809 jalr 9
4006c4: 24840800 addiv 0,20, 2256
4006c8: 8£bc0010 n g0, 1659}
; orepare high part of x address:
006cc: 3¢100041 Tui 50,0x41
400600: 86998038 1u 9,-32712 (gp)
4006d4: 3c0£0040 lui 20,0x40
7 2dd low part of x address:
2006d8: 26050920 addiu 0,2336
ow adéress of x is in $al
0320£80% jalr 9

£006e0: 248408dc zddiu a0, 40,2268

ed: 8£bc0010 In gp, 16(sp}

h part of x address is still in $s0.
2dd low part to it and load a word from memory:

4006e8: 80050920 1w al,2336(s0)
: walue of x is now in $al.

4006ec: 8£53803c 1w £9,-32708 (gp)

4006£0: 3040040 lui 20, 0x40

2006£4: 0320£80% jalr L9

4006£8: 2484080 addiu a0, 20,2272 |

20065c: 8fbI001c Lw ra, 28 {sp) ‘
00001021 move v0, zero
8£b00018 1w s0,241(sp)

) 03200008 ir ra
40070c: 27bd0020 addiv sp, sp, 32

EATYFAER LU R ADDIU f5 40 EsAs Bt kAR RE IR A% T8S0 7y s, Tk LW
= (Load Word) HIMTHPEIXMREE. BTLL, gk LW FR4 L DHBHUE RO, AFILERAE: printf)ps%
T—%i%B‘J%‘Mf%%%é’”ﬁlﬁﬂ?ﬁ%&%ﬁ%aﬁ‘lmwaﬁ b, XBFYFEAEHET S-Fh M TR
EEHABRECZNT, W T REUY MRELS A G S-SR IR A0, B TN RIR A T B
=K ULAE 0x4006cc AL IIHE S XSSO 77 AL, T EFRF M T scanfOREL, #eHhE 4 0x4006c8
S IRAEEIRASSO B L IATAT LU . scanf() i SR 245 5880 (I{H.
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74
7.3 scanf()J eIk & S

KEHHGE scanf)RELARATT » fEl RBHAREERA RS T .

HeHR, PIITAR R IR R AR A Bl

#include <stdic.h>

int main()
{
int x;
printf ("Eater X:\n"|;

if [scanf ("sd", &x)==1)

printf ("You entered %d...\n", x);

else
printf ("What you entered? Huh?\n"}:
return 0;
b
KA BR AR DR MITE,  scanf() PR SCTER i I 23R R Th B A 28

MARTRE, ERHELT: HSEA
Sy EOFH NI, scanfORVE[E 0.

SHULHEA T 7 C R

FATREE— T

C:\...>ex3.exe
Enter X:

123

You entered 123...

>ex3.exe

Ente:

ouch
What you entered? Huh?
7.3.1 MSVC: x86

18 F MSVC2010 A BRI ZR AN BI7R -

lea  eax, DWORD PTR _x§[ebp]
push  eax

push  OFFSET $5G3833 ; '8d', 00
call _scant

add  esp, 8

cmp  eax, 1

jne  SHORT $LN2@main

mov  ecx, DWORD PTR _x$[ebp]
push  ecx

push  OFFSET $5G3834 ; 'You entered %d... ', Dall, 00
call _princf

add  esp, 8
jmp  SHORT $IN1@main

$LN2@main:
pusn  OFFSET $SG3836 ; 'What you entered? Huh? ', Oaf,
call  _printf
add  esp, 4
$IN1@main:
xor  eax, eax
icrosoft 1(VS.71).aspx

AR BT R EOR I 1

FEFT A T AU XA B ELHY

.
[IECVEEE NI EEHE

[€3

ngs R, LUETE IV R AT AR A A 2

00%




HF7F  scanf() 7

ST R AL callee (AR scanfORED 11T EAX 25178 A 77 B 3 caller ()b main()
=30 fEiERE.

ZJE, “CMPEAX, 1” Hi4shREIE#ATHR, RERMAE N 1.

INE REMERIRSH AT “Jump if Not Equal”. ZEFFEASHIRI B 347 Bk .

SRY, MR EAX FHEBUMNMETE |, WEFHBES INE FTHEB O RS 28T
SLNI@main): BB FIXAN L2 I, CPU 24T 2B 4T EI4E 4, B What you entered? Huh?”,
= FEULE scanfOR PN BEIE S MRS AL N, HORITMMAR |, AR SRS, R4t
T INE LUGHITR4, 78 ‘You entered %d-++’ FAEE: x HO.

£ seanf( F AR IBAERIMLIHR T, FFE— BT IMP (LB 154, 4 e
SEEE A printfOHIHE S, M “XOR EAX,EAX” $84 TFHAAT, MTTSER return 0 (BT .

IR, ¢ RM FAPHIBHENL IR “CMPce” 454, Ak ce /2L “condition code”
ST WEWMER CMP 5SS WEABBIIRER. Jeo IHOSRERLIRAN, BN AT T
£
EREROEERGF=ART, 05 L CMP 154037 (NI RIRRIEE . HITHIM, AU CMP
CESHAHM “BUFEANHE IS MAREATEL. MBI 1L 1T, 1-1=0, ZF &M (‘T
SRR, BEREHERE O HUOTEIESWES 1. WFARROSAET CMP HERR, ZF bR
EEEARR 1. INE 421K ZF bR A RS B R T B, bR LUCHE (Jump if Not
Zeo) H[F) X3R4, INE A1 INZ ) opoode #BMHFl. FFLL, HIGE(EAIIRIEEEMIEINS SUB B CMP
Jee 54t AT LUHAT IE W (N84S . FIL7EAER SUB R4, BATEHE ML —AF FREAEH
== T CMP AT LEH SRS E LS.

7.32 MSVC: x86: IDA

FAERAL IDA KRG To 0t FEHA SR, (L MSVC 4 7% 83 19/MD 35 50 &4 A4 1

5. BB RGN LEEE (ink) FRAERH”, 1M MSVCR * DLL T 5 A5x4
ERY. B2, WH/MD ETR PO B TR, @FRIDASEE R WA T Ui
.
EAE IDA SR F N, MATRAFHCHFCIIE. W, SHXBRENME R
ERERRMBESIAT INE B8 B St aT LUH BT 2 BRI INE 354, #0F “n” 8, 10HIR
#== (lable) &R “er}"or”: RIFHEIE IR R R 4o “exit”. RSO RS AR 83 AT
=E.

-£ext:00401000 main proc near
100401000
0401000 var_4 = dword ptr -4
0401000 arge = dword ptr 8
0401000 argv = dword ptr 0Ch
0401000 envp = dword ptr 10h
0401000
_Text:00401000 push ebp

-cext:00401001 mov  ebp, esp
push  ecx
push  offsec Format ; "Enter X: \n"
call  ds:printf
add  esp, 4
lea cax, [ebp+var_4]
push  sax
pusa  offset aD ; "sd"
call  ds:scanf

seacessor flags, 5 i, hitp:/fen.wikipedia.org/wiki/FLAGS _register_(computing).
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add esp, 8
cmp eax, 1

_text:00401027 jnz short error
. Lext:00401029 mov ecx, [ebptvar_d
. text:0040102C push  ecx
.text:00401020 push  offset aYou ; "You entered %d...\n"
.text:00401032 call
- text:00401038 add esp, 8
- text:0040103B 3mp short exit

.text:0040103D

.text:0040103D error: ; CODE XREF: _main+27
.text:0040103D push  offset aWhat ; "What you entered? Huh?\n"
. text: 00401042 call  ds:printf
100401048 add esp, 4
:00401048

:0040104B exit: ; CODE XREF: _main+33
00401048 xor eax, eax
0040104D nov esp, ebp
0040104 pop ebp

:00401050 retn

100401050 _main endp

sk, XBRABRASEET. BATGLIREINAMETA, BB BRSNS

TEHE B -
UEsh, IDA B I TR A L.
A

OB T, W AR 7 WY, RRIGREE, AETEbIRbE. TH
I ER, TG T BBARE, FN BRI T Eh .

.text:00401000 _text segment para public 'CODE' use32

. text:00401000 assure cs:_text
_text:00401000 ;org 401000h
.text:00401000 ; ask for X
LLext:00401012 ; get X

L text: 00401024 cmp eax, 1

- text:00401027 gnz  short error
.text:00401029 ; print result

.text: 00401038 jmp  short exit

.text:0040103D

.text:0040103D error: ; CODE XREF: main+27

.text:0040103D push offsct aWhat ; "What you entered?
.text:00401042 call ds:printf

.text:00401048 add  esp, 4 :
0040104B
0040104B exit:
.text: 00401045
.text:0040104D
.text:0040104F pop ebp
:00401050 retn

.text:00401050 main endp
7 BRI R RTD, AT A S A R0 7 IS
Vel R

A, IDA KA AR BR AR . LARME 7.7 Fx.

BRSBTS, —RRAG, ~RREE. LHNAHTERNENIN, BESERE
TS FR TR WA AR AR AR, R &SRR i S TR RS o

PR T, AT LI #4031 R 4 R P 7.8 AT 3 MR,

SRR R ST W TR TAEARA BN, AR =R KR R R Al f 2 A
ffE B
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vt _ciect maing)
nsin groe near

loar_te avara pre -4
[arge- avors phr &

- avora per sty
[omip- avord per 1o

£ ¢ 3

o, ebpeir ]

offset avau : “ catersd o

o
o espl eop
b o
min endp

P

7.8 DA B PR
733 MSVC: x86+0llyDbg

FAMEF OllyDbg WIRHIA MIIZRE, 1E scanf()57 # IR B I 4 T SRHI M A SHBIT R T 10364
ZEARA M R MBS scanfORIIHE, 28R A BHALTARMIB IR, BN 4R BEBL I M P B4R .
79 FUR, AH x f{HK 0x6E494714.

b Elid B
7.9 1% OllyDbg W scanf() 125 & {7 T 7L




filln “asdasd”. K& scanf() 278

FEHAT scanfREHL IO % AN
FER A scanf() A HOB BIFFHE R

¢

[ 7.10 fER] OllyDbg FWE scantORI 5

47 scanfORF, T x R R 1 AT soanf() B B (U BURIFT 0, T AERHAT

iR
K “hack” - F o ArELEd EAX, et “Setto 170
FU2 R BAX ZRAEARAERER WANBER 1. PR R R B

8 x Ml w7 HEER
A 701 Hice
AT TR A G B 0x6E494714-

printfO B Rl 6 BRI k% L
A1 FO BEARIEAT AT . Jiiar
1850206084 J-SHBIE, I TR

145 R

7.3.4 MSVC: x86+Hiew

L, ol BT AT AR DT g qp T AT SO,
ST AT Bl TR LRGP AL L T (TR hIN
ok, WA MSVC % FEHEHI/MD o U b 3K B T HRUAT SC A JE T R S El

MSVCR*.DLL, u'mgwmmmﬁwh'mwww &) mainQFHC WLE, TAVEA Hiew LRI
TP, HE text BITSREA ) main(E %L (IR Enter, F8, F6, Enter, Enter)o
WEAEEIE 7.02 PRI -

SEATANT (AT B patch -

You entered ¥d..

& yoir entered? Hun*




% 7% scanf() 79

Hiew AEUEIRAMIF WLR ASCIIZ, B LA null 445 TR ) ASCIL F75 8.,
WA 7.13 Frm, 5 RARDGHR 45.0040127 4 (B INZ $84IWBTEAME, ROMEHRHD, % F3 #,
RIEHA “90907. “9090” W /NELLH NOP (No Operation, Z5#%{E) 1 opcode.

5% (opeode MIWIAFHIALZE jump offset), 4 jee FHABMEMMMBEN 0, NITAELHET T —%&iE4.
RiA AT R AR & 3, BRIELIANRAT A HIFRUFHETHIRITAT AL jec XA opeode K%

TG “EB”, ARBECE T (offie). MAMBEUNRIRA IR L THICN T AR B¢, &

SRR LR, AT RIATHAT AR R4 AR R R R ERE . “ What you entered? Huh?”.

7.35 MSVC:x64

AT x A int IO, 42 x64 REE, int BUETIER 32 (iR 75 64 AP A BifEw
=5 (%) 32 fof, JEHUREHEFIBRE L, E-k T2 FR. SATTEDTI) x64 FREEHY 64 ATAEEAT, HAf]
SEAH R-F R PTAEA AR, AR SERERY 64 Fr 8l

$ELTHE 7,12 MSVC 2012 x64

SEGMENT

DB 'Enter X: ', 0aH, OCH

DB '$d', O0CH

7 DB 'You entered %¥d... ', CaH, 00K

DB 'What you entered? Huh? ', Oali, O0H

rsp, 5
rex, O ‘Enter X:
printf
rdx, 0
ol s

%, 1
SHORT $LN2@main




80 TSR (M)

mov edx, DHORD PTR x$[rsp)
lea rex, OF LAT:$5G2927 i 'You entered ¥di,. '
call printf
mp SHORT $LN1Gmain
SINZ@main:
lea rex, OFFSET FLAT:$5G2929 ; 'What you entered? Huh? !
call printf
SLN1@main:
; return 0
xor eax, eax
add rsp, 56
ret 0
main  ENDP
_TEXT ENDS
END
736 ARM

ARM: Optimizing Keil 6/2013 (Thumb B

_ HASmR 713 DplmEngReR e P TRy e e

472 713 Optimizing Keil 6/2013 (Thumb #=X)

var_8 =
PUSH {R3,1R)
ADR RO, aEnterX ; "Enter X:\n"
BL _2printf
MoV R1, P
ADR RO, aD i sd"
BL __Dscant
P RO, #1
BEQ loc_1E
ADR RO, aWhatYoufntered ; "What you entered? Huh?\n"
8L __2printf
loc_1a ; CODE XREF: maint26
MOVS RO, #0
POP {83, 2C)
loc_1E ; CODE XREF: main+l2
LDR Rl, [SP, #8+var 8]
KDR R0, aYouEnteredD__ ; "You entered td...\n"
BL _printf
B loc_1a

i EBRATEN T RA4HLE CMP F1 BEQ f5 4

ARM B4 CMP 55 x86 RAMFGIEAEL. ENZHF SRR, R B RLAIFRE AL

BEQ R4&M## 54 (Branch if EQual), 7 CMP RS OB T AT RS . R CMP B
R, W ZF RSN R ER AR 1, A4 BEQ BABAMBITRENRBR LS. ©
L5 x86 9 JZ 3R AR .

HEMIGL AL RERTHNEL, KT L BT loc_LA 4, BIE “MOV RO, #0”
P HUREI R T RO 7%, REHH.

ARM64

#5475 7.14 Non-optimizing GCC 4.9.1 ARM64

_ E<®=®7.14 Non—optimizing &>~ 44 A > —— —————

.string “Enter X:"

.string "$d"

5 .1C2
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6 .string "You entered 3d...\n"

7 .1¢3:

8 .string "What you entered? Huh?"
9 £6:

10 ; save FP and IR in stack frame:

1 stp x29, x30, [sp, -321!

12 ; set stack frame (FP=SP)

13 add x29, sp

14 ; load pointer to the “Enter X:" string:
15 adrp  x0, .LCO

16 add  x0, x0, :lol2:.1CO

17 bl

18 ; load pointer to the "%d" string:

19 adrp %0, .ICL

20 add  x0, %0, :lol2:.LC1

21 ; calculate address of x variable in the local stack
22 add  x1, x29, 28

23 bl __is0c99_scanf

24 ; scanf() returned result in WO,
25 ; check it:

2 amp w0, 1

27 ; BNE is Branch if Not Equal

28 ; so if W0<>0, jump to 12 will be occurred
29 bne  .L2

30 ; at this moment WO0=1, meaning no error

31 ; load x value from the local stack

32 ldr wl, [x29,28)

33 ; load pointer to the "You entered %d...\n" string:
34 adrp  x0, .LC2

35 add  x0, x0, :lol2:.LC2

£ bl printf

37 ; skip the code, which print the "Hhat you entered? Huh?" string:
E! b <13

39 .12

40 ; load pointer to the "What you entered? Kuh?" string:
a1 adrp  x0, .LC3

2 add %0, x0, :l012:.LC3

3 bl puts

48 .13:

45 ; return 0

% mov w0, 0

47 ; restore FP and LR:

8 ldp %29, x30, [sp), 32

4 ret

_ERTEFFBIT CMP/BNE #5434 # 514 308 4.
737 MIPS

#<E¥ 7.15 Optimizing GCC 4.4.5 (IDA)
_text:004006A0 main:

~text: 00400620
-text:004006A0 var_18 -0x18

-text:00400620 var_10 = -0x10

~text:004006A0 var_4 -4

~text: 00400620

~text: 00400630 1ui Sop, 0x42
~text:004006a4 addiu Ssp, -0x28
~text:004006A8 1 $gp, 0x418960

- text:004006AC sw $ra, 0x28+var_4($sp)
- text: 00400680 sw $qp, 0x28+var_18($sp)
~text:004006B4 la $t9, puts
~text:00400688 1ui $a0, 0x40
_text:004006BC jalr $t9 ; puts

-text:004006C0 la $a0, aBnterX  # "Enter X:"




82 ¥ TR R (B

L text:004006C4 1w Sgp, 0x28+var_18($sp)

.text:004006C8 lui 5a0, 0x40

. Lext:004006CC la $t9, _isoc99 scanf

.text: 00400600 1la a0, aD # "sd"

. text:00400604 jalr $t9 ; _isoc9 scanf

. text:004006D8 addiu sal, $sp, 0x28+var_10 f branch delay slot
. text:004006DC 1 §vi, 1

. text:004006E0 1n sgp, 0x28+var_18($sp)

.text:004006E4 begq §v0, $vl, loc_40070C

.text:004006E8 or sat, $zero # branch delay slot, NOP
. text:004006EC la 5t9, puts

.text:004006F0 lui $a0, 0x40

.text:004006Fd jalr st9 ; puts

.text:00400678 la 5a0, aWhatYountered 4 "What you entered? Huh?"
. text:004006FC 1w $ra, 0x28+var_d($sp)

.text:00400700 move 3v0, $zero

. text:00400704 jr $ra

.text: 00400708 addiu Ssp, 0x28

0040070C loc_40070C:
0040070C la §t9, printf
00400710 lu $al, 0x28+var_10($sp)

Ltex

.text:0040071¢ lui $a0, 0x40

. text:00400718 jalr $t9 ; printf

.text:0040071C la 5a0, avoufnteredD_  # "You entered d...\n"
. text:00400720 1w sra, Ox28+var 4($sp)

.text:00400724 nove $v0, $zero

.text:00400728 jr $ra

.text:0040072C addiu $sp, 0x28

scanfQ B HCHITSVO & 7R R I 4% 0x004006E4 #4513 ELEISVO FISV1 fofE. Frft,
$V1 7E 0x004006DC AT 1. BEQ IIEFZ “Branch Equal” ({EAREIHEATHER) . RPN 12
B, BRI T 1 AMER TRATRE & 0x0040070C IEAREETIRS o

738 %I

INE/INZ 354 T AR JENZ $54, I HJR# g EEoniis . BNE A BEQ 2 A XA .
Fif, FEHFRHEAREILR, BRI TS AT A

74 HIKA

7.41 BB
XBHRHBTE Linux x86-64 1l GCC 4i ¥, EATRE AR T (BERR). AT, BYE Windows FREE
A Msve 2010 x86 G EEIAE AR, BiFA?

#include <string.h>
#include <stdio.h>

void alter_string{char *s)

{
strepy (s, "Goodbye!"):
printf ("Result: %s\n", sl
Vi
int main(}

{

alter_string ("Hello, world!\n");
i




$8E T HERM

EHIF Ccaller) RYCEITARABEAT Ccallee) BECHEBSH . ATEA-GUEHTT REBRMSHH
=i
Eey Ao

#include <stdio.h>

£ (int a, int b, int ¢}

return arhic;

int main{)

printf ("sd\n", £(1, 2, 3});
return 0;

1 X86

81.1 MSVC
#F] MSVC 2010 Express %i P L BT, ATARBNLGRAU T,

#£4iE% 82 MSVC 2010 Express

EXT  SEGMENT

8 ; size = 4
=12 ; size = ¢4
c$ =16 ; size = ¢
£ PROC
push  ebp
mov  ebp, esp

mov. eax, DWORD PTR _a$[ebp]
imul eax, DWORD PTR _b$[ebp]
2ad  eax, DWORD BTR _c$[ebp]

pop  ebp
zét 0
f ENDP
_main PROC
push  ebp
mov  ebp, esp

push 3 ; 3rd argument
push 2 ; 2nd argument
push 1 ; 1lst argument
call £
add
push
push
call
add

$5G2463 ; 'sd', OaH, OOH




84 I aEkEE (EA)

; return 0

xor  eax, eax
pop  ebp
Tet 0

main  ENDP

main(FEAE 3 MHCFAEALE, SFWA T fint, int, int)e WRHI T BB FOI T _a$=8 —FENCHE
i S L PR SRR AR R R L I P RS R M S BER, S Aty
SR, TREERMRE AL, TR, UHEV RN (stack frame) LUSPRERR, WA
R (lin_a$) 5 EBP P AFARHOMAN AN, ATTRATHT 5 HakE

AR g [EEN EAX FIFHZIE, ORI FO IS & 2 KU R TR FUIAIZ ST BHER
—HAHET EAX %73, ILS EAX AR DA TR AR R i P 4 PR 7 R A, Ty B main(O 7
1 BAX {4 1F S A4 printfORIEL.

8.1.2 MSVC+OllyDbg

A 15375 OllyDbe EH 7% 4 FOBREGEIEE— MBI, EBP fof R, A 8.1 AL
S YR MW MR EBP MEUAIE, B AMERR AN RA, BEAMAFERI = AMER K
WRMEE—ABE . FABYNE A VRS R (YR —ASED B,
BLEESHE EBP (N k8 (2 4 32 4 words).

P 8.1 fEA OllyDbg B8 fORY
(A th A B 2 SRR R BT AR VR L B RETURN from ™ Argl ”
T W7 b BT A I S BT AME B DB i 7 V8 A 77 B BRI BRI « BT BL B2 OllyDbg
R Arg (R ERE 8 T JLA BRI BT
8.1.3 GCC
AT GCC 4.4.1 G FBUTT, SRR IDA BHE EIUCHE S
$54E$ 83 GCC44.1

_ m@<wmses G484

public I
£ proc near
arg 0 = dword ptr §
arg 4 och
arg 8 < dquord ptr 10
push  ebp
mov  sbp, esp
nov eax, lebprarg 0] ; lst arqument
imul  eax, [ebprargd) ; 2ad &

2dd eax, [ebprarg 8] ;
pop ebp
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etn

2
£ endp

public main

main proc near
var_10 = dword ptr -10h
var.C dword ptr -0Ch

var_8 i
\
\
and esp, OFFFFFFFOh ‘
sub  esp, 10h \
mov [esp+1C0h+var 81, 3 ; 3rd argument 1
mov [esp+10h+var C], 2 ; 2nd argument
mov  [esptlOhtvar_10], 1 ; Ist argument
call £ ]
mov  edx, offset ab ; "sd\n" ‘
mov. [esp+10h+var C], eax !
wov  [esp+lOh+var_10], edx g
call  _printf 1
nov eax, 0 :
leave I
retn |
main endp

GCC %45 AN MSVC (% B34S 2481l
TRIZ AT AR T8 (£ printf) S EARE SP. X2 N RERENERE 4384
LEAVE 54 (Z MR A6.2) REMSIEISEMETRH .

8.2 x64

x86-64 REHIZELIBIT IR . x86-64 RYREW WA FFEEE T 4 MElAT 6 1) 2%, #t
SNBSS, SRR EREAFERREBMSY, BAATE R,

821 MSVC

RAARAEIUR, MSVC FiFMSRINT.

#E4E% 8.4 Optimizing MSVC 2012 x64

3562997 DB 'sd', DaH, 004
main  BROC
sub rsp, 40
mov edx, 2
lea r8d, QWORD PTR [rdx+1] ; R8D=3
lea ecx, QWORD PTR [rdx-1] ; ECX=1
call £
lea rex, OFFSET FLAT:$8G2997 ; 'sd'
nov edx, eax
call  printf
xor eax, eax
add rsp, 40
ret 0

main  ENDP

£ PROC
; ECX - lst argument
; EDK - 2nd argument
; R8D - 3rd argument

imul ecx, edx
lea eax, DHORD PIR [rB+rcx]
ret 0




86 #F R IRREHEE (EA)

I ENDP

BB, (OREOIS FERIR T MNP S HASRIH ISR TIE LEA 15453
iy, IR, WPERK LBA S84 MM L ADD A MMER, FUEATT LEA 4. A£flE R
BB TA SN, main(RBFREAERA T LEA 54, HFESESHAN LBA 1547 & 7RI E
TR LEH B MOV $4 1R

FATEKEE MSVC RA B IAIL I EIIE LR

1E4LER B85 MSVC 2012 x64

£ proc near

; shadow space:

arg_0 = dword ptr 8
arg 8 ptr 10h
arg 10 = duord ptr 18h
; ECX - lst argument
; EDX - 2nd argument
; R8D - 3rd argument
mov
nov
imul
add
retn
£ endp
nain proc near
sub rsp, 28h
mov 8d,3 i 3
mov edx, 2
mov ecx,1 ; lst argument
call £
mov edx, eax
lea rex, $8G2931 ; "sd\n"
call  printf
; return 0
x eax, eax
a sp, 28
main

LRSI, AR T 080 3 A SRR S T H. SR REAUE BRI shadow space”
1G4 Win64 FRFFASTI L (EIEB20 48 4 A 21E 8 TSI 2 2 . ERFRERT U FAAME
) SN, TRGRRE R (AR 4 AFEED: 2) (TR debugger 7T
LRI AL G2 hitps:/msdn.microsoft.com/en-us/library/ewStede7%28v=VS.90%29.aspx

SREH TR A S AR R, AR ES () WRHARERRREWT .

AR, T BRI, B B ORI R A SR S SR E T
[ E 2k

822 GCC

ZER AT, GOC A BRI AR T i

3848 8.6 Optimizing GCC 4.4.6 x64
£

@ £ MSDN microsoft ibrary dkh%28v=vs.80%29.aspx
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; EDI - lst argument
; EST - 2nd argument
; EDX - 3zd argument

imul  esi, edi
lea eax, [rdx+rsi]
ret

sub rsp, 8
mov edx, 3

mov esi, 2

mov edi, 1

call £

mov edi, OFFSET FLAT:,ICO ; "sd\n"
mov. esi, eax

xor cax, eax ; number of vector registers passed
call  printf

xor eax, eax

add rsp, §

ret

FIFRRAETTL T, GCC AR maT.
E4i55 87 GCC4.4.6x64

JEDI - 1st argument
; ESI - 2nd argument
; EDX - 3rd argument

push  rbp
nov hp, rsp
nov DWORD PTR [rbp-d4], edi
nov DHORD PTR [rbp-8], esi
nov DHORD TR [rbp-12], edx
nov eax, DWORD PTR [rbp-d]
imul  eax, DWORD PTR [rbp-8l
add  eax, DWORD PTR [rbp-12]
leave
ret
m=in
push  rbp
nov ho, rsp
nov edx, 3
mov esi, 2
mov edi, 1
call £
nov edx, eax
mov eax, OFFSET FLAT:.LCO ; "id\n"
mov esi, edx
nov rdi, rax
nov eax, 0 ; number of vector registers passed
call  printf
nov eax, 0
leave
ret

BB, System V *NIX [£ JL22% 308 Mitl3] RS EHMERLAE. GCC A4

EREEENT FFTSHNERT, Aok sEs.

823 GCC: uint64_t BB

A S 8.1 MR RET AR 32 B int RAUBEL, DL DA BRI AP O 2 SR 64 f % 4F
S 32 R (M E-E SRS, AR SRS, 64 frAuR, AR LM ARAITR:

finclude <stdio.n>
#include <stdint.h>




88 # W IRRRIEE CEA)

vinté4 t £ {uinté4 t a, vintéé t b, uintéé t c)
{
return a*b+c;

bi

int main()
{
printf ("s1ld\n", £(0x1122334455667788,
0x1111111122222222,
0x3333333344444444) ) ;
return 0;

i

1547584 8.8 Optimizing GCC 4.4.6 x64

£ proc near
imul  rsi, xdi
1lea rax, (rdxtrsi
retn
£ endp
main proc near
sub rsp, 8
mov rdx, 3333333344444444h ; 3rd argument
mov rsi, 1111111122222222h ; 2nd argument
mov rdi, 112233445566778 1st argument
call  f
nov edi, offset format ; "$lld\n"
mov rsi, rax
xor eax, eax ; number of vector registers passed
call  _printf
xor eax, eax
add rsp, 8
retn
nain endp

MR RIS R TV EANFFSE (RFRFER . HMbEr AR,

8.3 ARM

8.3.1 Non-optimizing Keil 6/2013 (ARM mode)

.texc:000000A4 00 30 AD E1 MoV R3, RO
.text:000000A8 93 21 20 EQ HLA RO, R3, R1, R2
.text:000000AC 1E FF 2F E1 BYX IR

. text: 00000080 main

.text:000000B0 10 40 2D E9 STMED SP!, {R4,LR}
.text:000000B4 03 20 AQ E3 nOv R2, 43
.text:000000B8 02 10 AD E3 MOV R1, #2
.text:000000BC 01 00 AO E3 MOV RO, #1
.text:000000C0 F7 FF FF EB BL £
.text:000000C4 00 40 AD E1 MOV R4, RO
.text:000000C8 04 10 A0 E1 MoV R1, R4
.text:000000CC 5k OF 8F E2 ADR RO, aD_0 ; "$d\n"
.text:000000D0 E3 18 00 EB BL __2printf
.text:000000D4 00 00 A0 E3 MOV RO, #0
.text:000000D8 00 00 AD E3 LDMFD SP!, {R4,BC}

LESUUEE TEA RS 2 MRBIER. BB 3 AMBHERAT ORH.
RISCIRENE, 75 ARM REHE, 1 4 MEER (RO~R3) RIFFEER 4 MSH
AT, FORBOEITHET 3 MFFES (RO~R2) ERSH.
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MLA (Multiply Accumulate) $54-¥HIPMEIFE (R3 A R1 RIED M, KREHHHE=MRE
£ (R2 B XA, I BIERSEHAREMAT THEE RO Z . Mk ARM 405 %
i, REERNEFEE RO 8.

MLA 2Tk RINIEAT, BE5— Ui SERERIIEIEH, JB TR Mai 4. 75 SIMD HAR* M FMA
ESAMZAT, x86 V&S EBIFRARUIES.

E4I84 “MOVR3,R0” BFIUAIES. HEHAREIXSLIES, FME MLA T4 HEMH KN
SERA L MIEAIRE. BARIT B RAETR, BTG RS0 A T

BL 54 1ER2FF B I AC 4 LR #4758 AL, T H &0 B0 I R 1A 5 88 (02 47 Thumb
EH ARM B2 MBTRER IO . MR T R QIR ST AR RITAM, AR
SHFRHET ARM BRIRILER Thumb B AL . BTRASHER VIS SDEE RN EH . R T
Trumb AR, BX 454 AU A HEAT ML MU Bk4% , i SATALE S5 E50AEEA Thumb. WALEHE ARM
ERMIESOMA, WIR ST .

8.3.2 Optimizing Keil 6/2013 (ARM mode)

.£ext:00000098 £
.text:00000098 91 20 20 EO ML RO, Rl, RO, R2
.text:0000009C 1E FF 2F E1 BX 1

7R ARABE LTI (-03) ZJ5, SIS MOV fHAMMAT, BABHBMERT . MLA K
SERPTE S ERNSE H BATR IS G4 7E RO S7758 AL, YT BT T RO 27 2F 23R IBUE I (8.

83.3 Optimizing Keil 6/2013 (Thumb mode)

_text:0000005E 46 43  MULS RO, R1
_text:00000060 80 18  ADDS RO, RO, RZ
.text:00000062 70 47  BX R

Thumb BEXIFHRSEEBEE MLA 54, BILRRERRESAMAES. 3% MULS #5472 RO A1
R 9, SLESTLATERETE R P 72YE. 4 ADDS HHETRI IR (K, BT STAURAPAETE RO SrAPat E.

834 ARMG4

Optimizing GCC (Linaro) 4.9

ARM64 BSR4 —25, MADD 84 il LI— W TRERMIA IR &2, LAl MLA #54+
=L A3 B X-F KA SIE 32 ik, BORBIAXESHHE 32 AR, BEINIE
EEERE WO AR

4758 8.9 Optimizing GCC (Linaro) 4.9

madd w0, w0, wl, w2

=ain:
; save FP and LR to stack frame:

stp %29, x30, (sp, -16]!
moy w2, 3
nov wl, 2

add %29, sp, 0

& F2 I hatp:/fen.wikiped i/Multi %80%9 :_operation,
=HESWLHIER” MFS, 155 W https://en.wikipedia.org/wiki/FMA _instruction_set.
ARMI2, R A232.
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LRSS (H0)

; return 0
mov

JLC7:

wl, w0
x0, .1C7
%0, x0, :lol2:.1C

wi, O
; restore F? and LR
%29, x30, [spl, 1

.string "Sd\n"

BATERBEFBHN 64 £ vint64_t L

1
#incli

de <stdio.h>
de <stdint.h>

6

uint64_t £ {uintéd_t a, uintéd t b, uintéd t ¢

{

return a*btc;

b
int main()
(
printf

return

main:

novk
bl
nov
1dp
ret
LLCB:

("$1ld\n", £(0x1122334455667788

0;
0.
0

x0, x0, x1, x2

x1, 13396
x0, .LCB

%29, %30, [sp, -16
x1, 0x27¢0, 1sl 16

X0, %0, :1012:.LC8
x1, 0x122, 1sl 32
x29, sp, 0

x1, Ox58be, 1sl 48
printf

w0, 0

x29, x30, [spl, 16

.string "$1ld\n"

SEPERFDRY (OB S R .

x
x3333333344444444) ) ;

111122222222,

SRH 64 M BMZ G, RRFRAEA T A 64 fr

X #Ffres. BB

T4 i A B SRS 64 RLMEF MBI ST 8 AL R 1078 2831 W TRAIN A o4 FrERiR M08 IR A

Non-optimizing GCC (Linaro) 4.9

ERATHFIRAE T OILT, HiEasE R DR R0

£
sub
str
str
str
ldr
ldr
mul
ldr
add
add
ret

sp, sp, #16
w0, [sp,12]
wl, [sp,8]
w2, [sp,4]
wl, [sp,12]
w0, [sp, 8]
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BT O NS BURITEE SRR R, LIS IR R84 WO~ W2 AFTFRR. XTTRTIERAHESE
ERHSH, RERTEASHEER . XAERMIE “ 477 8 {RY K Register Save Arca” [ S, ARM13c].
EE, EPIREFERE R URRAHRT SR, FERFRS 821 WAMHMA B4

FERHRALIETUS, GCC 4.9 SHIKTRA F A7 IATAEAR MG . X REN AL BEAINT IS4 A
SEERASHAONRNIE, BTURRRNERTRE Wo~W2 T80,

S, BARATSAEA T MUL/ADD 3543, i HH MADD 4.

8.4 MIPS

44758 810 Optimizing GCC 4.4.5

.text: 00000000 f:

a0=2
i sal=b
i saz=c
- text:00000000 mult sal, sal
. text: 00000004 mflo sv0
20000008 r §ra
addu $v0, $a2, $v0 ; branch delay slot

5 result in $v0 upon return

.£ext:00000010 main:
.text:00000010
.text:00000010 var 10
.text: 00000010 var ¢
-text:00000010

.text:00000010 lui Sgp, (_gnu_local_gp >> 16}
~text:00000014 addiu 350, ~0x20
_text:00000018 12 $gp, (_gnu local gp & OXFEFE)
.text:0000001C L $ra, Ox20+var_4($sp)
.text:00000020 = $gp, 0x20+var_10($sp)
000024 1 $a2, 3
.text:00000028 1i $a0, 1
.text:0000002C jal f
i set b:
- text:00000030 1 sal, 2 ; branch delay slot
; result in $v0 now
_text:00000034 1u $Sgp, 0x20+var_10($sp)
.text:00000038 lui $a0, ($LCO >> 16)
~text:0000003C 1w 5t9, (printf & OXEFFF) ($gp)
la $a0, (SLCO & OXFFEF)
jalr $t9
function and pass it as & second argument £o printf{):
nove se1, §v0 ; branch delay slot
- text:0000004C Lu $ra, Ox20+var_d(§sp)
.text: 00000050 move $v0, $zero
- text: 00000054 ir sra
. text:00000058 addiv ssp, 0x20 j branch delay slot

HBFRIAT 4 MBHE 4 AT EREE.

MIPS & ATFIAMG R AT 248 HI A1 LO. ©11FIRTT i MULT 54 HIFRiE T3 45 R——o4 fLIH.
=% MFLO il MFHI J§4- 9517 i) HI A1 LO 27748, 30, MFLO $37V I BUHI(E 32 fimsy. Aple
EEE 32 M EHEISVO FAEA.

AR ATV AR 32 4, BTRABREMAHER T . ALBRANIRF AR N0: RE 32
SRR,




92 SrTRRREE (B8

B4# ADDU (Add Unsigned) #8458 =428 5RO,

7 MIPS ¥4 £, ADD  ADDU £ BN TFEHEL B = H K BAIAER AT R b, T
S R4k R AT . ADD FoATT DAL R AR, BIA IR RLERN, B Ada Fill
AR S X HF. ADDU A3 Rt B CIOrRIRFRMIE, BB R ADDU f54
T3k ADD 54 -

BEIESVO 2517 AE K 32 AL HIB S R

mainEHEMEIT JAL (Jump and Link) 4. JAL F1JALR FRAHTTR S, B A R AR —
S, 5 NPk B SR A AR MU . JALR F R U Register. 1T ORI FURI main()BR AR
BT R4 object 3, BTLL QBB AGAHR bk R EANI, AL ik

(@ http://blog.regehr.org/archives/1154.
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£ x86 AL, WM A RAE ML BAX FFEAHEINIEH 45, “4 R E T byte 1R char 2821
E. BEEREMT CAX £ 2500(8 8 fi——AL FEFRFREEINL. PR ZF A float B,
LEEAFAGTE FPU () STO)F /P85 H. ARM RE M TFRAN 5 —2L, ST M RO F 73R EIEIR

2.1 void B Jy 3k 65iR BITE

A main (SRR void MR int, FEFFINTAL SR IR 2
1 main O A S RFL A S RRE:

AT

push argv

push argc

call main

push eax

call exit

FHHEHHERE, B

exit(main(arge, argv,envp) ) ;

R Y mainQRFIEREE void, W mainQHEALARENEME (R rewm 84 NIE
m=n(RHORHIE, EAX HESESAAEIR, EAX S8 MBURSIERE exitOR S Wb JEH
EEA\5) AX ARSI 2 EAOR R 7 BRSO AR, BTLL void 2RLPR AR EIM. 11
S S EHREUR AU AER T OAREHLEL (pseudorandom).

FERATHATAIR F0R 28, T main() B E0E M E2 void T,

#include <stdio.h>

woid main()

printf ("kello, world!\n"};

A/E{EA Linux REHTF.
343 WA AT GCC 4.8.1 244 puts( e printf(), T7EL puts() 5 3215 B2 i H 00 T4 10 1 4
HEFAFIRIX A, B mainQE SRR, B main(BMEL AN, DAX FEHMEA2EE:
. R EAX TR ARTRAE I (L 22 £ — N E——putsQe B IR I .

4#%# 9.1 GCC48.1
-1C0:

.string "Hello, world!"
main:

push ebp

mov  ebp, esp

and  esp, -16

sub  esp, 16

=% 7L MSDN: Return Values (C-+): http://msdn.microsoft.com/en-us/library/75727t74.aspx..




94 # W TEREEE (B

mov  DWORD PTR [esp], OFFSET FLAT:.LCO
puts

t
RATFET B bash WASKERF, WaRFRMHRE CREED.

1ELEH 92 tstsh

#1/bin/sh

. /hello_world

echo $?

AT LRMAZ JE, BT REE:
$ ./tst.sh

Hello, world!

1

XA “147 FEE putsQE AT AL

9.2 HIABTERHIAMBEIIE R

printf) FH A AT BN R R AR RO AR KBTI, % b, BT
EEEY. WAMERBITS RN
int £()
1
// skip first 3 randor values
rand ()

randi};
// and use dth
return rand();

b
SR IIA rand () FEHSARIE 45 RAEE] EAX 738 (R AT =4 rand OB BLRITE EAX 2FA7 2200
B RERHHT o

9.3 BETENEHIEIEEKE

WAL EAX S8R EORFIE AR H] . BB EAX X 1 A5 4r 8 LR
. BEAARR, R C HIEREESIHE TEY BAX A (—AkE, B2 int 2 ME
B AR, WRELRESANRELE, 4R GRRLOER ML, BRI R R E .
AR C PRI A MATXAIB T, return 154 T0R AT DURF S EIROHAR, U FROA A &K
2t DR EREIRIF MG R AR LR SR, TRAR F AT 5 88 Ccaller) 513153 RCA TN BT
Fekh, BHRIREE D B AN S YR T R ILZER SR 3 TR ARG TR 51 1 30 58 Ol S 2
HRfE T, BB RS T LA, FURGIE B T A R EME

HAVRE:

struct s

int a;

int b;

int ¢
bi

struct s get_some values (int a)




W
<
i
3
=
B

struct s rt;

return rt;

Vi

B MSVC 2010 (EAMRALIEIIOR) Hik, WG
$13853 = 8 i size =4

a§ = 12 i size =4
2get_some_values@EYA?RUSEEHEL PROC i get_some_values

mov  ecx, DWORD PTR _a$[esp-4]
mov  eax, DNORD PTR $T3853(esp-4]
lea  edx, DWORD PTR [ecx+l]
mov  DNORD PTR [eax], edx
lea  edx, DWORD PTR [ecx+2]
add  ecx, 3
mov  DWORD PTR [eax+d], edx
mov  DWORD PTR [eax+B], ecx
ret 0
2get_some_values@@YA?AUSBRHEZ ENDP 5 get_some_values
RPN IR LA R B RS RLESTI853.
WA C99 FRIEREKS, RIAMERTRR:
struct s
{
int a;
int b;
int ¢
b

struct s get_some_values (int a)

return (struct s)(.a=a+l, .b=a+2, .c=a+3};
Y

£ GCC4.8.1 ¥ LBET, AR FHRRMIES.
#E4HH 9.3 GCC4.8.1

_get_some_values proc near

ptr_to_struct = dword ptr 4

e = dword ptr 8

= mov  edx, [espra)
mov  eax, [esptptr_to_struct]
lea ecx, [edx+1]
nov feax], ecx
lea  ecx, [edx+2]
add  edx, 3
nov leaxt], ecx
oy [eax+8], edx
retn

_get_some_values endp

TR, WAAES Ccaller) BIET YIRS, HET SR, WA MR R LA IR AR

ERRE R TRESH R, KRR TR AE.



x =
105 & F

Jb b IR B R SO R FHE GEBRAS 7 ZHEHD. BT L3 ACIE 2 E L T E A
gk RIREE K -

101 &2REXE

#include <stdio.h>

void £1 (int x, int y, int *sum, int *product]
{

*sum=x+y;

*product=x*y;
g

int sum, product;

void main()
{
£1(123, 456, &sum, &product);
printf ("sum=id, product=3d\n", sum, product);

bi
7 MSVC 2010 (A FIRAGHETUOX /Ob) 4 ey

jg4iEE 101 Op g MSVC 2010 (/Ob0)

comy  _product:DHORD

AR QT FAR Y.

COMM  _sum:DWORD

$562803 DB vsum=$d, product=sd', Dak, 00

x5 = 8 ;
y$ =12 i
sum$ = 16 i

_product$ = 20 ;s

_f1 PROC
mov  ecx, DWORD PTR _y$[esp-4]
mov eax, DWORD PTR x$[esp=é]
lea edx, DWORD PTR [eaxtecx]
imul eax, ecx
mov ecx, DWORD PTR _product$[esp-4]
push esi
mov esi, DNORD PTR _sun$[esp]
mov DWORD PTR [esil, edx
mov DWORD TR [ecxl, eax

pop esi

ret 0
£ ENDP
_main PROC

push OFFSET _product
push OFFSET _sum

push 456 ; 000001c8H
push 123 ; 0000007bH
call _fl1

mov eax, DWORD PTR _product




Fl0® # 4 97

mov  ecx, DWORD PTR _sum
push eax

push ecx

push OFFSET $5G2803

call DWORD PTR _imp_printf

add  esp, 28 ; 0000001cH
xor eax, eax
ret 0

_main ENDP

HIE 10.1 7%, BAMEH OllyDbg HREAERF .
7

101 44 OllyDbg %4 o 8 7L R 5] F1OR ML
BB, SRR SR (0B, RIVIGRETALTHIGE, B4 “Follow in dump”,
S LT T SR R ST L.
TR 48421, 5 BSS (Block Started by Symbol) SMFAFAHIRMHMIBHRRE, FTLL
Ssag RS (S0 A, 678 ). AREGEER. WA 102 FUR, RAITTUS ALM A4
S8 memory map HATHIA.

Emmamamnnl

EEES x| e

MW 73753

102 &MOWMg§°Wﬁﬁ%
#F P RIREAR NOREC, Wi 103 PR,

Bl B e
- = e
S A

1103 (A OllyDbug W F10

= trace, ATLLEAMEIR B0F B DARLEIAT MBS, IURAER TS B, WAT— LSRR call IHAIEIRE.



TRRAKE (B
FME, R AR R b GRED.
e FANE DAHE AR

L E R, SERRELAT 0x1C8E456)H 0xTB(123)
SRR BRI RALY, A TR FOBHUEHS. W 104 FiR, B

il SR

e 10.5 Bios-

10.2 AEEE

i, BATR RS R B R R R SR AR T
oA 102 R, RERFHERNERE
void main{}

{
int sum, product; // now variables are local in this function

£1(123, 456, &sum, product);
princl ("sur=td, product=td\n”, sum, product];
b
FEZIA, ORI SR 5 (& R R R e AR . T mainQB Hri T4 {RE

k. 2 FI/Ox /0b0 RIS - LSBT HRTTES .

154758 10.3 Optimizing MSVC 2010 (/ObO0)

; size = ¢

ST

_product$ = -8
_sum$ = -4 ; size = 4
main PROC
; Line 10

sup  esp, 8
; Line 13

lea eax, DWORD PTR ,pzoduCTSfesp*ﬁ]

push  eax




F10E # & 99

lea  ecx, DHORD PTR _sum$[esp+12]
push
push 5 000001c8H
push ; 000DODTBH
call
Line 14

mov  edx, DWORD PIR _product$[esp+24]
mov  eax, DHORD PTR _sun$[espt24]
push  edx
push  eax
push  OFFSET $5G2803
call  DHORD PTR _imp_printf

; Line 15
xor  eax, eax
add  esp, 36 5 00000024H

ret 0

[610.6 {71 OllyDbg ME TR RAI AT
6 FLOBMBIN, 0x2EFSS4 A Ox2EF8SE MUtk RUSLR A HEBHLINERR, WP 107 7.

107 AEH OllyDbg IR fIOFIES
FIOB S R UL AN 10.8 PR
J7E 0x2EF854 HI{E2 0xDB18, 0x2BF8588 HI{EZ 0x243. AR QR EIEH AR




100 #HIRMASEE (LA

10.3 RiF

R BITEEr, 10 B%ATLLY FALRE L R XM T ARIL T $RET BT MR . CrrR3IH
(484) /reference BIYER 5 C pointer (3R4H) MR, ZBAY 51.3 FHHRHAH CHHI5IH.




EFME GOTOiER

MTEBUA N GOTO AR ICHS 2 AL HE®. B, FLERE IR T RATIE B HE X
==
ARZHLELL R FHEAT I .
#include <stdioc.h>
int main()
printf ("begin\n"j;

goto exit;
printf ("skip me!\n");

printf (end\n"|;

EEH MSVC 2012 G LR AR, WARIM TR RIES .
ELHL 111 MSVC 2012
‘begin', OaH, 0OH

"skip me!', OaH, 00H
$562937 DB tend', DaH, 00H

_=ain  PROC
push  ebp
mov  ebp, es

push OFFSET $5G2934 ; 'begin'
call  _prints

add esp, 4

jmp SHORT $exits3

push  OFFSET $5G2936 ; 'skip me!'
call _printf

add  esp, 4

push  OFFSET $5G2937 ; 'end'
call  printf
add  esp, 4

xor  eax, eax
pop ebp
rec 0

_=ain  ENDP

FERTFN goto BHEHBAITRT IMP 54 KHAMES MR 552 P Sk g ezl
F AT SR EITE S 4

FEENTTERERT, Gl R WA . AT T iR T, B 2
- printf() e 4.

B patching HA. B Hiew FTIFRILA SiBI0AHATILI, M 111 Frriotiesis vp
10) 4b, $ N F3 8 G, BRI, 30BE, S TR MR opeode 504 T BB 00 W 112 i,
IMP FTZEH] opeode 1138 — /M IREH BEH MMM R B . EXAMEBRACY 0, S TLAF o gE
EEEY . BB IMPIESHA LB B A printfOF $ .

ETFOR (R JHRM Hiew. UGBTI TTHAT CAARBLRE S b0 113 Fig.

=2 Dij6’,
EZH Knu74, LUK Yurl3.




102

[ 11,1 Hiew

112 Hiew

wak, E IMP $E4 B NOP $7&H] LSS AREAAL. 1% NOP )
opeode 2 0x90. HAT =1, P MEHEAT BN B S L NOP it

B3 SRR

1.1 X ATE, Dead Code

FREARER, RARFR TN printfQE SRR T (U dead code”s FERMRELKIZ
REHHAT. il fER R B R AR IS G5 8 AR T AR RIBR (G T T 1%

#5478 112 Optimizing MSVC 2012

$562981 DB 'beg; 0aH, O0H
$362983 DB 'skip mel', OaH, O0OH
$562984 DB tend', Oa, 00K
main  PROC

push  OFFSET $862981 ; 'begin’

call _printf

push T 5562984 5 'end
Sexitsd:

call _primtf

add  esp, 8

xor  eax, eax

et 0
nain  BNDP

AT G A 3% IR 7 R skip met ™

1.2 ¢RI A

GE

4 E D AR IR R RS AT R -




F1R2E FHEBES

121 EKIEELEK

AEL Ll N REFHAT R
sinclude <stdio.h>

void f signed [int a, int bj

if (a>b)

printf ("a>b\n
if (a==b}

printf ("a==b\n"};
if {a<b)

printf ("a<b\n"};

£ unsigned (unsigned int a, unsigned int b}

if
("a>b\n"};

{"a==b\n"};

printt ("ab\n"};

maini]

£_signed(l, 2;
£ unsigned(1, 2);
return 0;

1211 x86

x86 + MSVC

EXRALIE S, {EF MSVC 4i¥% FIRIEFLT, WE f signed 0%
=45 121 Non-optimizing MSVC 2010

PROC
ebp

ebp, esp

eax, DWORD PTR _a$[ebp

eax, DHORD PTR _b$[ebp

jle  SHORT $IN3Bf signed

push  OFFSET $SG737 ;e
call _printf

add  esp, 4

N38f_signed:
mov  ecx, DRORD 2TR _a$[ebp]
cmp  ecx, DRORD PTR b3 [ebp]



opdsm ()

ine RT $LN20f_signed

push © ; ta==b'
call _printf

acd  esp, 4

cdx, DHORD PTR _a$[lebp]
edx, DRORD PTR _b$(ebp]
SHOI SLN4Rf_signed

$5G741 : 'a<b'

_printf
esp, 4

SLN4AE_signed:

£_signed ENDP

55— A AFFERSIE L 2 JLE, B0 “Jump if Less or Equal”. W L-—% CMP fa 4 — e RIS
NFEET ORRT HoAELER, JLE W Bl S BT b ISR AT, WIEAT T
—&354, BAPIT SRFHAAM printfOE . AR RS SE INE, “Jump if Not Bqual”, H15F
b OMP BRI, MG ARRBER

oA RIFER R4 R JGE, B “Jump if Greater or Equal”. 415 CMP wm— A EERKTRETE
— A FIER ORATD, WHEEATHERE . XBFE, ﬁﬂﬁi“ﬁ%ﬁﬁ@#ﬂt’ﬂ‘r%ﬁﬁﬁﬁlﬁ, AR EAM printf()
B R, BRI T 7 MBS R R

IAERATHE £ unsigned OB ELHITT 4162« £ unsigned() &£ £ signed OB BOR IR AR
forp RPLE A BT 2 1 f,unsinged()ez;%ﬁaﬁ@iﬂ]E‘J%M§%&Eé>;% JBE 1l JAE, Tii f_signedF{E
I 4 PERE R 164 W JLE A IGE.

P GOC ik bR, S L unsigned QIR AW T

#E4ER 122 GCC

b§ =

_f _unsigned PROC
push  ebp
mov  ebps
mov  eax,

cmp eax, DWORD PTR bS [
jhe SHORT $LN3@f_unsigned
push OFFSET $5G2761 i 'ado’
call _printf
add  esps 4

$LN3@f_unsigned:

mov DHORD PTR _a$[ebp]
cmp DHORD PTR
jne

add  esp, 4

SLN28f_unsigned:
mov  edx, DNORD PTR _a$lebpl
cmp  edx, DHORD PTR _b$[ebp]
jae  SHORT SLN4Gf_unsigned
push  OFFSET §562765 ;7 'a<h!
call _princl
add  esp, 4

LN4@f_unsigned:
Bop  ebp
Ret 0

_f _unsigned ENDP




Fl2% EAGEBES 105

GCC Sy 45 L5 MSVC SR i1 4 RILAMIT .

% GCC #1%J5, £ unsigned()phi B 141458 #5442 JBE (Jump if Below or Equal, #8%4F JLE)
# JAE (Jump if Above or Equal, #%¥ JGE). JAJJAEAB/BE 5 IG/IGEILALE fK 5, {ET EAk &R
SSOAR: R AREL CF (1 BWE DT MBS 2F (O BEREMNE), FEHEE “SF
MOR OF” (1 BkA 545) Ml 2F, MRS SHMAIEE, Bi# LM T unsigned CERFS) KR (CMP)
=5, MEEMEAT signed CEITS) %’”iﬁt%‘ﬂﬁi%

KB 30 TLAS A signed ZEEAE. ol W, RBAIHEB AR, RATTLLELBSIE CMP BT LI
BFR, RATEGFR main()FEAILG L.

#4758 123 main()

_main

_f unsigned
esp, 8

eax, eax
ebp

0

main
x86 + MSVC + OllyDbg

FATAT LTI OllyDbg ELMMUM 22 3 15 S0 bR FFF 38 FATSER OllyDbg MEE [ unsigned()
HETH THAHNTRE. £ unsigned VR T CMP 54, 4y ZIRLLE T PN B unsigned 2574 4
- BEAZHOAE, BTl CMP BB RS AL A1 .

WA 12,1 BiR, BRI REREBIRAI, C=1,P=1, A=1, Z=0, S=1, T=0, D=0, 0=0, OllyDbg
r'%h\,uuME%ﬁVEXJﬁAT, [ B 5

12.1 4 OllyDbe: %R f unsigned )1 5 — el F R 14

OllyDbg 7EZEF # M#EATIR, IBE SIFBUEIESIOAMFTRER, TS o TN . M
HIR, IBE AR AMER (CF=1 sl ZP=D). 4RI, JBE Fistedirshit.
WA 122 Fios, FEIEITEIHE T ARSI S—INZ 540, ZF=0. 7Ll OllyDbg it HIHRE 2
THNE .

W 123 PR, BATRIE A IES——INB TRARINE, BAEiE CF=0, 4Rk




106 S TERAREE (B

LU, FTUARR R, BFERATH A printfOfE 4

123 ﬂLLI OllyDbg #LE £ unsigned QB H M % = AR
TSR TR B FEHL £ signed 0P, B MBHA signed BUAHRE
FEIEAT £_signed VBT, FRG AL HORA FIRIA —F% . B, 3817 CMP 42, C=1,P=1,A=1,Z~0,8=1,

T=0, D=0, 0=0
BB —ILE AW SRR, WA 124 FTR.

P 124 41 OllyDbg WE f_signedFREEIHT ~MEIFHBIRS
518 [Intl3], M0% JLE MI4fHR ZF=1 5k SF£OF. A& SF=OF Mg H.
BT ZF=0, ARG —INZ RS, W 12.5 PR

S EIE]




ER FUEHIEA 107

TS ARG ——IGE SRR MR K IGE MIZA1 /& SF-OF, TSRt A1
b 12,6 ivR.

126 i

OllyDbg ¥4 £ signed QM=
x86 + MSVC +Hiew

RATET LA Hiew ATTHTCHATH T, 9 f_unsigned(p BUKILITED “a==b"" REENRAS
=, WnE 2.7 Frr.

A4y 3 WAB LA AT kTT S5

o BRSNS RS-

o SRR A FHEBES.

o IRfIfiRE ARSI

FA TR A BAS R 4 ¥

mMFEEE =4S G

o i fm@#%mb/ﬂh IMP, FHRE

. 47’\&1&#?‘%@§sémﬁl}i%¥”[ R 37, RAVESE T BRI T 4%

BBl BN HREB R RRE R TR B A ARIIER T At

,mzwz SHR, THENERRENEZE, FFRMEITT &ES

L] MRS S BB EOTERSE - A SRR AR S IO AR AT 1F

i Aﬂz % IMP CEAFERES) BT,
B EH [ unsigned VBN 12.8 F7s.
GBI SBEEL Y. MRS BHT MRS, ERTRERZK VA printfQFf 4k, S53A)

SR (156 (i 2 (jump offset)o

O A IR




108 g TRMENE (B

BT FUH P — YK printfQ e B (RS FLARARTE <

Non-optimizing GCC
% T GCC ML, T4 G PE R AR FFAT MSVC iR MR B AT AR ), AR
SR printfO R KB T putsOE s

L FE
Optimizing GCC
B s —E &N, A CMP ELE g FEAR R (9L W2 B R G RAR A AR, IR T2 BERE
AT, (LRSI, GCC 4.8.1 i3k

WKHER? B MSVC B RE A fie
i

#4528 124 GCC 4.8.1 1 _signed()

f_signe

FLAT ; "a<b"
JL6:
R [esp+d], OFFSET FL a>b"

Ll:
L7 -

mov DWORD PTR [esp+dl, G

Jmp. puts
RERE, AR jmp B4 EAT B “CALL - RETN” #54. A4 1311 R

SRR g AR
MSVC 2012 HORE] GCC TRMRHE LI o

(IR AE x86 HORGR, RS,
fene s Tee $a 4 MUEERIRTG . FTLL, RGBS

T
I, IR R B AT e =

| TR RTHAR R,

H R




#12%F AHEBEL

109

T LA I H S TR GOC i thoRMART, MALHA LD

L5 K AR AR o

BMETER T R ARSI, £ unsigned )Rk 4t 5114 &t 8K T A RIEL.

#5455 125 GCC 4.8.1 f_unsigned()

£_unsigned:

.L15:

.L13:

push
push
sub

mov
add
Pop
Ppop
mp

esi
ebx
esp,
esi
ebx
esi

.13

esi

114

115

esp
ebx
esi

20

DHORD PTR [esp+32]
DWORD PTR [esp+36)

ebx

ebx

20

i instruction may be removed

DWORD PTR [esp+32], OFFSET FLAT:.LC2 ; "a<b"

esp
ebx
esi
put:

s

20

DHORD PTR [esp], OFFSET FLAT:.LCO ; "a>b"
puts
esi, ebx

.L1

DWORD PTR [esp+32], OFFSET FLAT:.LC1 ; "

esp,
ebx
esi
put:

0

s

20

B UG FI% CMP #4, EOTMMAET 4 CMP #54. AL, GCC 4.8.1 MALILIIEEAT Gk

EEE.
1212 ARM
32 i ARM 25

Optimizing Keil 6/2013 (ARM mode)

$£47%5% 12,6  Optimizing Keil 6/2013 (ARM mode)
_text:00000088 EXPORT £_signed
~text:000000B8 £_signed ; CODE XREF: maintC
_text:00000088 70 40 2D E9 STMFD  SB!, {R4-RS,LR}
.text:000000BC 01 40 AO E1 MOV R4, R1
~£ext:000000C0 04 00 50 EL e RO, R4
_£ext:000000C4 00 50 AD E1 oV RS, RO
_text:000000C8 1A OE 8F C2 ADRGT RO, aRB  ; "a>bln"
_text:000000CC Al 18 00 CB BLGT  _2printf
~tex£:00000000 04 00 55 EL cup RS, R4
_text:000000D4 67 OF 8F 02 ADREQ RO, aRB_0; "a==b\n"
_text:000000D8 9E 18 00 0B 8LEQ  _2printf
.text:000000DC 04 00 55 E1 R5, R4
.text:000000EQ0 70 80 BD A8 LDMGEFD SP!, {R4-R6,PC}
_text:000000E4 70 40 BD B8 LDMED  SP!, (R4-R6,LR}
_text:000000E8 19 OE 8F E2 DR RO, aAB_L ; "a<b\n"




110 #mITEREEE (B

.text:000000EC 99 18 00 EA B _2printf
. text:00000 ; End of function f_signed

ARM MRS HIR AN A TR &« SR BRI AHIT IR LA ARSI 1
IR T, TS, R AT LB BRI SETHA T B HITSCRIR AR R M AT HE -

SERYE M4 ADD 643465 FE ADDAL $f4-. “AL” B always {4455, 1) ADDAL BatiTisk
PET, 46 32 S0 ARM F640of, A I RIS BER PRAE A A THR 4 fii—4 4B (condition
field) L, EMERTAMSEINS B ire, M 4 OERAMFEL PIESHIRLB, B IBA VMR T AT
84, RRENENFER ALTIS, BEEYL AL (EFSE 2R RS AR AGEITIRATES

ADRGT §54-11) GT 1o greater than (KT ZIELIKIESHT CMP A MRS, T TEIT
LR, SIS CMP i MEAT B MERIRT R, ADRGT $e 44 AHITIIE (ADR) 2.

BTt BLGT #9411 MR T2 4. AREAFIAAF T B2 HAY Y CMP HCBRIE— MR T3 MBI
{%, BLGT 384/ &H4T BL 154, TEXAEM WL ARHE, IR ADRGT $54 BLHEFHER “avb n” HUBHL
TR{G4 RO ZHEDS, W T printfOfIZHL, T BLGT SFTHEA] printd). W, % EACSYE RO M (ERa) KT
RA HOfE R b) HITROLT, WHLA S38AT IR TARALA-GT AR, R, R U LR

R ADREQ A1 BLEQ $54, #i7ERiL—1> CMP [P IE SO ISR A4 2 UFT ADR A BL f4
oA R Z ELEP NI “CMP RS, RA” 14, 13 B o S AE 36D ) print ) B 3T A S AR AL

LDMGEEFD £ Great or Bqual (A FE&F) "y i bt F 4T LDMFD (Load Multiple Full Descending) %
TR -

UL, “LDMGEFD SP!, {R4-R6,PC}” Je4 RFIRMRE IR, FEERAE “e>=b” MR
AL BERA R

R R AR, B “a<h” MRS, RRATT %354 “LDMFD SP!, {R4-R6,LR}”. 3X[F]
R PR A . SRR RA~R6 7E5R. LR A7 I0ME, TIAWS PC 7 &8I0,
AR Y B R

FHOR R 4IRS, APl printfQ BB BB (A “a<bin”), IFEAM prindQpH. AT
1 621 FEAMGL. LI TEEIR BEEED printfQ B2, VAT RE LEBE printf() o 2T
SEHTR H e BT AR AT HATE KA

£ unsignedOFIELT 1 signedFEHIB e 15 2efLl. K2 4 E A% T ADRHL. BLHI Al LDMSFD
o4, §54 R EBII-HI /43 Unsigned Higher, CS fR& Carry Set (greater than or equal). B ZATIECFAL
GHAL, BRI R BRSO

AR mainQ B EL AT GIR AW T

=

$54FE 127 main( &R

_ #w<wEe 127 mamasxt o0 0

EXEORT main

main
SIMED SP!, (R4,1R}
MOV RL, #2

MOV
BL
MOV
Nov
BL
MOV
; +00 LDMFD
.text:00000148 ; End of function main

AW, ARM B AR BLsg &R KA IR -
SKREATAE A T AR T ROBRTRTTE 44K (RISC) I ARM LETEFARKERA (pipeline). i
Ui, BORALEL S EB IR AT T M RER A LS, P L 16 4 SCFIAL B2 (branch predictor unites)

RO, #1




F 2% FUHRBEA 111

SR THENER. T RARKEHARNLEIERS, BTH ENRFSH IS (ERREITHEE
EREAMHE), RPN, FERITIHSY, SRR TLBNERDOMA, HILBRFR
HE, RN ETTSH

X86 #5144 M AT CMOVee 54, WA HALMAPFIATING T CMOVee &R ITERFERBRLA 1
EHMH CMP B4 EE) MR T A LIIT MOV BERAMHIITIR S

Optimizing Keil 6/2013 (Thumb mode)

354755 12.8  Optimizing Keil 6/2013 (Thumb mode)

-text: 00000072 f_signed ; CODE XREF: main+6
100000072 70 B5 PUSH  {R4-RE, LR}

:0000007¢ 0C 00 MOVS R4, R1

:00000076 05 00 MOVS RS, RO

:00000078 1O 42 cup RO, R4

00000074 02 DD BLE loc 82

:0000007C B4 AD ADR RO, akB  ; "a>b\n"
10000007 06 FO BT F8 BL _2printf

00000082

100000082 loc_B2 ; CODE XREF: £ signed+8
100000082 AS 42 cup RS, R4
100000084 02 D1 BNE loc_8C
:00000086 24 RO RDR R0, akBL0
00000088 06 FO B2 F8 BL __2printf
:0000008C

:0000008C loc 8C ; CODE XREF: f_signed+l12
:0000008C A5 42 cue RS, R&

:0000008E 02 DA BGE locret 96

00000090 23 RO BDR RO, akB_l ; "a<b\n"
:00000092 06 FO AD F8 BL _2princf

00000096

100000096 locret 36 ; CODE XREF: £ signed+lC
00000086 70 BD BOP {R4-RE,2C)

00000036 ; End of function f_signed

Z ARM R4 Thumb a5 4R, RAT B HAAIREMRMEHENITHES . PTLL Thumb $54
SCGIRAE R EAME x86 4.
ERIE4E, 401547 BLE(Less than or Equal). BNE (Not Equal). BGE(Greater than or Equal).
ZLHALIETEN .
£ unsigned BHHAER, BRREH T HHISAEHBIES BLS(Unsigned Lower or Same)fl BCS
v Set(Greater than or equal)).
64 7 ARM 27
Optimizing GCC(Linaro)4.9

E4%H8 129 f_signed()

A

o, wi

119 ; Branch if Greater Thar (a>b]

120 ; Branch if Equal [(a==b)

(L5  ; Branch if Greater than or Equal (a>=b] (impossible here}
x0, .LC11 i "a<b"

x0, x0, :1012:.ICI1

puts

x0, .LCY i "a>b"

= eedicated instructions, 12 #if BLGT/ADREQ 538184 £ IHHIR s ig sk F o 4.



112 H#RTARKEEE (EA)

add x0, x0, :l0l2:.LCY
b puts

.L15: ; impossible here
ret

.L20:
adrp x0, .LC10 ; "a==b"
add x0, x0, :1012:.1C10
b puts

54 7% % 1210 f_unsigned()

f_unsigned:
x29, %30, [sp, -481!

w0, wl
x29, sp, 0
x19, [sp,16]
w19, wo
125 ; Branch if HIgher (a>b]
wi9, wl
126 ; Branch if Bqual (a==b)
.123:
bee 127 ; Branch if Carry Clear (if less than) (a<b)
; function epilogue, impossible to be here
ldr x19, [sp,16]
1dp x29, %30, [spl, 48
ret
L27:
ldr x19, [sp,16]
adrp  x0, .IC11 ; "a<h"
1dp x28, %30, [spl, 48
add x0, x0, :lo12:.LC11
b puts
.125:
adrp  x0, .LCY 5 "ash"
str x1, [x29,40]
add x0, x0, :lol2:.LCY
bl puts
ldr x1, [x29,40]
cmp w19, wl
bne 123 ; Branch if Not Equal
126
1ldr x19, [sp,16]
adrp 0, .ICIO ; “a==b"
1dp x29, x30, [sp], 48
add x0, x0, :1012:.1C10
b puts

RAERF 2 PRI T TR RS, BATTHROARR TR, (L RGERAGE BTHT

A, IEREE —EAERRPIT RSN,
el
RAE R TRND. EEARIMEE SR TR SR £ L.
12.1.3 MIPS

MIPS A AR R A TS, KR TR EE M EL — . IXF B §TE MRS AR BT

86 HIHE S ML SETec 4, MIPS “FA- A 2R 4+ SLT (Set on Less ThanARTEXI SN HTF 40
FISLTU (GRAFRH0. KFAMEAATER R ILRHIR R H S 7Esn 1, TRELNE,

BEEIATF BEQ (Branch on Equal) B BEN (Branch on Not Bqual) f&4-#% ER& AR 11, HbT R
THATHEE . B2, T MIPS T4 LAIG RS, WMl EBE 0 B EERIE.

A PRE AT RACEEF SRR
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#5458 12.11  Non-optimizing GCC 4.4.5 (IDA)

.text:00000000 f_signed: # CODE XREF: main+18
.text:00000000

.text:00000000 var_10
.text:00000000 var_§
~text:00000000 var_4
. text:00000000 arg_0
.text:00000000 arg_4
.text:00000000

+text:00000000 addiu §sp, -0x20
. text:00000004 s $ra, Ox20+var_4($sp)
- text:00000008 s $fp, Ox20+var 8 ($sp)
.text:0000000C move $tp, $sp
.text:00000010 la $gp, _gnu_local_gp

. text:00000018 W $gp, 0x20+var_10($sp)
; store input values into local stack:

-text:0000001C s $a0, 0x20+arg_0($fp)
- text:00000020 s $al, Dx20+arg_4($fp)
; reload them.

-text:00000024 i $v1, Ox20+arg 0($fp)
-text:00000028 i $v0, Ox20+arg_4($fp)
i $v0=b

i $vl=a

- text:0000002C or Sat, $zero ; NOP

; this is pseudoinstruction. in fact, "slt $v0,$v0,$v1" is there.
; s0 $v0 will be set to 1 if $v0<$vl (b<a) or to O if otherwise:
-text:00000030 sit §v0, $vi

; jump to loc_Sc, if condition is not true.

; this is pseudoinstruction. in fact, "beg $v0,$zero,loc_Sc" is there:

-text:00000034 beqz
; print "a>b" and finish
-text:00000038 or

- ext:0000003C lui
-text:00000040 addiu
-text:00000044 In
-text:00000048 or
-text:0000004C nove
~text: 00000050 jalr
~text:00000054 or
_text:00000058 1w

-text:0000005C
-text:0000005C loc 5C:

-text:0000005C i
-text:00000060 1w
-text:00000064 or

$v0, loc_5C

$at, $zero ; branch delay slot, NOP
$v0, (unk_230 >> 16) # "a>b"

$a0, $v0, (unk 230 & OXFFFF) # "a>b"
$v0, (puts & OXFFFF) ($gp)

$at, $zero ; NOP

$t9, $v0

$t9

$at, $zero ; branch delay slot, NOP
$gp, 0x20+var_10($fp)

4 CODE XREF: f_signed+34
$v1, 0x20+arg 0(Sfp)
$v0, 0x20+arg_4(Stp)
$at, $zero ; NOP

5 check if a==b, jump to loc 90 if its not true':

-text:00000068
-text:0000006C

; condition is true, so print
-text:00000070 lui
-text:00000074 addiu
-text:00000078 it
-text:0000007C or
-text:00000080 move
-text:00000084 jalr
-text:00000088 or
-text:0000008C it

-text:00000050
-text:00000080 loc_90:

-text:00000090 1w
-text:000000%4 1w
-text:00000098 or

$vl, $v0, loc_90
$at, $zero ; branch delay slot, NOP

" and finish:

$v0, (akB >> 16) 4
$a0, $v0, (aRB & OxFFFE) # "
$v0, (puts & OXFFFF) ($gp)
$at, $zero ; NOP

$t9, $v0

$t9

sat, Szero ; branch delay slot, NOP
$gp, 0x20+var_10(Sfp)

# CODE XREF: f_signed+68
$vl, 0x20+arg_0($£p)
$v0, 0x20+arg_4($fp)
sat, Szero ; NOP

; check if $v1<§v0 (a<b), set $v0 to 1 if condition is true:

-text:0000009C

$v0, Svl, §v0
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; if condition is not true (i.e., §v0==0), jump to loc_c8:

- text: 00000040 beqz $v0, loc_C8

.text:000000A4 or sat, $zero ; branch delay slot, NOP

; condition is true, print "a<p" and finish

. text: 00000038 lui $v0, [(ahB_0 >> 16] # "a<b"

. text:DDODOOAC addiu $a0, Sv0, (ahB_O & OXFFFF] # "a<b”
cext: 00000080 1y $v0, (puts & Dx¥FFF) (Sgp)

- text:00000084 or $at, $zero ; NOP

.text:000000B8 move 5t9, $v0

.text: 0000008 jalr 5t9

. text:000000C0 or $at, $zero ; branch delay slot, NOP

- text:000000C4 1u Sgp, 0x20+var_10{5fp)

- text:000000C8
; all 3 conditions were false, so just inish:

.text:000000C8 loc C8: | CODE XREF: f_signed+h0
_text:000000C8 nove $sp, Sfp

~text:000000CC $ra, 0x20+var_d($sp]

+text:000000D0 $£p, 0x20+var_8(Ssp)

_text:000000D4 $sp, 0x20

. text:000000D8 $ra

. text:000000DC $at, Szero ; branch delay slot, NOP
.text:0000000C 4 End

BEAMATFi 4454 2 IDA [ith3k4 . “SLTREGO, REG1” fISEIF# 4= “SLTREGO, REGO, REG1”, ifl
BEQZ {fI5:FR184 2 “BEQ REG, $ZERO, LABEL”.

£ unsigned O FALEI Gid 4, R £ signed 0BT SLT #4840 SLTU (U £ unsigned (45 ).
FRitbZ Sh, AEBIE RS RO S B B s AR

function £_signed

5458 1212 Non-optimizing GCC 4.4.5 (IDA)

000000ED f_unsigned: # CODE XREF: main+28
000000E0
$000000E0 var_10
00000E0 var_8
:000000E0 var_¢
00000E0 arg_0
000000E0 arg_4 1

00000E0

+00000050 addiu $sp, -0x20

00000E4 s $ra, 0x20+var_4($sp)
:000000E8 su $£p, 0x20+var_8($sp)
00000EC move $fp, $sp

:000000F0 1a Sgp, _gru_local gp

00000F8 sw $gp, 0x20+var_10{$sp)
:000000F¢C sw $a0, 0x20+arg_0($fp)
100000100 sw $al, 0x20+arg_4(Sfp)
:00000104 n $vl, 0x20+arg_0(5fp)
:00000108 i 5v0, 0x20+arg_d($fp)
:0000010C or sat, Szero

:00000110 sltu $v0, $v1

100000114 beqz $v0, loc_13C

100000118 or sat, $zero

10000011 Tui 590, (unk 230 >> 16)
:00000120 addiu 5a0, $v0, {unk 230 & OxFFFF)
100000124 i (puts & OxFFFF) ($gp)

100000128 or sat, $zero
nove $t9, $v0
jalr 569
100000134 or sat, $zero
:00000138 i $gp, 0x20+var_10($£p)
:0000013¢
:0000013¢ loc_13C: # CODE XREF: f_unsigned+34

:0000013C 1w $v1, 0x20+arg 0($fp)
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L:00000140 lu $v0, 0x20+arg 4($£p)
00000144 or sat, $zerc
100000148 bne $v1, $v0, loc 170
:0000014C or $at, Szero

100000150 lui $v0, (2BB >> 16) 4 "a==b"
100000154 addiu $20, $v0, [aAB & OXFFFF| #
100000158 i $v0, (puts & OXFFFF) [Sgp)
:0000015C or sat, $zezo

100000160 move $t9, $v0

00000164 jalr 569

100000168 or sat, $zero

:0000016C i $gp, 0x20+var_10($fp)

100000170

100000170 loc 170: 4 CODE XREF: £ unsigned+68
100000170 it $v1, 0x20+arg_0($€p)

100000174 1w $v0, 0x20+arg_4(5fp)

100000178 or sat, $zero

:0000017C sleu $v0, $vl, $v0

100000180 begz $v0, loc_1A8

100000184 or sat, $zero

100000188 1ui $v0, (aRB_0 >> 16] # "a<d”
:0000016C addiu 520, $v0, (aABO & OxFFFF) 4 "a<b"
100000190 1w $v0, (puts & OxFFFF) [Sgp)
:00000194 or gat, $zero

:00000198 move $t9, $v0

:0000019C jalr $t9

100000140 or sat, Szero

00000134 1w $gp, 0x20+var_10(5fp)

100000128

100000128 loc 1AB: 4 CODE XREF: f_unsigned+h0

:00000128 nove $sp, Sfp

:000001AC i $ra, 0x20+var_d($sp)
:00000180 i $£p, 0x20+var_8 (Ssp)
100000184 addiu $sp, 0x20
£:000001B8 jr sra

-text:000001BC or sat, $zero
_text:0000013C # End of function £ unsigned

122 HEHEL2FE

AR G L TR TR

int my_abs (int i)
{

if (i<0)
return -i;
else
return i;
b

1221 Optimizing MSVC
R R RELR AT .
547528 1213 Optimizing MSVC 2012 x64

i$ =8
my_abs  PROC
; ECX = input
test  ecx, ecx
check for sign of input value
; skip NEG instruction if sign is positive
jns  SHORT SLN2my_abs
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; negate value

neg  ecx
SLN2@my_abs:
; prepare result in EAX:

mov  eax, ecx
ret 0
my_abs ENDP

GCC 4.9 (MR PEE SILTAIR .
12:2.2  Optimizing Keil 6/2013: Thumb mode

$548 8 1214 Optimizing Keil 6/2013: Thumb mode

my_abs PROC

cup 0,40
i is input value equal to zero or greater than zero?
; skip RSBS instruction then

BGE 110.61
; subtract input value from 0:
RSBS £0, 10,40
1L0.61
BX ir
ENDP

ARM T UH REGERIES, FTLA Keil HEBEAT “FREB{E” RIS 64 “Reverse Subtract”
CRECR R B HRIEIE S, FRHATET B SRR,

1223 Optimizing Keil 6/2013: ARM mode
E% ARM MR H03E S R EELFIITIRS, FTUITR AL AT FEIM T a4
=475% 1215 Optimizing Keil 6/2013: ARM mode

my_abs PROC
cMp 0,40
+ execute "Reverse Subtract’ instruction only if input value is less than 0:
RSBLT  r0,x0, 0
BX ir
ENDP

B R RS GBI 33.1 ), IR T hE.
12.2.4 Non-optimizng GCC 4.9 (ARMB4)

ARMS64 Hyi5 2SI 7ER SUBHH NEG $4-

$547%# 12,16 Optimizing GCC 4.9 (ARMB4)

my_abs:
sub sp, sp, 416
str w0, (sp/12
ldr w0, [sp,12]

; compare input value with contents of WIR register
i (which always holds zero

cmp w0, wer
bge 12
dr w0, [sp,12
neg w0, w0
b .13
JL2:
ldr w0, [sp,12)
.L3:
add sp, sp, 16

ret
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1225 MIPS

354758 1217 Optimizing GCC 4.4.5 (IDA)

my_abs:
5 jump if $a0<0:

bltz  $a0, locret 10
5 just return input value (Sa0) in $v0:

move  $v0, $a0
iz sra
or $at, $zero ; branch delay slot, NO2

locret_10:
; negate input value and store it in $v0:
iz sra
; this is pseudoinstruction. in fact, this is "subu $v0,$zero,5a0" (§v0=0-$20)
negu  §v0, $a0
SXEHILT BiH4 BLTZ (Branch if Less Than Zero), BAR{HFE4 NEGU. NEGU Ha&-it S S S paitsZ
SUBU MINEGU 54+ PHIE4 U RET MIBEACR AR S AR, It ATeR ML FRRARR AL .
1226 FIEAHBES

TMEHBBIRARET L EAXE. AT 45 BHFEN R,
2.3 RHZHESF

CICHHS RSB AT
gk REA: HER
Hin:

const char* f (int a)

return a==10 ? "it is ten” : "it is not ten”;

12.3.1 x86
EEB ST HBIMEAN, BHTRIID OGRS URE “ifelse” BAMTEEITLOME.
=475 1218  Non-optimizing MSVC 2008

DB ‘it is ten', 00K
DB 'it is not ten', 00H

4 ; this will be vsed as a temporary variable

push  ecx
= compare input value with 10
cmp DWORD PTR _a$[ebp], 10
= Jump to SLN3Of if not equal
jne SHORT $LN3Gf
- store pointer to the string into temporary variable:
mov. DWORD PTR tv65[ebp], OFFSET $SG746 ; 'it is ten'
5 jump to exit
jmp SHORT $LN4EE

SN3ef:
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; store pointer to the string into temporary variabl

mov DHORD PTR tv65[ebp], OFFSET $8G747 ; 'it is not tem
$LN4RE:
; this is exit. copy pointer to the string from temporary variable t
nov eax, DWORD PTR tv65[ebp
nov esp, ebp
pop ebp
ret 4
£ ENDP

#5458 1219  Optimizing MSVC 2008

§56792 DB 'it is ten', OOH
§3G793 DB 'it is not ten', 00H

a$ = 8 ; size = 4

£ BROC
; compare input value with 10
cmp DHORD PTR _a${esp-4], 10
nov eax, OFFSET $5G792 ; 'it is ten’
; jump to SLN4RE if equal
je SHORT SLN4GE
mov eax, OFFSET $S6793 ; 'it is not ten'
SLN4GE:
ret 0
£ ENDP

I RR N G
15478 12.20 Optimizing MSVC 2012 x64

$8G1355 DB ‘it is ten', 00H
$5G1356 DB 'it is not ten', 00H
as =g
£ PROC
; load pointers to the both strings
lea rdx, OFFSET FLAT:$SG1355 ; 'it is ten
lea rax, OFFSET FLAT:$SG1356 ; 'it is not ten
; compare input value with 10
em ecx, 10
i if equal, copy value from RDX (it is ten"

; if not, do nothing. pointer to the string "it is not ten” is still in RAX as for now.
cmove  rax, rdx
ret 0

£ ENDP

JHRAGETRS, GCC 4.8 4 mREY x86 184 FIFHER T CMOVee $i4 . ARILZT, ZEXRMMRAMIIRERN
LT, GCC4.8 MEMHBIRCRIFA R,

1232 ARM
JRRRALTIREZ SR, Keil 4EpH) ARM RG4S % (HE1TH <4 ADRec.

354788 12.21  Optimizing Keil 6/2013 (ARM mode)

£ PROC
; compare input value with 10
CMP 0, #0xa
if comparison result is EQual, copy pointer to the "it is ten" string into RO
ADREQ  0,]L0.16] ; "it is ten”
if comparison result is Not Squal, copy pointer to the "it is not ten" string into RO
ADRNE r0,1L0.28| ; "it is not ten"
BX 5
ENDP

110.16]
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DCB "it is ten",0
110.28]
et "it is not ten",0

BrAEFAEA ST, %W ADREQ Rl ADRNE #8478 ] SEE [ — Vi P I HB AT

FERFAMALIREZIS, Keil 2244810 Thumb BUCIG R AR TES . HEIEFE Thumb K
=47, WA RS AT E A .

3458 1222 Optimizing Keil 6/2013 (Thumb mode)

£ PROC
; compare input value with 10
s 0, #0xa
5 jump to IL0.8] if EQual
Bl 120.81
ADR r0,1L0.12] ; "it is not ten"
BX ir
120.81
ADR £0,1L0.28] ; "it is ten"
BX 1r
ENDP
10.12]
bCB "it is not ten",0
10.28]
e it is ten",0
12.3.3 ARMG4

BRI E, GCC (Linaro) 4.9 T Hi kKT ARM64 F2/F FIFE A £ HH I8 LM HEHIT .
#4785 12.23  Optimizing GCC (Linaro) 4.9

cmp x0, 10
beg +L3 ; branch if equal
adrp  x0, .ICL ; "it is ten"
add x0, x0, :lo12:.
ret

3:
adrp 0, .ICO ; "it is not ten"
add x0, x0, :1012:.1C0
ret

.string *it is ten"

.string "it is not ten"
ARM64 [FIBEBETT NS PINTRR 7 O A6 BB R 4. TT 32 2R ARM $544R%, LUK x86 ) CMOVee
S AT LR A BT S HEAT A A IE . AR ARMG4 £74E “ 4 2E#F " $54- CSEL ( Conditional SELect),
GCC 4.9 MPRFLIXFTF AR LIXFEL.
1234 MIPS
FEMR, GCC 445 FE4R I MIPS BUF T S i Bt AP e 3
=474 12.24 Optimizing GCC 4.4.5 (assembly output)

.ascii it is not ten\000"

.ascii  "it is ten\000"

% ARM13a, p390, C5.5.
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14 52,10 4 0xa
; compare $a0 and 10, jump if equal:
be 54,$2,312
nop ; branch delay slot

; leave address of "it is ot ten" string in $v0 and return:
lui $2,%hi (SLCO)

3 1
Sadiv $2,§2,310(81C0)
§L2:
T eave address of "it is ten’ string in §v0 and xeTun:

lui $2,%hi(SLCLY

$31
Badin  $2,$2,310(81CT)
1235 fERiflelse R EIFEE

const char* £ (int al
{
if (a==10)
return "it is ten"i
else
return "it is not ten";

bi
RERAL LR, GCC48 LE T x86 TR iEBERLAH CMOVee fieo

54755 1225 Optimizing GCC 4.8

LLCO:
_string "it is ten"
JLCl:
.string "it is not ten"
£:
.LFBO:
; compare input value with 10
cmp DWORD PTR [esptd], 10
mov edx, OFFSET FLAT:.LC1 ; "it is not ten"
mov. eax, OFFSET FLAT:.LCO ; "it is ten"

. if comparison result is Not Equal, copy EDX valve to EAX
; if not, do nothing

cmovne  eax, edx

ret

Optimizing Keil iPEff] ARM FE, SHRANE 1221 Rl
(B AR g MSVC 2012 T R AR,

1236 B%
RIS %i%%&%%ﬂﬁ&ﬂhﬁ%ﬁm%{*%’%?éo A5 330 TR AR A B,

10.4  EEEREAE/ME

1241 324

int my_maxiint a, int b)
(
if (a¥b)
return a;
else
return b
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it
int my_min(int a, int b}
{

if (a<b)
return a;
else
return b;
b

3547558 12.26  Non-optimizing MSVC 2013

as =8
b§ =12
_my_min PROC
push  ebp
mov ebp, esp
mov eax, DWORD PTR _a$ [ebp]

; compare A and B:
cmp  eax, DHORD PTR _bS[ebp]
; jump, if A is greater or equal to B:

jge  SHORT SLN2@mymin
; reload A to EAX if otherwise and jump to exit
mov  eax, DWORD PIR _a$[ebp]
jmp SHORT $LN3@my_min
Jmp SHORT $LN3@my_min ; this is redundant JMP
SLN2Gmy_min:
5 return B
mov eax, DRORD PTR _b$[ebp]
SIN3emy_min:
pop ebp
ret 0
_my_min ENDP
a§ =
b$ =
_my_max PROC
push  ebp
mov  ebp, esp
wov eax, DWORD PTR _a$[ebp]
; compare A and B:
emp eax, DWORD PTR _b [sbp]
# 3ump if A s less or equal to B:
e SHORT $LN2@my_max
i relead A to EAX if otherwise and jump to exit
mov eax, DWORD PTR _a$[ebp]
Jmp  SHORT $IN3émy_max
dmp  SHORT $LN3@my max ; this is redundant JuP

SLN2Gmy_max:
; return B

mov eax, DWORD PTR _b$ [ebp]
SIN3emy_max:

pop ebp

ret 0

_my_max ENDP
B RBE R B R AR EIRS: B MEHMERAMZ JGE (ump if Greater or Equal), ¥

048 FI 02 JLE(Jump if Less or Equal).
RN B EBELE—N LR IMP $54. IXTRLE MSVC (iR,

TGRS
Keil %A Thumb #RFF 5 x86 FEFH JLAHHIL.




122 FhIRAREE (EA)

#5458 12.27 Optimizing Keil 6/2013 (Thumb mode)

my_max PROC

=B
; compare A and B:
CMP r0,rl
; branch A is greater then B:
1L0.6]
; otherwise (A<=3) return Rl {(B):
MOVS r0,rl
1L0.6]
; return
BX ir
ENDP
my_min PROC
; RO=A
: R1=B
; compare A and B:
cMp £0; £l
; branch if A is less then B:
LT 110.141
; otherwise (A>=B) return Rl (B):
MOVS r0,rl
IL0.14}
i return
BX ir
ENDP
P E BT R IR AR, — AN BGT, %~ BLT.

4R E ARM BETEFFRS, HPERRIAES AR SEPITIRS (I CEAE” R4 RMTFRBRE
Sy, (BB SEFIARAT, Keil IFMHTH T MOVee 2.

& 2 12,28 Optimizing Keil 6/2013 (ARM mode)
my_max PROC
; RO=A
: Rl=
; compare A and B:
cMp il
return B instead of A by placing B in RO
this instruction will trigger only if A
if instruction is not triggered (in case of A>B],
MOVLE r0,rl

=B (hence, LE - Less or Equall
A is still in RO register

BX ir
ENDP

my_min PROC

; R1=B

; compare A and B:
o] 0,1

; return B instead of A by placing B in RO

} this instruction will trigger only if A>=B {hence, SE - Creater or Equall

| if instruction is not triggered (in case of ACB), A value is still in RO register
MOVGE 0,1l

BX 1t

ENDP

e BT AR RO TS T, GCC 4.8.1 M MSVC 2013 LT CMOVee fi4. B MEAMET
FEFF BN MOVee f8 4.
{54755 12,29 Optimizing MSVC 2013

my_max:



BLE L0484

123

mov edx, DHORD PTR [esp+d]
mav eax, DWORD PTR [esp+8]
; EDX=A
; EAX=B
: compare & and B:

cmp edx, eax
if A>=B, load & value into EAX
: the instruction idle if otherwise (if A<B)
cmovge eax, edx

mov | edx, DHORD PTR [esp+d]
mov  eax, DWORD PTR [esp+8]

i compare A and B:
P edx, eax
if A<=8, load A value into ERX
the instruction idle if otherwise (if A>B)
cmovle eax, edx
ret

1242 64

#include <stdint.h>

£64_t my max (int64_t a, inté4_t b)

return a;

return b;

4_t my_miniint64t a, inted_t b)
if (a<b)
return a;
else
return b;
SRRFNKANTEF BAGADENSREN, BRAHIE—ETA.
#47%% 1230 Non-optimizing GCC 4.9.1 ARM64

sub  sp, sp, #16
str 0, [sp,8]
str x1, [sp]
ldr  x1, [sp,8]
ldr  x0, [sp]

cmp %1, x0
ble L2
ldr 0, [sp,8]
b .13
-L2:
ldr %0, [sp]
L3:
add sp, sp, 16
ret
sy_min:
sib sp,

str x0,
strooxl,
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s x1, [sp,8]
ldr x0, [sp]
cmp %1, x0
bee LS
lar %0, [sp.8]
) .16
L5
lar x0, [sp
JLés
add sp, so, 16
ret
Tesr iR IR

HEAR BB AL AR PV S iksxzarl A=A

jome 2N OpimargGCOAS TS

B CIE T

my_a:

; RSI=B

; compare A and B:
cmp i, rsi

; prepare B in RAX for return:
mov rex, rsi

{f 2>=8, put A (RDI} in REX for return.
this instruction is idle if otherwise (If A<}

rax, rdi

conpare A and B:

cmp rdi, rsi
; prepare B in RAX for return:
mov rax, rsi

. if A<=B, put A (RDI] in RAX for return.
jon is idle if otherwise (if A>B)

5 this

ovie rax, rdi
ret
MSVC 2013 fgRE 75 LFE
ARMS64 $§44E LA CSEL %o LAIYT ARM 548 H ) MOVee 54, BLR x86 T ¥ CMOVee

%, BRELFAR: “Conditional SELect”

i

ki # 12,32 Optimizing GCC 4 9.1 ARMB4

ny_max:
5 X0=
i x1=B
; compare A and B
crp x0, x1
; select X0 (R] to X0 if X0>=X1 or A>=8 {Greater oF Zqual)
} select X1 (B] to X0 if A<B
csel  x0, x0, xl, g8
ret

; compare B and 3:
emp %0, x1
; select X0 (A) to X0 if XU
B) to X0 if A>B
%0, %0, x1, le

1 or A<=B (Less or Equal)
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12.43 MIPS

REMRL, GCC 4.4.5 R4 PE MIPS J25 5 TH I G (L AEAH TR
$#§47% % 1233 Optimizing GCC 4.4.5 (IDA)

sal<$al,or clear otherwise (if $01>$a0):
slt $v1, $al, sa0

$v1 iso (or $al>$ad):

svl, locret_10

; this is brancn delay slot
; prepare $al in §vD in
move  $v0

i no branch »\querad, prepare $a0 in $v0:

$v0,
locret

r sra

or saz, $zerc ; branch delay slot, NOE
5 the mini) function is same, but inpat operands in instruction are swapped:
my_min

slt $vl, $al, Sal

beqz  Svl, locret 28

move  §v0, Sal

move %0, $ab

r

or $zerc ; branch delay slot, NOP

A MOVE 484 “5%F7 BEQZ $54481T, T4 =4 MOVE #4-fUER
BRI T A A%J*#Lm

FIFEB RS MR | .
12.5.1 x86

IE4iEE 1234 x86

QP register, registes/value
ndition code

e code to be comparison result is alse ...

code ©o be executed if comparison result is true ...

1252 ARM

ESER 1235 ARM

ster/value
1 code

T, reg

e code to be executed if comparison result is false ...

code to be executed if comparison result is true ...
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12.56.3 MIPS

B4R 1236 BERE

BEQZ REG, label

E4HE 1237 BRUBE

545 1230 ERERTER TR

BNE REG1, REGZ, lapel

SR 1240 F—MENFETMERNR TRt (signed)

REGZ, REG3
label

BLQ REGL,

JESTER 1241 E—AMENFEZMENTR T (unsigned)

SLTU REGZ, REGZ, REG3
1

1254 FEHFIRS (FHMHES)

IR AAFERTE, IRAG ST RSB AT RS
© ¥ ARM BLAIILF IR Af MOVee 154

o HPF ARMG4 FRFFRS N CSEL 4.

o 4HiE x86 FEFFIINA] CMOVee fE4.

ARM
AE5EVE ARM BISRIERERS, SRR R A AT IR S B A R B e &

54758 12.42  ARM (ARM mode)

ndition code is true
£ other condition cods

ill be executed
execut.

setion will be

instr2 cc ;
. eto ...

R , ;
Thumb B AT IT 4. S DRGSR MELAL JFUEAHREANE
W RIEIT RS T IS AT 1772,

54iE8 12.43  ARM (Thumb mode)

e reg
ITEEE EQ ; set ¢

gister, register/value
Efixes: if-then-else-else-else




F12% FHEYHES
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instrl
instr2
instr3
instrd

12.6

AR CSFL iR E RS 8 12.23 THTE MIRMFEEER.

; instruction

; instruction

ZR3) AL

will
will
will
will

condition
condition
executed :if condition
executed if condition

is
is
is
is

true
false
false
false



% 13 & switch()/case/default

13.1 case PR IR 8515 T

AR EEAPL AT VAR

h>

#include <st

void f (int a)

switch {2

: printf {"something unkn

int main()
[
£0215
B
1311 x86

Non-optimizing MSVC

{# /] MSVC 2010

PR AT, AR
E4 758 131 MSVC 2010

R e e me e e e

64=-4; s

esp

push  ecx

nov  eax, DWORD _as[ebp
mov  DWORD PTR tv6é[ebp], eax
cmp  DHORD PTR tv64[ebpl, 0
je  SHORT SLN4@L

cmp PTR tv6d[ebp], 1
e $
cmp PIR tv6dlebpl, 2

je  SHORT SLN2OF
SHORT $SLN1GE

; 'zero', DaH, 00H

SLN3

one', OaH, 00H

§1N2




% 13 % switch()/case/default 129

OFFSET $8G743 ; 'two', 0aH, 00H
_printf
esp, 4

SHORT $L

T0E

OFFSET 556745 ;
printf
esp, 4

thing unknown', DaH, 00H

esp, ebp
ebp

something unknown\n"};
b

WRBNICRFINT, AR _Ei R R — M AIERE U D B switchQiF, 2
= 0EA. MATLIAN, switch(iE AR —H B 7EM KR IRE OB AT EH R

LRGBS R o RONT KR BB HAE R o4, HARUSH TS S MR LM, ©

£ GOC 44.1 HFRRIFXAFF, TRRETRMAIBAREAIMEIT 037, FROITHIRE
EF MSVC it R M RER A AR

Optimizing MSVC
%384 “cl Lc/Fal.asm /Ox” Hii EETRF, AIERMTFIES.

ELHEH 132 MSVC

cax, 1
SHORT SLN3EE

eax, 1
je  SHORT SLN2ef
mov  DWORD PTR _a§lesp-4], OFFSET $56791 ; 'something unknown', Oad, 0OH

DHORD PTR a$ [esp-4], OFFSET
printf

; 'two', Dad, 00H

DWORD PTR _a$(esp-4], OFFSET $5G787 ; 'one', OaH, 0OH
jmp  _printf

mov  DWORD PTR _a$[esp-¢], OFFSET $5G785 ; 'zero', OaH, 00H

f

20 syntactic sugar, FRRMERAFITIIENE, BEIELTE R 200 B BTURIE
MSVC GRS TE TR A R R ARSI, BRI, B YRR R AL o TRV R RE




130 BATRREEE (LK)
TAIEF, BATLL FALAR.
o a 7F%E) FAX B8 5, U EAX IEREE. DT IXERORR A 48R, (2
3 LI EAX FERMERE, ZF FEAARAWE | (RN
Z E@ﬁ”‘ GAEEIES JE, (EFUFHREE] SLNA@S, AKIMiAEDHHE
R S —EBkEIES . fil “BAX=EAX—1" HEH,
KRR, %ﬁ/‘m&ﬂ’xﬁﬁmﬁiﬁﬂéﬁ%Hﬁa
f 2, AP ATER 4 5 — %15 B “something unknown”.
b fCRTAHP R TR o 25, WEUEA IMP 54U A printfQ . A printfOR
B, R 7T R ST U Y call S, BOURIEAEE: TR R SEHREARLR, 1
I CALL 184 T B Fse, MHILF, CALL 4 STUERMAHER AR, FEIL T
TR B A R, BRI, ZERORA T M EOSAT R, RN IR ET
® ESP— JRIA RA.
e ESPH4——IRIIRE a.
S, TEABIFRREEA printOBEZNT. 25, BT &% AR AT S B H S
el LR R E AR (e FTBL, SRPRISEEAMIE IMP IR LT, AP R R R B A R S b
AV PR B 2 — SR TR IO RE, SRR BERE S printfO R LI, 5 FRIETFRA
VRS W OB, TR BB T printfORE . 2 printfOeR BRI A LS, BEIAT RET 12
364, RET #6542 MR (POP) BTG RA. JFYEFE] RA. FILEA RA A HAR M R
TR A A, T2 A SRR AL PR 2T main( B IO HA AL . BRI EZ, BEFERKD RA ik
, printfOB LA BRI T 7 BV 0 ISR
BAFARA case AT — A4 BRI printfORBL, 75 MU AR LI
5L B 5 longimp(EREC AL, 248, AL IR R R B
ARM S8t BRI, B WA TR 6.2.1 15,

AR SRR
AT

OllyDbg

R UEE T OllyDbe 1K MRIT I 45 7.

OllyDbg #J LURH] switchOVEF A9 2454, T HAES aTRINHE . BRI E EAX M. 1
REMASECY 2, W 13.1 FiR

A A (B

EAX (8 (2) WiF 0. 5K, EAXiEﬁ{Eﬂ 2. MR ZF FREAME N 0, REFEFLRARE,
i 132 Fims.

T DEC #5425, EAX MLIGEA 1. B 1 EFE%E, ZF fREMER 0, WP 133 Fim.

@ htps:ifen.wikipedia.org/wiki/Seymp.h-
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[®133 OllyDbg: T —4 DEC #i4

FUNIT DEC $54, i EAX BRESBONET [ EHIEHERAE, ZF RELHERS
= 134 iR

1134 OllyDbg: #4F3 =% DEC #
OllyDbg 37 SR S HBIES, FAH “wvo” MIEHBIZIBEE AL, W 13.5 Fix.

135 OllyDbg: HENHE TS HHL,

0

1o



132

HETRRBEE (B

TER: BB EOR 2, BALT 0x0020FA44 AL KL .
MOV #it 4 EHIHl: 0x0020FA44 HFRETIRAR . SRISHATHER . FRIFHAIIT SO MSVCR100.DLL B
1) printfORBHIH — &8 4. b T ETFER, A61% RPN T/MD JT2%, 0E 13.6 §ix.

[413.6 OllyDbg: 3Z MSVCRI00.DLL # printf()i# $it) 5 — 4+

ZfF, printfOFEA AR 0x00FF3010 AMEECE MM —S 48— F4 Rl A5 R3E stdout W& (—
RV, BREFE LEITEFRS.
printf) I RIE — 548 S WE 13.7 B

137 OllyDbg: PrimfOFEMBE %Ik
SERE, TR “two” MRS BEHEIEE D (console).
BTR, BAMEA F7 R FS . PUPITRERFIES . ATRIFERERE fOBRH, MmN T ER
Hmain(), WIE 13.8 i

[ 13.8 OllyDbg: JZIE]Z main()Fik
IEQRBTA BIIARRE, F2J7 A printf()ER K P A6 BRI F) main( B2, BORN RA SAFES EAERE




=4, B0 “CALL 0XO00FF1000” 4. ERFHLE M CHIHA ) e,
13.1.2  ARM: Optimizing Keil 6/2013 (ARM mode)

£11
RO, #0

ADRNE nething unknown\n®

ADREQ

CODE XREF: £1-8
18
prints

loc_170

B 2]

FA TR RETCIERAC G TS & AIHR AR )72 switchQW RIS i)

BEAN, KBRS L T ADRQ $R4 KM HHUTIR S . 35 —% ADREQ 42 7E RO=0 (M55 N,
EFE “zeron” (MHUEEY: RO BHEHSE BEQ QTR FIMA M MEFERITH AL loc_170. 3F
=E %4, ADREQ ZJGf BEQ 4R IENEIMI i CMP BEMIFRAND? X UM AR . A1
SESALBUIRER A ERAOM, T RSN AR L ERAEMREAL.

RN AR, TR QIR T — R printfOR 4. WE 6.2.1 WAL B RETIEAL
E=HAR. IR, 3 FBES RS F—A printf(ii £

BF— 4 CMP 15424 CMP RO, #27 B (AR A a 2750 2. MR AL, #7458 ADRNE
=44 “something unknown 'n” FITEFEIRMES: RO 7785, LML AT, B OAREN « REL O 1
SEAT EI BT, Tl T2 T LA R A B o TR I WA RO B0 2, # 4 ADREQ $R4 4548 two”
LI RO HAEE .

13.1.3  ARM: Optimizing Keil 6/2013 (Thumb mode)

PUSH {R4, LR}
R, #C

aSomethingUnkno ; "scrething unknown \n"
1t_case

default_case

6 FO 7E F8 BL  _Zprintf
BD POP {R4, PC}




134 HHTRREEE ()

RIS GR, SMAITIE SR ARM B4R 2 —. Thumb Bl Hfs &R 2B &4 HUTH
o BTLA Thumb B A5 T 4L x86 CISC (H7WE44E) HIiE4, FLARMEBARN AL,

13.1.4 ARMB4: Non—optimizing GCC (Linaro) 4.9

.string "zero"

.string "one"

.1c14
.string "two"
.1C15
.string "something unknown"
£12:
stp -321!
add
str
1dr
cmp
seq
emp
begq
cop Wl wzr
bne  .L38 ; jump to default label
adrp  x0, .IC12 ; Mzero"
add  x0, x0, :lol2:.1C12
bl puts
b .L32
134:
x0, .1C13 "one"
x0, x0, :lol2
puts
.L32
L35:
adro  x0, .LC14 5 "wo"
add  x0, x0, :.IC14
bl puts
b .L32
138:
adrp %0, .LCLS ; “something unknown”
add 0, x0, :1012:.LC15
Bl puts
nop
132:

1dp %29, x30, [sp], 32
ret

EAMAERE TRREE, FL ARMG Fi 2% H 4 g 4L 64 BLI X0 FEBMEXNCHET A
BAAMH X0 AR, B4h AT ADRP/ADD $54 201 putsQREEEF A IR . BT 3.4.5 WP
“Hello,world !” 2 IXFHEIBBH .

13.1.5 ARM64: Optimizing GCC (Linaro) 4.9

£12:
w0, 1
2
L35
; defaul
x0, .LC15 ; "something unknown"
zdd  x0, x0, :1012:.1C15
b puts
135
adrp  xD, .IC12 ; "zero"
add 20, x0, :1lo12:.1C12
b puts




%13 % switch()/case/default 135

P
14

.131:

PRALGEATHR B - CBZ(Compare and Branch on Zeroya 7 WO MR F#ATEES . Hesh, 7EMA
pussORHR, AFUEHAIRE IMP 352 TER AN call 54T, XFLT 13,01 TR SRy =t.

1316 MIPS

#4758 133 Optimizing GCC 4.4.5(IDA)

lui $ap, (_gnu local gp >> 16}

Li sv0, 1

beg a0, §

la Sgp, | p & OXFFEF} ; branch delay slot
i ds it 22

Li $v0, 2

beg $a0, §v0, loc dC

or sal, $zero ; branch delay slot, NOP

loc_38
$zero ; branch delay slot, NOP

4 "zexa”

Fl ($9p)

or d delay slot, NOP
ir delay slot, NOP
la (S1C0 & DXEFTE) 4 "zero” ; branch delay slot
i
loc_38: £+1c
lui 1:ing unknown"
1w s & OxFTFF) ($gp)
or sat, Szerc ; lozd delay slot, NOP
jr 5t9
la $a0, (SLC3 & OXFFFF) 4 "someshing unknown” ; branch delay slot
+
loc_ac £414
lui $al, (SLC2 >> 16)
1w $£9, (puts & OXFFEF] {$ap)
or $al, Szerc ; load delay slot, NOP
ir 5t9
la $a0, ($SLC2 & OXFFTF} 4 "two" ; branch delay slot
[
loc_60: +
$al,
569, )
sat, delay slot, NOP
569

a0, [SLCL & OXFFTF] ¥ "one” ; branch delay slot

TEICHET, B case DL MTBIE—FIFSME A pusQB R H3E4. WEARFIKHA case 732
Sl B4 IR (Jump Register) AT putsOFFEL, 52 4 BCAT (I % B B $0R M 464 JAL (Jump And
Link). HARAMG, HSRE 13117,

o, BE LW 154251 % NOP #84 . IXME4 40 ff “ HUIERH/load delay slot”, & MIPS
FL( R —FEIRAE . 7E LW 154 MAEINERECR IR, T A 4t O T RIS DR IAT o B —k,
LW JE AR R4S M TEIAGE LW SEA0HEE T 244 LI MIPS CPU #$HRIZ — HEHAT T 104t




BAgE (EA)

SRULAERO MIPS AbTRAS R FEAERE INBUE I A8, (2
1D LUBALIXHLIRRY 1.

136
15 F—4484 LW SR T UL T R8s AT (1 ) T8
# GCC B RLMARFIF IMMEERE. 82,

13.1.7 B
10 case AP EH/DTIWDL 1, switchOWAIR iffclse FAMMIES REAMR . LKL 3.1 WRE
XAk,

13.2 case PRk KK B ghiE R

HTEAL BT AE BB R JEINE 84 1. BWEF

& switch(E AR T case(V3 ZHITEIRLT
ARSI R A

4include <stdio.h>

void £ [int a)

{
switch (2]
case 0: pr
case 1:
case 2
case 3
rething unknown\n"); break;
int main{j
£12); // test
b
132.1 x86

Non-optimizing MSVC
11 MSVC 2010 45 P LI FRFF, AIASI FiRd.
j54iE% 134 MSVC 2010

5 size=1

febp
. eax

&4 [ebp]
PTR SLNL1Ef [ecx*4

; 'zerd', lalf, CCH

; ‘one', 0z, 00K

jmp  SHORT $LN9EZ




% 13§  switch()case/default 137

; 'two', Cad, OCH

5 'three', 32K, 00K

pusk  OFFSET $56747 ; 'four', OaH, OCH
call _printf

edd  esp, ¢

SHORT SLN9OE

OFZSET $5G745 ; ‘somelhing unknown', Oad, 00K
prints
esp, 4

esp, ebp
eop

0

2; align next label

oD STHGEE ; O

o 1

oD ;2

oo ia

DD SLNZBE ; ¢
£ ENDP

SKERRTS AT B EARE printfRAEIIE A4, TIHGERASHFBE printf) AN HOE & A
E. XU A4 TR & BRI, PR LT U ARMTAFS 75 (symbolic label)
JARISRE, RS SLNI@F 41— A AR IRIX ST S AR5

FEHBYIAEAE R o M HT 4 BT LA 05 o KF 4, s S MBEEE BISLNL@F 4k, U745 8 something
ssknown” ¥ FEH £ 54% printf() R 4.

RAE: o AFHET 4, WEHE o FLL 4 0F, BEHERSSINI@E MIBELMA (KD,
ST EHE RO . PSR o ST 2 IR, 2x4=8 (T x86 REM ATEILAL A
= B, FILSLNI@F R AN ER 4 F45). FEHHST 8 SSLNNI@F MR BIORZ /5, Tk
XA RIS A RS ——BISLNA@S &b IMP 4 BB FISLNA@t RIHbYE .

SLNLI@f br% (W) FriaH W 2 jumptable”, HM{E “FR% (i) 3R branchtable”.
g ST 2 MR, FEFF AT printfOMBHE “two”. SEIF L, IR switch I 5 3L HE0-%F
“jmp DWORD PTR SLN11@I{[ecx*4]”, ‘& &HATIEEIUER B1F, dUIEH “PTR (RZR)” Brif
H L EE R, M{E DWORD EUACIE£3E4: IMP J54 . EXARFE, FikXMMHEN
SN @Freex*d.

Bhb LA npad $54 BT 4%, A1 88 AT
5 (EK 16 575) HRXTE. npad HIHLLEA F LI ETTHR
EAERK, S NSRRI

OllyDbg

F T RMH OllyDbg FRIRAFET. RAI7ZE EAX=2 MR REAT AR, W 13.9 BR.

AR SHER RIERE
ATRERMY TO G AR, 18

B iR
YARAERIT S

ALK T Fortran 2% GOTO ik BARILIRE [IXALH, (52D
en.wikipedia.org/wiki/Branch_table.




138

139 {EH OllyDbg & EAX FREUAN AR

ERSRBHARE KT 4. Bk 2<4, FLUALHIT “default” SMEIBEE, M0k 13.10 B,

[Py mn tveid, madae ot

713.10  OllyDbgEAX =S4, R £rf% default MBS

R TFAL K, Wi 1301 Fis.

B 1301

26 FE BUBEYER “Follow in Dump” — “Address constant” H)fgZ Jii, HITT (¥ o R REHR. RE
455 A 32 MIEMEY. SL7E ECX HAESSMIGLE 2, BILARERMROSE 2 AIEH O 0 FFIRED. 534, &
AT LA OllyDbg 3 “Follow in Dump—Memory address” JAELEA IMP §i7 4 1) A brsluhibe SRS EAE
bRl % 0x010B103A.

Hilk 0x010B103A ALITEA M AATEI A 4 “two”, W1 13.12 TR

@ OllyDbg Jii F it s BRI EE(E, FA'E TR FIXUPS. AT 68.2.6 HRUATIFAMERE.



# 13 % switch()/case/default 139

R ol

[ 13.12 {4 OllyDbg M%¢ case: label kR ILFT

Non-optimizing GCC

GCC 4.4.1 S PEHAGRADLTT .

#ELHER 135 GCC4.4.1

public £

£ proc near ; CODE XREF: maintl0

P

18 = dword ptr -18h

arg 0 - dword ptr 8§
push  ebp
mov  ebp, esp
sub  esp, 18h
cmp  [ebptarg 0], 4
je short loc 8048444
mov  eax, [ebptarg 0]
shl  eax, 2
mov  eax, ds:off 804855C[eax]
jmp eax
loc_80483FE: ; DATA XREF: .rodata c
mev, [esp+18htvar_18], offsct aZero ; "zero"
call  _puts
jmp  short locrel 8048450
loc_804B40C: ; DATA XREF: .rodata:08048560
mev  [esp+1Bhivar 18], offset aGne ; "one"
call  puts
jmp  short locret 8048450
loc_B04841A: ; DATA XREF: .rodata:08048564
mev  [esptiBhrvar 18], offset aTwe ; "twc"
call  _puts
jmp  short locret 8048450

loc 80484281

mov
call
imp

loc_8048¢36:

mov
call

Smp

.redata: 08048568
8h+var_18], offset aThree

_puts
short locret 8048450

; DRTA X .roda 04856C
esp+l8h+var_18], offset aFour ; "Zour"
uts

short locret 8048450
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TAREER (EF)

loc_8048444: ;
nov

czll puts

ret_8048450:

CODE XREF:
[espt1Bh+var_18], offsez

; CODE XREF:

£a

£126

£+12

P E34...
leave
retn
£
off_804B55C dd offset

st

offset

XBARIS MSVC 4 3 HORIAE L FAE R

loc_80483FE ; DATA XREF:

Loc_804840C

loc_B04841R

FAEEE. WUTIE IMP EAX 354 HEAT B4 .
13.2.2 ARM: Optimizing Keil 6/2013 (ARM mode)

#5458 13.6  Optimizing Keil 6/2013 (ARM mode)

aSomethingUnkno ; "something unknown"

S8 arg 0 WAR 2 B (B R5F THRLL 4, FRIR
SNBESE 162.1 ), RETLHBE off_804855C AU TIRBUERIEHE, T R4 T EAX

00000174
00000174 G5
00000178 0O F1
0000017C O

00000184
00000184

000001

00000188
00000188
00000188 05 00 00 EA

000001
000001
000001

00000190
00000190
00000190 07 00 00 EA

00000194
00000194
00000194

00000194 EC 00 8f E2
00000198 04 00

a0
00

£2
cMP RO, #5
ADDCC  BC, BC, RO,1LSLE2
B default_case

; CODE XREF:
ane_case

£244

loc 18C ;

B
loc_190 ; CODE
B four_case

£244

nDR R0, aZero
B loc 1B8
one_case ; CODE XRE

5 £2:loc 184

ZDR RO, a0ne
loc_188

i switch 5
i switch jump
¢ jumptable 00000178

; jumptable

i jumptable

; jumptable

; jumptable

¢ jumptab

cases

default case

00000178

case 0

30000178

case 1

78 case 2

00000

jumptable case 3

jumpranle

00000178

case

00000278

o
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i juptable 00000178 case 2

02 00 00

three_case
C 01 0G 8F E2 ADR RO, aTares ; jumptable 00000178 case 3
00 00 00 E2 B loc_1B8
four_case ; CODZ XREF: £2-4
i 190
00000184 C1 OC 3F B2 ADR RO, aFeur i jumptable 00000178 case ¢
00000188
00000188 loc 188 ; CODE XREF: £2+4
00000188 ; f2r2c
00000186 66 18 10 EA B 2princf
000001BC default_case ; CODE XREF: £2+¢

000001BC
000001BC D4 00
000001C0 FC FF F

EEATIA AT ARM BT SHHE4 & 4 YOS
AMEFAEBIRTIN 4 R 4 LUTI RS SR KT 4 WP, A4 /R “something unknown 'n .
F—4ROR “CMPRO, #5”, WMATERLE 5 k.
“ADDCC PC, PC, R0, LSL#2” £ RO FAEHAENT 5 MIHEETINE T, Hrh CC AR MAIFE Cany
Clear. W RO FAEESMEAVNT S, (BIROAFEET 5), MILHERBIE LR default_case Ab.
W RO FAMMMEE S LT NER, FaaiiR ADDCC, H BT TFIHEE:
o RO M{ETRLL 4. LSLRLEBHRIE, HABFL (2bits) BIAA% TR 4,
o B FIAMS PC HIEARDN, FHAREHLENIFMHE PC TR M. BMIELE PC B4 I0IRIE, SR
FIEIT B B4
e TEHUT ADDCC 54 A g, PC AFAF 2RI 22 LL AR 410 () MUl AT 8 4745 . Iiei ADDCC
FHbtl & 0x178, PC K% 0x180. ED, PC #1034 §i154 )5 M = 4354 .
XA ARM AHERT pipeline K HUENT . 2 ARM AbBHEEIATHEA G S, ALHEHE 705 (fetch
;) S &S b5 b PC 18/ IS — 5 CIFEAERE fetch/HURAD #r 4 stht. @

; jumptable default case

loc_1B§

o Uiia==0, ‘0T BEM PCAHFBRIOETAL . PILIE PCERIELIF, CPU ABkEI 8 M2
JE ] loc_180 ZEHEANGT IR B2 4, HEAIAT ADDCC $654.
® nHa==1, W PC+8+ax4=PC+16=0x184. FEFLBLFH] loc 184 .

o URE, R a EEIIN 1L PC MR 4, X 4 FWRFANSITHARNE—— LI L—
B f64-# opcode . 7 ADDCC ZJ5, 2BILE 51~ B BEHIE L.
RIS A IR, 5 % B DR SEE o & BIRIARTENITS, SeA switchOTEATIL)AE.

13.2.3  ARM: Optimizing Keil 6/2013 (Thumb mode)

54758 13.7 Optimizing Keil 6/2013 (Thumb mode)

EXPORT £2

SRR AR EU, H A7 T (ARM architecture reference manualy 55 1 5258 2 74 A 71X
s B PC T84 opeode F) 1 KRR A HER .




142 £ TRENBHEE (A
00000076 10 BS 2USE (R4, LR}
000000F8 03 00 MCVS  R3, RO
000000FA 06 70 63 F8 BL __ARM_cormon switch8_thumb ; switch 6 cases
0DO00CFE D5 DCB 5
0DOOOQFF 04 06 08 Ok OC 10 DCB 4, 6, 8, OxA, 0xC, 0x10 ; jump table for su
00000205 00 RLIGN 2
00000206
00000106 zerc_case ; CODE XREF: £2+4
00000106 ADR RO, aZero ; jump table 000000 0
00000108 B loc 118
00000104
00000108 one_case ; CODE XREF: [2+4
00000104 ADR RO, aOne ; jumptzble 000000FA case 1
0000010C B loc 118
0000010F two_case ; CODE XREF: £2+4
0000010E 8F A0 ADR RO, 2Two ; jumptable 000000FA case 2
00000110 02 EO B loc_118

00000
00000112 three case ; -4
00000112 90 A0 ADR ; jumptable 0DDDDOFA case 3
0000C11¢ 00 EO B loc_: 114
00000116
000001 four_case ; CODE XREF: f2+4
00000116 91 A0 ADR RO, aFour ; jumptzble 000000FA case 4
00000118
00000118 loc_118 ; CODE XREF: f£2+1
00006118 ; £2+16
00000118 06 FO 6A 76 BL _2printf
0000011C 20 BD POP {R4, PC}
default case ; CODE X £2+4
0000011E 82 A0 ADR RO, aSomethingUnkno ; jumptable 003C defauls case
00000120 FA E7 B loc_118
00006100 EXPORT _ARM_common_switch
00006100 RRM_cormon_switch8_thumb ; CODE XREF: example6 £2+4
000061D0 78 47 BX BC
00006102 00 00 ALIGN 4

00006102
00006102

; End of function _ARM_common_switchf_thumb

32_ARY_comron_switch8_thurb ; CODE X
00006104 01 CO SE E5 LDRE  R12, (LR,$-11
00006108 0C 00 53 E1 e R3, Rl2
0000610C 0C 30 DE 27 IDRCSE R3, [LR,R12]
0006280 7 IDRCCE R3, [LR,R3
0006284 ADD RIZ, IR, R3,LSLH
000062E8
0000628
Thumb 7 Thumb-2 F2/5 1 opcode K- FF AN E. X—HIEE IR x86 REMTRIY
ENINRRFAEE B — A% TN F 176 case MR (default LISH) %, XARHFFLF case W
HdcR. WS ERGRRS, LUERERTT LAEATHERIA Tk, BRFIE XA R TN A Bhe% BRI AL SR
M43 case AT
IR EHBRIBEAT L, FTLLXAMEF A T & RS ARM common_ switch8_thumb.
BRI H— SR “BXPC”, EHRE T MAE] 32 f18) ARM 4820, AJE4 32 M T TH .
WGBS TREWNA TSR, BRE4IERES, AUEXBHRRANG— F, HATHT IR,

AR _common_switch8_thumb

common_ss: tch8_thumb
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PLEATHRAR, XA B EER LR SE iRm0t AR EECZG, LR F 38205 “BL
__ARM_common_switch8_thumb 7 ¥)/54E454 ML, b RFFm L.

BRI T A switchOBB i SRM S AR, HaREMSRAL. aiRReFEsh
TESEINER VBT,

IDA g5 1SRN XA BECAR R (4 £ . IDA SRR H I B4 B EERE. 200k,
DA BAABIREINT “jumptable 000000FA case 07 IXFEAIHERE .

1324 MIPS

4752 13.8 Optimizing GCC 4.4.5 (IDA)

5 jump to loc_24

oo localgp & OXFEFS) ; branch d

y slot
5 input value is greater or eqg
; print "something urknown" and
$a0, (SLC5 >> 16) # "something unk
5t9, (puts § 0xFFFF) (Sgp)

; oP

$a0, (SLC5 & OXFFFF) # "something unknown” ; branch

loc_24 # CODE XREF: £+8
d address of jumpt.

i 1A is pseudoinstruction, LUT and ADDTU pair are there in fact:

la $v0, off 120
5 multiply input Talue by 4:
9, 2
5 sum up m\]t)pl)ea lue and jumptable address:

addu  $a0, $v0, $a0
5 load element from jumptable:
Te o §v0, D(¢a0)
or $at, $zero ; NOP
i jump to the address we got in jurptable:
40
or $at, $zero ; branch de

sub_14: #
; print "chree" and finish

lui $a0, (81C3 >> 1

i puts & OxFEFF) ($gp)

or sat, $zerc ; NOP

jz $t9

1z 5a0, (SLC3 & OxFFFF) 4 "thrse" ; branch delay slot
sub_58: # DRTA XREF: .rodata:00000130

; print "four” and finish
lui $al, ($LC4 >> 16) # "four”

In L9, [puts & OXFEFF} (Sgp)
or sat,
ir $t9
la $a0 ; branch delay slot
sub od £120
; print "zero" and finish
lui a0, (SLCO >> 16] # “zero”
Tw $t9, (puts & OxFEFF) {Sgp)
or sat, $zero ; NOP
r 569
la $a0, [SLCO & OxFEFE] # "zero" ; branch delay slot

000124

sub_80: #



144 #FIERAEE (M)

; print "one" and Zinish

# "one" ; branch delay slot

XREF: .rodata:00000128

N

or sat, $zero ;
i s5t9
la a0, ($LC2 & OXTEFF] # “two" ; branch delay slot

; may be placed ir .rodata section:
off 120: sub_6C

d sub,

d sub_

ot suecon
[ RS IHIL T SLTIU(Set on Less Than Immediate Unsigned)#§4 . Ef SLTU (Set on Less Than
Unsigned) (shAESEAMIR. R, ZWAMELLHRNET —A “SLEE Gmmediate)” FFF. X B8
AT A AR A BERE LRI H
BNEZ & “fEIET %0 F #4757 /Branche if Not Equal to Zero” 455 . j
LR AR b 4 HEA AR 4MEIE. SLL (Shift Word Left Logical) AR A T4, AWM €T
“Fbl4” [ZHE. HETEXE— IR 32 47 MIPS CPU (NFRF, FTE R A4 L & 32 fidiet.

13.25 B4
switch(OIf) KIRHESL B IR & 755 13.9.
$E4EHE 13.9 x86

REG, input
REG, 4 ; maximel number of cases

for 3pits in x64.

lement in table.s
e [REG]

casel;

; do something

JMP exit
case2;

; do something

JMP exit
cased;

; do something

MP exit
caset;

; dc something

JMP exit

se5;

; do something

JMP exit
defaule:
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jurp_table dd casel
as
dd cased
dd cased
dd case5

FARMIN LA TES, HARITLILE 32 £ R4 L ATE4 IMP jump_table[REG*4)/1E 64 £ LA IMP
jump_table[REG*8], SIUEHRTHSHEHE .
WRR, HBR AR R AT R 185 WALKIBFMEH SA T A ER.

13.3 case WG B3 —ahiE L

£ case Wi AR R — RIVRAEITTRAAR DL, Gt
$include <stdio.h>
void £ [int aj

switch [z

case 103
printf
break;

P

"1,02, 3, 10N

("3, 4, 5\n");

case 8:
case 9:
case 20:
case 21:
printf ("8 9, 21\n"});
break;
case 22:
I "2 \nly
bs

defaul

printf {"default\n"};
break;

£14);
b

1SR4 B B I R B I 0 SR AMRR LT 4L, BB AR A AT AR TS
Z4. —RITE, RIEHSETEMIRENBRE AR TR,

13.3.1 MSVC

{EH MSVC 2010 (it F/Ox BT 4w b

F, AR TR .
#47E% 13.10  Optimizing MSVC 2010

5562798 0B ‘1, 2, 7, 10', OaH, 00K

5562800 0B '3, 4, 5', Dai, O00H

$562802 0B '8, 9, 21', OaH, 00K

3562804 ©B 122¢, OaK, 004




146 HETENRER (M)

5 $5G2806 DB ‘default’, OaH, 00H

7 a$ =8

9 eax, DRORD PTR _a$esp-4]

10 eax

1 eax, 21

12 SHORT $LNLEE

13 eax, BYTE PTR SLNL0Gf[eax]

14 DWORD PTR SLN11Gf[eax*4]

15 $LNS!

16 DWORD TR _a$[esp-4], OFFSET $5G2798 ; '1, 2, 7, 10'
7 jmp DHCRD PTR _imp_printf

18 SLN4Qf:

19 nov DWORD PTR _aS[esp-4], OFFSET $5G2800 ; '3, 4, 5'
20 Imp DHORD PTR _imp_printf

21 $LN3EE:

22 nov DHORD PTR _a$[esp-4], OFFSET §562802 ; '8, 9, 21'
23 np DWOKD PTR _imp printf

24 SIN2@E:

25 mov DHORD PTR _a$[esp-4], CFFSET $5G2804 ; '22'

26 jmp DWORD PTR _imp_printf

27 SLN1Gf:

DNORD PTR _a$[esp-¢], OFFSET $8G2806 ; ‘default’
DWORD PTR _ imp_printf
2 ; align $LN11@f table on 16-bytc boundary

SLNSef ; print 'l, 2, 7, 10°
3 i print '3, 4, 5'
4 SLN3ef ; print '8, 9, 21°
5 SL2@F ; print '2
36 $LN1Gf ; print
37 $INI0@E:
38 D3 0
39 o8 0
40 DB 1
a1 DB 1
42 DB 1
13 DB 1y
4 DB [
15 DB 2
16 DB
47 DB
8 B ;
49 0B )
50 D3 )
51 D3 :
52 0B ;
53 DB ¥
54 DB ;
5 DB 5
56 DB ;
57 0B ;
58 DB ;
5% DB 3

EAREEE AR —MREESIRSINI@S % M REBERSLNIIES.

3 13 4710 movzx A 1ER T R LA MBI

HARPEITE TS 0 CRALN 1. 20 7. 100, 1 GRAMEA 3. 4. 5. 2 GRAMER 8. 9. 21,
3 CRINE 22)0 4 (HALMED X 5 FhED.
|FMBRIEHE N A, TS AMEBREYTEN, LISTHARREEE OF 14 1R SRR
FEIRMIR, HIAMEY 0 MR T MR case MAJ. R a=0, U “dec cax” #H4 24 T
B, TISLNI0@F RITHEM | TR, T, B T 0 B AR R
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TR — AR 4R A
REEK, EIURESHTRERIS . A AERRIL GEBIL 13,21 %) BRERA— 105
SHEMIE? FRIXAOUREHIR, RTIRTHA L byte BUR, FTLIRURLE LT AT S 2 AT Bk o

1332 GCC

FEGR IR A % X — [ switch I, GCC LAEMS—WHB R, HAGRIKRE L 1320 HHRH
=H.

13.3.3 ARM®64: Optimizing GCC 4.9.1

TR A A N AT 0 25 470
SAEH B RILERIIT .

GCC 4.9.1for ARM64 HIITFHAT Uit & RETHTE IR RIFSMIN 8 (1T 1R, SEERs
41 opode Hl. RISCAMHIT, ARMG4 FRFFAY IS4G S HIRA 4 AT opeode. AAPIRTIAEL N
EE, SRR ARREARSRK. GCC BBRAFIFIE %, Wi e PRt AR L.

SRR, BTLL GCC R MHIAEN | IR RITFO R A3,

4% % 1311 Optimizing GCC 4.9.1 ARM64

£14

aput value in KO

sub w0, w0, #1
cnp %o, 21
; branch if less or equal (unsign
3

.12:
5 print "default":
adrp  x0, .LCH
add X0, X0, :1012:.1C4
5 puts
19
5 load jumptable addres
1

4 {by shifting 2 bits leZt] and add (or subt
o %0, x1, W0, sxtb 42
; jump to the calculated address:

br 0
s lebel is pointi
1

to the address of lrtx

de (text) segment:

.secti .rodata
; everything after ".section" state
4

‘5 allocated in the read-only data |rodata) segment:

.byte
-byte
-byte

.Lrtxd}

.Lrtxd) /
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HHIRRAES (M)

; everything after

.L6:
5 print

L5t
; print

513z
; print

.Lrtxéd)
.Lrexd)

/
/
v,
3
/
/
/
/
/

text

wggn
adrp x0, .IC3

add x0, x0, :lol2

b puts

"8, 9, 21"

adrp  x0, .1C2

add x0, x0, :1012:.1C2
b puts

"3, 4, 5"

adrp x0, .LCl

add %0, x0, :lol2:.LCl
b puts

"1, 2, 7, 10"

adrp X0, .ICO

add X0, x0, :1012:.1CO
b puts

.string "1, 2, 7, 10"
.string "3, &, 5"

.string "8, 9, 21"

.string "22"

.string "default"

jcase
icase
jcase
icase
jcase
case

jcase
jcase

exL" statement is allocated in the code

(text)

segment:

8 RFRFRE N obj ST, RFTHEMA IDA T, THIRABRMT.

#5488 13.12  jumptable in IDA

.rodata:
:0000000000000064

.rodata

.rodata:

.rodata:

. roda

.rodata:

. roda

.rodata:
.rodata:
.rodata:
.rodata:
.rodata:
.rodata:
.rodata:
.rodata:
.rodata:
.rodata:

.rodata
.rodata
.rodata
.rodata

0000000000000064

0000000000000064
0000000000000065
0000000000000066
0000000000000067
0000000000000068
0000000000000063
000000000000006A
000000000000006B
000000000000006¢
000000000000006D
0000000000000C6E
00000000000000
0000000000000070
0000000060000071
0000000000000072
0000000000000073
0000000000000074
0000000000000075
0000000000000076

-4

.rodata, DRTA,
0x64
; case 1
i case 2
: case 3
; case 4
; case 5
6
7
8

o
38
5]

i case

READONLY
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B 3 ; case 20
DB 3 ; case 21
DB 0 ; case 22

:0000000000000078 ; .rodata ends
HMAMEN 1, HIMRBENEARLER: 9 Ll 4. MLk Lixd MRS E. SiAER 22 &,
SFRRBEA: 0 REL 4, BRNK 0. EHBE Lixd ZEHAE LT BRBHTES 1) ZHMELH 05HT
SHF 22, WER, HERUTEMM rodata B, HREFETL UL text FREDEE.
L E R AR OKFT. EAMRB RN T BBATR S (L2533 HHEXRIES.

13.4  Fall-through

Switch(¥E GIEA i JL A 77 i&——fall-through.

1 fdefine R 1
2 fdefine W 2
3 fdefine RW 3

1
5 veid flint type)

61

7 int read=0, write=0;

8

9 switca (type)

10 t

1 case aW:

12 read=1;

13 case H:

14

15

16 case R:

17

18

19 default:

20 reak;

21 }i

2 printf ("read=5d, write=id\n", read, write);
23 1

&}

(W), M write 318 1: WH type 73 (RW), T read F write (SRS BIRE N 1.
FEit type MR RW ER W, RFHEHITE 14 TH03RL. type I RW MFRIEE A break 1§
- MTTFIH switch 3441 fall through iR .

13.4.1 MSVC x86

ELTEE 1313 MSVC 2012

‘read=td, write=td', Oad, 00K

ebp

ebp, esp

esp, 12

DWORD TR _read$lebpl, 0
mov  DWORD PTR writeS[ebpl, 0
mov  eax, DAORD PTR _type$ [ebp]

wov  DWORD PTR tvéd[ebpl, eax




o TRRESE (E)

150

cop DHORD PTR tv6é(ebpl, 1 R
e SHORT $LN28E
cmp DWORD PTR tv6é[ebpl, 2 ; ¥
je SEORT $LN3@f
cmp DWORD PTR tv6d[ebpl, 3 ; RW
e SHORT SLN4RE
Jmp SHORT SLNSGE

$LN4@f: ; case RW:
mov DWORD PTR _read$(ebp], 1

SLN3@f: ; case W:
mev DWORD PTR _write$[ebpl, 1
3mp SHORT SLN5QE

$LN28f: ; case R:
mov DWORD PTR _read$[ebpl, 1

: ; default

writes[ebp]

mov ecx, DWORD PTR
push  ecx
mov edx, DWORD PTR _readS [ebp)
pusi  edx
push  OFFSET $5G1305 ;
_printf
esp, 12
esp, ebp
ebp
0

£ ENDP

‘read=id, write=3d'

RICEHEA S C B EEATLE— 3R, FRLESLN4@S FSLNG

TEIT T SLNA@S Ah 4> read I{EH 17 I3
H 4 “fall through” (HHBR) AN FHORIL: 2T
BT F — MR EAIRIES (write IRAED. MR type B W, TR EIITSLN @ IIE S

FITAHA read W{ETES -

13.4.2 ARM64

#5455 1314 GCC (Linaro) 4.9

L2 fE, ERLPITIRE

@f ZIEAHBIEY, F)f'r)%‘
HAFRAERT write IR 4. X

A A AR A (read T ZJ, ARE

oA

Tl A RAT

_ ¥4 1314 GCClUnar}dS ~ ——

.string "read-id, write=td\n"

"read” and

load "type" argument

£:
stp  x29, x30, [sp, -48]!
add  x29, sp, 0
str wh, [x29,28)
str wzr, [x29,4¢] 3 8ok
st wer, [x29,40
1dr w0, (x29,28]
cmp wo, 2 ; type=W?
beq L3
cmp w0, 3 ; type=RW?
beg L4
crp WO, 1 ; type=R?
beg .15
b L& ; othervise...
.L4: ; case RW
mov W, 1
st w0, [x29,44] ; read=l
; case W
mov wC, 1
st wh, [x29,40]
b L6
.15: ; case R
mov w0, 1
st wh, [x29,44] ; read=1

myrize” local variables to zero
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nop
.L6: ; default

adrp  x0, .1CO ; "read=id, write=td\n"

add  x0, x0, :lol2:.1LCO

e w1, (x29,44) 5 load "read"

lar w2, [x29,40] ; load "write"

bl printf

ldp  x29, x30, [sp), 48

et

Arm64 F2F T 47354 5 MSVC x86 LSR5 4 NBUNR . 1RH 28 R B A 4725 L4 FPR2E L3
ZEASEEBESY, WK T SwitchOE U fall-through &5 .

135 #HIA
1351 FE 1

132 P — B CETEAR. WHBRMEEF, HEARERFMENHTRF, k4R 8Epam
EERHITIEE .




F14E B K
141 %13%0A

1411 x86

x86 QLA — 4% M LOOP 354 . LOOP 4Kl ECX % /Ea8 MR /£ 0, JBL SR 0 M
A IBIR, FRHRAEAL AERF TR EAARAE AL (BB . sRVF DO RN &5 T A4l #E
A A LIS B A LOOP 48 44 MEFRT A #1525 . 37 UL, LU AR FE B8 (6 LooP
TR ST, e RTHEME TSGR,

CICHTT & ARA T HRE U L4004 for(). while(). do/while()iEH].

AT for(IE FIFF 4R T8

for(VFAE ST IRFRIIH) My BRI IR FR Gt (E70 B 0 S 4ot F A AT AT,
LLRAGF ] (BRI G A BT A4, W RIS IREI) . R (1) L4075 B A3 £,
BRI T S 2 8 M. T2, forQ MM A A7 ik

for (W AT )

ki

A
ARHE for(IEFIFTRR M ARLNAE, SIFAREIT for(ELER PN 4 DTN L) e .
FoAl SR T IR
#include <stdio.h>
void priating function{int i)

printf ("f(3d)\n", 1);
b

int main()

++)

function(i};

FEF] MSVC 2010 %% L A2Fr, AT EIA TR 0TS .
LR 141 MSVC 2010

eax, DWORD 2TR i$[ebp]
add  eax, 1




$LN3Emain:

iy

DHGRD 2TR _iS[ebpl, eax

DWORD ETR _i$[ebp], 10 i HIBEE AT A
SHORT $LN1Emain  RUR i=10 WIE L
ccx, DWCRD PTR _i$[edp) » MRk call £(4)
ecx

_printing function

cax, eax
esp, ebp

GG AT LB R R
A GCC 44.1 GRERMAETD %% LREFE, w483 FikiCy

ESER 142 GCC4.41

main

loc_8048465:

loc_8048476:

main

proc near
ptr
ptr

push ebp

mov ebp, es

and esp, 0

sub esp, 20h

mov lesp+20hivar 4], 2 ; (i) initializing

jmp short loc_80484

nov eax, (espt20h+var 4]

nov [esp+20n-var_20], eax

call printing_function

acd [esp+20n=var 41, 1 ; (i] increment

cnp [asp+20n+var 4], §

ile short loc 8048465 ; if i<=3, coatinue loop

nov eax, 0

leave

retn

endp

EFF ML (JOX) J5, MSVC HIgRitss Rl F.
45458 143 Optimizing MSVC

_main
push

mov

SLL3gmain:

push
call
inc
add

HEFRARMIETUS, ESI FATRNON T AR | AR TR LI F, RARRENY

esi

EFR. T, SRRATER SRS FL FUT A




154 HETRREEE ()

HATARAAI ARG AR MM REOR R M B BB i B AR AR a5 8, 1Bl g
AL HENS 2T A2 printing_function (VRAEEY BSI #1788 A0, (EG R BRICES BRI R T HZ 748
MEHE, EarER B RAE XL T B AP B AOAAR AR, S 7E B HUR 77 MR UK 26 25 17 88 10 U
. BB, % AT AZEAS] main()E H T 5 AR T4 B )L PUSH ESUPOP ESI 174

UTER A GCC 4.4.1 BB ALIEIR-03, BH EMMITHTES.

348 144 Optimizing GCC 4.4.1

main proc near

war_10 = dword ptr -10h

push  ebp

mov  ebp, esp
and esp, OFFFFFFFCh

sub esp, 10h

wov  [esp+l0h+var 101, 2

call  printing_function

[esp+lOn+va
call  printing function
mov  [esptlOh+

recn
main endp

GCC ERNMMEATRLARIT () T

152 o e VBT IR AT MG FR 2088 (Loop unwinding) XTARIE. FEFFRH 4 LU ARSI
TRREHIRT, TR,

GIELREY, BHBHRARKOIETSHHIRE. KARMNEFHRRNAELHE (cache
footprint) HK. ©

TATEA R | (MRAEIREEE 100, BF GCC BB IHEER.

#E4EE 145 GCC

public main
nain proc near

var_20 = dword

push
nov
and
sush
oy ebx,
sub esp,

; aligning label loc_80484D0 (loop body begin] by 16-byte border
nop

© #2 M Dre07, B Intld,34.17 1.
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Loc_8048430:

i pass (i} as g_function():

201, ebx

t argument Lo pril

84D0 ; if not, continue

; return 0

main endp

XS MSVC 2010 /Ox #iiF IR RIEEARS T . ME—MXAE, GCC (] EBX #F#H7 M4 R (11
SR, K5 GCC AR AT A BN RS0, Ll EA SRR
8. A GCC ANERIATAHNAIN, (R RiE SR REA ROMIC T IR A%, e st e (B Rt
SRS SRR ARV TS, A SR RARTT AN A F as A, BATFTLAZ main()
FHEEFXFINE: EEREIT SRR SRR TR G 2ok ebx HIISAAME.

14.1.2  x86:0llyDbg
FeAIFIH MSVC 2010 B ALIEIT “/0x” Rl “/0b0” K LATLRF, RIS HM OllyDbg kA ALK

AT A
Qi 14.1 PR OllyDbg E% SRR LRI IEERE, FEMTTHE

#1

1€ 141 OllyDbg: main() i e ah L
el T B8 TR, H54%8) ESI S8R, RATETS ESLKE (R D A 6 MR
F, W 142 PR

B 142 OllyDbg: i=6 IHF{fEF &
L =9 WIHE, BRI SMRE —UAE . HEAT TRWOBERZG, A 10, REFEMERMEH
EIES JL. main(R ML AU ERE LA 143 PR

[E143 OllyDbg: ESI=102Z )5, {BFF&H




B (EA)

156

14.1.3 x86:ERERIEIX T A tracer

el Bethi B T, A OllyDbg X4F MHIA THER
WA tracer. ©

1B IDA $THF9RIE R RURIIAT MR, $03) PUSH ESI (X444 S 5UE B4 printing_function()Fi40),
T 0x401026, SRJFIMAL FIkTR4JH 50 tracer F2JT:

SRR AT, U ECE TAME

tracer.exe -1:loops_2.exe bpx=loops_2.cxe!0x00401026
L3547 BPX YR BT A T, IR % 2R AE R RS
tracer TR AIE 7 831 IR A4 H H tracer.log:

21D=12884|New precess ‘scps 2.

14
BP=0x0024fbfc

ECX=0x6£0a5617
FBP=0x0024£b:

CX=0x6£0a5617
EBP=0x0024fbfc

ECx:fxBfCaﬁEl
EBP=0x0024fbfc E:

E? ECX=0x6£0a5617 2DX=0x000eel188
ESI=0x00003006 33378 EBP=0x0024fbfc ESP=0x0024fbb8
EIP=0x00331026

T eF

0x000ce188
24£bb8

ECK=0x6£0a561
EBP=0x0024fbfc

loops 2.exe!0x401026
=0x00008005 %00000000
ESI- 0x00030008 EDZ-0%00333378 EBP=0x0024 b
31026

AF SF IF
(0] loops_7.exe!(x40102
[£aX=0x00000005 E3X=0%00000000
EST=0x000000 x00333378
EIP=0x00331026

PE
PID=12884]P.

MHRTTLAE B EST & F7RR RO M 2 11550 9,

tracer T L 860536 TSR 0 P AERUBIH AL BB SRR . SR 7RI trace BUMIA T HALE MICEIHAE,
THRPEEES LR BN, LUIsERE SRR, Ik, R LERHE DA HAN.de
WA, AR RINTR. B, BA)403E main(F HATIBILR 0x00401020, BEATLISAT

0x6£025617 EDX=0xD00ee188
ESP=0x0024fbb8

0x6£0a5617 ZDX=0xD00ee188
0x0024£bfc ESP=0x0024£bb8

SF IF
ss loops_2.exe exited. ExitCode

0 {0x0

O WG R, ATLENEH 15 LT hup:iyurichev.comitracer-enhiml.
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157

e -1:100ps.2.

BT R BRI R B BT

exe bpf=Loops_2.exe! 0x0040202C, trace:

mww FFANBA S, ED loops_2.exe.ide N loops 2.exe clearide. FAIEM IDA a4
L loops_2.exe.ide Z S TG INIE 14.4 TR

_text100u01020
g
jrosnss
Ctent
jrasnss
Crext
Ctext:om,
Ctext
toxt

S e

chect malnnt gt Sonet chor ssera st
o

- auord prr 5
- duora pee o

o

cnar seemy

)
ARER: _imainCRIStrtup1i0in

Esiz..0
£racing nested naxinun Level (1) reached,
:

Ceexe 10001020 bivp 2 dwora prr oo
oxt 00k01021
sauoi2n pisn s
00wt e
ooininz
00s01026 10c_bn2e: 5 e e o sy
ooipinz push st
oonm Ca1l  sub_noteon
nosoio2e fhe et
ovsn1ben aad
noso1090 i a
o0sm13 U short oo sz aise true Or-fatse
ooustsss o eax
Doustsa7 pop
o1 retn 5 s
Soouo18 _nain e
B 144 1DA UL ide B4

R4 Trac
B3 EHEE] 0xA (100, 5

FEAE L FE S FRIRL, tracer SELYAERL loops 2.extixte XA 4

T & E A HE R S R
HEEL 146

#E main() i

loops_2.exe.txt

Mfuﬂ'ﬁigﬁ D‘J M. ESIIMEE A M 23885 9, 7EBINTESEER L5, ESTHIHE
RRHE, EAX BMERRE.
SRR SEMAT IR, JRE

0x401020 {.text+0x20], o=
1021 {.text+0x2
umozs [ text+0:

0x40102¢ (. text+0x2c), o=
0x40102d (.text+0x2d}, ==
1030 ¢

0x401035 {.texti0x35), &=
0x401037 . text+0;
401038 [, text+0;

AT LMEH grep 18414
1414 ARM

So1000m

Non-optimizing Keil 6/2013 (ARM modc)

STMFD  SP!, (R4,LR
34, §2
368

main-

R, #1

ain+d
R4, hOx
loc_35C

RC, #0

ing_function

tracing nested maximun

e OF=false

level (1) reached, skipping £



158 S TRRAEE (B
LOMED sp!, {R4,BEC}

ARG Ra ST FAERRAT T 2 CHNAER .

“MOV R4, #2” 473G AT,

“MOV RO, R4” 7l “BL printing_function” TRAFIRAEAR WE A R RS, EE
QL3 A printing_function (¥

“ADD R4, R4, #17 TEATERFUIER L FIENT HHIIEE

“CMP R4, HOxA” T54 2 WAL § FgF 10 ¢ [ LRI 0xAD. T 4484 BLT (Branch Less Than)
2 <10 R TR AT “MOV RO, 07 CIEEE), JFRBH T/

Optimizing Keil 6/2013 (Thumb mode)

_main

(R&, LR}
MOVS R, B2

loc 132

B ARAL I PR W S AR

Optimizing Xcode 4.6.3 (LLVM) (Thumb-2 mode)

_mzin

{R4,R7, LR}

R4, $0x112¢ ; "sd\n"
A1, #2

R, #O

R, sp, #4

_printf
RO, #0
(24,R7,BC]
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7L, B4R printing_function (BELN T EIIE& FLBAN T 1R HA 44

void printing function (int i)
{

printf ("%d\n", i);
b
TR, LLVM AMUTAEE GG RN 8 MBUTHAT KRS, T FETE main()BR BINEF AN H
FMAT printing_function OB PIEREIES . SIEE MM 06 2O 5 2% BARPRAGRECR R, LLVM 43
FER SR ENAE HRIAT SRS -
ARMS64: Optimizing GCC 4.9.1
$547% % 14.7 Optimizing GCC 4.9.1

printing function:

; prepare second argument of printf():
mov wl, w0

; load address of the "Z{%d)\n" string
adrp %0, .1CO

add X0, X0,
; just branch here instead of branch with link and return:
printf
main:
; save F? and LR in the local stack:
stp %29, %30, [sp, -32
5 set up stack frame
add %29,
; save contents of X19 register in the local stack:

str x19, [sp,16] E
5 we will use W19 register as counter.
i set initial valve of 2 to it:

moy Wi, 2

.L3:

; prepare first arqument of printing_function(}:
mov i, w13

; increment counter register.
add w18, wig, 1

; WO here still holds value of counter value before increment.
b1 printing function

; is it end?

emp wls, 10
; no, jump to the loop body begin:
bne

mov w0, 0

; restore contents of X19 register:
1dr %19, [s9,16]

; restore FP and LR values:
1dp x29, x30, [spl, 32
ret

-1C0:
.string "£{3d}\n"

ARMS64: Non-optimizing GCC 4.9.1

547558 14.8 Non-optimizing GCC 4.9.1

orinting_function:

; prepare second argument of printf(}:
mov  wl, w0

; load address of the "£(d]\n" string
adrp  x0, .1CO
add X0, x0, :lol2:.LCO
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th link and retura:

; just branch here i
b

printf
main:
; save FP and LR in the local stack:
stp %29, x30, lsp, -32]!
; set up stack frame:
add x29, sp; ©
; save contents of X19 register in the local stac
str 19, [sp, 16

; we will use W19 register as counter.

; set initial value of 2 to i%:

mov wl9, 2
whide
; prepare first argument of printing fumction():
mov w0, wlg
; increment counter register.
add wl9, w19, 1
; §0 here still holds value of counter value befors increment.
bl printing_function

; is it end?
o wlg, 10

; no, jump to the loop body begin:
b

mov w0, 0
vestore contents of X19 register:
ldr %19, [sp,16]
restore FP and LR values
dp %23, %30, [spl, 32

.1c0:
.string "£(3d}\n"

1415 MIPS

main

; TDA is not aware of variable names in local stack

; We gave them names manually:

i -0x10
saved_¥? -8
saved Bh -4

function prologue:
addiu  $sp, -0x28
sw Sra, Ox28+saved_Ra(Ssp)
su , 0x28+saved F2($sp)
move  Sfp, $5P

; initislize counter at 2 and store this

zlue in local stack

1i $v0, 2
sw SvD, 0x28+i($fp)

; pseudoinstruction. "BEQ SZERO, SZERG, loc9C" there in fact:
b loc_9C
or sat, $zero ; branch delay slot, NOP

§ e

loc_80: 4 CODE XREF n+48

5 load counter value from local stack and call printing.
1w $a0, 0x28+1(5%p)
jal printing_function
or ¢ac, $zero ; branch delay sloz, NOP
; load counter, incremel it, store it back:
1w $v0, Dx28<i($fp)
or $at, $zero ; NO?

addiu  §v0, 1
su 5v0, 0x28+1(




FUFE H 161

loc_3C: # CODE XRIF: main+l8
; check counter, is it 107
w 5v0, 0x28+i($£p)
or $at, Szero OP
5v0, 0xh

if it is less to 10c_80 iloop bedy begini:

bnez  $v0, 0

or sat, ; branch delay slot, ¥0®
; finisning, return 0:

move  $vi, $zero
; function epilogue:

o $sp, 8

Lo $ra,

10 $tp,

addiu  $sp, 0x2

ir sra
sat, $zerc ; branch delay

AR 1; 54T DA LR thIES.
1416 Hfth

ISR T, TR R BTV ORI LR, RN ORI R | R E .
EERERRERNERT, AREBITERANIES . BRREENL . WRER LRI ET R
SERSM, WA MBS SAIIT. B0, T T @ AR AR LI

for (i=0; i<total_entries_to_process; i++}

loop body;

BN total_entries_to_process STE, BAM UMATIER . FTLL, FARBIEQT LI AHE
SR RIS R TTIHLITER

FER AR JE, R 5 PR R RENS PIBTIRENE S O RS R AT REI LAEMERIBATAcA, R4
SARGMRA AL BAE RO S R SRR RN AR & (EJR AR B 2 AL I RE L G (£
ERFIIEFETH, Keil, Xcode (LLVM), MSVC #REM AR .

142 AFREN

BRI SECRIRT SIMD RRRAEHA, LR RAEEN, RIS RTEH 4-~8
AL AR AR T AR S A AR .

#include <stdio.h>

14
f# 4/ BEQ.

void my_memcpy (unsigned char* dst, unsigned char® src, size_t cnt)
{
sizet i;
for (i=0; i<cnt; i+4)
dstlil=sre(i);
iy

1421 BEER

35472 1410  GCC 4.9 x64 optimized for size (-Os)

estination addres

; initialize counter (i) at 0

xor  eax, eax
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.L2:
; all bytes copied? exit then:
cnp x, rdx
je L5
; load byte at RSI+i:
mov  cl, BYTE PTR [rsitrax]
; store byte at RDL+i
mov  BYTE PTR [rditrax], cl
inc  rax ; i+
jmp L2
.L5:
ret

#8435 1411 GCC 4.9 ARMB4 optimized for size (-Os)

my_mercpy:
0 = destination ad
source address

ress

; ¥2 = size of block

; iritialize counter (i) at 0

mov %3,
L2t
; all bytes copied? exit then:
cmp %3, x2
beq L5

; load byte at Xl+i:
1 [x1,%3]
; store byte at Xl+i:
strb wd, [x0,x3]
add x3,%3,1 it
b .12

vt
#5458 14,12 Optimizing Keil 6/2013 (Thumb mode)

my_memcpy PROC

; RO = destinztion address
RL = source address

72 = size of block

PUSH . Lr}
; initialize counter (i) at 0
MOVS 3,40
i condition checked at the end of function, 5o jump there:
110,121
0.6
; load byte at Rl¥i:
LOEB 4, [£1,13]
; store byte at Rl+i:
STRB r4, [0, 73]
;i
5008 3,13, 41
110.12
; i<size?
[e2H] 13,12
; jusp to the loop begin if its so:!
BCC 11061
20p {ré,pc}
ENDP

1422 %R ARMERNIERF
fet iR ARM BIEUHIR R RRRT, Keil BEU5 70401 A0 1 S SR M0 A ATHR &+
#5475 1413 Optimizing Keil 6/2013 (ARM mode)

my_mencpy PROC
; RO = destination address
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; Bl = source address
; R2 = size of block

; initialize courter (i} at 0

executed only if "less than” condition,

LDRBCC r12, [r1,73]
; store byte at Rl:i:

STRBCC r12, [x0,73]
5 ik

ADDCC  £3,13,4]

<he last instructicn of the "conditional block".
jump to loop begin i ze

hing otherwise [i.e., If i>=size)

; do not
; return

BC ir

ENDP
32 I ARM AZRESUH T— AN BE S, T thumb B AT —AHBIES.
14.23 MIPS

4547558 14.14  GCC 4.4.5 optimized for size (-Os) (IDA)

ny_remepy:
; jump to loop check part:

b Lo
; iritislize counter (1) at 0
5 it will aluays reside in \$v0:
move  $v0, Szero ; branch delay slot
loc 8t # CODE XREF: my memcpy+1C

; load byte as unsigned at address in $t0 to §vl:
$v1, 0{5t0)

; increment counter

ad $v0, 1
; store byte at 323
sb svl, 0{$a3)
loc_14: # CODE ] emepy
; check if counter (i} in $v0 is still Jess then 3rd functicn argument {"cnt” in $a2):

sltu  $vi, $v0, $aZ
; form address of o\,Le in source block:
$t0, sal, $v0

5 5t0 = $al +Sva = sn
} Jump to loop body if counter sill less then

cot

bnez  §vl, loc8

; form address cf byte in de ation block {\$a3 = \3al+\5v0 = dst+i):
a a3, $a0, $v0 ; branch delay slot

i finish if BWEZ wasnt triggered:

jr sra
ox $at, $zero ; branch delay siot, NOP

KT EAARFIAES 5292 LBU (Load Byte Unsigned) 1 SB (Store Byte). 5 ARM #XHIRE
=L, A MIPS 2SR 32 A fEs. TEFAEA L, TR x86 & LA LTH i 47 2%
E’E{:mt TEERE. RN B EEETRIEN, RIGERB LN 32 4 8. LBU gk
SRR LSRR A ERAIRA . DASTANS SRS SRR, FUALEH TSN
.'r}i'f”@im LB (Load Byte) J5-44T 8T 07 77 $findr RV S (14 32 GGl . FIFfaESrae.
SB IEA MR AT A7 EA0E 8 (MBI WA &




164 # TR AR (EAD

1424 EEABAR
25.1.2 WREMNE GCC ML ITF T NEET R ELHA (Vectorization) 1.

14.3 B

ARSI R 2 SR O B, AR BB GR FRE R R -

154E$ 1415 x86

mov [counter], 2 ; initialization
imp check

loop body

; do something here

; use counter variable in local stack
], 1 ; increment

LA FF R R B AL R B Th B, IR A VS HIAR B ) B AF AT RERT A 3 400 IR A
HELTEE 1416 %86

MOV [counter], 2 ; initialization
JMP check
body:
; loop body
thing here
nter varizble in local stack
« lcounter] ; increment

MCV [counter], REG

check
CMP [counter], 9
JLE body

BIFA RN/, A W BRI A S S TSR

E4iER 1417 x86

MOV EBX, 2 ; initialization
JMP check
body:
; loop body
; do something here
; use counter in EBX, but do not modify it!
INC EBX ; increment
check:
CMP EBX, 9
JLE body

SIS ] BE AL A TE R
ELTEE 1418 x86

2 ; initialization

_increment:

ADD [counter], 1 ; increment
eck:

CMP [counter], 10
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= in local stack

GBS
LR

T, R H 58 BT 0 SF A 1 R i 2
POERE E A RENEI T, B KRR 4
T

ELTEE 1419 x86

MOV 3G, 2 ; imitialization
bady:

1 V- £ 050 H‘ i uné’MT

but do not modify it!

FEJ LD L. BB (UG LOOP a4,

iR AL LOOP fi 4. #1 LOOP #ERI {2
TLMERT ISR T R G
$ELTEE 1420 x86

mt Lrom 10 to 1

thing here
nter in ECX, but do not modify it!

ARM 10 R4 %7785 1 FAPRATR I b2 i
HEEHEE 1421 ARM

4, 2 ; initialization

chec:

4 BRI AR

1441 BB

A AMTER ST B LA LOOP 184 17

1442 &E?2

M EUGEANTTHITIRT, AR

=si 6 @M"J 20.
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1443 @B 3
VIR AR fE.

J54HE 1422 B MSVC 2010 (AR/OXET ) HIFMEHRED

$5G2795 DB '5d', OaH, 00H
_main  PROC
push  esi
push  edi
nov edi, DWORD PTR _imp_prints
nov esi, 100
npad 3 align next label
$LL3Bmain:
push

push

esi
esp, 8
esi, esi

T $L13@main

#5472 14.23  Non-optimizing Keil 6/2013 (ARM mode)

main PROC
{re,1r}
rd, #0x84

1, rd
0, |L0.40|
rintf

DCE "gd\n", ©

Non-optimizing Keil /2013 (Thumb mode)

(z4,1r}
4, 40x64

10401

rl,rd
0, (L0.24]
_2prinzf
r4,rd £l
rd, ko0

1L0.24]




HEluE # 167
oes "ed\n", 0
354758 14.25 Optimizing GCC 4.9 (ARMB4)
ma
stp x29, x30, [sp, -32]!
2dd x29, sp, ©
stp x19, x20, [sp,16)
adrp %20, .1CO
mov. wl9, 100
add x20, x2C,
LL2:
mov wl, w19
mov x0, x20
bl
subs 3k
bne
ldp x19, x20, [sp,16)
1dp x29, %30, [spl, 32
et
LLCO:
.string "sd\n"
354155 14.26  Optimizing GCC 4.4.5 (MIPS) (IDA)
main:
var_18 = -0x18
var_C = -0xC
var_§ =-8
var_4 -4
lui
addiu
la
su
su
sw 0x28+var C(Ssp)
sW 0x28+var_18($sp)
la $LCO # "3d\n”
1i 0x6¢ § 'd’
loc_28: # CODE XREF: main+40
1u $t3, (printf & DxFFFF] (Sgp)
move $al, $s0
move $ad, $sl
alr $t9
addiv $s0, -1
lw $gp, Ox28+var_18{§sp)
bnez $s0, loc_28
or $at, $zero
1w Sra, Dx28+var_4(Ssp)
1w $sl, 0x2B+var_8($sp)
$s0, 0x28+var C
Ir $ra
addiu $sp, 0x28
$LCO: .ascii "$d\n"<0> ¥ DATA XREF: main+lC
1444 FEA4

R AR R ThAE
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f T RN (B

{54752 14.27 Optimizing MSVC 2010

45

95 DB '3d', OzH, 0CH

_main  PROC

push  esi
push edi

mov edi, DWORC PTR _ imp_printf
nov esi, 1

npad  3; align rext label

;s

esi, 100

SHORT SLL3@main
edi

eax, ecax

est

o

110.8]
HOV rl,r4
£DR 0, 110.40]
BL _oprintf
RDD rd,ré, 13
folld ¥4, §0x64
MOVGE 0,0
BLT 1L0.8]
20P {r4,pc)
ENDP

10.401

"sd\n", 0

#5458 14.29  Non-optimizing Keil 6/2013 (Thumb mode)

main PROC

E
HOVS

#5472 14.30 Optimizing GCC 4.9 (ARM64)

main:
stp %29, x30, [sp, -32]!
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%28, sp, 0
x19, %20, [sp,16
x20, .LC
mov wld, 1
%20, x20,
WL2:
mov. wl, wl9
mov. x0, x20
add 3
bl I
cmp w18, 100
bre .12
ldo x19, x20, [sp,16
1dp x29, x30, [spl, 32
et
.LCo:

.string "bd\n"

354iE% 14.31 Optimizing GCC 4.4.5 (MIPS) (IDA)

main:
var_18
var_10
var_C
var_8
var 4
Iui Sgp, (_gnu_local gp >> 16)
eddiu $sp, -0x28
la B { gnu local_gp & OXFFFF]
sw B 0x28+var 4 ($sp)
s H
sw 0x28+var C($sp)
sw 0x28+var_10{Ssp}
sw 0x28+var_18(5sp}
la sLC  "adin”
1
11 #
loc 30 # CODE XREF: maintf
v 0x7FFF) ($gp)
nove
nave
jalr
addiu
it $gp, 0x28+var_18(Ssp)
bre 3sC, §s1, loc 30
or sat, §zero
In sra, Ox28+var_d(Ssp)
In $52, Ox28+var 8 (Ssp)
In 851, Cx28+var C(Ssp)
Y 550, Cx28+var_10(§sp)
5r sra
addin $sp, 0x28

0: Lascii "3din"<0> # DRTA XREF: main:20

@




$$15% CEEFHBNEN

15.1  strlen()

AT RS RE BARRT . B, strlen() B HRIAE ) whileQIE AL, 28 MSVC rHEE
Xt strlen(EHE SO, Bl NFE FARMERSF:

int my_strlen (const char * str)

{
const char *eos = str;
while{ *eos++ | ;
return{ eos - s

b

int main{)

{
/7 test

return my_strlen("hello!"j;
b

16.1.1 x86

Non-optimizing MSVC

{1 MSVC 2010 #7 LR FEITATG 4]

j size =

i size

eax, DHORD PTR _str$[ebp] ; HHRHRETHS
ORD PTR _eos$[ebp], eax ; HFMMHER cos

mov ecx, DWORD PTR _eos§[ebp] ; B

; take 8-bit byte from address in ECX and pl:

ce it as 32-bit value to EDX with sign extension

BYTZ PTR [ecx)
s$[ebp] ; EAX=eos
EAX+

1, eax ; EAX
; EDX =0 ?
; ves, then finish

inue loop
SLNL@strlen_

; hers we calculate the difference between two point
2ax, DWORD PTR _eos$ (el
eax, DHORD PTR _str$[e
eax, 1 ; subtract 1 and return result
esp, ebp
ebp

0
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strlen_ ENDP
JEHHIET WA HTE 2 MOVSX Ml TEST.
SbAt, MOVSX 54 Mt 8 £ (B59) 4R, JHDETFGE 32 A& FBE. MOVSX &

MOV with Sign-Extend HI485 o 7EI0/0v o B #efe o AR IS, ZEACTATE RO R SR A AR Aol
MOVSX H S Y 8 QLHUEHIA EDX A A7 8RI01K 8 (s REIREEE R 5150, 2R SR 1 A%

FUS 3107 G 24 B0, EWIEA 0 HI7E /% 24 fir.
RN T REE 5 BRI R B R A .
HUE C/CHHRIE, char HRE signed CERFS D) HUdE. TIFERAE— T char JUEURH int
EER (RS RAER) PR, A char BUAUR M RAGHZ —2 (OXFE), EESHUEAFWEHE] int
AR 8 i LR, int 4R A9 EAAE AR 0x000000FE, AT B B4R 10 ML B e b Bk 254 T,
HRFREMGE—2. —2 MBI int 2R Z OXFFFFFFFE. BTLL, 7EIRIIR SR S RITI B RZIG,
TR SRS R ROEEE, THXstZ MOVSX HIZhEE.

TRV 30 Fo E A VA A SRR MR .

BURAKHISE 577 2R AL AL BDX #4585 & TTRIF char BUEHE, & EREHATMA 7T HARE
ES A GIAT DL). BA, FIFHRI E S M FHES M MNEAT TN
EHAE TGS “TEST EDX, EDX” 4. A 137638 19 HFEHNB TEST 54 HABIH, T
Rt EDX MERTES, PRI AR AL

Non-optimizing GCC

] GCC 441 CRIFHIGETD 4% LARRERR, W82

public strien

strlen ¢ near
e0s word ptr -4
arg o = dword ptr §

pusn ebp

mo ebp, esp

sub esp, 10h

mov eax, [ebprazg 0]

moy ebpreos], eax
loc 80433F0

mov sax, [ebp+eos

ze ptr [eax]

cax, lebptarg 0]
cox, edx

eox, eax

cax, sox

eax, 1

strlen endp

GCC G M RA MSVC ZA% . X EWH HH MOVSX 84, AR T MOVZX #4 . MOVZX
£ MOV with Zero-Extent 9455 . 7E4F 8 ek 16 (s 0 32 QLU M0I%, EEBESHIRGIRE
SRR MMM, I 0 BARIKN &S, FUMFIOMEART, BEROELT Bl 1
“xor cax, eax” Al “moval, |4 8/16 fIHHE” 2 FKIH4.

F—TrT, HEEE Al LRI “mov al, byte pir [eax] / test al, al” JSCRERIARED, (BARIXRF—ol¢ EAX 2147 23HIT




wigm (A

! 2 R CEII R, EART
1 "'ZKEFT SAHEHETR, WA AP,

J SETNZ {a L. AT — 43R 2 FFRARERE: TR AL MR 0, M “testal, al”
hé’*rﬁuﬁ —*rﬁgy/ =0; T SETNZ (Not Zero) f§4 &L ZF=0 M, RE AL=1. 1AM,
R IR AL % T 0, MUBKED loc_80483F0 b HhiiF 5 VEHORIIIRRY T, A L fURHSE BT SRR 3L
SRR R AT H IR AR AL

Optimizing MSVC

172 ok

B MSVC (B FREALIEIIOK /0b0) St LRy, WA PRI 4.

15458 15,1 Optimizing MSVC 2012 /Ob0

str$ = 8 5 size = 4
_strlen PROC
mowv edx, DWORD PIR _str$[esp-1] M EDX B

mov  eax, eds 5 HGIE s

SLL2@str

cl, BYTE PTR [eax]
eax

ine

$LL28strlen
sub  eax, edx i
dec  eax crement IR
_strlen ENDP

AR TEIFE TR RBL, NAERNERNLRREREDHITLT, Sitlls
IR
inc/dec A BRI . WIIE S, BANFREIAY MBI/ 47—

Optimizing MSVC + OllyDbg
FRATEH OllyDbg 3TIT MSVC AR U RTIAT M. FERF/ERET 2 VUSRI EY RSN 15.1 Pizse

E 151 OllyDbg: W5
OllyDbg U T#EFR & H, I WA 7 i S B EAURIN IR S35 7 Hk. W OllyDbg
TR MELE, 0 B S T EAX R, ARUSHESE “Follow in Dump”, OllyDbg 5 DEbor
Hodtht. EPITEECIE I RGO, RATTLLBEIFIFE “hello!”. 56 &M A A RO F 1 LR
TEERZ IR AR ML R . R OllyDbg B IFEA T 1R S (SR mIX W2 iE CRegb) 3
HhE, B S ERNNFR BT k.
RIEARI I F8 88, S EFAEN N —IRTER .
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A 152 Bim, EAX FFS0ERMEH, SRATH NS TR,

E34

R 153 Bim, BAX HEREHIRIHREIEN T REABHFER B LIETH, EHEFLERE, EDX
SEBNEGLEERETNL, B ERFH R YN . CEOENLAUR, BTG

153 OllyDbg: FLHFHRTH Gkl 22
SEEWAFATRGE (EED AW, L 1, WAERTA R, W 154 FR.

{4154 OllyDbg: EAX i
FN 7. TR LRATOTAFER “hello!” RE 6 T, HLARBETHAR

T A, R TSR DN B B R SN F IR IR, BT AOR R T i

= mRATHER.
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Optimizing GCC

£ GCC 441 Hi% OF MR “—03™ LibfRfF, nEE):

strler
arg.0 = dword ptr 8
push  ebp
rov ebp, esp
rov ecx, lebptarg_0]
nov sax, ecx

loc_8048418:
movzx  edx, byte ptr [eax]

add eax, 1
test  dl, dl
inz short loc 8048418
not acx
add eax, ecx
pop ebp
retn
strlen endp

GCC HiFMEE RAMSVC A%, TENHEIE MOVZX 154 F.

H I 4 MOVZX 34 B8 “mov dl, byte pir [eax]” B

GCC iSRS b, sRVFR B T T Bl ENMFERCEPRET char BAR,
DI E 75 1788 OB HBIE AT (bits) A&7 & 4

BT RMGEN AR NOT 54 . NOT a4t SERMFTE AL (bit) #BEATIHEH. LA, REE
41 XOR ECX, OxfHfffitth 75424, “not ecx” RI45E SEHCAMN, H124 TGRS ECX A 1. fiA2FF
AIORHE, BCX (R T ZH B AN TAROMIE GRED, EAX A FRIFHHZEERbit. X ECX &
4. 45 eax A, EVHAT eax—eox—1 [1fff. IXAPIZET AT LU B TEAG M) 745 BB K2

Hr i, WS 30 #.

WARE, ERATSERMERZIG, RECET T i R4

GCC St X A gniF A BLF IR E R . RIS, BME GCC A MSVC 2 A #ARE
Sk, FHMER M.

16,12 ARM
32bit ARM

Non-optimizing Xcode 4.6.3 (LLVM) (ARM mode)

4543558 152 Non-optimizing Xcode 4.6.3 (LLVM) (ARM mode)

_strlen




F15F

SP, SP, #8 ; allocate 8 bytes for local varisbles
RO, [SP,H8+str]
RO, [SP,#8+str]
RO, [SP,#B+eos]

; CODE XRZF: strleni?8
RO, [3P, k8+ecs]
R1, RO, ¥l

1locate § bytes

HRATEERAGEI, LLVM SR8 RIS A RIDIE . (R TTR A B T80 Mg E
SE R AR A . ABHET 2 A SIEAER, B eos I stre

7 IDA (IR IES RR, TRIEAE var 8 WAA NSIAEE S cos, 1t var_4 FAr & str.

FEIFMIRT LA G LB M50 20 8 str M eos.

FEE & L 2 Toc_2CB8.

AN IE 3 4354 (LDR, ADD, STR) 8 eos HIMA{RAF# RO H 43I, MFEHEAIDENY (+
1), FETEEUE S R S R R cos.

4% “LDRSB RO,[R0]”  (Load Register Signed Byte) {4 RO JJiHiF AR LA 1 D510, FHHGZ
S50l 32 B R A (Keil 1247 Char BRI A5 KA. AL HUIT x86 1 MOVSX 54 (B1L
15,11 19). BESAZE C FRE L char ZE7USUE S Signed HAKER, HHiFEAEHHTIR M M1E Signed L,
AfLE—A 32 Bras TR 8 AL A£ 48N 16 (PR AP Ak AR, W
£ ARM RAUHEFFRIMR. /raMER AR, B, x86 MM RFL TR
5TIEAT 16 A 8086 T54 H 4 2 8 1 8080 164, RS LA FFA . T1 ARM RE M BB
£ 32 fif RISC 4bFE4S, FLL, 7646/ ARM REMFEEE, HALHEE Y mEER 32 fras 7l A .

W, LDRSB #4575 0 o (0 F AR 5 M5B B RO 294235 LG [ CMP I BEQ JR4, 2aTE
SATERREETH. WHRATHRE 0, W ERHTIEER: WEIEANFIR 0, WLHRIEHEE.

AL A DIRTHHE eos il str UM, FRILUXAMEMEAZ 1, AURTERSHIMENHE, (RIFEF RO 728 .

A RBBE IR R IRIT . 25 ARM A RO~R3 A2 25O fE ] R Ak i 2
SHEGH S BRTERE DTN CATRER T, WRBKSTE NI, LRI R AR
S, FEABRETIRT. B, KAFREHE AN TS, R BRI, FTAERSEER
5, M T TR M EEES (BX) KIS LR 2 RHRTE MR Mitht .

Optimizing Xcode 4.6.3 (LLVM) (Thumb mode)

#4758 15,3  Optimizing Xcode 4.6.3 (LLVM) (Thumb mode)

_strlen

Hov R1, RO

loc 2076
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#RLAEREEE ()

LDRB.W  R2, [R1], 41
[eH] R2, $0

BNE loc_20F6
NS RO, RO

ADD RO, R1

BX 1R

T RALGR IR R %, GBI (+%hdféu_%fHT AR B R cos A stro TESF A
MEARZRT, ST RO F R EE st FAT ARG TR cos.

“LDRB.W R2, [RI]#1”7 M R1 P)r%mmimtmi;ﬂm AN, BRSO 32 BB EER (signed)
JEARTE R BRI E. SR ARSI LA LREE LR, HRI HAEARAOMN | G, KR
354 0 FAERZE | T (Post-indexed address, SUFREZEIEFHL) 374, M FRAEEA.

AP 28.2 W& AN BITIRER S bk

FERAR ) CMP Al BNE #5401 ST GRS R 0 4«
AT IECRTES .

MVNS (MoVe Not) 4544124 T x86 1544411 NOT 454, 51K ADD 354 H
BB, 761511 R, ROTGEAAGEICPEHAT, FRTGEE.

LLVM 412355 GCC #y AT 2 Ty«

CATESRIR B AL N L B 152 W2 BRI R

£ LR “eos-str-17

Optimizing Keil 6/2013 (ARM mode)
[H Keil RARAGETD #Hive EAFF, FARNTFRZRIRS.

j84358 16.4 Optimizing Keil 6/2013 (ARM mode)

strlen

MOV R1, RO

loc_2C8
1DRE
cMp B2,
SUBEG RO,
SUBEC RO,
BNE
AKX

XA S ATAIY) LLVM R LR Thumb FURDATIL. 54 TRTTIRIG T7EEH AU 4185
str—eos—1, MABIILE (EIRERAPMI TR . TN HET, AFRIITIHS TI—EQ BARor s TR MR
“ LTI CMP HARIW MEREEQ I, A PAEA 7. Bibl, MR RO FAFHMA 0, Wik CMP #2
L2 JE 4 SUBEQ #54-. FUZELHAWIRMAE RO #1788, ISREIR IR BIRHOU AR .

R2, [R11,

RL, RO
RO, #1
2c8

&

ARM64

Optimizing GCC (Linaro) 4.9

my_strlen:

mov  xl, %0
i X1 is now temporary pointer (eos), acting like cursor

t X1

yre from X1 to W2,
[x1],1

and Branch if NonZero: compare W2 wizh
.158

o difference between initial pointer in X0 and current address in X1
x1, x0

in

en

ipost-index]

o

jump to .L58 if it is not

w0, w0, #1
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BI15F CEFFHEMN 177

ARG E RS 15,11 MEFEAAR. SIS FRHML RN M, RERAELRE 1.
Fo A b BT RSB T ARSI R . A, R B my_strlen() IR LA 32 4 int
TR, (BT R IR size_t B H4h—FF 64 AEHE. ik L 4 64 AUT-E F, sulen(BEHIZH
ST B2 4GB BRI I 7Ebdl, FTLATETE 64 (7 & LAGIRE N 22 64 Rl . B TURR e~
SFA, TLURIT 4 SUB J64 RXTEAR 2R AT 32 RIHEATHRAE, (EURIBIEUN 4 SUB 954 MR SE £
64 R TERIHTIREIE . BURUFEERN, TURH FHORN H A, ROCRMEAREARE Tk,

Non-optimizing GCC (Linaro) 4.9

my_strlen:

; function prologue
sub sp. sp, #32

; first argument (str} will be stored in [sp,8
str x0, [sp,8
ldr %0, [sp,8)

4 "eos" variable

x0, [sp,2

0, [sp,24] ; load "eos" to X0

xl, x0, 1 ; increment X0

x1, lsp,24] ; save X0 to "

; load byte from memory at address in X0
W0, (x0]

; s the 32-bit register always contain zero)
r
; jump if not zero (Branch Not Equal)

.L62
; zero byte found. now calculate difference.
; load "eos" to X1

ldr x1, [sp,24)
; load "str" to X0
ldr %0

; calculate diff
%0, x1, x0

w0, w0, #1
; function epilogue
sp; 5P,

et
KPR JT, MR ARG DR K TS . EREERR, RFEREHTNE TR, I
. i TIRRIT RGNS, S5 —4 SUB 4 R A7 /2 2 0116 32 (LABHEAT TILiEE ..

15.1.3 MIPS

#4755 1565 Optimizing GCC 4.4.5 (IDA)

my_strlen:
i "eos" variable will aluays reside in Svi:
move  $vl, $al
loc_d:
; load byte at address in " into $al:
b 1)
or sat, $zero ; load delay slot, NOP
; if loaded byte is not zero, jump to loc_é:
bnez  $al, loc_

; increment "eos" anyway:
addiu  $vl, 1 ; branch delay slot




178 TRKEEE (LA
; loop finished. invert "str" variable:
nor vl §zers, $ab
i $vd=-str-1
ir sra
; return value = Svl + $v0 = eos + ( -str-1 | = eos - str - 1

addu $v0, $vl, $v0 ; branch delay slot
MIPS [t 41 545 KAE (NOT) i54454, fHREHERNOR (B ORINOT) fi4. 1L
N, IR, DR ERRIR, TIERAT]. SR IERIEEES, sRAR# NOT
&5 4 TE “NOR DST,SZERO,SRC” 54 HLHl.
WA, RASEE AT KO #R 17 IBH. SRR ADDU SR A4, TTIEA “eosstr-17
HEH, KA FEFERE.

15.2 ERIA

1521 WA
VA SIS fE
§4i% 156 Optimizing MSVC 2010

mov edx, DWORD PTR _s$[esp-4]
mov cl, BYTE PTR [edx]

je  SHORT $LN2EE
npad 4 ; align next label

SLL4GE:
emp cl, 32
jne SHORT $LN3GE
inc eax
$LN3@f:
mov cl, 3YTE PTR [edxtl]
inc edx
test cl, ol
jne SHORT $LLAGE
$LN2@f:
ret 0
£ ENDP

#5458 157 GCC 4.8.1-03

£2
L LFB24:
push ebx
mov scx, DWORD PTR [esp+8]
xor eax, cax
movzx  edx, BYTE PTR [ecx]
test 11,
e 12
13
cmp dl, 32
lez epx, [eaxtl]
cmove  eax, ebx
add ecx, 1
movzx  edx, BYTS PTR [ecx]
test d1, di
jne .13
L2:

pop ebx
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ret
#5458 15.8  Optimizing Keil 6/2013 (ARM mode)
£ PROC

MOV rl, 40
ILD. 4|

LORB r2, [0, #C)

cur 2,40

MOVEQ rQ,x1

BXEQ

CMp

ADDEQ

ADD

Optimizing Keil 6/2013 (Thumb mode)

1,40
B 110.12]
ILo.41
e r2,40x20
110.10]
rl,rl,f1
1.0.10]
0, 70,41
120.12]
LoR2 12, [x0,40]
e 2,40
BINE 1L0.41
MOVS 10l
BX 1r
ENDP

#5455 15.10 Optimizing GCC 4.9 (ARM64)

ldrp 1, [x0]
cbz 1, .14
mov w2, 0
13
cmp wl, 32
ldrb  wl, [x0,1]!
csine w2, w2, w2, ne
cbnz wl, .L3
wl, w2
Ld:
mov w2, wl
b L2

#5478 1511 Optimizing GCC 4.4.5 (MIPS) (IDA)

loc_18:
b svl, ©i$a0)
or $at, $zero
begz sv1, locret 40
or sat, $zero
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FHTERBIHEE (L)

loc_28:

locret_40:

locret_48:

bne
addiu
1b

or
bnez
addiu

25 4
or

jr
move

$vl,
$a0,
$vl,
Sat,
$vl,
§v0,

$ra
Sat,

$ra
$va,

# CODE XREF: £+10
+ £+38
sal, loc_18

0($a0)
$zero
loc_28
1
# CODE XREF: £+20

$zero
4 CODE XREF: f+8

$zero




E16E HFHEESHER

WT RIS, FFERTTRESN | RACHE RSO 1 4. BER—HFHIES.
Bl LEA 4648 SN EMM R R4 WS R A62 11,
ADD 1 SUB 384 FIFFRT LIAREL B4, 0, #a43 5 52.1 F938 18 ATat ik,

16.1 FiF

16.1.1 BRAMEEE
BAVE TR
1§47E % 16.1  Optimizing MSVC 2010

uasigned int f(ursigned int al

return a*8;
b

HIRAH MSVC 2010 O A/Ox) BHATHEE, RIS I8 IS STR SR 3 ki 4 .
FH B MSVC Y B R B TR
_TEXT SEGMENT
as =8 i alze =4

£

i File ci\polygon\e\2.c

mow eax, DHCRD PTR _a$lesp-¢]
add eax, eax

add cax, eax

add cax, eax

ret 0

ENDP

ENDS

END
16.1.2 BRAMUBIEH
FHIFRIA AN Ll 27 Ll 2" MBFRS LY AIEHIES:

unsigned int f{unsigned int aj

return a*d;

34758 16.2 Non-optimizing MSVC 2010

s =8 ; size = ¢
E PROC
push  ebp
mov  ebp, esp
mov  eax, DWORD PTR _a$[ebp]
shl o eax, 2
sop  ebp

ret 0
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B ¢ ENDP

“IRLL 4”7 IS H RIS RN 2 . BN AR REIR | 0 MBS, BRIFIZEOHITE 3X 100
fEHE, BAVRELE 3 FHEATRATINBEAZ.

RIS A BUR R R B R

S

FPE R i G A TR
TELL 4 ) ARM F54 W FHT7R -

$547%5%# 16.3 Non-optimizing Keil 6/2013 (ARM mode)

£ PROC
LSL 0,10, #2
BX 1r
ENDP

F L MIPS 35420 F BTs

54758 16.4 Optimizing GCC 4.4.5 (IDA)

St g
sll $v0, $al, 2 ; branch delay slot

HoeR, SLL ZIB4AH “Shift Left Logical” HI455 .

16.1.3 B fiR. MAEHNEECE

B TRA R 7 B 17, FeiiE AR AT LU AR RIL IS S S B A AT 16 & ST AR S EL R R -
32 fir

finclude <stdint.h>

%nt fl{int a)

return a*7;

int £2(int a)
{

return a*28;
b

int £3(int a)
{

return a*17;
¥

x86

384 iE% 16,5 Optimizing MSVC 2012

mov  ecx, DHORD PTR _a$[esp-4]




H16F HENHHLNEHR

183

eax, DWORD FIR [ecx*3]

eax,
CX*8-]
0

ecx, DHCRD PTR _a§[esp-41
eax, DWORD PTR [ecx~8]

eax, ecx

X=ECK¥8 Cx*T=a*7

nov  eax, DHORD PIR _a$lesp-d]

shl eax, 4

a+16

DWORD TR _a$ [esp-4]
7

FREEH -
J543% % 16.6  Optimizing Keil 6/2013 (ARM mode)

ARM 4 R IMBIEH IS 3 MRER, WERBBIIATG AT - JniAE

H Keil 5%

£0,20,x0,T8L #3
; KO=RO<<3-RO-RO~B-R(
Lr

END?

0,10, 70,183 #3
0+8-R0=a*8-a=a*

0,10, 42
; RD=RO<<2=RO¥4=z*T*4=2%28
r
ENDP
i arl]
3|1 PROC
£DD £0,r0,r0,25L 44
3 0+RO<<4=RO+RO*16=RO1T=a*17
BX 1r

ENDP

R Thumb B MBS RGBSR HiIFRTEUA £20.
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HF o IEREEE (M)

15475 % 16.7 Optimizing Keil 6/2013 (Thumb mode)

;ar?
1£111

;a*28
I1£2]] PROC
MOVS 1, #0xlc ;
i R1=28
rC, rl, r0
: RO=R1*R0=28%a
BX ir
ENDP
i a*l?
1£3]1 PROC
151§ 1,70, ¢
; R1=RO<<{=R0*16-a*16
ADDS 0,0, r2
i RO=RO+Rl=ata*l6=ax17
Y ir
ENDP
MIPS

E4iE8 16.8 Optimizing GCC 4.4.5 (IDA)

£1:
s11 $v0,
7 8v0 = $aD<<3 = $a0%8
Jz $ra
subu $v0,

; 8vD = §v0-8a0 = $a0*§-5a0

$a0,

$a0 ; br:
$a0%7

_f2:
s11 sv0, $a0,
; 80 = $a0<<5 = $a0"32
s11 $a0, 2
; $ad = 5al<<2 = Sa0~4
jr $ra
subu
7 S0 = $a0*32-$a0%4 = $a0*28

s11 v,
; $v0 = $al<<d = 3a0+16
ir $ra
addu
; $v0 = $a0*16+3a0 = $a0*17
641
#include <stdint.h>
int64_t £1(intéd_t a)

{
return a*7;

bi

int6d t £

{

(int64_t a)

$a0,

3

nch delay slot

5

$v0, $a0 ; branch delay slot

4

$v0, $ab ; branch delay slot



FloF HEHBEANER

return a*23;

£3(int6d_t a)

return a*17;

$E<¢EHR 16.9 Optimizing MSVC 2012

rax, [0+rdi*g]

rdi

a*28

lea rax, [0+rdi=4]
RARX=RDT*d=a*d

sub rdi.
: DI-RAX=a732-
mov rax, rdi
ret
mov rax, rdi
rax, 4

; RAX=RRX<<d=a*l
add rax, rdi
; RAX=a*l6ta=a*1l
ret

ARM64

T ARM64 B0 B 154 R AT AT I8 57, BT LU iR e 4

354358 16.10 Optimizing GCC (Linaro) 4.9 ARM64

®1, %0, %

sub x0, xi,
K0<<2a%32-a<<2=z
ret

add x0, %0, x0, lsl 4
: K0=XO0+X0<<d=asa*l6=a*17
ret




186 # o TEAREER (L)

16.2.1 BRAMBEE
AT STk

unsigned int £

FRATE S

nsigned int a}

return a/4;

A MSVC 2010 47 B LIRFRSY, alfG 8140 FHTREITES .

15475 % 16,11 MSVC 2010

a5 =8 i size = 4
f PROC

eax, DWORD 2TR _a$[esp-4]

sax, 2

AR A
3 BRI B S BB AEA T RR i, STWFL, ASLEh S 20 LA AL IE RRRLE I RS
SHR $64-1 SHL 64 IS HRERIR, R8BI AR,

EHERBEERT S B R NS AL SERRECh 23, BRE0E 108, RATE 23 2
NSRS 2 8T 3 ARKL
R RAEOETE, AR YRR (R
47 JEELH ARM FEFF IR AR

HO, BTLARAE AR S U .

#5478 16.12  Non-optimizing Keil 6/2013 (ARM mode)

£ PROC

10,10, #2
1r

ENDI
“BRUL 47 ZEA MIPS BT HUR.
54 7%# 1613 Optimizing GCC 4.4.5 (IDA)

r St

P

16.3 ZR3IJ AL

16.3.1 B 1

AT T IR S .



F16F FEirEHLEg
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1547558 16.14 Optimizing MSVC 2010

=

£

mov  ecx, DHO:
lea %, DHO:

cub  eax, ec
t 0
i FNDP

184i%% 16.15  Non-optimizing Keil 6/2013 (ARM mode)

£ 2R0C

54758 16.16  Non-optimizing Keil 6/2013 (Thumb mode)

£ PROC
rl,r0,43
r0,r1, 10
1r

ENDP

5475 % 16.17  Optimizing GCC 4.9 (ARMB4)

1sl Wi, w0, 3
sub W, wl, wo

#5454 16.18 Optimizing GCC 4.4.5 (MIPS) (IDA)

e
511 $v0, $20, 3
ir $ra
subu $v0, $20



$£17= FPU

FPU 2% [ TR 3R R BMIS ST 5T, /& CPU I— it
R SHLAR SR, FPU AL I CPU Z AN S gia S0 |

171 |EEE 754

Hoyaste. HAM LBk

IEEE 754 $RHERIE T it G’IﬁL&?'&H%ﬁ*E’J Al
R FRRAE T SR S R ORI /M Rt

17.2  Xx86

o5 stack machine 2% Forth 15 MAZEEAN TG, FRARAT W AR B2 LRI R -

1F 80486 Ab#SE 1k §1, FPU (5 CPU RLFAREINGEH ) MAENME CiB) W30g:. T LA
iy FPU B A BT LA I FRERS T IS A AR AR el FPU, AMNIEH RN E. ©

80486 DX .2 J& (11 CPU ALTEAR LT FPU LR

A FWAIT 45441 opeode LA D8~DF FF3kHUFTIR “ESC” T4 (opcode LA D8~DF Ik, BHE
TR NBLAML FPU B0 BT TCRIK B I FWAIT $84801E &1L CPU %45 FPU IZHEEH
ESC FHHEAHME FPU 4T,

FPU H#—ANH 8 > 80 Rl A TR 23 HI BN IRHA AR . JX28 80 (i A A7 25 I LIAFR EEE 754 52U HoE®,
T HE ST(0)~ST(7)#474% - IDA il OllyDbg #3E ST(0) 7R ST AT RDERL I ST(O) M “ He T/ Stack
Top” HAF.

17.3 ARM_ MIPD_ x86/x64 SIMD

7E ARM A1 MIPS & AR, FPU 37788 AT iR E ), (L IUR— 27 /7 4% . x86/64 HZLHT SIMD.
PR CRIES S AR B MR TR RS

17.4 C/C++

Pl CICHHB T S I Bl BPREEE 324 ST (float) FIRVKEFE 64 ST AUHUR (double).
GCC % B836 7 7 long double 12 41, B 80 A RIS 499 VP
it MSVC 453 3 R S RF A 287U .

%48 (extended precision).

© Fany HL” 2R “HERRESRUBL”. ﬁf;‘)ump., ‘en.wikipedia.org/wiki/Stack_machinc.
2) % W, http://en.wikipedia
o AT A FPU BY 32 fiit HUL <

11 80386180486 SX) #FHHT K H DOOM ki, John Carmack #it / —f “&7

S, T 16 ALibib BUERNETRSE, (URITIRE
hitps:/fen.wikipedia.org/wiki/Fixed-point arithmetic
Kipedia.org/wikiIEEE_754-2008.

s
hitpien.wikipedia.orgwiki/Single-precision_floatingspoint. format.
hitp:/en.wikipedia.org/wiki/Double-precision_floating-point_format .
hitp:/en.wikipedia.org/wiki/Extended_precision.
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BRI A (floa) BUEURMSEN (ino) TUMIETE 32 (RGHEL 32 REGR, EREITNEER

BAEEL—H.
175 434eA

i 57 HEAT AR

e <stdio.h>

douple £ {double a, double b}

return a/3.1¢ + b4

f\n", £01.2, 3.4));

1751 x86

MSVC
M MSVC ¥ EATRT, BN FHTRHTES .
#HEFE 7.1 MSVC 2010; ()

<ol

T
real@4010666666666666 DO 04010666666666666r ; 4.1

fr; 3.1

DO 0400%1eb851ebss

__real@400%1eb85lebsst
CONST

ebp,

esp
QWORD PTR _a$[ebp]

; current stack szate: 3T{0) = a

£div  QWORD PTR _ real240091eb851ebss

7 current stack state: ST{0} = result of _a divided by 3.14

£ld  QWORD PTR _b§[ebp)
7 current stack state: ST{0) = _b; ST(l) = result of _a divided by 3.14
frul  OWORD PIR _ realBd010666666666666

; current stack state:
STI0} = result of b = 4.1;

5 STI1} = result of _a divided by 3.1¢

faddp STil}, ST(0)

; current stack state: ST{0] = result of addition
pop  ebp
re 0

£ EuOP
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FLD 54 M kP 8 A7, iLﬂ/‘ﬂa%’*%U/ FPU # 17 H 5 10 80 Ar3ERmal, JHEN STO)F 725

FDIV #5441 ST(0)75 2% 1 {E A 1E B kA % real@40091eb851eb85 11 (I 3.14) FIME 1 1E IR,
BATHREIE . RO ICAREEAR R &1 ML rEISE, BTLARRFAEM 64 B2 IBEE 754 sl 16
HEFIEL 040091eb851eb85 1 fr 75 3.14

{EHHT FDIV IS H2 G, ST(O)Z 47 384 (R AF T -

Ak, FDIVP i FPU (IRREIE H 154 . FDIVP A3E1T STO)YSTONE S, 548
WK TIE L, FHERHEEAPUSH)FPU fUtk (W1 STO)# {74 ), AT Forth HH

F—4 FLD 54, i0ZR b MUALE] FPU (95

Wi, ST() 2 AF 252 BV . ST()ZFfr# B AR b MK,

PRI FMUL 15 % 7 CEH STOFFEBRLNME (MEE b)), RUSH red
@4010666666666666 (11 4.1), FKBHLAL (B (FAEFI STO)F 72

[BIE— 5554 FADDP R A TIEMAME R . &R SR IARME ST()P (735,  POP
ST(D). Fitl, RIERFNEH LRI STO) R F 2R H.

HREH R BRI AUET] ST (0) P 2517 T HREIS H . BTLAA FADDP J54 25
BT RER A RS Z AL AR

MSVC + OliyDbg

B 17,0 AR T PN 32 REEGEE . KPR AR AR AL i main() BB BRK A UL IEEE 754 REAPHEE
U HEVE SR, RATAT B £ 4 FLD J84 MBI T 12, BRI EIERLE] ST(0)-

P35 A7 251 POP
PR .

171 OllyDbg: #iAT

FEAT 64 3 IEEE 754 4aUINAREAROY FPU JITHIAY 80 i
h 11999+ FREFURE, B 12 MRERUHE. SIS, BIP F17
PR IR VF AU A, OllyDbg A4 Z

BREEHAT FDIV $5 4. B 17.2 FiR, SN ST(0)2 17 d (725 b — £ SLH) 7 0382

AT = 4I5S W) FLD #8426, ST(O)FF SN 1 40(H 3.4 (3.39999+++). 4l 17.3 B,

£ 3.4 NEREIFIN, SERTEE HORMBEHEET] ST FH, WJF EIP 45619 EHk T —%E
FMUL. [ OllyDbg #REIHFE, FMUL #5442 M AR f 4.1,

PEIERRT, AT AR,
FfiifE I T —4454 FDIV. FDIV 154

7

s:/fen wikipedia.org/wiki/Forth_(programminglanguage) -
@ Stack machines, https:/ien.wikipedia.org/wiki/Stack_machinc.
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14172 OllyDbg: 7 FDIV #5

7173 OlyDbg: #iT# 4 FLD

TEHAT FMUL 384 2S5, ST (0) FFF S T7 B Fakia ST

; iy
174 OllyDbg: {7 FMUL 4

SAJTIEAT FADDP 154, IZECRMIAISWAERETE STORF . R, IR0l ST)F 7.
=E 17.5 Fire.
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4175 OllyDbg: #4147 FADDP fi

i FPU BB AL G, B BT STOVEATERE . mainRRHIRY G & AR5 77 RV LR R

MABE IR ST AR — B0 13,93 XA A?

SRR, STICAAR, FPU IR R T F O RBRER . DU AR AR B it
LA £t H e M. 7EX FPU 3T AR BRAE AU, 0 AR RSB ITAT 7 /M98 FE 2R RO K685 (=R
FUEHD BIHBIETER, BATFHS T, SRR FPU R 8 MR 1 MHTHERE (TOP) &
2. RS AT IR KT SERNFERMT . 1€ FPU BATEIE AL (PUSH) SR{FRT,
CE A TR F AR T AR, BB F RN BAEMEEER. dik (POP) SR AHIARAE |
BRSO R, FPU RLEEEAEER (SULERRED. Jl ERTRRIFNE
4 =, FPU SRR S 17.5 s, RPBLS Al LIBLR “FADDP 3RA4EIS S 4T RAEEA
Fe, RS T R ARIEY, (H RTINS SR T AR TR A A R0 (E. BTN B
i, FPU )27 BRI T EFRGEMEC Ccircular buffer).

FEFE GCC 441 (A —03 BT 4k ERIUD, LMy aAm.

154758 17.2 Optimizing GCC 4.4.1
public f

push  cbp
fld  ds:dbl 8048608 ; 3.14

; stack state now: ST(0) = 3.14
mov  ebp, esp
fdivr [ebptarg 0]

; stack state now: ST{0) = result of division

; stack state now: ST(0} = 4.1, ST{1) = result of division
fmul  [ebp+arg 8]

; stack state now: ST{0] = result of m:ltiplication, 811} = result of division
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pop  ebp
Zaddp  st{l), st

i slack state now: STI0} = zesult of additicn
retn
endp

AR RIS BRI A0 GCC 4 3.14 36N FPU JIER (ST(0)57#28), ME arg 0

HIGELC
FDIVR /2 Reverse Divide [f]

WEMR. EREEHT, BT
FADDP 4 AR POP - MEBHT
17.5.2  ARM: Optimizing Xcode 4.6.3 (LLVM) (ARM mode)
£ ARM 8 PF sUSHPRIEZTT, RSB RIHE T & 1 5 TR 4 LY,

Floating Point) 4 T ARk Ak
x86 THHI FPU A B 2k (2 ARM ¥4 BB HR4, HREREFrs.
154 7% % 17.3  Optimizing Xcode 4.6.3 (LLVM) (ARM mode)

5. FDIVR £4 m#wm\ S, MR FDIV 454 SR o k4L, Bl
A2 ﬁk FLAZAT FMULR 54
JEF ST(O)FFig Al

FRUBET. JER, VEP (Vector

£

VLDR,
YMUL. F64
6

; DRTR XREF:
;DRI XREF

ScFD

FRRRFIHILT D FRMF A, ARM A4 324 64 {7 D F K277 85 XS0y (A SR RITT Rk A7

= CWREED W44 ZT,EﬁTﬁﬁiﬁvxféééﬁﬁyhhﬁ/SlMD (ARM F& FIZFIZH W NEON). ARM F

AR R, S TR TR
%‘)Wﬁ? Pt B33,

R D T 2569 LDR Il MOV fi4. X V T3 1045 440
AR, AR AT GRAEHE, T AATLUH T SIMD (NEOND BHT.

A 2 i ARM VA (TR, &8 ARM BT R TRH b 240
FURSTETT s 4 64 (8, UG AL — AU BEVR AR R B 2 4 R 2k ARAR

“VMOV D17, RO, R1"54- M RO il R1 ZFFREFISHK 64 (i EHHY 2 s FHEBEEAEAFRAAE D17 F5TRa .

“VMOV RO, R1, D16” 15 Eil45AMFE A, T D16 S #I00E (64 ) AR 32 frEl,
SRR T RO FIR] A

JRIEHELAY VDIV, VMUL. VADD 3§ &#UE MBS, A4,

##FH Xcode 2 /i Thumb-2 #E3X[9RT3, SEUXBREFHIR .

17.5.3 ARM: Optimizing Keil 6/2013 (Thumb mode)




194 FHIRREEE ()

a4, R3

25, RO

26, Rl
LDR  R2, =0x66666666;4.1
LDR  R3, 0106666

MOVS RO, RT

MOVS  R1, R4

BL _asabi_dmul

MOVS  R7, RO

MOVS R4, R1

LR R2, =0x51EB851F;3.14
LDR  R3, =0x40091EB8

RO, RS
R1, R6
_zeabi_c
R2, R7

_aeabi_dadd
{R3-7,BC)

;41 d 754 form:
dword_364 DCD 0x6
dword_368 !

; DETA XREF: [4A
; DATA XREF: £4C

m:
0x51EBB51F ;
DCD 0x40091EB8

word 36C
i

Keil ZE 1 Thumb $L0F2 A 255 NEON JZ 5140 FPU % 4USSE. Thumb SRR PIME R R
KA BB TUR R . FOIAREAEH FPU G R4, BT LA SRR AU I R 3 (ilin
__aeabi_dmul,  acabi_ddiv, __aeabi_dadd) “{f¥L” FBE. I X EREREH, HEELRE
AL FPU AbBES T, (LRI T,

FBEYMER TR T BRI 5 R 0HE, x86 F & MR LB H MM A0S 28T —IN.

7 ARM R, FPU {FIUGERME “8 soft float” HXF “armel”, THEITMIFELILN FPU H4
UAE “TEE S hard float” 2% “armhf”.

17.5.4 ARMB4: Optimizing GCC (Linaro) 4.9
XA K

#5478 17.4  Optimizing GCC (Linaro) 4.9

£
;D0 -2 Dl=b
1dr d2, .1C25 3.14
D2 = 3.14

fdiv d0, do, d2
5 DO = DO/DZ = a/

ldr a 4
;02 - 41
fmadd  d0, d1, d2, dO
;DO = DI*DZ<DO = b*f.1ta/3.14
ret
; constants in TEEE 754 format:
LLC25:
1374389535 R
1074339512
.LC26:
a1

sword 17179
cword 10748
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17.5.5 ARMBG4: Non—optimizing GCC (Linaro) 4.9

154 7% %8 17.5 Non-optimizing GCC (Linaro) 4.9

)
; DO = DO/DL = a/3.14

; B0 = DO*DI = b*4.1

v dl, %0
e,

a0, do, a1

;D0 = 14 1 b4l

fmov  x0,d0 ;)\ redundant code
fmov  d0,x0  ;/

add  sp, sp, 16

.LC26:

R LSRRI B, GOC AERIOATILLEEA . 78 LgRF P, RRUI TEAHLE
S, T HIR ST 5 2 R A5 (Bl F N4 FMOV 454 X Al B GCC 4.9 7L43 I ARMG4
TiHHE L.

TR, ARMG4 45 #LlL& 64 frdrfise, 1M HATIIFREL 64 RIPF TR FTLAR RS
B2 E2E GPR BT OTORIREE A4, A S AR AR RAT A TR - S TCRE R, 7E
AV A A BT R

A RAMEREIATS S, (R FMADD 2 K098 ¢ MR T, Fah ik L.

1756 MIPS
MIPS FALHEA (44K PMELEIE. 4 0 MHIELBAS LI TR T AL P R,
AR EE R FLR FPU.



196 H i TREMRIER (L)

5 ARM T BEIHRAEL MIPS H@IJJWL&%M%MMEM (stack machine), FU 32 4> 32 a7
(SFO~$F31). 3% FPU FFFFEMAH, BB WHFR C.1.2 1. TEATE 64 {IX0KE HOOS, AR
W 32 fir P 3k EH 7.

1E<EE 17.6  Optimizing GCC 4.4.5 (IDA)

lui  $v0, (dword Cd >> 16) ; ?
; load low 32-bit part of 3.14 constant to $£0:
lwecl $£0, dwor
or $at, $zero  ; load delay slot, NOP
14 constant to $f1:
SLCO
($1C1 >> 16} P2
4 constant in $f0-$fl, do division:
$£0, $£12, SfO

$v0,

t part of 4.1 to $f2:
luel  §f2, dword_C4

or Sat, §

; load high 32-bit part of 4.
lwel  $£3,

; load delay slot, NOP
$£3:
$LC!
or $a, $zero  ; load delay slot, NOP
i 5 in $714-$£15, 4.1 constant in $£2-5£3, do multiplication:
mul.d  §£2, SE14, $£2
; S£2-§£3=B*4.1

jr Sra
; sum 64-bit parts and leave result in $£0-$fl:
add.d  $£0, S£2 ; branch delay slot, NOP
100000038 $1C0: .word 0x40091EB8
0000008C dword BC: Lword OxS1EBSIF

000008C0 $LC
:000000C4 dword_C4: .word 0x66666666

TEN IR H

o LWCI ! A~ 32 {if Word $#iEf£ i 4 3 — 4 4 P 238 (Load Word to Coprocessor 1). FTIL, 4
T IR REMEARBMMS . BRI LWCT $E4 RS R SR 0 A5 4 LD.

DIV.D, MULD. ADD.D 54 RAKEEEE S AR, REMINEZHIRS . HFS “D” RUSE

AU double/ WU B SRR “S” ERA M single/ UREET SR IIZH R4

SCRHES €2 7 fRHE) LUT }aéﬁ?é'&ﬁ%ﬁdw% > ATRERAIF AR IR . MR REE
SEHRAL, R email £

17.6  MASEKEE
AT KSR

#include <math.h>
#include <stdic.h>

# DATA XRE

AE K

int main ()

printf (732.01 A 1.8

= s1f\n", pow (32.01,1.54)};
return 0;

}

17.6.1 %86

{EH MSVC 2010 4% by, [T HURHIHE4 .
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548 17.7 MSVC 2010

ENT

el47ael DY 040400147a
$70ad DO 03££8a3d7Ca

consT
_real@4040014

_main
pusa
mov

sub

.8 52
ORD PTR _real@40400147aeld7ael
QWORD PTR [esp)

call _po

add  esp, & EAMEEMEFME

RAMIRT & TR
SHRTEMT sTI0) FR

ORD PTR [esp] ;i T(0) MEABIE, Hprincs
651

_main ENDP

FLD il FSTP #§4 20448 (SEGMENT) Al FPU [tk 25 iR s96-4 . FLD LA TP ZETERHE
A FPU ffy#k, 1 FSTP MU FPU AR TRATECE B WAE T . pow R HES B B FPU 4R
SEREASEGETINE, JREEAER B0y R TEHEE STOFFRE. 25, printfOrEEMA
BRI 8 M EW IR, BRI AT T

BEAb, BAPIF R BT LUE A A MOV $R4407 R SUE M PLE S HIE) FPU (R . prAR St

=57 S HURAE Y 1EER 754 BB, 10 pow(Q BT IO B HBUR R M UNAER, BT LU A
SEBOULE. TNEF RS ARG,
17.6.2  ARM + Non-optimizing Xcode 4.6.3 (LLYM) (Thumb=2 mode)

_main

var_C = -0xC

32.01 * 1.54 = $10\a"




198 # TR (ER)

7DD

POP
db DCED 32.01 _main+é
de DCFD .54 ) XR main £

A AL, ARM REEATLATEARE D) D -k FAF 2 I0H 0~ it — R 53k 9577 2508 o4 RLiE A
B AR TR 0 G RS ILIEIN, STAEIE RN D T3 7 /725 i #.

MATTLLE B, ROl RI 25474845 pow RAUER T 5 — 134, R2 FI RS HBH R MR TH -
B WEUE T E L RATETE RO FI RI SR8 1R _pow MIZHE RAEN DIc 17tk RI
FIR2 A7 4728, LLULI printf) B AL 2550,

17.6.3 ARM + Non-optimizing Keil 6/2013 (ARM mode)

mair
RZ, =0xA3D iy
R3, =0x3FF8R3D7
RO, =0xaE1 i
®1, -0x404
BRI, pow
R4, RO
R2, R4
R3, R1
RO, a32_011_54Lf
BL _2printf
RO, 40
SP!, {R4-RE,EC)
v DCD 0xA30T0A4

DCD 0x3FF8AIDT

DCD 0x2E147251
040400147

$1£",0x4,C

; DATA XREF: _main+24
GRS U T RSk E S, H I D- kAR,
17.6.4 ARM64 + Optimizing GCC (Linaro) 4.9

(ERAT e AR L e,

154 7E8 17.8  Optimizing GCC (Linaro) 4.9

ldr
ldr

bl

; result of pow(
adrp
add
bl
nov
1dp %29, x30, [sp], 1§

ret

11012:.1C2

.1CO:
; 32,01 in IEEE 754
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cword 171798692
cword 1073239479

.string"32.01 ~ 51£\n"

JAFIULA SN AEZ 2532 6 H DO A1 DI 777 SN B« STHE R4 powORESL, pow(BELEIZ S
S5 1 DO 37 B35 prinef B AL Y printfOEHCT Lol DL X-3:3k 45 E BTN T M0 A

TOEB AT B B ) D523k F AR R BB B, BT (IR MO T B G e ek S 4R
17.65 MIPS
#5472 17.9 Optimizing GCC 4.4.5 (IDA)
nain:
var_ 10 -
var_d
; function prolo
lui  $qp, (dword 9¢ >> 16}
addiugsp, -0x20
; load low 3
lwcl §112, dword 9C
; load address of powl) fu
1 $39, (pow & OxETEF) (Sgp)
; load high 32-bit part of 32.0L:
lucl $£13, SICO
lui §v0, (SIC1 >> 16} ; ?
; load low 32-bit part of 1.5
lucl $714, dword Ré
jalr $t9
$at, Szero ; branch delay slot, NOP
1y $gp, 0x20+var_l
; copy result from $£0 a
1
mfel $a2, §
; call
saC, {SIC2 >> 16} # *32.01 * 1.54 = slfin"
jalr $tg
la  $a0, {5LC2 & Ox 732,01 ~ 1.54 = $1f\n"
; function epilogue:
1w Sra, 0x20+var &(Ssp}
; return 0:
move §v0, Szero
3r
addiugsp, 0x20
.rodata.strl.4:0000008¢ $1C2: .aseii "32.01 ~ 1.54 = $1£\n"<0>
;32,01
_rodata.cst8: 00000098 xd 034040014 main+20
_rodata.cst8: Lword CxAE147 ain
SLCL: : maint24
_rodata.cst8: 0000 cuord_kd: 4 DATA XREF: main+ld




200 HETERREE (LK)

KBTI LUL RO s 16 R ALRIRISV0 7288, HeRiy Gl 4uio>16) 2 IDA 938
Do, A EREN 32 AR A7 16 . LISEIRS 16 A8, LUL TG4 HAERE 16 Rrr B4, Fdmifs Lwer
ZHIN LU RPN, EENEIRER LT 5. myi SIGER L, EHERRIEEAN.

MFC1 £ “Move From Coprocessor 17 (U455 . 4 MIPS % k., # 1 SWEALEE2 FPU. A 1L,
AR E IR M AL IR IS I A ARG, AN FHEAMAE R CPU B #7758 GPR. A7,
IXAARAT pow(eR BB H L T MIFISAS FISA2 FAF83E, SRS printf() 4 ISON 77 17 93 4L HR IR —
32 fr sl THT R 64 RO BT U

17.7  rhExiteR

AHF S FIRAR T

#include <stdie.h>

double
{

d_max {(double a, double b

if (a>b}
return a;

return b;

1

int main{)

1
printf ("$£\n", dmax (1.2, 3.4});
printf ("f\n", dmax (5.6, -4});

bi

BREXARERE, HECHILHRIMIFRB AR,
17.7.1 x86

Non-optimizing MSVC

54758 17.10 Non-optimizing MSVC 2010

_dmax  FROC
push  ebp
mov  ebp, esp
fld  QWORD PTR b [ebp]

; current stack state: ST(0] = b
; compare b (ST{0)) and _a, and pop register

fcomp GWORD PTR _a$lebp]
; stack is empty here

fnstsw ax
Test

ZN1ed_max
; we are here only if adh
fld QWORD PTR _a$[ebp!

Jmp  SHORT $1N2@d max
SLNIed max:



#17% FPU 201

dmex  ENCE

AL FLD HE 44BN b ks ST(O) #é&

FCOMP ¥ JEHLE ST (0) 5_a #fH, 4
. FPU FPIRE TR IR A 1640 =f{+22~ FiF#i4 FPU

e B AR LR JF rcow%;’% MRS (POP) —/Mif. FCOM 5 FCOMP HIZhi -
ZHfl. FCOM 4 SURR BRAT, TASBRE FPU Ak,

REEFE, 7E Intel P6  CPU L, FeiHiigs A
FIERRHEE) FPU 2738 L5 CPU 4088, BT LUXRR 1R B L A B R B
# Intel PG [ 5, FCOMI/FCOMIP/FUCOMI/FUCOMIP 154 R UU@EE: 1 5Ef 4464 9Thhe, i
RE CPU frisd
FNSTSW f§430 FPU

# (FFTRAR) 1 C3/C2/C0

ARSI IR AX SH£05. COC2C0 Fahiont i AX 1 14/10/8 7. S
o BRI TE AX SRR A s —H AH %17
o fIH pra, WC3. €2, COFAFRMELTHE 0 0y 0.

LIS A7 B E LR 04 04 1.

o WIF a=b, WEAHIESRBHE L 0. 0.

o IMEHBLTHAR (NaN slBdR A7), WHFHNMEE L. 1. 1.

72 FNSTSW 5448 FPU RZ 4 (A 0 S BIE] AX F T80, AX %ﬁ?}i%’\‘ bit {7 55 CO~-C3 #AT
ER MR T ETR.

14 10 g 8
[ To] [aala]
ELLAL B AMARE, CO~C3 5% bit frfRE MR AN R:
6 ] 1 0
[ [a] [a]alw]

57 $544E ah (9 (FPU #3355 5) s (AND) EH,
U test 25 R HAEE 0 LRI CO Ar LA 2 FOASRTAY C2 RARAL, RN HAB R AL

“test ah,

% AT S A A AL SRAL PE (parity flag).
CHTENT S FIEEF 17 IASG Tt <17 B NEC fBEL T PE RIRDY 1, BN 0.
AT &ki?iﬁ;%% IS, ﬂ‘fﬂi%wrﬁ/‘{tﬁ R A HIE AL FPU 4w A

A1
JP Bkt (Jump on Parity ). U4 C3/C2/CO
B4 bra B a=b KFHATE. B test #7430 ah 1

W COFn C2 A 0 AR

THr#uHE, C2 A1 C0 1%
1T <57 B5, b C3 HETE
£ G MR AR T ISR T TP JJE%. | FLD 1843075 1 _b HI{HE 2 ST(O)7F %,

sum Pro, Pentium 11 % CPU.




202 # i TEREEE (EAD)

FUER a M REEL ST (0) Wi,
AURTEERI C2 B

5 TEST $54 8543 (NaN Z159K), W C2 WS ML SR IEN 1. R RATHR AL
. WA R HE AL FPU I9HER, (AT RN B R AR 4

{EF OllyDbg MR ES— (a=1.2, b=34)

£ OllyDbg 3T JF4w FEAFUFRIT, TN 17.6 Fivs.

]

[E17.6 OllyDbg: M54 FLD 454
BT SRR R PR 32 (O, SV LR TERETI NS a=12,b=34. LR STO)& 17 AR T2
BRTAER b (3.4). F—H430UT FCOMP $84-, OllyDbg 2555 FCOMP (113 A 24, A BHBTERE
AT FCOMP $f4, A 17.7 Biom.

[ 17.7 OllyDbg: 45 FCOMP

BEET FPU B4R R R . R4k POP IS 4 HF] ST HASBET . AFRDLT S
S8Rt FPU 3 A 8RR, XEARFER.

SRIFIEAT FNSTSW 484, W 17.8 s .

T AX ST IR L . HisE, FPU MFTARRGAL A AT#OZ 4. OllyDbg ¥ FNSTSW iR5IJ) FS'
54, ERLIRGREE— &L,

T RIZAT TEST #84, WB 17.9 iR

PE AR 1. 3R E A 0 TLAHME 1, FiLl PF 2 1. OllyDbg I IP I JPE 4, Bl



#1178 FPU

4. AT, BFEMR P Bit.

[ 17.8 OliyDbg: 4T FNS

#1710 HATH 4 FLD &%




204 HEHTAERBEE (EH)

LR B R
BRREHZ (a=5.6, b=—4)
LA OllyDbg MM L0 T BUTFUT, Wl 17.11 iR,

A 17.11 OllyDbg: $ITH—% FLD #i4
EANEHHTIAN B, a 5.6, b 4. 1LZ], S8 b BEMBF] STO)FFE, WHHAT FCOMP
#4. OllyDbg /% B 845 FCOMP #15— 434,
4T FCOMP $54-, Ml 17.12 fim.

#17.12 OllyDbg: #4T FCOMP 4

CO Z AN FPU AR AL 0.

ARFHAT FNSTSW %“/\ A 17.13 FiR.

SRR AX FEAFER 04 0x100. COARREATE AX AHAF 251950 8 {1 CABRERIIFIRED .

BT KT TEST 3654

#0F 17.14 ffiz%, PF {2 0. HETE, 400 0x100 ¥4 2 MERIEUR, BEAH 141, 1 2w,
Wesflk IPE B
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" 17.14  OllyDbg:
B A% IPE Bk, BTULFLD M o BER{E, 42 5.6 WK

17 TES

g
BT ST 475, W 17.15 .

B 17.15 OllyDbg: #0473 — 4 FLI

D 14
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Oplimizing MSVC 2010

%‘é%ﬁ 17.11 Optimizing MSVC 2010

_d_max ENDP

ECOM $ 4 TSI Tii F3L i) FCOMP $ 4811 N, SiRE FPU BR. 100/ ROR RO AR SO
B, X EEIFA. BT, FCOM L 0 4 PR S AL X B S RTEIT
o WIE avh, W C3. C2. CORLMAMEITAIN O+ 0y 0
o I bra. MW
o i a=b, NN
HA “(estah 6

REECEN 15 0 0
S A (DI

3 (6 Bubit) F1CO (5 0 Arbio. 1 @b HINTE
BT, 1?»4\ Lol INE B, JEAHUTIRETEY FSTP ST(L): JEST (0) (RIS
S AT XAIEAIE ST (0) MM Gl i) SZHE ST @
5, ATZF POP H‘—Mﬁk 1 STOYFHEHEY o, FEBINEA.
BT, R AR A TEE S INE. D ST(OMHR(E. B STO)RTFak, A2
1%9:'{_%}\&3“ POP */MEL i STO)EASEET STOHIE, & wHELE b, &
13445 POP JF & FRRE MRS, FTLA I FRECIRIE S

NOP {RAESA
AL, BURED FPU MRS

iR OllyDbg WAM—: a=1.2/b=3.4 (R

ZeHUTHI4 FLD 38425, ot 17.16 HiRo
e E T FCOM 84, OllyDbg £ 5/ ST(O)R! STC)HI M

LEPF FCOMP JE4-2 ), CO A 1, J 50, W 1707 PR
JeHAT PNSTSW 354 2 J5, AX=0x3100, %14 17.18 BN .

47 TEST, Wi 17.19 iR,
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OllyDbg: #447 FNSTSW $4-

B ZF=0, BIMLRSFAFEBES.
FEHUT FSTP ST (I ST (0)) (A%, FPUHE 1.2 MERHL POP T HZk, ARITASH 3.4, fiIl 17.20 Bims.
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17.20 OllyDbg: AT FSTP #i4
WL “FSTPST” 4§45 “POPFPU #%” 54 tfE AL

4 OllyDbg Y51 —: a=5.6/b=-4 HFHF
TERAT M4 FLD $64 Z R 5 L&l 17.21 .

#1721 OllyDbg: #THi% FLD #i4




17§ FPU

209

KK EIEAT FCOM $54, W 17.22 B

1722 OllyDbg:

SRR A AR T A
HATIE FNSTSW 2 JTF, AX=0x30000, Wl 17.23 Fi7x.

1723 OllyDbg:
JLIEHAT TEST 4654, 0 17.24 Bs.

#1724 OllyDbg: 4T TEST



210 BIRARERIER (L)

TEAT TEST BT ZJE, ZF=1, ASMRAFEBIES.
W 1725 Pion, AT FSTPST (1) [RHE, FPU HIMIMHAR 5.6.

#1725 OllyDbg: AT FSTP #i4-
BT, FSTP ST(HRAARLIRE FPU ARTMNE, T2E2 STO)FFRME.
GCC4.4.1

IELER 1712 GCC 441

dmax proc near

qword ptr -10h

a aqword ptr -8
a_first_half = dword ptr 8
a_second_half = dword ptr 0Ch
b_firsc_half = dword ptr 10h
b_second half = dword ptr 14n
push  ebp
now ebp, &
sub esp, 10h
; put a and b to local sta
nov eax, [ebpta_first_nalf]
mov dword ptr |ebp+a), eax
nov eax, [ebp+a_second_half]
nov duord ptr [ebp+a+d], eax
mov sax, [ebp+b t_half]
nov dword ptr [ebp+d], eax
nov eax, [ebp-b_second_half]
mov dword ptr [ebp+b+d], eax

; load a and b ¢

fld
f1d e
i ent stack state: ST(0) - b; - a
fxch  st(l} ; this instruction swapping ST(1) and ST(0)

; current stack

ST(0) - a; ST{l) - b

; compare a and b and pop two values from stack, i.e., a and b
ax ; store FPU status to AX

SF, 7F, AF, PF, and CF flags state from AH

a1; store 1 to &L if CE-0 and 2F-0




2l a
short lec 5048453

loc_8048453:
f1d (ebp+b]

B048456:

d_max e

FUCOMPP 5 FCOM 354 [HhBgtfl. THIAFRE “Floating-Point Unsigned Compare AndPop”, FTLLEIERE
5, FPU H T LB POP Hk. BE5h TR “not-a-numberNaN” LA AT

FPU fit i AL 1R S NaN, JTER K, R EL 0 B4 R4AF . NaN X4 Quiet NaN F Signaling NaN.
% Quiet NaN HEAFSR{ERI A & 2L A, {3 Signaling NaN SEATIZS0H 2 51 RAHIR SRR .

AZEEE FCOM [FiR i3+ AT NaN, 1%4 3| e db BEHLED . 7T FUCOM {70 4b38 Signaling NaN
(EIFRSh SNaN) B A &t

R A di 4 G R (1454 SAHE (Store AHL into Flags). &4 i@ FPU . Bk, Ei
AH A2 8 AHASRILL FAIRREEE] CPU 98 fkr&

2

0
e |

fir C3/C2/CO u I SRS 4 E) AH 5 17200

S6. 2. 0feE

BifiEr, AL ENSTSW AX /SAHF i 4484, ILUD FPU ) C3/C2/C0 FFRfr A HIE CPU 8]
ZF/PF/CF b i
BUERZ—TF C3/C2/C0 #)

o S @b, U C3C2/CO KRN 0+ 0+ 0.

o I a<h, MPEAIENRE

o tuhta=b, MEAMKEN 1. 0. 0.

A, BT FUCOMPP/ENSTSW/SAHF X4 25, CPU .

e 1F a>h, M ZF=0, PF=0. CF=0.

o NF a<h, M ZF=0. PF=0, CF=1.

e HIE a=b, MZF=1, PF=0, CF=0.

SETNBE LUK CPU FRARORIAT K IR 4 FHE AL AR 0 o 1. SETNBE H#F CF Al ZF
SERLN 0 MEET, WE AL W 1, JARHR T RE AL=0. SETec 1 Jec RARE S . ARL SETee
SRR AR (0IR1), T Jee AR ?M‘H)ﬁﬁ'ﬂk"%

LEARGIT, HHTE a>b 11

AT AL K BBEDN |, FFRRmE 1Z Bk, myijéliﬂﬁ;z a; (TN FRER EIEA b

iz

Optimizing GCC 4.4.1

% GCC 441 (BT —03) ik LA, rIEEN T IR HRIRA

sstpi/jen wikipedi

ikiMNaN«
o B PERINTIR & FHER

. @ AE. BE. E%.
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$E<4E# 17.13  Optimizing GCC 4.4.1

public 4 max

proc near

; stack st

; stack

fnstsw ax
sahf
iz short loc 8048448

; store 87(0) to ST(0) (idle operation), pop value at top of stack,
i leave b at top

tstp st

jmp  short loc_804844a

loc_B048448:
; store _a to ST(l), pop value at top of stack, leave _z at top

fstp stil)
loc_BO4B44A:
pop  ebp
retn
d_max endp

MALGEFVERIEPATTE SAHF 3842550 JA 154 1. SEF b, BRI/ SR TIHHE I i 4 Tt as
PHEE 4553354 (JAJJAE, TB/ JBE, JE/IZ, INA/ INAE, INB/ INBE, INE/INZ), HA&ill CT Al ZF $5afir.
AT FSTSW/ENSTSW #54J5, C3/C2/CO bR IR £ AH %1788, AH &5 Cx IR FR:

s 2 1 o
[ [ o ‘ a]alao]
TERITRRE RALIE A 4 SAHF <qmre AH into Flags)/5, AH ZFFERM% LA 5 CPU B 8 (UbRRSALES
KA T
5 4 2 0
L SF 7 [ A | [ o ] [ o ]

'ﬂﬁj;i&WAPﬂ%ﬂ%mtmé&ﬁm FFIBAEZ T C3 0 CO bR LM 3% 5] ZF I CF brsfir.
AR ST IR A . W CF A1 ZF #5250, T JA BEEH -2t .
TRTEAR, FPU ) C3/C2/CO MRAMLZ FTEA & H 272 B AOAH AR, 20 1 77 (IR FPU BORR S 7 S
CPU AAENT by LMEAT A0 . X B R—ATRM A Z .

GCC 4.8.1 -HHITEL%Em-03

Intel P6 AFUV(H] FPU $ S4BT T — 41454 . IXL3E 4 FUCOMI (LLEHRERIF W E ¥ CPU &
AR F FCMOVee CHIXSFAbEE FPU % 778810 CMOVee 54, GCC MYEF A RTIH T 2845
BIT GCC, BARMATHE R SZHRF P6 LIATHY CPU (L 2 FFIG R LLETY CPUD.

@ Pentium Pro, Pentium-I1 2 J5 7 CPU.
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F4b, H Intel P6 Y1 CPU &, Intel CPU #f#44 1 FPU. IX{343 FPU LIBE. A CPU bR TTHE.
% GCC4.8.1 LR BEIF, AL F/Rigi2
i‘é’%‘r%ﬁ 17.14  Optimizing GCC 4.8.1

; lozd "a”
5 lead *b"

FXCH $544H 2 8% ST (DI SHIN ST OMEMATA M, IHREETURH. Shs b, WA
Fi% FLD #f4. D# 0 FCMOVBE(BE f{# below or cqual)ii# FCMOVA(M 7 above)fE 4, M4
STLRA FEXCH 154 T ST RN HRIT Sl ig A 6L

I/, FUCOMI HL& ST(0) (BB @) 1 ST(DEME (BIAEMR 5), FF4C CPU BB EAFRER. HTR
FCOMVBE 54 M B ERE (L, JET PR IEmE STO)=ST(L), Bl a<th, #ITST (1) H{H (LAY
Za) HHlH ST (0) FF8. LHEREST, B axb MRTL, SR ST (0) MERE.

G % FSTP $5 44 ST(0) 773 IR RIS H bR 2 ST, MUSH S 7 8 Jh TR
S, ALEIRE ST0) TSN, JFNEEIT LIMEAIRE (TOP), (F2
{2/ GDB REAFEF, AREW FHRMES .

4% % 17.15 Optimizing GCC 4.8.1 and GDB

~/polygon$ gee =03 dmax.c -o dmax -fno-inline

1 dennis@ubuntu
2 dennis@upuntuw ,:mlvgo'\s gdb d_max
3 GNU gb (GDB] 7.6.1-ubuntu
4
5
6

ght (c) zma Free Software Foundation, Tnc.
GEL version 3 or lats
is free softw you are free
e is NO WARRANTY, to the extent
how warranty' for details.

nse GELv3+:

"show copying”

. Type

.. [no debugging symbols found)...dore.

16 Starting program: /home/dennis/polygon/d max

18 Brezkpoint 1, 0x080484a0 in d max ()
19 (gab) ni

20 0x080484a4 in d max (]
21 (gdb) disas $eip

22 Dump of assembler code
23 0x080484a0 <i0>:

24 => 0x08048¢ad <>

25 0x080484a8 <+E>:

function d max:
0xd (sesp}
Oxcl¥esp)

26
27

% 0x080484ne fstp ¥st(l}
29 0x080484b0 ret

End of assembler durp.
1 {gdb) ni




#EIRREEE (L)

32 0x080484a8 in d_max {)
33 (gdo) info float
7

34 Valid  Ox3fff
Va 0 9999911
: Empty  0x00000060000000000000
Empty  0x00000000000000000000
: Empty  0xC0000000000000000000
Em 0x00000000000000000000
: Empty  0x00000000000060006000
: Empty  0x00000000000000000000
43 Status Word: 0x3000
14 TOB: 6
45 Control Word: 0x037% IM DM 2 OM UM PN
16 PC: Extended Precision (64-bits)
47 RC: Round to nearest
18 Tag Word: 0x0££E
49 Instruction Pointer: 0x73:0x080484ad
50 Operand Pointer: 0x7b: DxbEEEEILE
51 Opcode: 0x0000
52 (gdb) ni
53 0x080484aa in d_max ()
54 (gdb) info float
55 R7: valid +3. 11
56 =>R6: Valid  Ox3fff 41,1
57 B5: Empty  0x00000000000000000000
58 ®4: Empty  0x00000000000000000000
59 R3: Empty  0x00000000000000000000
60 R2: Empty  0x00000000000000000000
61 RI: Empty  0x00000000000000000000
62 RO: Empty  0x00000000000000000000
63
64 Status Word: 0x3000
65 0P; &
66 Control Word: 0x037f I DM ZM OM UM PM
67 PC: Extended Precision (64-bits)
68 RC: Round to nearest
69 Tag Word: 0x0££E
70 Instruction Pointer: 0x73:0x080484a8
71 Operand Pointer: 0x7b: 0xbfEEE118
72 Opeode: 0x0000

73 (gdb} disas $eip
74 Dump of assembler code for function d_max:

75 0x08048420 <+0>: £1d1 0x4 (3esp)

76 0x080484a4 <+4>: £1d1 Oxc(%esp)

77 0x080484a8 <+8>: fxch $st (1)

78 => 0x080484aa <+10>:  fucomi $st(1),%st
79 0x080484ac <+12>:  fcmovbe $st(l),%st
80  0x080484ae <+14>:  fstp ¥st(l]

81 0x080484b0 <+16>:  ret

82 End of assembler dump.
83 (gdb) ni

84 0x080484ac in d_max ()
85 (gdb) info registers

86 eax 0x1 1

87 ecx Oxbfffflcd  -1073745468
88 edx 0x8048340 134513472
89 ebx 0xb7fbf000  -1208225792
90 esp 0xbffffl0c  OxbfEEL10c
91 ebp OxbZfff128  Oxbffffl2g
92 esi 0x0 0

93 edi 0x0 0

94 eip 0x80484ac 0x80484ac <d_max+12>
95 eflags 0x203 [ CF IF ]

96 cs 0x73 115

97 ss 0x7b 123

98 ds 0x7b 123
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99 es 0x7D 23
100 fs 0x0 0
101 gs 0x33 -5 2
102 {gdb) ni
103 0x080484ae in d_max ()
104 (gdb} info float
Valid 0 9911
i E 1
0xC0C00CO0000000C000C0
0x00800600¢00000000C00
0x00000000500000000C00
0x00000000000000000C00
0x00000000000000000000
0x00000000000000000000
114 Status Word: 00
115 TOP: 6
116 Control Word 0x037f IM DM ZM CM UM PM
117 PC: Extended Precision (64-bits)
118 RC ound to nearest
119 Tag Word: £
120 Instruction Pointer: 0x080484ac
121 Operand Pointer: 0x7b:0xbff£f118
122 Opcede: 0x0000
123 (gdb) disas Seip .
124 Dump of assembler e for function d_max
125 £1dl 0x4 (%esp)
126 0x080484a4 <+4: £1dl Ox esp)
127 0x080484a8 <+8 ist(l)
128 0x080484aa <+10>: $st(l}, ¥st
129 0x080484ac <+12>: femovbe $sti{l),$st
130 => 0x080484ae <+14>: fstp &st(l}
131 0x0B0484b0 <+16>: ret
dump.
+3 11
Oxdﬂ’tﬂd 199999299999800
000000000000000000
OxDDwUC’JEJﬂ 00000000

0x00000000000000000000
0x00000000000000800000
0x00000000000000000000
0x00000000000000000000

Status Word:

0x3800

10

£ IM DM ZM O
Extended Pracision

Control Word: o ey

: Round to nearest
Tag Word: 0x3f

Instruction Pointer: 0x73:0x08048¢a

Operand Eointer: 0xTb: OxDEEEEILE
Opcede: 050000

(gab] quit
2 debugging

will be killed.

Quit anyway? [y or n} ¥
dennisubuntuvm: ~/polygons

ni” F4 AT LTSk 4 FLD 154
=ER 33 TIIRARTT FPU H 2RI
S (750 ) AL, FPU S35 E TREFGR IR i i, Esehs AR

EROEREE Y. BTLL GDB
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EAEAER (A

ALATAAERAIRR AR ENEHE ST, MR FPU RIS, Rx. 4 35 TR
AT AT 88 B T AR T B FTANES 44 1719 “Status Word /!
AN 6, FILMETUR 6 S HiMiaifr .

AR5 S4ATAE, FXCH R4 AT 88 o MR 5 b (13-

AHATILI 83 17119 FUCOMI 4547, TATRI7ES 95 (7B HI CF 4 1.

# 10417, FCMOVBE f&4 &2 1454 b (914

5 136 1780 FSTP S54-2r INHEARTI, Wa3fi—/ME. 15 TOP HU{HAE% 7, FPU FRIREHRMSE 7 2

ik
AT BRBRDE TR0 S . AP

1772 ARM

Optimizing Xcode 4.6.3 (LLVM) (ARM mode)

15458 17.16 Optimizing Xcode 4.6.3 (LLVM) (ARM mode)
VMOV
VMOV
VCI
VMRS
VMOVGT . F64
VMOV RO, R1, D16
BX LR

IXEFEFEIIDIR . BN EAARER D17, DI6 2T, (HH VCMPE 54 LUEIX P2
M. 15 x86 ALFEAAIGT, ARM ALFL A H ENPRAT TR MR E A2 05 ML 3 A o4k

A ARM BLUOTE S SR AEEEIR G, (LR EMAFEBIES#N RETTIL VI 4 PME AL 2545
ASFAEL . XAHE AR x86 RLMIF. FTLL, ARM T-E07E &1 1RSI B8R0 4 ML (S.j
Z. C. V) HHEIFNEHRE RN ASPR 57822, I VMRS 154, ]

VMOVGT & FPU L) MOVGT 4, AE8RAFHON T 5 — MRS AT ERE . XAMRAE
GT ft#& “Greater Than”.

AL T VMOVGT 54, M&A! D17 1A o (S HS) Die FFE.

T, D16 A i IR FRIEOR AR o FI(E

fEIEGE 4474 VMOV IERLESIFIRINGL, 3 D16 FAFAT 64 ArAQEIR I 1 % 32 #IfE.
S AERE T 577 85 RO R L,

Optimizing Xcode 4.6.3 (LLVM) (Thumb-2 mode)

{87 Xcode 4.6.3 GFRAMALETD LA Thumb-2 B4 % B F ol 33000 F s a4 .

i84%& 17.17 Optimizing Xcode 4.6.3 (LLVM) (Thumb-2 made)
VMOV D16, R2, R3 ;
o R

BPSR nzcv, FPSCR

D16, D17

BX R
Thumb-2 AL AR ARM #BIRI T AR . T892 RS ARM BI04 H 7 72X G
PLFAF SRATHIRT LR S
{ELR Thumb BER A IXFATERI AT & FE 4. Thumb B A opeode HAT 16 1. IXA 7 BT A
SAPHIITFEER PN 4 QLR E

@ ARM £ ) Floating-Point Status and Control Register.
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M ﬂ el J&Méa AT LA 3% Thumb #%K’KWW?H‘FHWE%%A}
LU &}). VMOVGT #i4-.

TR 4ES “ITGT”

T4 76 & 49 Thumb-2 74

oESies] W’rfﬁ DA AT T Hhfi 4.

IT $5 4 5B if—then ISR IO IN R R, 7 1T SHAZRMIRS (BT 4 £78%), Mi=T
7 then G AREH B i A BHEATIES . (ARG “IT GT” MW SCR: AR AITE R IO, 30—
“XT/Greater Than” A, WHTFE i1 &%,

ATKE T BB GOS D7 BHARIG B

#4752 17.18  Angry Birds Classic

gSend ; not prefixed

WTE” B “ifthen-else” MIGTE . EMELITETISMS: F—4HE then B B TR else I
AT RN AR S R
#5478 17.19  Angry Birds Classic

T

T BQ
0 80, R4

ADDEQ 5P, 5P, #0x20

POPEQ. 1 (28,R10}

BOPEQ {RE-RT, 2C}

BLX _ stack_chk_fail ; not prefixed

ITTTT AT 4 A T, 1R then V077 4 4464 IRIBEAMER, IDA SFLEN 4 43ATRINT EQ (/R4
Fﬁ 97 ﬁlThEF EQ FTEAHTRY, U “ifthen-else-clsc-clse-elsc”. FEAFHTH o IDA SR

TR ST UM S BT T L
454755 17.20 Angry Birds Classic

RO, HOXFFFFFFFE

ITTELE Figt “/NFEs T /LE(Less or Equal)” M4 PHEE, THAAT then BEBLEY 2 4304, &I

ST W) T else BRI 3 Fi84

j':ﬁ TE*E&J%)WU{?V‘T#M/\L (LRt R TIA 4 BRI T 4L (RS u“m
% i “ITITEITTITTEITITITTTT” 3 UA e )

ARSI, RIS IDA ﬂ‘ﬁmﬁﬁ-
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541 4 517 opeode. T IT 8414175 16 A7(K] opeode & OXBF, BT LATRA TR LI Linux 47164 -
cat AngryBirdsClassic.lst | grep " BF" | grep "IT" > results.lst
Bah, WREEAE ARM FICHIE 5 T L4975 Thumb-2 SR MMARIT, WA A EEERSFT
DIARR I A AT 2E, G A AR AR IT S5 4B AR AR A5 AL

Non-optimizing Xcode 4.6.3 (LLVM) (ARM mode)

#5478 17.21  Non-optimizing Xcode 4.6.3 (LLVM) (ARM mode)

= -0x20

a - -0x18
v = -0x10
= -1

R7, [SP,#saved R7]!

s, S, #7
D16, R2, R3
D17, RO, Rl
D17, (8P, §0x20+a]

D16, [

D16, [ 2
LDR D17, [5P,40x20+b]
VCHPE. F64 D16, D17
VMRS BPSRnzev, FPSCR

BIE

VLDR D16, (8P, k0x20+a]

VSTR 2, #0x20+val to_return]

B
1oc_2E08

VLIR D16, [SP,#0x20+b]

VSTR D16, [SB,#0x20+val to_return]
loc 2E10

VLDR D16, [SB,#0x20+val to return]

VMOV RO, RL, D16

MOV se, R7

LDR R7, [S8P+0x20+b],#4

BX 1R

KT T R MR AR o FVZE L b, TLMRAERE ST, JLARTT MR A 2 o
Optimizing Keil 6/2013 (Thumb mode)

{0 Keil 62013 PRSI0 LL Thumb $ERGIE LR TR0 T ITRETRA -
#5458 17.22  Optimizing Keil 6/2013 (Thumb mode)

PUSH {R3-R7,LR}

MOVS R4, R2

BS, R3

RS, RO

R7, R1
__aeabi_cdremple
loz_1C0

0

HOVS
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R1, RS
)4 {R3-R7,PC}
I 73247 Thumb FR-4 HIRE -V G RS K FPU TN, BLL Keil 941 FPU (MBEFE 4. RILTE
TEH, Keil A7 E RV FPU BILLEIE S, TRAEM T4 AL acabi_cdremple T {7204k,
TRE R, AR T 00 05 FURR A2 AE LU B IR (R B CPU RGAir, B LUR TR AT L)L B B0 4T BCS
(B-Carry Sct, A THRETFHER FHIR B BbE) ZHEMEHIITIES.

17.7.3 ARM64

Optimizing GCC (Linaro) 4.9

ARM64 4B 35 1) FPU S50 45, REBSANIEIS FPSCR EIEYEE APSR. Z/b, 76388 b FPU REMT T
EATEE, JEALHT FCMPE #7458 thE DO I DI B4288 T AOE (TR0 - 2230, R
ZERREARA APSR FFIRAL (NL Z, C. V).

FCSEL (Floating Conditional Select) # 7E#i%&{F GT (Greater Than) &ML, MIGSERNME
% D0 B DI (fEI DO 785, WEIBMAVE, (AT SRR, XAES K APSR F 1788 HL
FRAL Tk FPSCR B ATFFIREAT AN . AHELFHIA CPU IS, ARMG4 & F9iFl “TT i APSR”
RS LR

IR A AR RIL (GTY A%, T4 DO MR H DO MO CEIRRAEMAE . InF %4 R AT,
T DO #E K D1 A7 ARA91E .

Non-optimizing GCC (Linaro) 4.9

dmax:

; save input arguments in "Register Save Area”
s sp, sp, 416

do, [sp,8

do, dl

176

; 2>b; 1oad 0O (a} i
ldr

: a<=b; lead D1 {b} irto X0
ldr ®0, (spl

X3

d0, x0

+ zesult in 00
add sp, sp, 16
Tet.
TERARARFNGREZE, BFEROBFREL. Bk, BAOHASELETRBLER
* Register Save Area), FEHILIXE{ESE G X0/X1 F/288, FHEEIIEHE DO/DI . £ FCMPE #




#HIEREEE ()

TEHAT H

AR, DRZEIMACER F, gt Ak R R PR AP, FCMPE
WifY) APSR FRiH. NiE, FATT LG LR AR BT U5 (T FCSEL

54, FFLVEMA TEOAHE M RIEATHVE: SEMRKS AT BLE (Branch if Less than or Equal) &

@b WIRELR, A5 o RIS R X0 R0 10, 258 b AR (8% X0 F7a. B4

X0 fOEIEEET DO 25448, HOh BALERIN (.

EIRG AR 32 ) TR YR

%3/
PEAMIF S (W5 FCSEL #14) it 7. SRR BImmARF.
Optimizing GCC (Linaro) 4.9—float

(RS HEAE IS double H450A float 2 )5, HIIEATHIE:

float fmax (float a, float b)

(

L (avh)

return a;

return bi

b
~a,8 -k

fempe

fesel gt
; now result in S0

ret

TE8%, MAHAE D-3k {88, BORP S-Sk T AN 32 i (B 64 2
BEERALE

R T S-F3kHs

17.74 MIPS

M 24 4 W ) MIPS A0, HBMEARFLA R A B A RIFRIRRL.  CPU VI &

£ MIPS A58 DA AMFIRE T (B FCCO), BLELEBY REIT 8 4 (U FCCT~FCCO). IX4E4AH

P

L TR B D HF 4 (FCCR).

$54758 17.23  Optimizing GCC 4.4.5 (IDA)

FPU condition bit if $£14<$f12 (b<a}:
c.lt.d  $£l4, $f12
or $at, $zerc ; NOP
; jumo to locret_14 if condition bit is set
belt locret_14

; this inst is always executed (set return value to "a"}:

mov.d 0, $£12 ; branch delay slot
i this inst is executed only if branch was not tsken {i.e., if b>=a]
: set return to "b":

nov.d $£0, $£14
loczet 14

jr sra

or $at, §zero ; branch delay slot, NOP

“CLID” RHBFHAHMANTES . EEHOATT, “LT” FR4&MH “Less Than”, “D” RATE

1% double. ‘TR IREELLE IR BUKIR FOCO &

i

AFIRRAER (N 1D WHATEE . “T” & True MAEE, &
B BT S 47 AEXT NG BCIF 454, 7EHIE 450 F

“BCIT” #rill FCCO fi, M&iZ%
§4 MIEAT 4R “HRR R AT (Trued”. 8
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B 15
Fis b

G
FURBIESRTTREN S, EHIUET SFO HIMANME.

17.8  # . HHFBRERZRTE

Bige, Tl TATLURRARES) 12 b AR AR L R I 1 I, BV 124347 Y, BCR
SRR YGET €127, “347 MM, A AR T ML (stack machine) HURTHE. D
AT BRI A MRS, B0, B aA, B i Rt

17.9 x64

175 x86-64 FREEAL

BB H L, BB A 27 %,

17.10 ¢RI AL

17101 #EA1

b 17.7.0 THREIT 1Y FEXCH #54, AT S AT AR
17102 #&EH2

R PR,

#£47%% 17.24  Optimizing MSVC 2010

__real@4014000000000000 DY

4014000000000000T 7 5

A FROC
£1d QWORD
fadd  OWORD 2
fadd  QWORD P
fadd g

ret
=4 ENDE

#5478 17.25 Non-optimizing Keil 6/2013 (Thumb mode/compiled for Cortex-R4F CPU)




TR E (L)

BX 1r
ENDP

ki

%% 17.26  Optimizing GCC 4.9 (ARM64)

fadd  d0, d0, dl
frov  dl, 5.0e+C
fadd  d2, d0, d2
fadd  d3, d2, d3
fadd  d0, d3, d4
fdiv  d0, do, dl
ret

#547% % 17.27 Optimizing GCC 4.4.5 (MIPS) (IDA)

arg 10 = 0x10
arg 14 = 0xl4
arg_18 = 0x18
arg_1¢ = 0xIC
2rg_20 - 0x20
arg_24 = 0x24

lwcl  $£0, arg 14($sp)
add.d $£2, $f12, $f14
lwel  $£1, arg 10(Ssp)
lui  §v0, (SLCO >> 18)
add.d $£0, $f2, SE0
lwcl  §£2, arg 1C(Ssp)

or $at, Szero
lucl  $£3, arg_18($sp)
or $at, Szero

add.d $£0, $£2
lwcl 5£2, arg_24($sp)

or sat, $zero
lucl  $£3, arg_20($sp)
or sat, $zero

add.d $£0, $£2
lwel  $f2, dword 6C

or sat, $zero
lwcl  $£3, $LCO
jr sra

div.d $£0, $f2

s1C0: .word 0x40140000 § DATA XREF: £+C
¢ £444
dword_6C: .word O # DATA XREF: £+3C
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R, SRR RPN ARFAURA ) — A .
18.1 &N

#include <stdic.n>

printf (“altd]=td\n", i, alil};

return 0;
)i
18.1.1 x86
MSVC

I MSVC 2008 4% ERBFAIGUF IR IS
HEEHE 181 MSVC 2008

i osize =4

i size = 80

_main PRCC
push  ebp
mov ebp, esp
sub esp, B4 ; 00000054H

mov  DWORD PTR _iS(ebpl, 0
jmp  SHORT SLNG!

§INSEmain:
mov  eax, DWORD PTR _i§lebp]
add 8
mov  DWORD PTR _i$[ebpl, eax
SLN6Emain:

omp  DWORD PTR _i$[ebpl, 20; 00000C14H
jge  SEORT $N4@main
mov  ecx, DWORD 2TR _i$(ebp]

sl oeex, 1
mov  edx, DHORD TR _i$(ebp]
mov  DWORD PTR _a§[ebptedx*¢], ecx

jTp  SHORT SLNSEmain
SLN4@main:
mov  DWORD PTR _i$lebpl, O
jmp  SHORT $LN3@main
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SLN2@mair:
mov  eax, DWORD PTR _i$[ebp]
add  eax, 1
mov DWORD PTR _i$§[ebp), eax
SLN3@main:
cmp  DNORD PTR _i$(ebpl, 20  ; C0D00DL4H

jge  SHORT $LN1@main

mov. ecx, DWORD PTR _i§[er

mov edx, DWORD PTR _a$[ebp+ecx*4]

push  edx

mov eax, DWORD PTR _i$[ebp]

push

push

call

add  esp, 12

imp  SHORT $LN2@main
SLNlemain:

xor

nov

pop

ret

_main
KRR WAL ANRAT R 2 A, H—AMEFITEER, B AMAPRTED SR “shlecx, 17
JEAFIMEIEER ecx=ecex*2, EWHMNBHEBN 16.2.1 1. |
FRRE AR TS T 80 TR, DU 20 A 4 FHICH. |
BUFE {61 OllyDbg 3T IR HATRET
i 18,1 FiR, SR B TTRASR 32 fi int AR, B S TTENMREILRS I 2 &

‘sEsgERRRAE:

[ 18.1 OllyDbg: HUFH4L
[ 4 MO SRR AR T AR Y, T LB AT 0T LAZE N 7S i A TR el

GCC
B GCC 4.4.1 4% LBFRIT, WA FPURITES.

154758 182 GCC4.4.1
pupl:
main proc

ain
r ; DATA XREF: start+l7
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mov (esp+70n+2], 0 ;i
imp short loc 80484CR
loc 8048377
mov  eax, [esptTOn+i
nov eds, [esptiChti]
add edx, edx i edx=i*2
nov [espteax*4+70h+i 2], edx
add espt7Ch+i], 1 Poie+
loc_804840A:
emp (esp+70h+i], 13h
jle short loc_80483F7
mov [esp=T0h+i], 0
imp short loc 8048441
loc_§048418:
mov cax, [esp+iOh+i
mov  edx, [espreax=4+70n+i_2]
mov. t aADD "alsd]=td\n"
nov Onsvar_68], edx
mov  edx, [esp+T0h+i]
nov [esp+T0h+var_6C], edx
mov. lesp+70h+var_70], eax
call printf
add (espt70hti], 1
loc_8048441:
onp (esp=70R+i], 13n
jle short loc_804841B
mov  eax, 0
leave
retn
nain endp

TR AR o MEURETERRIR . TR, EEA GRS W IR, (R R EIR R
B ATCEIEE, RATFRIEX /MR B ol LU0 v 5 B S e R bl (RUFEEH. R A
alidx R BRI TR, I id REUUTRENA R MRS (RIS, B LR Hd
FAeEMMEL, RS TMYRARRBEAN TR

HANMEPIF FARER “swing” BT, BOEDMFIRIICEEL const charRIEHH. AHHHES|
SZJE, BATATCAMER] “string” [HIRAHATRE RIS | AMFPH—XILE CCH+RERMFTR AL

18.1.2 ARM

Non-optimizing Keil 6/2013 (ARM mode)
EXPORT main

STMED  SP!, {R4,IR}
SUB S, 5P, H0x50 §4HEE 20 4 int H04FHEASIE]

; first loop
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HOV R4, O s
B loc_4a0
loc 44
HOV RO, R4,LSLiL =R4*2
STR RO, [SB,R4,LSLH2] ore RO to SP+RI<<2 (same as SPHRA¥4)
ADD R4, R4, 1 is1
loc_480
CMP R4, #20 i 1<20?
BLT  loc_494 ;yes? loop again
; second loop
MOV RE, #0 i i
B loc_dc4
1oc_480
LDR B2, [8B,R4,15L#2] ; (printf W% 2 ABH) R2=* (sP+Rd<<q) (EETF+ (SP+RL*A))
MOV El, RY i £0% 1ABHD) R1=1
ADR KD, ahDD i d\n"
BL _ 2printf
ADD R4, R4, #1 ; imisl
loc_4cd
cup R4, #20 5 i<20?
BLT  loc_4BO ; yes, run loop body again
MOV, RO, #0 ; value to return

ADD  SP, SP, #0x50 5 BB 204 int WEREEN ‘
LDMFD SP!, {R4,PC}
AR G 32 0 (4 ) AR LS, EAEG 20 A int BAEEHTHE 80 (0x50) ‘i“
FAEEE . BEURFET “SUB SP, SP, 0x50” $5 4 BN IR RAFAE LT I 8]« 1
MR, B L R B2 \
EEFHAITTE NN, SiFRMAR | AMIZS “LSL#1” SSUFRRIES “ix2”, BT “MOV RO
R4,LSL#1” 454
“STRRO, [SP,R4,LSL#2]” S8 TIE RO FERMMSAMA. WHHATHYSE: B Sp i
TR Re fRFHR 4, BTN § A% 2 RIRAR i X4 MOARR MR, RS <SP+
RAX4” ENATHES HEA TR alM03EEH 0L,
TEH = AMEFR M, “LDR R2, [SP,R4,LSL#2]” $E41EE ali]fI{4.

Optimizing Keil 6/2013 (Thumb mode)

_main
BUSH  {R4,R5,LR}

; allocate place for 20 int variables + one more variable
sus  sP, 5P, #0x54

M .
OV RO, 40 ii
MOV RS, SP ; pointer to first array element

loc_1CE

1 (same as i%2)

<<2 {same as i*4)
;oi=itl

RO, 20 ; 1<207

R, [R5,R2]  ; store Rl to *{R5+R2) (same RS+i*4}

1oc_ICE ; yes, i<20, run loop body again
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loc_10C
1SLS RO, R4, #2 § RO=1<<2 (same as i*4)
LDR  R2, [R5,R0]  ; load from *{R5+R0} (same as RS+i*d)
MOVS  R1, R4
ADR RO, akDD ; "a(td]=3d\n"
BL 2printf
aDDS R4, RY, #1 ; i=idl
CMP R4, #20 i i<2c?
BLT  loc 1DC i yes, i<20, run loop body again
MOVS RO, #0 ; value to return

i deallocate Chunk, allocated for 20 int variables + one more variable
ADD  SP, SP, #0x5¢
POP (R4,RS5,PC}

Thumb #7571 ARM BRI+ MHIE . 7E Thumb SRR, QB HMEEHE M RES G0
LSLS). LA/t B Thumb #1547 SR S T R b ko
55k, APISTERE LSRR R T —2. XMREMRS 4 MFHALE LA,

Non-optimizing GCC 4.9.1 (ARM64)

#5458 18.3 Non-optimizing GCC 4.9.1 (ARMB4)
.LCO:

.string "a[sd]=sd\n"

in:
; save FP and LR in stack frame:
stp %29, %30, [sp, -112]!
; set stack frame [FP=SP)
add %29, sp, 0
; setting initial counter variable at 0 (WZR is the register always holding zero):
str wzr, [x29,108]
j jump to loop condition checking code:
b L2
L3
; load value of "i" varizble:
1dr WD, [x29,108]
; multiplicate it by 2:
1s 1
; find a place of an array in local stack:
add X0, %29, 2¢
; load 32-bit integer from local stack and sign extend it to 64-bit one
ldrsw  xl, (x29,1
; calculate address of element (X0+X1<<2=array address+it4)

08}

; and store W2 [i*2) there:

str w2, [x0,x1,1sl 2]
; increment counter (i}:

ldr w0, [x29,108)

add w0, wo, 1

str w0, [x29,108]
WL2:
; check if we finished:

ldr w0, [x29,108]

emp WD, 1%

i jump to L3 (loop body begin) if not:
3

; second part of the function begins here.

j setting initial counter variable at 0.

by the way, the same place in the local stack was used for counter,
because the same local variable (i) is being used as counter.

str war, [x29,108]
b L4

.L5:

i calculate array address:
add %0, x29, 24

i load "i" value:

ldrsw  x1, [x29,108]
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; load value from the array at the address (X04X1<<2 = address of array + i*4)
r w2, [x0,x1,1sl 2]
; load address cf the "a[%d]=%d\n" string:
adrp x0, .LCO
add x0, x0, :1012:.LCO
i load "i" variab! to Wl and pass it
ldr wl, [x23,108]
; W2 still contains the value of array element which was just loaded.
; call printf(}:

intf{} as second arqument:

bl printf
; increment "i" variable:
Ldr w0, [x29,108)
add w0, w0, 1
str w0, [x29,108]
JL4:
i are we finished?
ldr w0, [%29,108]
cnp w0, 19
; jump to the loop body begin if not:
ble LS
; return 0
mov w0, 0
; restore FP and LR:
1dp %29, x30, [spl, 112
et

18.1.3 MIPS

T[T MIPS B4 ¥ S e KB S-F KA. B S-FRHFMISART IR 1785, FLlRE
FMR A X LB A7 BRI AT 1 46 R AN IR

#5458 18.4 Optimizing GCC 4.4.5 (IDA)

main:

var_70 = -0x70
var_68 -0x68
var_14 = -Dx14
var_10

; function prologue:

lui $gp, (_gnu_local_gp >> 16}
addiu $sp, -0x80

la 5gp, (_gnu_local gp & OXFEFF)
B $ra, 0x80+var_d($sp)

sw $53, Ox60+var_8($sp)

su $52, 0xB0+var_C($sp)

su 551, 0x80+var_10($sp)

sw $50, 0x80+var_14($sp)

sw $gp, 0x80+var_70i3sp)

addiu $s1, $sp, Ox80+var_68

move $vl, $sl

move $v0, $zero

; that value will be used as & loop terminator.
; it was precalculated by GCC compiler at compile stage:
1 $a0, 0x28 # '('

# CODE XREF: main+3C

loc_34
i st

value into memory:
sw $v0, 0($vl)
be stored by 2 at each iteration:
addiu $v0, 2
; loop terminator reached?

ncrease valu




bne
i add 4 to address anyway:
addiu svl, ¢

g loop s ended

# "a(bd]=3d\n"

loc_54: # CODE XREF: maint70
i call printf():

(printf & OXFEFF) (Sgp)

0i8sl)

; jump to loop body if end is not
bne $s0, $32,

¢ mezory pointer to the next 32-bit
acdin $s1, 4

; function epil

$ra, 0x80+var 4($spl
$v0, Szero

b
1w 551, Ox80+var_10($sp)
it $50, 0x80+var_14(§spl
iz sra
addin $8p, 0x80
S1C0: .ascil "a[3d]=td\n"<0> # DATA XREF: main+ds

R —AMEREE TR B2 AT TS M. 7538 —MEPRIER R+, S0
LM (SVO KD R R 24, B s, PIMERBOEAERHERINEDL 2. 55 14
TCEMHAE TR 4, RVEREMARTSVI FHERALX MMM, HOFHER 4.

BB R RS HE 1 B printfQ B F KRBT . R LSS0 AR
Z31MH, $SO7ERRKISIRFHINEN Lo SH—MEFAE, B MEASS] A 8T A iR aE, JFE
EAEILEEED 4.

ST AT 39 T S RBVMEIALAL A . EITAEAR, G5 R B e R BRI TRIE

18.2 P [

1821 FREREAMFMSMIAE

i EFTR, BPRISERNET] index. DL amay[index MRS RTREAL. HAFAIHTT T HEBIRLFF HIAURS,
ST R RIS A T T T A HI R R 20 LU B4, WARF UL
SRRUSIEIR, LERAEHANR? CICHRESHETEMTARNE, XL uRZFUAL.

GiF, SHEAT FEMRT, SRASATRD ALBERRIR.

#include <stdio.h>

int maini]




230 B (B

int
int

[20];

for (i=0; i<20; i++
ali]=i*2;

printf ("a[20]=%d\n", al[201};

return 0;
b

£ MSVC 2008 4% 5 n[ 730 R Pisife 4.

#§<i5# 18.5 Non-optimizing MSVC 2008

$8G2474 DB '2[20]=%d", OaH, OOH

_i$ -

84 ; size

size = 80

_a$ 8
_main
push  ebp
nov ebp, esp
sub
mov
jmp
SLN2@main:
mov eax, DWORD PTR _i$[ebp]
zdd eax, 1
mov  DWORD PTR iS[ebp), eax
SLN3@main:
cmp  DWORD PTR _i$[ebpl, 20

jmp
$LN1@main:
mov  eax, DNORD PTR _a§[ebp+80]

eax
OFFSET $SG2474 ;
DWORD PTR _imp_printf
esp, 8

eax, eax

esp, ebp

ebp

push

HPATE RN 182 BioR.

AR P RO B S AUMREFR R S AR 80 5.

WFANET OllyDbg HF X MHMMFER. Wid 18.3 fir, 44 OllyDbg
IERIEAMERE, AR B E —MAZ S IR,

KR ARHE? RIBREHAHT, XAMER AT RN EBP 7 A 1 (A
I 18.4 Fim, BETHIRIGIE.

BURRH A T IpE e ST MR S e ? W R RSB TT, EEE e, HHE
ERIIRFE RS index RA(EAAZ . KUEHMRZEST, W Python Fl Java, HaMTILFHE.
BRI 4 = TR AR T O e«

[E 182 OllyDbg: iZHL&ER

RN
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FFAEH printf(iH

7184 OllyDbg: 7 EBP %7 8H0fH
18.22 AHBARZIMIHLRE

WEARERATTT LA “Fikhs” A AR IR SR 1 52 LA, IS ATRATVAE T ] DA K3 57 LAST 1Y
ik RS NHERE?

TS AR AT BT o

binclude <stdio.h>

int main{(}
{
int a[201;
int i;

for {i=0; i<30; itt)
alil=1;

return 0;

i
MSVC
K MSVC % 5 AT A 3100 F s H9HR 4«
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54 7%# 18.6 Non-optimizing MSVC 2008

i size =
i size = €0

mov  ebp, esp
sub  esp, 81

mov  DWORD PTR _i$(ebg), 0
imp  SHORT S$IN3@main

SLN2@main:

mov  eax, DHORD PTR _i$(ebp)
add  eax, 1

mov DWORD PTR _i§[ebpl, eax
SLN3@main:

cmp DWORL PTR _
jge SHORT $LN1E
mov ecx, DWORD PTR _i$|[ebp]

mov edx, DWORD PTR _i$[ebp] 5 REMATIAK

mov DWORD PTR _a$[ebprecx*d], edx; FEN#ALARA Bcx AL edx
jmp  SHORT $1N2@main

SLN1@main:

i§[ebp), 30 ;00000021
in

xor  eax, eax
mov. esp, ebp
vop  ebp
ret 0

_mzin  ENDP

SEAFXA HGTRRRFNR, FEREST . R A B AR, EIRAVEIIR TSR R
fli)1] OllyDbg f##EAMFERF, SFIEW 30 Ank, W 185 .

B 185 OllyDbg: {%% EBP HIEZ

WIRBSRATILY, AR, M 18.6 FiR.

UTE, FATFRA) 5T 25 47 IR

LR BIP [11{H (PC) & Ox15, XAVERFHI G ——% /b0 F win32 RECREGXAMERRE! B
FRAEMEAE R AR . FIRAT@MR, XN EBP HI{HA 0x14, ECX B EDX [f{£2 0x1D.

FefiT M — FREE.

PR main(FREL2 5, FRFERHORIRTT EBP FHESROMN. RERFSRT 4 4574, AT
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FARERER £ FEIIER 0+ sizeot(int) . RN ESP PR R I9ZER i, £8UT PUSH
MR E 2 R e g b F— bt

[Eou - monthiad

P 18.6 OllyDbg: ¥f EIP A7t Bl (e, (i

1, mainQERHHAEAEIT

ESP+84
ESP+88 iR el

WRMZ a[191HIRH R, AX4L af| BN R AT

TS a[20] SEPREERR AR BARTEH EBP.

BRI BT A IR . AHIEF 20 (0x14) R4 a[19]. ERECEMZAT, CPU &kt
SeiEs EBP MORIIAIL. APIT S HEINILRE 20 (0x14) B RET f54, #2% FHAT POPEIPJE4.

RET ?E“M%?T'tfiﬂ@ﬁ?ﬁ‘]ﬂ%iﬁ?ﬁ’&ﬁD‘Ji&,\i{lmhl, (bl % CRT A7 mainQ ML), A
RA {0 21 (0x15). CPU &34 0x15 RAOAATH, PLARSERUTIZ . (AR M B AT
=, i T .

s BEATHR TR B IR L.

YR TSR in BAL X SRR, R IBETT PR e Sy
EEGRKE, STERESRNETX, T LA A R B B AR PR 3L #E AR
REE, (HRTRKHFHILFAELER SRR R .

GCC
5 GCC 4.4.1 Gk LiBTF, PITEL

public main

main pro x
a - quord prr -5¢n
& = cuord ptr ~4

tipsfien wikipedia.org/wiki/Stack_buffer_overflow.
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push  ebp

mov  ebp, esp
sup esp, 60n ;
mov  [ebpril,
jmp  short loc_80483D1

loc 80463C3:

oy eax, [ebp-i]
mov
nov ehpreaxtéial, edx
add sbpHil, 1
1oc_BO4E3DL:
omp  [ebp+il, 1Dk
jle  short loc_80483C3
mov  eax, O
leave
retn
nain endp

7E Linux R4 B XAFRIF LT R B % /Segmentation fault,
HAMER GDB Debugger i

{gdb) r
Starting program: /home/dennis/RZ/1

Progran received signal S1G
0%00000016 in

SEGV, Segmentation fault.

(gdb} info r
eax

ecx

edx 2

ebx 0x26ef£4 2551796
esp Oxbffff4b0  DxbEEfE4DO
ebp 0x15  0x15

esi 0x0 0

edi 0x0 0

eip 0x16  0x16
eflags 0%10202 [ IF RF
cs 0x73

ss 0x7b

ds 0x7b

es 0x7b

fs 0x0

gs 0x33

{ga)

2% Linux fl Windows BRI AR 522 HIFE, BT Linux/Win32 T 7 8 A0R AR 2 5]
18.3 5P s HehiRir b

Fots CICHFRFE BURHLO R RIT R FEAAZL, BAH TR 40 A A0 2 AR T B 2B i . S
ATLUE R MSVC 4 2 25

JRTCs A 5k

/6% B

T4, TR UATE R HUR  iE — S A AR B, 7 S NBRRIRL, 7R S R iR 1 R e
RAAN MR R T, MY L) RET 7748 RS, Tl i TP Bk Cstop

@ 5 M4 EF hups:/fen.wikipedia.org/wiki/Buffer overflow protection.
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%18 !

TP BRATSRMN AR B SR B 2 AR, (B LA AR L 5
1 “HRLE canary”, EAESRE T “§ LHE R Y miners’ canary”. T
W THERY”, HSORIRE S TR AT A RS 5 AR R Gk ER G S NS,
BRI T AR, SRR BRI R RNAR A E, L RS HERE .

B AR MSVC ¥y RTCI AT RTCs B MERF A ISk ABALT, MRAEICRT B S AR h
ZHTHA@_RTC_CheckStackVars@8, HILMEI “HR &7 2HSIHE.

WAEATEE GCC TP X T A SRATHEST 5.2.4 WM BIFRBEAT 30«

4ifgef _GNUC_

dinclude <alloca.h> // GCC
4else
#include <malloc.h> // MSVC

#en
#include <stdio.h>

(6001 ;

£, 600, "hil! 3d, %d, sd\n", 1, 2, 3); // GCC

#else
snprintf (buf, 600, "hi! %d, %d, %d\n", 1, 2, 3); // MSVC
Fendif
puts { i
b
B A (LT 5 RAEEL T GCC 4.7.3 H&TEIRIBEINA TR S,

2GCC4T34 A S TR S
#4iE$ 187 GCC4.7.3

.Lco:
.string "hil %d, %, Sd\n"
ebp
bp, esp
ebx
sub  esp, 676
lea  ebx, [esp+3d]
and ebx, -16
nov
nov
mov
mov p+8], OFFSET FLAT: i "hi! %d, 3d, sd\n"
ov p+dl, 600
eax, DWORD P
eax, DWORD PTR
5
ebx, DWORD PTR [ebp-4]
.15

BEHLES T es:20, AREUSSIHE, BEERESARANHRY, HALR R Z il EL®
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BN EEE (LA

RAETEL. BT gs:20 Bl MRHERATZEW, K4 UM stack_chk fail, 7E Ubuntu 13.04 x86 .
BRI GHE L TR REER:

AFREIEMRAET M. HbiE, Linux TH s FEHLRIRE TLS (B 65 35) —FIFEREIE

AR

asmy/stackprotector.h) s IXAN AR BT R G IR T XA RITIEE .

@ TIB /& Thread Information Block. 1% 1L https:/fen.wikipedia.org/wiki/Win32_Thread_Information_Block .

*** puffer overflow detected ***: ./2 1 terminated
Backs

/1ib/1386-14;

.6{_fortify fail+0x63) [0xb7659bc3]
/1ib/1386-1inux-gnu/ -6 (+0x10593a) [0xb769893]
/1ib/1386-1inux-gnu/ +6{+0x105008) [0xb7698008]
/1ib/1386-1inux-gnu/1ibc.so. 6{_I0_default_xsputn+0x8c) [0xb7606e5c]
-gnu/libe. so.6{_T0_: ntf+0x165) [0xh75d7245]
x-gnu/1ibc.so.6{_vsprintf chk+0xc9} [0xb76980d9
1ibe.so0.6{_sprintf_chk+0x2£} [0xb7697fef]

libc.so.6{_libc_:

rt_main+0x£5) [0xb75ac335]

00000000 08:01 2097586 /home/dennis/2 1
00030000 08:01 2097586  /home/dennis/2_
00031000 08:01 2097586 /home/dennis/2 1
00000000 06:00 0 [heap]
00000000 08:01 1048602 /1ib/i366-1inu
00012000 08:
00015000 0
00000000 00
00000600 08:
00124000 08:
2012£00¢ O
rw=p 00000000 O
rw-p ¢0000000 CO:
z-xp 00000000 €D:
T-xp 00000000 08
r--p 0001£000
00020000 08:
00000000 00:

0-08042000
0-0804b200
094£2000 r

-gnu/1ibgoc_
/1ib/i386-1inux-gnu/libgee. s
/1ib/i386-1inux-gnu/libgee_s.so. 1

/11b/1386-1inux-gnu/Li
86-Linux-gnu/1i
386-Linux-gnu/.

[vdso]
/1ib/i386-linux-gnu/1d-2.17.50
/1ib/i386-1inux-gnu/1d-2.17.s0
/1ib/i386-1inux-gnu/1d-2.17.50
[stack]

pE£35000-DEE56000
Bported (core dumped)

os FER IR TE SR AL R B MU 277745 4 MS-DOS Al | DOS MRS, B fFasifEmm Iz, (g

SEAR R (Win32 BREETF IO s A28 E) Linux T gs SAE8I01EMA . Win32 (1) & F5772848 1 TIBY)
INFHVEMT I g FHEAMEM, B2 3.11 LLERAERN Linux BRI #EE T (arch/x86/incl

18.3.1 Optimizing Xcode 4.6.3 (LLVM) (Thumb—2 mode)

FATHER LLVM Fif AT IR MBAIERF, BE RN ERS0:

_main

war_64
var_60

var_
var_58
var_34
var_s0
var_4C
var_48
var_14
var_40
var_3C

var 38
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= -0x3¢
- -0x30
-0x2C
-0x28
- -0x2¢
-0x20
- -0x1C
-0x18
-0x14
- -0x10
PUSH {R4-RT, 1R}
ADD BT, SB, 20xC
STR.W RS, [SP,#0xCevar 101!
SUB sP, 52, #0x54
HOVE RO, #aObjc_methtype ; "objc_methtype”
Hovs B2, #0
HOVT.W RO, #0
HOVS RS, 0
apD RO, BC
LDR.W &8, (RO
LDR.W RO, [R8)
STR RD, [52,§0x64+canary]
MovS RO, #2
STR R2, (5%, #0x64+var_64]
STR RO, [S2,#0x6¢+var_60]
MOVS RO, #4
STR RO, [SP,20x64+var_5C]
MOVS RO,
ST RO, [SP,40x64+var_58]
HovS RO, #8
STR RO, [SP, $0x64+var_54]
Hovs RO, $0xA
STR RO, [SB,#0x64+var 50
Movs RO, #0xC
STR RO, [SB, §0x64+var_4C]
Movs RO, #0xE
RO, [S2,30x64+var_48]
R0, #0x10
20, [S7,#0x64+var_44]
RO, #0x12
RO, (52, #0xG4+var 40]
RO, #0x14
RO, [SP, #0x64+var_3Cl
RO, #0x16
RO, [SP,20x64+var_38]
RO, #0x18
RO, (S, #0x64+var_34]
RO, #0x1A
RO, [SB, $0x64+var_30]
RO, #0x1C
RO, [5B, #0x64+var_2C)
RO, #0x1E
RO, [SB, §0x64+var 28]
RD, #0x20
0, (82, #0x6¢+var_2¢]
70, #0x22
RO,
RO, #0x24
RO, [SP, #0x64+var_1C]

RO, #0x26

RO, [SP,#0x64+var 18]
Rd, OxFDA ; "a[3d
RO, P

R6, RO, #1
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ADD R4, PC
B loc_2F1C
; second loop begin

loc_2F
Al RO, RS, #1

R2, [R6, R3, LSL#2]

RS, RO

RO, B¢

R1, R5

_printf

RS, #0x13

loc_2F14

RO, [RB8]

R1, (SP,#0x64+canary]
RL

RO, ;Hl
BDCEQ s, SP, 40x5¢
LDREQ.¥W 38, [SP+0x64+var_64], 44
BOPEQ {R4-R7,PC}
BLX __stack_chk fail
KB Thumb-2 HEUAR A B3 PRI RIS —RIT T . LLVM i 800 A RO -
4N, ARM BT RME 4 MRCRTT R TR . ABRATRETHRBIET - |
PRERFRI T TR IR ISR AR (AR (RN R8 SAERR TR MITARSE), MUSHT ITTTE
EQ FTHf 4 4384 ——4 RO 4 0,34 /iSRRI HLIR b4, Q0SB AL 15 RAE T 284k, TP HBE TTTTE
EQ ST 4 44 “—EBQ” (K154, #TMA__stack_chk_fail SATRHME, Fhr LR EMEF. |

18.4 H

PUEEBA %0 AR A 4 CICHEREAR T I EMRRFT -

void f(int size)
{
int alsize];

i
TEGVER R, SRS ORISR ES R AR S KN EH TR, BRERENHI IR
HORR (RREE) KR, FUGRSTRAAE BRI KRR . |

R TS AL K, IRV A mallocQRBTA B H—ERATE, K5 HEILE
M BHAN = XE AR, BEIEAE CO9 ARHE (B 1S007, 6.7.5/2) ULATARSE, {H2H{E C99
VEIT BV HSRIFEY, PEBSEILA TR E AR alloca() ek # (PEIFITS B 5.2.4 10).

18.5 FH B IE

FIELUT R A .
54ES 188 HHWABER

#include <stdic.h>

const char* monthl[]=

@ (BRI C99 BHE(ISO07, pp 6.7.5/2)F TTASK AU T AVERE, LRSS, GCC IS TLA AT AL HE BN AL, 2
B, BB T A 524 BAGHLN alloca O A HHITI 7 RARLE .
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"January",

"auly",
"hugust”,
"September”,
"October",
"Noverber”,
"December"

Y

// in 0..11
const char*

{

range

get_mentnl (int month)

return monthl[month];

b
18.5.1 x64

#5455 189 Optimizing MSVC 2013 x64

_DRTA
monthl

SEGMENT

1$563130
16363131
18563132
563133
'ganuary', 0CH
'February', 00H
"March', 00K
‘April', OOH

§563122 DB
§563123 DB
3563124 DB
$5G3125 DB

$5G3126 DB '
$563127 DB *
$563128 DB

"September', 00H
"8s', Oak, 00%
"october!, 00H
"November', OCH
"December', 0CH

lea  rex, OFFSET FLAT:monthl
mov  rax, QWORD PTR [rcxtrax*8)
ret 0

get_monthl ENDP

ERRRFH DRI T

e 4454 MOVSXD I ECX (1) 32 (it EMUHEY
HMHAE, FARET RAX FERT. ECX A “ 47 1581 32 8T8k, FARTHE

BEHAT 64 (L, FUFEOMAZERIN 64

f.

JE i (sign-extension)y By 64 fir
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o KRBT RIVHETEME S RCX 1748

o BJS, WEME AL B (month) TR 8, FESIEE R IMAAIN. FA R 64 (IRGHGAL £
UnuhE CBIFESD) IONCIRAEE A 64 i (HI 8 T BILMEEIRP A TERMEA 8 FHE
T, [, 2 s B EHEEAN_E month*8. MOV $84 X 5e e T 747 I THE, T ELE
SR T HREFR MBI, ERAER LN, BECGIEIT A “February” HUfREHAAL.

G RO R A R R

45458 18.10 Optimizing GCC 4.9 x64

movsx rdi, edi

mov  rax, QWORD PTR menthl[O+rdi*€
ret

18.5.2 324I MSVC
A 32 i MSVC 4R 8840 P EIRFE P AT FHTRINEE 4.
454755 1811 Optimizing MSVC 2013 x86

_month$ = 8

_get_monthl PROC
mov eax, DWORD PTR _month$[esp-4]
mov eax, DWORD PTR _monthl[eax*4]
et 0

_get_monthl END?

30 QU E AR G0 64 BIEERT . BbAb, 32 BIRGMIRHE T 4 T80, PTLUHAE
HHEFENT 4

185.3 32 ARM

ARM in ARM mode

=4iE5 18,12 Optimizing Keil 6/2013 (ARM mode)

get_monthl BROC

LDR 1, 110.1001
LDR ,z0,L8L #2]
BX
ENDP

110.100]
DeD |l.datal|
DCB "January", 0
0CB “"February”, 0
DCB "Maren”, 0
ocB "Bpril", 0
=) "May", 0
oCB "June", 0
0CB “July", 0
DCB "August”, 0
ocB "September”, 0
e "0ctober™, 0
cB "November", 0
DCB "December”, 0

ARZR ||.data||, DATA, ALIGN=2

oD |I.conststring|
bco || .conststring| | +0x8
| .conststring| [+0x11

9
a
S
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cp |1.conststring] [-0x17
cD |1.conststring| [-Dxld
co I1.conststring] [~0x21
cD | .constszring| | -0x26
cD | .constszring| | ~0x2p
cp | constszring] |<0x32
oeD | .constszring| |-0x3c
cD |1.conststring| [~0x44
ncD | conststring| |+Dxdd

AR R E AP T RL F 8. HATTRMIREHBILIELY LDR 4 0% H . %2 month £
B2 255 R (ML) BN, ML d ik ch Rt il oE, HAXAMEEE 32 it
SERAATAN, LR PR R HIAFHE RO F A7 RE

Thumb X1 ARM 7%

BIF7E Thumb Bi:0 () LDR $64RAEMEAT LSL IS, FruMtimesi -2k,

get_montal PROC
1SLS  x0,x0,42

LR rl, |L0.64]
LRz, [rl,x0]
B 1
ENDP

1854 ARMG4

54755 18.13  Optimizing GCC 4.9 ARM64

get_monthl:
sdrp 1, .LBNCHORO

add x1, x1, :1012:.LANCHORG
ldr x0, [x1,w0, sxtw 3]
ret
.LANCHORG = . + 0
monthl, fobject
monthl, 96

~xword

+xvord

Lxord

_xword
.1c2:

.string "January"
.1C3:

.string "February”
.Lca:

.string "March"
RICH

.string "April"
.1C6:

.string "May"

.string "June”

.string "July"




242 # TR E (LA

.string "August"

ic1c:
.string "September"

Lcll:
.string "Octobez"

JLC12
.string "November"

LC13
.string "December"

Fht B ADRP/ADD 5 45H515%) X1 778 . U5, $4 LDR B4 EARENEH. Eit wo
AAFRR (525 month) MMZEH 3 i AL TFIRLL ), HIMITHFSEY R (sxew JEHAIH I 55
5 X0 B8 . JE I R EWIRN 64 A8 H LR REASAET X0 FHAEA.

1855 MIPS

#5458 18.14  Optimizing GCC 4.4.5 (IDA)

get_monthl:
; load address of table into $v0:

1a $v0, monthl
; take input value and multiply it by 4:
si1 a0,
; sum up address of table and multiplied value:
addu  $ab, $v0
; load table element at this address into $v0:
1w 5v0, 0($a0)
i return
jr sra
or $at, $zero ; branch delay slot, NOP
.data § .data.rel.local
.globl monthl
monthl: .word aJanuary # "January”
.word aFebruary # "February"
.word aMarch # "March"
.word akpril 4 "April"
.word aMay 4 "Hay"
.word adune 4 "June"
# "July"
g + "August"
_word aSeptember ¥ "September"
_word aOctober # "October"
~word aNovember # "November"
.word abecember # "Decenbe
.data # .rodata.strl.4
aJanuary: .ascii "January"<0>
aFebruary: February"<0>

aseptember:
a0ctober:
aNovember:
aDecember:

1856 #AE

A B IETE R 0~11. WERMAER 12, SREMARBR? BRERRERAXMAE,
AR RATHE, MEDHEMLER, FURRIERT ok, AR Al S & Fh RS b

i "March"<0>
"April"<0>
"May"<0>

i "August"<0>
i "September"<0>
i "October”<0>
"November"<0>
"December"<(>

el
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AALHEEF R A I AT RES R AT A
AR MSVC SR8 E M Wined 2%, RE
HAFERAR R TR T M1 B

#ESEHE 1815 IDA EMBEFLF

M IDA ST HIRATTHATZRE, MER PRI linker

0011000 offset aJanuary_1 ; DATE

3 offset
offset

aFebruary_1
abarch_1

"March"

pril®

i "July"
; "Rugust"
i “September"
i "October"
q i "November"
g o aecember_L ; "December”
aJanuary_1 db 'January',0 ; A XREF:
aFebruary 1 db 'February',0 i DATA XREF:
align 4
aMarch_1 db 'March',0 ; DATR XREF
align 4
ampril 1 db 'April’,o ; DATA XREF: .
ABIMRRFARN, LS B (0 B LU 4 480 &,
T REAESEPRAE BRI R 24 AT R

MR 12 R REAAMR? RPN SEFERE b FR% 13 8

FTAEEEET €137 ANTTHAHEA 64 Rrid:
5<iH# 18.16  Executable file in IDA

sub_140001
t0ff 1400110
.data: 00000001400

.

WA ALl B RN

020+4

11008

©a:0000000140021010
data:0000000140011018

ZHEBH, linker

T6E . WA —HHAE CPU

off_140011000  dq offset quord_140011060
; DATA XREF:
dq offset aFebruary_1 ; "February"
et aMarch 1 5 "March"
set ahpril 1 3 "aprile
offset aMay_1 i "May
offset ajune 1 ; "June"
offsec ajuly 1 5 "duly"
oifset ahugust_l ; "August”
offset aSeptember 1  ; "September”
offset a0ctober 1 ; "October”
ffset alovenber_1 5 "November”

t aDecemper 1
0011060 dg 7572617

aFebruary 1 db 'February',0 ; DATA KREF:
a ¢

1 db 'March',0 ; DATA XREF:

IBANHEUEHIE AL 0x797261756B614A . MU G H LA T4 R S b (o SRV i) A M, 364

PR BB HESEIXAMEAR KSR AN AL
Bl fRen

IR A ) RS PRAESHOAR I LEH OB, IS5 ANFYT R A58 L

h ; DATA XREF:
tazoff 140011000

.data:000000014001

-text:0000060140001003

sub_140001020+4
.dzta:0000000140011008
1010

AR

ARABIRKRIA

T o (EGRFEGUREL, AN U RZFE R 24 H4% “Fail Early, Fail Loudly” B “Fail-fast” X280 RLHARAE ) fE .
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C/C++assertions HiAMM TR L —, BATTLMELHRY, SHBIFHASHREERIEHZ K.

54 7% & 1817 assert() added

const char* get monthl_checked (int month)
{

assert (month<12);

return monthl [month] ;
i3

REERBRSIIHER A — NS EATNED assertOR L, T4 SHNIERERX N2 4T, B

FEREHAT SR b
#< %% 18.18  Optimizing MSVC 2013 x64
$5G3143 DB ‘m', O0H, 'o', OCH, 'n', OOH, 't', OOH, 'h', OOH, '.', OOH
D3 ‘c', O0H, 00H, 00H
$5G3144 DB 'm', 00H, 'o', OOH, 'n', OOH, 't', 00H, 'h', 00H, '<', OOH
DB ‘1', 004, '2', Q0H, OOH, OCH
month$ =
get_monthl_checked PROC
SLN5:
push  bx
sub rsp, 32
movsxd rbx, ecx
cmp ebx, 12
31 SHORT $LN3Eget_monthl
lea rdx, OFFSET FLAT:$5G3143
lea rcx, OFFSET FLAT:$SG3144
nov r8d, 28
call _wassert
$LN3@get monthl:
lea rcx, OFFSET FLAT:monthl
mov rax, QWORD PTR [rcx+rbx*8]
add rsp, 32
pop Tbx
TRE. 1]

get_monthl checked ENDP

TR, assert( RREAMEETIARERAEREL. Bk M, WEHT

ERMEBL I —A BB, H il % [ TR
TERHATREFE, Bl LB BILL UTF-16 # BRSO R R IERIER, DR assertO7E T HE

175 (29).

BRI ARESH 1% assert SRV EHURIEEA T KR NS 230

154 7E% 18.19 Optimizing GCC 4.9 x84

AT SR BASEE

N GCC Ity B4R

.ICL:

.string "month.c"

.Lc2:

.string “month<12”

get_monthl_checked:

cmp
ig

movsx

mov
ret

push
nov
nov
mov
mov

edi, 11
.16
rdi, edi

rax, QWORD PTR monthl[0+rdi*s]

ecx, OFFSET FLAT: PRETTY_FUNCTION_.

edx, 29
esi, OFFSET FLAT:.LCl
edi, OFFSET FLAT:.1C2

L2423




call assert_fail

__PRETTY_FUNCTION
.string

AT, GCC [f) 57 4 HE 5 50t 3 T

XL S TEIR B B A FF 45 17 4 JEAT HLRE——E ) PR T 08 1 M 1)
A A assert)E, TR K. BAMSVC Jyfil, Debug M MSVC IEAZTE K Y assert(), T
W FATIRNG MSVC BALA XA E T .

W Windows NT P “checked” Bl “free” B/MRA. Rl —MRAEAE(E G 1L Tk 25,
11 TET 79 38 — RS A FE asssert() T o

18.6 B ifikin

LB TS AU AR L RAN R
PEHLATPRIEEMEME I, ST — A BRI L, W IR SN — B 7, B4
AL AR AR I R REAE A BB B RO PR R 6 R

IR GE, U al3)[4] TR a[12BXRERG— A 12 D TE ML, W 180 TR,
£181 BER-GMERTSRA
AL I HARE
0 10101
! DI
2 10] 2]
3 10] 3]
4 1 (0]
5 mm
5 12
7 [NIE
8 12/10]
9 121
10 | 21121
1 [ 1213]

FERFEZT, 334 M ZREA K RATROBELER 12 A%, 02 18.2 Fiom.
£ 182 ZHEBENTRHEMREBE
\

1 2 | 3
] s 6 | 7
[ 9 10 [ I

TEHE FIRBA P IAREETO RN AR S LU RS B — AR R 4 U
FRBD, TSI L3 ARG o KT C/ICH, Python I “AF (RS HIF” (row-majororder).
FrgfTitsE, MEsR RIS AR THORETE, RIF R ZT.

AHNE M, ABF “BUERSERIITT” (column-major order). Fortran. Matlab. R ¥ 75 34 T SRR
RO TSR P 45 250

IAPIAMUERIUT AR ? WER BB AL RE , SRERIOIEAE S % (scheme)HIZAR 7= (data
organization) [CAL e NEARTIVCAL, A ARRRFRURT ARG T A EHE, BAAE ARSI A .
STL BURFEFFLL “BAT” M rsur s, AR AR S LT R E RIS R S . RZIRR
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Hw TN EEE (B4

18.6.1 Z#EELA R

A char ZSMBRIAIE A THHAL, WA SRR | AT,
LAFHRSEAITR B

TR TASHEE “0~3” WRBANS_IT.

SR 1820 BITHAEKIE

#include <stdio.h>
char al3]4];

int main{]

/BT
for (x=0; x<3; x+4)
T (y=0; y<d; y)
alx) lyl=0

AT 0. 1. 24 3.

[ 18.7 OllyDbg: HUFHHMF AL
PRy wislisl iz sk e

TIRRFHEAAME =FAFEA 04 1. 2.

E4ER 1821 BIEFTHIE

ude <stdic.h>

char a[3][4];

int main()

for (y=0; y<di y++)
alx][y)=0;

B=FIAAEOL 1L 2.

2 05 63 08|
G 06 08 05|

60 00/0g o0 0o 68
60 80 06 60 69 oe ool

188 OllyDbg: SUFEHZ I H4L
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18.6.2 D—##AMN AR50 Z %A
L4 dem i 2 1

#include <stdio.n>

char a[3][4];

get_by_coordinatesl {char

/[31(4], int &, int b)

rn array(a] [b];

array as one-cimensicna
y width here
return array[a*dib];

b

char get by coordinates3 (char *array, int a, int b}

// treat input array as pointer,
// cal, e address, get value at it
// 4 is array width herc

return *{arrayia*ish);

b

int main() {
al2](3]=123;
printf ("3d\n", get by coordinatesl{a, 2, 3))
printf ("$d\n", get by coordirates2(a, 2, 3)1;
printf ("$d\n", get by coordinates3(a, 2, 3)};

et

GEFFIBAT LB RRRE, TR B H T 2 AT

MSVC 2013 M iEmT T, AR i 4 e — 8.
18§47 18.22 Optimizing MSVC 2013 x64

array$ = 8
as = 16

b$ = 2¢

movsxd rax, r8d
movsxd 1%, edx

add  rax, rex
; RiX=btaddress of array
movzx eax, BYTE PTR [rax+tr$+d]
~load byte at address RAX+R9*4=b+address of array+a
et 0

*4=address

get_by_coordin:

array$ = 3
as = 16
b$ = 24

get_by_coordinates2 PROC
movsxd rax, r8d
movsxd r9, edx

of
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#HTRAAHE (F

coordinatesl PROC
movsxd rax, réd
movsxd r9, edx

add  rax, rex
movzx eax, BYTE PTR [rax+r9*4]
ret 0

get_by coordinatesl ENDP
GCC AR S, REFHEINIELIH K.
154758 18.23 Optimizing GCC 4.9 x64

ddress of array

get by coordinatesl:
; sign-extend input 32-bil int values "a" and "b" to 64-bit ones
movsx  rsi, esi
movsx  rdx, edx
lea  rax, [rdi+rsi®é]
; RAX=RDI+RSIv4=address of array+a*d
movzx eax, BYTE PTR [rax+rdx]
; AL=load byte at address RAX+RDX=address of array+a*+b
ret

get_by coordinates2:

lez  eax, [rdx+rsitd]
i REX=RDK+RSI*¢=bta*d
cdge

movzx eax, BYTE PIR [rdi+rax]
; BlL=load byte at address RDI+REX=address of arraytb+ta*d
ret

get_by_coordinates3:
sal  esi, 2
; ESI=a<<2=a*4
; sign-extend input 32-bit int values "a*d4" and "b" to 64-bit ones
movsx  rdx, edx
movsx  rsi, esi
add  rdi, zsi
SI=address of array+a*d
PTR [rdi+rdx]
RDI+RDX=address of array+a*dsb

; RDI=RD
movzx  eax, BY!

; BL=load byte at addre
ret

18.6.3 Z#E#HA

ZYHMANFRBEERZ .

7EFERE T, ROFR— BRI R = g, S REUCR L 4 AT,
RAEBUWTF RIS

15475 H 18.24 simple example

#include <stdio.h>

S MSVC 2010 $wiF)E, XA BREOT R

R ARIBU TR
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£47 8 18.25 MSVC 2010

_DATA SEGMENT

CcoMY _a:DHORD: 0177CH
_DATA ENDS

BUBLIC _insert

_TEXT SEGMENT

x$ =8 i

=20
PROC
ebp
ebp, esp
mov  eax, DWORD PTR _x$ ebp]
imul  eax, 2400 ; eax=60074*x
mov  ecx, DHORD TR _y$[ebp]
imil  ecx, 120 i ecx=30%4ry
lea  edx, DNCRD PTR _aleax+ecx]; edx=a + 600%4*x + 30+4*y
mov  eax, DWORD PTR _z$[ebp]
nov RD PTR value$ [ebp]
nov WORD PTR [edxteax+4], ecx; *(edx+z+)
pop ebp
ret 0
_insert ENDP
_TEXT ENDS

PR X T =44 CGintalx)[yl[z]:) SR, & TC R IR A R R 204170 2 iE=600x4x
+30xdy 4z 32 RLRGR int KRR 32 A (4 T HuR, FTUAEERHERL 4.

fEH GCC 4.4.1 i LR A0 F iR 1975 4
HLES 1826 GCC4.4.1

public insert
insert proc near

= dword ptr 8
dword ptr 0Ch
z dword ptr 10h

value dword ptr 14h
push  ebp
mov  ebp, esp
push  ebx
mov
mnov
nov
lea
mov
shl
sup
imul edx, ebx, 600
add  eax, edx +edx=y¥30 + x*600
lea  edx, [eaxtecx] i edx=y*30 + x*600 + 2
mov  eax, [ebptvalue]
mov dword ptr ds:aledx*4], eax ; *{atedx*4)=value
pop  ebx
pop  ebp
retn

insert endp

GCC BLHIFER MSVC AR, 25 H5E 30y I9HS %, GCC WA i I SRkt & HEARRY +
P <<= +))=Qy)<<4-2y=2x16y-2y=32y-2y=30y. AR, GCCHATME. MBIBRHEE
5, BAT MSVC RAMTREIEE. GCC SRS BT BB AT Foii2 0 3 R b
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ARM + Non-optimizing Xcode 4.6.3 (LLVM) (Thumb mode)

454758 18.27 Non-optimizing Xcode 4.6.3 (LLVM) (Thumb mode)

insert

value = -0x10

; allocate place in local stack for 4 values of int type
14 #0:

9 ; get pointer to array
RO, (5P, $0x10+x]

RL, (5P, #0x10+y]

R2, (SP,#0x10+2]

R3, (SP,}0
RO, (5P, 0
R1, ([SP,#0x10+z]
R2, (SP,#0x10+y]
B3, [SP,#0x10+x]
RL2, 2400

R3, R3, RIZ

K3, R9

R9, 120

RO, [R1] ; Rl -
; desllocate place in loca
RDD SP, SP, £0x10

BX IR

AR RGBTSR F, LLVM AR T 2 8
AT, P& TR A LI T AT SO R

4 values of int type

SRR IE TR N E A, E8

ARM + Optimizing Xcode 4.6.3 (LLVM) + Thumb mode
JERBEARETRUS, 8] LLVM Ll Thumb A4 00 SR a9 81 W R IR I 154
36475 # 18.28  Optimizing Xcode 4.6.3 (LLVM) (Thumb mode)

89, #0x10EC
712, #2400
k9, £0
21,R1,R1,LSLE4 RL-y.R1=y<<d-y=y*16-y=y*15
29, 2

» [R9)

80, RO, R12, R9
RO, RO, R1,LSLE3

- pointer to a. R0=x*2400 + ptr to a
+R1<<3 = RO4RL*B = x¥2400 + ptr to 2 + y

STR.® R3, [RO,R2,LSL¥2]
BX LR i P
LLVM 2 T GCC sl $107 5, AL T ik, frds.
Ry “RSB (Reverse Subtract)” ¥54- sk AT/ 44ct . RSB 354 HOMIE kit &, H T2 ¢
SABHD WEBR 1 BETABED, IPBE I BRI, NIEAETIA SUB SRS ULRAENL
HEAUE? 1K EM SUB A RSB #hRAL 8 — /MRS TRASIES. WAEA SUB 454, M LSL#4 HE

=R0=z*4 =
4+ x¥600%4 + 274
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AN ANREBUR I, 2IERORH]LRIREL, TT RSB $548 T SRR e T3 T 324 AR
“LDR.W RY, [R9]” #54-F1 x86 i) LEA $54Hifl. FURIX IR A5 ST B4R, FTUR TR
A AR, REREIATAN AR A

MIPS

RAEREFAVN I, GOC LLARtaSH GP £2 64KB Al Tl 53T 2 151,
< IF$ 1829 Optimizing GCC 4.4.5 (IDA)

insert:

ve

i $v0 = Sal<<h =

$a0, 3
5 520 = $a0<<d = x+g
addu 540, $v0
5 $a0 = $a04$V0 = x*G+x*32 - x440
s11 $vl, $al, 5
i 8v1 = $al<<S = yr32
s11 $v0, Sa0, 4
7 $v0 = 5a0<<d = x*40*16 = x7540
sil $al, 1
; %2l = Sale<l = g2
subu 5al, $vl, $al
; sal = $vi-sal = y*32-y*2 = y*30
subu 0, sv0
i $al = 5v0-8a0 = x*640-x40 = x*6
_gnu_local_gp
sal, a0
$az

i load address of &
1w 5v0, (& & OXFEFF) (Sgp)
i multiply index by ¢ to scek array element:

sil a0, 2
; sum up multiplied index and table address:
addu $a0,
; store value into table and return:
ir sra
s $a3,

.comm a:0x1770

1864 ELZEA

WHHLN RoR B — 1 2D BR*
A 83 M KA

18.7 —iEFH BIKLALLE EHR X

I, SR AR A

TR 18.8 BTRIOREFERL, Wn B HI-Ha 0 0045 SR0T A, Mo AT e FHIPIAERRAR o
A AR LIZL WP IR AR 2 R e S TR AT, BT BT 5 0E

#include <stdio.h>
#include <assert.h>
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#EIRREEE (E#)

const char month2[12][10]=

{

3, e, ety 0,
(TR et B, e, ey,
(e e, et m, 0, 0,
{ ' 'y 0, 0,
{ o, 0, 0,
gt ut, e, 000, 0,
g ey, 00 0 0
CORLu g, s e, 0,
('St ter,tpt, Y, et 'mY, b,
{0 rer, e, ot e, e, e,
LN e, vt e, e, b e,

SO R
i
/{ in 0..11 range
const char* get_month2 (int month}
 §
return smonth2[month] [01;
i
G AR ERA FTRIE S
15475 % 18.30 Optimizing MSVC 2013 x64

month2 DB 04at
DB 061
LB O6eE
0B 075H
o8 061H
DB 072H
DB 0791
DB 008
DB 008 |
0B 00z ‘

get_month2 PROC
; sign-extend input argument and promote Lo €1-bit value
movsxd  rax, ecx
learcx, QWORD PTR [rax+rax*d

; RCX=month+month*4=month*5
lea rax, OFFSET FLAT:month2

; REX=pointer to table
lea rax, QWORD PTR (rax+rcx*2

; REX-pointer to table = RCK*2=pointer to table + month*b*2=pointer to table + month*10
ret 0

get_month2 ENDP

FRBEREARTHAL. EPRENID6E, REHEAMG AR RN EFEE

pointer_to_the_table+month*10. MM #.4 LEA $54, % T £ 4 MUL Fl MOV $4.

EREAL IS A E T 10 TR B IR R September” NPT AL M5 F 1

HAMTHERTTHATE, UG TAEAT I 10 5, e ok, HHE A R AL

iR GCC 4.9 AT MALSE, FFETES

35458 18.31 Optimizing GCC 4.9 x64

movsx  rdi, edi
Les rax, [rditrdi*é]
lea rax, month?[rax+rax]

ret

‘CRBEE LEA SR4HEAT “IRLL 107 HUIBHT.
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i GCC AT IS, IATFEH A LT KRG IR .

154 % 5 18.32 Non-optimizing GCC 4.9 x64

get_month2:
push

; RAX = monlh<<2 = month*4

mornth*4+month = month*s
, rax
n*5%2 = month*10
FLAT:month2
the table

; RAX = RAX¥2
add
7 RBX = moath~

TERTF RS s MSVC $iF SR F# e IMUL 174«
#5475 % 18.33 Non-optimizing MSVC 2013 x64

months = 8
get_month2

rex, OFFSET FLAT:month2

to the taple

rox, rax

- pointer to the table+month*10
rax, rox

r to the table+month*10

ecx, 1

rex, rex, 0

, rex

to the tabletmonth*10 +
res 0

gel_month? ENDP

A AATEES AT Hfl4 RCX ZRLUE, HEFNFERLERE? BRUEREWRLZT
SR R DR RSN T . A LAESURKH BT, EAERE AENR T RFS
ERHTRA BT, TZE AR R A R R T AR

18.7.1 32 L ARM

0 = pointer to the tabletmonth<10

i Keil AR LR Thumb BIVERF, S EBMATLIENTS MULS.
54758 18.34  Optimizing Keil 6/2013 (Thumb mode)

v 1, f0xa
i R1=10

NULS £0,rl, 10
; R0 = RI*RO = 10*month




254 FHTRRAEE (B8

LDR r1, 110.68]
; R1 = pointer to the table
2005 20,20, 11
i RO = RO+R1 = 10*month + pointer to the table

BX 1r
LA PR A ARM BT, S ERLIMEIZ SR BRI 4.
#5475 % 18.35 Optimizing Keil /2013 (ARM mode)

LOR rl, |L0.104]
; R1 = pointer to the table
DD £0,x0,x0,LSL $2
; R0 = RO+RO<<2 = RO+R0*4 = month*S
ani r0,r1,r0,LSL #1
; RO = RI+R0<<2 - pointer to the table + month*5*2 = pointer to the table + month*10
BX r

18.7.2 ARM64

7% 18.36  Optimizing GCC 4.9 ARM&4

i W0 = month
sxtw  x0, w0

i X0 = sign-extended input value
adrp  x1, .LANCHORL

add x1, xl, :1ol2:.LANCHORL
; X1 = pointer to the table
add x0, x0, x0, lsl 2
;XD = XO+X0<<2 = XO+X0¥4 = XO*5
aad x0, x1, x0, 1s1 1
;XD = X1#X0<<1 = X1+X0*2 = pointer to the table + X0*10
ret

SXTW f5448 32 BiA 15 SRR R4 64 LI H S 4R, BT X0 F7745. ADRP/ADD f&
TG FHAT L. ADD 549 LSL B4 T T HRILIZE .

187.3 MIPS

545 % 18.37 Optimizing GCC 4.4.5 (IDA)

.globl get_month2

s11 $v0, $a0, 3
= month*g
s11 $a0, 1
; 820 = 5a0<<l = month*2
addu $a0, $v0
; $a0 = month*2+month*8 = month*10
; load address the table:
la $v0, month2
sum up table address and index we calculated and return:
apd Sra
du $v0, $al

month2: .ascii "January"<0>
.byte 0

aFebruary: .ascii uary"<0>
.byte

aMarch: .ascii "March"<0>

.byte 0, 0, 0, 0

akpril: 17<0>
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allay: .ascii "May"<0>
9,0, 0,0, 0,0
adune: "June"<0>
0,0, 0,0
aduly:
=Bugust:

aDecemper: E ber"<0>
+0,0,0,0 0,0 0

1874 B%

FATRAP AR T2 M HAHA, Oracle RDBMS HIFEIF gl @ MM T IXFHHA. BARSR
SEURR AT REAR > B IX AP SR BOR T, (ER T o BUBOR T 78 S OREUAL I 3 O 14T 5 -

18.8 AZE /|

AENAET, SR CHEA I — HR2RER . BTl LRI R, HE W LS
PREA RS . B I K T g s T

18.9 k3 AM

189.1 #ME1
iR MR BT b .

#5<IERE 18.38 MSVC 2010+/01

i osize = ¢
12 i osize = 4
6 i size = 4

2sEEYRY s, COMDAT
DHORD PTR _b$
DHORD PTR _a$=sp
DWCRD PTR _c[esp-4]

push  esi
push  edi

sup  ecx, eax
sub edx, eax
edi, 200 ;00000028
100 5 00000CE4H
esi

GWORD PTR [ecx+eax]
QRORD PTR [eax
QWORD PTR [edx+eax]
eax, &

esi

jne  SHORT $LL3@s
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$ 0 TR E (EH)

pop  edi
pop  esi

?s@@'!AXEANOg@Z ENDP ;s
/01 R% minimize space, EPZEm&/ M CEERIFRRE .
Wik Keil 5,03 S HARATR-03) HEEM1FH7 ARM B AF 0 FHIr.

1547EH 18.39

Optimizing Keil 6/2013 (ARM mode)

PUSH  {rd-rl2,1r}

MoV, r9,r2

MOV, rl0,rl

MOV, rll, r0

MoV 8, 0
1L0.20]

20D 0,15, £5,LSL 43

ADD 0,10, 15, LSL #4

oV 24,40

ADD r8,r10,r0,1SL 45 '

aDD r7,r11,£0,LSL 45

ADD ,x0,LSL #5
110.44]

am 0,18, rd, LSL §3

LD 0, {r2,13}

ADD rl,r7,r4,LSL #3

LDM 1, {r0,rl}

BL __aeabi_dadd

20D r2,16,14,LSL 43

ADD rd, 4, 41

ST™ t2,{r0,rl}

cup r4,40x64

BLT 110. 44|

aoD r5,25,41

cup 5, $0xc8

BLT 110.20]

PP {r4-r12,pc}
154 7%# 18.40 Optimizing Keil 6/2013 (Thumb mode)

PUSH  {20-r2,ré-z7,1r}

MOVS rd, #0

SUB sp, sp, #8
120.61

HOVS  rl,#0x19

MOVS 0,4

1SLS  rl,rl,#5

MULS  x0,rl,x0

LIR 2, [sp,#8]

LDR rl, [sp, #0xc]

ADDS 12,1012

STR r2, (sp, §0]

LDR r2, [sp, $0x10]

MOVS z8

ADDS r7,x0,r2

ADDS 0,z0,rl

STR 0, [sp, #4]
110.32

LSL: r6,r5,43

ADDS  z0,r0,16

LoM 0!, {r2,r3}

LD

ADDS 11,1016

LoM rl,{z0,rl}

BL _asabi_dadd

ADDS /6

ADDS  15,15,41




#18F #

21, {x0, 1)
x5, #0x64
110.62]
0, [sp, #4]
120.32]
120.62|
ADDS  ré, x4, 41
cue x4, $0xc8
BLT 120.6]
ADD sp, 5p, #0x14
rop {rd-r1,pc

$547%% 18.41 Non-optimizing GCC 4.9 (ARM64)

st
sp, sp, 48
®0, [sp,24]
X1, [sp,16]
x2, [sp,8]
wzr, [sp,44]
L2
.15:
str wzr, [sp,40]
L4z
ldr wl, [sp,44]
mov w0, 100
mul w0, wl, W0
sxtw  x1, w0
ldrsw %0, [sp,40]
add X0, x1, x0
1s1 x0, x0, 3
ldr x1, [sp,8)
add x0, x1, x0
ldr w2, [sp,44]
mov wl, 100
mul wl, w2, wl
sxtw  x2, wl
ldrsw  x1, [sp,40]
add X1, %2, x1
1s1 %1y Xl 3
1dr x2, [sp,24]
add x1, x2, x1
1dr x2, [x1]
1dr w3, [sp,44]
nov wl, 100
mul Wl w3, Wl
sxtw %3, wl
ldrsw  x1, [sp,40]
add x1, x3, x1
1s1 x1, x1, 3
ldr x3, [sp,16]
add x1, x3, x1
1dr x1, [x1]
fmov 0, x2
fmov  dl, x1
fadd  d0, d0, dl
fmov  x1, d0
str x1, [x0]
1dr w0, [sp,40]
add W0, w0, 1
str w0, [sp,40]
.13
1dr w0, [sp, 40]
cnp w0, 99
ble .14

1dr w0, [sp,44]




B TRAREE (LA

add w0, w0, 1
str w0, [sp,44]
L2:
1dr w0, [sp,44]
cmp w0, 199
ble L5
ad sp, sp, 48
ret

35475 18.42 Optimizing GCC 4.4.5 (MIPS) (IDA)

sub_0:

1i $t3, 0x27100
move  $t2, $zero
1i $tl, Ox64 # 'd’
loc 10t 4 CODE XREF: sub_0+54
addu  $t0, $t2
addu  $a3, st2
move v,
move  §v0,
loc_20: DE XREF: sub 0+48
$£2, 4($v1)
$£0, 4(5t0)
$£3, 0($vl)
$£1, 0($t0)
$v0, 1
$£0, $£2, $f0
svl, 8
$£0, 4($a3)
SE1, 0(Sa3)
addiu  $t0, 8
bne $v0, stl, loc_20
addiu  $a3, 8
addiu  $t2, 0x320
bne $t2, $t3, loc_10
addiu  $a0, 0x320
jr $ra
or $at, $zero

18.9.2 #B2

IR T AR R 88
S MSVC 2010 CRHA /01350 HigmErMABm FvR.

35475 H¥ 18.43 MSVC 2010 +/01

tv3l5 = -8
tv29l = -4
_a$ =8
_b$ 2

c8 =16
2mE@YAXPANOO@L PROC;
push  ebp
mov  ebp, esp
push  ecx
push  ecx
edx,
ebx

eox,
push  esi
mov esi,
sub edx,
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edi
esi, cbx
CWORD PTR tv315[ebp], 100

eax, ebx

mov BWORD BTR tv29l[ebp]l, 300
SLL6Em:

fldz
ecx, DWORD PTR [esi+eax]
QHCKD PTR [eax]
edi, 200

edi

QHORD PTR [ecx+edx]
QUORD PTR [ecx]
QWORD PTR [eax]
QUORD BTR [eax)

jne  HORT $LL3Em

add  eax, 8

dec  DHORD PTR tv291[ebp]
jne  SHORT $LLSEm

add  ebx, 800

dec  DWORD PTR tv315[ebp]
jne  SHORT $IL%€m

poo  edi
pop  esi
pop  ebx
leave

?mBRYAXPANOORZ ENDP ;

; 0000006

¢ 0000012¢H

5 00C000cEE

i 000003208

#54i%% 18.44 Optimizing Keil 6/2013 (ARM mode)

PUSH  {r0-r2,r4-rll,l
suB =D, 3p, 18
Hov 5,40
{L0.12
LOR £1, [sp, #0xc]
ADD £0,75,15,LSL 43
£DD £0,£0,75,L5L #4
A0D £1,71,10,18L §5
STR 1, [sp, #0]
LDR 1, (sp, #
MoV 4,40
ADD r1l,r1,r0,LSL 45
1DR 1, (sp, #0x10]
ADD 10,71, r0,18L #5
120.52]
MoV 20,40
MoV
200
sy
MOV
LOR
20D
20D £9,r0,r4,LSL #3

1L0.84]

9, {r2,r3}
8, {r0,rl}
2eabi_dmul
¢ rdee3)
BL _aeabi_dadd
BDD r6,r6,41
ST 1 {r0,r1}
cuz 6, 40xch

BLT 120.84]



HF i TEREIERE (A

ADD 4, x4, 41
cup r4, f0x12¢
BLT 1L0.52]

ADD 5,15, 41
cue 5,40x64
BLT 120.12]

ADD sp, sp, #0x14

POP {r4-r11,pc}

16<7E% 18.45 Optimizing Keil /2013 (Thumb mode)

PUSH {r0-r2,r4-r7,1r}

MOVS  x0,#0

sUB sp, sp, #0x10

STR 0, (sp, £0]
10.8]

MOvS

LSLS

HULS

LDR 2, (sp, #0x10]

LDR 1, [sp, #0x14]

ADDS  r2,r0,r2

STR 12, [sp, #4]

LDR 2, [sp, $0x18]

MOVS x5, 40

ADDS  17,10,12

ADDS  r0,20,r

STR x0, [sp, #8]
110.32]

LSLS  r4,r5,43

MOVS  x0,40

ADDS  12,17,14

STR 0, [£2,40)

MOVS  x6,r0

STR x0, [r2,44]
110.44]

LDR 0, [sp, #8]

ADDS 0,10, 14

LOM 0!, (x2,r3}

LDR 0, [sp, #4)

ADDS 11,1014

LD 1, (r0, 11}

BL __aeabi_dmul

ADDS 13,1714

10M 3, {r2,13)

BL __aeabi_dadd

BDDS r2,r7,rd
RDDS 6,16, #1

STM r2!,{x0,rl}
CMP r6,40xcB
BLT 1L0.44]

HOVS 0, $OXEE
ADDS 5,15, 1
ADDS 0,0, ¥0x2d

cup 5, x0
BLT 110.32]

LDR 0, [sp, #0]
ADDS  z0,r0,#1
cMP r0, #0x64
STR r0, [sp, 40
BLT 120.81

ADD sp, sp, #0xlc
ro? (r4-r7,pc)

#5475 % 18.46 Non-optimizing GCC 4.9 (ARM64)

m:
sub sp, sp, #48
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2dd
idr
fmov

fmov
£mal
Emev
fmow

x0,
x1,
X2,

wl,

[sp,24)
[5p, 16
[sp:8
[3p,44]

[sp,40]
x1, xD
x0, 3
[sp,8]
xL, xD
.LCO
[x0]
[sp,36]

Lsp, 44
190
wl, w0
w0
[sp,40]
x1, %0
x0, 3
[s2,8]
X1, x0
[sp, 44]
100

w2, wl
Wl

[sp, ¢0]
x2, %1

[sp,44]
100
wl, wl
Wl
[sp,40]
x4, x1
x1, 3
[sp,16]
x4, x1
[x1]
%3

x1

@0, d1
a0

x2



262 HEHIEREET (BM)
fmov d1, x1
fadd d0, d0, d1
fmov x1, do
str x1, [x0]
ldr w0, [sp,36]
add w0, w, 1
str w0, [sp,36]
LL4:
ldr w0, (sp, 36)
cmp. w0, 199
ble .LS
ldr w0, [sp,40]
add w0, w0, 1
str w0, [sp,40]
WL3:
ldr w0, (sp,40]
cmp w0, 299
ble .L6
ldr w0, [sp,44]
add w0, w0, 1
str w0, [sp,44]
2z
ldr w0, [sp,44]
cmp w0, 99
ble .L7
add sp, sp, 48
ret
4545 # 18.47 Optimizing GCC 4.4.5 (MIPS) (IDA)
s
1i $t5, 0x13880
move $t4, $zero
1i $tl, 0xC8&
1i $t3, 0x12C
loc_14: # CODE XREF: m+7C
addu $t0, $a0, std
addu $a3, $al, Std
nove $vl, $a2
move $t2, $zero
loc_24: # CODE XREF: m+70
mtcl $zero, $£0
move $v0, $zero
mtcl $zero, $£1
or $at, $zero
swcl $£0, 4($v1)
swcl $£1, 0($vl)
loc_3C # CODE XREF: m+5C
lwcl $£4, 4(st0)
lucl $£2, 4($a3)
lwcl $£5, 0($t0)
lucl $£3, 0($a3)
addiu $vQ, 1
mul.d $£2, $f4, $f2
add.d $£0, $f2
swcl $£0, 4($vl)
bne $v0, $tl, loc_3C
swcl $£1, 0($vl)
addiu $t2, 1
addiu $vl, 8
addiu $t0, 8
bne $t2, $t3, loc_24




zddiu sa3, 8
addiu ste, 0x320

bre st4, 5t5, loc 14
addiu sa2, 0x320

3 sra

or sat, Szero

1893 #ME3

HEA T H AR HER]
1BIE MSVC 2010 (U F/Ox 3550 SR F TR ARET 0T

154758 18.48 Optimizing MSVC 2010

RD BTR _x§ [esp-4]
DHORD PTR _y$[esp-4]

OWORD PTR [ecx+eax*8]
0

£ ENDP

#5475 18.49  Non-optimizing Keil 6/2013 (ARM mode)

£ PROC

164758 18.50 Non-optimizing Keil 6/2013 (Thumb mode)

r3, 401
r3,r3, 46

rl,r3,rl

r1, {0, rl}
1r

Optimizing GCC 4.9 (ARM64)

sxw x1, wl

add %0, x0, x2, sxtw 3
sl x2, x1, 10

sub x1, x2, x1, 1sl 6

ldr 40, [x0,x1]
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MR A (M)

$E47E# 1852

Optimizing GCC 4.4.5 (MIPS) (IDA)

f:
si1 $v0, sal, 10
s11 sal, 6
subu sal, $v0, $al
addu sal, $a0, sal
sit a2, 3
$al, sa2
$£0, 4(sal)
$at, Szero
SEL, 0(sall
it $ra
or sat, $zero
1894 &ME 4

R T AMREB 1A -
TR SR

$54758 1853  Optimizing MSVC 2010

=8

ret
£ ENDP

1475 1864

DWORD
DIfORD
eax

eax,
edx,
ecx,
ecx, 4
ecx,
eax,
ecx,
eax,
eax, ¢

DWORD
DIORD

eax,
eax,

PTR
PTR

) PTR
PR
PTR

PIR
2TR

_x$[esp-4]
_y$ [esp-4]

[edxtecx*4]
array$ esp-4]
[eax+eax*4]

_z$[esp-4]
[ecx+eax*4]

Non-optimizing Keil 6/2013 (ARM mode)

£ PROC

rl,rl,rl,1SL
rl,rl,rl,ISL
0,10, 1, LSL
rl,r2,r2,18L
r0,x0,r1,15L

#4
42
#8
#2
#6

0, [x0,13,1SL #2]

ir

Non-optimizing Keil 6/2013 (Thumb mode)

NOVS

{r,1lr}

r4, §0xdb
rd,r4,48
x1,1d,rl
20,11, £0
1, $0xfE
rl,rl, #0x41

r2,r1,12




#18%F % 4
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EDDS  r0,r0,12
LSLS  rl,r3,42
LDR £0, (£0,r1]
PoP {r4,pc}
ENDP

& iEE 18.56

Optimizing GCC 4.9 (ARM64)

£:

sxtw  x2, w2
mov wd, 19200
add X2, %2,
smull  x1, wl, wé
1s1 X2, %2,
add %3, x2,
add x0, x0,
ldr w0, [x0,x1]
et

$E4ER 18,57

Optimizing GCC 4.4.5 (MIPS) (IDA)

£:

$v0, $al, 10
$al, 8
sal, §
$v0, $
sa2, 4
a2, %
590, §
sal, $v0, sal
sa2, $ad

sal, $a0, $al

1895 MBS
T T SRR

5<% % 18.58 Optimizing MSVC 2012 /GS-

coMM tbl:DWORD: 054H
tv759 = -4 isize= 4
main PROC
push  ecx
push  ebx
push ebp
push  esi
Xor edx, edx
push  edi
xor esi, esi
xer edi, edi
xor ebx, ebx
xor ebp, ebp

DRORD PTR tv759[espt20], edx
eax, OFFSET _thl:d
8 ; align next label

ecx, DWORD PTR [edx+edx
DWORD PTR [eaxt4], ecx

ecx, DWORD PTR tv759[esp+20]
DHORD TR tv153[esp+20), 3



HE TR REE (EM)

mov. CWORD PTR [eax+8], ecx
lea ecx, DWORD PTR [edx*4]
mov. DWORD PTR [eax+12], ecx
lea ecx, DWORD PTR [edx*8]
n0v DWORD PTR [eax], edx
mov. DWORD PTR [ecax+16], ebp
mov. DWORD PTR [eax+20], ebx
mov DWORD PTR [eax+24], edi
nov DHORD PTR [eax+32), esi
mov DHORD PTR [eax-4], O
nov DHORD PTR [eax+28], ecx
2dd eax, 40

inc

add

add

add

add esi, 9

cnp eax, OFFSET _tbl+404

i1 SHORT $LL6Ema

pop edi

pop esi

pop ebp

xor cax, eax

pop obx

20D acx

ret 0

_mein  ENDE

15455 18.59 Non-optimizing Keil 6/2013 (ARM mode)

main PROC
LDR r12,110.60]
MOV 1,40
1L0.8]
EDD r2,11,r1,LSL §2
MOV 0,40
ADD r2,r12,r2,18L 43
110.201]
MUT r3,rl,x0
STR r3,[r2,10,18L 42
ADD r0, 20,41
CHP r0, 40xa
BLT 1L0.20]
ADD rl,rl, 41
cup rl, 40xa
NOVGE 10,40
BLT 110,81
8% e
ENDP
1L0.6C|
DCD I1.bss||

BREA ||.bss||, DATA, NOINIT, ALTGN=2
5 400

454555 18.60 Non-optimizing Keil 6/2013 (Thumb mode)

main PROC
PUSH  {rd,r5,lr}
LDR ¢, 110,401
Movs  xl,#0
120.6]

MOVS r2,40x28
MULS r2,rl,12
MOVS 0,40

ADDS r3,r2,14
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1L0.14|

120,401

HEEIEE 18.61

MULS

BREA |,

r2,r1
12,20,r2
5,10, 42
0,10, 41
10, #0xa
2, [£3,15]
1.0
rl,r1, 41
rl, #0xz
1L0. €
20, §0
{r4,rs,

0x0000

I1.bssl|
bss||, DATA, NOINIT, ALIGN=2

400

Non-optimizing GCC 4.9 (ARM64)

main:

.L2:

. comm

str

lar
ldr
mul
adrp
add
ldrsw
drsie

tb1,400,8

sp, sp, 416
wer, [sp,12]

wzr, [sp,8]
.13

wl, [sp,12]
w0, [sp, 8]

w3, wl, w0

%0, tbl

%2, x0, :lol2:tbl
*4, [sp,8]

x1, [sp,12]

X0, x1

%0, x0, 2

x0, x0, x1

x0, x0, 1

X0, x0, x4

w3, [x2,x0,1s1 2]
w0, [sp,8]

w0, w0, 1

wd, [sp,8]
w0, [sp,8]
wl,
14
w0, [sp,12]
W, w0, 1

sp. sp, 16
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54758 18.62 Non-optimizing GCC 4.4.5 (MIPS) (IDA)

main:

var_18
var_10
var_C
var 4
addiv $sp, -0x18
Y $Ip, Ox1B+var 4($sp)
move $tp,
la $op,
su $gp, 0x184var_18($sp)
s $zero, Oxl8+var C{$fp)
b loc_n0
or $at, $zero
loc_24: # CODE XREF: main+AC
sw $zero, Oxli+var_10($fp)
b loc_7C
or szero
Toc_30: # CODE XREF: maint88
1o $v0, Ox1B+var C[$fp)
1u a0, Ox1B+var_10($£p)
1n sal, Ox1B+var C[3fp)
n v, Ox18+var_10($fp)
or $at, $zerc
mult $al, $vl
nflo $a2
1w $vl, (tbl & OxFFFF) {Sgp)
sll $v0, 1
sll $al, $v0, 2
addu $v0, Sal
addu $v0,
sli $v0,
addu $v0,
sW $az,
1w $v0,
or sat,
addiu $v0,
E $v0, Ox18+var_10(3fp)
 CODE XREF: maini28
1u §v0, Ox18+var 10(
or sat, §zero
slti $v0, 0xA
bnez $v0, loc 30
or $at, $zero
I $v0, Dx18+var_C($£p)
or $at, $zero
addiu $v0, 1
s $v0, Ox18+var_C($fp)
loc_A0: # CODE XREF: main+lC
Y $vD, Ox18+var C{SEp)
or Sat, $zero
slti $v0, 0xA

bnez §v0, loc_24
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.comm thl:

sat,
$v0,
Ssp,
#1p,
$5p,
sra

Sat,

0x64

szezo
$zero

$fp
0x18+var_4($sp)
0x18

$zero

© main+dC
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F19EF 4 #® &
RS B FAIERAS L L R SR U TR . EREE R, AR R A RS E
FHER, ARAXARANEEFTEY.
191 FEIL

19.1.1 x86
Win32 f] APT XA -BHEOHH:

HENDLE Zh;

fh=CreateFile ("file", GENERIC_WRITE | GENERIC_READ, FILE_SHARE READ, NULL, OPEN_ALWAYS ¢
SFILE_ATTRIBUTE NORMAL, NOULL];

it MSVC 2010 #it#, BB FHRMITES.
154iFR 19.1 MSVC 2010

push 0

push 128 i DO0GCOHOH
push 4

push 0

push

push 7
push  OF! DET 55678813
call  DWORD PTR _imp_CreateFileA@2s
mov  DWORD PTR _fh$[ebpl, eax

PO WinNTh 345 503 BRI AT 1 2o
54758 19.2 WinNT.h

4define GENERIC |
4define GENERIC
ddefine GENERIC
4define GENFRI

; c0000000H

\UXSC'WDUGDL\

SETEE R, 8 AP IR, CreatFile()R 50113 =240 “GENERIC_READ | GENERIC_WRITE” =
0x80000000 | 0x40000000 = 0xC0000000..

CreatFile() B L1 T K P bR a5 (L ?

FATATLAAE Windows XP SP3 x86 ] KERNEL32.DLL 1, 3k#] CreateFileW() s 2L HIARSR AU .

35458 19.3 KERNEL32.DLL (Windows XP SP3 xBG)
.text:7C83D429 test
.text:7C83D42  Dmov
.text:7C83D434 iz

.text:7CB3DA36 imp
WA TEST $54. X8, BRHEMAE 28, TAUNEUERERIk—1 S

% (ebp+dwDesiredAccess+3) 1 0x40 (A1 GENERIC WRITE 4530 U458
TEST 5 AND 184 10 ~X BRI H RRAFEILER, CMP H6471 SUB fr & Z M AFmRF2ES] G

40h




FI19% & # # 271

ZRAF 7319,
B, R AT IR A A

if

Desiredhccess&0x40000000) == 0} goto loc_7C83D417

IR IR E QO MBI 1, WIAVEE ZF BRabfie, SRR JZ Bbi%. A4 dwDesiredAccess
A5 0x40000000 HIHELLEA 0 I N, SHRBIRS A SHME; NiSEE (& NERRE. 7F
WA 1, AR A EHEBIES .

WRAEA Linux {5 GCC 4.4.1 %% FHHI4L4D:

#include <stdio.h>
#include <fentl.h>

veid main()

int handle;

handle=open ("file", O_RDWR | O_CREAT};
MR GIRS 270 FATR.

#E&ES 19.4 GCC4.4.1

public main
main proc near

= dword ptr -20h
word ptr -1Ch

= dword ptr -4
push  ebp
mov

and
sub
mov

20h
20h+var_1C], 42k
p+20htvar 201, offset aFile ; "file"

FFFFOh

nov
call
mov  [esp+20hivar_d], eax
main endp

FEFEICHE libe.so.6 L, open(RFSZ A syscall .

1547E$ 19.5 open() (libc.so.6)

000BE69B mov edx, [esp+é+mode] ; mode
i 00BEESF mov ecx, [esp+éi+flags] ;
-text:000BEGA3 mov ebx, [esp+d+filename] lename

t:000BE6AT 4
.text:000BE6AC int 8Ch i LINUX - sys_open
AL, FEPAT Open(efi i, Linux P RZ£ Kl
28R, FATATLL 4K Glibe Bl Linux 4% I5ARIG

THAERRET .

E Linux 2.6 1, 4F2RFIEL syscall VH sys_open BN, & IR RORATSAR |- 2 ikt do_sys_open().
ZERATERH do_sys_open(MIIHE, RE N8 do_filp_open() HEL. HXLEATIEH, WU Linux W%
ERWEM fonamei.c FH I PAA,

RERTREMAERERESY, BESEMAFEREOBMS BN, FIRIHLE R 1R EON AL
2 fasteall (BW, 643 T XML 7 RAALILSH. KA CPU RUERALY 1 p3 17

FRIRAT.
BFTE ARA LR A B, RS
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WREEH, KRIRTE TR IIE AR, WA, BATA LA GCC [ regparm I, BHEHESHINE
YR,

# Linux 2.6 W MGEEEIR, B5E T # 4 BB “-mregparm=3".

AT, SIS SEiIS FAX. EDX M ECX % 858 R AT A 193k 3 M2 4L, #illdikis
BHAMBH. L%, MESHMRET R34, CRSMEN .

& Ubuntu B F 2% Linux Kemel 2.6.31, 74 “make vimlinux” $§4-%81%, #R51ER IDA TTHFRF, 3
BT do_filp_open()o 3XANER HUHTF Ik H A RAALX LN .

54528 19.6  do_filp_open() (Linux kernel 2.6.31) ]

proc near
push  cbp
mov  ebp, esp

push  edi
push  esi
push  ebx

mov  ebx, ecx

add  ebx, 1

sup  esp, 96h

mov  esi, [ebptarg 4] ; accmode (5th arg)

test b1, 3

mov  [ebptvar 80, eax ; dfd (lth arg)

mov  [ebpivar 7C], edx ; pathname (2

mov  [ebptvar_78], ecx ; open_flag (3th a

jnz  short loc COIEF684 |
mov  ebx, ecx ; ebx <- open_flag |

YA AEERR R, BRI, A JSSRE R AT RE LS

EHFE IS, GCC Bl 3 A HHEHRRMZ
R AL A I TR S ok R
FeA1FHHKE T do_filp_open() R HLHT 74— B ALH5.

35458 19.7 do_filp_open() (Linux kernel 2.6.31)

loc_COLEFEBA: ; CODE XREF: do_f.
test  bl, 40n i O CREAT
jnz 3
mov  edi, ebx
shr  edi, 11h
xor  edi, 1
and edi, 1
test ebx, 10000h
jz short loc_COIEF6D3
or edi, 2

L% O_CREAT HIfALA 0x40h. TEST 54K # open_flag HAETEAF 4 0xd0 FUFRGRL, InHX
1, WEmR T —4% INZ 154

19.1.2 ARM

£ Linux Kernel 3.8.0 F& I RA T, O_CREAT B A #R1EAHTAR.

384755 19.8 Linux kemel 3.8.0

struct file *do filp_open(int dfd, struct filename *pathname,
const struet open flags *op)

@ hitp:/ohse. i ttributes htmléfu
@ #: hitp:i/kemelnewbies.org/Linux 2 6_20#head- 042;627290834%1&:061942bbbbb9a4accbc8! LA AT S
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path_openat (dfd, pathname, &nd, op, flags | LOOKUP RCU);

vopensd, struct filename *name

if | lag & O_CREAT]) |
d, path, &inode);
} else {
error = walkin
i

o
{571 IDA 4197 ARM B ARIF, ATRVE 2 do_last() B &) AR 0 T BT

B4 ER 19.9 do_last() (vmlinux)

CO169E28 MoV R3, R3 ; R3 - [4th argument) open_f

:C0169EDS LDR RS, [R9] ; R6 - open_flag

.Text:C0169T68
. £ext:CO16376C
.Lext:COL69T70
1CO169F74
1CO169F78

R6, #0x40 ; jumptable CO169F00 default case
loc C016A128

R2, [R4,40x10]

R12, R4, #8

R3, [R4,$0xC]

69F7C RO, R4
CO1E9F80 R12, [RLL,#var_50]
169F84 R3, [RZ,R3]
C0169F88 R2, RE
169F8C R3, #0
R, R1, #3

R1, [R4,20x24]
R3, R6, £0x200000
Rl, R12

R3, (R4, $0x2¢)
R3, R3, #1

R3, R3, #1

R3, [RLL,#var_54]
B R3, R11, #-var 38
BL lookup fast

.text:CO16A128

TST #H-2HITIRES x86 & 1 TEST f54471

i 5 I FRFFAERE— AT T 2 U8 lookup_fastOF &L, TT#E 53 — 44T F £ 1A complete_walkOm %
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AT AT S do_last(EREL HIVERRTD .
X HLAGIC 4% O_CREAT 155 F 0x40.

19.2 REB/ABRSEAL

AT A L FHIX AR FUAT W18

#include <stdio.h>

#define IS_SET(flag, bit) ({flag) & (bit})
#define SET_BIT(var, bit) (lvar) |= (bit})
#define REMOVE_BIT [var, bit} (va (pit))

int f(int a}

{
int rt=a;
SET_BIT (rt, 0x4000);
REMOVE_BIT (rt, 0x200);
return rt;

ix

int maini)
(
£(0x12340676) ;
b
19.2.1 %86

Non-optimizing MSVC
2234 MSVC 2010 CRJE FBMEMMIRLEID 42i% B, A8l FFoRmfE<.

64 TEE 1910 MSVC 2010

_rt$ - -4 j size =4
_as$ =8 3 gizg =4
_f PROC

push  ebp

mov  ebp, esp

push  ecx

mov  eax, DKCRD PTR _aS[ebp]

mov. DWORD PTR _rt$[ebp], eax

mov  ecx, DWORD 2TR _rc§[ebp)

or ecx, 16384 ; 00004000H
mov DWORD PTR _rt$[ebp], ecx

mov  edx, t$ [ebp
and  edx, -513 ; EEEEFGFEH
mov DWORD PTR _rt$[ebp], edx

mov eax, DWORD PTR _rt$[ebp]

mov  esp, ebp
pop ebp
et 0

I ENDP

OR 84 MR BRUATIIEN RS, ATARKIEEMT 1.

AND $54 TR R B bit . FCR 3, WIESTEIEAREA bit 1 1, AND HEA NS fRE &
XA bit firs SURSEENETEEA bit f720 0, AND $54 BAIEF AR HIEA bit BTRCEY 0. K&
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¥
fir#Efd (bitmask) HI77ELR, BRARH AT HIXLIELHER .
OllyDbg

J OllyDbg $TFFIXAMERF, FTLAK R MR B3 B 44
0x200 1~ 00000000000000000001000000000, &5 10 fif 4 1.

0x200 FYZHEARIZH 45 4L OXFFFFFDFF(1ITITTTIIIIILIIIII0ILILILIL]).
0x4000 F55 15 /2 1.

W 19.1 Bin, HAZEE R 0x12340678 (10010001101000000011001111000).

B 19.1 OllyDbg: ECX FFHRENMANER

AT OR FELHIETHANE 192 Fim.

192 OllyDbg: #.47 OR 4t

TEHRAT OR FH4 I, 56 15 kR 1.
R A HAT AR, PTLURFE R LR MRS W 193 B, & 3Un# T —ixAME.

193 OllyDbg: EDX 51785 f R UB0E HAL R

SREHHTT AND HiME, WP 19.4 PR

XU ARSI 10 Frdim e, MAER, B 10 T 2T E T RE T . REEHEER
0x12344478, HI =3EHIA9 10010001101000100010001111000
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FHTEREEE (L)

194 OllyDbg:
Optimizing MSVC
WRIFIR T MSVC BALLIETIOX, AERRF IS SRR L.

454758 19.11  Optimizing MSVC

a$ =8 i size = 4

£ PROC
mov  .eax, DWORD PTR _a$[esp-¢]
and  eax, -513 ; EEEELAEEH
or eax, 16384 i 000040008
ret 0

_f  END?

Non-optimizing GCC
RFH GCC 4.4.1 FRAGETT, W& R TSI .

6475 % 19.12 Non-optimizing GCC

public £

£ proc near

var_4 - dword ptr -4

arg_0 = dword ptr 8
push  ebp
nov ebp, esp
sub esp, 10h
oy eax, [ebprarg 0]
mov [ebptvar 4], eax
or [ebp+var_ 4], 4000h
and lebp+var_4], OFTFEZDEEh
nov sax, [ebptvar 4]
leave
retn

£ endp

B GCC MRS B4 R FE IR IS, (HRXAMEF AL MSVC BRI IFIE FEE

TR A GCC [-03 SmUHT LAk i

Optimizing GCC

154 7% % 19.13  Optimizing GCC

public
proc near

arg 0 = dword ptr 8
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push  ebp
nov

mov
pop
oz

and

targ_0]

retn
£ encp

T MSVC AR BT PR S, (EANERNR, BHEMM I EAX FERIT3 ZR—FAX
A 8 FUH 15 4 (B LAFD, 0 AH FER.

[ ™ [ on [ st | 4 | 3a | 20 | 15t | om
RAX™

I EAX
[ ax
[ an | ac

JESLH 16 2 8086 CPU B, AX F17#4 h 2 A 8 {2 43— AL/AH FF 7285, T 80386 £ 4%
HTEHAAEREY BR 32 fir, RT EAX 4%, HREHTHRAENSIE, JF4EM CPU RKT
AX/AH/AL FHBM i &2 0.

[t 55471 16 42 8086 CPU, JGTTHI 32 {7 x86 CPU. AR 16 fif CPU FIEATHFERF, I opeode Hh
1£ 32 2 CPU _RiZ171H) opeode T/H. FTEL, #21F AH F7788A0 “or ah, 40h” #1374 JUEHI T 3 T747A opeode.-
B P “or eax,04000h” IXFEITR AT A TEE, (ARBEEME S S T opeode; MURH— R
WA EAX H 4235, AT 4B 22 6 711 opeode.

Optimizing GCC and regparm
I LRI A AL “-03” R (788 4P AL IS “regparm=3", AERRS L A,

154 75# 19.14 Optimizing GCC

public £
near

push  ebp

an, 40F

ebp, esp

2h, 0FDh

ebp

£

£ endp

BE—ABHRAFAE EAX ZFFTEE (fasteall WD), FTATTEEALH EAX ZF7 4
ebp / mov ebp,esp” 154, LIMREEHT “popebp” SEATT AN, (L GCC E A
b BRI 5EAAT LM P R BR 4 (2038 43 70 RAEH.

BREGIE M “push
AREREINAT fiE

19.2.2  ARM + Optimizing Keil 6/2013 (ARM mode)

354758 19.15  Optimizing Keil 6/2013 (ARM mode)

02 oc co £3 BIC 20, RO, $0x200

01 09 80 E3 ORR RO, RO, $0xd000

1E FF 2F El BX LR

BIC £ZFMHERE) “ (RIS BHLE” #4, THH— MREEEHE - MR CIRRARBSHIN
S8, WTBISER, W) x86 AU BT 54 ET —VYOREEH, ORR R “EHIMIEL”
5 x86 “IEHI” HEARR.
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19.2.3 ARM + Optimizing Keil /2013 (Thumb mode)

E4 5% 19.16  Optimizing Keil 6/2013 (Thumb mode)

01 21 89 03 MOVE ?1,
S RO,
RL, Rl, #5 ; generate 0x200 and place to R1
BICS RO, R1
BX 1R

SR THAGERS, [ 0x4000>>5 A 0x200. 5 BB A7 AT S AIEG(E (0x200) A8
Lk, PSS opeode HEAE.
BrEL, AT ASRS (HALHE) $E4-T0E i 0x4000>>5 152 0x200.

19.2.4  ARM + Optimizing Xcode (LLVM) + ARM mode

#5458 19.17  Optimizing Xcode 4.6.3 (LLVM) (ARM mode)

42 0C CO E3 BIC RO, RO, #0x4200
01 0% 80 E3 ORR R0, 20, $0x£000
1E FF 2F E1 BX IR

RBAUADH LLVM 45511575 . HUEAR AR %2

. BIT {rt, 0x42
_BIT (rt, 0x4000)

B R LERRATAT T A . (R R M 0x42007 BV, LLVM RALDIBEX A 184847 T FNT.
WX REANBIE. B REARFES A R,

FI GG I A A L R WOR I (ORI, VRN ILIH S L 91 32

1 Xcode 4.6.3 HEAT AL BT AL MAOACRS LB ML, ASCREAE.

19.25 ARM: BICi54% 8

ARSI K B YA DB

int f(int a)

{

int rt=a;

REMOVE_BIT (rt, 0x1234);
return rt;

H Keil 5.03 SAFLAARIE", A7 ARM R4 F:

£ PROC

EAFRFM T Fi%& BIC $R4, RIS TS B UL FE A RIS R 0x1234 xq‘uu’]tlcﬁu IXREE AT
BP4L 0x1234 JCIER BIC H 4B/ — K464 Bl FTLURIRSIEAT T S2005E, B R4S TNES
0x1000 H1 0x234 AHRZAT LA

19.2.6 ARM64: Optimizing GCC(Linaro) 4.9
[l ARM64 (1) GCC %% 85, AT E LA AND 54 TR BIC $54

@ HLIHBB, (SRS LLVM build 2410.2.00 bundled with Apple Xcode 4.6.3.
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454752 19.18 Optimizing GCC (Linaro) 4.9

addw0, w0, -513  ; OxFFFFFFFFFFFFFDFF
orrwl, w0, 16384 ; 0x4000
ret

19.2.7 ARM64: Non-optimizing GCC (Linaro) 4.9
SePAMALEITZ G, GCC LMD & mEILAES, BRREER.

154758 19.19 Non-optimizing GCC (Linaro) 4.9

£:
sub
str
1dr
str
ldr
orr ; 0x4000
str
ldr w0, [sp,28)
and w0, w0, -513 i OXFFFFFFFEFFFFEDFF
str w0, [sp,28)
ldr w0, [sp,28)
add sp, sp, 32
ret
19.2.8 MIPS

1547 % 19.20 Optimizing GCC 4.4.5 (IDA)

£
i sa0=a

ori a0, 0x1000

5 Sab=a|0x4000

ORI FRETA& OR 14, 84 17 Mokt E 1B fE .
BRI AND TR4- R BEAER ANDL 54 1. IR EVEI KM R4 OXFFFFFDFF KK, T2
PG OHPIACR 44545 BTLURIEISIDIXA R4SV B8, AR e S 217 8T AND/ 5185

19.3 143

CICH I REAEIE LA Tl
x86 {54 R BA R RN /% SHL 7755 SHR 154 .
[ R ARSI “2 [ n KR 7 RETREAER
162.1 5.
AR AW O AT WA R, FIE 42

WH WA 16.1.2 115

19.4 & FPU LIREH Z1L

FPU A£6# 047 ) TEEE 754 #A40T
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B HIRREHEE (LA

‘s‘ exponent

(S-sign)

T EURAL MSB A 5. R W REZE LA FPU $52 RTHE PRI M0 R 5 0E 2

#include <stdio.h>

float my_abs (float i)
(

unsigned int tmp-{*{unsigned int*)&i) & OxTFFFFEEF;

return *{float*)&tmp;
Yi

float set_sign (float i)

unsigned int tmp=(*(unsigned int*)&i) | 0x80000000;

return *(float*)&tmp;

at negate (float i)

unsigned int tmp=(*{unsigned int*}&i)

return *(float*)&tmp;

b

int main()

printf ("my_abs():\n");

("negate (}:\n");

)i

("$£\n", my_abs (123.456));
("$£\n", my_abs (-456.123));
("set_sign():\n");
("$£\n", set_sign {123.456));
("3f\n", set_sign {-456.123));

("$£\n", negate (123.456});
("$f\n", negate (-456.123)};

~ 0x80000000;

FHIGHRIE CICHIRL LR, AL CPU 1 FPU MIZFFEASZ IMHEEEHE . P TSR T. A%

BT ZAMRAER AL FEBR MSB 7HSAI4) my_absOEEAL RERF SR set_sign(FAER 51 RS negate().

19.4.1 XOR #E¥1@

XOR 84 W M T —MRAERUR LA BUR )15«

F— BT KR

FHAER A BN 1, HI4 XOR J5445

HIAA LA it
0 0 0

1 1

1 0 1

1 1 0

EENBHNE, XOR MIRLATHTHRA R, BHR & RITBIRE, X2 XOR H44FHEE

, giete.
19.4.2 x86
Erp ZSBCE R R

384758 19.21 Optimizing MSVC 2012

s =8
_my_abs PROC
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and
£1d
ey
_my_ehs TNDB

TR _tmp$ [esp-4]

DWORD PTR _i§[esp-4], -2147483648 ; B0000000H
DWORD PTR _tmp$ [esp-4]

_negate PROC
xor
£1d

-2147483648  ; 80000000

_negate ENDP

BRI R B AN SR R, (LR A B S R T A
AND F OR ¥ TR LA, 1 XOR iR EARR MAFS 6L

[ H B SUAOR FPU, BT AR (G 2R R4 B 25 SRR A 2] STO FF 7735
BTk, M 64 AL MSVC 2012 HATIALARTE, BEIMARLIT IR,

$5475% 19.22 Optimizing MSVC 2012 x64

tmp$ = 8

i$ -8

ny_ebs PROC
nmovss  DWORD PTR [rsp+8], xuwnd
mov eax, DWORD PTR i$[rspl
btr
mov
movss

set_sign PROC
movss ~ DWORD 2TR [rsp-8), xmm

wov cax, DWORD PTR i$[rsp]
bts eax, 31
nov DWORD TR tmp$ [rsp], eax

xm0, DHORD PTR tmps(rsp]
0

negate BROC
mevss  DHORD PTR [rspt8], xmmd
now eax, [ PIR i5[rsp]
eax, 31
DHORD PTR tmps[rspl, eax
xmm0, DHORD PTR tmp$ [rspl
0

BAE A% XMMO SRR 0GR, A/EIRIE BTR, BTS. BTC %{F4iti74bH.
kg AR FAE (BTR). {7 (BTS) MBI (BTC) HHEHAFRL. WA 0 FFHEHIE,
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B’Jﬁi 31 1\‘L7r% MSB.
B, BHANHEHIE) XMMO %478 4 Win6d AT, I3 S ALRINHE SR ER AN A B

19.4.3 MIPS :
KT MIPS 1) GOC 4.4.5 AT LT BT AR 51
164758 19.23 Optimizing GCC 4.4.5 (IDA)

my

£rom coprocessor 1

and
; move to coprocassor

ntel
; return

ir $ra

$at, $zero ; branch delay slot

" mect
1lu

$v0, $£12
$v1, 0x8000

XY

5 $v1=0x80000000
; do OR:

or $v0, $v1, §v0
; move to coprocessor 1:

$v0, $E0 |
i return

or sat, Szero ; branch delay siot
negate:
; move from coprocessc
mfel  $v0, $£12
§v1, 0x8000

lui
$v1=0x80000000
; do XOR
Xor $v0, §
i move to coprocessor 1:
mtel  §v0, $£0

; retun
B2 LULFEAR3 i 16 4 B0l i il B 75 (7 85 01K 16 4, BrRA#4% LUL JR4 3R AT LUSE R 0x800
LA, 5 #T ORI #7 4

19.4.4 ARM

at, $zero ; branch delay slot

Optimizing Keil 6/2013 (ARM mode)

154758 19.24 Optimizing Keil 6/2013 (ARM mode)

my_abs PROC

; clear bit:
BIC 20,0, $0xB0CO:
BX 1r
ENDP

set_sign PROC
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0RR 0, r0,40x80000000
B 1r
ENDP

0, £0, $0x80000000
1r

ENDP
ARM BRI AT LM BIC 304 HEE MR 10 i, LSRRI HIET BOR J842 ARM HIECE
HAT XOR (0 BHEES.

Optimizing Keil 62013 (Thumb mode)

#4555 19.25 Optimizing Keil 6/2013 (Thumb mode)

my_zbs 230C

0 0,10, 11
5 x0=rQ | 0x80000000

END?

3

ARM £ ) Thumb BizHE 4 #0 16 B3 [CHE 4. WML 084 Ttk BBR RGN, T CAG iR
H7 MOVS/LSLS 5544 {4353 1 080000000, XFMIREIRERETHCFHIH: 1<<31=0x80000000-

AT my_abs M4 AT, THINENR(<<)>>1. RAF LXREWHE, {ERAHAT “HA
<<l ” [REEN, BRI G T . MTTAERIT “IESTER>>1" IGER, HRABA BB RN
EHOR A %, T AL R A A L4y LSLS/LSRS {5455, 144 IR T B4 e MSB.

Optimizing GCC 4.6.3 (Raspberry Pi, ARM mode)

#5455 19.26  Optimizing GCC 4.6.3 for Raspberry Pi (ARM mode)

ny_abs

; copy from SO to R2:
EM3S

ear bit:

BIC

; copy from B3 to 50:
FUSE
BX

sef_sign
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; copy from 50 to K2:
FMRS R2, sC

FMSR 50, R3
BX 53
o R2: :
FMRS R2, 80 1
ADD R3, B2, £0x8000000C
; copy from R3 to S0:
FHSR s0, B3
BX R

4 QEMU #94/j FLEREE T /A 2 Raspberry Pi Linux BN H40l ARM FPU. 7L LRFRFFA S-92 k%77
BT A MARMER R-7 %5 /78%.

FMRS {54 H FZEE A % 47 2% GPR 1 FPU Z [BI 28 HfdfE .

BB FRFE () my_abs()BR AR set_sign() R FTH#E 1AL
F1EA T ADD JE4.

JLEC “ADD register, 0x80000000” Fl “XOR register, 0x80000000” 2% 54, RENENEMNMNE-
BA R T E R A . R R, 1000 SERSMEAAN, BHESEMERRS 3 1\/01%\%DHI
Fm G RS . RIE, 1234567+10000=1244567, A RS M6 5 55— MR R I SE., U=
HIFEIFMIACE 080000000 ﬂf[;s 100000000000000000000000000000000, R FEALE 1. lﬂ-L. =
0x80000000 S5 {F MMM, BH AR BT 31 (OB MMM BJE 31 6, SRR s E=
k. FHE MSB: 1+0=1, 1+1=0 (& T 32 MMBE#ETT T ). Bk, XA

SEIMFKS, ADD 4
Fi XOR $84 W LATL e, BUAREHE LS A E T, (R SRR I AL A ] A

VI, H 2 negate()FR HU &M % H L XOR 184 3

19.5  fLakbe

AT AW R 2 B RECE AT 204 | RS XFR RS “population count/ AIELT
B, FESCFF SSE4 ) x86 CPU M4 1, H A ELEXI M) POPCNT 44

#include <stdio.h>

#define IS_SET(flag, bit] ({flag) & (bit})

int

igned int a)

szﬂm, 5[ 42 0 ] 0x80000008.
1T E— 32 AL T R —

FER MBI, SR I E TR 0~3 1. It 1<<i
ﬁﬁ)\ SIEERR, EIE SRR “WET 1 EB e << B
[N At B T
IXERF L, 1<<i ATREPCAEM
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2 MiREL REiES TAHERE
2" 1 1
2 2 2
2 4 4
2 8 8
2 16 0x10
2 32 0x20
2 0x40
7 0x80
2 0x100
2 0x200
2 0x400
2 0x800
P 0x1000
2" 0x2000
2" 0x4000
28 0x8000
2! 0x10000
o 0x20000
2" 0x40000
2" 0x80000
2% 0x100000
2% 2097152 0x200000
27 4194304 0x400000
22 8388608 0x800000
% 16777216 0x1000000
b 33554432 0x2000000
2% 67108864 0x4000000
2 134217728 0x8000000
2 268435456 0x10000000
2” 536870912 0x20000000
o 1073741824 0x40000000
P 2147483648 0x80000000

22 B AL (bie mask) . W TIEA BN 4 %X £ k. R 10 4]
FEMALZ, BRET FAUEHIBIER R E .
ENERBITIER RGN 61, 78 Apache 24.6 (UBREDT, sl privatch $EFI] 1 ICHRURRS AR

* Define the S3L o

#define SS1_OPT_NONE
#define SSL_OPT_RELSET

4define _STDENVVARS
SSL_OFT_FXPORTCERTDATA

ire
fdefine
kdefine
#define
DALHEE I, BF A% fF.
7 1S_SET MEHLER T flag 23% (B8 o) BI5 n TR 1.
WURAR R a SRS LRI 1, U IS SET3RIF) 0 et @ SR 1, MBEIR! bit mask. [k
R ifthen{ERMAM £ “GIRARREL", FIUMMAZIBEIIER 123456, THIRIRHET ten RIEKIHES .




S TR E (B

19.5.1 x86

MSVC

1 MSVC2010 4iiF EikFR)F, B8R ARINT R,
$54iE8 19.27 MSVC 2010

ssize=d
size=t
isize=d
_f PROC

push  ebp

mov  ebp, esp

sub  esp, 8

mov. DWORD PTR _rt$[ebp]l, O

DWORD PTR _iS([ebpl, 0
SHORT $LN4QE

eax, DWORD PTR i$lebp] ; M
eax, 1
mov  DWORD PTR _iS[ebp], eax
sLN4BE
cmp  DHORD PTR _i$[ebp), 32  ; 00000020
jge  SHORT $IN2@f ; MREREER?
mov  edx, 1
mov ecx, DWORD PTR _i$[ebp)
shl  edx, cl ; EDX=EDX<<CL
and edx, DWORD PTR _a$[ebp]
je SHORT SLN1G ; result of AND instruction was 0?

; then skip next instructions
eax, DWORD 2TR _rt$[ebp] ; no, not zero
eax, 1 ; increment rt
DHORD PTR _rt§[ebp), eax

SHORT SLN3Gf

eax, DWORD PTR _rt$[ebp]

mov  esp, ebp
pop  ebp
et 0

_f ENDP

OllyDbg

T Ji{E4H OllyDbg HEATHR, AR B o M1EN 012345678,
7E i=1 WIS E 19.5 Pis.

1, i HENRE] ECX PR
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12 EDX 95 1.
AT SHL B4 M0t 1B 19.6 Bk,

219.6 OllyDbg: i=1,ED:
EDX 247 # M bit mask ,1<<1=2.

FERIT AND F59 05, ZF=1. SR BN 0x12345678 FELT 2 ) AND J1EE4 U8 0, Wil 197 B,

197 OllyDbg: i=1, MINERAMRIAFAR | 47 2 (ZF=1)

R A KRN LR 0. AT, FEFRIBIE IZ 15 B ATBIR, 0T T IR IR SO

2 ot IR 4.

4
54

198 OllyDbg: i=4, EC:
UEZ] EDX %547 25 I 0x10, €A e

199 OllyDbg: i=4, EDX =




288 FHIRRAEE (EH)

=4I, FFIH bit mask FE7E -
AT AND 54 (U 19.10 Fim.

190 OllyDbg: i—4 MAEBIAMMEET N 12 £ (ZF=0)

B 6t bit i £ 1, FTLL ZF=0. #55, 0x12345678 & 0x10 = 0x10. XMHEH T, HAR&MAK jz 5 |
a4, NHOIEES n M.

HEDEFMER 13. MAEE 0x12345678 HI —HERIEURA 134 1.

] GCC 4.4.1 vk LIRARFE, TIAHUITBTR a4 .

154758 19.28 GCC4.4.1

public £
£ proc near
rt = dword ptr -0Ch
i = dword ptr -8
arg 0 = dword ptr 8§
push ebp
nov ebp, esp
push
sub
mov
nov
mp short loc 80483EF
loc_B0483D3:
nov eax, [ebp+il
mov edx, 1
mov ebx, edx
mov ecx, eax
shl ebx, cl
nov ez, ebx
and eax, [ebptarg 0]
test eax, cax
iz short loc_§0483E5
add febp+re], 1
loc 80483EB:
add ebptil, 1
loc_80483EF:
cnp [ebpti], 1%h
jle short loc_8048300
nov eax, [ebptrt]
add esp, 10h
pop ebx
pop ebp
retn

c endp




19 % i
1952 x64
Sh T HATEOR, ASTXHERR RS A "Ry 64 fir.

clude <stdio.h>
#include <stdint.n>

fdefine , bit] ((flag} & ibit))

int f{uint
{

4t a)

uint6d_t i;
int re=0;

(i=0; i<6d; i+=)
i 1ULL<<i) )

return rt;
ti

Non-optimizing GCC 4.8.2

454758 19.29 Non-optimizing GCC 4.8. 5

push  rbp
nov rbp, rsp
nov QUORD PTR (rbp-24], rdi ;s
DRORD PTR [rbp-12], ;ore=o
nov GRORD PTR [rbp-8], 0 ;i
jmp 12
14:
nov rax, QHORD PTR [rbp-8]
nov rdx, QWORD TR [rbp-24
; REX = i, RDX = a
nov ecx, eax
;OECX = i
shr rdx, cl
5 RDX = RDK>>CL = a>>i
mov rax, rdx

uction, if it was so.

[rbp-12], 1 Porttt

add QHORD 1 ;i
enp QHORD 63 ;i< 632
jbe .14 ; jump to the loop boday begin, if s
mov eax, DWORD PTR [rbp-12] i 3
pop rop
ret

Optimizing GCC 4.8.2

$547%8 19.30 Optimizing GCC 4.8.2

xor eax, eax il = Th B Uegi suar

xor ecx, ecx




290 # B TR A LA
5 nov rsi, rdi t value
5 lea edx, [rax+l]
7+ EDX here is a "new version of rt", itten into rt varisble, if the last bit is 1 |

8 shr rsi, cl
9 and esi, 1
0 t bit is £ s0, write "new n of rt" into EAX

crovne  eax,

12 add rex, 1 i RCX++

13 cmp rex, 64

14 jne .13

15 rep ret 5 BKA fatret

IXBRR T RTE ARt AT T A B AT B R RS LT SR “n”
10, (RRAXBEFAIFEERAR, B o fHEfmf S8 EDX 7. Xt ok, aiEEs
H AL 1, A ATRFH AT CMOVNE 54 (%57 T CMOVNZ®) 4t EDX #4788 (rt ARG fEiE2
EAX #4748 CHRIE rt 1, BTHMEIREED, WTTER ot B Frel, O T4, SRE
RERZIF, B HIE RN MHERRY, BEERRENY 64 K.

BT RG-SR (RPN, BTLLX MR R B 5, R 1
MU, ATRIFE AR rt AR AT A A 5. TN CPU #LRE A I e (55
A5 33,0 7). FEMERESIH, AP ITRREE .

FiJE—MIFE4 L REP RET Copcode 4 F3 C3). & MSVC B FATRET. 1XA-§§4 & RET 4
USkEI AR S . AMD B H05 RET $50MET SR & R4 HHBIE S, BATERIURENEES
4 f 4% F REP RET 54 . ({2 L AMDI13b, p15) ©

Optimizing MSVC 2010

548 19.31 MSVC 2010
5 =8

al

f PROC
; RCX = input value
xor ezx, eax
mov edx, 1
lea r8d, QWORD PTR [rax+64]

nstruction then.

e ORT $IN3ef

inc eax ;i rtii
$LN3EE:

rol rax, 1 ; RDX=RDX<<L

dec 8 ; R8--

jne SHORT SLL4RE

fatret ©
£ ENDP

AR, 4% A ROL #8488 T SHL 354 . ROL M FI1EH 2 “rotate left”, SHL (53U
left”. RREFEAGID, EAIRRCRAE .

HRFEHARSTHERNH, EB MR A63.

RS FEHE M 64 BB A 0, LM R TR

ARFIMATER T, S AERIRRD TR,

(@ Conditional MOVe if Not Equal.
@ Conditional MOVe if Not Zero.,
@ WEAEESI hip:firepzrct.org/pirepzret/s
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RDX RS

0x0000000000000004 62

R REHEA T FATRET 484, RV L—AMBITRESA LT 1.
Optimizing MSVC 2012

5L HEE 19.32 MSVC 2012

as =38
£ BROC
; RCX = input value
eax, eax
edx, 1
8, QWORD PTR [rax+32
;EDK = 32
sLLARf:
; pass 1
test  rdx,
je SHORT $LN3GE
inc eax rt+
SIN3Qf:
rol rdx, 1 ; RDX=RDX<<L
pass 2
test  rdx, rex
je SHORT $LN11Rf
inc eax rt+
SINL1RE:
rol rdx, 1 ; RDX=RDX<<L
dec 8 : RE--
jne SHORT SLL4G
fatret 0

£ ENDP

MSVC 2012 HAL4R I A AR 55 MSVC 2010 KA. B MSVC 2012 fEARIKECH 64 TKEY

5, PRARAEANEI 32 IREOIESR. SRYE, EH RPN, PR RIRER, SRR

WA T. B2, TR TS ok, AR sl AL & B R AT B,
(A L) RETT A2 58 3R TIRIE P -

19.5.3 ARM + Optimizing Xcode 4.6.3 (LLVM) + ARM mode

3474 19.33  Optimizing Xcode 4.6.3 (LLVM) (ARM mode)

MOV RL, RO
RO, 40
oV 2, #1
MoV R3, RO
oc_2E54
8T "1, R2,18L R3 ; RAIR1 & (R2<<RY) BRI

1DD 33, R3, #1  ; R3=+



292 gihw (LA

ADDKE ; if IF flag is cleared by TST, then RO+~
cup

BNE loc_2E54

BYX LK

ARM BRI TST 54429 T x86 144 TEST §54.
ARM M4 B IR Ve 4
CMP. ADD. SUB. RSB i54H, TLEHZ

AT 41.2.1 45 {E A7 EAERAL R 4——WI MOV, TST,
157 (W LSL. LSR. ASR. ROR. RRX) S:H{REIEH.

AL “ZHAMAAT (modificators)” BATIRIBEIIES, WAL B 7 iR R R A4

JEARE “TSTRI,R2, LSLR3”, WEf# )l R14(R2<<R3),

19.5.4 ARM + Optimizing Xcode 4.6.3 ( LLVM ) + Thumb—-2 mode

Thumb-2 B RIG L ARM BEXAUBIEANE R . HAATE Thumb-2 80T, ARA[BE L HeAE TST #£
A WL HAEH SR LSL, BTRUE{E M LSL.W 1 TST #5424 T ARM it P84 TST #54.

R1, RO
RO, 40
R, #1
R3, #0
loc_2F72
R2, RY, R3
RZ, R1

R3, R3, K1

ADDNE RO, §1
cup R3, $32
BNE loc_2F7A
BYX LR

19.56.5 ARM64 + Optimizing GCC 4.9
FAERIEIEE, £ 19.52 FR IRV 64 CLEER.
5458 19.34  Optimizing GCC (Linaro) 4.8

£3
mov W2, 0 ;=0
nov x5, 1
mov wl, w2
o 5
1si %1, x5, x1 1<<i
add w3, w2, 1
tst x4, x0

add wl, wl, 1
£ non-zero?

IXAFF S GCC AERAT x64 F2)F (S WIR4AHE R 19.30) 4481,

Fh, CSEL #5414 F 2 “Conditional SELect”. Bt TST 54 B MIFRAENL, HHRHE M IRIERTE

ABAERF T ILE — A AR A % W2, AR, BRI IR .
19.5.6 ARM64 + Non-optimizing GCC 4.9

ATTEHAMI 19.5.2 W FURTEFY 64 {1550 .



£19%F L B #

PSP G THALTIRE, BT ARV SS A A0 A+ AR B K
1547558 19.35 Non-optimizing GCC (Linaro) 4.8
£:
sub sp, sp, #32
str x0, [sp, 8] ; a" value to Register Save Area
str wzr, [sp,24]
str wzr, [sp,28]
b 12
JL4:
ldr
nov
1s1 0, x1, x0 i X0 = X1<<X0 = 1<<i
mov x1, x0
i X1 = 1<l
ldr %0, (sp,8)
P X0 =a
and x0, x1, x0

= X1ax0 =

w0, [sp,24]
w0, w0, 1
Wi, [sp,2¢)

ldr w0, [sp,28)
add w0, w0, 1
str w0, [sp, 28]
.L2:
; i<=637 then jump to .Ld
ldr W, [sp,28)
cnp w0, 63
ble 14
i return rt
ldr
add sp, sp, 32
et

19.5.7 MIPS
Non-optimizing GCC

#5458 19.36  Non-optimizing GCC 4.4.5 (IDA)

of variable names, we gave them manually:

; IDE is not awa
© -0x10

o
i - -0xC
var_é = -4
a =0
addiu -0x1€
su 0x18+var_4($sp)
nove ssp
su 0x18-a ($£p)
; initialize rt and i variables
su 3zero, 0x18+rt($
sw Szero, 0x18+i($Zp)
; loop check instructions:

b 68




294 H i TR (EA)

or $at, $zerc ; branch delay slot, NO?
loc_20:

1i svl, 1

1 $v0, 0x18+i{3fp)

or $at, $zero ; load delay slot, NOP

sllv $v0, $vl, $vO
;oSv0 = 1<<i

move $vl, $v0

1w $v0, Ox18+a($fp)

or $at, $zero ; load delay slot, NOP
and $v0, Svl, $v0

5 $v0 = ag(1<<i)
; is ag|l<<i) equals to zero? jump to loc_S8 then:
beqz  $v0, loc_58

or Sat, $zero
; no jump occurred, that means a(l<<i}!=0, so increment "rt" then:
1w $v0, O0x18+rt($fp)

or Sat, Szero ; load delay slot, NOP
addiu  $v0, 1

su $v0, 0x18+rt($p)
loc_58:
; increment i:
1w $v0, 0x18+i(Sfp)
or Sat, $zero ; load delay slot, NOP
addiu  $v0, 1
sw §v0, 0x18+i($fp)

loc_68:
; load i and compare it with 0x20 (32).
i jump to loc_20 if it is less then 0x20 (32):

v $v0, 0x18+1(Sfp)

or $at, $zero ; load delay slot, NOP

slti $v0, 0x20 # '

brez  $v0, loc_20

or $at, $zero ; branch delay slot, NO?
; function epilogue. return rt:

1w $v0, Ox18+rt($fp)

move  $sp, $fp ; load delay slot

1w $£p, Ox18+var_d($sp)

addiu  $sp, 0x18 ; load delay slot

ir sra

or $at, $zero ; branch delay slot, NOP

XEFETATIN: AR SR MR R R R R, RN R, AT TR RS
Ko SLLV #4142 “Shift Word Left Logical Variable”. SLL 4N BSIRAMRIE RIS TR IR G2
MBI opeode BLAFEAD, 1M SLLV 374 WA FER R IR FARIE (B R ReifE R0 m).

Optimizing GCC

FERRAIIEZE, SRERERNBFRSERTS. TEEHUAT 2 #08E4, LIEEs
AR RTFEEL A RBIHES. BEMA? AAE—F SLLV 15T LVERN B FI5 -4
SLLV B4 HHIES", BRIL KRBT RHFELH— M HBES. MRERORIDIRSZER
DIERFEBAR S MM R, BB VENES AS 33.1 1.

$E<7E % 19.37 Optimizing GCC 4.4.5 (IDA)

£

$al=a

rt variable will reside in §v0:

move  $v0, Szero

; i variable will reside in $vl:
move  $vl, $zero
1i $t0, 1
&4 $a3, 32
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sllv  $al, $t0, $vl
$L0<<syl = le<i

it BEQZ was no e e updated rt into §v0:

loc_28:
5 if i1=32, jump to loc. next shifted value:
bne
s1lv
; return
jr $ra
o sat, Szero ; branch delay slot, NOP

19.6 AE/NEE

5 CICHHE St MRS B A>T BT, x86 T84SR BEE T 4 SHRUSHIL 5 R BAF
EX B SAR/SHL 154«

{6 ARM Pf L, WER ST AIE e SR LSRLSL, X AR TEETUREHMTES R
ASR/LSL. TEH, ARM 3§ SRR TR FHA ARIEHIES . HIOHH
RHATER RS, LM ORI

19.61 BUEEL (HENE)
SFSEHAE 9 350 1000000 (B 16 HERIN 0x40) AT KRl I H & KA T -

#5458 1938 CIC+t

it {input&0x40)

154 EE 1939 x86
G, 40h

5 bit is not set

154 EE 19.40 x86

; bit is set

=4E% 19.41  ARM (ARM mode)

G, $0x40

SR, RIS AND ISR TEST 4. ERGHFRER TR MES, HALE
R R

19.6.2 #MWFER (runtime BER)
{E QORI ST A ITRL R, KR MRS CA% n i, AREFRAM KAEWT.



FHIRREEE (EM)

LR 1042 C/ICH++

if {(value>>n)sl)

HIREH x86 {RELIN F BT«

1T 1943 x86

ut_value

SHR REG, CL
BND REG, 1

BESNETLUE 1 /8 n iR, EREE SR T AT,
1ELER 19.44 CIC++

if (value & (1<<n))

BRI LN x86 454U F TR,

1ESIEE 19.45 x86

REG

1963 REREM (REHNR)

1ELIER 19.46 CIC++

value=value|0x40;

TR 19.47 x86

OR REG, 40h

ST 19.48 ARM (ARM mode) and ARM64

ORR RO, RO, #0x40
19.6.4 B ENM (runtime FER )

$E54ER 1949 C/C++

value=value| (1<<n];
AP x86 FE4 K F B .
$547E8 1950 x86

i Cl=n
MOV REG, 1
SHL REG, CL
OR input value, REG

19.6.5 BEREEL (RHEHE)
InERERAEE R, UE R AND 54 M AN A I T




H19% & # #

JESTER 1951 C/C+

ek (~0x40);

154iE$ 1952 x86

AND REG, CFFFFEFBFh

1EOES 1953 x64

LIRS R AR EF, HAL R
ARM &t ARM HIRIELHAT BIC 14 TAILT NOT Fi AND f544 .

#5472 19.54 ARM (ARM mode)

BIC RO, RO, #0x40

19.6.6 EBRIBEAL (runtime B )

54 TE$ 19.65 C/C++

value=values(~{l<<n]};

154 THE$ 1966 x86

v REG, 1
SHL REG, CL

value, REG
19.7 ¢RI A

19.71 &EA1
A TR R

14788 19.57 Optimizing MSVC 2010

=38

ocx, DWORD PTR _a$[esp-d]
eax, ecx
edx, ecx

; 00000010H
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BT ERIEE (LA

164758 19.58 Optimizing Keil 6/2013 (ARM mode)

£ PROC

z1,rl,r0, 1SR #24
r2,r2,r0,18R #8
rl,rl, r2

r0, 71,10, 18T 42¢
ir

E4 &% 19.59  Optimizing Keil 6/2013 (Thumb mode)

£ PROC
r3, 40xE2
r2,x0, 48

6458 19.60 Optimizing GCC 4.9 (ARM64)

rev w0, w0
ret

#475% 19.61 Optimizing GCC 4.4.5 (MIPS) (IDA)

£
srl $v0, $a0, 24
s11 $vl, $a0, 24
511 $al, $a0, &
or svl, $vl

§v0, sal, §v0

$v0

19.7.2 B2
TR TR A

#5458 19.62  Optimizing MSVC 2010

$=8 § pize =4

R _a$lesp]

lea  edx, DWORD PTR [ecx+1]
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npad
SLL30E:

mul

pop
ret
H ENDE

$ELHER 0

eax, eax
3 ; align next label

edi, esi
edi, ¢

ecx, &

TR [edxtedxtd]

.63 Optimizing Keil 6/2013 (ARM mode)

£ PROC
MoV
MoV
MoV

3,0
1,40
r2,41
£0,rl

r12,r3,rl

r2,r2,r2,18L $2

C¥P rl,#0xlc
LSL r2,12,f1
BLE  |L0.16|
B lr

ENDP

J54 758 19.64 Optimizing Keil 6/2013 (Thumb mode)

£ PROC
PUSH {xd,1r}
MOVS  x3,r0
HOVS 1, £0
MOVS  r2,#1
MOVS  xQ,rl

11010}
HOvS

LSRS

{rd,pc)

E47%58 19.65 Non-optimizing GCC 4.9 (ARM64)

£
ub

s

mov

sp, sp, #32
w0, [sp,12]
wzr, [sp,28]

W, 1



300

FEITENEEE (LD

JL2:

str

add

ble
ldr
add
ret

w0,
war,
L2

w0,
wl,
w0,
wl,
w0,
w0,
Wi,
w0,
w0,
w0,
w0,
w0,
wl,
w0,
w0,
w0,
w0,
w

w,
o,

w0,
s,

[sp,24]
[sp, 20]

[sp, 28]
{sp,12]
wl, w0
wd, 15
[sp,24)
wl, w0
[sp,20)
wl, w0
[sp,20]
[sp, 28]
w0, 4

[sp, 28]
[sp,24]
wl

uo, 2

we, wl
w, 1

(sp,24]

[sp, 28]

28

(sp,20]
sp, 32

164 7%% 19.66 Optimizing GCC 4.4.5 (MIPS) (IDA)

£:

Sv0,

srl $a3,
andi  Sa3,

andi $v0,
srl $al,
srl $a2,
andi $al,
andi $az,
s11 $t2,
511 $vl,
s11 $t0,
srl $t1,
sll $t5,
addu st0,
subu $t5,
andi $tl,
srl $vl,
s11 st4,
s11 5t2,
s11 $t3,
s11 5t7,
srl $ve,

addu  $a3,

subu  $t3,
subu  §t7,
andi  $v0,
s11 sts,
sl st6,
sl st2,
s11 st
sl st

addu  Sa2,
subu $tl,
addu  $t2,

$a0,
$a0,
0xF

0xF

$a0,
$a0,
OxF

OxF

$v0,
$a3,
$vo,
$a0,
sa3,
$t2

$vl

O0xF

$a0,
$al,
$a2,
$al,
$a2,
$a0,
$t5,
$td,
$t2

OxF

stl,
$vl,
$t0,
st1,
$vl,
$t7,
$t6,
$t0,

G e

[ERVRR

$a3
$t3

faw
[




addu

zddy sal
sL1 2
sl &
sl 3
addu
s5t0
st
2
5
sal
$t1
B
s 2
andi
addu sl
adaa
adda
subu
511
adda $a2
addu $v0
sL1 2
sl
addu
addu
sL1
addu 570
s11
jr
addu 530
1973 #ME3

W MSDN %4}, % F MessageBox()ef ${f F T e

bR

54 75% 19.67 Optimizing MSVC 2010

_main  PROC

push 278595 i 00044043
push  OFFSET $5G79792 ; ion'
push  OFFSET $5G79793 ; 'hello, world!'
push 0
call  DWORD PTR _imp_MessageRoxAELE
xor  eax, eax
ret 0
_main  ENDP
1974 HBE 4

AT A D ) D .

#8455 19.68  Optimizing MSVC 2010

=8 ¢
n§ =12 4
=P PROC
nov ecx, DHORD _n$lesp-4]
xor eax, eax
xor edx, edx
test  ecx, ecx

je SHORT SLN2Gf



302 #wIEREHE (EA4)
push  esi
nov esi, DHORD PTR _m$[esp)
SLL38E:
cl, 1
SHORT $LN1Gf
eax, esi
ade edx, 0
SLN1@f:
add esi, esi
shr ecx, 1
ine SHORT $LL3OE
op est
$LN1GE:
ret 0
t ENDP
54758 19.69  Optimizing Keil 6/2013 (ARM mode)
£ PROC
PUSH  {rd,lr}
1OV 3,120
OV x0, 0
MOV 12,10
oV r12,z0
B 120.48]
110.24]
781 1,1
BEQ 11.0.401
ADDS  0,x0,x3
ADC r2,22,x12
110401
LSL r3,r3, 41
LSR. rl,rl, #1
120.481
1,40
1,2
120.24]
{ré,pct

$EEHES 19.70

Optimizing Keil 6/2013 (Thumb mode)

f PROC
PUSH
HCVS
Movs
HOVS
MoVS
B
20.12]
LSLS
£
RDDS
RDCS
1L0.20)
LSLS
LSRS
110.24

{r4,r5,1r}
r3,r0
r0, 40
r2,rd
rd4,rl
1L0.24

s, rl, 31
110.20]

r0,10,13
r2,12,14

13,13, 1
rl,rl,#1

1, #0
110.12]
r1,r2
{xd,5,pc)




0% 4 B #

303

ELHEE 1971

Optimizing GCC 4.9 (ARM64)}

£:

54iEE 19.72

and
1sr
cmp
add
1s1
csel
cbnz

w2, W
%0, 0
wl, .12

Wi, wl, 1
wl, wl, 1
w3, wzr

x3, %0, x2, uxtw

w2, w2, 1

%0, x3, x0, ne

wl, .13

Optimizing GCC 4.4.5 (MIPS) (IDA)

mult:

loc_10:

beqz sal, loc_40
move a3, Szero
move $a2, Szero
2ddu S0, $a3, $a0
# CODE XREF: mult+38
u §tl, $t0, $a3
move $vl, StO
andi $t0, sal, 1
addu §t1, $a2
begz $t0, loc 30
srl $al, 1
nove $a3, $vl
nove $a2, $tl
4 CODE XREF: mult+20
beqz $al, loc 44
s11 a0, 1
b loc_10
addu $0, $a3, $a0
# CODE XREF: mult
move $a2, $zero
# CODE XREF: mult:loc_30
move $v0, $a2
jr o Sra

move $v1,

$al



$20E HMERKZESHRENES

IS AR R L SR . HURSLEE RUBE L SR A AR KRR T, RE
FHAE R RIRE. IEMSESD, BRIUEDIT.

finclude <stdint.h>

/1 tants from the Numerical Recipes book

#define BNG_a 1664523
#define RNG_c 1013904223

static uint32_t rand_state;

void my_srand (uint32_t init]
(

rand state=init;

int my_rand ()
{

}

ERARA ST RS, 8 - EEE TGN R, 5 AR ECE R LT

EAEFTHEAE BRATEE A [Prer07]. ACHEBUH C/CHHdetie ), EBATEX
S5 o CICHRF S BB AL I8 7 BT T R 30« CIC+-+ 450 R 38 (0 UL E AR P 2 8% R O
PIE ARG R TP MR, R S R . R SgF et RS PR W AEEE
e, BTBL CICHHIEEN T LUSE R % &, (R E .

FHREA T “&” (SRR, AR C BT HRIE, my_rand) B EURIE B TR AT 0~32767
T, W RAEATE A  32 R BRI, AR LA AT i b

20.1 x86

45478 201 Optimizing MSVC 2013
_BSS SEGMENT

_rand_sta DC OLH DUP (2]

_BSS ENDS

_inits = 8
_srand PROC

srand
_TEXT
_rand
eax, DWORD PTR _rand state, 164525

@ BHBIHLFHFARFRERIEFHITE (Mersenne twister) -




420 % 5 P HALE $ 305
add eax, 1013904223 ; 3c6ef35IH
mov _rand_s<ate, eax
and eax, 32767 ; Q0007E£fH
ret 1)
rand ENDP

LR E BB O BT E R . XATIEN. MERASN TR AT .
my_srand()BR £ EL AU A 245 1 DAY rand_state ZHE.
BEFE, my_rand (B EHME TISAME, LU rand state. EIHRET BHREZIE, REEREE

EAX # 78R
TR VST AT 2 AN R AR DR A6 4 0 1 2 AR5

BSS  INDS

inits = 8

srand PROC
push  ebp
mov  ebp, esp
mov  eax, DWORD PTR
mov  DWORD PTR _ran
pop  ebp
TOE 0

_srand END?

_TEXT  SEGMENT

_rand  PROC
push  ebp
mov . ebp, esp
imul  eax, DWORD PTR _rand state, 1664525
m DWORD PTR _rand_state, eax

DWORD PTR _rand state
d 1013504223 ; 3c6ef35:k
mov
mov  eax, DWORD PTR _
and  eax, 32767
Pep
ret 0
rand  END2

TEXT  ENDS

20.2 x64

x64 [ITEFF 15 x86 RIFEFFJL AR . b BERARIEIE R 1 int BUER, BTLLEH (A o4 Ar7FaTa8,
W RAER T 32 fra s N, {22, my_sandOB¥A ECX S 2R RESE, HWHB
BB, KHRRT 64 RN R ESL.

$54 758 20.3 Optimizing MSVC 2013 x64

BSS ENT

Tand_state DD DI DUZ (2)
BSS  ENDS

d state, ecx



306 H W TREARIER (L)

ret 0
my_srand ENDP

_TEXT ]
my_rand PROC
imul  eax, DWORD PTR rand_state, 1664525 ; 0019660dH
add sex, 1013904223 5 3cbefiSEH
mov DHORD PTR rand state, eax
and eax, 32767 5 0C00TEEEH
ret 0

my_rand ENDP

_TEXT ENDS

GCC AR 513
20.3 32 1% ARM

154 7% % 20.4 Optimizing Keil 6/2013 (ARM mode)

my_srand PROC

LOR rl, [10.52] ; load po
STR x0, [r1,#0]

BX ir

ENDP

my_rand PROC

LOR r0,1L0.52| ; load pointer to rand_state
DR r2,|L0.56| ; load RNG.a
LDR rl, [r0,#0] ; load rand state
HUL ri,r2,rl
LOR r2,(10.60| ; load RNG_c
ADD rl,rl,z2
STR 1, ; save rand state
; BND with Ox7FFF:
LSL r0,r1,#17
1SR 17
BX
ENDP
110.52]
beD I1.datall
110.561
oen 0x0019660d
150,601
neo 0x3c6efI5E
AREA ||.datall, DATA, ALIGN=2
rand_state

plo] 0x00000000

ARM M MR LHELAK 32 £ opeode, JILABREIELRAIREAHAT 32 iR, B, K

ERNTFRE T SRR R, BRI PRSI T,
EBKENR, R 0T kR B 842 . Keil 18 rand_state 7285 17 fLZ JSHAH 17

fir, BAHYST CICHIERHE “(rand_state<<17)>>17” 6], HARE LEXRLBIFL, HEUHETS

TRERIOED 17 00, (RET TG 15 Brgeds, SUICBRIThREARTE .
Keil (AL ERHIRF SLER, ASCRFEBMAE.

20.4 MIPs

454 % 20.5 Optimizing GCC 4.4.5 (IDA)

ny_srand:




20 F HMERK

307
: store $a0 to rand_state:
lu. $v0, (rand_state >> 16)
iz Sra
W $a0, rand_state
sy rand:
: load rand_state to $v0:
lui $vl, (rand_state >> 16)
$v0, rand_state
$at,
; multiplicate
$ab, 6
3
$a0, $v0
§v0, 2
$a0
d by IDA from LUI and ORI
1i GEF35F
addu
; store to rand_state:
sw $v0, (rand_state & OxFFFF) ($v1)
e
.Jard) branch delay slot
FE LT T, %8R 0x3C6EF3SF (B 1013904223). % — ML 1664525 HH 2 T 2
PRSI R AN SIS T <Ll 16645257 KM, RAMB B BITERT U TR
f#define RNG_a 1664525
int £ (int a)
{
return a*RNG_a;
}
Wa, ERFRFEEN Fia 4R F R,
15475 % 20.6 Optimizing GCC 4.4.5 (IDA)
£
$vl, $a0, 2
$v0, $a0, 4
sv0, $v1, §
$vl,
svo,
$a0, $v0 ; branch delay slot
MBS LA AT RATRE PP 4R BT R R 4!
MIPS BIEHTERL
A AR AR 5 N TR BAR T . 7R MIPS IRIE AT I, IDA SRR (“H0BR”

HIFRCE ). KIASCE objdump F2/7, SHBHIE

WG IZTH&iH  REEALR (relocation list).



308 # o TENEET (ER)

E458 20.7 Optimizing GCC 4.4.5 (objdump)

# objdump -D rand 03.0

0000000 <my_srand>:

0: 20000 lai o w0,0x0
4 0300008 ir ra
8:  2c440000 sw a0, 0(v0)

0000000c <my_rand>:

Lui v1,0x0
Lu w0, 0(vl)
0200825 move  at,at
00022880 sll al,v0,0x2

00022100 a0, v0, Cxd
00242021 a0,al,20
0042980 s11 al, a0, 0x6
00242023 subu  a0,al1,20
00822021 addu  a0,al,v0
00042940 s11 2l,a0,0x5
0852021 addu  aD,a0,al
000420c0 s11 20, a0, 0x3
00821021 addu  v0,20,v0

00022080 s11
00441021 addu
3c043che lui
3484£35F ori
00441021 addu

10, 0x2

5c:  30427£ff andi  v0,v0,0xTEEE
# objdump -r rand 03.0

RELOCATION RECORDS FOR [.text]:
OFFSET  TYPE VALUE
00000000 R .bss
OODOU QB R_MIP!

00000010 R_MIPS 1076
00000054 R_MIPS_LO16

PRE my_standFIVR LT relocation % H—VUHIATEHAL 0 46, A% R_MIPS HII6. b
AR 8 b, FNH R_MIPS_LO16. XAURE bss BRIIEIULTE M 0. 8 (451% 16 [ufvis, &
i) RS L.

A7 T bss BUESHAM B HI(E, A rand_state.

AERTJLA LULAN SW HR &, EREIERT . U4 PERESR P B complier JE N AEHIREIREL(E, Frs
BERHEEET R, SRS SZEREN B (linker) LMK, fUHUIHRHIALRIEIBLS LUT 54HIHINES
TERFR, HAR(RIEL ALy SW 54, SW 5423t LI RHEIE IS VO FF 233 M ML A4 T InBtRAT.

H 1 ERESZ FROTAF A my_rand VR EP W E LR FEAFFT R_MIPS_HI6 &F linkes
TP “EH bss B HERIRI AL {84 LUT #5407, FTLAASH rand_state Hihik (¥ 3 M iE 704 477 i 7ESVE
LAF. HBEEN 0x10 /9 LW 54 PR B L RO S0 K, RIBINEISV 277788, Uk Oxse
B9 SW B4 B FXA R, JCH MEEEEL £ RER rand_state.

TEILE MIPS RS EEMEZR, IDA BITFLEHUR 515 UATR LTI, BT DA
PEFXLEBFUANNCRTES . i, ik IDA ZEHBREN, EEEBHEAE.




F20F LERKESHHELES

20.5 ABIEHLEIRR BRI

B RAT 651 EAAPIHEIER S (thread-safe) SHER -



FB21E £ B K

T2 CICHHINEAR G510 LA HO1E Cstructure) & Hi— R SR 18 PRI A RAR 2. 21k i 507
HARIGE, ATLLRMRREAHE, W DR AR R S

211 MSVC: systemtime

AL Win32 fiiif RGER [E] ) SYSTEMTIME 454444 % 51 .
FER e (5 T
547 $ 21,1 WinBase.h

struct SYSTEMTIME {

WORD
WORD
} SYSTEMTIME, *PSYSTEMTIME;

o T AR S T+

>

printf ("$04d
ar, t.
Hour, t

£ MSVC 2010 (J fI/GS-BE3) 4 X AMEIT, FTAH T B eSS .
1E47EE 212 MSVC 2010 /GS-

mov  ebp, esp
st esp, 16

lea  eax, DWORD PTR _t$[ebp
push

FH)4¥ 48 Melerogeneous container” .
microsoft.c / y/msT24950(VS.85).aspx.




FnE & # & 311

movzx edx, WORD PTR _t$[ebp+l0] ; wMinute
push  edx
novzx , WORD PTR _t$[ebp+8] ; wiour
push
movzx WORD ETR _t§[ebp+s] ;
pusa
edx, PTR _t5[ebpt2]
edx
movzx eax, WORD PTR _tS{ebp] ; wYear
push  eax
push OFF! G78811 ; ‘$04d-302d-302d %02d', OaH, 00K
call _printf
add esp, 28
xor  eax, eax
mov  csp, cbp
pop  ebp
rest 0
_main FNDR

RO S 2 745, BTSN EIF R EL 16 799 B2k vl «
I GBS AN TER wYear. 1Y MSDN 7% SYSTEMTIME ZEAfARIAT WY, 7MiM
f /2 SYSTEMTIME S5 M 19Tl . [MRBAMER, XU wYear

21.1.1 OllyDbg

PAIER MSVC 2010 (H5E/GS- /MD 1L i LIAFERF, JFH] OllyDbg FTH MSVC Ak Al AT AT
kB84, GetSystemTimeORRELIOTEE ik, SRS ACEURMER T D OSSR/ 2R . SO 2R WP 210 Bs.

1 OllyDbg: 44T GetSystemTime()

i [E /2 “9 december 2014

N 21.2
FACER OB FRAHBREFFAGHY 16 o2 172 @ {2

D 0 00 02 00 63 00 16 00 1D 00 34 3¢ 03

[E121.2 OllyDbg: printf()& &4 H R

4 WORD #25)

BT, FTLLER A

7 FEA
0x07DE wYear
0x000C 12 wMonth

Taspx.



312 B TRAAE (EA)
e
A Figpax | PB4
0x0002 2 wDayOfWeek
0x0009 9 wDay
0x0016 5.1 wHour
0x001D 29 wMinute
0x0034 52 wSecond
0x03D4 980 wMilliSeconds

(AT OHE SR E SR, AN FILL 32 i A I R& U LRAGH ‘

T printf()ef 2 M G4 f 1R T ARHUIF 5 208, AR BB FAR I e - z‘

printfO) B EIF A KT (105 BT EN LK. wDayOfWeek I wMilliSeconds #FA#ida i, (HLE K
AT R R

2112 MEESREME

ERETHIEA TR, ERFRKKIES. T RIEETEAFTRIFEROOIBARFE, RINHAE
T SYSTEMTIME £5#4 44

#include <windows.n>

#include <stdio.h>
void main()
{

WORD array[8];

GetSystenTime (array);

printf ("%04d-%02d-02d 20
array(0] /* wrear */,

202d:302d\n",
ay[1] /* wionth */, array[3] /* wday */,

array[4] /* whour */, array[5] /* wMinute ¥/, array[6] /* wSecond */};
relurn;

time2.c(7) : warning C4133: ’function’ : incompatible types - from ‘WORD [8]’ to ‘LPSYSTEMTIME®
BpEntt, MSVC 2010 RERSIEITH . SIS B .

#5478 21.3  Non-optimizing MSVC 2010

$5678573 DB '$040-302d-502d $02d:$02d:802d", Oa¥, 00K
arrays = -16;size=16
main

% _array$ [ebp]

R _imp_GetSystemTime@d
ecx, WORD PIR array$[ebp+12] ; wSecond
acx

edx, WORD PTR array$[ebp+10] ; wi

; whoure

ecx, WORD PTR _array$[ebp+&] ; wbay

edx, WORD PTR _array$[ebp+2] ; wMonth

eax, WORD PTR _array$[ebp] ; wYear




HUAE A 7 AR, iSRRI R A 221,

ARG, BRI SR T e i, S RENCARTE A IR TS AAM . R
CERIR AT, AR BRIE R B K2 4 Siy i

T AR R AT B, R TTIEPE . 5 B HELLECA SR, 1207 (BRI R
St B

XA R TR RE I SE AN ], AR FHECR OllyDbg HIIHUEAZ T .

21.2 A malloc() > B2 &5 49 14 g5 2= Jal
FESEECR LR, M (heap) RAFARLHIRE LI (stack) 75 —L:

#include <wi B>

#include <std

void main(}

t->uFour, t->wMinute, L->wSecond);

i
BU7E A T MSVC KR ICETROK, 4% LIAFERF, #RIM{CIEm KPR,
$§4i%8 21.4  Optimizing MSVC

_main PROC
push  esi
push 16
call _malloc

, WORD PTR

WORD PTR

cdx, WORD PTR

push  esi



314 BRI ENEEE (B
call _free
add  esp, 32
xor  eax, eax
pop  esi
ret 0
_main ENDP

16 i/ sizeof(SYSTEMTIME), Ml malloc()4 At IR PIA /- malloc() R SRR 2 40t 72 IR/
FE— AT, IR A R IREN R IB L BAX HAEE. IJF ESI MM TIXAEE . Win32 8
GetSystemTime() i K iR E A (1945 NG F A5 E] esi SRETIR MR RZE B, BT RILAF ISR YGLIEE
L3R B IR Z AU IE AR & printfQ R ELR T«

AL “MOVZX(Move with Zero eXtent)” 25 I M AILITES . XAMELKERFI MOVSX (&
WLE 14T AL, 5 MOVSX MARRZ AL, MOVZX TEIAT Kl Feaf i R 2 e 20 Ab bit AE F. B
g printfFR L AR KB R 32 AR, RATHLTEE SYSTEMTIME B R #9F B2 WORD
FUHHR, LA TSR . WORD MHGR 2 16 (1 B S4E, MM E4E WORD B4 B H| im
TUHGESS B T AL R, T Sl fr CGFF 16 (1228 31 4D 7 TR AAMBEE T, TR R i
BUIRR AT A 232 ST R (B A RS0

AR, WATATLAER 8 4~ WORD B4R it bkl

#include <windows.h>
#include <stdio.h>

void main()
WORD *t;
t=(HORD *Imalloc (16};
GetSystemTime (t);

$02d:302d:502d\n",

printf ("%04d-302d-302d
t[0] Year */, tl1] /* wMonth */, t[3]
L[4] /% wHour */, t[5) /* wMinute */, t[6] /* wS
free (t)
return;
i
M MSVC (ERMAGEDD 4% Lk BUs, arfgslin Fpis mo 4R,
$547% & 21,5 Optimizing MSVC
$5G78594 DB '$04d-%02d-%02d %02d:%02d:%02d’, OaH, 00H
_main PROC
push
push

esi, eax
esi
DWORD PTR  imp_GetSystenTime2d
eax, WORD PTR
ccx, WORD PTR
edx, WORD PTR [esi+8]
eax
eax, WORD PTR [esi+6]

push ecx

vzx  ecx, WORD PTR [esi+2]

push  edx

movzx  edx, WORD PTR [esi]

push  eax

pusn  ecx




4 4 g 315

et 0
_mzin  ENDP

KA AR

B RBS e A AN R TR, IR0 AR,
FRRE S BRARE L, WAL KR

5" BRI ASE

21.3  UNIX: struct tm

2131 Linux

FAIFA T Linux WA time.h BHY m £5107%.

#include <stdio.n>
#include <time.h>

void main{)

{
struct tm t;
time  unix time;
unix_time=time (NULL) ;

localtime_r (funix_time, &

printf ("Minuzes: 3d\n", t.tmmin};

printf ("Seconds: 5d\n", T.tm_sec);

i GCC 441 Hiif, AR FRIAT.

5458 216 GCC4.4.1

main proc near

push  ebp

mov  ebp, es
0FFFFFFF(n
ath

d otr lespl, 0

time
lesptich], eax
eax, [esp+3Ch] ; take pol
+1Ch] ; at ESP+107 struct tm

5 pase po

r to what time()
1

r to the atru




3

16 W IRRAEE (LA

; tm_mon
; "Month: $d\n"

moy

eax, offset abayD ; "Day: sd\n”
[esp+d], edx

[esp], eax

printf

edx, [esp+18h] ; tm_hour

eax, offset aHourD ; "Hour: %d\n"
[esp+d], edx

[espl, eax
printf
adx, [esptldn]

sdin"

cax, offset aMinutesD
esptd], edx

lespl, eax

printf
edx, [e
eax, offset

10h]

condsD ; "Seconds: &din"

lespHe], edx ; tm_sec
[esp], eax
printf
leave
retn
nain endp

ARSI IDA K AR 7E R RS B XL AR R —iRBI ok, IR BEIRIC AR 54 . EREE
S E RO AR M0 TRATAGR T, AETAEIE B VAT LA B AR AR -
TR “lea edx, [eaxt76Ch]” $54 . TH EAX H 8 TLAALINL 0x76C (19000, TIR&E
ALfbRSR . HRLEA RAMELER, EZNMR A62.

GDB

JAMER GDB WA, A B8 FIRiRG. ©
$547%8 217 GDB

denniséubuntuvn
Mon Jun 2 18:1
dennis@ubuntuvm:
dennis@ubuntuvm
GNU gdb (GDB} 7.6.
Copyright [C} 2013 Free
License GELv3+: GNU GPL
This is free software:

There is NO WARRANTY, t:
This GD3 was confiqured as "i686

¢ -0 GCC_tm

tware Foundation, Inc.

sion 3 or later <http://gnu.org/licenses/gpl.ncml>
free to change and redistribute it

Type "show copying”and "show warranty" for detail:

© extent perm
-linux-gnu”.
ase see:

For bug reporting instructions,
<http://wwi.gnu.org/software/gdb/bugs/>. . .

Reading symbols from /home/dennis/polygon/GCC_tm. .. {no debugging symbols found)...done
{gdb} b printf

Breakpoint 1 at 0x804

{gdp] run

Starting program: olygon/G

Brezkpoint 1, _pri 2t=0x80485c0 "Year: d\n") at printf.c:28

29 printf.c: No s directory

{gdb} x/20x Sesp

0xbEEEFOde:  0x08C484c3 0x080485c0 000007de 9x00000000

SRR T, FAA GDB 4 MRS AR, HYERIENL

@ HTET
SRR A .
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OxpfEEEOec: 0x08048301 0x538c93ed
0x00000012  0x006000

0 0x0000005: £x00000001
0xCBO4R0%0 Cx08048530 000060000 Oxczuuoo o

TEHAEAR T, SRR AR R RO1EE timeh TAYE .
{ECEL 218 timeh

struct tm
i

m_isdst;

Linux 8 tn SAOPRMIEA TR AL int 225048 . TEHERFA EEEUR Windows (9 SYSTEMTIME 4549
A WORD RUEHR A [

TRAr 14k 537 R R RR RO L <
0x080484c3 0%080) 0%000007de 0x00000000
0x08048301 0x538c93ed 0x00000025 B 0x0000000a 4

0x00000012 B 0x00000002
0001 wday Dx00000098

0x00000005 H 0x00000072 4F
2y 0x000000! t

0030 0x0804: 0x00000000
HH TR, AR TR,

/it E it FE
0x00000025 37 tm_sec
0x0000000a 10 tm_min
000000012 18 tm_hour
0x00000002 2 tm_mday
0x00000005 5 tm_mon
000000072 114 tm_year
0x00000001 1 tm_wday
0x00000098 152 tm_yday
000000001 1 tm_isdst

IALEHGIELL SYSTEMTIME % T—4658, 61401 tm_wday/ tm_yday/ tm_isdst T, Tt G R jixebsr gt

2132 ARM

Optimizing Keil 6/2013 (Thumb mode)

TER Keil 6 R AT 7% LRI, T35 Thumb Bi3H
#5458 21.9  Optimizing Keil 6/2013 (Thumb mode)
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-0x28
3 = -0x24
timer = -0xC
{LR}
RO, 40 i timer
sp, SP, #0x34
time
RO, [SP,#0x38+timer]

R1, SP i tp
RO, SP, #0x38+timer ; timer
localtime_r

R1, =0x76C

RO,
R1l, RO, R1

RO, aYearD ; "Year: %d\n"
__oprintf

R1, [SP,#0x38+va
RO, aMonthD

8]
"Month: c\n"

__2printf
R1, [SE,}0x38+var_2C]
RO, abayD ; "Day: sd\n"
_2printf
R1, [SP,#0x38+var_30]
E RO, aHourD ; "Hour: %d\n"
BL _2printf
LDR RL, (SP,40x38+var 34]
ADR RO, aMinutesD ; "Minutes: 3d\n"
BL _2print
LDR RL, [SP,#0x38+var_38]
ADR RO, aSecondsD ; "Seconds: d\n"
BL _printf
ADD S, SP, £0x34
POP (zc)

Optimizing Xcode 4.6.3 (LLVM) (Thumb~-2 mode)

BBy B E R (I AABI localtime_rOBRED, TDA RESS “ "
HOARAAR, A E AR T O F B E PR E R TR

35478 21,10 Optimizing Xcode 4.6.3 (LLVM) (Thumb-2 mode)

var_38 = -0x38
34 = -0x34

PUSHE {R7,LR}

MOV R7, SP

SUB SP, S, #0x30

MOVS RO, #0 ; time t ¥
BLX _time

ADD R1, SP, #0x38+var_ 34
STR RO, [S2,#0x38+var 38
MOV R0, SP ; time_t *
BLX _localtime_r

LOR R1, [SP,#0x38-var 34.tm year]
RO, OxF44 ; "Year: Sd\n"

20, ; char *

R, R1, #0x76C

BLX _print:

LOR R1, (82, #0x38+var_34.tmyon]
MOV RO, OxF3A ; "Month: sd\n"
BDD RO, PC
BIX _print

struct tm *
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LDR R1, [SP,$0x38+var,
MOV R0, Ox¥
ADD RO, PC ; char *
BLX _prin

LDR R1, [SP,#0x36+var_34

MOV RO, OXFZE ; "Hou
ADD RO, BC ; char -
BIX _printf

tm_hour]
o

LR R1, [SE,#0x38+var_34.cmmin]

MOV RO, OxE28 ; "Minute
ADD RO, PC ; char *
BLX _printf

LDR Rl, [SP,#0x38+var_34

Ao

MOV RO, 0XF25 ; "Seconds: %d\n"

ADD RO, PC ; char *

BLX _printf

ADD SB, 52, $0x30

BOP {R7,2C}
00000000 tm
00000000 tm sec  LCD ?
00000004 tm min  DCD ?
00000008 tm hour DCD ?
0000000C tm mday DCD ?
00000010 tmmon  DCD ?
00000014 tm_year DCD ?
00000018 tm_wday ©CD ?
0000001C tm yday DCD ?
00000020 tm isdst DCD ?
00000024 tm_gmtoff DCD ?

true ; (sizeof=0x2C, standard typel

00000028 tm_zone DCD ? ; offset

0000002C tm ends

2133 MIPS

5<% 2111 Optimizing GCC 4.4.5 (IDA)

1 main:

= -0x40
= -0x38

-0x34
= -0x30
= -0x2C
-0x28
-0x21
-0x20
= -4

lui $9p,
addin  $sp,
la S9p,
sW $ra,
sw S9p,
1w $t9,
or $
jalr $t9
move $at,
1w $ap,
addiu  $a0,
1 29

; IDR is not aware of structure field names, we named them manually:

__gnu_local gp >> 18]
-0x50
{_gnu_local gp & OXFFFF)

szero ; branch delay slot, NOP
0x50+var_40{$sp)

$sp, Ox50+var_38

{Localtime_r & OXFFEF) (Sgp)
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27 addiu  $al,
28 jalr  $t9
29 sw §v0,
30 1w $ap,
31 1n sal,
32 n
33 1a $a0,
34 jalr  $t9
35 addiv  $al,
36 i sgo,
37 1w sal,
38 v st9,
39 lui 520,
40 jalr  $t9
L5 1z 520,
1 i $ap,
43 1 sal,
4 1w st9,
45 lui $a0
46 jalr  $t9
41 la $a0,
48 it $g0,
49 1w sal,
50 1w st9,
51 lui $20,
52 jalr $t9
53 1a 520,
54 it $9p,
55 1w sal,
56 1w $€9,
57 lui $a0,
58 jalr  $t9
59 la sa0,
60 Y S9p,
61 1w sal,
62 Y 5t9,
63 lui 520,
64 jalr  §t9
65 1a $a0,
66 1u §ra,
61 or sat,
68 Je $ra
69 addiu  $sp,
70
7 $1C0: .ascii
7 $1CL: .ascii
73 $IC2: .ascii
74 $LC3: .ascii
7 $LC4: .ascii
76 $LC5: .ascii

AR ORT T R T A BT P B, B, BT 35 1740 “addiu Sal, 1900” 4

x50+seconds

0x50+var_38 ($sp}
0x50+var_d0(Ssp)
0x50+year {$sp)

; branch delay slot

) (ap)
$LCO # "Year: %d\n"

1900 ; branch delay slot
0x50+var_40($sp)
0x50+month {$sp

{printf & OXFFFF) ($gp)
($LC1 >> 16) # "Month: %d\n"

($LC1 & OXFFFE) # "Month: $d\n" ; branch delay slot
0x50+var_40($sp!

0x50+day ($sp)

(printf & OXFFEF) (Sgp

(SLC2 >> 16) # "Day: %d\n"

($1C2 & OxFFFT) 4 "Day: sd\n" ; branch delay slot
0x50+var_40 ($sp)
0x50+hour [$5p)

(printf & OXFFFF) {$gp)
($LC3 >> 16) # "Hour: %d\n"
(SLC3 & OXFFFF) § "Hour:
0x50+var_40($sp)
0x50+minutes ($sp)
(printf & OxFFEF) ($gp)
(S1C4 >> 16) # "Minutes:

sd\n" ; branch delay slot

sd\n"

($LC4 & OXFFFF)
0x50+var_40($sp)
0x30+seconds ($sp)
(printf & OxFFFF) ($gp)
(SLCS >> 16) # "Seconds:

# "Minutes: %d\n" ; branch delay slot

sd\n"

(SLCS & OXEFEF) #
0x50+var_4 {$sp)
$zero ; load delay slot, NOP

"Seconds: $d\n" ; branch delay slot

0x50

"Year

2d\n"<0>
$d\n"<0>
2d\n"<0>
2d\n"<0>
Minutes: $d\n"<0>
"Seconds: 3d\n"<0>

FEELIEN L 1900. F7THERE MPITINRS T8 34 TH1 JALR $54

21.3.4 HABNRE
AT, R ATIN

~RFAR, b THURERIE R, AR 21.8 MFRSF

oW, DMERBEREY m G516k

#include <stdio.h>
#include <time.h>
wvoid maini]

{

int tm_sec, tmmin, tmhour, tm mday, tmmon, tm_year, tmwday, tmyday, tm isd

time_t unix_time;
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unix_time=time{NULL];

localtime r (sunix_time, &tm_sec);
printf ("Year: td\n", tm_year+190C};
printf ("Nonth: $d\n”, tm_mon);
printf ("Day: %d\n", tm_mday}:;
printf ("Hour: td\n", tm hour;
printf ("Minutes: %d\n", tm_min);
printf ("Seconds: $d\n", tm sec);

Y

VEf#: TEESMETIES, EELIRRMEEENE A TE.
M GCC 4.7.3 FAFMIR, £2F BHBBRTNTHR.
ESHE 2112 GCC4T3

6CC_tm2.c: In function ‘main’:
GCC_tm2.c:11:5: warning: passing argument 2 of ‘localtime_r' from incompatible pointer type [ enabledd
by default]

In file included from GCC_tm2.c:2:0:
/usr/include/time.h:59:12: note: expected ‘struct tm *' but argument is of type ‘int */

AR AR IE A 2, PR TR AR S R BT R .
1E5E¢HE 2113 GCC4.7.3

main proc near

= dword ptr -30h
= dword ptr -2Ch
= dword ptr -1Ch
= dword ptr -18h
= dword ptr
= dword

= dword

= dword p
tmyear = dword ptr -4

push  ebp

mov  ebp, esp

and p, OFFFFFFFOh

sub  esp, 30h

call main

mov  [esp+30htvar 301, 0 ; arg 0
call  time

mov  [esp*30htunix_time], eax
lea  eax, [esp+30h+tm_sec]

mov esp+30h+var_2C], eax

lea  eax, [esp+30h+unix_time]

mov  [esp+30htvar_30], eax

call localtime r

mov  eax, [esp+30httm year

add  eax, 1900

mov  [esp+30htvar_2C], eax

mov  [espr30h+var_30], offset aYearD ; "Year: sd\n"
call  printf

mov  eax, [esp+30h+tm mon]

mov  [esp+30h+var_2Cl, eax

mov [esp+30h+var_30], offset aMenthD ; "Month: %d\n"
call  printf

mov  eax, [espt30h+tm mday

mov [esp+30h+wvar_2C], eax

mov  [esp+30n+var_30], offset aDayD ; "Day: sd\n"
call  printf

mov  eax, (esp+30h+tm hour]
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nov esp+30itvar_2C], eax
mov  [esp+30h+var_30], offsec aHourD ; "Hour: $d\n"
call  printf
mov  eax, [esp+30hrtmmin]
nov  [esp+30h+var 2], eax
mov  [esp+30htvar_30], offset aMinutesd ; "Minutes: sd\n'
call  printf
mov  eax, [esp+30h+tm_sec
mov 1, eax
nov ], offset asecondsD ; "Secords: ¥d\a"
call
leave
retn
main endp

NCHARE R, RAYANTERFRS SR IR RATT LM —8, UETRAITHEAT
AR LR IR I 5o

SR LIS U HIET, ERERAR RN AT . —Rokil, “TRARE
ST B PEAE T LR AG A B B AT, AR T AL ], R IEE R SR R R
HRAT LG,

A GCC LISMISRIF RIS, /MR 43T AE B R tm_sec Z SN tm_year, tm mon. tm_mday.
tm_hour, tm_min #H BT, BB GRIRMFRAEMT XL LA localtime_ QPSR (E- |

TEXAMRRE, SHfh % FRARR int BEHE, FLAGI+ 5 B0 . WHRERET R E FRATR 18
L‘z WORD E4fit, HFHT SYSTEMTIME HFf (it 4544, mﬁﬁa&gm 32 il s i SiG, =

¥l GetSystemTime()BIATE HME. AARSHEHFRETRAE, HE% 2147,

Bl WL, Gtk R — RIS, AR A TR B LS
R LR, NSRRGSR, RS TR S E R . E
SIATHANREGAZE R, HRRELEAL, FLIRHUER RIS, BUER-—TF, B0y (1972
EZHD CHEERLHELMIE structure. ©

AT HATRE R 52 S AU R F— R, AR ERLRET .

21.35 #i#% 32 i words

#include <stdio.h>
#include <time.h>

void main()
{
struct tm t;
time_t unix time;
int i;
unix_time=time [WULL);

localtime_r (funix_time, &ti;

for 1i=0; i<9; i++]

int tmp={{int*)&t) [1];
printf ("0x$08X (5d}\n", tmp, tmp};

© 3#% L Dennis M. Ritchie 75 f1<< The development of the ¢ language>>, “SIGPLAN Not” £13% 28 T3 W201208 T, B
AL # BRI T4 http: i Jdmr-The%20D 20the%20C%20Language-1993 pdf..
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£ W

S, el

FIATEFFHIR) —Hutk GRED MRUES B A RS . S BIA T EAL Ui
VAIER L. F2400RTEDY “23:51:45 26-July-2014” FINZ, PITEAR IO W

0xC0000013 (26}
0x00000006 (6}
0x00000072 (114)
0x00000006 {8}
0x0000

0x000C
AR O HET I, SRS R RO IR, A S AR 21 T 8 .
S MR OF AT HIR.

154 iE# 21114 Optimizing GCC 4.8.1

nain vroc near
sush  ebp
ov ebp, esp
push  esi
push  ebx
esp, OFFFFFFFOh
esp, 40h

dword ptr [esp], 0 ; timer
ebx, [esp+14h]

[esp+38h tp

s ebx
o b, eax
lez eax, [esp+10h]
mov fespl, eax ; timer
call localtime r

R

lea esi, [esisD] ; nop

[esp+0Ch], eax
[esp+8], eax

call  _ printf_chk
cmp ebx, esi ; meet structure end?

ort loc 8048308 ; no - load next value then
[ebp-8]

edbleliikrerlire eidat e b el ol N e i

ABIEW, AT LSRG g ik P & T B

FUTEREEA: AR hack H TR, MARBHIZFEE, AR5 AR TR, g
WAL LT B

21.36 BHRAFTRHA

S R SRR A, BT LA 4 0 W R Rt
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#include <stdio.h>
#include <time.h>

wvoid main{)
struct tm t;
time_t unix_time;
int 1, 3
unix_time=time (NULL};

localtime_r (&unix_time, &t/

7 AR% L)

for (3=0; 3<4; 3+4)
printf ("0x%02X ", {(unsigned char*)&t) [1*4+3])7
orintf ("\n");

bi

b

0x2D 0x00 0x00 0x00
0x33 0x00 0x00 0x00
0x17 0x00 0x00 0x00
0x1A 0x00 0x00 0x00
0x06 0x00 0x00 0x00
0x72 0x00 0x00 0x00
0x06 0x00 0x00 0x00
0xCE 0x00 0x00 0x00
0x01 0x00 0x00 0x00

A RS A 21.3.5 BV RRES, TERSHR “23:5145 26-July-20147. HES
SR, BANRAT MNESEE (B 313, JoUE/MET RITH BRI S 2T

54758 2115 Optimizing GCC 4.8.1

main proc near
push  ebp
nov ebp, esp
push  edi
push  esi
push  ebx
and esp, OFFFFFFEOL
sub esp, 40n
mov dword ptr [esp], 0 ; timer
lea esi, lesp+ldh)
call  _time
lea edi, [espt38h] ; struct end
nov [esptd], esi  ; tp
nov (esp+10h], eax
lea eax, [esptl0n]
nov [esp], eax ; timer
call  _localtime r
lea esi, [esi+0]  ; NOP

; ESI here is the pointer to structure in local stack. EDI is the pointer to structurs end.
loc_8048408:

xor ebx, ebx ;=0
loc_B04840A:

movzx  eax, byte ptr [esitebx] ; load byte

add ebx, 1 ;=i

nov dword ptr [esptd], offset a0x02x ; "0x202X "
nov dword ptr [espl, 1

mov [esp+8], eax  ; pass lozded byte to printf()
call  _ printi chk

emp ebx, 4



inz short
; print carriage return character (CR
mov  dword ptr [espl, 0Ah ; ¢
add

main

21.4  EEFiRES T EREE

LRI F B4y
FATCUT IR 17 R EA G o

<stdio.h>

har a;
int by
char ¢;
int d;

i

void f(struct

{
orintf ("a=§d; b=$d; c=td; d=%d\n", s.&, s.b, s.c, s.dl;
int main()
strucl s tmp;
a=l;
Vi

Hrhgg 2 AMERTEL char T

2141 x86

BUHI 2 A 4 FAY int R

{65 MSVC 2012 (& FIZETU/GS- /0b0) 4, FIALITFrRARTo.

154 HE 21,16  MSVC 2012/GS-/060

JARR SRR — A B

1 _tmp$ = -16

2 main  PROC

3 push  ebp

1 mov  eop, esp

5 sub  esp, 16

6 mov  BYTE PTR _tmp$[ebpl, 1 ; set field a
g mov $lebpt], 2 ; set field b
8 siebp-8], 3 ;

9 tmp$febp=12], 4 eld d

eax, csp

@ FEHHHZ https:/fen.wikipedia.org/wiki/Data_structure_alignment.
D

e place for tempo

ry

structure
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12 mov  ecx, If PTR _tmp$lebp]  ; copy our structure to the temporary one
13 mov  DWORD 2TR [eax], ecx

14 mov  edx, DWORD PTR _tmp$ [ebp+4]
15 mov  DWORD PTR [eax+d], edx

16 mov  ecx, DAORD PTR _tmps[ebp+§]
17, mov  DWORD leax+8], ecx

18 mov  edx, _tmp$ [ebp+12]
19 mov  DWORD PTR [eax+12], edx

20 call £

21 add  esp, 16

22 xor  eax, eax

23 mov  esp, ebp

24 pop  ebp

25 ret 0

26 main  ENDP

27

28 8% =8 ; size = 16

29 ?£@EYAXUSEEEZ PROC i

30 push  ebp

31 mov  ebp, esp

32 mov  eax, DWORD PTR _s$[ebp+12]
33 push  eax

34 movsX ecx, BYTE PTR _s$[ebp+§]

35 push  ecx

36 mov  edx, DHORD PTR _s$[ebp+d]

37 push  edx

38 movsx eax, BYTE PTR _s$[ebp]

39 push  eax

40 push OFFSET $5G3842

a1 call _printf

22 add  esp, 20

43 pop  ebp

4 ret 0

45 ?£RAYAXUS@@EZ ENDP ; f
46 _TEXT  ENDS

BIREM A B —IRMAEC T 4iKath tmp, IFREYERINIAS BRI, (DRTTHRATREFFAR ST AR
EAFEHRH R RIS (35 10 RS RITIEE), KSR IRIT a4
TEERIRT AR (3 12~ 19 4TIE 4, HEFRAT S BIL R FOTII. X BRI SRR S TCE I fOR
ELUBHEAERIRE, (T PITERE, BT LUSE mainORAUL mop 2GR AR 7 B
FAM AT LA SRR, (IRE IR, AR R I AR S AR, AR SHEHIMRT.

Foh, BT REFHFRE 4 TIARNF. W RS char BIEHR A int 1 EER —HE
4 F ARG SXETRN T I CPU MAF LI, BT MEE0E.

XA NIRRT

R RBATIR R I0/Zp] (Zp[n]FAR 1 n AT 103 T 58RI

Al MSVC 201205 HI/GS- /Zp] MLiM)4n % LIARRIF, AT 4300 T HR .

4TS 2117 MSVC 2012 /GS- /Zp1

1 main  BROC
2 push  ebp

3 mov  ebp, esp

4 sub  esp, 12

5 mov  BYTE PTR _tmp$[ebpl, 1 ; set field 2
3 mov  DWORD _tmp$ [ebp+1] set field b
7 mov  BYTE PTR _tmp$ [ebp+5], ; set field ¢

8 mov  DWORD PTR _tmp$iebpt6l, &  ; set field d

9 sub  esp, 12 ; allocate place f
10 mov  eax, esp

1 mov  ecx, DWORD PTR _tmps$[ebp] ; copy 10 bytes
12 mov  DWORD PTR [eax], ecx

emporary structure
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3%

14

15 c E mp$ [ el

1§ leax+8, cx

17 E

18 esp, 12

19 eax, ecax

20 esp, ebp

2 edp

22 0

23 _main ENDP

24

25 _TEXT SEGMENT

26 55 =8 =10

27 7fREYR: ez i R

28 v ebp

29 rov ebp, esp

30 mov  eax, DRORD PTR _s§[ebp+6]
31 push  eax

3z movsx ecx, BYTE PTR _s§[ebp+5]
33 push  ecx

3¢ mov  edx, DHORD PTR _s§[ebpil]
35 push edx

36 movsx eax, BYIE PTR _s§[ebp)
37 push

38 push 563842

39 call

<« 2ad

11 pop

42

43 HMV;\XUSW@Z ENDP i B
KT SR 10 A, SUP I char TUEUR A L . BRI RImH S
At FE S R EEL CPU K90 §
main() e G ) Pk A FLABRR 2. RIbiX 10
u L GRERIESML 3 4 MOV A8

[ BAFAARE 4 xRS SRR, A5LH 10 FATHGER, 3 MOV &% A
H MOV Jg 4 (B MNCRER. BIR o IR, B {EA MOV 1B4 T
AR)memepyORETITHES/HTE, T s PR 7 S N AR memepyQBRESA MOV B4 HICR R
T R A, B NA 43157,

2 IR A GRS AR BARSCRE Cobject files) 1A, T4 AL XTI FIN, Frfdd
e g EL M (/Zp[n]) A58 VLA
MSVC 4i 845 5 4 Mo (5 BUn FERRvE () Zp T EAh, SR TT )3 ot 7E 5 S04 B ¥ 5 #pragma pack

Sedg i MET. MSVC Il GCC HISFREA MMM E 2 v

oA BB A 16 USRI GIE SYSTEMTIME. TR B TR | ST
S WinNTh 17 0=

$H4ES 2118 WinNT.h

#include " 1.h"

T HER FEAES.

$E4EE 2119 WIinNT.h
ackd b/ /BATEL FHHT 4 FHUHAF

S

#include "pst

fmsdnmicrosofl. ms253935.asp i https:/gec.gnu. Packing bl
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PshPackLh CHH T A 7.

1<% 2120 PshPack1.h

ie“d £ /* | (definedilint} || defined{RC_INVOKED)) */
IR $B#pragma pack {58, 4515 S 2B FURL AL TR 7.
OllyDbg + BiABHEHEA

RFEST OllyDbg, gk 1 UBRIAE 4Em50 (4 S0 R50) MBF, Wk 213 Fig.

213 OllyDbg: T primtf()F ¥ 4l

PAVERIRE O LR B PRI B, B—AFB (BB o) ME=ATHR (X o 22z
JREBDE TR I T BEHLIE(0x30,037, 0x01). BN IRE AT L7 Msé\ném 2116 I¥RF S, ZEa
AR ¢ #R2 char BLU TR, P 6. B8 1 I o ENMEAFEESHET 44
T, AL 32 RLAEE A A A 3 AN RO A ﬂ:l& 3 "?‘n \Eﬂﬂtmi’i?&, R BT AR -
RAEES: printfQOR U B BA0N, 4 A& 001 10 R0 ORI ATIE & MOVSX (B ILIFAW K 21.16
Y 34 AT 38 47) ARBHR, BT LK LLIERUR A2 S04 printf) /R i 25 8

235b, PR a A e J char RIS, char BEERIBTA4Y Gigned) HUEH, FTLVEHIRIERTRINIT 454052
MOVSX (SX /& sign-extending HI455). MF A 1E unsigned char B uin8_t FEHE, ARALANES 2 MOVZX $54-

OllyDbg + =EEEIn] 15 Fiat 55

RN, AR ST RN TR AT, W 214 BF

214 OllyDbg
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2142 ARM

Optimizing Keil 6/2013 (Thumb mode)

4 Keil 62013 JFAMRAIESD . LA Thumb {804 i3 LI8AIF o 80T BRI

454758 21.21  Optimizing Keil 6/2013 (Thumb mode)
XREF: f+l6

SP, SP, #0x14
POP {BC,

100000280 £
100000280
00000280 var_18 = -0x18

00000280 a = -0x14
100000280 b = -0x10
100000280 c = -0xC
:00000280 d =8
00000280

00000280 OF B5 PUSH

00000282 81 BO 5UB
00000284 04 98 LDR

s
RQ,#12] ; ¢

R0,44] ; a
BDCDOD ; "

0 D FF BL

«te : 00000296
R T BRSSO AR SRR, TR HIRI IR . B ARM R RUH {7 2 ki e i
FRREITT 4 ABE, BTG AT 3RO~R3 517481 printfl) AU B AT PR 4 2

LDRB AT IIEL | AN 5400 32 AT R S H0E, K MEE AT R 7B o 1B co B
BT x86 L ET K MOVSX 4.

THHEE, A EURINT, A L5 7 R B 3B AR s AT
JEAM—AERER IS, NARE AP B0 R SRR R AR . sk IXFA
B RERIEICMAR RATLT 4X 5=0x14 EERED, FEORHEARIEAMIRIEL, fn LefWEnTr
AR BRI ZE, BTLIRIE BT T R4 EE, B, (A —ALR I DA AR LT, X5
A Keil FRPEREHITES ol

P

HATHEEAER. IMP RS R G 2 G, bR R L 4

ARM + Optimizing Xcode 4.6.3 (LLVM) (Thumb-2 mode)

$54758 21.22  Optimizing Xcode 4.6.3 (LLVM) (Thumb~-2 mode)

var_C = -0xC




330 H A IEREEE (LA
SXTB R3, R2 ; Hl&c
Moy R2,R9;#% b
BLX _printf
am sp, S7, #4
POP {R7,PC}

SXTB(Signed Extend Byte)# K7 x86 1) MOVSX f4, {EET H Hedb MAF 2 2R HVEUR, FREERANE
TR B RRERIRSSITE B, ASORF#ETEL M.

2143 MIPS
154555 21.23 Optimizing GCC 4.4.5 (IDA)
£

= -0x18

.2
b
c
.4
lui Sgp, (_gnu_local g >> 16)
addiu $sp, -0x28
la $gp, (_gnu local gp & OxFFFE)
sw $ra, 0x28tvar_£(Ssp)
s Sgp, 0x28+var 10(§sp)

an integer:

big-endian integer:

24 sra sv0, $az, 24

25 1w $t9, (printf & OxF

26 su $a0, 0x2B+arg_0($s

27 lui $a0, (SLCO >> 16) # "a=id; b=8d; c=%d; d=%d\n"
28 sw $a3, Ox28+var_18{$sp

29 sw $al, 0x28rarg_4(

30 su $a2, 0x28+arg 8 (Ssp)

31 st $a3, 0x28+arg C($sp

32 1a 5a0, (SLCO & OXFFFF) # "a=$d; b=id; c=%¢; d=%d\n"
33 move sal, $t0

34 move a2, Svl

35 jalr 519

36 move $a3, $v0 ;

37 n $ra, Ox28+var 4(

38 or sal, $zero ; load delay slot, NOP

39 it sra

10 addiu $sp, 0x28 ; branch ¢

41

42 s1c0: .ascii "a=td; b=td; c=%d; d=3d\n"<0>

SEH R B SRR T SAO~SA3 BT, SRS X EHT T SAL~SA3 B A7 A LB pri
WAL BOWERRIOAE, LRFEFE AR 1 K SRA(Sift Word Right Arithmetic)f&4-, T SRA F5-4 H T
char BUAIERIF B . KR A4 MIPS BRYCRAIRS 1T (bigendian, ZAHE 31 %), MM
) Debian Linux AT KM 5. M4 32 Masimagess WA e, HR G5 31~24 6. B,
4 char BB TN 32 RLARHRES, AAUER 24 £, FEIN_E char BUECRIR T 455 AAHE, BT LAA



TR A WA R R B4 4

21.4.4 Hfh

B HIT R BRI R HSBLE R IRIRED ), HB B R AT S TR UGB IR
FVB AUEEL IRAHIE R TR R, A BRI TS %

void f(char a, int b, char ¢, int d)

{

printf ("a=td;

td\n", a, b, c, d);
b

BUREEST EIBEUE, SR A TR Rt R A R
21.5  #iiRehrE

HERRE 535D — A SRR RS Atk L

ade <stdic.h>

struct inner_struct
{

int a;

int b;
b

struct outer_struct
char a;
int

struct inner_struct c;
ch, g

void f(struct outer_struc: s)

{
printf (" =td; c.a=
s.a, s.b, s.c.a, s.

=3d; d=td; e=%d\n",
s.8);

b

int main{)

outer_struct s;

AR inner_struct 45— NG5G outer struct MIFBRI, A outer struct 1 av by
d. e —H#, #MRE—AFE.
BAMIER MSVC 2010 U R/Ox /0b0 ) i HIRFLFF, AT I T FRIOMRTD.
<& 21,24 Optimizing MSVC 2010 /Ob0
$SG2802 DB ’a=8d; bid; c

c.b=td; d=%d;

d’, OaH, OOH

XT  SEGMENT



332 FH RS (B

mov  eax, DWORD PTR _s$[espil6
movsx ecx, BYTE PTR _sS[esp+12]
mov  edx, DWORD PTR _s§[esp+8]

push  eax

mov  eax, DNORD PTR _s$[esp+8]
push  ecx

mov  ecx, DWORD PTR _s$[esp+6]
push  edx

movsx edx, 3YTE PTR _sS[esp+8]
pusn  eax

pusn  ecx

push e

push OFFSET $5G2802 ; ’a=3d; b=$d: c.

add  es

=
2
E]
5

_main  PROC
sub  esp, 24
push  ebx
push  esi
push  edi
mov  ecx, 2
sub  esp, 24
mov  eax, csp
mov  BYTE PTR _s$[esp+60], 1
mov  ebx, DHORD PTR _s$[esp+60]
mov  DWORD PTR [eax], ebx
mov  DWORD PTR [eax+4], ecx
lea  edx, DWORD PTR [ecx+98]
lez  esi, DWORD PTR [ecxi99]
lea  edi, DWORD PTR [ecx+2)
mov  DWORD PTR [eax+B], edx
mov  BYTE PTR _s$[esp+76], 3
mov  ecx, DWORD PTR _s$[esp+76]
mov  DWORD PTR [eax+12], esi
mov  DHORD PTR [eaxil6], ecx
mov  DWORD PTR [eax+20], edi

call _f
add  esp, 24
pop  edi

pop  esi

xor  esx, eax
pop  ebx

add  esp, 24
ret 0

_main  ENDP

ARRET, FATRABIN R HARIET . BTl BT e, BB S kS e
B, BETER— Lk,

L8R, ISR “struct iner_struct ¢” &

OllyDbg

FAEH OllyDbg A1 1ikA2R, A outer_struct. N 21.5 Fiox.
EAERAFT R N

® (outer_structa)fiiy 1 FIF 15, JUJE 3 F 15 RBIHLIEREHE.

® (outer_siruct.b) 32 i word %l 2.

® (outer_struct.a)32 i word T H7HE 0x64(100).

FRLF I “struct inter_stuct *¢”, LIRSS NAMIR.




w
o
o

OllyDbg: {ERAT printf).Z i
® (outer_struct.b)32 {if word HE(4F 0x65(101).

® (outer_struct.d){i 3 M5, RURILE 3 FAHIIEEGR -

® (outer_struct.c)32 47 word UK 4.

21.6 L5 P EHTLIRTE

216.1 CPUID

C/C+H T LU R A 2 M e B Bk X RS HTBAAR Y KB BEH 1 A 72T IR A ARS8 . Bl
bool BUHUEHFHE | ALEM. (BN MFFMASMERFTE, GREWANFIM, BFOEER
B

LI CPUID #14 f8l. iZ34 A1 P40 CPU RALFIE(E R ©

InRAEEMIRA 2R E EAX FAERM{EN 1, HB4 CPUID fa 445 &MU T SIHE 7 EAX P88
FEfil CPU HIRFE(R B

30 (4 bits) [ Stepping
T:4 (4 bits) ‘ Model

1158 (4 bits) | Family
13:12(2 bits) | Processor Type
19:16(4 bits) Extended Model
27:20(8 bits) | Extended Family

MSVC 2010 47 CPUID %, T GCC 44.1 WAEA%E. bl RITETE— e, HA GCC ke, ©

t code, int *a, int *b, int *c, i {

[*a], "=b" {¥b} | =gt (*C), M=g" {*d)

{code] )

a 'L http://en.wikipedia.org/wiki/CPUID .
2 %2 W http:/fwww.ibiblis GCC-Int ssembly-HOWTO.html.




334 # TR (B

unsigned int family id:4;
unsigned int processor_type:2;
unsigned int reservedl:2;

int extended model id:4;

int extended_family id:8;
int reserved2:4;

1 ERX *tmp;

#ifdef |
__cpuidib, 1};
fendif

Fifdef _GNUC_
cpuid (1, &b[0], &b[1], &b[2], &b[3]);
fendif

truct CPUID_L_ERX *)&b[0);

("stepping=td\n", tmp->stepping];

("model=sd\n", tmp->modell;

printf ("family_id=td\n", tmp->family_id);
("processor_type=3d\n", tmp->processor_type);
("extended_model_id=5d\n", tmp->extended model id);
printf ("extended family_id=sd\n", tmp->extended family id);

return 0;
14

£ CPUID ¥R IBHEFF % 5] EAX/EBX/ECX/EDX 2 J7, T2/ F A bR HF R S5, RAE .
I G54k CPUID_1 EAX HIHEEF, M4 b9 3KER EAX 3577 a2 ELAOH.
P 552, B0 32 4 int TSN B EIIE, A RIS U

MSVC
{ii}H MSVC 2008 (A F/Ox 33D ik AR, WA THRIEMAG.

$54i% & 21.25 Optimizing MSVC 2008

-16 ;size=16

PROC
sub  esp, 16
push  ebx

xor  ecx, ecx
mov  eax, 1

push  esi
lea  esi, DRORD
mov  DWORD PTR [
mov  DWORD PTR [
mov  DWORD PTR
mov  DWORD PTR

mov  esi, DRORD PTR _b$[esp+24]

mov  eax, esi

and  eax, 15

pusn  eax

push  OFFSET $5G15435 ; ’stepping=3d’, DaH, 00
call _printf

mov  ecx, esi



ENF ¥ H #

w
)
b

5 'model=5d’, Dad, 00

d’, Oad, 00

mov  eax, esi
shr  eax, 12
and  eax, 3

push  eax

SET $5G15438 ; ‘processor type=sd’, CaHl, 00H
printf

mov  ecx, esi
shr  ecx, 16

and  ecx, 15

push  ecx

push  OFFSET $5G15439 ; ‘extended model id=%d’, Oak, 00H
call _printf

shr esi, 20
and esi, 255

push  esi

push  OFFSET $5G15440
call _printz

add esp, 48

‘extended_family id=sd’, 0Oa¥, 003

_main ENDP

SHR #4 f TiL IS4 T EAX F 455 A TR LE R 2 532 81 bit fir.

T AND #4H Tt F £ 82 0 A AS SIS H M. SaFi, KRR HTmESRTT
BV bit i,

MSVC + OllyDbg

BUFEAE OllyDbg iABXAMER . 40 21.6 FR, 74T CPUID 2ZJ5, EAX/EBX/ECX/EDX 277 8%
AR LI

OllyDbg: #4T CPUID .2 J5 K% 74 fi5




[5 O 3% 1 A 69 & Xeon E3-1200 CPU, FFLL EAX {2 0x000206A7 .
000000000000001000000110101001 11, JEAT4EHilE] 29.7 BTN
F B T R FR

=

1) 3 i B (A

TR —EERIE I
reserved? 0000 0
extended_family_id 00000000 0
extended model id 0010 2
reserved| T 00 0
processor id 00 0
fanily_id o110 G
model 1010 10
stepping o111 7

8 C:\Polygon\c\CPUID.exe

GCC

1 GCC 4.4.1 (FHAIALIETR-03) 4its

AT FR A

5458 21.26  Optimizing GCC 4.4.1

main proc near ; DATA XREF: _start+17
push
mov esp
and OFFFFFFFOR

ingD ; "steppin

, offset aModelD ; "model=$d\n
1

Family_idD ; “family i
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mov  eax, esi
shr eax, 0Ch

and eax, 3

mov  [esp+f], eax

essor_type=sdin”

duord ptr [espid], ss0r_type ;

ptr [esp], 1

du
printf_chk
eax, esi

dword. pir [esp-4], offset aExtended model ; “extended model id=3%d\n"

dword prr [espl, 1
__prin x

[esp+8], esi

word prr [esp-4], offset unk 8048600
ptr [espl, 1

esp, ebp

main endp

GCC A RENCHRTE4 5 MSVC FEREUEARHIR. —#HWEEXEIR: GOC GIFIIRFTEA printf)f
47 Wi extended model id 1 extended_family_id MEEIESEMINAAER I JEAIET , TIACH1R MSVC SiRHIF
HRE AR printf)Z ATE U T

2162 REWEHETRE

WX OAd, G4 PR float BNV double BUF A3, #HAFT . MNAHER =M 4UK. B
JR BT L BRI A 45 M A M i s R
[ BT O 3160 | SR (2330 6 NS (011 D)

#include <stdio.n>
#include <assert.n>
#include <stdlib.n>
#include <memory.n>

struct float_as_struct
{

unsigned int fraction : 23; // M
unsigned exponent : 8; // {K¥ + 0x3FF
unsigned int sign : 1;// 5L

b
float f(float _in)
{

float f=
struct float as_ t

assert {sizeof [struct float_as_struct

memcpy {(&t, &f, sizeof (float)i;

/ set negative s

t.sig
t.exponen

=t.exponent+2; // multiply d by 2°n (n here is 2]

memepy (8f, st, sizeof (floal]};

return f;
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b

int main()
{

printf ("$£\n", £(1.234));
ST 4550 MBI 12 H) float_as_struct il ELKESEE TS0 i FRAR RO/ W 722518, B 32 i/
AR, BATRESAAH (1, JHUREOHN 2, LHTRL 4 QI K07 (n=2)) MIFeiEEE.
] MSVC 2008 (RFFRALMAMAIEID Hiid LIBARFE, w940 FFIRH{RG.

#6478 2127 Non-optimizing MSVC 2008 |

fld  DWORD PTR _in$[ebp]
fstp  DWORD PTR _f£5[ebp]

push 4

lea eax, DWORD PTR _£$[ekp]

push  eax

lea  ecx, DRORD PTR _t$[ebp]

push  ecx

call  _memepy

esp, 12

edx, DRORD PTR _t$[ebp]

edx, -2147483648 ; 80000000H - set minus sign
DHORD PTR _t$[ebp], edx

mov  eax, DWORD PTR _t$[ebp]

shr  eax, 23 ; 000000174 - drop significand i
and  eax, 255 ; 000000£fH - leave hers only exponent |
add  eax, 2 ; add 2 to it |
and  eax, 255 ; 000000££H

shl eax, 23 ; 00000017H - shift result to place of bits 30:23

mov  ecx, DWORD PTR _t$[ebp]
and  ecx, -2139095041 ; BCTEEFEFH - drop exponent

; add original value without exponent with new calculated exponent
or ecx, eax
mov  DHORD PTR _tS[ebpl, ecx

pusn 4
lea  edx, DWORD PTR _t$[ebp]
push  edx

lea  eax, DNORD PTR _f$[ebp]
push  eax

call _memcpy

add  esp, 12

£1d DWORD PTR _f$[ebp]

mov  esp, ebp
pop  ebp
et 0
2£@RYAMMAZ ENDP ; £
XA FIE BT . W RAE R R TVOx RS AM memepy(), T ELEEAALE £, Al
A PRI IO 45 tH R B AR 55 T B
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WREH GCC 4.4.1 (7-03 IR 2 aufa?
$547%# 21.28 Optimizing GCC 4.4.1
; f{float)
public 21ff
Z1ff proc near
= dword ptr -4
= dword ptr 8
push ebp
mov ebp, esp
sub esp, 4
mov eax, [ebprarg 0
or eax, 80000000h ; set minus sign
v edx, ea:
eax, B0TFFFFFh ; leave onlySign and significand in EAX
edx, 23 ; prepare exponent
edx, 2 i add 2
edx, dl ; clear all s except 7:0 in ZAX
edx, 23 i shift new c: lated exponent to its ace
or eax, edx i join new exponent and ori ginal value without expenert
nov
fld
leave
retn
21ff endp
public main
main  proc nea
push  ebp
mov. 1
and FFFOn
1_8048614 ; -4.936
r [esp+8]
mov. dword ptr [esp+é], offset asc 8048610 ; "$f\n"
mov dword ptr {esp), 1
call __printf_chk
xor cax, eax
leave
retn

main  endp

TOBRBAIESILF R L E AR, HBIOR, RATHEHEREDT B RZA —
BEIEER BT B R BRA R (1. 2300, JE BATIXNE R AN printfOB !

21.7 &I A
2171 #MEA
Linux B/F°:
1% . http://begi ises/per_chap uct_exercise_Linux86.tar
MIPS 75/
2 W htp:/) pter/struct_exercise_MIPS ar.

%A Linux x86 275 4TIT l#}ﬁﬂ%ﬁﬂ' ATED

@ GCC48.1-03.
® GCC445-03.

. ERETEO AT A?

P %, HR GCC
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HHTEREEE (LA

2172 #E2

BARBANERREN . RS RSB ER, RBHERR S LA Ae .
i MSVC 2010 /Ox 2T P T #3 f9 RI% 30 T Bivm .

54758 21.29  Optimizing MSVC 2010

5562802 DB '3f', OaH, 00H
$5G2803 DB "$c, 3d', Da, 00K
$5G2805 D3 ‘error §2', Da, 0CH
$5G2807 DB ‘error 1', OaH, 00H
Do 5 0
50 0407bc00 Y]

esi
esi, DWORD PTR _s$lesp]
DWORD PTR [esi], 1000
SHORT $LN4EE

DWORD TR [esi+B]

esp, 8

QWORD PTR _real@407bc00000000000
QWORD PTR [esi+16]

QWORD PTR __real@405ec00000000000
ST(1), ST{0)

QWORD PTR [esp]

OFFSET $5G2802 ; ’8f’

_printf

eax, BYTE PTR [esi+25]

ecx, BYTE PTR [esi+24]

eax

OFFSET $5G2803 ; "%c, %d’

_printf
esp, 24
esi
ret 0
SLN3Ef:
pop esi
mov DWORD PTR _s$lesp-4], OFFSET $5G2305 ; ‘error #2/
imp _printf
SLNdRf:
pop esi
mov DHORD PTR _s$[esp-4], OFFSET $8G2807 ; ‘error f1'
mp _printf
£ ENDP

14758 21.30  Non-optimizing Keil 6/2013 (ARM mode)

£ PROC
PUSH {rd-rs, 1r}
MoV 4,10
LDR x0, [r0,#0]
CMP 0, 40x3e8
ADRLE  r0, |L0.14C]|
BLE 110.132]
LOR 0, (x4, #4]
cHp 0, #0xa

RDRLS  r0,|10.152]
3LS 1L0.132|
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120.132]

11.0.140]

10152

1LD.164 ]

[t

HELiER 21.31

20,24, §0x1C
0, {r0,rl}
3, [L0.164]

5,20
6, x1

__aeabi_fmul
aeabi.

2,15

13,16
__aeabi_dadd
2,10

3,11
£0,1%0.172|
__Jprinzf

£2, x4, 40x18]
1, [r4,40x18)
{r-ré, 1r}
0, 110.176]
_2printf

(r4-x6,1r}
_2printt

"error $1\n",0
0
0

"error $2\n",0

0x405ec000
0x43d20000
"$f\n", 0

"$c, sd\n", 0

Non-optimizing Keil 6/2013 (Thumb mode)

BROC

0, [£0, 0]
| #0x3e8
0, |L0.140]
110.132|
0, [r4,44]
0, 40xa

0, |L0.152|
110,132
0,14, $0x10
£0,{x0, ¢
3, |L0.16¢
2,40

acapi_dmul

1#8]
rl, 110.168|
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# ] A

BL

BL

MOV,

MOV

BL

MOV

MoV r3,rl

ADR r0, |L0.172|

BL _2printf

LDRB {

LDRB

BCP

ADR 0, 1L0.176]

B _2printf
110.132]

PO? {rd-r6,1r}

B _ 2printf

ENDP
|L0.140]

DCB "error #1\n",0

DCB 0

DCB 0
110.152]

DCB "errcr #2\n",0

DCB 0

CCB 0
|L0.164]|

DCD 0x405ec000
110,168

DCD 0x43de0000
110.172]

DCB "$f\n",0
1L0.176]|

DCB "%c, $d\n",0
1547584 21.32  Optimizing GCC 4.9 (ARM64)
£

%29, x30, [sp, -321!
%28, sp, 0

wl, [x0]

x18, (sp,16]

wl, 1000
L2
[x0,4]

w2, [x19,25]
x0, x0, :lol2
x19, [sp,16]
x29, x30, (sp), 32
printf




ldr 19,
adrp x0, .LC4
1dp x29, x30, [sp], 32
add x0, x0, :1 Lc4
b puts
e o 21
1dx x19, [sp,16]
adrp %0, .LCS
1dp x29, x30, [spl, 32
add x0, %0, :
b puts
.size £, .-f
JLel:
‘ Jword 1138622464
: 1c2:
Lword 0
.word 1079951360
.LCO:
.string "$f\n"
JLC3
.string "$c, d\n"
.LC4:
.string “error 42"
.Les:

.string "error #1"

$54 7% 21.33  Optimizing GCC 4.4.5 (MIPS) (IDA)

£

var_10

var_§

var 4
lui 1.gp >> 16)
addiu
la (_gnu_local gp & OxFFFF
sw Sra, 0x20+var_d($

$s0, 0x20+var_8(Ssp)
$qp, 0x20+var_10(
$v0, 0($a0)
$at, Szero
$v0, 0x3E9
$v0, locC8
$a0
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# WAL (L)

loc_AC:

loc_C8:

$1CO:
$1C3:
sLCd:
$1C5:

$1CL:

$1C2:
dword_134:

$t9

a0, (SLCO & OXFFFF)
Sgp, 0x20+var_10($sp)
$a2, 0x19(550)

sal, 0x18($s0)

# "sfin"

$a0, ($LC3 >> 16) # "$c, ¥d\n"
$t9, (printf & OXFFFF} ($gp)

$ra, Ox20+var 4($sp)
$50, 0x20+var_B($sp)
$a0, ($LC3 & OXFEFE)
$t9

$sp, 0x20

# "ge, 3d\n"

# CODE XREF: £+38
$a0, ($1C4 >> 16) # "error #2"
$t9, (puts & OxFFFF) ($gp)

$ra, Ox20+var 4($sp)
$50, 0x20+var_8($sp)
$20, (S1C4 & OXFFFF)
$t9

$sp, 0x20

# "error 2"

4 CODE XREF: f£+24
$a0, ($1C5 >> 16) 4 "error 41"
$t9, (puts & OxFFFF) ($gp)

$ra, 0x20+var_4($sp)
$50, 0x20+var_8($sp)
$a0, ($LC5 & OxFEFF)
5t9

$sp, 0x20

.ascii "$£\n"<0>

.ascii "%c, $d\n"<0>
.ascii "error #2"<0>
.ascii "error #1"<0>

.data #

.rodata.cstd

.word 0x43DE0000

.data #

.rodata.cstd

.word 0x405EC000

.word O

# "error #1"




$22F HHAM (union) A

22.1 THEENUER A AR S

FATAT LA REIR B —AT 0~1 Z L A8 REAMHER: (EH Morsenne
twister (DEEFURE RS HE) Z IS0 PRNG AL 32 7 DWORD ff, XA HOR5 B float 2 ) F
KLU RAND_MAX (411 OXFF SRR AT LUBEIAT 0~1 28 IK R BT S8

{BRRREIIE TR RR. 1T EMAEL R, FLREER N 2SR FPU SRS
T AT AT AT B B8 PRk B S S DU LR A 7

LR (float) TUEHEMAFS 7. A TAIER =M. R sRd e, NEEL
U BRI AT LA AL I 2 R
kAT, B HIFEHE S AT U 0. B AR AR GHTIE B/ EEUE N 01111111 (8

FREBIG 1), IR TR AR, BEAOARENE R
BT 12 Z A RN L. FHEEmE | T LS8 — M rdk Bl 3.

AR T 2R FARBEHLEL BEHLE B A, A UNTX RsUR R G0N 4E S PRNG HIBERLAS
Tt fLHFE.

FER I, BATATR A #4282 Cunion) MHRZTR PAFIET 58 (float) . SXATTERTFIM CiCH
WOBARE, I — A ST A ) R 7 HURH A A A, BAIBIE—A wnion
TS B, SRUEHIE41E float 28K wint32_t BIEHRIATIEI. ANGE, 0% —H hack, M ELZLLHERIZAY hack.

2 20 FHF) T A G EEETE PRNG W7 R F . DT AT A SR AR

Do HEL REHGREL T

ude
clude

// integer PRNG definitions, data and reutines:

/{constants from the Numerical Recipes book

const v
aint3z_L
void my_srand(uint32_t i)
¢

RNG_state=i;

uint32_t my rand()

te*RNG_a+ANG_c;

tate;

PENG definitions and routines:
union uint32_t_float
uine3z_t i;

(@ Pseudorandom number generator, PBAHLALE R HL.
@ %% T CE htp:ixor0110.wordpress.com/2010/09/24/h o floating-poi d b fently.




S LERREE (EA)

float f£;
}:

float float_rand()

{
union uint32_t_float tmp;
tmp. i=my_rand(} & OxQ07TEEEEf | 0x3FB00000;
return tmp.£-1;

Vi

// test
int main()
{

my_srand(time (NULL)}; // PRNG initialization

for (int i=0; i<100; i++}
printf ("8f\n", float rand(});

return 0;
b

2211 x86
A5 MSVC 2010 U FLTVOX) i PRI, ATEEINTFARRI AL,
154788 221 Optimizing MSVC 2010

$5G4232 DB "8f', OaH, OCH
__real@3ff DQ 03ff r il
140 = -4
_tmp$ = ~4
?float rand@RYAMXZ PROC
push ecx
call 2my_rand@eYAIXZ
; EAX=pseudorandom value
and eax, 6388607 ; ODTEEEEEH
or eax, 1065353216  ; 3£800000H

seudorandom value & Ox00TEffff | 0x3£800000
; store it into local +
mov DWORD PTR _tmp$ [esp+d], eax

; reload it as float point number:
f1d DHORD PTR _tmps [esp+4]
; subtract 1.0
fsub QEORD PTR __rez1@3££0000000000000

; store value we got into local stack and reload it:

tp  DWORD PTR tv130[esp+d] ; \ these instructions are redundant
fld DWORD PTR t- 0[esp+d] ; /
pop ecx
ret 0

?float_rand@EYAMXZ ZNDP

_main PROC
pusn  esi
xor eax, eax
call _time
push  eax
call ?my_srand@@YAXIEZ
add esp,
oV esi, 100
$LL3@main:
call ?float_rand@RYAMXZ
sub esp, 8

fstp QWORD PTR [esp)
push OFFSET $5G4238
call _printf




#22% A% (union)

347

SHORT $LL3@main
eax, eax
esi

_main

TEM CHEF et 2 e, W HUTRF IR B AHRMRER. XRHT

REMS. AR SLLL K R A G

0T B ) i BT T e

WM MSVC 2012 SiF &l AT, M4 PIATEFEMSEAIE IR FPU ) SIMD $§4. £4527.5

L%t SMID #5437 R A 4.

2212 MIPS

$647E$ 22.2 Optimizing GCC 4.4.5

var_10

var_4
$gp, {_gnu_local_go >> 16)
$sp, -0x20
Sgp, . u_loc:

$ra, 0x20+var_4($sp)
$gp, 0x20+var_1C($sp)

my_rand

; $v0=32-bit pseudorandom value
1 §vl, Ox7FFFEF

and svl, $v0, Svl
i $vl-pseudorandom value & OxTFFFEF

lui 520, 0x3F80
; $a0=0x3F800000

or $vi, $a0

; $vl=pseudorandom
; matter of the following instructio

lui §v0, ($2C0 >> 16}
; load 1.0 into $fl

=

i move value from $vl to c
; it behaves like bitwise c

{into register $£2)
no conversion done:

$vi, $f2

$ra, Ox20+var_4($sp)
result in S£0:

$£0, $2, $£0

0x20 ; b

delay slot

addiu $sp,
iz sgp, (_gnu_local gp & OXFFFF)
s

s $s1, 0x28+var C(Ssp)

sW $s0, 0x28+

W $gp, 0x28+

1n 519, (tive

or $at, $zero ;

$at, $zero ; branch delay slot, NOP

N2



348 FEIRREEE (LA
jalr $t9
move $a0, $zero ; branch delay slot
lui $82, ($LCl >> 16) # "$f\n"
move $a0, $v0
la $s2, ($LC1 & OxFFFF} 4 "$f\n"
move $s0, $zero
jal my_srand
1i $sl, Ox64 # 'd' ; branch delay slot
loc_104:
jal float_rand
addiu $s0, 1
1w $gp, O0x28+var_18($sp)

nd{] to double type (printf{) need it):

; convert value we got from float_:
cved.s  $£2, $£0

n $t9, (printf & OxFETF) [Sgp)

mfcl $a3, 5£2

nfcl $a2, SI3

jalr 5t9

nove 520, Ss2

bne $s0, $s1, loc 104

nove $v0, Szero

n $ra, Ox28+var_1(§sp

n $52, 0x28+var_8{$sp)

1n $s1, 0x28+var C($sp)

Y 550, 0x28+var_10($sp)

ir $ra

addiu $sp, 0x28 ; branch delay slot
SLCL: .ascii "3E\n"<0>
SLCO: .float 1.0

R R I T B M LUL R4 . 17.5.6 WARRSIXAREOL T, AR BT k-

221.3 ARM (ARM mode)

15478 22.3 Optimizing GCC 4.6.3 (IDA)

float_rand
STMFD SP!, {R3,LR}
BL my_rand

; RO=pseudorandon value
FLDS 50, =1.0

; s0=1.0
BIC R3, RO, #OxFF000000
BIC R3, R3, #0x800000
ORR R3, R3, $0x3F800000

R3=pseudozandon value & OxODTEELEE | 0x3806000
copy from R3 to FPU (register $15i.
; it behaves like bitwise copy, no conversion done:

PSR 815, R3
; subtract 1.0 and leave result in $C:
FSUBS $0, 515, S0
LDMFD SP!, (R3,EC}
£1t_sC DCFS 1.0
main
STHED SP!, {R4,IR}
MoV RO, #0
BL time
BL ny_srand
MoV R, $0x64 ;
loc_78
BL float rand
; s0=pseudorandom value
LDR RO, =aF i PeEY
; convert float type value into double type value (printZ{] will need it}:

VTDS 07, S0
i bitwise copy from D7 into R2/R3 pair of registers (for pri
FMRRD R2, R3, D7
BL printf

03




F2F AFE (union) £ 349
SUBS R4, R4, #1

BNE loc_78
MoV RO, Ri
LDMFD) 8P, (R4, eC)

DCB "%f",0xa, ¢
H objdump T A% EAFLFEAT S, WAZ objdump 7R M FPU 74F DA Jif BR#E4 3
A8 RABERNA IDA 5 binutils HIBER N BRI 12 FIRO45 4 B RERR, [§—4 FPU
B QAT AN FIXT 742 kL B S 7 1
JESTER 224 Optimizing GCC 4.6.3 (objdump)

00000038 <float_rand>:

5S¢ <float_randi0x24>
; Cx££000000

i 0x800000

€38333(c 5 0x3£800000
ee073a90
e370a
581 eBbaso pop  (r3, pch
5c: 3£800000 svcoe  0x00800000

29244010
€3200000
ebfifffe

; 0x6e

0 <prin:f>
rd, rd, §1

1 float_rand()i £ B stk 5¢ A EIHE4 A main() B4 2 Mk 38 KRR SHL R 2
22.2 ITHMSEHEEE

SRR STHUKG B S machine epsilon” Ji) AR SR LB, I FPU BAE R MY . M,
ﬁmﬁjﬁ%ﬁﬁzy%%ﬁ¢\MEE?BMm$ﬁ§mmﬁﬁ%%ﬁ%ﬁ§ﬁz“ﬂwﬁ,ﬁu%k
double By Eh 22=0.00¢,

B LAV B — S RO B I 2 T Al

#include <stdio.h>
fiinclude <stdint.h>

tnion uint_floac
uint32_c i;
float f;
b

float calculate machine_epsilon(float start]

on uini_float v;




return v.f-start;
void main{}

printf ("sg\n",

ulate_machine_eps:lonil.0});

_RRERE M TEEE 754 HRAIE ARV, RO R I e | 1. IBERRRE
YIRS CRREANE) Srha i R B foat TARRINIZRIE.
T2 A union /IR 5 HARHT TEEE 754 B2 float BUVP ni 8, FEAIRIAR A 45 912 float K48
ANEC A RO B SEUNEA R T SR, X B, TR R AR
B ] [

2221 x86

$54758 225 Optimizing MSVC 2010

DHORD PTR
_calculate a:h;:z,eps, on ENDP
LSRR RIS A FST 374 LA S
B ERERRR v TR e B BT il s AR — k. |
HET R INC 34404 ARG 2 KRAREE . b2 LA o A A 1 [EEE 754 2
HOAL 4 FPU. FSUBR J84 M, BFIRENE YA 45 STO 2.
PR RIS FSTPFLD F5 46 9ebrfE . e AR Aeill A7 AR R p LAt .

2222 ARME4
SEHARA A TR 64 (T HAR AR P TR .

Finclude <stdio.h>
#include <stdint.r>

A E BRI B R — MR R X R GIF ST

typedeZ union

{

vintéd t i;
double d;
a;

return v.d-start;

void main(}
{

printf {"g\n", calculate_machine epsilon(l.0)};

I
ARMG4 “F & FIFE4 R BE S (F FPU B0 D=7k 2577 3 TLULAT IN7RIE ST, RIS DO %7
045 A B D1 7R8I FPU BEHMTREIZH .

BHIF GPR, AR BATIZHIE




22 % A (union) B

$547%8 22,6 Optimizing GCC 4.9 ARM64

calculate mechine_epsilon:
value of double type into X0

frov %0, dO ; load inp
add  x0, x0, 1 ; X0++

frov dl, x0 mo it To FPU register
fsub d0, dl, do; cT

AR bk xéﬂif“ff%‘fﬁ SIMD 54« TR AES LA 27471,

22.2.3 MIPS
TE I8 MIPS T B4R % 234# F MTC1 (Move To Coprocessor 1) 1§4-4t] GPR [¥UEAEIE4S FPU F17%%

54758 22.7 Optimizing GCC 4.4.5 (IDA)

calculate machin

3r
sub.s  $£0, $£2, $£12 ; branch delay slot

2224 KRB
REFEITHIER RS, R B LR AR . (BRIXEH T 78 5040 1EEE 754 B

C/C++ UNIONS BUEHE 45 #4945 i

22.3 REFHZRITH
RN B — A F AW, R IR ST
154754 22.8 BB hitp://go.yurichev.com/17364 BITREE

/* Assumes that float is in the IEES 754 single precision floating point format
* and that int is 32 bits. */
float sqrt_approx(float z)

{
int val_int = *(int*}&z; /* Same bits, but as an int */
* To justify the following

code, prove that

bo*2tmo= (val_fnt - 2°m) / 2} + {{b + 1) /2] * 2°m)

*b = exponent bias
mantisse bits

+ /% Divide by 2.
=Linl = 1 << 285 /* Add (b

F1y /21 %2t oS

Interpret again as float */

return *(£loat*]

i
fEd AR, RS RGN R, B SR TER. 0F — ERHNH ‘+§L
£y

&|

Bk, HEBLX—SIEF N T QuakelllArcna AR AT -
KA S 2 L hip://go.yurichev.com/17360.



£23F K WM& s

A RIS H BAT AKX B mﬁmmmmwwfﬁm@mm,
FERHURE Gl LIRS SEER RS S AR AR R R A I BT R 1 1 b 2

PR EARET BT AR RO 2 “INlIHBREL” Jeallback function.

IR RN T
o ik C REEEN gsortOri KR atexit( AL,

*NIX REERHIFS (Signals) ©

JAAN4EFRH CreateThread() (windows F%() i pthread create() (POSIX FR#0).

Win32 £ A @S, I3 EnumChildWindows()*»

Linux 3%, 141, Linux BL callback 175 2RI S0 REERIBREIERAL: hup://Ixr.free-electrons.com

source/include/linux/fs.h?v=3.144L1525 .

GCC fiff+ https://gee.gnu.org/onlined int/Plugin-APLhtml#Plugin-API.

. Linuxﬁ’D“‘fEﬁ)fﬁiﬁ(‘f}(ﬁﬁ“fﬁ% dwm . SEEERCEITTILRHOR AT, RO AE
it callback JAFIAARERAEL. 1% . Gittub (htps:/github.com/cdown/dwm/blob/master/config.defhi#L117)-
callback /7B LA B M H switchORH UM EE hF 4.

Fh, qsortOH SR C/CHIRIERRER SR Qi MR T RAL. TRy ISR L AR S Al

' HH ECR BN T R B, A4 BT LU gsort() et 4L callback f977 XA AT He k4

BN, BT eI P LR R E

int (*compare) (const void *, const void *}

RAVKE P IXBART:

1 /* ex3 Sorting ints with gsort */

o
i

¢ * _a, const void * _b}

int *)_a;
int *)_b;

15 return -1;
16 else

17 return 1;
18}

19

20 int main{int arge, char* argv(]

@ R “IlEREC. S, callback SREVE HITH A, TIdRL s, WA BRILLS
/Callback_(computer_science).

:tien wikipedia.org/wiki/Qsort_(C_standard_library)https pengroup.org 5 i it heei
</fen.wikipedia.org/wiki/Signal h.

microsoft.c /ms633494(VS 85).aspx»

U hitp:/fen. wikipedz.




B % 4 353

21

22 int numbers[10]={1892, 45,200, - 2345,1087,88,-100000};
23 int i;

24

25 /* Sort the array */

26 ;

21 for [i=0;i<9;i++)

28 printf{"Number = %d\n",numbers( i ]} ;

28 return 0;

30 )

23.1 MsVC

AT MSVC 2010 CRATIET/OX/GS-MD) %ii% LidFRFF, WRSITRICHIRS ChT AHEA I
AT TR
154 %% 23.1 Optimizing MSVC 2010: /GS- /MD

_a$ =8 1
_bs =12 4
_comp  PROC

eax, DWORD PTR _a$lesp-4
ecx, DWORD PTR _b$[esp-1

eax, DWORD PTR [eax]
eax, DNORD PTR [ecx]
eax, ecx
ine SHORT $IN4Ecomp
xor eax, eax
ret 0
$LN4Ecomp:
xor edx, edx
cmp eax, ecx
setge  dl
lea eax, DWORD PTR [edx+edx-1]
ret 0
_comp ENDP
_nunbers$ = -40 ; size = 40
arge$ i size =4
_argv$ ; size = 4
main
esp, 40 ; 00000028
esi
OFFSET _comp
4
eax, DNORD PTR _numbers$[esp+52]
0 ; 0000000aK
eax
DNORD TR _numbers$ [esp+60], 1892  ; 000007641
DHORD PTR _numbers$ [esp+64], 45 5 0000002¢H

200 5 00000
-98 5 EEEEEF9eH

it

DWORD PTR _numbers$ [esp+68]

mov
nov 4087 5 00000ZETH
mov E 5

nov _numberss[espt8d], -12345 ; £ffcfcTd
nov DHORD PTR _numberss [espi88], 1087  ; 0000043fH
nov DHORD PTR _numbers$ [esp+d2], 88 5 D0000058H
mov DHORD BTR _pumbers$ [espi96], -100000 ; fffeT960H
call  _gsort

add esp, 16 000000100



354 M TENEIEE (R4

AMRIFRATIE IR Z AL TEASB S ISR, (BRI R AR _comp M HbL, ZHIEIER comp(Fi%L
[0 R R IR e o

qsort() B H R AN AT comp() R LY ?

qsort()E 3747 F MSVCRS0.DLL (&7 C s $UbmEPEM MSVC DLL) oo FfDRAHHEA AT IR
g4,

547 23.2 MSVCR80.DLL
_text:7816CBEC ;

id _cdecl gsort(void ~, unsigned int, unsigned int, int |_cdecl *} (consz /

*, const void *})
816CBFO public _gsort
proc near

sub esp, 100
.text:1816CCED loc TBLECCED: ; CODE XREE: _gsort+Bl
t:7816CCED shr eax, 1
$1816CCE2 imul  eax, ebp
. text:7816CCES add  esx, ebx
mov  edi, eax
push  edi
push  ebx
call  [esp+ll8h+comp]
add  esp, 8
test eax, eax
jle short loc_7816CD04

MSVCRS0.DLL /) comp 4, RAk3%45 qsort() BRI E NS4, THUT qsontQML e, RE
B EUE R comp ZEURAMMEUEE M. EEAEZI, compOREI TN NS HOLE
Ffir. ERTEZR, HFCLEHR.

AW, REIEH TR, B, MAERE gsontORMMREUEH AR, M4 gsor(MEIRE
FERURUL SA HR RO L, R L R 2, TR T RS R B T e

HK, callback BHLUAU R HHINE . EREMEANYL, SHANEREHIRIAY, e
RIFENAG. M2 T, KEEEHAARTRESH N, TEARFHROTFRE T4, AR
SRR SR IR, AN A AT AR 278

23.1.1 MSVC+OllyDbg

FATHERT OllyDbg MIERIXAMEFF, H4F HVK AT comp() e 44 1 # B4 B I 1

V] 23.1 FR WA FE & WA A comp()BR SUIRHAI L. OllyDbg /ARBS T 1R s 4 LL B 4 M AME
it SP 1A RA, B[ qsort()e 4L b bt % b MSVCR100.DLL A #BRsHELD .

FERZFRIBATSE RETN 842 41, JRA1—HIZ P8 8, S UHEN gontOM %L, W 23.2 ik,

RS T VR P LB A 2




14 23.1 OllyDbeg: 5Kl comp(#i %

14232 OllyDbe:i# comp(EA .2 /7 & gsort() £

Pl 23.3 3% 92 35 Z UM T compQ B AN I o & — ot 2B LRI I A A

S en S Do e
T E Ty R m ey
i {1 S5 oy F18 £3: (600

[
R

i

7233 OllyDbg:3 = IiEH comp()if #

23.1.2 MSVC+tracer

FERCS LB 10 S50 B 1892, 45, 200, —98, 4087, 5, 12345, 1087, 88,
BATE compOEFLRILBNH—A CMP 184, & IIHLILE 0x0040100C. HATAILALEE— Wik

tra 7_1.exe bpx=17_1.exe!0x0040100C
HFEFHAT IR A, & A AR RN R

ID=4336|New process
(0) 17_1.exe!0x£010
EAX=0x00000764
EST=0x00517d8
ET2=0x002810C¢
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FHIERASEE (L)

[ bk 22 R 4 7.

FLAGS=TF

xE£££e7960
X0051£79¢

x0000000C
~0x0051£67¢

%0051£7c8 EC;
x0051£7b4 EB:

x00000005 ED:
x0051£794 ES

%00000000
%0051£6

Wt EAX A1 ECX A28

EAX=0x00000764 ECX=0x00000005
x00000005
x00000764

x0000C££7 ECX=0x00000005
%00000005

EAX=0x00000005 ECX=0xffffcicT
xEEE££E9e %00000005
EAX=0xffffcfcT xf££e7960
EAX=0xffffffe ECX=O0xffffcfcT

ECX=0xfffe7960
ECX=0x00000££7
=0x0000002d ECX=0x00000££7

x0000043F
00000058
x00000764
%000000c8
%0000002d 00000764
00000764
x00000058 %00000764
EAX=0x000000c8 ECX=0x00000058
x0000002d ECX=0x000000c8
x0000043F ECX=0x000000c8
EAX=0x000000c8 ECX=0x00000058
ECX=0x000000c8
ECX=0x00000058

133 RTETFIE 34 BEAR . BRI, quick sort EIEFHERIX 10 DM EFHAT 34 WILEL.
23.1.3 MSVC + tracer ( f§44947 )

AR wacer BRFPUSE A A R MBS MFTITE, METE IDA REREAT.
B e tracer F2)TIRER comp(RRE R HIFTH S

7_1.exe!Dx00401000, trace:cc

8

tracer.exe -1:17 1.exe bp:
SRJE 3 IDA INERIA 4 A ide-seript U, W1 23.4 7R,

SBIL AT gsortORE A BB EIR S, IDA REEE Som AN R F (PtFuncCompare).
T EATE O£ 32 Rr 3R, FTLATEE o FERST b SIS REALMARIT, AEINSKRE

FABEEES] 0x401010 F1 0x401012 AAHIE S B PATIL (FTLBEFFILN ). KRR e



comp()eA L EHAAT

“textzo0io100
caesl PreunctopareCeonst vid =, comst wuli <)
Do SRS neknibge

aword prr x
- auord ptr 8

mou e, [esprarg U] i [ESPe]=OANSE7e0. BuASFATB(StApSA)L L7D\RUNY
nou oow, [esprargsh] § [ESPER]-BRNEZec . GXASFIF(Step-h) ) DXSETF
mou - eax, [ear] [ERK]=5) D520, 058, DirB, URKOF, D476, UEF
nou’ ok, [eck] TECHI-5, 0458, Oxcs, DT6H, €T, DkEFreT00
cop eax; eox G20, Sk, G, NDE, BTGk, OCERT
She | Ghre tae_uvtiia s Ererolse
“text:uo0110 or X, eax
“text:onuot012 retn
ket aountota
[Eext:abu0te13 1oc_upiuta: £ CODE WEE: PrruncCunpare el
“textinouotots xoredx, eds
Sopuo11s. empeax eox i Ensey fazd bish, b, ot G, i,
Gpu01017 setm a1 } Stealse, trie. OF=False
dea  eax, [edxeson-1]
o0t stE vatn 5 EAXeA, Bxerererse
IIE Priuncbonpare endp

Lt

tracer 5 IDA FIBRSN AL TR AR AT ML 25

23.2 GCC

GCC Mg 155 MSVC §R T X TR
#H4HE 233 GCC

lea  eax, [esptélhvar 28)

mov  [espt4Ohivar_40], eax

mov  [esp+4Oh+var 28], 764h

mov  [esp+4Oh+var_24], 2Dh

mov  [espt4Oh+var 201, 0C8h

mov  [esp+4Oh+var_1C], OFFFE

mov  [esptdlhtvar 18], OFF7h

mov  [esp+4Oh+var 141, §

mov  [esptdOh+var_10], DFEFECECTh
mov  [esprdOh+var CI,

mov  lesptdOhtvar 8], 58h
lesp+40htvar_4], OFFFETI60
espt40htvar_34], offset comp
esptdlhtvar_38], 4
esptdOhtvar_3C], CRh

_gsort
comp() R F % RIS 40 T BT -
public comp
comp proc near
arg 0 dword ptr 8
arg_4 dword ptr 0Ca
push
mov esp
[ebp+arg 4]

orarg 0]

48458




358 A LREMEAEE (B
setnl al
movzx eax, al
lea eax, [eax+eax-1]
pop ebp
retn
comp endp

qsort() B F TS e B 2 CPF libe.so.6 Bl FHL, Linux i gsort() f1/2 gsort_t()f wrapper.
Sesb £ quicksort()FRAL, A PRI A T E I IRATER S 1) comp( R H.
glibe version -2.10.1 F1ff] lib.so.6 XHFFT Fik#E4 .

$54i% 8 234 (file libc.s0.6, glibc version—2.10.1)

:00020DF6 mov  edx, [ebptarg_10]
:0002DDES mov  lesp+d], esi
£:0002DDED mov espl, edi
+00020800 nov espe8], edx
+00020£04 call  [ebprarg C]

23.2.1 GCC + GDB ( HERMBHIER )
AN 5L R, BATREBEEATSINATS CGF U AT, 38 WRAALLERED REMK &
A, IR IEE A AREN RN EERFRADNRRBREL URHARLT-¢), UE
BREAHEE R AT S Z B AR R R KR, RATEARIE R R AT R LI (p 154): WRERAREE
HEEA (D) BRIt R SR ZERRN R
FA B ol AEF AR (bt), JFHIRH Glibe #) msort_with_tmp()bk & T k| 8 4
PRI R

#4758 235 GDBEiTE

dennis@ubuntuvm:~/polygon$ gee 17_1.c -g
denniséubuntuvm:~/polygon$ gdb . /a.out
GNU gdb (GDB) 7.6.1-ubuntu

ee Scftware Foundation, Inc.

org/licenses/gpl.ntml>
ibute it
ype "show copying"

ty" for details.
5 GDB was configured as "i686-linux-gnu".

For bug reporting instructiors, please see:
<http://www.gnu.org/softuare/gdn/bugs/>.

Reading symbols from /heme/dennis/polygon/a.out...done.
(gdb) b 1

Breakpoint 1 at 0x804845f: file 17.1.c, line 11.

bl zun

Starting program: /home/dennis/polygon/./a.out

, _b=_bEentry=OxbEfff0fc) at 17_1.c:1l

S1.EH1,

Sreakpoint 1, comp { a=0xbEEEL0

11 LE (ra==*b
{gdb) p *a

51 = 1892

{gdo} p *b

52 =45

{gdbi ¢

Continuing.

Sreakpoint 1, comp { a=OxbfEfF104, _b= b@entry=0xbffffl08) at 17 l.c:ll
1 iE (*a==tb)

O EBHAES —MFRR.




(gdbl p *a
53 - -98

B (s entry=OxpffEfOEC) at 17.1
#1 0xb7ed2872 in msort_with tmp (p=plentry=0xpffffllc,
at msort.ci65
42 0xbTed?273e in msort_with_tmp (n=2, b=OxbIfff0f8, p=0xbffffQ7c) at msort
43 msort with tm
# 12 it . b=Oxbpfis
t_with_tmp (p=peentry=0x]
26 OxbTedZcef in msort_with_tmp (n=10, b=OxbEFEf0fS,

Gentry=0xbfffE0£8, n=nGentry=2)

£E£07c) at msor:
4, cop=cmp@ent

< comp>,

9
gd0)

2322 GCC+GDB (ZHRRMBHER )

THRTEREILR, SHR A AT MRS, SL R SRR comp(E#L (disas 84, 1K
B3 CMP 184 I AR 5. M2 J, BB AR BT 5 A7 aR (mforcgnsters) BARIER
SR EERUREE (b0, (P EITEN LA 1A comp(B BLIAT 515

R A R

#5458 23.6 GDB it

~/polygon$ gee 17 1.c

dennis@ubuntuvi

dennzs@ubu /polygon$ gdb ./a.ont
GNU gdo (GDB) 7.6.1-ubuntu
Copyrighs (C) 2013 Free Software Foundation, Inc.

U GPL version 3 or later <http://gnu.org/licenses/gpl.ntml>

License GP

ee software: you are free to change and redistribute it.
NO WARRENTY, to the extent permitted by Type "show copyirg”
ow warranty" for details
This GDB was configured as "i686-linux-gnu'.
bug reporting instructions, please see
wit.gnu.org/ seftvare/gdp/bugs />
/a.out...(no debugging symbols found)...done.

(gdb) set disassembly-flavor intel

for function comp:

0x0804844d <+0>: push  ebp
504 ebp, esp
0x08048450 <+3>: esp, 0x10

0x08048453 <+6>: eax, DWORD PTR [ebp+0x8]
0x08048456 <+9> § DWORD [ebp-0x8] , eax
0x08048458 <+12>: mov  eax,DWORD PTR [ebp-0xc]
0x0804845¢ <+15>: mov 1 eax
0x0804845¢ <+18>:
008048462 <+21>
0x0B048464 <+23>:
0x08048467 <=+26>:
0x08048469 <428>:
0x0804846b <+30>:

eax, DWORD
eax, DIORD PTR [eax]

<comp+ 39>

eax, 0x0

Cx0804846¢ <+32>:

0x08048472 <=37>:  dmp  Dx804848c <compr65>
0x080¢847¢ <+39>:  mov CRD PTR (ebp-0x8]
0x08048477 <+12>:  mov R (eax)
0x08048479 <+44>: mov C lebp-0x4]
0x0804847c <+47> mov. eax, DRORD PTR [eax]

0x0804847e <=49> cop  edx,eax
0x08048480 <+51>1 jge  0xBO4848%

comp+60>




360

H TR S (M)

0x08048482 <+53>; mov  eax, OXEEEFFEEF
0x08048487 <+58>: jmp  0x804848e <comp+65>
0%08048489 <+60>: mov  eax, 0x1

0x0804848e <+65>: leave

0x0804848F <+66>: ret

End of assembler dump.
{gdb] b *0x08048463

Breakpoint 1 at 0x8048469

(gdb) rTun

Starting program: /home/dennis/polygon/./a.out

Breakpoint 1, 0x08048469 in comp (}
(gdb) info registers

eax 0x2d 45

ecx OxbfEFFOES -1073745672
edx 0x764 1892

ebx 0xb7£c0000 -1208221696
esp Oxbfffeeb8 Oxbfffeeb8
ebp Oxpfffeecs Oxbfffeec8
esi Oxbffff0fc -1073745668
edi OxbfFFFO10  -1073745904
eip 0x8048469 0%8048469 <comp+28>
eflags 0x286 [ BF ST IF |

cs 0x73 115

ss 0x7b 123

ds 0xTh 123

es 0x7b 133

fs 0x00 0

gs 0x33 51

(gdb) ¢

Continuing.

Breakpoint 1, 0x0804846% in comp ()
{gdb) info registers

eax 0xf£7 4087

ecx OxbEEEEI04 1073745660
edx Oxffffff9e -98

ebx 0xb7£c0000 -1208221696
esp Oxbfffee58 Oxbfffee58
ebp Oxbfffec68  Oxbfffect8
esi Oxbfff£108 -1073745656
edi 0xbfELEO10  -1073745904
eip 0x8048469 0x8048469 <comp+28>
eflags 0x282 [srir]

cs 0x73 115

EES 0x7b 123

ds 0x7b 123

es 0x7b 123

£s 0x00 0

gs 0x33 51

{gdb) ©

Continuing.

Breakpoint 1, 0x08048469 in comp ()
{gdb} info registers

eax OxfEEfEE9e -98
ecx OxbEFFE100 -1073745664

edx 0xc8 200

ebx 0xb7£c0000 -1208221696

esp Oxbfffeeb8 Oxbfffeeb8

ebp Oxbfffeect Oxbfffeecd

esi Oxbfff104 -1073745660

edi 0xbfLE£010 -1073745904

eip 0x8048469 0x8048469 <comp+28>
eflags 0x286 [ PF SF IF ]

cs 0x73 115

ss 0x7b 123




£23% B R E 361
ds 0x7b 123
es 0x7b 123
fs 0x0 0
gs 0x33 51
(gdb] bt

#0 Dx08048469 in comp ()

#1 0xb7ed2872 in msort with tmp [p-plencry=O0xbfZff07c, b=bEentry=Oxbffff0f8, n-nGentry=2}
at msort.c:65

#2 0xb7Te4273e in msort with tmp [n=2, D=OxbIfff0f8, p=Oxbffff07c) at msort.c:15

#3 msort_with_tmp (p=plentry-Oxbffff07c, b-blentry-OxbZfff0f, n-nEentry=5) at msort.

#4 0xb7e4273e in msort with tmp (n=5, b=OxbffFfOF8, p=0xbffff(7c) at msort.c:45
#5 msort with tmp (p=plentry=0xbfZff07c, b=b@entry=0xbfff0f8, n=nlentry=10) at msort.c:53
#6 Oxbled2cef in msort_with_tmp 0, b=0xbffff0f8, p=0xDEfff0 msort.ci45

_GI gsort_r [b-bgen £££0£8, renlentry=10, s=sle
arg=arg@entry=0x0} at msort.c:297

#8 Oxb7ed2dcf in _GI gsort

#9 0x0804850d in main ()

4, emp=cup@entry=0x804844d < comp>,

£0£8, n=10, s=4, cmp=0x804844d <comp>} at msort.c:307




E24E 32 (IRFAIE 64 IR

32 (U REHIE ] 547 2% GPR #B 71 Ae Al 32 4k, HTLUKH WL 64 R FEH A 32 i

HEA AT

241 64 GLREITE

AL TR

#include <std:

vint6d_t £ ()
{

relurn 0x123£567890ABCDEF;
b

2411 x86
32 i AL A AT 8840 & EDX:EAX K[l 64 firffl.

154758 241 Optimizing MSVC 2010

BROC

mov eax,

7788817 i $0abcae£il
1 5 12345678H

2412 ARM

ARM RS S M40 RO-RIKFE 64 (. Jooh, IREE R 32 AFHHTE RT S5 47204, £ 2
{765 T RO B 78R

154758 24.2 Optimizing Keil 6/2013 (ARM mode)

I1£1] PROC
LOR

LoR

8

NP
110,12

oco Ox90abedel
120.16

0x123¢5678

241.3 MIPS

MIPS ST VO-V1($2-83)75 77 $8%f A% 64 Arff. Heh, SRIIEMYR 32 [iAFRE(E VOS2)FE
I 32 G RETSV IS 27

(© 16 Fr ARG 32 A FR R FATSREL T IR AR 10k, TR AR 53475
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154755 24.3 Optimizing GCC 4.4.5 (assembly listing)

1 $3,-1867841536
1 $2,305397760
ori $3,83, Oxcdef

3 $31

ori $2,82,0x5678

{54 7% 24.4 Optimizing GCC 4.4.5 (IDA)

lui  5vl, Ox9CAB
lui  Sv0, 0x123¢

1i $v1, 0x90.

ir $ra

1i $v0, 0x12315678

vintfé © £ add [uinted_t a, uint6d_t bj

refurn a+o;

add test [}

("slld\n",

64d\n", £ add(12345678501234, 23456783012345)};

return &

2421 x86

A MSVC 2012 (R REITVOK/ObL) Gk RIRFRIT, AT E/40 R

#E4%% 245 Optimizing MSVC 2012 /Ob1

edx, DWORD PTR

edx, D PR
0
_f_add_test PROC
push 5461 i DO0D1555K
pusn 1372608689 5 75930f

push 2874 5 00000b




364 BB TARREEE (EA)

pusk 1942692530 ; T3ce2ff_subH
call _f_add
push

164d’, CaH, 00H

add
ret
£ 2dd test ENOP

_f_sub PROC

nov eax, DWORD TR _:
sub eax, DWORD PTR _i

mov edx, DWORD PTR _:

sbb edx, DWORD PTR _bS[esp]
ret 0

f_sub ENDP

TE Al _testOR AT, B4 64 MIAGRMBARS N T 24 32 flied. EATS, B 32 MEHET (B2
HERE), 8 32 fi7E)S .

IS L i A 3BT i SR A AR T

TEHFAT OB SN, SeHE 32 ArAfn. WURAE T, WEER CFARIR1T. SRJE ADC {843 32
HAFZEE., WRILR CF FRRRIRIME N 1, WIFHTR 32 ALpeF sk 1.

RRIE AR B AT S IEHTTRER A CF AU, 35 iR IE ST A IR CF bR
BRI S

A2 MRS, BHAIRE 64 {1 HAR HAEH EDXEAX FAE800T. 2 f add() s 5L 2 el (€ 15352
printfORELNS, FATLUEEHTEIX L.

I GCC 4.8.1 (RJTIEI-O1-fno—inline) #i¥F LAFLFF, WARIW FFTRIRID.

#5475 246 GCC 4.8.1 -01 -fno-inline

_f_add:
nov
mov
add
adc  edx, DWORD PTR [esp+8]
ret
_f_add_t
esp, 28
DWORD PTR [esp+B], 1572608889  ; 75939£75H
DWORD PTR [esp+12], 5461 ; 00001
DWORD PTR [esp], 1942892530 i 73ce2sf
DWORD PTR [esp+d], 2874 ; 00000b3aH
_f_add

DWORD PTR [e:
DWORD PTR [e:
LCWCRD TR [es
_printf
esp, 28

; "Rl1d\I2\0"

_f_sub:
mov  eax, DWORD (espti]
mov  edx, DWORD PTR [esp+8]
sub  eax, DWCRD PTR [esp+i12]
sbb  edx, DHCRD PTR [esp+16]
ret

GCC Mg %45 RAT MSVC [ 45 AR -




BT RERHLIE 64 fid

24.2.2 ARM

5<% 24.7 Optimizing Keil 6/2013 (ARM mode)

£_add PROC
ADDS  x0,20,12
r1,r1, 13
ENCP
£_sub PROC
0, x0,12
rl,rl, r3
1z

§ OX75839£78
0x00001555
5 Dx73ce2fs2
5 0x0000003a

{rd,1r}

2,10
3,1
0, ILO.8B4] ; "STE4d\n"
B 2prints
ENDP
10.68
o) 0x75939£79
110.72]
oeo 0200001555
110.76|
e 0x73ce2ff2
1L0.80]
e 0%00000b3a
110.84
neB "3164c\n”, 0

HA 64 RUEBIFOIPAAE] RO FI R FAFBE, FA 64 QAN T R2 FIR3 /5% . ARM
a H’J#EA%EﬁTJ&M HEAIIRZ ) ADC $54 TG (REZ Y SBC 384
+ TEXT 64 RUAAR AR 32 MrEE T IRIZ S, FIER] ADDS Ml SUBS 4. $H4
A -S H}M&?wf SUEH () MARIA (Carry Flag). BITRE I HIHEAL AT RIS HERT 32 fiiE
9 ADC/SBC {54 B MANBH LR 2.

WH-S JGHHY ADD F1 SUB 54 MR & B (A% AL FRRAL

2423 MIPS

i§47E ¥ 24.8 Optimizing GCC 4.4.5 (IDA)

- low part of b
addu  svl, $a3,
addu  $af, $a2,

j will carry generated while sumning uj

if yes, set §v0 to 1




366 H R TR (LA

sltu . §v0, §vl, $a3
jr sra

; add 1 to high pert of result if carry should be generated:
addu  $v0, $ad ; branch delay slot

; $v0 - high part of result

i $v1 - low part of result

£_sub

; $a0 - high part of a

; sal - low part of a

; $a2 - high part of b

; $a3 - low part of b

subu
subu $vl,

5 will carry gen

; if yes, set $a0 to 1
sltu
x

; subtract 1 from high part
subu  Sv0,

; $v0 - high part of result

; vl - low part of result
£ add_test:
var 10
var 4
lui $qp, (_gnu_local gp >> 16)
addiu  $sp, -0x20
la $gp, (_gnu_local gp & OXFFFE)
s $ra, 0x20+var_4($sp
sw Sgp, 0x20+var 10($sp
ui $al, 0x73CE
lui $a3, 0x7593
1i a0, 0xB3A
1i $a3, 0x75939F79
1i sa2, 0x1555
al £ add
1 $al, 0x73CE2FF2
Y $gp, 0x20+var_10($sp)
lui sa0, ($1C0 >> 16) # "slld\n"
it $t9, (printf & OXFFFF) (Sgp.
1u Sra, 0x20+var_d($sp)
la $a0, (SLCO & OXFFFF} # "51ld\n"
move  $a3, svl
move  $a2, $v0
ir 5t9
addiu  $sp, 0x20
$LC0: .ascii "§11d\n"<0>

MIPS S8R AT AR 2 7788 o I & IR IURkiZ Y 58
# x86 e 4R B (TR ADC 2 SBB 4.
EE CBER O D EMEIEEEFARE, HMET —SHmEBDas PN HER R

24.3 FiEFobriEE

#include <stdint.h>

4t fmul (uint8d_t a,

retury

ted while subt.

$al, $a3 ; subtract low parts
a0, $a2 ; subtract high parts
cting low parts?

svl

of result if carry should be generated
$al ; branch delay slo

RETHEALRR . ERESREE
FRI, SRIESER A SLTU #4106 =

LT AR

-

wintél




FUF 32 ERAKMAE 64 LY

367

I8
uint64_t £ div (uint6d_t a, uint6d_t b)
{

return a/b;
uint§4_t £ rem (uint64_t a, uintf4_t b)
{

return a § b;
bi

2431 x86

fEFI MSVC 2012 (2 FRIESIOR/Ob1) 4% Lik#T,

BRI BUREAE
#54iEE 249 Optimizing MSVC 2012 /Ob1

_fmul 2ROC

push  ebp
nov ebp, esp

mov eax, DWORD PTR _b§[ebp+d]

push  eax

mov ecx, DWORD PTR _b$[ebp)

push  ecx

nov edx, DHORD PTR _a$[ebp+d]

push  edx

mov eax, DWORD PTR _a$[ebp]

push  eax

call  _allmul ; long long multiplication

push ebp
wov ebp, esp
mov eax, DWORD PTR _b$ [ebptd]
push eax
mov ecx, DWORD PTR _b$ [ebp]
push  ecx
mov edx, DWORD PTR _a$[ebp+4]
push edx
nov eax, DWORD PTR _as[ebp]
push cax
call  _aulldiv ; unsigned long long division
pop ebp
ret o

_f_div ENDP

a$ =8 ; size = 8

b$ = 16 ; size = 8
_f_rem PROC
push  ebp
mov ebp, esp
ov eax, DHORD PTR _b§[ebp+d]
push  eax
nov ecx, DHORD PTR _b$[ebp]
push  ecx

mow edx, DWORD PTR _a$[ebp+d]



368

# 5w (LA

LM

_f_rem ENDP

FHIZHLIRE .
W T SRR FIAME L,
{#H GCC 4.8.1 (4 HETA-03-fno-inline) #Hik FAFIT,

54755 24.10 Optimizing GCC 4.8.1 ~fno-inline

T DA 4 3 2 A M PR R AR AL IR PRIZ
SR E.
AR PRI .

_£mul:
push
mov

_f_div:

_f_rem:

call
add
ret

GCC {EFeifia F AT R IT AL 8, KREA
B4 HR R MSVC AR (WM D). BRILZ 4, BN RIESM MSVC MgHEL RZ AL TFEE

X5l

2432 ARM
FESH 1% Thumb B HIFEREIN,

ebx
DWORD PTR
DWORD PTR
ebx, DHORD PTR
ecx, DHORD PTR
ebx, eax

ecx, edx

edx

ecx, ebx

edx, ecx

ebx

esp+8]

esptl6]
sp+12]

esp+20]

3

eax,

s
[
[e
s

esp, 28

eax, DWORD PTR [esp+40
cdx, DHORD PTR [esp+él]
DHORD PTR [esp+8], eax
eax, DWORD PTR [esp+32]
DHORD PTR [esp+12], edx
edx, DWORD PTR [esp+36
DWORD PTR [esp], eax
DHORD BTR [esptd], edx
__udivdi3 ; unsigned division
esp, 28

esp, 28
eax, DHORD PTR [esp+40]

edx, DHORD PTR [esp+i4]
DWORD PTR [esp+8], eax

eax, DHORD PTR (esp+32]
DWORD PTR [esp+12], edx
edx, DWORD PTR [esp+36]
DWORD PTR [esp], eax

DHORD PTR [esp+d], edx
__umoddi3 ; unsigned modulo
esp, 28

TR BB S 5 A U Y P R

Keil 4B SO T LB



FuE RER4E

TALE 64 iR

ELEH 2411

Optimizing Keil 6/2013 (Thumb mode)

| £_mull| PROC
PUSE {r,lr}

| 1£.di:

v|| PROC
PUSH  {x4,1z}
BL
20P
ENDE

|£_rem| | PROC

HEZF, 4T ARM BT,

BUSH {rd,lr]

BL aezbi uldivmod
MOV z!
MOVS  x
POR {
ENDP

Keil BB HHEIMAT 64 frFRizic sl .

#5458 2412 Optimizing Keil 6/2013 (ARM mode)

I1fmull| PROC

PUSH  {x4,1z}

UMULL  r12,14,r0, 12
HLA r1,x2,x1,x4
HLA r1,
MoV 10112
0P {rd,pc}
ENDP
| 1£ div|| PROC
PUSH  ird,lr)

MOV Elpxd
P0P {r4,pc}
ENDP
2433 MIPS
R IR TR W T 4 MIPS #2)¥Rf, GCC

{EFAT 64 MURIZIBHNT, HiFHRE

.
4

£ 24.13  Optimizing GCC 4.4.5 (IDA)

Tt E AT ICHTE ST 64 1 ik
Lo M R BT b

£_mul:

mult

nflo

or 5 NP
or 5 NOP
mult

mtlo

addu  $v0, $a0

or $at, $zero ; NOP



370 # 0 TEREEE (L)

multu  $a3, $al

mfhi  $a2
milo  $vl
ir $ra

addu  §v0, $a2

£ div:
var_10 = -0x10
var 4 =1
O
addiu
54 $ra, Ox20+var_4(Sspi
su $gp, Ox20+var_10{$sp)
Y $t9, (_udivdi3 & OxFEFF] ($gp)
or sat, §zero
jalr  Stg
or sat, $zero
n $ra, Ox20+var_4($sp)
or sat, $zero
it $ra
addiu  $sp, 0x20
Fixem:
var_10 -0x10
var_4
lui $gp, {_gnu_local gp >> 16)
addiu  $sp, -0x20
1a $gp, (_gnu_local gp & OxTFEF)
su $ra, 0x20+var_d4($sp)
o $gp, 0x20+var 10{$sp)
1n 559, (_umoddi3 & OXFFFF] ($gp)
or sat, $zero
jalr  §t9
or sat, Szero
T $ra, 0x20+var_4($sp)
or $at, Szero
ir sra

addiu  $sp, 0x20
LR P 2R K B NOP 4. BRVFXR ) RSB S A B, [LBH 2 & f TR AR
TG I — s T

244 573

#include <stdint.h>
uinté4 t £ (uintéd_t aj
{

return a>>7;

b

2441 x86

54752 2414 Optimizing MSVC 2012 /0Ob1

; size = &




FU4F NRERLAE 4 LHE

371

mov
mov
shrd
shr
ret

£ ENDE

IETTHEE 2415

eax, DWORD 2T
edx, DWORD FTR &
eax, edx, 7

edx, 7

0

sp-4]

Optimizing GCC 4.8.1 -fno-inline

£

shrd
shr

adx,

[esp+8]
R [esp+d]

eax,
eax, edx, 7
edx, 7

RIS FAAR A 2 0 BB AbARAR 32 MU B, 3R b AbEERS 32 AR WENERMRALE 32

AL HR BT @——SHRD 54, XS AU LUE EAX
FFAEH TR By 32 A7 P AR 7 . H B SO BIME 32 ROEER

fa4xt i 32 RLUMTALBIRAE, JEM S AR LR T .

2442 ARM

IR 32 frEedia AR 7 Gnissy, i HICREM EDX
FIL B —Of, ) R A 8 IR HY SHR

ARM 354 4L x86 /), WA SHRD 2284 . Kilt, Keil e BN, Lk

BRI,

#5< 754 2416  Optimizing Keil 6/2013 (ARM mode)

I1£11 PROC
LSR
ORR
LSR
X
ENDE

16458 2417  Optimizing Keil 6/2013 (Thumb mode)

[REANNS:

2443 MIPS

GCC for MIPS 3Rff T Keil for Thumb M4 BT B .

#5475 2418 Optimizing GCC 4.4.5 (IDA)

s11
srl
or
ir E
srl o $v0, a0, 7

24.5 32 LEKFEIEIR 64 1Lk IE

#include <stdint.h>



372 HEIARESE (B

inté4_t £ (int32_t a}

return a;
b

2451 x86

154755 24.19 Optimizing MSVC 2012
[

_ PROC
mov eax, DWORD PTR _a$[esp-4]
cdq
ret ]

) 4 ENDP

FERFR T, BAITEHE 32 AA SRS EY I 64 AR5 5. TR SRMNARTRE AR
B 0 BT R  HEXNTHSECRH, Rl — RS R, Ra—MiebiCeira
XEMMAT CDQ AU SRR ES. i EAX WET A 64 {y, K4 RIFHF EDX:EAX
F7RIR T, BRI, CDQ 544K EAX S8R B (B, JHERA SRR TR 32
fr#f¥ch 08 1. CDQ a4 HfEHIA MOVSX f64471L

GCC R M s 2 A 1 inlines FWAIZH . JLARIEA R MSVC (445 RA AR,

2452 ARM

54758 24.20  Optimizing Keil 6/2013 (ARM mode)

I1£11 PROC
B8R rl,r0,$31
B4 ir
ENDP

Keil for ARM 418797455 MSVC RIf: EES8RARE 31 6, AMTHALEES. MSB ZE
S, TERRBHEL LGSR I A AT BTLMERAT “ASRrL0#31” AWM &
MRS, TB4 RI 52 OKFFFFFFFF: &M R1 AL R%E. (DA 64 RIEMNR, B 32 fN=
EHTER] HITRE.

PATES, X AR ISR RI #4225 LU AL 64 AT (E I 32 fr.

2453 MIPS

GCC for MIPS [f94 % J73L I Keil %1% ARM F2FE 5 HEAT ) .

$547% % 24.21 Optimizing GCC 4.4.5 (IDA)
i

sra sv0, $a0, 31
ir sra
move  §vl, Sal



£25% SIMD

SIMD B “HAE4 M L XM ”, HAFKE “Single Instruction, Multiple Data”. i 8%, &I&h4
ALl — A S MR . /5 x86 ) CPU L, SIMD FRZU FPU 6 & FIMB S

KAZJG, x86 CPU iBid MMX $645 5684 T SIMD B H k- ﬁd' AR CPU BAA 8 A
64 {FA73E, B MMO~MM7. 8/ MMX #{¢8 e 8 T,
A 16 fEHE . FER SIMD 184 EATIRAE R N, e LHI_ 848 umg/m 4 ZKR R

ST PR {4 W — o oty 4 AR R B E%Il\m WA RS R ETIN %,
MG TR RAGEAT IR RIS . 2 e MR EEH K]
{8 (AT, B, ST —A SIMD i MﬂAhﬂm 8 AMFEINANE (BITTED. Hh TIEAL
R, b TG RE IS TET SIMD SRR A R HRE RS LR A
SR TIAE, AENSI SRR W T A& A RO B 1 L Coverflow) Ml R Cunderflow) SR,

FERIINISE Y MMX HoRBIHE, STMD fE T FPU 757858 (3140, SEFIF FPU 1K MMX 803 7T
B, B A Intel IXPEALEE D I AR I ZRNBERGIFA LA R B
1) CPU 758, R AHSHRREE FPU L. Frolil, SUERRNEE “S0H MMX HAT CPU” + %
REBIERG” + “HA MMX SRR 3 ANk, A e/ kBL SIMD 12

SSE iR 2 SIMD f0f BHA, it SIMD #AFAEH By 128 Rre57Ees. SCHF SSE SR CPU B4
417 SR SIMD BRI % (785, KM FPU %172

AVX R F A0 i SIMD FoA, &I 17 202 256 ALy

B NTEE, BAER] STMD BEARR A .

SIMD FiA K] J:HT—V\M%E*J (memepy) FIRTEELE (mememp) AT,

WAbE ST T DES (9325, DES (Data Encryption Standard) 44U BRI ETTE. BRI T 64 f7
B4 41 56 RLRIE L, H 64 RN %ﬂ&?‘ﬁf”fﬂ 64 L ETH jﬂ%ﬁ\’diﬁ 5.8, e
#9080 DES #i, RIS LR ARE B i
WA T4 FRAT A R /SIMD TN ﬂ‘ji;»ﬂkdy x86 1/ “H’] unsngned int FLHCH L 32 477
i} T[)d:ﬂ‘lmsxgled int RUECRA 64 £ 5 SR, TTRLLME 64 B aliEs %lmsﬂ.
RS 2 4 32 fr

1 Oracle mgm%u hash n@ﬁ;zm DES. ﬁT‘ ﬂﬁé‘::ﬁhﬂ S LA — \\%%MJ 'ﬁﬂ Oracle

. AR Li }ﬂwﬁﬁ 1zsu/m w«#]@ﬁlﬁ"ﬂmﬁm R WHETTEIX Akmw
%) http://conus.info/utils/ops_SIMD/.

251 XEIC

RRLCE IS MRS Y (D — N REBRAEA . TR R, (R ARA
BT, BTSSR A S . BB T LR I AU R T B . “OFD R
BIHA” RREMSEIITTHER.

@

2 i, http:ffww side.com.awbitslice/s
@ Vectorization, B “E{L”. %W hitp:ien.wikipedia.org/wiki/Vectorization_(computer_science)




374 DRSS (A

SRR RIS A HEETEA . A TAOMEE7E 1998 i Cray Y-MP AR EIHURUF MR AEES
V-MPEL” (P PHR lite BiAS. 45 26HBIEEE TT A WA SN LA - hup:fiwwwcray-<y
R, FRITFREURA T RELEAR:
for (i = 0; 1 < 1024; i++)
{
cli] = A[i1*B[i];

AT A A B R, XTI ERT RIS, SR MBI REEECE ©
AL AR A TR 32 4 int TUEOR, HARATLME A [RIPOANTEZ TR 128 AL A MW
feh, BHUAA B WA EEMAES — MMX FF R, SURIE PMULLD (Multiply Packed Sz
Dword Integers and Store Low Result) I PMULHW (Multiply Packed Signed Integers and Store High
o 4 AT HAT RIS H . XA PA—ARAG 4 4 64 BT,
SRS, MEFMATHT R 1024, T 1024/4. AV, FEFFEITE AR 4 45
St s PG S A R R BE LI, Inte] CrERERILTIR R B REILILTEE, 10D

http:/iwww.intel i mmx.htm
2511 AFmETE
A T AR AR X B

*ar2, int *ar3}

int £ (int sz, int *arl, i
{

for (int i=0; i<sz; i++}
ar3lil=arl[il+ar2(il;
return 0;
i

Intel C++

A LB TR 1E 4 wind2 FRARH Intel C++45 PR g% Db HAs:

icl intel.opp /QaxSSE2 /Faintel.asm /Ox

FIF IDA T BRI T HUT IO, T E:

_cdecl f{int, int ¥, int *,
public ?fERYAHHEREOO®

008Z proc near

8
och
100
push  edi
push  es
push  ebx
push  esi
nov edx, [esp+lOn+sz]
test edx, edx
sle loc_158
mov  eax, [esptlOhtar3]
cmp edx, 6
ile loc 143
cmp eax, [esp+10n+ar2]
3oe short loc_3
mov  esi, [esptl

sub esi, eax




%25 % SIMD

loc_67: ; CODE
cmo
30b
nov
sub
cmp
b

add

loc_%R: ; CODE

locCl: ; CODE

ecx, ds:0[edx*4]
esi

ecx, esi

short loc_55

XREF: int,int *,int %, int *}+21
cax, [esptlOh+ar?

loc_143

esi, [esptl0n+ar2]
esi, ecax

ecx, ds:0fedx*d]
esi, ecx

loc 143

% XRET: f({int,int %, int *,int *]+34

eax, [esp+10h+arl]
short loc_67

esi, [esp+lOh-arl]
esi, eax

esi

ecx, esi

short loc 7F

XREF: f£(int,int * int * int *}+59

eax, [esp+l0n+arl]
loc_143

esi, [esp+l0htarl]
esi, eax

esi, ecx

loc_143

XREF:

edi, eax i
edi, OFh ; is ar3 16-byte aligned?
short loc 9& i yes

edi, 3

loc 162

edi

edi, 10n

edi, 2

XREF: £{int,int *,int = int *]+8¢4
ecx, [edi+d]

edx, ecx

loc_162

ecx, edx

ecx, edi

ecx, 3

short loc D6

ebx, [esp+10h+ar?]
[esp+10n+var_10], ecx
ecx, [esp+llhtarl
esi, esi

XREF: f{int,int *,int * int *)
edx, [ecxtesi*d]

edx, [ebxtesi*i]

[eaxtesi®d], edx

esi

esi, edi

short locCl

ecx, [esptl0hivar_10]
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HEIRARIEE (L)

nov edx, [esp+l0h+sz]

loc_D6: ; CODE XREF: f(int,int *,int *,int *)+B2

nov esi, [esp+lQhtar?]
lea esi, [esitedi*4] ; is ar2+i4 16-byte aligned?
test esi, OFh

iz short loc 109 ; yes!

mov ebx, [esp+10htarl]

mov esi, [esp+llhtar2]

loc_ED: ; CODE XREF: f(int,int *,int *,int *]+105
movdqu  xmml, xmmword ptr [ebxtedi*4]
movdqu  xmm0, xmmword ptr [esi+edi*4] ; ar2+i*4 is not 16-byte aligned, so load it to XMMD
paddd  xmml, xmn0
movdga  xmmword ptr [eax+edi*d], xmml add edi, 4

cmp edi, ecx
ib short loc_ED
mp short loc_127

loc_109: ; CODE XREF: f(int,int *,int *,int *)+E3
mov ebx, [esp+llh+arl]
nov esi, [esp+l0h+ar2]

loc_111: ; CODE XREF: f(int,int *,int *, int ¥)+125
movdqu  xmm0, xmmword ptr [ebx+edi*4]
paddd  xmm0, xmmword ptr [esitedi*4]
movdga  xmmword ptr [eax+edi*d], xmm0

add edi, 4
cmp edi, ecx
ib short loc_111

loc_127: ; CODE XREF: f(int,int *,int *,int *)+107
; fint,int *,int * int *)+164

amp ecx, edx
nb short loc_158

mov esi, [esp+l0h+arl]
mov edi, [esp+lOh+arz)

loc_133: ; CODE XREF: f(int,int *,int *,int *)+13F

nov ebx, [esitecx*d]
add ebx, [editecx*d]
nov [eax+ecx*4], ebx
inc acx

cmp ecx, edx

b short loc_133
mp short loc_15B

loc_143: ; CODE XREF: £(int,int *,int * int *)+17
; £lint,int *,int *,int *)+3A ...

nov esi, [esp+lOhtarl]
mov edi, [esp+llh+ar?]
xor ecx, ecx

loc 14D: ; CODE XREF: f(int,int *,int * int *)+159

mov ebx, [esi+ecx*d]
add ebx, [edizecx*d]
mov [eax+ecx*d], ebx
inc ecx
cmp ecx, edx
b shozt loc 14D
loc_15B: ; CODE XREF: f(int,int *,int *,int *j+a
; flint,int %, int % int *]+129 ..
xor eax, eax
pop ecx

pop ebx
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pop esi
pop edi
retn

%At *,int *)+8C
nt, int *,int %, int *)+9F
xor ecx, ecx
3 short loc_127
FFERYRHHPRAO0RZ er

dok, 5 SSE2 1T 4H

e MOVDQU (MoveUnallv;med Double Quadword) 2 AFITENIE 16 545408, FHFEHIE XMM 2H£880015 4.

® PADDD (Add I’acked Integers) X 4 XF 32 AHGRATIEES, FATESGURIFEBIE — MEERH
24, BEAh, IBATEWEMEMIELL, TERHAT RRIESTA T 32 £, tRaaRe.
PADDD H‘Jﬁi’l‘isef ERUR AR I AN, IRARAMERHIEDAA T 16 FATURXTr, TR,

® MOVDQA (Move Aligned Double Quadword) FIZhfiz MOVDQU AR, JURERIF it (F 4 A
T 16 FHIARATE, HWHIRG. B TIXARMZI, ARSI, Mo
MOVDQA MKIZ{T % Eb MOVDQU it

Tk L3k SSE2 $54- MUIEAT 4t 2 A LTIk

] 16 FTLFAFF.
TR, R a2 ikt 16 FRLAs 5, M

movdqu  xmm0, X d ptr [ebx+edi*4] ; arl+i*4
paddd  xm0, xm ptr [esiredi*4] ; arz+i=d
movdga xmmiord ptr [eaxtedi*d], xmm0 ; ar3+it4

Y5k, MOVDQU 5444t ar2 FOME N4 E] XMMO %775 AUAIKAIE O RERIBH BN SF, HE

HRIESCRA 4 3 FRE a3 BHAE O

d ptr [ebxte:
ptr [esitedi +i*4 is not 16-byte aligned, so load it to xmmd

xmml, xmmd

movdqa xmmiord ptr [esxtedi*d], xmnl ; ar3ti*d
FAbAID A W R SSE2 HRETRY .
GCC

{538 7E-03 HETFE H A H SSE2 3045 (-msse2 #50) RS T, GCC 4Pk 5 th ARG HEAT (8] #1 SRARAL

HAMEA GCC 4.4.1 ik LRFERF, W{EE):

i £ling, int *, int *, int *)

_E1fiPiS 5 proc n

push  ebp
mov  cbp, esp

Jmtxmmw*aw‘ B, WEN: ht\p/mwlklpedmorg/wkl Data_structure_alignment.
@ hups:iiece.gnu heml
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FwIRNEEE ()

loc_80484CL

loc_80484C8:

loc_80484D8:

loc_80484E8:

loc_80484F8:

loc_8048503:

push edi

push  esi

push  ebx

sub esp, 0Ch

nov ccx, [ebprarg 0]
nov esi, [ebptarg_4]
nov edi, [ebptarg 8]
rov ebx, [ebp+arg_C
test ecx, ecx

jle short Lloc_80484D8
cnp ecx, 6

lea eax, [ebx+10h]
ja short loc_80484E8

CODE XBEF: f(int,int *,int * int *]+dB
; flint,int *,int *int *)+61 ...

xor eax, eax
nop

lea esi, [esi+0]

; CODE XREF: £(int,int *,int ¥, int *)+36
mov edx, [editeax¥4]

add edx, [esiteax*d]

mav. [ebxteax*4], edx

add eax, 1

cmp eax, ecx

inz short loc_80484C8

; CODE XREF: f(int,int *,int *,int *)+17
; £lint,int *,int *,int *)+A5

add esp, 0Ch
xor cax, eax
pop ebx

pop esi

pop edi

pop ebp

retn

aligng

; CODE XREF: f(int,int *,int *,int *)+1F
test  bl, OFh

inz short loc 80484C1
lea edx, [esi+l0h
cnp ebx, edx

3be loc_8048578

; CODE XREF: f(int,int *,int *,int *)+EQ

lea cdx, ledi+10h
cnp ebx, edx
ja short loc_8048503
onp edi, eax
jbe snort loc_80484C1

; CODE XREF: f(int,int *,int *,int *)+5D

mov eax, ecx
shr cax, 2

nov (ebptvar_14], eax
shl eax, 2

test eax, eax

mov [ebpsvar_10], eax
jz short loc_8048547
nov (ebpivar_18], ecx

mov ecx, (ebp+var_14]
%ot eax, eax




xor edx, edx

loc_8048520: ;

XREF: f{int,int =,int * int *)+33

xmml, otr [editeax]
xam0, ptr [esi+eax]
edx, 1

paddd  xmm0, xmml
movdga xmmword ptr
add  eax,
cnp edx,

x+eax], xmm0

ik short 8520
ecx,
sax,

v ecx,

iz short loc 80484D8

loc_8048347: ; CODE XBEF: f£{int,inL *,int *,int *}<73

lea edx, ds:0[eax*4)

add esi, edx

add edi, edx

add ebx, edx

lea esi, [esit0]
loc B048538: ; CODE XREE: f(int,int *,int *,int *)+CC

mov edx, [edi]

add cax, 1

add adi, ¢

add edx, [esi

add esi, 4

mov [ebx], eds

add ebx, 4

cmp ecx, eax

ig short loc 8048558

add esp, 0Ch

xor cax, eax

op ebx

pop esi

pop edi

pop ebp

retn

XEEF: £{int,int * int * int *]+52
eax, esi

Loc_80484C1

Loc_8CA84ES

_ZI£iPiS S

GCC LM IRIDA Intel C-
2512 BATREEH
RATEB -~ F A4 14.2 9 memepy(O R AL

include <stdio.h>

[RARL, HR TR 2

ar* dst, unsigned char* src, size t ont)

emcpy {unsignes

for {i=0;
dst[i]=sreiil;

i++)

F GCC 4.9.1 BEATHRALGE T, I BBIT FrnfREs.
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164758 25.1 Optimizing GCC 4.9.1 x64

my_memcpy

i BDI = destination address

; RSI = source address

i RDX = size of block
test rdx
je
lea [rdi+16]
cmp rax
lea [rsi+ls6)]
setas
cmp
setas
or
e
cmp
Jbe
mov rex, rsi
push rbp
push rbx
neg rex
and ecx, 15
cmp rex, rdx
cmova rex, rdx
xor eax, eax
test
je
movax BYTE PTR [rsi]
cmp 1
mov PIR [rdi], al
e
movzx BYTE PTR [rsi+l]
cmp .2
mov PTR [rdi+l], al
je
novzx BYTE PTR [rsi+2]
emp 3
mov PTR [rdi+2], al
je
novzx BYTE PTR [rsi+3)
cmp
mov PIR [rdi+3], al
je
movzx BYTE PTR [rsi+d]
amp 5
nov 2 PTR (rdi+d], al
je
novzx BYTE PTR [rsi+5]
cmp 5
nov PTR [xdi+5], al
je
novzx BYTE PTR (rsi+6]
cmp 7
mov PTR [rdi+6], al
movzx BYTE PTR [rsi7+]
cmp 8
mov. PIR [rdi+7], al
je
movzx BYTE PTR [rsi+8]
cmp 9
mov PIR [rdi+8], al
je
movzx BYTE TR [rsi+9]

10
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381

L7:

162

mow
je
movzx
cmp
mov
je
movzx
cmp
mov
je
movex

mov

novdga
add
novups

BYTE PTR [rdi+9], al
124

eax, BYTE PTR [rsi+l0]
rex,

BYTE PTR [rdi+10], al
.L25

eax, BYTE PTR [rsi+ll]
rex, 12

BYTE PTR (rdi+11], al
.L26

eax, BYTE PTR (rsi+l2]
rex, 13

BYTE 7R [rdi+12], al
.27

eax, BYTE PTR [rsi+l3]
rex, 15

BYTE PTR [rdi+13], al
.L28

eax, BYTE PIR [rsi+ld]
BYTE PTR [rdi+14], al
eax, 15

rld, xdx
r9, [zdx-1]
rld, rex
r8, [r10-16]
9, rex

8, 4

8, 1

ril, 18
711, 4
9,14

L6

tbp, [rsi+rox]
r9d, r%d
rex, rdi
ebx, ebx

xmm0, XMMHORD PTR [rbp+0+rd)
bx,

XMMFORD PTR [rcx+r9], xmm0
9, 16

ox, r8

.17

rax, rll

r10, 11

AL

ecx, BYTE PTR [rsi+rax]
BYTE PTR [rditrax], cl
rex, [rax+1]

rdx, rex

11

ecx, BYTE PTR [rsi+l+rax]
BYTE PTR [rdi+l+rax], cl
rox, [rax+2]

rdx, rex

.LL

ecx, BYTE PTR [rsi+2+rax
BYTE PTR [rdi+2+rax], cl
rex, [rax+3]

rdx, rex

ecx, BYTE PIR [rsi+3+rax]
BYTE PTR [rdi+3+rax], cl
rex, [rax+d]

rdx, rex

]
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#HTRRAES (4

.L1:

.141:

.L13:

rex,
rdx,

ecx,

eax,

ecx,

BYTE PTR [rsit+i+rax]
PIR (rditd+rax], cl
(rax+5]

rex

BYTE PTR [rsit+S+rax]
PTR [rdi+S+rax], cl
[rax+6]

rox

BYTE PTR [rsit6trax]
PTR [rdi+6+rax], cl
[rax+7]

rex

BYTE PTR [rsi+t7+rax]
PTR [rdi+7-rax], cl
[rax+8]

rex

BYTE PTR [rsi+8+rax]
2TR [rdi+8+1ax], cl
[rax+9]

rex

BYTE PTR [rsit+S+rax]
PTR [rdi+9+rax], cl
[rax+10]

rex

BYTE PTR [rsi+l0+rax]
PTR [rdi+10+rax], cl
[rax+1l]

rex

BYTE PTR [rsit1l+rax]
PTR [rdi+ll+rax], cl
[rax+12]

rex

BYTE PTR [rsi+12+rax]
BTR [rdi+124rax], cl
[rax+13]

rex

BYTE PTR [rsi+l3+rax]
PTR [rdi+13+rax], cl
[rax+14)

rex

BYTE PTR [rsi+l4+rax]
PIR [rdi+l4+rax], dl

eax

BYTE PTR [rsitrax]
[rdi+rax], cl




£25% SIMD 383

.128:
mov eax, 1¢
mp .14
.L15:
eax, 1
116:
eax, 2
R
eax, 3
14
eax, 4
.14
cax, 5
.14
mov eax, 6
mp R
.L21:
mov cax, 1
jmp L4
122
mov cax, &
jmp RY]
123:
nov eax, 9
Jmp .14
L24:
mow eax, 10
mp .14
.125:
mov eax, 11
imp Lt
.L26
oy eax, 12
jmp Lt
127
moyv eax, 13
p 11

25.2 SIMD S strien()

R4 msdn Chttp: .microsoft. library/y0dh78ez(VS.80).aspx ), TF C/CHHIETRFE 1 f NI
MBI SIMD 74 £ MSVC SRR MPECAFZ A, intrinh BT 7
FATAT LIS TAF AT AL HE, {EH SIMD #4930 strlen(R &L, BORELIELLH LY
e ERERIT 16 FAINERE] | A XMM Z7E5 L, ARSI AR S —R s

size © strlen_sse2iconst char *str)

{

register size t len = 0;
const char
bool str_is aligned=({(unsigred int)str)s0xFEF!

stri

unsigned int)str;

if {str_is_align 1se)
return strlen (strl;

_m128i xmn0 = _nm_setzero sil28i);

) SRR T PP hitp:/www.strchr.com/sse2_optimised_strlen.




HmIRNARAEE (BN

_ml128i xmml;
int mask =

xmnl = _mm_load_sil28{(_mi281 *)s};

xmml = _mm_cmpeq_epi8 (xmnl, xmm0);
if (imask = _mm_movemask_epi8 {xmml}]
{

unsigned long pos;
_BitscanForward (spos, mask);
len += (size_t}pos;

break;
}
s += sizeof ( ml28i);
len += sizeof (_ ml28i);

b

return len;

}
fH MSVC 2010 B R/OX 00 4 LidferF, AE ST piArAm.

54 7%% 252 Optimizing MSVC 2010

_pos$75552 = ~4 i size =4
_str$ =8 ¥ alze=4

2strlen_sse2@@YAIPBDEZ PROC ; strlen_sse2

pushebp
mav esp
and esp, -16 ; EECELELOR
nov eax, DHORD PTR _str$[ebpl
sub esp, 5 0000000cH
oush  esi
oy esi, eax
and esi, -16 ; EZEELETOH
xor edx, edx
nov ecx, eax
cnp esi, eax
je SHORT $LN4@strlen sse
lea edx, DWORD PTR [eax+l
npad 3 ; align next label
mev cl, BYTE PTR [eax]
inc eax
cl, ¢l
SHORT $LL1l@strlen_sse
eax, edx
esi
esp, ebp
ebp

0
$LN4Bstrlen sse:
movdga xmml, XMMWORD PIR [eax
pror  xmm0, xmn0
pempegb xmml, xmmd
provmskb eax, xmml
test  eax, eax
jne SHORT $IN9@strlen sse
SLL3@strlen_sse:
movdga xmml, XMMWORD PTR [ecx+16]
add ecx, 16 ; 00000010
pempegb  xmml, xmm0
add edy, 16 ; 000000L0H




¥ 25% SIMD 385
ovmskb eax, xmml
eax, eax
SHORT $TL3@strlen sse
SL en_
mov PIR 552esp-16], eax
lea {ecxreds]
op
moy
pop
ret
?strien 5s5e20@YAIPEDEZ END2 ; strlen_sse?
FLFH ST st SR EAM 16 F IR MR AE T, SR silenO 8

FOTE TR
SAFFIBIT MOVDQA J5448 16 14 INAE] XMM1 % 4£4% -
HAE RS E: Rt AR H B AT ERIRH A5 47 MOVDQU $74-7
ISP AT EER: R R AR 16 TILSNTT £ ROITLMER MOVDQA 4654 &, #
{EFIME IS MOVDQU 454,
(R A SR TE IR
4 Windows NT R4 HE RS, LI HA

GLEL, PWTT RN STERALR 4KB (4096 7).
HAREEA win32 FEFRE L EA ( T, BRSERR LMtk 5 Z 2N
R T IERIR S SRR AR TN AR, AR 5. SRR AR T AT R ke
#), VERE% L hup:/en.wikipedia.orgiwiki/Page_(computer_memory).

Fieh, wREE AN 16 FAEE, ARESEREIA AR AR, Gl BIERET A
Huttk 7 0x00c0000 I HE P TFALASX NFEIT ML T 8192 (0x2000) FATHIATEEL, HSAIXAMEFFRINAFRE
7E 0x008c0000 15 0x008c 1 if 2 4]

FEXAWAFHZ A, BT 0x008c2000 Mttt DT HOPIHE PO FF AR R TR FRIF Ui BT 52, AR RS
BATSAIEAEF B RATE . IRALIT U7 B PR T 0 W A2 SR o R

BATERTIF XA, BT AR N ACBRIOASRAE I 5 N5, XM B R Gl A LAY

0x008c118 W
0x008c1r9 e
0x008¢1ffa v
0x008¢1 b kK
0x008c1ffe o
0x008c1 ffd 00"
0x008c1ffe random noise
0x008cIfiT random noise
BRI L sulenQREAEAIIXAFRFRIT, EoAREHRRE “hello” B9 A1, itk

0x008c1{18. strlen() B A& B F Tt HEHUT4F 8B . 7B 0x008clffd 9 0 FAS KRR, HBREH 1.
FBUBATRE strlen(FREA % EF A AL TF WM, TibFHRIRERIRET UL 16 71
SAFNTFE, FKEGEL 16 F95. TBAEHA AL 0x008c1 ff8 —ELEEINE] 0x008¢2008, K| 8-
= FAlI 2 R I A iR
LUITEF AT it 1 16 FHL R XA 0 B, A ol CUAIE T SIMD HoRitisik. Fsh, BiER
GEREHAT A TURH A1) 16 FIR A FENY, BT LA T 8 B IBIE AR 1 16 T FEet5e i, AT
BRSO 25 V7 I A 23 L) PO AR 25 ]
RS A AL




386 HEHIEREEE (LA

_mm_setzero_sil28(): 4% XMMO /785 A04E4, 4H249F pxor xmm0, xmm0.

_mm_load_si128(): MOVDQA 5. & AIFENEEINE 16 T T EHET XMM1 F77ds.

_mm_cmpeq_epi8(): PCMPEQB f97%:. BB ARML, HEFN XMM £ HMARSIE. WAHA T
45, B ERENE Y O, FEREIRN 0. 25015KE, 84T pempeqdb xmm1, xmm0 #i14 HITGULAT R Iim-

XMMI1 11223344556677880000000000000000
XMMO 11ab344400787788 111 1111111111111
XMM1 fH0000fFO000fFFD000000000000000

G5 “pxor xmm0, xmm0” K xmm0 FFFEE, RFIOAERHRIAIN 16 7775 XMMO0 £
TETRH 16 4~ 0 AALLER.

F—43454 2 mm_movemask_epi8(), &l PMOVVMSKB f§4-. M54l % 5 PCMPEQB A& MiH:

pmovmskb eax, xmml

{E XMMI (956 AE IR | BT, ST EAX SRR semn i 1. it i, s XMMI
GAETRIER OxfE, #84 EAX S 728 M B AR S HE N 1.

EHAATE XMMI IS TANFER 0xff LT, RE BAX FERNKIEL 1.

MTEZ, XAMEL A IERIE “ Il XMMI (98215272 0xFF”. QISR XMML 131 n AN
1/ OXFF, WIH T EAX 1Y% n A2 1, B EAX #38 n i h 0.

S4h, REERRAM L RSB RS hr B FHEHE M0 TH R AR AT AL SUARURERIE
H. .

15 14 13 12 11 10 93 2 10
R N E

—VRIEEL 16 FATE] XMM 24288, FFHE 5 XMMO B 9 FHATLLE, ATRESRIXEFI T ELER (L
ZEEH 2 LSB | MSB HIT):

XMM: 0000f J00000££0000000000

WP REIRE T 2 AU ERE, XL PSR,

FERF LT PMOVMSKB #14# WE EAX 2 (= : 0010000000100000b.

TR, BOIOEECLB S~ EOR A, BB HR B R

F—% BSF (Bit Scan Forward) $F4 KB S0 EHIBERE—A 1, HILRAME, JHELER
THRERIA— AR R

76 EAX=0010000000100000b KIS T, AT “bsfeax, eax”, #4 EAX HFIHREE 5 ALff 1 A0 FF
#HED.

MSVC RIX IR R K% A BitScanForward.

AR AR A A S AR T . MURARE T 0, BRSO TS S RIB B R, TR

0

AR E) MSVC GRS e T AR A 2510
Intel Core 17 4bFEAHE T SSE 4.2. BHRAERIB 03 S HKMM I PR ILT. ATXBIE IS

JL: hitp:/fwww.strchr.com/stremp_and_strlen_using_sse_4.2¢




$£26=Z 64 IFEE

26.1 x86-64

x86-64 AELLI —FRHCAF x86 T4 4R M1 64 RIAMALIEEBM

AT CARZH A BERAR, RS (0 BRI F

o BT FPU M SIMD HIFr (28824, JUPITARIA (T4 64 (L. DIARSHTU
i R-TSKBIBATE CAHESRAFR) AT 64 1372, T H x86-64 FEAY CPU Z Lk x86 2R
B CPU %1 8 1NIBH A7 42 3% . IREBIBAE A 2840 A1 RAX. RBX. RCX, RDX. RBP. RSP,
RSI. RDI. R8. R9, RI0, RIl. RI2, R13. Rl4. RI5.

o UHTHA, AVFRRFEE GPR 32 (A F SRR, RIE A A0S 32 RoddE . Blhni,
TR Al LU 2 EAX UF ] RAX # R385 191K 32 4.

P ‘ 7 ‘ Sth ‘ Py l 3rd ‘ 2nd [ Ist ‘ %AJ

RAX

[ EAX
I AX

L [ [ A

64 17 12 S 11 R8~R15 FAFSR OGRS (fF) 32 RLBYIEZF, B R8D~RISD (432 60D, Tl
TLEHAIRET (%) 16 {7 BidAf RSW~RI5W.

m " [ en | sm R wd [ i [ oh

X86-64 HEL2H CPU AT 16 /4~ SIMD 777748, Bl XMMO~XMMI5. E#I SIMD 277351t x86 CPU £ ili—ff-
o Win6d REMIEEOMAAE R TANRAAL, FIT 5 fasteall Hi GHZ WA 64.3 1) MALL
MBEEBITE. XIF2FMH RCX, RDX, R8. R9 mwz f TRRINET 4 NSRRI
RS AT RIEPIR TR WAERR, TR M AR
Hisk 32 FAMARATA, UMERIAATT 2 . BADMREATREA
LFIZOFEE, ERNVURMTRRZELENSSHREE T‘REE, LR R FE A A A2 3 DT
System V AMDG64 ABI (23§ Linux, %7} BSD 71 Mac 08 X) (2 /L Mit13) RZMEIHAAE RS
fasteall A EHH RDI. RSI. RDX. RCX. R8. ROIX 6 MMorfesfb iy 6 M4, BRI
BHRSH.
AV 64 TEVRAEAE T FFORMLE
o 7F C/CHHETTE, x86-64 &1 int BUEHH (AL 32 fr¥ide.
o x86-64 T HHHEH HIZ 64 fifal.
RISl UE IR AR A AR, x64 CPU 7ESh 3 RAM HFEAED HUA 48 i

{BRIFfIRE . AR



388 # 0 TAEKEEE (L)
BTN = i x86 —fFo

B 64 P& MR EER 32 AP ARIF A, FHREESRETEEIEEL L, FUle
TSN R (register allocation) ML AR, KR, 64 MMHBEFVHREREE (RasE)

L p—l,

3 25 TN WL —4H bitslice DES SLESKBUIFAT U HLHEIRF . RAOTEHAI MBS, LRFRE
DE_type £F22 (uint32, uint64. SSE2 2% AVX) b3 32/64/128/256 Rr¥HiH) S-Box.

/

Generated S-box files.

This software may be modified, redistributed, and used for any purpose,
s0 long as its origin is acknowledged.

Produced by Matthew Kwan - March 1998

#ifdef _WING4
fdefine DES_type unsigned _int64

#else

4define DES_type unsigned int

fendif

void

sl (
DES_type al,
DES_type a2,
DES_type a3,
DES_type ad,
DES_type a5,
DES_type a6,
DES_type *outl,
DES_type *out2,
DES_type *out3,
DES_type *out4

i
DES_type x1, x2, x3, x4, x5, x6, X7, x§;
DES_type x9, x10, x11, x12, x13, x14, x15, x16;
DES_type x17, x18, x18, x20, x21, x22, x23, x24;
DES_type x25, x26, x27, x28, x29, x30, x31, x32;
DES_type x33, x34, x35, x36, x37, x38, x30, x40;
DES_type x41, x42, x43, x4, x45, x46, x47, x48;
DES_type x49, x50, x51, x52, x53, x54, x55, x36;

x19 = a2 | x18;




389

%24 & ~x37;
x4 | x3;

%33 & ~x9;
%47~ x39;
= x4 * x36;
x418 & ~x5;
%42 | x18;

1

BAMBRFERRE BUEE. 4

JFEF A MR E R DB RAIVEA 32 (189 MSVC

2008 (FIF/OxETD gy, MESWTPRIRE,

#5458 26.1 Optimizing MSVC 2008

PUBLIC 81
; Function compile 1.
TEXT SEGMENT

_x65 = -20
35 = -16 :
1§ = 12 E

: /ogtpy



390 #ETAERAES (L)

_x28% = 28 i size

_a6s = 28 i size

i size
5 size
i size = 4
i size - 4
size 4
esp, 20 ; 00000014H
edx, DWORD PTR _a5$[espt+l6]
ebx
ebx, DWORD PTR _ad$[esp+20
ebp

DWORD PTR _a3§[espt28

ebx
edi
DHCRD PTR _=5 [esp+32
edx
esi
ecx
esi
ebx
mov. DWORD PTR _x1$[esp+36], eax
xor  eax, ebx
mov  esi, ebp
or est, edx
mov DWORD PTR _x4$[esp+3€], esi ‘
and  esi, DAORD PTR _z68[esp+32] |
mov DWORD PTR _x7%[esp+32], ecx
mov edx, esi
xor  edx, eax
mov  DWORD PTR _x68 [esp3€), edx
mov edx, DWORD PTR _a3§[esp+32]
Xor edx, ebx 1
mov  ebx, esi |
xor ebx, DWORD PTR a5$lesp+32]
mov DWORD PTR _x8% [esp+36], edx
and  ebx, edx
mov  ecx, edx
mov  edx, ebx
xor  edx, ebp
or edx, DWORD PTR _aé$
ecx 1
ecx, DWORD PTR _a6$[espt+32
edx, edi
edi, edx
edi, DWORD PTR a2§[espt32
DHORD PTR _x3$ [esp+36], eop
obp, DWORD PTR _a25[esp+32]
edi, ebx
edi, DWORD PTR _alS[espt32]
ebx, ecx
ebx, DWORD PTR _x75[esp+32]
edi
ebx, ebp
edi, ebx
ebx, edi

edi, DWORD PTR out2s[esp+32]
ebx, DWORD PTR [edi]

eax

ebx, DHORD PTR _x6S[esp+3




%26 %

64 fLF &

391

eax, edx

DHORD PTR [edi], ebx

ebx, DHORD PTR _x7$[esp+32]
ebx, DWORD PTR _x6$ [esp+36]

edi, DWORD PTR _x1%[esp+36]
DWORD PTR _x28§ [esp+32], ebx
edi, DWORD PTR _x8$(esp+36]
DHORD PTR _x24$[esp+32], edi
edi, ecx

edi

edi, edx

ebx, edi

ebx, ebp

ebx, DWORD PTR _x28%[esp+32]
ebx, eax

DWORD PTR _x33$[esp+32], ebx
ebx, DWORD PTR _al$[esp+32]

ebx, DHORD PTR _outds[esp+32]
eax, DHORD PTR [ebx]

eax, DHORD PTR _x24§[esp+32]
DWORD PTR [ebx], eax

eax, DHORD PTR _x28§ [esp+32]
eax, DHORD PTR _a3$ [esp+32]
ebx, DHORD PTR _x3$ [esp+36]
edi, DHORD PTR _a3$ [esp+32]
DWORD PTR _x36$ [esp+32], eax
eax

eax, edx

ebx, ebp

ebx, eax

eax

eax, DHORD PTR _x24§[esp+32]
ebp

eax, DNORD PTR _x33[esp+36]
esi

ebp, eax

eax, edx

cax, DNORD PTR _a5%[esp+32]
edx, DHORD PTR 365 (esptd:

edx, DWORD PIR _x4§ [esp+36]
ebp,
edi, DWORD PTR _outls$[esp+32]
eax

eax, DHORD PTR _a2§[esp+32)
ebp

€bp, DHORD PTR _al$[esp+32]
edx, esi

eax, edx

eex, DWORD PTR _al§[esp+32]

ebp, DWORD PTR [edi]

ecx, DNORD PTR _x33$ [esp+32]
ebp, ebx

eax
DHORD PTR [edi], ebp

eax, ecx

ecx, DWORD PTR _out3$[esp+32]
eax, DHORD PIR [ecx]

edi

est



HETRRENEE (B4

xor  eax, ebx
pop  eb
mov  DNORD PTR [ecx], eax
pop  ebx
add  esp, 20 5 00000014H
ret 0
s1 ENDP

IR RARLTMHT 5 M.
fEARFTEL, FAVHAEA 64 G MSVC 2008 HiE'E, BRMABWMTHF.

#5475 262 Optimizing MSVC 2008

als - 56
az$

a3$

4

x36$1$

a5$ = 8

ags = 9
outl$ = 104
out2s = 112
out3s = 120
outds = 12§
sl PROC

$LN3:
mov  QWORD PTR [rsp+24], rbx
mov  QWORD PTR [rsp+32], rbp
mov  QWORD PTR [rsp+16], rdx
mov  QWORD PTR [rsp+8], rcx

push  rsi
push  rdi
push  rl12
push  rl3
push  rld
push  rl5

mov  rl5, QRORD PTR a5$[rsp]
mov  rcx, QWORD PTR a6$[rsp]

mov  rbp, 18
mov 110, 19
mov  rax, rl5
mov  rdx, rbp
not  rax

xor  rdx, 9
not  rlo

mov  rll, rax
and  rax, 9
mov  rsi,

mov  QWORD PTR x36$1$(rsp], rax
and  rll, 18

and  rsi, 18
and  ri0, rl5

mov  ri3, rdx

mov  rbx, rll

Xor  rbx, 19

mov 13, QWORD PTR a2 [rsp]
mov  rl2, rsi

or rl2, rls

not  ri3

and 113, rox

mov rl4, ri2

and  rl4, rox

mov  rax, rld

mov 18, rl4

xor  r8, rbx

xor  rax, rl5

not  rbx



£26% 6AfiTE

rax, QWORD PTR x36$1$[rsp
rcx, QWORD PTR 21%[rspl

rax, r9
rex
zex, rax

rax, QWORD PTR o
rcx, QWORD PTR [rax]

QWORD PTR [rax], rex
rax, QHORD PTR x3651§[rsp)
rox, rit

rax, 8

rex, ril

ril, 9

rex, rdx

QWORD PTR x36§18[rsp], rax
18, rsi

rdx, rex

rdx, rl3

rdx

rdx, rdi

10, rdx

10, r9

10, rax

10, rbx

bx

bx, r9

rax, Tl

rax, QWORD PTR al$(rsp]

rax, QWORC PTR out4$[rsp]
rbx, QWORD PTR [rax]

rbx, rex

QWORD PTR [rax], rbx

rbx, QWORD PTR x36$1$[rsp]

thy, 1bp
9, rbx
r9

3, rdi
8, rl
rax, QWORC PTR outl$[rsp]
r8, 9
9

r9, rex
rdx, oy
bp, QWORD PTR [rspt80]
9, rsi
rbx, x12
rex, ril
rex

rld

rl3

rex, 9
3, rdi
rhy, rid
r3, rl5
rex, xdx



394 H R TEAEEE ()

mov  rdx, QNWORD PTR al$[rsp]
not 9

not  rcx

and rl3, rl0

and r9, ril

and  rox, rdx
xor 19, rbx

mov  rbx, QWORD PTR [rsp+72]
not  rex

xor  rcx, QWORD PTR [rax]
or r9, rdx

not 9

xor  rox, r8

mev  QWORD PTR [rax], rcx
mov  rax, QWORD PTR out3$[rsp]

xor 19, ri3
xor 9, QWORD PTR [rax]
xor 19, 18
mov QWORD PTR [rax], r9
pop  rl5
pop  rid
pop 13
pop 112
pop  rdi
pop  rsi
ret 0
sl ENDP

IR ISR A, R x36 B2 as.
WG — T, x86-64 CPU f) GPRIEHER ERBA . Hldy, Ttanium/ZEALEEHTT 128 4 GPR.

26.2 ARM

5 ARM v8 FF#, ARM Ab8E2530H 64 fif 4.

26.3 S

BX 64 BT B IEABIEH, WEAANRE 27 H.




$£27% SIMD 5 Fs5##tiTE

J

E SIMD Thfig 2 6. x86 F R T FPU. 11 SSE2 FFU, SIMD #iflEf 4421
A SRR AU RS . ii«%E%I?#H‘Jﬁi%E%;&Tﬁ&IEEE 754,
fEH (1) x86/x86-64 Hi R EORB BT STMD §84, ERHEASEIFPUSES T .
. *FI SIMD ({34 T A .
PR TUHR .

SHETEEN AR, 5
EABARR R
AR 17

271 #ARIRZF

#include <stdio.h>
double £ (double a, double b)

n /3,14 + b*a.1;

2711 x64

164758 271 Optimizing MSVC 2012 x84

addsd
ret 0
£ ENDP

FLFAEH XMMO~XMM3 G RS AR, 170 M B
B, MSDN: https:/ s/library/zthk2dkh.asp:

I a (et XMMO 2725 L, 288 b 776678 XMMI T8 E. XMM RFUG AR 128 (aifF
2, MR double A it 64 {u ¥ LA R T S a8 R340

DIVSD & SSE 44, 4FFA “Divide Scalar Double-Precision Floating-Point Values”, W7 AUK
DIVSD &4 Hrh I 64 A7 DR B WEbREL LU TR 64
U BUREGIAT ARG EL, TS RAE 2 B ARl CGR—RERD #IMIC 64 fr7F, HbRHBIERY

A
o R
64 FLIRFEAE.
7E LR T UG ),
MULSD #l ADDSD %) -7

RIT A L IELLE 754 F5 U 7
AR R 4




396 HETAENEEE (LA

LR R HOR HE T double, [T XMMO Z5 7748l .
# MSVC 4 3BET At IR IE, TR BRI,

154TER 27.2 MSVC 2012 x64

real@401 DQ 0401 KR!
_real@40091eba51lebs51E D) 040091eb85leb851Er 5 3.14

as = 8
b$ = 16
£ PROC
rovsdx QWORD PTR [rsp+l6), xmal
movsdx QWORD PTR [rsp+8], xmm0
movsdx xmmd, QWORD PTR a§(rsp)
divsc  xmm0, QNORD PIR _real@40031ebB51eb851f
movsdx xmnl, QWORD PTR b$§[rsp)
mulsd  xeml, QNORD PTR _realBd010666666666666
addsd  xmmd, xmml
ret 0
£ ENDP

REEETT LA R R EAMSEREIAT “HIRAR (TERAN 82T, HE
U S (54 ST double 7 64 BLEUE & WA (LTI AT . ;
GCC il TP 5 2 A, A SCR A ‘

2712 x86
{EAEF MSVC 2012 %1% x86 - A WATHATIFN, MRIFSHEHA SSE2 4.
35455 27.3  Non-optimizing MSVC 2012 x86

70 = -8 jsize=8
as ssize=s
b$ isize=s
push  ebp
nov abp, esp
sub esp, &

movsd  xmmd, QNORD PTR _a$[ebp]
divsd  xmm0, QWORD PTR _real@40091eb85leb851f
movsd  xmml, QNORD PTR _bS[ebp!
mulsd  xmml, QWORD PTR _real@4010666666666666

addsd  xmm0, xmml
movsd  QWORD PTR tv70(ebp], xmmd
fld QNORD PTR tv70(ebp]
mov esp, ebp
pop ebp
ret 0
£ ENDP

#5458 27.4 Optimizing MSVC 2012 x86

i size = §
; size = 8
; size = 8

movsd  xmml, QWORD 2TR _a$§[esp-d]

divsd  xmml, QWORD PTR _real@40091eb851eb851f
movsd  xmmd, QWORD PTR _bS$[esp-4]

mulsd  xmmd, QWORD PTR _realB4010666666666656
addsd  xmml, xmmC

movsd  QWORD PTR tw7[esp-4], xmml




£27% SIMD 5% K47 397
fld QWORD PTR tv67[esp-4]
ret
f END?

X x86 FEIT S RTTAIA4R 1Y 64 RoBIF 1401k, 100K 51 3 BARBITE 2 4L R AT L

© x86 FEFF2{438 17 %M FPU G AR MO IR AL, TG 64 ROFFERREME I XMM 277
AL RS

@ x86 RITMIE M BHR IS T ERUATE STOFFEBRE—XMUSETBREE tvo M XMM
AT ENIF] ST(0) BB

BLte, BAMER OllyDbg WRETHIEMELHIEN 32 AriFF, Wil 27.1 (E 27.4 PR,

PR

sennt

S mm “m i o1 o5 15320091

i ot g

ey ;:5{‘7;"55 e e s <o

I427.2 OliyDbe:



398 HHIERRAEE (EM)

8 o - main thread; modole simple 1|

ruost 120000

; e .

Bl S0
S scazazalFED E0 ot E R cizaneoc i
20 s B B B e o

o

NE b

i

Fofier piossane nsatt sz
ggg»[ggn;g [ T L

ol

14274 OllyDbg:ADDSD it XMMO Il XMM1 171

WA 27.5 A[LLEE]: B A% OllyDbg 3P/ XMM 77 8810 %1 double Zcffi REERER
TEFRMCEE . IR, OllyDbg fRHR SSE2 f54RIGSE “—SD” HINTth T HURKL, JERILES
T AR, I F, OllyDbg AAEWIRIE SSE JE4HATHINT, 12 XMM %350 e a8y 4 A
AL HER 16T,



H£27% SIMD 533 B WHATEN 399

1o o G pre oo
HELE T e

o
i

=
=
&
oais,
2
3

sgzm,
i

X |
e e

it
E

275 OllyDbg:FLD i R[4 ST

)

27.2 1%
#include <math.h>
#include <stdio.h>

int main ()

{

printf ("32.01 ~ 1.54 = $1f\n", pow (32.01,1.54});
return 0;
l

TERR B 13T R B F AR B XMMO~XMM3 %5455

54 EH 27.5 Optimizing MSVC 2012 x64

g

5561354 DB '32.01 ~ 1.5¢ = 31f', OaH, COH

0400147zel47ael DQ 040400147zeld7aelr  ; 32.
@3£f8a3d70a3d70a4 DO 03££823d70a3d70a4r ;1

main  PROC
sub sp, 40
movsdx xmml, QWORD PTR _reall
movsdx %m0, QWORD PTR _real@404001¢
call  pow
lea

5 00000028H

14561354

aps xmml, xmm0
movd  rdx, xmml

printt
xor  eax, eax
add  rsp, 40 i 00000028
ret 0

main  ENDP

T Intel $54 FULAT IR AMD $H4-BE 12, #5138 MOVSDX 174 B2 MOVSD #f4. X

@ EZH Int13,
@ S AMDI3a.



400 2ETEREEE (EH)

S x86 TEAUAHES TR A EH GHEBSHIR A62). TiHAHIN T AMES, BIREHEIRA

A SR A TR R R By, B HE 84 XMM BRI 4
Pow() FE £ A XMMO Fl XMM1 i, FHRIEEE RAEMTE XMMO 35478, MEURIFME X &

it RDX B4 345545 printfORE, AR M 47 HEabif, RAMEDST b, BFXE prinf)

Rt —— TR A R RS R —IE .

JE4iE#4 27.6 Optimizing GCC 4.4.6 x64

.IC2:
.string "32.01 ~ 1.5¢ = §1f\n"
main:
sub rsp, 8
movsd  xmml, QWORD PTR .LCO[rip]
movsd  xmm0, QWORD PTR .LCI[rip]
call  pow
; result is now in XMMO
mov  edi, OFFSET FLAT:.LC2
mov  eax, 1 ; number of vector registers passed
call printf
xor  eax, eax
add  rsp, 8
ret
.LCO:

g 171798692
1073253479

.leng 2920577761
.long 1077936455

GCC MERPETIRE S L. BT XMMO 7785 1 printf) BT T BB HE4h, £ printfl)
HEUE S SR, TP BAX S8 0ERED L AL T AR “F | AMBRERESFS
B XA SR TR NS GEFZE Mid3).

27.3 F o k& JElehEREx

#include <stdio.h>

douple d_max (double a, double b}
{
if (a>b)
return a;
return b;

b
int main()
printf ("$f\n", dmax (1.2, 3.4)};

printf ("$f\n", drmax (5.6, =4));
i

2731 x64

#5455 27.7 Optimizing MSVC 2012 x64

as =8
b§ = 16
dmax  PROC



$27% SIMD 5

FR

401

xmm0, xmml
SHORT $LN28¢ max
xmm0, xmml

0

MSVC BV G FELE R 5
FLf, COMISD @4/ “Compare Scalar Ordered Double-Precision Floating-Point Values and Set

EFLAGS”. ' HLA RS PR B I B s A5 A 0
MSVC BIARRALGR A ST A B, R RF ARG T 2,

HEES27.8

MSVC 2012 x64

s
B4

dmex  PROC

movsdx

mp
SIN18d_max:
movsdx

d_max

QNORD PTR [rspt16], xmml
R [rsp+8], xmmd
D R

xmm0, QWORD
SHORT $LN1Bd_max
xmm0, QNORD PTR 2$[rsp]
SHORT $LN2Qd_max

xmm0, QWORD PTR b [rsp]

0

KT GCC 4.4.6 RALAFFEAMIK. EFHALA MAXSD 84 (Return Maximum Scalar Double-Precision
Floating-Point Value), —#H#AT5¢ MAES

$E< S 27.9 Optimizing GCC 4.4.6 x64

dmax:
27.3.2 x86

MR MSVC 2012 s LA CRBEATIRALGHE, T 210 F RS IR

Xm0, xmml

5<% % 27.10 Optimizing MSVC 2012 x86

_a$ =8

_b$ =16

_d_max PROC
movsd
comisd
ibe
£1d
ret

SLN1Bd max:
£1d
ret

_d_max ENDP

xmm0, QWORD PTR _a$lesp-i]
Xm0, QRORD PTR _b$[esp-4]
SHORT $LN18d_max

QWORD 2TR _a$[esp-4]

0

QWORD PTR _b§ [esp-4]
[

AR AR R AL o 70 b, JF ARRHCR AR STO)SF R . RIEZ AVER 64

HIRE R XA



402 HRTEREEE (L)

1#F OllyDbg FHAX/MERE, T LIREE COMISD 54 LLiifl . & AH% CE/PF fAR1 A it
B, i 27.6 fis.

e T g

1276 OllyDbg: COMISD 444 CT A1 PF IRIA%r

27.4 L4
A5 2222 RRA U HUSSREEE R A B, (0K, B HERSRIE AT R 64 B .

E4 %% 27.11  Optimizing MSVC 2012 x64

v$ =8
calculate_machine epsilon PROC

£spl, xmm

xmm0

D PTR v$[rsp
xmm@, QWORD PTR
xmm0, xmm
0
calculate_maching_epsilon END2

1 INC $54TEHER] 128 {8 XMM 2 4248 LR 1R, R B Sy R R IR 3 T i fees
A H .

SR A B AU . G S AE b B 4% {# ] ADDSD (Add Scalar Double-Precision Floating-Poin:
Values) 154, #EEEISTIHEN XMM FIERHIMT 64 (TGS, FN{HGERERIT 64 (A%, &
P, el ARE B MSVC 2012 MH B AR,

KNVEFIXAMEF . EAoEH G, BRI ETREEL T XMM F5F 0 BRX XMM
FERTRE (HED E. SUBSD HU£FRE “Substract Scalar Double-Precision Floating-Point Values™
IR 128 fir XMM %778 0018 64 (rsbTHRME. AT, WORIEH BRI RAFEE XMMO F A7,

27.5 fthHEEMEAENRIES (&)

PUAE, BAVEUFIF MSVC 2012 R4 5 22,1 MISTRLT. JXREAHT MSVC SilE b ik
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Fc FPU ) SIMD 4.

154758 27.12  Optimizing MSVC 2012

_ real€37800000 DD 03£800000r o1

random val
eax, 6388607
eax, 1065353216

DWORD

%m0, DWORD PTR _tmp$ [esp

subtract 1.0:
subss  xmm0, DWORD PTR _real@3£800000

; move value to ST crary variable...

?float_rand@RYANXZ ENDP

PIERNEMH THH “-88” Ji4 o EAMFAHE “Scalar Single” FI4EL . “Scalar (FE)” &
WP B B — M, “Single” MIZEHiZ(E ORI EE foat BLIEAR .

27.6 RHiE

SHI R, ATRIERFEH R AR T 128 T

7E XMM #1725 AP IEEE 754 45060
(ARG 64 fif -

IR B A UE . AT PSS EATT-SD (Scalar Double-Precision) J&#i. B, Pre#RoH
ARHIEAR AL E L TEBE 754 A sUHIUOHTBETE A8 SR H e T XMM 27 42 83 101K 64

SIMD 44 FPU (1354 8 53R LR MFFLE FPU J54 08 3 A SE S R0, T e s &
4, JLAU SIMD 54 (AT

RRATATIRAE P I AR ZE 50, double L4 float, ABA %
Single-Precision ). £ ] MOVSS/COMISS/ADDSS 4354,

“Scalar” R “Bii” MEM, ERRAACEEASH ML, MR- AFEROTELML B4

”L~r{¥%‘§)z%m AN 414 T HALWTT “packed” FHf.
ORI, SSE2 54 #52 TEEE 754 5 2UA0 64 £
M%Mfﬁﬁm& FiLA FPU B2 RS

B R A HRTON-SS J2 (Scalar

» I FPU PIRSIIAE HY 80 £ %




£ 28F ARMIES#ME

28.1 ILEPERFTIR (#)

F Keil SiFaRHRERICH UL, LU IDA FT objdump F2IT 278 ARM [y I, LRI GLgRTR
SR BIHST 47 7. KT GCC 4.9 MIgif O/ i E I H L BIERL. e 1414
WA 39.3 Wi ARG R,

REFETREHIF, EATE R R A BT RS, & T RIR & 10 N 95 I 547
iR, B AR GCC 4k x|

TR A B ERAN FELEETION TR . IRATTR B B AN R AT IR e 3 L T

28.2 FakFak

UL 64 fir [ FHEA4 -

ldr o x0, [x29,24]

AR A X29 FAE G DI, STXAMEIL 24 A0, B RO R L A R S X0 5
deo VIR, X20 M 24 MESFES b, WA 4 TEFRGE, HEOWBEOMEET HT. &
THKE:

ldrowd, [x1],28

LIRAEATE X1 F A MRHTRS WAL I, MURREAT “eet X1 BT RI{E28” (B .

ARM AT LAFEIR 1 AR e AT SL AN B iz 8. 0 A] AR BT AT LI 5, IE AT LRI R

HATHURIS
x86 HYICH T8 & A SFFX PR IE - (R AR PDP-11 P A AN, V% LIS o

IXFIE . PDP-11 F & fITE 4 %2 AT (pre-increment) . B/ (pre-decrement). JFI4 1 (post-
increment), JFUE (post-decrement) B . XIAEFLINLT CEE (BT PDP-11 FEIFRM)
FLE*ptr++. *+4piry *ptr—, *-ptr ~EHIR L. £ CHEET, KEIESHER T AR EEORS, &

O EAENT.
C kif ARM ATE cwt) |
MR R “pirt A pue
FRE JEEE T e g 0
s T i pur S, IR B
TR NN i e JEE, A TCpe (61K

FACHE U RS AU RN B, R4 4 3,15 %5 40384 “stp x29, x30, [sp#-16]17.
Dennis Ritchic (CHEFMIERZ—) BLFLDLL, 2EHEFHLAE Ken Thompson (554 C IHFHHIESE)
gl PDP-7 7 & #f T A (10954 Rit86] [Rit93]). PLTE C H H 4 &Y E=vile 2ea

i
B EERRSHE, hiEdR AL R (R i

EATAR

2k T b (PSSR o AR B R W (T T




%28 % ARM #54 # 4 405

28.3 mEME

2831 324rARM

[IFATET Thumb #URTCHRIESHOR 2 T84, FITTN ARM BLURILRIESHIE 4 FE4 . ARM
HESR AN 32 (L MUECRE & A 4 S, STRMATEAT 32 A o AR (0
BAE:
unsigned int f{}
return 0x12345678;

1

1547E8 281 GCC 4.6.3 -03 ARM mode

ldr r0, .L2
bx 1z
- .word 305419896 ; 0x12345678
W, 0x12345678 7Rk FRFEZ S, (ILEIESRA. (RXHESHINT CPU UF I WA 1R AL
FAIAT LA X — R

15458 282 GCC 4.6.3 -03 -march=armv7-a (ARM mode)

moww  r0, $22136 ; 0x5678
movt  r0, 4660 5 0x123¢4
bx ir

SRR A EIEN 2 A, IFRIRTEREBIR AN AER L EAER MOVW R4 GIE D
BRI FEAE DI S IR R, ST MOVT 7 XM w R #85 «

Aztvjtiut ARMf;‘AJ'( FFTE 2 MESA RS A 32 (LB S BRT ORI 1 246, BFR
BEARIEMINF AT, TR, Xhh—0h RS a R Elmt
zﬂ I‘E&”E %M‘ﬁ%tw—%?uvﬁ’hﬁi I, BRITER) ARM AEFRERHENS Brill 21170 f5 4 551 IR REYS
THZFARSUAT A

G35k, IDA IKFFEI TRAESIRANNEM — A =84, HERRMIHREEI & h—.

MOV RO, 0x12345578
BX

2832 ARM64

uint64_t £{)

return 0x12345678RBCDEFC1;
bi

#54i%H 283 GCC4.9.1-03

x0, 61185  ; Oxef0l
%0, Oxabed, 1sl 16
x0, 0x5678, lsl 32

x0, 0x1234, lsl 48

BT 16 M EAE R R AE AR R, TR B A 77 B LR D R

AR, MOVK /& “MOV Keep” 42



406 # W TR

(B8

A7
7o

KB BIX)LAS MOVK 145618 LSL #54- ik frfs T 164 324 484
TEFPiEE 4 KI5 00— 64 MALAITE TS P os e .

=

RJE FREATIR R (. B

R
—HARS AT S AR A6 S D- TR B8 L. TRAT3RAG
double af)
return 1.5;
i

HE<TES 284 GCC 4.9.1 03 + objdump

000000

000 <a>:
0 fmev €0, #1.5000000000000000002+000
0 ret

HLUTERET A4 15 IE? 75 ARM64 1] FMOV f84 [, # 8 MEBRIILLAF{r.

T 8 43775 8] T4 A . BT VEPExpandImm() B BRI ST, SRIE IS AU S A PMOVY f84
B9 8 7T (A B X FREE U AE minifloat”, SCIL7TiIS S LIARMI3a]. TIAEAHL R E

A AE UL 1A AR 30.0 70 31.0 S5HE7E 8 iz & 7B B, (HALIK 8 {5
B, 32.0 BAH 8 AT,

double al)

32.0. R4 IEEE 754

return 32;

b
LRI I 4R 0 R

#5458 285 GCC4.9.1-03

ldr €0, .1c0
ret
1C0
Lword
cword 1077936128

28.4 EEAL

RAVTEHE ARMG64 MHESHR 4 55 QLG 154 4 DFFNARGE, THEBEAR .
RE U, B 5400 SR RSB A7 R TRk, AR % (JEAE) (L Crelocations/relocs)
RHATBIE. FREEMUOFMANE, ESLABH 68.2.6 %,

ARM64 BR8] ADRP Hl ADD $14-24ctkeiih 64 ittt ADRP f54 BRI ITE L ORE
A& main) () 4KB 53 TTAE, T ADD 740 61 57 AR5 RIS B A H A4 . 4 Win32 F{H] GCC(Linaro) 4.9
4% [ “Hello, word!” FRFF (HI# 6 M AR, SRS M objdump 1 FLA-7E B A7 1.

154758 28.6  GCC (Linaro) 4.9 and objdump of object file

+..>aarchéd-linux-gnu-gec.exe hi.c -¢

...>zarch64-1inux-gnu-objdump. exe -d hu.o

@ htps://en.wikipedia.org/wiki/Minifloat.




407

100000000 <main>:

stp 30, [sp,#-16]!

oy o

adrp x0, 0 <main>
51000000 add %0
24000000 b

[spl 416

e -r hu.o
VALUE

XA H BRI 3 AT R AL

AR LIRE ST, R T 12 A2 &2, LUTTE ADRP 164 TS 1 1
R R 4KB Huhl, HET 12 Ay BE, FLIMTLUEZNS, B—J7H,
A7 21 frs e ey pAR R dE

HIFH ADD 54 WA TARITRB R IE 12 Az,
BEER printf)BSH) BL 454 . 248 B/BL $F4E M1 ETT,

. TR L ARM AEEUR ARMG4 LR AE R 14 HTTREBREE 5] 4
VATESE4 98 TSI 2 0 MBS T4 2 f0). TEIITHIEIES
EABPREHHEA TN . —k, EBRSNREES
BREE PO 128MB AYMLUE CBIRFS TRV ER A TEED -

S AT T SO TR P B S . PR ACE I TS S B, “Hello !
Hodly Sy UL, LUK puts()el BORIARR UL TR R ) IR RS linker TRV
ADD Fil BL 54 B i WAL,

A objdump SMT LA AT S#E, TTRABEIIN FHR I .

w4,
Al 28 i,

154758 28.7 objdump of executable file

7% 21 L. ADRP
ADRP 541t

SR B I 26 LRI BEE A
WA R R, T

A TS ST G s
M A 26 fiz;

g

TR AR
57 ADRP.

%29, %30, [sp,#-16]!
%29,
%0, 400000 <_init-0x3bg>

X0, #

420 <p
40x0
x30, [spl, 416

%0

/140

%29,

tents of

400540 01800,
BL f84 BB S0 M bl 7T AR ST ik

i BL H4E4 M opeode A Ox97ffifa0, ER 3RS 10010111111ITITTT111

111110100000 {4

[ARMI13a] €5.2.26 AAMHRHAMIL, opcode KT 26 ff imm26. I imm26 )~ HEHI%ME N
TIHTITTIT111110100000, EJl imm26 = 0x3FFFFAO. {H & imm26 KIS @ E A HIZF S A2 1, FiE R



408 # o TRAREE (LA

SRS, SRS SR, WSATSIRAETIAN R, b AR D F Y OXSF+1=0x60,
BI-0x60, ARM f&4 B RS 2 KB MBRIR LN 4, BT LASChRfmB AL 4 %, HI-0x180. %k, BL¥
FEBRFE B AT HUAE R 0x400520-0x180 = 0x400420. MR : UL BL IR4HIMB B0 BECHTHE., W
REXS PC 1EFHBATINT, AR EES RS T AR,

AFHRNT B AM64 FIEERL, 752 W (ELF for the ARM 64-bit Architecture (AArch64)) (2013), £
B TR hitp:// arm opicicom.arm.doc.ihi0056b/IHI0056B _aaclfod pdf.




298 MIPS BY4F=

291 mEHEE

unsigned int £{}
{
return 0x12343678

b

MIPS Al ARM T-& #4408 i K f8 4. MIPS FRIF IR A AL 32 £ opeode. 76 MIPS P& |, Bl
AT R U AR RS AON 32 A0 R AU SR . FTLMIL A 0 0 WD HEAT B Sefleidh 32
BRI 16 7, SRS TRIET ORI $E1E % 77 % %5 s B 16 4.

$§47E % 29.1  GCC 4.4.5 -03 (assembly output)
i $2,305387760 # 0x12340000
3 531
ori $2,92,0x5678 ;

IDA BEIB AR AR 4.
Ori #§ 4, T MUHZEHE 24\"“&‘?‘;171%71& 16 fi7,

#5458 29.2 GCC 4.4.5 -03 (IDA)

540, 0x12345678 ; orarch delay slot
GCC PP RENT 4% S0 (assembly outpu) RIEEAEHI T LI (b4 . ANid GCC 1 LI 92 Ll
LUI (Load Upper lmmediate) 4, {EHURHIT 16 (ks 2 (AR # =740

29.2 FIRBEFE

Domine Sweetman #5 () (See MIPS Run (5 "AR)), 2010 FEIH.









£I0E BHESBWRTAZE

BN TSNS O R R T R AR L g

5
: http:/fen. wikipedia.org/wiki/Signed_number_representations. 75 %5 5§37 —

#

I 7 AR, TN
Ui

=il | i) BHB )
01111111 ‘ Ox7f 127
01111110 ‘ 0x7e 126
00000010 0x2 2 2
00000001 0x1 1 1
00000000 0x0 0 0
1111111 Oxff | 253 -1 -
11111110 Oxfe 254 o
10000010 | 0x82 130 -126
10000001 [ 0x81 129 -127
10000000 [ 0x80 128 -128

FFFFFE 1 0x0000002 #A5 TAT5 40, WS —AM4 (4294967294) WELLE —AM% (2) k.
RIRAETTE MAS—A (-2 RMEE A 2 A 7. Biel, b T EFRES
s EIFRBIES (BA DS 12 2) 04 IG/IL R (signed #0) A1 JAIBE Z41

B,
TEMTT U R AR SHL WATLRR LS 8.
o CICHITIS R4
— inte4_t (JA-9223372036854775806 3 9223372036854775807), [ M 0x8000000000000000 %
OXTFFFFFFFFFFFFFFF)
int CH({ATEE M -2147483646 T 2147483647, HI 0x80000000 3 Ox7FFFFFFF).
~ char CHUEEEM-127 £ 128, BIM 0x7F 45 0x80).
size_to
o CCRHT R
uint64_t (M 0 % 18446744073709551615/0xFFFFFFFFFFFFFFFF):
— unsigned int CHUEIEHA 0 % 4294967295, HIM 0 % OXFFFFEFFF).
— unsigned char (HRIHFEE M 0 3 255, BIA 0 45 OXFF).
—  size_t.
o IR SEMBTERA AT 1 REAEL 0K
© KT TE R R BRI B B R K R R FTAT . TT B LT 24.5 1.
o GEETHME ARG R Bl R R AR R A, HRRIERRAEEm 1. EANEH R E S W
AMEBE QACRAT RO, FASRAE: RIEZEBM | MERE R <7 5T —Mm

@ twos complement; fEFA “ 7.




414

#H R TEREREE (EA)

{rE.
o IMREHARRAEHEHMEN S, EIIMRIZEE S SR, BRRRIEEHEREK
Wi 15 x86 T4 LRI, SNG4 IMULADIV, FLH 54§42 MULDIV.
o LSk, BERSHABREIESES L. i CBW/CWD/CWDE/CDQ/CDQE (% A.6.3). MOVSX
(15.1.17), SAR (K A6.3).




FNE F B F

RIS FH B BRI T A HURR, B A5 AN . JORBIFR . /N
(Little-endian) #{CAALT W HARIERAEM LML, BEOF 0SB TE N B 7701
JHFHST Bigrondian) RFHACT WHSREMTEIIALAL, (TSI RMBAEAL K 420 175

311 RiFFP }%

TERFIRIGF W FFHT, 0x12345678 69171 ITEAE 7 80 F R«

wet | T
+0 0x12
+1 0x34
+2 0x56
.7 0x78

Motorola 68k, IBM POWER %71 CPU RHI K55 /%.
31.2 iR

LR MR F IR, 0x12345678 7E £ INFEM r S0 F BT R«

At FHH
w0 0378
1 0x56
2 0x34
3 0x12

Tntel x86 51 CPU KA /M4 e
31.3  #@YineA
T BATHR, AT LIFE QEMU M IEBILEA 55 o 22355 MIPS Linux. ©
& FORAE MIPS Linux B4HF N RIZF:
#include <stdio.h>
int main{}
{
int v, i;
v=123;

printf (302X $02X $02X $02X\n",

@ Debian P332 (£ HEHIHL T80 debian org/~aurel




416 B TAENREE (EH)

*{{ichar
*({{char*

RIFET FidtE4:

root@debian-mips:~# ./a.out

0C 00 00 7B

Jorh, 0x7B R UERIN 123, FERAVNEFHFH TG L, P10 x86 5 x86-64 MARL L, B—AF
FIHAE 0x7B. (E2 MIPS AR A FIF, T LAAORR & #x A= HEF I s

TEAE Yy MIPS FITEFF & ol SR PIFR A 05 1505, FTEL MIPS Linux 353 4 SR A K57 157 8
MIPS Linux FISH/NRFH5)¥ ) mipsel Linux. 7ERIR—F 4R 0¥ G EERHROEF, TAES

MFENFETFE BT,
APH 2143 T/ 4HE MIPS Ak 77 Fr 945 4E -

314 I TEIEAE K

ARM, PowerPC. SPARC. MIPS. 1A64 % CPU RISV _seHefintk s (Bi-endian), EAIEAILIT
AR /NG T U T LA B B B S

3.5 HBRFEHF

BSWAP fi5 4 (LI 4 T el 1 745«

TCP/IP KA F ST R AR F 97, FILARA/NRET T & 1 R R L1 1838 T
IR

‘i FA 5 5 Y BB 40 htonl (ORI htons() -

7E TCPIP MIAHEL, KT FEXHA “ M4 FWIF (Network Byte Order)”, P4 EHURMAMF
WEIE “EIFRNRT . x86 MHAL—2T & # EHLFWIERL DT WIF, (B2 IBMPOWER SEHE
S HRTURASIREN . Filt, EEIFHIUFER SHFTFIT G R honl()=E htons() B £k 5
FHIF, EEASHITRER LI FWEE.




ERNE AEHR

CICHERFRIZ AV S, 1T R BT

& RIFNAEEN, KN (AR A fi#1X static memory allocation”. FEAR
LA BRI 7 2 ) LA 3R 7 0
B BN A RE M e E TR O LAV A K BEAR, BTOLAT
MR (A SR SRR R R B4, ERRWFR G HEARZ T, -
TR IR A I8 1 R AE P T A e B o M (B4R PR ZE IR I 2R
i L1 1], PEAEHE T i 08 P A7 T AAT A TR R R s ( B AT 7.2 Wik,

o I, ML B, CRAPER GBS BRI, 2T TR ER A
BHUMBHER. BT, FE R AT A R ) R g
WBFTHAD. 154 EE, “H AR [R5y e #n

kir Gl 4 v e
e PRIUE, 03 S T2 At tict , B A7 OREH A BB E 1A

e FERENRE GBI H I, % 2R s BAAE 18.2 HiH 524>
60D,

o R, B “HARATEARK. CcENY malloc()/free()B¥LER C++ new/delete 11 T 517 .
FERIESIAD o TAh S 5 A B 2 > B “RIHRE R LR B MR A X —
R AT SO E RN, 5340, P SETT LIS 4 (realloc(iA0) P AERRATA b, 112
BGRB9S R ET, i MR FERAR (1
fE: FESMAL, REMUA T, AT AR A0 RE R S 4 S 3 #it.

BRI i

-
PN LSRR, ST L LB A7 B L. (AR AT et
RN @RS, EARARBAMEI B, 55, 2P free)ik B
UCHTERMITIECR AL o1t 4 IR 2 SR P A 5 A (2

D BRAER 5.2.4 BHRAA alloca(Ei 4L



$£33E% CPU

33.1 RN

AR T E A BA B AN RAEEBIRS T AT 120277, 123 T 19.52 FH4EHL
BB TR

BARH AR T TR A%, (RS IR A K 7 i R AR

ARM F & TR 4 HRIT 64 (B0 ADRee) B x86 & 1L CMOVee #54, H X —#E#AH
WHIIE .

33.2 #&kIEFEREE

441 CPU 2R AEIFTHITIE S (QOB/ALFEHUTIAD. B, BEFRIHFI CPV IMELFHATI)RE.
W E M FAMRAT S 495, BT MR IR LIRS, JTEL, SRER2ER Al et AR
B4R CPU FRRHTE4

[ LEA §§4 3 MR EAOECHSEE S RHYMIR AL, HTUAR PSRk 8 2 s A XA 4

-3
EE




F34E M AEHE R K

W57 Chash) BRBLRESS /T RS REA RO IR R (Checksum), T 7840 R BRI 8 752 . CRC32
BOER R — AR R A AT AR E KA1 BATE, RAT RERIERS A (1K ) “?E‘JW”
H 3. BiBA, i CRC32 HiEiHE N K 32 BTSRRI
T BE T, BRATRT LLSE 55 Mo Dh B 143 2 R — CRC32 “A%(HB‘]ZM‘“EJHJ\ AR, VJ.?:MUJJLUM?NA%

P4 (Cryptographic hash function) T4 T .

Bk, AMTRIBMA MDS. SHAL AL 3 (A, RIEFHESIDN AT
RETESARIEE . SEBR Lo 1 i dn sy /}ZM/"fﬁ%D’JéﬁF@ ( T N P 7 (1

= A e JNETPNEINE JJ?)‘C ALk, 2P Gy
15, : R ARG A

5%&%4"‘8% »«\_Nd =t }‘“]’Wi‘kﬁ)-‘ﬁmm»f AR . 7“7/}~ "‘M’( FILBLAR T AR AR B 5T
BE T, ERACHETRAENENENS. AR NS EE LR E .

a5 ArATE RS

BB Cone-way function) )& FlULE AR AMASEE X FR—MEN, BEAMES T
CBIAMED; A AT A A LB M (B3R 2 0 R o AR 2 T B
YU HD . AN BB S A .

FEB BB R 1l 10 A T 0~9 Z IS fi sy — AL oc i, AR TR bR B AUl I —

) ‘Mﬂﬁﬂ}ﬁ*m

o I 1 {EEIER 2 (RPITE A 6.
o MBI FHHL, 2 MEA (R4 6 D) M.
A0S 4 ROANGE 6 A EF O

4’3‘(1&1 {M]W T BB ER 2. BARAINES

B3 i
AR/ O AT HE S
LA L R B ) S 0 — o R U ‘xﬁl*mmqﬂm‘j‘”J\K[MJLLKAF/JEA\
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HIBE B E ¥ #H

ARG BE RN GRS B R REE 0T
I RS AR IR B T ST 405000
_5(F-32)

9

C

EF TR T B0 A

© AR AT .

D BEBRAGR, BRALHIL
HE—A IR,

AR A AR exic(y2 ST EVR e AR, T L 22 R 7 o HOR (BT ol i

B (-273°C) LUFIRIGIERE M. X2 32

Ao

35.1 EEIE

#include <stdic.h>
#include <stdlip.h>

int main()

v serature in Fahrenheit:\n'];
it (scanf { &fahr] 1=1)
{
printf ["Error while parsing your inputin”);
exit(0};

celsius = 5 * [fanr-32) / %;

if (celsius<-273)

printf {"Error: incorrect temperature!in"};
exit(0};

b
printf ("Celsius: §d\n", celsius};

35.1.1 x86 MW T MSVC 2012 fifk

SR 351 x86 T MSVC 2012 fi4L

$5G4228 L3 'Enter temperature in Fahrenheit:', OaH, 00H
$564230 DB ", 00

$5G4231 DB ror while parsing your input', OaH, O0H
emperature!’, 0aH, 00H

Y 00K
_fahr§ = -4 5 osize = ¢
main  PROC
push ecx




424

#a IR EH (D)

WORD PTR _imp_printf

$564228 ture in Fahrenheit:'

eax, DWORD PTR _fzhr$[esp+12]

eax

OFFSET $5G4230 ;osd!

DRORD PTR _imp_scans

esp, 12 ; 0060000cK
eax, 1

SHORT SLN2Emain
; 'Error while parsing your input’
all printf()

DHORD PTR _imp_exit

$LN9@main:
$LN2@main:

mov DHORD PTR _fahr$[esp+8]
add -32 ; FEFfffeOH
lea DHORD 2TR [eax+eaxd]
nov 951437177 ; 38e38e3%M
imal
sar 1
mov | edx
shr ) 3 5 0000001£4
2dd edx
cmp -273 ; fffffeef
ige SHORT $LN1@main
push  OFFSET $5G4233 ; 'Error: incorrect temperature!'
call esi ; call printf()
add esp, 4
push
call DHORD PTR __imp_exit

$LN10€main:

$LN1emain:

push
push FESET $564234 ; 'celsius: 3d
call ; call printf()
add esp, 8
; return 0 - by C99 standard

eax, eax

esi

ecx

0

IR

F2FF B SR printfQ) PR 4T P 2 HBHEGRAT B BST 5488, 7EMLZ )5, LR “CcA S1” 48
AT prinfOEARL T . KR H RIGRREBA, RYFRY [ EEERTMEEBR A m,
SR KB “ARBERA” KERAF S,

{8 v ADD FIAMEAGE SUB. BATERIIEFHE 79642 “ADD EAX,-32", EMIREA
M OEAX BfE#HEE 32 MEM. BFRITRARS “SUB EAX32”, a2 BEFEH T
EAX=EAX+(-32)HI5i%, Mk EAX=EAX-32 (0%, RARMEMIXAM, EH AT LWE-
HTEEEL “ILL 57 HUSHTIEA T LEA 754 “lea ecx, DWORD PTR[eaxteax*4]” {73 “iti*4”
F“i*5” JRAHAR) . (BRIE4 LEA BITHEEE IMUL PR, SHAMETT LU X ——SHL EAX.2
1 ADD EAX,EAX SRACH: . 1577 45 P8R RIXFERILEY

WA E) T ARER BRI, SAF 41 F.

415 E A main( AT BIHIHEEME, AFRRERIN, EAGRFEA 0. C99 FRERHF “41 &R main)
B B T retum R4 TR ERIEIE, TEAERBRIIKIE 07, UIRXTTRL GUEH T £




H35F B E ## 425

B main(). SR MSVC IFARHE MM CO9 FHe, 10 RBRVFE M4BT 15— bifin. i
EAREY €99 kAt AL 1SO07,P5.1.2.2.3.

35.1.2 x64 T MSVC 2012 4k
x64 IFRRAN x86 AR AT . RS exitOB B2 G, 77— INT 3 54,

xor scx, ecx
call  QWORD PTR _imp_exit
int 3

INT 3 ZIH8% debugger MM 218 E 174 .
LRI exitOREZ G, BERALTENSERTY, MEESEHT. HBEAHY, RS
AR AN S TR 8 A R e

35.2 FEKiTH

#include <stdio.h>
#include <stdlib.n>

int main{}
{
double celsius, fahr;

e in Fahrenheit:\n"];
Lf [scanf ("$1f", sfanr)!=1)
{

rzor while parsing your input\n);

printf {
exit(0);
I

celsius = 5 = (fahr-32) / 9;

printf ("Error: incorrsct temperature!\n"};
exit(0

printf ("Celsius: A", celsius);

b
MSVC 2010 x86 A2 FPU #4,

$ESIER 352 MSVC 2010 x86 4L

$564038 DB ‘Bster temp Fahrenheit:', 0aH, 00
$5G4040 DB '31£Y,

5564041 DB 'Error while parsing your input', OaH, 00H
$5G4043 D3 ‘Error: incorrect temperature!', CaH, COH
$56404¢ DB 'Celsius: $1f£', 0aH, QO
__real@c071100600000000 DY 0s071100000000000r  ; -273

a1g40: DO 0402 #9

N D0 0401 0 r ;5
__realgdo o 0404 ;32
_fahr$ = -8 ; size = §
_main BROC
stb esp, 8
esi
esi, DWCRD PTR _ imp_prin
OFFSET $3G4038 ; 'Enter temperature in Fahrenheif:'

esi ; call printz()




BT RREEE (B

eax, DWORD PTR _fanrs$[esp+16]

eax

OFFSET $5G4040 5 '8lE!

DHORD PTR _imp_scarf

esp, 12 5 0000000cH

eax, 1

e SHORT SLN2@main

push  OFFSET $5G4041 ; 'Error while parsing your input’
call  esi ; call printf(}

2dd esp, 4

push

DHORD PTR __imp_exit

GRORD PIR _fahr$[esp+l2
QWORD PTR __real@¢040000000000000 ; 32
QWORD PTR _real€4014000000000000 ; 5
QRORD PTR __real4022000000000000 ; 9
QUORD PTR __realec071100000000000 ; -273

fcomp  ST(1)

fnstsw ax

test  ah, 65 5 000000418

ine SHORT SLN1Emain

push  OFFSET $5G4043 ; 'Error: incorrect temperature!’
fstp

call printf()

push
call  DWORD PTR _imp_exit
$LN1@main:
sub esp, 8
fstp  QWORD PTR [esp]
push  OFFSET $5G404¢ ; 'Celsius: 51f'
call  esi
2dd  esp, 12 5 0000000cH
; return 0 - by €99 standard
xor  eax, eax
pop  esi
add  esp, 8
ret 0
SLNL0Gmain:
_main ENDP

{H MSVC 2012 S} REHIHIZ SIMD #64.
#5455 35.3 MSVC 2012 x86 thik

$5G4228 DB ‘Enter temperature in Fahrenheit:', OaH, 00
$5G4230 DB "s1£', 00H
$5G4231 DB ‘Error while parsing your input', OaH, 00K
5564233 DB ‘Error: incorrect temperature!', Oak, 00K
$5G4234 DB ‘Celsius: $1f', 02k, 00H
__real@c071100000000000 DO 0c071100000000000r ; -273
_reall DO 0404 # 132
_real@4 DQ 04C 79
__realf40l Do 0401 P 5
_fahr$ = -8 ; size = 8
_main  PROC

sub  esp, 8

push  esi

mov esi, DWORD PTR _imp_printf

push T $5G4228 "Enter temperature in Fahrenheit:'

call  esi ; call printf(]

lea eax, DWORD PTR _fahr$ [esp+16]

push  eax

push  OFFSET $564230 i orelfe
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call  DWORD PTR _imp_scant

call  DNORD PTR _imp_¢
$1N9@main:
SLN2@main:

5 0000000cH

'Error while parsing your input'
i call prin

movsd  xzml, QWORD 2TR _fanr$ [esp+12]

subsd  xmml, QWORD PTR _ real @4
movsd  xmm0, QWORD ETR __reallcl
mulsd  xmml, OWORD PTR _real®d
divsd xmml, QNORD PTR _real@d
comisd xmmd, xmml

jbe  SHORT SLNi@main

push
call  DHORD PTR _imp_exit

S$LN10@main:

SLN@mai

b esp, 8
movsd QWORD PTR [espl, xmml
push O $564234

call  esi
add  esp, 12

5 return 0 - by C99 standard
cax, eax

» x86 M5 SEHIL T SIMD 54,
T, FTCUBER SRR 2R 4 T SIMD 54

040000000000000 ; 32
071100006000000 ; -273
014000000000000 ; 5
£22000000000000 ; &

‘Error: Semperature!
j call prin
5 'Celsius: §1f'
i call printf()
i 0000000CK

FRBISHNRA R, KRNI S R

BATEE R FE-273, RRMHIAT FH XMMO, KHUEXR, SIFSRERBEADN

R0 2y iR P
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A T ST R T ) 5508 45
“Fibonacei”) [#1/1: iR # .
Ho KT 0 1

0,171

36.1 B35

Fibonacei S 77 BT 2

#include <stdioc.h>

void fib (int a,
{
printf
f {a+th >

return;

£ib (b, a+h,

b
int main()
printf

fib (1, 1,

IS IHE 36.1

int b,

("0\n1AnIAR"};
203

MSVC 2010 x86

i‘:/}i‘h. ;ﬂ@

#E3kF) Fibonacei 5 CEMARETD (LUFEFRA
H wwwum&ewmwmm WEZBUTHR, FEE TR T L
A SKPIAEE 1 R . Bk, I Fibonacei #141 KELAIT «
13; 215 34; 55; 89; 144; 233, 377, 610; 987, 1597, 2584; 4181+

]

PRGBS, T IRIX AR T LR A T 21 AOBS T

int limit)

limit);

_TRXT  SEGMENT

ebp
ebp,
sax,
eax,

esp,
ecx,

=
edx,
edx,
edx
eax,
eax
tib
esp,
ebp

tib

g
D PTR _imp_printf

8

DHORD PTR _Limit$[ebp]

esp
DWCRD PTR _z%[ebp]
DWORD PTR _b$ [ebp]

DHORD BTR 1§ [cbo]
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push

add
push
push
push
call
add
xor
pop
ret
_main  END®

ebp
cbp,

esp,

eax,

BAVE XA KRR
AE OllyDbg A% A BIZE I A BATAFF, SFERERSIAA ORBAAIES, #1361 Fis.

ERAIRAF AR W B 76 F I IITAT,
%5 1OMAtER, F34b— 2 CRT Jy main( ",

00FD1039
©0000008

]

100000008
100000014

0035F954 100357978

RETURN to fib.00FD1039 from

RETURN to
st argument: a
2nd arqument: b
3rd argument: limit
saved Z3P register

1b.00FD1039 from

361 OlyDbg Bf B 1)

A AT 715 T BINERE . — main()

£ib,00FD1000

£ib.007D1000

@ 7 OllyDbe ', ATLUAH RS, HHEH CulC B RIS BB, AP,



430 BITERAER (B

0035F968  |QOFDL039  RETUAN to ib.00FD1033 from fib.00FD1000
0035F9EC 100000003  1lst argument:
0035¥970 00600005  2nd argument
0035F974 00000014 3rd argum limit

0035F978 saved EBP register

0035F9TC RETURN to fib.Q0FD1033 from £ib.00D1000
00357980 \aommoz 1st arqument: a

0035F984 100000003  2nd argument

F 10000014 3rd argum

10035F9A0  saved EBD
00FD1C3%
00000001
100000002
100000014
10035F9B4
|00FD105C

FD105C from fib.0OFD1000
| prepared in main(} for Zl(}

0035F9R8
0B35FIRC 2
0035F9B0 rqu limit
0035F3B4
0035F9B8 to £ib.00FDI1B0 from £ib.007D1040
} 1st argument: arge \

2nd argunent: argv | prepared in CRT for main()
3rd argurent: envp /

1006812C8
00682940

R TR, HIAR SR — R “=HA” 4. 4 BRRETD, limit (B 2
SRR (HAERA 14, iR T HERIN 200, TIMANBE a A b FERRIKTE A B AT RHREDZA
IR, AN R T RA FIMRAE EBP (7 FEMERRIRED) MOMH. OllyDbg 2k + EBP MO AIMAH TR fiE
i, BERES TR AR, TS L, NSRRI T — MR R,
BRI Cstack frame). HeiLRSE R EREOE MR MERIE, H—HT, EAEAARERA S IH S ME
8 7 B TR ST LA M AR AR AR AT R 2R I, B IE R B TR AR AN (CARRR T
A RSO IELIAN. M TR bug (GRRE) BBREOKL,  RAMIRaL. §— EBP {2
H— AT . LR SR AR I AR, SRR UL L AR PR B RO (2RO SR

gty IRTES ATAL, BRI T R SR A& SIS

FERFNBEES, main(F 3 MEH. EF arge (BHEFO K 1. Histinl, BHNRHAHEUE
BIZAT IR AR

Boh, WEATF, U1K ARG Ze Fhefl] R T B RR T B A B Limit BT, HITT
SEGREE (BIHHRE S 0xCO0000FD R HHIR).

36.2 B3 2

bR A . B TR, AT — AN MR R next, JEH CARREFARIT A ath:

#include <stdio.h>

void £ib (int a, int b, int limit}
{

int next=ah;

printf ("sd\n", next);

if {pext > limit)

return;

£ib (o, nmext, limit);

ti

int main{)

@ g aTEAED.




#36F LwmREs

printf ("0\nlinl\n"};
fib (1, 1, 20;
It

IERAARAL MSVC ffiith, B next 2B S R7E AR D 4 BEAE RS 2310 .

$E4iE2£ 362 MSVC 2010 x86

_next$ = i size =4

as -8 ; osize = ¢

_bs =12 ; size = 4

_limits = 16 ; size = 4

_fib  PROC
push  ebp
mov ebp, esp
push ecx
mov eax, DHORD PTR _a§[ebp]
add eax, DWORD PTR _b$[ebp]
nov DHORD PTR _nexts(ebpl, eax
mov ecx, DWORD PTR _next$[ebp]
push  ecx
push  OFFSET $5G2751 ; 'sd'
call DWORD PTR _imp_printf
add esp, 8
mov edx, DWORD TR _next§[ebp]
cmp edx, DNORD PTR _limit$[ebp]
jle SHORT $LN:

Smp SHORT $LN2Gfib
SINLefib:

nov eax, DWORD PTR _limit$ [ebp)
push sax
mov ecx, DWORD PTR _next$ [ebp]
push ecx
mov. edx, DWORD PTR _b$[ebp]
push edx
call fib
add esp, 12
$LN2@fib:
wov esp, ebp
pop ebp
E&E a
fib ENDP
PROC
push ebp
mov. ebp, esp
push OFFSET $562753 ; "0\nl\nl\n"
call DWORD PTR _imp_printf
add esp, ¢
push 20
push 1
push 1
call  _£ib
add esp, 12
xor cax, eax
pop ebp
ret o

_main ENDP

HATERIAM OllyDbg, M 36.2 k.

B, BARMEAAE — VR next
BARFHEBEH . EHRRA PN T B/,
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0029FC14  DOEO103A RETURN to £ib2.00ED103A from £ib2.00E01000
00000008  1st argument: a
£000C0DD  2nd argument: b
0029FC20 00000014 3rd argument: limit
0029C24  00DD0D0D  “nexz" variable
0029FC28  /0029FC40  saved ERP register
0029EC2C  |QOEC103A RETURN to £ib2.0DE0103R from £ib2.00E01000
0029FC30 100000005  1st argume
100000008 2nd argume:
100000014 3rd argument
0029FC3C 00000008  “next" v
0023¥C40
0028FC44
0029FC48 1st argument: &
0D28FCAC  [0DO00D0S  2nd argument: b
0029FC50  10000001¢  3rd argument: limit
0029554 "next" varizble
0029FC58 saved EBP register
0029FC5C  |00EOL03A  RETURN to fib2.00E0103A from £ib2.00E01000
0029FC60 100000002
0029FC64 100000003
0029FCE8 00000014
C025FCSC 100000003  “nexz" variable
Q029FCTC  ]0029FCBR  saved EBP register
Q029FC74  |00E0103A RSTURN to £ib2.00E0103A from £ib2.00EDL00D
0023FCT8 00000001  1st argument: a \
Q029FCIC 100000002  20d azgument: b
0029FCB0 100000014 3rd arguments limit
0029FCB4 00000002 "next" varizble
0029FC88  ]0D29FCIC  saved EBP register
0029FC8C  [0DEQ106C  RETURN to £ib2.00E0106C from £ib2.00E01000
100000001 1st argument: a \

00000001  2nd argument: b | prepared in main{) for £1()
00000014  3rd argument: limit v
10029FCEC  saved ZBP register
0029FCAO  |00EOLIEG RETURN to fib2.COEQ11EQ from £ib2.0DE01050

ed in £1{] for next f1{)
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01 main() st argument: argc \
000812C8  main() 2nd argument: argv | prepared in CRT for main()
00082940 main() 3rd arqument: envp /

XHFAER: BHRBLEVIR AL OIS T — R BT H RS,

36.3 Bt

ARHCURERKBINGC . AR Rk, BARBIERTER IR, BUtEgrEamg.
FEEAERRIRRION R, 238 S B I e 3

EEBLWEE W M, EREEN NN AR RS RORHE AR, SRR
SUHPSUA AR BRENREA RSB HTIE. BIA, X8 H R SR e T 8

i
He

535k, #RSy PLOGw i dn e b R SR “ R Mk, LI BRI .

(@ PL: Program Language (#2575 ). LISP, Python. Lua %412 5 PRI MAT REANIEAG. PHEINSH hups:/en.
wikipedia.org/wiki/Tail_call
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CRC32 i+ BRI

HRIAGAHETEIERBR LN CRC32 Mk (I3 HOR2IP:

/* By Bob Jenkins, (c}

<stdic.h>

finclude

2006,

{

Public Domain */

eeleslc, 0x950951ba, 0x076dcd19, 0x706afdss,
0x9 0x0edb8832, 0x7%dch8ad, Oxe0dSedle, 0x27d2d988,
CxTeblchd, 0xeTb82¢07, 0x30bfldgl, Ox1db7106d, 0x6ab020£2,
0x8¢bedlde, Ox6dddedeb, 0xf4d¢b551, 0x83d385¢T,
0x64€0a8CD, 0x8a65c9ec, 0x14015c4f, 0%63066cd9,
0x8d0804£S, 0x4c69105, Dxd56041ed, 0xa2677172,
, Dxd4b04d4d7, bSEb, 0x35h5a8fa, 0x42b2986c,
Oxachcfa40, \ 5, . Oxabdl3dss,
0x51de003a, 0xcBA75180, Oxbfd06116, 0x21b4£4bS, 0x5EbIcd23,
. 1902, 0xb10be92¢,
0x5868¢c11, Oxcl61ldab, 0x76dc4190, 0x01dp7106,
0%98d220bc, Oxefd5102a, 0x71b18589, 0x9fbfedas, Oxe88dl33,
0x7807¢%a2, 0x0£00£33¢, 0x960%a88e, 0x7£6a0dbb, 0x086d3d2d,
0%91646c97, 0xe6635c01, 0x856530d8, 0x£262004e,
0x6c0595ed, 0x1b01257b, | 0x65b0d9cs, 0x12b7e850,
0x8bbeb8ea, 0xfchd8dlc, Ox62ddiddf, 0x8cd3TcE3, Oxfbdddcss,
0x4dp26158, Dx3ab>Slce, 0xa3bcd0T4, Oxddbbite2, 0x3dd825d7,
Oxatdlcd6d, b, 043692062, 0x346eddfc, Oxad§78 0xda60b8dC,
0x44042473, 0x33031deS, OxaalalcSf, 0xdd0d7ced, 0x5005713c, 0x27024laa,
0xbedb1010, 0xc80c2086, 0x5768b525, 0x206£8503, 0xb966d03, OxcebledSt,
0%28d5¢998, OxcTd7a8bd, 0x5933d17, 0x2ebd0dsl,

OxcObabead, Oxedb88320, 0x9abfblb, 0x03bGe20c, 0x74bld2
Oxeads1738, 0x04db2615, 0x73dc1683, 0xe3630012, 0x94643b84,
0x0d6d6ade, 0x7a6a5aas, 0x9309£9d, 0x0a00aez?, 0x7d079%ebl,

0£9344, 0x8708a3dz, 0x6306c25e, 0x£762575¢, 0x806567
0x19€c3671, Ox6ebléel, Oxfeddlb7d, 0x89d32bel, 0x10da7aSa, Oxéldddace,
0xBebeeff9, 0x17bTbed3, 0x60008ed, Oxdsdez3es, Oxaldl9ile,
0x38d8c2c¢, 0x4fdff252, 0xa6bc5767, 0x3fb506dd, 0x48b2364b,
0xd80c2bda, Oxaf0albic, 0x41047a60, Oxdf60efcd, 0xaB67afss,
0x316e8eef, 0xbe66831a, 0x256£d2a0, 0x52682236,
8xcc0cT795, 0x22021609, 0x5505262¢, OxcSbadbbe, 0xb2bd0b28,
0x2bb45a92, 6a0¢, Oxc2d7ffa7, Oxb5d0cE3l, Ox5bdeaeld,
0x9b640200, Oxec63f226, 0x756aa3dc, 0x026d930a, 0x3c0806a9, OxebDe363f,
72076765, 0x05005713, 0x95b£4282, Oxe2b87ald, 0xThbl2bae, 0x0chElb3s,
92d28e9% 5 , OxTcdcefd?, OxObdbdf2l, 0x86a3d2dd, Oxfld4e242,
0x68cb38, OxlfdaB3Ge, 0xBlbelscd, 0xfebdZesb, 0x6£b077el, 0x18b74777,
0x88085ae6, Oxff0f6a70, 0x66063bca, 0x11010bSc, 0xBF639eff, 0xfB62aes9,
43, Ox1s6cefds, Oxd70dd2es, 0x4e04835¢, 0x3303b3c2,
0xd06016£7, 0x4369474d, Ox3efe?Tdp, Oxaedléada, OxdddeSade,
0x37d83b£0, Oxadbcaes3, Oxdebbdech, 0x4Tn2ef7f, 0x3005%fes,
OxcabaczBa, 0x53b39330, Dx24bia3a, Oxbad03605, 0xcdd70693,
0x23d9670E, Oxb3667a2e, Jxci614ab8, Ox5d681b02, 0x2a6£20%4,

0xc30c8eal, 0x5a05dflb, 0x2d02ef8d,

O FFFRASHRIAT http:/igo.yurichev.com/17327 .




#37% CRC32ISEMHF 435

Al to derive the values in crctab[] from polynomial Oxedb88320 */
void build table()
{

ubd

(i=0; i<256; ++i) {

? Gxedb88320 : 0);
2 Oxedb88320 @ 0);
~ (1381) ? Oxeanss320 : 0);
A (i3&1) ? 0xedb88320 : 0);
~ ({Jal) ? Oxedb8d320 : 0);
~ (1361) ? 0xedb88320 : 0);
(3>>13 ~ (i3&l) 2 0xedb88320 : 0);
= {j>>1} ~ ({3s1] ? Oxedb8s320 : 0
8lx, ", 3);

5) printf("\n");

b L

/* the hash function */
ubd crejconst void *key, ubd len, ub4 hash)

ubt i;
const ubl *k = key;
for {hash=len, i=0; i<len; 4+i}
hash = (hash >> 8) ~ crctabl(hash & Oxff] * k[ill;
return hash;

/% To use, try "gec -0 crc.c -o crc; ore < cre.c” */
main()

1000];
Getsis)) printf("s.6lx\n", crcls, strlen(s), C});

return 0;

AT ORI REL ccOIBEMAT . b, TEFER forO IR AP MIERTES “hash=len” A1 “i=0".
MK, I CICHHES B, BATATU—ISEFAEINGIRS . FEREAMILARSRH, URsHARLYD
S, MASR—FEL.

TFEBRAFAMAI TR (00 SReiE, Wi R, KBS QRS RIBHERIN T EH HLR.

_key$ = ; size = 4
_lens ; size = 4
_hash§ = 16 ; size = 4

_erc  PROC
nov  edx, DWORD PTR _len$(esp-4)
xor  ecx, ecx ; i will be stored in ECX
mov  eax, edx
test edx, edx
ibe  SHORT S$LWlécrc
push  edx
push  esi
mov  esi, DWORD PTR key$[esp+d] ; ESI = key
push  cdi
SLL3gCrC:

; work with bytes using only 32-bit registers. byte from address key+i we store inte EDL
novzx edi, BYTE PTR [ecx+esi

nov  ebx, eax ;
end  ebx, 235 ; E

{nash = len}
hash & Dxff
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o E TR E (LA)

XOR EDI, EBX (EDI=EDI"EBX) - this operation uses all 32 bits of each register

but other bits (8-31) are cleared all time, so its 0X
these are

cleared because, as for EDI, it was done by MOVZX instruction zbove
of IBX was cleared by AND EBX, 255 instruction above (255 = Ox£f)

xor  edi, edbx

EAX=EAX>>8; bits 24-31 taken "from nowhere" will be cleared
shr eax, 8

EAX-EAX“crctab(EDI*4] - choose EDI-th element from crctabl] table

xor eax, DWORD PTR _crctabledi*4)
inc  ecx A
cmp ecx, edx j i<len ?
b SHORT $SLL3Gcrc ; yes
pop  edi
pop  esi
pop  ebx
$LN1@cre:
ret 0
_crc ENDP
1E GCC4.4.1 BT, BARIEIR-03 HiiF, WHRIMTBRRIL.
public crc
cre proc near
key = dword ptr 8
hash = dword ptr 0Ch
push  ebp
Xor edx, edx
mov ebp, esp
push esi
mov  esi, [ebptkey]
push  ebx
mov  ebx, [ebpthash]
test ebx, ebx
mov  eax, ebx
jz short loc_80484D3
nop ; padding
lea  esi, [esit0] ; padding; works as NOP (ESI does not changing here)
loc_80484B8:
mov  ecx, eax ; save previous state of hash to ECX
xor  al, [esitedx]  ; AL=*(key+i)
add  edx, 1 i
shr ecx, 8 )
movzx eax, al i ERE=*(key+i)
mov  eax, dword ptr ds:crctableax*d] ; EAX=crctab(EAX]
Xor eax, ecx ; hash=EAX"ECX
cmp ebx, edx
ja short loc_80484B8
1loc_80484D3:
pop  ebx
pop  esi
pop  ebp
retn
crc endp
\

GCC 3T 444 NOP LA LEA osi[esi+0] (XSEFRE2—AMEHE4), LUGEBFIFERR 8 75
MFre Fish, GTRSEEEL R npad HHSMATR R K

CEL SR N




E38E Mgt E LA

AXBTEKL 1Pv4 Ty TCPAP Muiilih 4 MEFAR, FAETHE 0~255 CHit#D ZE. BiLl ipva
I TPv4 [ EHLIBLE . T RIS A

WA LIRS 4 FAHER. 4 SRR —/ 32 fr¥R.
HubEAR AT RLZE A — A 32 .

KRB AR 255.255.255.0 X% T, M
“187 “116” —HE
7R77i%. CIDR #3H) F FFEI £ WAERS 1 MSB CRRREURAD) FRAATEL, Sovk T IHE A & 4
1 IFGET I HUF R 10 HERIEL.

CIDK M [ AHFRAET | |

30 4 - 2 5.252

29 8 6 255.255.255.248

28 16 14 255.255.255.240

27 32 30 255.255.255.224

26 64 62 255.255.255.192

24 256 254 255.255.255.0 CHEFME
123 512 510 255.255.254.0 00

122 1024 1022 255.255.252.0 ffttfe00

21 2048 2046 255.255.248.0 HHTR00

20 4096 4094 255.255.240.0 FHF000

/19 8192 8190 255.255.224.0 MTe000

/18 16384 16382 255.255.192.0 MTe000

7 32768 32766 255.255.128.0 8000

/16 65536 65534 255.255.0.0 0000 B EME
R 16777216 16777214 255.0.0.0 1000000 A R

PR T 8 (U SR o R E L AT IAE BT =0 R O N2 A 2 R

#include <stdio,n>
#include <stdint.h>

uint32_ t form IP {uint8 t ipl, uint t ip2, uint_t ip3, uinté t ipé

return [ipl<<2d] | (ip2<<16) | (ip3<<8) | ipd;

as TP (uint32_t a)

printf ["3d.¥d.5d.5d\n",
{a>>24) L0xEF,
(a>>16] §0xFF,
{a>>8) 40xFF,
{a} &0XEF) ;

(@ CIDR # Classless Inter-Domain Routing #1415, I A2 R .
@ AN a2,




438 HHTERENE (L)

uint32_t set bit (uint32_t input, int bit)

return input=input (1<<bit];

uint32_t

{

\netmask {uint8_t netmask bits)

uint32_t netmask=0;
uintB_t i

; i<netmask_bits; it+)
netmask=set_bitinetmask, 31-i);

o

return netmask;

_t netmask_bits)

network_address {uint8_t ipl, uint8_t ip?, uint8_t ip3, uint8 t ip4, uint

rm_netmask {netmask bits);
uint32 t ip=form IP(ipl, ip2, ip3, ipd);
uint32_t netw_adr;

printf {("netmask:
print_as TP (netmas

netw_adr=ipenetmask;

printf ("network address=");
print_as IP (netw_adr);
b

int main{]

{
calc_network_address (10, 1, 2, 4, 24]; // 10.1.2.4, /24
calc_network_address (10, 1, 2, 4, 8); // 10.1.2.4, /8
c etwork_address (10, 1, 2, 4, 25}; 7/ 10.1.2.4, /25
calc_network address (10, 1, 2, 64, 26} 7/ 10.1.2.4, /26

38.1 3+HE M B #. 4k @4k calc_network_address()

BRI 4 ik PR calenetwork_address()SEIRAZSRAR A (1 2 BAF R HUHMEAIRIR 7 AEDIHEAT AND
SEH, BEIMLE R RS ISR
54 % 381 MSVC 2012 RASH/OLO ik

1 iplf =8 i size

2 _ip2$ i size

3 _ip3% ;

4 _ip4s = 20 )

S _netmaskbits$ = 24 i

6 _calc_network address PROC

7 push  edi

8 push DWORD PTR _netmask_bits$(esp]
9 call  _form netmask

10 push OFFSET $8G3045 ¢ .
1 mov  edi, eax

12 call  DWORD PTR _imp_printf

13 push  edi

4 call  _print_as_IP
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LE3 2217, BATATLLG 21450

38.2

_imp_prin
_ip4$ [esp+16]

R _ip3slesp+20]

HORD PTR _ip2§[esp+24]

DWORD PTR _ipl$[esp+28

Zorm_I?

eax, edi i network address = host address & netmask
eax

_print as_IP

esp, 36

HMIESIES AND. SR EE T W4l ST oo ge.

F 2% form_P()

form_IPORRELHS IP ) 4 735 440 i — 4> 32 Rniedes.
EMIESRI T

HIRIEMASRT AN, FFRER 0.

IRABURARINES 4 T 15, SRR 0 AT OR/ERIRAE, ENAIBEIAA 1 4 415 B 32 ff.
TRHS 3 AT, A 8 AL, LU 0x0000bb00 CHiH: bb BRI 45 HHUNIE = 545 B
Bl B)5 SIBM AT OR/EEH . W4 | —F A0 T AT 0x000000aa H175, 7EH(T OR Si
)G, #2753 0x0000bbaa 1 K f3% 44 .

HRUEAHE . T 2 AT, R 16 60, AR 0x00cc0000 3B — M3 4 2 2480 32 fofd, st
AT OR/ERIZSL . H1 T LLE 4B 103K [al{4 74 S 0x0000bbaa, AURIBEILE H14 R 0x00cchbaa.
[ BRELERAL, 2295 24 i, LI 0xdd000000 SXBE— AN 178 — 54515 L 32 (M, il
OR/BGZES, th BRI 0x00ccbbaa, THMkIL M4 R AIATE K Oxddecbbaa JKFENY 32
.

£ MSVC 2012 AT (R Ik %, a3 3 Fiksg 4

HESTES 382 IEMEILAY MSVC2012 MIETR

ip3 as "bb", ipl as "aa".

ecx, BYTE PTR _ip2$ [ebp]

000ce

s ecx, 16
7 ECX=00220000
or eax, ecx

=ddcc0000
movzx  edx, BY _ip3$[ebp]
7 EDX=000000bb
shl edx, &

i EDX=0000bb00
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or cax, edx
; EnX=ddcchb00
movzx  ccx, BYTE PTR _ipé$(ebp]
; ECX-00000Caz

or %, ecx
; FRx-ddecbbaz
pop ebp

rex 0

_form IP ENDP
IXEERAETIITF AR, SRR RS s R R
ZERRARAETZ T, MSVC 2012 &4 fb —FEE MR AR

154758 383 LRI MSVC2012 TS #/0b0 HI3RHL

; denote ipl as "dd", ip2 as "cc”, ip3 as "bb", ip¢ as "aa".

1
1

s 1
_ipt$ = 20 ; size =1
_form TP PROC

wovzx  eax, BYTE PTR _ipl$[esp-¢]

; ERX=000000dd

movzx  ecx, BYTE PTR _ip2$[esp-4]

i ECX=000000cc

shl eax, 8

; EAX=0000dE00

or cax, ecx

5 ERX=0000ddce

movax  ocx, BYTE PTR _ip3$[esp-d]

; ECX=000000bb

shl cax, 8§
; EAX=00ddcc00
or eax, ecx

; EAX=00ddcchb
movzx  ecx, BYTE PTR _ipd$[esp-4]
; ECX=000000aa
shl eax, 8
; EAX=ddccbb00
or eax, ecx
; EAX=ddccbbaa
ret
_form TP ENDP

A FE T AR A F I EEE A SIFORE G AR AR 8 N LUATAL, JF H AR — AN,
Foftr SR R R . ERDYK, ARSI HhE

FRICPET o ARIERAGR, AT ARSI NSRRI LI T . L BT, HATH CPU A
ISA A REATIE 2 AR A Bk 0 BRI 2 AR 2SR B . BTLl— R I R A OR sRIS 5T A g
1P s bk He R 32 (AR

38.3 F ik print.as_P()

A print_as_[POSEHLRODIAE S R FREE ML, A 32 (B EE IS K 4 DT DI
PR A TR RN BRI A BIGERS 24 £, 16 Br. 8 frol 0 fir, BURART T 0 217 REpT.

15<iER 384 dEEHL MSVC 2012

a5 =8 ; size =4
_print_as TP PROC

push ebp

mov ebp, esp
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mov
+ EAX=dd
and
i EAX=00!
push
mov
7 ECX=dd

shr

and

eax, DWORD PTR _a$ [ekp]
ccbbaa

0000aa
eax

ecx, DHORD TR _a$[ebp]
cchbaa

h: ecx, 8
i ECX=00ddccob

ecx, 255

7 FCX=000000bb

push
mov

ecx
edx, DHORD PTR _a$[ebp]

; EDX=ddccbbaa

shr

i EDX=0000ddce

an,

edx, 255

; EDX=000000c;

push
mov

edx
eax, DWORD PTR _a$[ebp]

i EAX=ddccbbaa

shr

eax, 24

¢ ERX=000000dd

and

eax, 255 ; probably redundant instruction

; EAX=000000dd

OFFSET $562973 ; '4d.%d.2d.5d"
_imp _printL

_print_as_IP ENDP

Pt MSVC 2012 FEFF ORI LT ) —

IELES 385

HREEAREF MBI,

Ak MSVC 2012 /0b0

a$ =8

i osize = 4

_print as_TP PROC

mov ecx, DWORD PTR _a$[esp-4]
) decbbaa

movzx  eax, cl

; ERX=0000002a

push eax

mov eax, ecx

i ERX=ddccbbaa

shr

eax, 8

; EAX=00ddcchb

eax, ecx

i ERX=ddcchbbaa

shr eax, 16
§ EAX=0000ddcc
and eax, 255
; EAX=000000cc

push ax
i ECX=ddccbbaz

shr ecx, 24

5 ECX=000000dd

push  ecx

push  OFFSET $5G3020 ; '%d.%d.3d.%d"
call  DHORD PTR _imp printf

add esp, 20

ret ©

print_as IP ENDP
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38.4 form_netmask() & k%o set bit() & 2k

form_netmask() B 5L FIZ AT HIE CIDR AH3kI R4 TS . 2488, SOl Dbk,
SR AT R RO BL P RS TER. (ERH TR GBS ST IORIE, ATRRR T XML TR
S BANKBEERS L — A set_bit). BULHR B PR EIEHARRA R 2 WA R T
R EH AR set_bitFRHTT LR & (REDHI AT

54 H% 386 {Lik MSVC 2012/0b0

;osize =4
i size = 4

mov ecx, DWCRD PTR _bit$[esp-d]
mov eax, 1

skl eax, cl

or eax, DWORD PTR irput$[esp-d]

push  esi
movzx  esi, BYTE PTR _netmask bits$lesp+d]
xor ecx, ecx
xor bl, bl
test esi, esi
jle SHORT $LN98form netma
xor edx, edx
$LL3@Eorm netma:
mov eax, 31
sub eax, edx
push eax
push ecx
call _set bit
inc bL
movzx  edx, bl
add esp, 8
mov ecx, eax
cmp edx, esi
i1 SHORT $LL38Zorm netma
SLN9@form_netma:
oop esi
mow eax, ecx
pop ebx
reT 0

_form_netmask ENDP

set_bitQ B A IS BE 40 . ARSI 1 LA BT, BAPI RSB SIS R T ERATER
OR iZFL. M5 form_mask() b B0 1L 7GR B AUTE ST A set_bitOERAL, fFBIE FEhIAE R netmask_bits BE
FRAID R A 1 EA AL

38.5 R

_ERFRRR 4 R TR
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netmask=255.255.255.0
network address=10.1.2.0
netnask=255.0.0.0
network address=10.0.0.0
netrask=255.255.255.128
network address=10.1.2.0
netmask-255.255.255.192
network address=10.1.2.64




H39E (B NLAER j

LHGEE R AR HEETHET, — EREH AR 2 BT iE.

TEAURE R T

#include <stdio.h>

void fiint *al, int *a2, sizet cnt}

to ancther in some weird scheme

b
BATTELEE], FRGAHATIRTRLIEE, RS . RRRRIL—TIR? FRRH
SN, AR ID, W RO T SRR A 2 BURBRIR N, ﬁa\]ﬁétt—:ﬁ:tﬁ%ﬂ./ﬂﬁﬂ%«t

A ETH R,

G

39.1 =MiERKES

54758 301 R MSVC 2013 x64 fLALKIRE

£ PROC
; RDK=al
18, 13 ; ent==07 exit then
je SUORT $TN1GE
npad 11
SLL3Ef:
0w cax, DHORD PTR (rdx]
lea frext12]
lea
mov
dec
ine
sLuler
et 0
£ FNDE
KA SRR, R ot BELRE 2 MEOISE (RIIWED. FOIBHEEIRN 12

Wi 28 CELSZECHE TR ME AR T AR RIS, TR TTT LR C/C+iB s ERRIIT.

#include <stdio.h>

void [{inT *al, int *aZ, size t cnt}

idx2=0;

array to another in some weird scheme
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allidxl]=e2[idx2];

b
i

TEAFE R AIEERRILACE T 3 MARBHEL AR 1. B4h, WFREMEI TR

39.2 FNIANREE

GCC 4.9 TTLME A, RAPANE.
EEHE 392 RA GCC 4.9 x64 ik

; RDI=al
2

e, rdx =02 exit then
<L

; calculzte last element address in "a2" and lea

lea rax, [O+rdxxd]
=RDX*4=cnt*d

rdx, 5

; EDX=RDX<<5=cnt*32
rdx, rax

§ EDX-RDX-R&X-cnt

rdx,

mov eax, DWORD PTR (rsi]

< [rdi-12], eax

o rep ret

X HYATHHARTE R counter T, IXREN GCC HZER I ERAUNE. M 2 MBS — M BHAHR
TR LS RIF T (RE S, AR ent .U Do 1 HIEHAILE REMTRAR R RARSS
KB AR, AR ABERILE AR,
R IR RS S5 A R REE H AR, AT
LIRICHHARIGE T ik CIOH+ A IFATR R

#include <stdio.n>

&

WEER 161371,

size_t last_idx2=cnt*7;

// copy from one array to another in some weird scheme
for (37}

{

allicxl]=a2(idx2];

idxl+=3;

idx2+

if {idx2==last_idx2]
break;
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ARM64 F I GCC(Linaro) 4.9 SRHI T E# M4 rE. EREIHNREM al MBE—TRIIH,
TR R AR LT AR AR, LS a2 Wik t, 0%, TRRF TRt R —H Y.

154754 39.3 ARMB4 THI GCC(Linaro) 4.9 4L

+ X0=al
i Xl-a2
i X2=cnt
i
cbz x2, L1 exit then
i calculate last element of "
add x2, x2, x2, ls
§ X2=X2+K2<C1=K2+K2*2=K2"3
mov x3, 0
1sl X2, x2, 2
§ X2=X2<<2=X2*4=X2¥3*4=K2+12
fic T
ldr we, [x11,28 ; load at X1, add 28 to X1 {post-increment)
str wd, [x0,%3] ; store at X0+X3=altx3
2dd x3, x3, 12 ; shift X3
cmp x3, x2 5 end?
bne e
Il
ret

MIPS T GCC 4.4.5 2L Ak,

#5455 39.4 MIPS(IDA)TH GCC 4.4.5 fE4k

i $a0=al
; $al=a2
Ps nt
i
; jump to loop check code:

beqz  $a2, locret 2¢
; initialize counter (i) at 0

move  Sv0, $zero ; branch delay slot, NOP
loc 8:
; load 32-bit word at $al

« $a3, 0(%al)

; increment counter (i):
addiv  $v0, 1
; check for finisa (compare "i" in §v0 and "cnt" in $e2):

sltu  Svl, $v0, $a2
32-bit word at $al:
W $a3, 0($a0)

; add 0xIC (28) to \§el at =ach iteration:
addin  $al, 0x1C

; jump to loop body if i<ent:
pnez  $vl, loc_8

; add 0xC {12) to \fal at e iteration:
addiu $a0, 0xC ; branch delay slot

locret_24:
jr sra
or $at, $zero ; branch delay slot, NOP

39.3 Intel G++ 2011 =13

I BROIARAE R SRR, EREREIRAT AT, REHREERTEE
Fro XEFIHEIR Intel C++ 2011 B 28 fTHR 1R 51 F -
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ELER 395 Intel C++ 2011 (x64)HEAL

L BROC

; parameter 1

; parame!

i parame
1

Tob 508 E
i LOE xdx rex rbx rbp rei rd
> xon® xmnld xmull xmnl2 xmol3 xemld xmmiS

.BL.2:: ; Preds .BI1.1

Xmm6 xem? xmmd

: Prob 50%
i LOE rdx rcx rbx rbp rsi
> amS xmml0 xmall xmnl2 xnel3 xmmld xeals
.BL.3:: reds .B1.2
amp rox, rdx 10
be .BL.S Prob 50% ;
7 LOE rdx rex rbx rbp rsi rdi r
 xmng xmnl0 xmell xmnlZ xawl3 xmmld xemls

14 715 xmm6 xmn? xmrg

xmmé xmm? xmg

Bl.4:: ; Preds .B1.3
mov rlo, 8
mov, 3, rex
shl rlo, 5
Tea rax, QNORD 2TR [r8+4]
sub 9, rdx
sub r10, rax
cmp r3, ri0
ige Just_copy? i Prob 50% 11

i LOE rdx rcx thx rbp rsi rdi r6 rl2 r13 rld r15 xmm6 xmn? xmmd
' xmn9 xmml0 xmmll xmml? xmnl3 xmold gl
5 i Preds .B1.3 .Bl.4
cmp rdx, rox #5811
e ust_copy ; Prob 50% ;9.11
5 LOE rdx rex rbx rbp rsi rdi r8 rl2 r13 rld rl5 xmm6 xmn7 xmmd
s xmn9 xmul0 xemll xmi2 xmnl3 xmalé xmnls
316 ; Freds .BL.S

mov 9, rdx
lea rax, QWORD PIR [r8+g]
sub r9, rex

lea 10, QWORD PTR [rax+r8+d]
emp g, r1o

opy i Prob 50% 19,11

UOE rdx rex rbx rbp rsi rdi vé rl2 rl3 rld rlS xmmé xmn7 xomf 2
Y xmn9 xmml0 xrmll xmol2 xeml3 xmmld xumls

; Preds .B1.4 .BL.§

i jus

al
xor rlod, rlod 8.2
xor r9d, r%d ;

xor eax, eax :
i LOE rax rdx rcx rbx rbp zdi r8 r% ri0 r12 £13 rld 15 xweé xmm?

xaml3 xmmld xamls

> xum8 xmmd xunl0 xemll xmm

LBL.8:: i Preds .B1.6 just_copy2
mov rlld, DWCRD PTR [rax+rdx] i3.6
inc rl0 i8.2
mov DWORD PTR [r9+rex], rild .6
add 3 12 2
add rax, 28 .2
cnp 9, 18 .2
ik 8 ; Prob 82% ;8.2
Smp exit ; Prob 1003 8.2

i LOE rax rdx rcx rbx rbp rsi rdi r8 r9 r10 rl2 rl3 rle rl5 xmmé xmm7
\ xmng xmad xmol® xmmll xmml2 xmml3 xnmld xmmls
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just copy:: ; Preds .BL.2 .31.5 .Bl.6

; RS = cnt

; RDK = a2

;ORCK = al
%or r10d, r10d i8.2
xor z9¢, r9d 3
xor eax, eax

; 10E rax rdx rex rbx rbp rsi rdi r8 r9 rid ri2 r13 rl4 rl5 xm6 /
Y xmm7 xmm@ xmm@ xmml0 xmnll xmni2 xmml3 xmmld xmnlS

Bl.1l:: 5 Preds .B1.1l just_copy
mov rild, DWORD PTR [rax+rdx] 3.6
inc ;8.2
mov DNORD BTR [r9+rex], rlld 3.6
add 9, 12 ;8.2
2dd rax, 28 i8.2
cmp r10, 6 8.2
b .BL.11 i Prob 82% 8.2

LOE rax rdx rcx rbx rbp rsi rdi r8 r9 rl0 rl2 r13 rl4 rl5 xmmé /
G xamT xmm8 xmn9 xoml0 xemll xmml2 xmml3 xmnld kol
exit:: ; Preds .Bl.1l1 .B1.8 .Bl.1
ret i10.1

RS SREAANSEERE S L, BERTHNHER, BRATERRMEARERALIN N,
E R R R — I 2 AN AR E RIBIAR IR k. AT SR, e BT IR IR S
RFEAMR, KRV Intel CHERERNFFARIE, RMLIEER, BSERINEIFHEEYR.

AHRBEANBXAMT, SR ANE]: GRS 005 I8 S TSRS L ARSI B .
SRl BRI B IE R, BRATHR BT T .




FA40FE X E B

IEFAEE (Duff's Device) —FERa T LAHHIE QIO T TTHA, R FE 2 /AR 43
B XM I AT AR T swiich I (fallthrough) 287 .

RERT Tom Duff AR REHEAT TR L.

RERRBATERT -~ -POESENENRE. %, ROTTUMERER SR, B4 T RS
Hdf . B ST AT FA R A R S RAE. FRL 4 TR S T R
TERGLHAT fo BeifE, AL 2. T ARBIBRIR 64 SMRF, FLIRIIEL 8 5%
HRATRAE, KL, A CSRITRM R R 8 SRS o SRR A E 1 TT I MR AR
A8 TP

Bk, A H SR Y A

o HES RN EH L MELH 8 TR, BiLl8 T4 (64 6 HBAEREEILHEE.

o RRHIIML RN L 8 FHEHREL W E— LB RS, REEZ S 2iE

TP RE AR TTSE B B T4 . TR B SRR MBS A . BT

#include <stdint.n>
#:include <stdio.n>

=,

void bzero{uint8_t* dst, size_t count)

FMRBBEELAN T RUTIERN . FATATF KA 64 REHE, B4 BRI

0

7 6 5 4 3 2 1
[T lo [ TssTs

HE: BAERAIN N 8 TR SIREA/IAR 8 EH IR WA TEL.
HEAVEFAL WIFRIRNERLL 8, L5t A R EA 3 (. RITFR 8 TN AR RS, B
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BB RAL, R R H RA BT =, T, BRI count 478 3
fir, ARFEEHAEOA 8 FF AT SR counter 5HZ 7 HTEMEGEHTRGUHEL L FH
AT

EF N Mk e =g dpapre g =k FRalIPRR L 2u ] X8 FA MR ERIE. FtE AR
count £F KT 7. Ak, RAVREHER count KR s IR RMELE. MREEATE,
TR count AT+ 7, FRAIBATLAEAT 8 FHATBEEME. DALAIAFRMEEIELL 7 KD,
HFHEE R 7 A, 8 count HEALET A%,

gk DTCARER AR, TR 8 &2 /03 Yy, MIH “REERLL2 i1 K05 Bt R A RIAT
G, HABERCEFRA GRS RIS H AT .

ARAE
RT. AEWRMHEAL, Tk SRR RAEE , MbARRI AE S BRG] T AP T IR

B FRE R, 64 i TN 8 FH AT

BRSO SE T AR R RR . AR BRI MR switchOERHABTEBIENY. FHAZME TR
P, KBS D) RS R count SHFE 7 MTIBIBFIEN, AR, RFTEMNEMNTE. Wi
FBHCH 0, MAEBBFLSWmARS, AUEAHRE. WRREUE | 093, B3] switchQi# A TEHRILT
W E A IR 2 193, BRE B swithOE ) AN G BT BBE: PRSI0 (L,
BT SERR 2 N EE), Uk, HREIOE A E M 7 BN R, EEIAT T RARRISRAE. LA
ifp, REWBREAT 7, BHE 8 UL, BB —# et CRBE T ITHE 8 F AR

B2, ERERARMEHRIFHAN . FEAREL, EEREANIGEMRNIAISTERE
SRTT, X TR A S E CPU SRR, — e phARIT /B R V8 4 S 1T 45 LUARBR SR TR (R 3AT LS S Bk
i F ATHRERARIRAR MCU (BT, B AND MBS S, ERRETARL L,

A FTORFEFRASTH MSVC 2012 f—E4T7 2 .

dst$ = 8

counts = 16
bzero  PROC

[=H)

test  rax, -8
e SHORT §IN118bzero
5 work out 8-byte blocks
xor r10d, rlod
nov 9, rdx
shr 9, 3
nov réd, riod
test 19, 18
e SHORT SLN11€bzero
npad 5
$LL19@bzero:
inc red
mow QHORD PTR [rex], rl10
add rex, 8
movsxd rax, r8d
cnp rax, 19
b SHORT $LL198bzero
SL¥11@k7ero:
; work out the tail
and edx, 7
dec rdx
cap rdx, 6
ja SHORT $LN93bzero
1ea 8, OFFSET FLAT: ImageBase
nov eax, DNORD PTR SLN22Bbzero[r8+rdx*d]
2dd rax, o8
jmp rax
$LNB@bzero:

mov BYTE PTR [rex], 0
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inc rex

$LN7@bzero:
mov BYTE PTR [rcx], 0
inc rox

51N6Rbzero:
mov BYTE PTR [rcx], ©
inc rox

$1N58bzero:
mov BYTE 7R [rcx], 0
ine rex

$LNLEbzero:
mov BYTE PTR [rcx], 0
inc rex

§LN3Ebzero:

BYTE PTR [rcx], 0

inc  rex
$LNZEbzero:

wov  BYTE PTR [rex], O
SLN9Bbzero:

fatret 0

npad 1
SINZ28bzerc

oD sLN2@bzero

0D S1N3ebzero

oD $INLEbzero

D SLNS@bzero

0D SLNsEbzero

oD $LNTEbzero

oD $THBebzero

bzero ENDP

AR —H S IR ——RIRL. 85 RO EOIEER R A R switch AL ERE
SEEBEEEN AL, T MOV/NC #8543 2 FABRATIHBAR, FLl swiich QLR SR @ AR
Tolit FENEBRE, CANTEARIRERS.

F5b, BATERF MOV/NC 457 & F s B F 4L (3+3=6 F79). EIERERMHBZIE, B0
AL &% switchOBAINHBRLEN, HRAERU 6, HFAZBE ST bl HaTE RIP Sk
6. XPE—3K, BTEMTMNEBRNITHRE, ITEELER. NTREKH, 8T 62—t
AN £, S TRIRIZ R A9 R AW RIS T AEFHR R AR
BV FENMETRRITARN, i ER RN ERBET W

@ ER—AERS, AT XMBER, EETHUR 5. RIE MOV/NC 5 M FTLURE o 4 FWERE 8 T4, MR

—AFABETLL, ol STOSB 84
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AR R SRR 8
int £iint a)

return 2/9;

411 x86

X86 P E R R AT E T A

E¢EE 411 MSVC

a$ =8 i size = 4
£ PROC
push  ebp
moy  ebp, esp
mov  eax, DHORD PTR _a§lebp]
cdg
mov  ecx, 9
idiv ecx
pop  ebp
ret 0
_f ENDP

DIV 54 REEHES . TRMTFIFEN EDXEAX RRBEBE. M ECX T8 PRNGE. i1
GRLUR, T A RMIAEAR(E BAX 2788 B, HERBAARTE EDX Hr8s. Bkt iz s, mati s
EAX FFEaR . HEROD (ORBIIEFIE: KR IOEEBMEEE. 4 T IDIV 454 A EDX:

AX TR0 IR o4 SRR, 44N IDIV 842 §T5HR 1 CDQ 44 IDIV R4 HR#HT MOVSX
JJFPFE‘JH SRR SR A
RS ERO AL R Z 5, ATEE FRER:

{ELHEE 412 RAMSVC 1L

2t =8 ; size - 4
£ mec
mov  ecx, DNORD PTR _a$[esp-d]
mov  eax, 954437177  ; 38c38e3M
il ecx
sar  edx, 1
mov  eax, edx
shr eax, 3l ; 00OOCOLEE
add  eax, edx
ret 0
E-t
PR LR O RAMIIIRIEIE . RE QI FIE S R AE TR S o (EHIX B #7755

AT AR TR A . IR R4

@ WLLAF War02 pp.10-3 HH - R ik R BRI A 53 .
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BERAL T, T AR IR 78R,
PR GCC 441 HZUbRIY, BMERNIZIETBMEMLEN, GCC AU 2 A
MSVC L5 RIS

E4ES 413 T GCC 4441

ic £

"
o
5
o
a4

eop
ebp, esp
ecx,
eds,
eax,

; 3BE3823%0

41.2  ARM

ARM AL 3 S b RISC AbHESE—FF, “Si” MR RHEIEMNENR L. Hsh, XH CPUE
Al “gE” W4T 32 i RIS (32 4 opeode BT 32 MR . AL, (ERATRRAISHAS,
PR RN HANBIEE ., RHSEHREER GHEESEE 197,

AAUBIASH B Lao4 (B33 45 W—AFIF, B A 32 ReERLL 107 MBIF, A5IHHT
FugE.

es arqument in al

quotient in al, remainder in a2

coul: wed if only divide or remzinder is required
2, 10) for later

lo (x-10) - {x/10)%10
up quotient
; fix-up remainder

41.2.1 % Xcode 4.6.3 (LLVM ) 4L
JECR B3 18 43 23 MOV RI, Ox3BE38E3
10FLS SUMUL RO, RO, RL

€ 10
RO OF
002C6C 1E FF 2F EL BX IR

% B HRT R AR AL E I MSVC 5 GCC A . R#L, LLVM RH TR KRR

OV RL, RO
ADD RO, R,




454 3w TN E (EAD

A

MLHIBATHERE: BEAR ARM 485U 28 4 45 & R A0 32 (rr BREUR (545 557788, TRARAERF X
REFMEITA MOV JBLIHEIIE? SE6F L, BUATRS IR IDA BonifiFl .4 MOV 4. F4HA
SEHRERI, M &7 RS EHT 8 T, TR ARM 354 54T 4 T JRIRINTES S FI
1T 32 A E5ER MOV B4 16 £ R & 0x8E39) & FA7ARHOMG 16 £, #A MOVT
FRATESL IS0 & 16 RIS A2 BT 16 A7, DA REMS ISR SME, HTH
FASAES “HRR” h—% “thiE4 7. X 8 FIH MOV 54 5KIF LR 2 4984

SMMUL /2 Signed Most Significant Word Multiply fffi#5. &/ 2 4> 32 M # SH M REZ HIRS,
22 64 RILE AT 32 ARTELE S FEAR RO 11, &4 B HOME 32 {iL.

MOV R1,R0,ASR#1 REAFH | fLHIEHIES.

ifiifE4 ADD RO,R1RO,LSR#31 HYHAT L5 HAH 244 RO MMEAHS 31 47, JF45 R1MEAMM, AR
HARO . BEHR: RO=RITRO>>31.

7E ARM R (4 i JUm T 4. Rid, EATLIE MOV, ADD. SUB BLA RSBUR4 T, i
RS TERMBH RS A RO T RIS . R R
YA

ASR ZEHALH Arithmetic Shift Right FIf#FR. HAABFEHER 5.

LSR JZIZ$4i# Logical Shift Right (9. EHABAREESAL.

5, 1 4t R

4122 Thumb-2 R T Xcode 4.6.3 4L (LLYM)

0x3

R, RO, #1
2DD.U R0, R1, 20,LSR§31
BX IR

Thumb B84 E R A B MBIERIES . AGIDE ASRS HEFAHHIHEL .
41.2.3 FEfR4LEY Xcode 4.6.3(LLVM) AR Keil 6/2013

AERATRAAETIORR T, LLVM GiFeA % Sl EWRAHR B STH4, B R 7 i R i
ISR divsi3.
AT, RS S AMMEI, Keil 48580 L& M EER M acabi_idivmod.,

#

41.3 MIPS

HFRLRE, AN GCC 445 TREHES.
54

414 fh{LH GCC4.45 (IDA)

1L $v0, 9

§v0, L

anch delay slot
eak 7" in assembly output and objdump

loc_10:
mflo $vl
jr sra
or sat, §zero ; branch delay slot, HNOE

IKAEIR BT, HARALEIRS .

2]




B4 F B9 455
PR RS, STERECN A LTI R
AFTLRLARSE , B E AR T 5, GCC R AR 441
ysvoﬁTT%i’«k" T SRts . WU ML JR T S Ak 2t §4 . BREAK #i% HR—MER
g MERAUAT AL S . AERECNEE, BAESIT MPLO 54, {2 LO
n;T’?‘éﬁmﬁiﬁﬁ‘ F$VO FIFR.
KENEUIA— T, FiAR 4 MUL &I08 & 32 A(R7F70 HI 17284, RN 32 MR A LO
W, RIEITS DIV WS B RETE LO % (1, HURBAREE HL FE8T.
AT B EIRSEEN “a % 97, WA, BAGELISNREFHAH MFHT 154 Bk
F) MFLO 54,

414 R AT TTEES

TEFIA 2 B0 RITZ G, A TRIES

input-———
:p di

i
result = —
d

JXHLE MRBEARN S (Magic coefficient). M1 A30E
L 2
" divisor

Wn:L:s;M

g o W AT 32, WA FEH R (7
EAX IE RAX #A75) 4 ) 1\;'%5)\5 bk W RPEEET 32, JSAMBE T
¢ # RDX TFA78%) AU Z:
) n (MEEE R E T #0ai
(EHATAT AT 5 B O, RSl SR
TRTE AT
ant £33
{

retur

Y

ansigned int £3_32_unsignediunsigned int aj

SOIREY, BRI T Oxaaaaasab. Feik(ehu] 45 R 2 9 33 7.
PETILRL I, BEAF AL 0x55555556, Feidkifrp )4t REMRLL 2 (7 32 7. B
AL BIATHE F EDX A7 R

LT PR S AL A AR 32 AR o 7€ BAX %7400
SRS EIAE S QRSO 0, BB 1o JGRFS AR T 32 R0, AT 28 S0RGHMG
B “+1” BIE

BEHER 415 FHRILA MSVC 2012

ROC
cax, -1431655765 i an

14

31

_£3.32




456 FrIRREEE (B

DWORD TR _a$[esp=4] ; unsigned multiply
+ EDi=(input*Oxzaasasch) /2232
sar edx,
 EDi=(inpus Oxaaseaa
L eaigscad

,fz,zz,u-.smgned ENDP

5 55555556K
; signed multiply

oduct by 32 bits right or to divide it by 232

; it is just the same as if to shift
mow eax, edx ; ERX=EDX=(input*0x55555556) /2132
shr eax, 31 ; 0000001£H
add eax, edx ;add 1 if sian is negative
ret 0

_£3.32_signed ENDP

4141 BEZHIEL
Hosz, RAVEENE, FeRMBRE L NS . BT B ER AT DU A G . FATATEL

x 1
s
c e
Ve TR LRGBS, & c HIEE. W LURRFSERMEITEH.
m%iii%ﬁ R, TTEATEEOR? ARSI ST, R ER. CPU SRR IKE
BRI, 4 32 A4 64 82, B JUTFATAFAF 8 I EASRE AR RT 2 89 32 7B 2 59 64 3K

JriAT R .
TTLAES B War02 R385 10 58 3 1.

415 It EPRE

4151 TRREH
B HERANE B T RERRX AL

nov
imul
sar ; signed division by 2" using arithmetic sh
mov
shr
add
FATX B NG T8 Mg 32 MBEARE T, TARMRLEH ¢ URREILH D.
bR HAT LR
e
M
B4R 416 {EILAI MSVC 2012 RT3
mov. eax, 2021161081 ; 78787879H
imul DWORD PTR _a$[esp-4]
sar edx, 3
mov. eax, edx
shr eax, 31 i 0000001fH

2dd eax, edx




F4aE B9 457

PR PSR R

o B
2021161081
BAECTHELT 32 QM. ROV A Mathematica F2FE i ST 4

154IE# 417 Wolfram Mathematica B9+ & 455

i1 132+3) /2021161081

out{

B AR MR 17.

T 64 4 HdE S, HERRE AR . R HRA 2 M 32 %7, TR T 2 ) 64
7

uintéd t £1234(uint6d_t a)
return a/1234;

i

ELBS 418 64 FITHIRAL MSVC2012

£1234  PROC

mov  rax, 7653754429286296543 i 6237991a23acad6fH
mil o rox

shr rdx, 9

mov  rax, rdx

ret 0

£123¢  ENDP

ELTER 419 WolframMathematica kit 458

(1]

2"(8419]/16*"6a37991223aead6 )
Cut[1]:=1234.

4152 EMFR#HH2

RATES 4 b e

mov eax, 55555556h ; 1431655766
imul  ecx

mov eax, edx

shr eax, 1Fh

R, HERBRA T E R R T

p-2
M

RAGIGE, BEEOT R
o

Des_2
1431655766
R A Mathematica T2 PV 8

HELTHE 4110 Wolfram Mathematica fitH 48

In[1]:=N[2%32/16""55555556]

out 1]




458 HETASEIRE (EA)

BERRBREN 3.
4.6 #RIRT

W TR A B TR -
154EE 4111 FRH MSVC 2010 AL AR

a5 =8
P 4 PROC
mov  ecx, DWORD PTR 2§ lesp-i]
mev eax, -968154503 ; c64b2279H
imul ecx
add edx, ecx
sar edx, 9
mov eax, edx
shr eax, 31 ; 0000001(H
add eax, edx
e a
£ ENDP

184S 4112 ARM64 I TR M GCC 4.9 $£4k

£
mov  wl, 8825
movk  wl, Oxcédb, lsl 15
small  x1, w0, wl
lsr o x1, x1, 32
add Wi, w0, wl

asr Wl wl, 9
sub w0, wl, w0, asr 31
ret

FEREHBLGLI4,




F42F FHEFBREHF, HH atoi()

BATKREFSIL - FARIEE C B atoi(). KR — AT FR ISR T g

421 Y1
AP HEHE ASCI RILRT TR ET - RBSRAT A AL ER, PR SR A 1 4 e,
R EHE A2 I -
dinclude <stdic.h>
int my atoi (char *s)
(
inz rt=0;
while (*s]

110 = (rs-10");

ARSI RN
e, T 0~-9 R

T IR AILLECT 0 1) ASCIL . FA14NIE, 7E ASCIl
IR BRTCIE R “0™ XM HIBERZ D, “0” Ak “0” MfE
10, “97 e % UXFE, e ATIE A TR IO AR . Rk, RS
3% ARBT TR, SRR B, AR LR R e WA ISR, Al e
A PR R 0 FELL 10, BUIAKFRILRIGESE . TSR, (A TR R T
T, FEEERAIN 4 R B AR R AN, BRI TR A B

4211 B4 I TE MSVC 2013 1£4¢

HEETER 421 64 HI TR MSVC2013 fifk

, string terminator?



460

ea
; EDK=RRXHRAX*4=rt+rt d=rc=5
movsx  eax, r3b

; EAX=input character
5 lozd next character to RED

movzx  r8d, BYTE PTR [rex+l]
X to the next character:

; shift pointer in
lea zex, Q
lea eax, Dil

RAX+RDX*2=input cl

ect digit by sul
add eax, -4

aracter zero?
8b, réb
loop begin, if not
SHORT $LL28my_atoi

acter + re*10

ting 48 (0x30 or '0'}
£EEEEEEEEESAOL

$SLN9@my atoi:
ret 0
my_atoi ENDZ

FRER A TR GERR AL RF . FERFIDL N, e BORR SN TR R IR AT R st
RHIESUATHR “RLL 107 MRS, TIRMEATE 4. H=4& LEA 4N PTIUT “ EUIERN
rt EFELL 57, AT AEHS EBUA rt il X 27 BB, UL R, MSVC S X MBI itia i
SUB $54. $TI4MIE “ADD FAE (984 RFIIREIEH. AGIRRLE TIRAMEI. BAREHBAY
£ ADD 84 TUREPEBIRAS, {52 MSVC fii# B4 2 Hxfir & Hik.

4212 B4RITHI GCC4.9.1 fL4L
GCC 4.1 IRLERH, AT AR

N—AEARFIENHE 4 RET. 1

HEETEE 422 64 {1 TH) GCC 4.9.1 #£4k

ny_atoi:

; load input character into EDX
movsx  edx, BYTE PTR [rdi]

; EBEX is allocated for "rt" variable

xor cax, eax
; exit, if loaded character is null byte
test  dl, dl
je RY]

a3:
le eax, [raxsrax+i]

i EAX=RAX*5ert*5

7 shift pointer to the next character:

add rdi, 1
lea cax, [rdx-48+rax*2]
iput character - 48 + RAX*2 = input character - '0' + re*10

next character:
movex  edx, BYTE PTR [rdi]
; goto loop begin, if loaded character is not null byte

test  dl, dl
jne .L3
rep ret

L4
rep ret

42.1.3 ARM R Keil 6/2013 {4k

$E4EE 423 ARMERXT Kell 6/2013 itk

my_atoi PROC




FE FH

3 atoi() 461

i Rl will contain pointer to character

1,10
; 1 contain "rt" variable
Hov 0, §
120.28]
16121
20D r, 0,0, LS #2
§ RO=RO4RO<<2=re*s
ADD £0,r2,10,18L §1

i RO=input character - rt*5<<l = input ¢

i correct wkols thing by subtracting '0'
su3 0,10, $0x30
i shift pointer to the nextL character:
ri,rl, 1
120.28]
5 load input character to R2
v2, [rl, 0]
£ no, jump to loop body.

5 is it null byte?
s 2,0

110.12]

5 exit if null byte.

¢ "rt" variable is still in RO register, ready to be used in caller function
3% ir
END2

42.1.4 Thumb #3XF Keil 6/2013 4

HELER 424 Thumb R Keil 6/2013 $i4k

my_atoi PROC
i Rl will be pointer to the input character
HOVS, T1,x0
i RO is allocated to "rt" variable
Movs 0,40
B 120.16/
110.61
Movs 3, 40xa
5 R3=10
ML 0,13, 10

i RO=R3I*RI-rt*10

i shift pointer to the next charac
BDDS rl,rl, 41

i correct whole thing by subtracting ' character from it':

0,20, #0x30

0,12, 10

+RO-input character + (rt*10 - '0')

; load input character to R2

LORE 12, [rl,0
is it zero?
CcMP r2,
i Jump to loop bogy if it is nol
BNE 120
i rt variable in RO now, ready to be used in caller Function

1r
ENDE

RARIAL. FATUBT L2 S BRI I RS IR T 55 5 SEAT L.
G TE— B G288 A SRR MR & S HIBE T, “rt 1007, KA )2, RIEIE
WNTIFS IR, RIS IR B Bl AT AT v B 2 S BTN B GE5%
e R k.




462 Hm T (LA

4215 ARM64 T#I GCC 4.9.1 fifk
ARMG64 (1251585 7T DAL TS 8374 FE 4.«
15458 425 ARM64 i) GCC 4.9.1 #5484k

ny_atoi:
; load input aracter inte Wl
b wl, [x0)
mov  x2, x0
; X2=addzess of imput string
; is loaded character zero?
i jump to exit if its so'
: Wl will contain 0 in this case.
; it will be reloaded into WO at Ld.
bz wl, .14
; WO will contain "r variable
i initialize it at zero:

mov w0, 0

B

; subtract 48 or '0' from input variable and put result into W3:
sub w3, wl, #48

5 load next character at address X2+1 into Wl with pre-increment:
ldrb Wl [x2,1]!
w0, w0, w0, 1s1 2
5 RO=HO+WO<<2=ROHM0*4=rt+5
add w0, w3, w0, 1sl 1
; WO=input digit + WOS<l = input digit + rt*5*2 = input digit + rt*10
; if the character we just loaded is not null byte, jump to the loop begin
cbnz Wl .L3
; variable to be returned (rt) is in W0, ready to be used in caller function
ret

.Ld:
mov wl, wl

422 B2

FE, BAWEH 1 IRRASER TR SHRNE D FREE R
MNMEBERAEHTETH; SRAFRFHEARRT THONGR, BORFRTHS

#include <stdio.h>

“=n, 3t B

c @

A

int my_atoi {char *s

int negati
int re=0;

iE (¥s: )
(
negative:
sHe;

5

while (*s]

i
L (7s<'0 || *s>'97)
{

prints |
exiz(0);

ror! Unexpected char: '$c'\n", *s);

1
resrerlo + [*s-'0');



F0E FHELESYT, BH a0

463

sh4;
b

if {negative)
return -rt;
return rt;

b
int main(}

printf ("$d\n", my_atoi ("1234"));

printf ("3din", my_atol ("12345678%0"));

printf ("sd\a", my_atoi {"-1234")];

printf ["3d\n", my_atoi ("-123£567890");

printf ("$din", my_atoi ("-al23¢567890")); // error
}i

4221 BAMITH GCC4.9.1 fifk

STEH 426 64 I THI GCC 4.9.1 4£4L

.LCD:

ng "Error! Unexpected char: '$c'\n"

ny_atoi:
sub rep, 8
movsx  edx, BYTE PTR [rdi]
; check for minus sign

cmp i, 45 ; =
je 122
xor esi, esi
test  dl, dl
je .L20
.L10:
i BSI=0 here if there was no minus sion and 1 if it was

[rdx-48]

5 s0 if it is not digit, jump o L4, where error will be reported:

emp
ja
xor
mp

17:
lea ecx, [rdx-48]
cp o1,
ja L4
lea eax, [raxirax+d]
zdd rdi, 1
lea eax, [rdx-48+rax+2]
movsx  edx, BYTE PIR [rdi]
test  al,
ine .17

5 if there was no minus sign, skip NEG instruction
5 if it was, execute it.

test  esi, esi
e .L18
neg eax

.L18:
add rsp, 8
ret

L122:

movsx  edx, BYTE PTR [rdi+l]
Lea rax, [rdi+l
test  dl, dl

an digit will result unsigned number greater than ¢ after subtraction



464 # T RAREE (-

je
rov
mov
mp
120:
xor eax, eax
mp .18
L
i report error. character is in EDX
mov edi, 1
nov esi, OFFSET SLAT:.ICO ; "Error! Unexpected char: '$c'\n"
xor eax, eax
call  _printf chk
xor cdi, cdi
call  exit

WRFFRAOB A TIRES S, BARTARRMNBTNBEHIT NEG 154, HLERIEEA TN,
BAMER ARAOE CRIFARE AHT T MAERIER . AR LA

L (7s<0Y || *s>100)

ZRFA BRI, WERARENRE, RN A s RIX P L BIB S
ANTFRAMERE “0” THNME, BESEWATFSE CIEXE 5 9dThE, FRFMILTSHLL 9
EX, BLAMAF R EHT T

Wi, WRRAIERA TR R ST R, RIS TE ASCILRTHHEF A2 “0” 1T 2
o [H k BT  F RIERA: 46-48=—2. TTHSH 3 LREITHSH. Pt
TEUN, EIE RS R BR, MBRIEEXAEE RAELE S HORMITINEG, TR oxfifffife
O REH R 429496722940, SAREEL 9 K. M) RAR U R O B AR B .

FRERA R, B BAT N Z YA XS

AT AT 0 F ALK T B SXABIF: Bl 48.1.2 15,

TELRIE 64 fr NEHIFEITAT, MSVC 2013 IS UHE AR R HRLETT .

4222 ARM B THI Keil6/2013 fitk

E4TEE 427 ARM BT Keil6/2013 4£4L

my_atoi PROC

8 ; R6 will contain 1
MOVEQ
10 ADDEQ

herwise

_2printf

exit




KT FHEEERANT, BH a0 465

sus 5,10, 40x30

£0, x5, #0
0,75
33 ToB {ré-ré,pc}

36 (10.220|
37 oca "Error! Unexpected char: 'se'\n",0

32 fi ARM 344 B %45 NEG (L) 154, LSRR 400 T 58 314780 “ RITW0E” 54 .
5 29 T ——81 CMP LB 550 “TRAS” 7Y, AEPITE 31T A IRITHRS (RATAT L
%MNEEﬁ,&ﬂ%‘%ﬁﬁﬁ#ﬁ)Nmem"mﬁa)omEvR%NE%@MUW{L—&%%
ﬁ%ﬂ=ﬁﬁﬁ§%%%%@&iﬁmé,R%Hﬁﬁﬂﬁﬁw&ﬁﬁﬁﬂ&ﬁﬁWT To ok
Miﬁﬁﬁyi%wﬁ%méﬂﬁﬁmﬁciﬂ%ﬁ%wumiﬁ%%%zmeo

Thumb 2R 8938 HAER LT 522 .

TEAIE ARMGA V- & VHIRLIFI, GOC 4.9 S50 NEG (IR 154

42.3 ¢33

KRR —TF, SATFRARLHHIE R NR. MM E SRR AT, Widix
PR AR AT R 5 W BB AR 1T . B, AT 2SRRI ik, 5557, AT
PUREMARM FEE, BHERRAMN 4. HO TSGR —FHEMRE R4 .



F43E A K

RN, MR SE R AR I SIS — A R R AL, R AR B

$ELIER 431 — M REMGIT

#include <stdio.h>

int celsius_to fahremneit {int celsius)

return celsius * 9 / 5 + 32;

)i
int main{int arge, char *argv(l)
{
int celsius=atol{argv(1]};
printf ("#d\n", celsius_to_fahrenheit {celsius]}:
b

MRS R E M LIRS SERALLT - xR R, WREE GCC ¥R T,
SEMAHE, BAIRE BN T RIRES.

$E4E$ 432 GCC 4811k

AR A-03

_main:
push  ebp
moy  ebp, esp
and  esp, -16
sub  esp, 16

call
mov  cax, DWORD PTR [ebp+12
mov. ea: DWORD PTR [eax+4]

rov  DHORD 2T [esp], eax
call  _atol
mov  edx, 171798691

mov  DWORD PTR [esp], OFFSET FLAT: "5d\12\0"
lea o, [eaxreax*8]

mov  eax, ecx

imol  edx

sar  ecx, 31

sar  edx

sub  edx, ecx

add  edx, 32

mov  DWORD PTR [esp+d], edx
call  _printf

leave

ret

TR, SRR ARSI T BIEEN (TLLS IS 41 %),
HR, B

B 51 celsius_to_fahrenheit() (HE FGIREESEH AR IRIRIE ) (Y RACIRREELBERIT, I

26T B printf) CLTRERH) W, Aa? BAXREETEERER—. XHAETTERR

R B O b3 2 A B R AR AR Bl 4

A AT (A 4P 28 — A SRl 1 30 4 AN B Y R S FLE RN BT B O ARES

B, 3 I TT LIS B X BT “inline” 3RS0 1% AT ZF AN




FHBFE NHEH 467

430 BPHF B NBIERTE

AEADERTRE EBMPY (AR OB W HHCT, BIA0: stryepy()« stremp()- strlen. memset(). memepy()» mememp()
AL, YRR Ao O e p R B

BHIGIUT LU BRSO R0 v B LTI ig; 2 i P e BB AT b

AR S AR NBT, DT

T
4311 FHELRFH stremp()

EETEE 433 FAFRLBIEH stremp()

bool is bool {char *s)
{

if (stremp (s, "true"}==0)

nov eci, OFFSET 1100

sub esp, 20
mov  esi, DRORD PTR [esp-32]
repz cmpsb
je .13
Tov esi, DWORD PTR [esp+32]
nov ecx, 6
mov  edi, OFFSET FLAT:.ICL
repz cmpsh
seta  cl
setb  dl
xor eax, eax
cnp cl, dl
ine .18
add esn, 20
pop esi
pop edi
ret
J18:
mov DWORD PTR [esp], ©
call  asser:
add  esp, 20
pop esi
pap edi
ret
.13
add eso, 20
mov eax, 1
pop esi
Pop  edi

ret
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#HIANEAEE ()

154 E 435 RA MSVC 2010 (hALKAHITF

§563454 DB "true', 00K
$563456 DB "false', 00H
B } size =4

2is_bool@RYA_NPADEZ PROC ; is_bool
push  esi

moyv esi, DWORD TR s$ [esp)
o ecx, OFFSET $563454 ; 'true'
mov eax, esi

npad 4 ; align next label
$LL6€1s bool:

mov dl, BYTE PTR [eax]
cmp dl, BYTE 2TR [ecx]
jne SHORT $LN7@is bool
test  dl, dl

je SHORT SLNBEis bool
o dl, BYTE PTR [eax+1]
cmp dl, BYTE PTR [ecx+l]
jne SHORT $IN70is bool
add eax, 2

add ecx, 2

test  dl, dl

jne SHORT $LT6€is bool

$LNBEis_bool:
xor eax, ea

x
jmp SHORT $LNS@is bool
$1N7@is _bool:

sbb cax, eax
sbb eax, -1
$SIN9@is_bool:
test  eax, eax
ne SHORT SLN20is_bool
mov al, 1
pop esi
ret 0

$LN28is_bool:

mov  ecx, OFFSET $5G3456 ; 'false'
mov  eax, esi
$LL108is bool:
mov  dl, BYTE PTR [eax]
omp  dl, BYTE PTR [ecx]
jne SHORT SIN11€is bool
test  dl, dl
je SHORT $IN128is bool
mov  dl, BYIE PIR [eaxtl]
cmp  dl, BYTE PIR [ecx+l]
dne  SHORT $LN118is bool
add  eax, 2
add  ecx, 2
test  dl, dl
jne  SHORT $LL108is bool
$LN120is ool
xor  eax, sax

imp SHORT $LN13@is bool
$IN118is bool:

sbb eax, eax
sbb eax, -1
SLN13€is bool:

test  eax, eax




FHE AR B R 469

ine SHORT $LH1Eis bool
xor a1, al

Pop est

ret 0

$LN18is_baol:

push 11
push
push
call
add
pop

ret 4
?is_DOOl@EYA_NPADEZ ENDP ; is bool

4312 FHEKEFEH strlen()

ELHR 436 FHEKESY strlen( BT

int strlen testichar *s1;
!

zetura scrlenisl);
Vi

L 437 RA MSVC 2010 HALHBIF
15 -

_strl

eax, DHORD PTR _s1$[esp-4]
edx, DRORD BTR [eax+l]

SLL38strien_tes:

mo cl, BYIE PTR [eax]
ine sax
test 61, cl
jne SEORT $LI rlen_tes
b ezx, edx
0
t ENDP

4313 FRHEZHEK stropy()

YR 438 FHHFHEY stropyBIHIF
void strepy testichar *sl, char *outhuf)

stropy (outhus, slj;

F MSVC 2010 fE 4L 8951 F

15 =8 i size = 4
1
MoV eax, DHORD PTR _s1§[esp-i]
mov  edx, DNORD PTR _outbuf$[esp-4]

sub edx, eax

npad 6 ; align next label
$LL36strepy_tes:

mov el By

B OPTR [eax]



470 FHIEREEE (EH)

BYTE PTR [edxreax], cl

cl, el

_strepy_:
43.1.4 RFRERE memset()
BITF#1 WFFOR.

E4TEE 4310 32 FHHIRE

tinclude <stdio.h>
void f{char *out)
{

memset (out, 0, 32);
b
TEGPETISERAT IMET A AR LA memset OB ALRT, £ BT RAL/MACHRIERT R ETR AT 4 (call),
ROl 24y ie il MOV 184, EEBRE.

184 TEE 4311 64 I THY GCC 4.9.1 ik

mov QWORD PTR [rdi], 0
nov OWORD PTR [rdi+8], 0
oy Q@ORD PTR [rdi+l6], 0

QWORD PTR [rdi+24], 0

ret
AR TR T A5 14.1.4 B BRI RITHA.
BlTH2 WFHTR.

HELTEE 4312 67 FHNEMRIE

#include <stdic.h>

void f{char *out}
{

memset (out, C, 67);

P ERIICUN I 4 B 8 WEEH, R M4 FR ST A MILE 5 ik.
LA, MSVC 2012 #1842 53 EE—# MOV $84-.

LTS 4313 64 I THI MSVC 2012 fitk

out§ = 8
£ BROC

cx+32], rax
QWORD cxt40], rax
QWORD PTR [rox+18], rax
mov OWORD PTR [rcx+56], rax
D PTR [rexi6d], ax

mov
mov PTR [rox+66], al
ret
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GCC IL &4t REP STOSQ 4. X ATHELL—HE() MOV BHEIA TG, 44

HELER 4314 64 TH GCC 4.9.1 ik

mov QWORD 2TR [rdi], 0
nov QUWORD PTR [rdi+59], 0
mov rex, rdi

lea rdi, [rdi+g]

xor eax, eax

and rdi, -8

sub rex, rdi

add ecx, 67

shr ecx, 3

rep stosq

ret

43.15 WEFEEHIEH memepy()
AEGR AL )T 177 B0 memepyQRISEET, £ HURIEI A —RFIM MOV #54.
HELTHE 4315 TS EH memepy()

void memcpy_7ichar *inbuf, char *outbuf)

memepy (outbuf+10, inbuf, 7);

i
P

L 4316 R MSVC 2010 tE4L

; size = ¢
; size = 4
_memepy_7 PROC
mov ecx, DWORD PTR _inbuf$[esp-4]
mov edx, DRORD PTR [ecx)
nov eax, DHORD PTR _outbuf$ [esp-4]
mov DHORD PTR [eaxt10], edx
moy dx, WORD PTR [ecx+4)
nov WORD PTR [eax+14], dx
nov cl, BYTE PTR [ecx+6]

mov B
I 0

PTR [eax+16], cl

_memepy_7

RYES 4317 KA GCC 48.1444L

memcpy_T:
push  ebx
mov eax, DHORD PTR [esp+8]
mov  ecx, DHORD PTR [esp+i2)
mov  ebx, DWORD PIR [eax)
lea edx, [ecx+l
mov DHORD PTR [ecx+10], ebx
movzx HORD PTR [eax+é]
mov WORD PTR [edx+d], cx
movzx  eax, BYTE PTR [eax+6)
mov BYTE PTR [edx+6], al
pop ebx
ret

A BRI AL BRI 4 AT, REEHAY (BRE AT, EEESRE—
T



garm (LA

A, RS AE I BT & MOV ZHIGA (structure) UHGRK. THETTS AT 21.4.1 15,
KR AT et
BNl i A RN DO R i

#5452 4318 memepy)REEHINGIT (XEIHT 2 M TEMBIF, —R 128 FHMIRME,
SI—MNE 123 FHHRTFRE )

vold memcpy_128 (char *inbuf, char *outbuf]

(
memepy foutbuf+10, inbuf, 1281;
+

void memcpy_123ichar *irbut, cha

opy (outbuf+10, inbuf,

MSVC 4 T 54 MOVSD $§4. (FEHEIIZER ECX IR AF, MOVSD 1 58k 128 i
IR AR 128 AEHE 4 22K

iB4iER 4319 MSVC 2010 fift

_inbut§ = 8

_outbufs = 12
_mencpy_128 PROC
ou

esi
esi, DWORD PTR _inbufsiesp]
edi

edi, DWORD FTR _outbuf$
edi, 10

ecx, 32

edi
s esi
ret 0

memcpy 128 END2

FEHE 123 AT HATFE, PR BT MOVSD #8521 30 4~ 32591 (et 120 F),
T MOVSW #§4FI MOVSB f84 581 2 79001 | A

i size = 4
i osize = 4

b PTR _inbuf$[esp]

, DHORD PTR _outbuf [esp+d]
10
ox, 30

_memepy

GCC MATT — A NEMBEA MR XA BRI T ERIOM AT RS AR
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HEEB 4321 FA GCC 4.8.1 44k

memcpy 123:
.L783:

edx, DWORD PTR [esp+l]
esi, DWORD TR [ssp+l2]
edi, [edx+10]

edi, 1
124
edi, 2
125
nov ecx, eax
xor eds, edx
skr eox, 2
test  al, 2
rep movsd
e R
movzx  edx, WORD PTR [esi]
nav ORD PTR [edi], dx
nov edx, 2
.18:
test  al, 1
e .15
movzx  eax, BYTE PTR [esitedx]
nov BYTE PTR [edi-edx], al
.15:
pop esi
pop edi
ret
124:
movzx  eax, BYTE PTR [esi]
lea edi, [edx+11]
aad esi, 1
test  edi, 2
oy BYTE PTR [ecx110], al
nov eax, 122
je A7
.L25
movzx  edx, WORD PTR [esi]
add edi, 2
add esi, 2
sup eax, 2
nov 03D PTR [edi-2], dx
3mp 7
LLFE3:

A ATF SR A ROE R 0 TAE RN BRI £ AT (32 6, EH MOVSD 45451
TN TR, REE—H RN .

BN B A7 SRR EOUAFI SIMD $r 4 H50AT 8], SR E IS5 B AR L T DB,
NI EH T A S A 25 TN 2 0.

43.1.6 MTEXTLLEEL mememp()

1548 4322 mememp() EEHIBIF

1235 (char *inbuf, char *outbuf)

woid memcp;
{

memcpy (outbuf+10, inbuf, 1235);
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I RNEEE (L)

T ATFRERTRE R, MSVC 2010 #EE4E A (038 M HR R EL .
B4 4323 MSVC 2010 R4ER

, DWORD PTR _buf2s[esp-4]

mov  ecx, DNORD PTR _bufl$[esp-4]
push  esi
push  edi
mov  esi, 1235
add edx, 10
SLLAGmencmp_123:
mov  eax, DHORD PTR [edx]
emp x, DWORD PTR [ecx)
jne  SHORT SLN1O€memcmp_ 123
sub  esi, 4
add ecx, 4
add edx, 4
s 4

SHORT $LLdGmemcup_123

edi, BYTE PTR [ecx]

eax, BYTE PTR [edx]

eax, edi

SEORT $LN7@memcmp_123
eax, BYTE PTR [edx+1]
edi, BYTE PTR [ecx+l

SHORT $LN7@memcmp_123
eax, BYTE PTR [edx+2]
edi, BYIE PIR [ecx+2]
eax, edi

SHORT $LNTememcmp_123

SHORT SIN6Gmemcup_123
eax, BYTE PTR [edx+3]
movzx  ecx, BYTE PTR [ecx+3]

sub eax, ecx
STNTEmemenp_123:

sar eax, 31

pop  edi

or eax, 1

pop  esi

ret
$TN6Ememcmp_123:

pop  edi

xor  eax, eax

pop  esi

ret 0

_mencmp_1235 ENDP

43.1.7 DA BIE

BERET MRR. WHE (folding) % RABRIUY DA WA . HNEEEHHVIH
‘https://github.com/yurichev/IDA_scripts




F44FE CO9 bRERIFIRISH

TEREENGSL R, T FORTRAN RGEHE R MIFLFE S LU CICH RS ok BRI FAE 477 Wik, )
AT B

weid 1 {int* %, inl* y, int* sum, ict* product, int* sumproduct, inc* updateme, sizet s

{
for
b
IEARPIO BT AW AL, R TS A TR AR BB T LU 2 AR R e,

BERl AR R EAE AT e 2t 2 MR B S . B WAT R SR AR A A
SRRV LS. BIL, T YA BB VORI 2
o {fil#% sum[i];
® {fil4% product[i];
® il update_meli];
® il sum product[il. TEXAMUIEL HH ALK& EEBE sum[i]#1 product[i].
B BT 51 B
B AL TR P AP IECE N 1R

ARNBER R IZARE N 0 2 £
CO9 brHE TR ZIRIEH (1007, 6.7.3 ] GHATH LA “FoHH14 ") BRIET/. STEAR T
REFIY strict (AT B2 T 20 IR PRL RO TRE L BRI 6 PO A2 DS M — S5 5T, S 2
i TS AT AR TR A 17 K3
HERBI TAEAXMEE R, KRF “rostrict” FRIIRER V1 BEE R0 — 54, it
IEHMAS BRI R WS —MIBRE, — FRAMEEAR SR, W ARIEBIIE
WERE X 5 R S e 2 132 R B4R 1
NN R ARSI L restrict 517

veid £2 (int*

o int restrict y, int- restrict sum, int* restrict product, int* )




476 # W TR E (L#)

HATB BN LR T HIR

LR 441 x64 THy GCC & 1)

1
push 15 rld rl3 ri2 rbp zdl rsi rox
it 13, QWORD 2TR 120(rsp]
wow  rop, QWORD TR 104[rsp)
mov  rl2, QWORD PTR 112(rsp]
test  rl3, ri3
je AL
add 113, 1
xor  ebx, ebx
mov  edi, 1
xor  rlld, ri
jmp L

.L6:
mov  rll, rdi
movt  iwdiisrax

R

‘ Lea rax, 0[0+ril¥4]

lea  rl, [rexerax]
lea  rl4, [(rdxsrex]
lea  rsi, [ré+rax]
add  rax, 9
mov  riSd, DNORD PTR [rlD]
add  riSd, DWORD PTR [rlé]
mov  DNORD PTR [rsi], ri5d 5 store to sum(]
mov  rlQd, DRORD PTR [rif]
imul  rl0c, DRORD PTR (rld]
mov  DRORD PTR [rax], rl0d j store to product|]
mov  DWORD BTR (r12-r1l*d], ebx ; store to update mel]
add  ebx, 123
mov rl0d, DRORD PIR [rsi] i reload sum(i)
edd  rl0d, DRORD PTR [rax] ; reload product[i]
lea  rax, 1(rdi]
cop rax, ri3
mov  DWORD PTR O[rbp+rllvé], rldd ; store to sum product(]
jne L

RAE
pop  rbx rsi rdi rbp ri2 ri3 rl4 ris
et

IELER 442 x64 TH) GCC T f2()

f2:

push  r13 ri2 rbp rdi rsi rbx
nov r13, CWORD PTR 104[rsp)
mov bp, QWORD PTR 88(rspl
mov r12, QUORD PTR 96[rsp]
test  rl3, rl3
e .17
add 13, 1

‘ xor
mov
xor
imp

RARE

mov rax, rdi
mov rdi, r11
mow esi, DHORD PTR [rcxtrax*4
mov rlld, DRORD PTR [rdx+rax+4]

ORD PTR [ri12+rax=4], riCd ; stcre to update me([]
add riod, 122
lsa ebx, (rsitril)




FHUT CORERTREEH 477

imul  rlld, esi
mov DWORD PTR [rB+rax*4], ebx ; store to sum(]
mov DWORD PTR [r9+rax*4], rlld ; store to product[]
add rlld, ebx
mov  DWORD PTR O[rbptrax*4], rlld ; store to sum product[]
lea 11, 1(zdi]
cmp i1, r13
jne .11
17:
pop rhx rsi rdi rbp rl2 ri3
ret

AOMER ROMBIRRZAEF: (£ fIOEYH, sum[iJFI product[iIHAAMEFF b2 RV T
HH ROMBA I EH MBI R NRIE. R o0RTE, BARMTRRR “7i” sum(i]
product {JIEAR A SAMTEE HE, BT A HHL & T ORI AT 81 LMW BB AT I B TR, R AE
BEAIMET - KR, B R e T B -,

URINIEH T AT R IR, TISRRRORRFE L B e e XA IR EHR R P FE R R,

HLREM AN XAMNRRRIT RN T, RIS H5 R 2 RRHRH .
FORTRAN ¥ 5 943 3 B2 AT BT A 0 EF M0 0 SEIRAR 4o (R, 5 C ¥ 2R SR €99 bt
THRECR TR I0E, H FORTRAN B3 47 HORMM AR F S LA C S
e,
RO R TR ST TF RIS A KR IR B T Bt 2B SHLIPC
P& REH TS TR R IR TS A R . B, X TE RSP & 2580 FORTRAN i
HIMREZ—IB.

b i R R RSN R AR B I T, R IR R MR T R 2 4 T R

EIF) restrict f£1fi
PR IR




$F45F FTIETHRY abs()E LK

PRI 12 358 2 WINEA R WA, REATH x86 OISR &4TIE — B LR ?

int my_sbs (int i)

451 x64 F &5 GCC 4.9.1 1L

HERNTKRESR, WERATRIE GCC 4.9 KMPEHTE, SHITAHEML.

x64 Ty GCC 4.9 {htt

minus

X is OXFFEFIFEF

SAR ;M\X"‘i%
IS

4. REINE %%‘huﬁ_ [Riivii

S PATHE SAR xz‘wsmmm EDX :.mz ,ra
)EEE!ZT “XOR {#7788) OxfHHr”, 1257

ISR, @\TJ%%T‘/EI FWnOZ. pp2-4] BIMEAH. GCC HRITHEE TIRER
ik, WVPXIERY H SRR,

45.2 ARMB4 T 85 GCC 4.9 i

GCC 4.9 for ARMG64 £ 1% 17 5081 GCC for x64 B ULTARE, RAUMMMERC CPU TH

@ FEXhER.



H45F ATWAL KM absQF B 479

() 64 RIAFAFHTC. BT ARM64 LA SHHTIAF ASR ZERINHES BSEMAIBIESL, Hik GCC 4.9 for
ARM64 H GCC for x64 SALHITE S

154 452 ARM6G4 TH) GCC 4.9 fitt

my_abs:

; sign-extend input 32-bit value to X0 64-bit register:
sxtw  x0, w0

x1, %0, x0, asr 63

(shift is arithmetical}

x1, x0, asr

i XO0=X1- (X0>>63)=X0" [X0>>63] - (X0>>63) (all shifts are arithmetical)

ret

B
; X1=X0 (X0>>63)



Fa6TE TRSUIY

2 printfO seanf() RV LR SR RN BEL. SRTECUMF VIR 2

461 HHEHEAFHE

A YA TR, B AR
H ST SR A A RS ERE YT, R

BiAs 044

e
{13 SO stdarg h o T KBRS (R [ F A printf(i £ scanf()

RSB AR

int arithmean(int v,

int);
rminator

va endiargs);
return sum/court;

g

int main(}
cerminator */11;

2, 7, 10, 15, -1/

printf ("d\n", arithmean (1,
ABE. TE, BE sdagh RHH

45 L AL S B T Y ) S Y
92 var_arg WA SRS, KD B, AT,

46.1.1 cdecl ERAHE

#5478 461 MSVC 6.0 il

5 load lst argument into sum

5 count=1

; address of the Lst argument




481

loaded argumert

i countts

arita mear END

$56851 DB 'sd', Oall, 0DH

main  PROC NEAR

€ mainQRALE, HI0BHAAT [ 25 IR
ANEHRS— S —RA TS,
AH arith_mean(HLH S — P SHINE, FRTIREFEDRR sum . BE, BH - SEEMILIE
TEFF AP EDX W, JFRULILE, SaTTA sum A0 AULERAES, EEBHNL -1,
BT BHR M A CHRT AL LA 1D,
77

AR BN NRIRBE TS <17, TRE

i, WATTRECEATERE NS EEROV A, Sl
HRRE T Aft 4 cdecl IMMMELERGE ABHRG—MEEAKT .
IR EAARNE A, KL T printfQIXHF H R A A BN R 1L

NRA
14 s T

4612 ETHFHMARIE
AL H LT B ), AR AT A AR AR R S AU A AT R 4180 THRINMAEE.

$E4EH 462 x64 THI MSVC 2012 {1k

$863013 03 'ed', Oad, 00H

d argument



482 TR E (EA)

count=1
; 2nd argument is -1?
exit if so

sum = sun + loaded argument
g ; load mext argument
lez rex, QWORD PTR [rcxt8]  ; shif

Pointer to point to the argument after next
inc r8d ; countis
cmp edx, -1 5 is loaded argument -17
ne SHORT $LL3arith mean 5 go to loop begin if its not'

unaagnm nean:

quotient

rid
o
mein  PROC
sup p, 56
mev :
mov D PTR [rsp+d0], -1

fov  DWORD IR (rsp-321,
r9d, QWORD 2TR [rdx+E]

RC [rdx+5]
PTR [rdx-1]

3563013

ERAMFEE, SFEBATREREET 4 A2, REDREBRAN 2 ASH. K arith_mean()
YA BRI 4 A BETHEE I R, LR A B S H TR T 5t TS S 8
GCC RUNMTAIRSHR? 5 MSVC ML, GCC ZE4 T NI 1R BIMR A . &It RAIT AP
WA IR A B MRS <4 b, JHEASRITANE, 3 A E S F BRI

HE4 TSR 463 x64 TH GCC 4.9.1 Wk

arith mean:

rax, [rsp+8]

; save 6 input registers in "red zome” in the local stack
QHORD PTR 81

GQHORD PTR [rsp-32], rdx

QUORD 2TR

QHORD PTR [rsp-64], rax
rax, [zsp-48]

QWORD PTR [rsp-8], rd
nov DWORD PTR [rsp-72), &
lea rdx, [rspt8]
mov 3d, 1
mov GHORD PTR [rsp-36], rax
imp .15

LT
; work out saved argurents
lea rax, [rsp-48]
now
add
add rex, x
mov ecx, DRORD PIR [rex]
cnp ecx, -1




FA6FE EREHEH 483

.18:
add edi, ecx
add r8d, 1
15:
; decide, which part we will work out now.
i is current argunent number less or cqual £
cmp
jbe ; no, process saved argumerts ther
5 work out argumﬁ’\ts from stack
nov rex, rdx
add rdx, 8
nov ecx, DWORD TR [rcx]
cmp ecx, -1
jne .18
R
moy eax, edi
.1c1:
main:

n
mov esi, CFFSET FIAT:.IC1
nov edx, eax

mo edi, 1

xor eax, eax

add rsp, 8

jmps  _printf chk

o, AAE 64 THE 8 WAH TRBEME B -HFH).
46.2  vprintf() & &5

{245 F S (logging) A BLHIIN 7, £HAH S TG F5 printf KO, LM W RITFHR+—
3] <4HE&E7E) WAESH” MRS
I FE E’J&k*%ﬁmé&ﬁcmTYE’h&Hdxe()mﬁﬂl TR A SRR B 2 ST R 3
ST G R, ERENAHERENMASEITE, HEFFEE4 printfORE . WATRIE? X
BATRATEA AFFEy 1, ZRED TN YRS TR E R (variable. AR MB5. U die)
BRI E vprintf B ACH B, ERAZEMA AT N RMRFERT S, D BARWE
LIRS BT va_list 19IREF.

#include <stdlib.h>

#include <stdazg.h>

void die [const char * fmt, ...}

va_list va;
va_start {va, fmt);

vprintf ifmt, va);
exit(0};



TRMEEE (L)

TR 2 R, va list -

AR TERIFE, XM 2.

JE4TEE 464 MSVC 2010 THIRFMRA

; load lst argument [format-string)
nov ecx, DHORD PTR _fmt$[esp-

; get pointer Lo the 2nd argument
lea eax, DHORD PTR _fmt$[esp]
; pass pointer

push

call
sLN3edie:

int 3
_die  ENDE

AR, dieQR BRI RER R W
# OFED B

AMERSHEIEE, EHILEREA pintlORE. EKE
SRR (3

$54iHE 465 x64 TR MSVC 2012 fh4k

fmts = 48
die BROC
; save first 4 arguments
nov QUORD TR [rspt8], rcx
mov QUORD
mov QHORD (rsp+24], 8
nov QRORD PR [rsp+32], %
sub rsp, 40
lea rdx, QWORD PTR [mt$[rsp+8] ; pass pointer to the Ist argument
of diel)

points to the st argument (format-strin

RCX here is still
take it right from RCX

s vprintf() w
vprintf
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