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4 F15 RATOAF

1.1 M Hello World i

ZTCEE ], “Hello World” 6 FF2 17 G135 2 2k B B, R — R mEF,
WA T EBEIAVENT RIF Rt 5. oA R IS A A R A PLE, R ERATIR
NI -AMET PR “Hello World” R, #iar RILIR £ MBEBURE %, (E5k ERIIFR
AN EE RS B R AT A BRI IR, (DL I B Y B T RE
RN T . Wk T CiEH % 5 1 Hello World #/5:

#include <stdio.h=

int main()

{
printf("Hello Worldin"):
return 0;

St N XL A, PRI R AR D b R — ARG I OUIR W A R G Y
o  FRFAfAEBAERTE T2 IaA A st ?
o RIFHTIE C il S RFH AT LIAT LA SRR P R T A, Baln?
o HEHmiF LRI ATIAT AR IR A RTHESEEHH A ENEATRN, B

LR ?
e  #include <stdio.h>f 4 8 A ? B stdio.h 10 FHEOKEEWRET AT CESENEHAT B
BEosEIm?

o  AAIMILHIE L (Microsoft VC. GCC) FIA[a] fBEH-F {5 (x86. SPARC. MIPS. ARM),
BLE ARl VE 24 (Windows. Linux. UNIX. Solaris), B&&miEH ks R—F
g7 Sgfta?

e Hello World F2}¥ R EAIBIHEKN? BERKEELAREHEW? EMBEILAFLHEHT,
FWEJLEE W ? main BB TR AL T4 7 main MEEHRLLE NEET T4

o MEKHEERY. Hello World W LUZEITIS? QR —GRARERANNAE L2
1T Hello World 75 BT 4 ? Mz g A 838?

o printf EEATIMN? B ATUEARAECERNSE? 4 EREBELR L T
i

s  Hello World f2IFEIZ4TI, EEAFF R AETH?

AT A R, W R AR R A T AR S AN AN, O Ho B i R

FIFLHIES 7 4R, ARSI, ZADBARNIRAES 1 R RIS 2% [ B A

EFTNSRER—iE. XU5F
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12 PTREHESR 5

RITH, EEMKEAHBIE 1 Hello World R85 X4 LA B XM A8, Mk
MTREN, WARER, XABREARERR, BER D EWNELREIT, RSN R
BAM G TSR DI BRI R (TR RFLT . AR LG T BERERHEPE R SE L, B &
----- MR RGUHLE] 1 FHRAIR Y HURFIX LS ] J 2 2 RITF, R B X R IEAT S 5 1Y
LTS F A A i BT 7 080 4 P 5«

TETTURTEN BT SRR RSB 2 0T, L RAVAEAT A 355N, 03 1L — 2 ke [0 it
WL ARG — L AT X B NS AT LR RIBGL RS 2 AN, 252
PR S AN BRAF I 5 . AT H ARG LR L4, 51 50 al w2 R IR E A
A G SEALKE A R B LA TR A B, I Lo A IRAT Y T 11 310 ooy e e B A K
1l RETEMMS, JGHAZ R 2 B A S . R A X e RS 1R
TR B I 2 (AT LA CRBE it ) B — 3 JL A R R AR, SRS FLRERR RIS 2 % .2, WU
WIS AR IR, SRR BT S XS, A IR AT 40 AR S 4T, A
R IX A L RE X ORI A B BRI T i ALK A

1.2 PEREHTR

WHBUEN R Z M8, K85 FHEERNGH TR S B8, NEFH
R R AR AT AR TS BRSNS G .. G FIPERERS T- 2205 5, BE b
A “vH 87 XS . e BRI, RO R TEE R R IAT . R
) PC Bl R AU R M2 x86 F54 41 32 7 CPU M AHSEHL. RFERSA, 1
EHRF LHMW N A XFERG ST R, A 90%LL EaiEE th i,
FRrLAME R — f_ERA TR AEIE LR S RAWEFOF & A RBOCEN, BREFT
G ERIN D, (AR L eI AR SR TER AR —RAY, RERI Iy
F—FFE EREAR, B2 & KFDRE, R LIZ— B =, Fre A
HE, HAREESRZ M x86 “F& FRREREH B ML, “9 — KIR7EEE MIPS
R HEIIRAR TG LMIF R, BE T E N 64 GLff] Windows 5% Linux 71 & N FHFL ¥ it 1 15,
PRAR PR e R B e 12 18] (¥ A1 2 &b .

BTV SHLRE (2 B ST 2 B R S H RSB D%, s M TP R B S,
BT AL B PR i) JLA R . 0 T RGAFEIF R K B, WML B 4 B e o 5 %
i, SR S EA14) B b S b % CPUL IR VO B A X = AN E
JLFRE NI T 5 RT3 AR R IR # 5 3, fBI1UTR T B0 CPU LAk,
HABK BT AT S0, X T SR P AR RE R (0 Java. NET siMAE
HIRE), % CPUMATREXL, FXST G SR T —A A IR 05,

EEANERER—EE, BUB5F
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6 $B15  BOTFE

o] R R XM R AT EAL T LL T .

BRI HR AR E BB iE, CPU M .OMZEH AT, BATFRME—F,
ENH R AR — MR (Bus) k. BT VO ®W&EME R &, B, S
MER ST E S CPU RIN AL —RIBRE, YMEBEEERNERERE, ErRERER
ek H FRMER. T ro &5 082 HEE, R Taeik CPU RESEH /O
WAMTE, BRSNS EEHESEMHNE VO BHEIRE. BRI EIUEE S5
1-1 Fi7R.

Hard
Floppy ) "
Keyboard disk Emrs disk drive

Ll [wremmwwomm) (") [ ooon)

Floppy Hard
Video Keyboard ; i
CPU Memory controller controller oolsitrst; ler mg{::"er
BUS

B1-1 SRTEANEH S

¥t F CPU O MIRT, SRANTFRA L CPU M E, FR™ET 5SNFHE
—F RS AL, T CPU RGBSR Y RELLRITHEG . HEMEEEARIRER
i M, HERIE 3D R B EAN LR, WAERSATER CPU MR LRI H
i, 1B VO A%k O Rk B R &M E AT R, AT HiE CPU. AERI & B
%, ATETIHRE T — A EEAIeE A, RS2 (7] A b e Hh 2 # i .

i T AL HFEAT R A SR &, BT AR 1) 188 %t SR S A0 e SR e db o B, JERR
BEAM AL P R4, NAUCF R B, Bt a8, TRANXEW T 14
% M EIHF (Southbridge) 51, H#t. USB. @#. WirSR&MEEEEFL,
M SO A EEETFIEN L. 20 4 90 108 PC HIERLG L L XA E PCI
Giby, TCEMGE B & L RAIM ISA B, KA PCUISA Kpgib#f i ki iifF 5 ami 1-2

fir b 1) e BT 4 i 5 4 #94E#F (Northbridge, PCI Bridge), ‘& sk {8 AL,
FER IS BRI SN AL, ERAE CPU, S NERREE, SEANKK.
JEFFE S LA R, AU ERNTImR PCT B 2.

PCI (f3 R St 133 MHz, EERAREREANMOTR, TRANXEY [ AGP.

EERNSHEN g, KA5F
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1.2 DEFREHER 7

Locat bus Memory bus

Cache bus
Leval 2 /1—[._\ Pcl A l N Mai
cache N—/ cPY &:/ bridge (‘ ‘;) meﬁ:':ry
PCl bus
ﬂ yd .

B S I

Graphics
scsi use ISA IBE adantor
bridge — i

Available

disk PCl siot
- T
Mouse|| Key-
board ISA bus
(A / r] n n m,
N lL oog—
<5 L
Sound . .
Mode Printer Available
card ISA slot

1-2  TPHFESHIMEDE

PCI Express Sifi & S ASHIRAR BB . BAREEF 45 M UK IR S 24, (HSCks [
IR B E BAIN CPUL 17, LUK VO [3EALEH), HATARLTFR 149 40 13 #5 B b}
AT LA B 0K 2 R A A R

SMP 53#%

AR R LR, X RS TRE M 0. 7ERt 2209 50 4F, CPU (81 AL
+ KHz 2ITLAEN) AGHz, BRI T H0H iM%, 34 L4 18 AN BRI 82, (02 & 2004
FELLK, KRBT D2k, cPU FRIBER AT I F 35 P2 08T A T 4 . DA
AR CPU BT 7 W D453 T YRR, Bk CPU Bk T 24 ARME, %
W CPU (94345 £ — FL¥ H 3T 4GHz 1} “ KAEK” i,

TEHFR PN CLREREHRIM T, FRANFGAEMEMN S AN RS
CPU ML, BRI CPU MR, — it SINIIE £ CPU R 14 Hetdi T,
RELIA®AE TE CPU [Hit&hl, HPRERM—FE R AR AR (SMP,
Symmetrical Multi-Processing). ¥ ik 484 CPU FEFRGE 0 BT AL 1 S 77 52 35 1)
DHRER = — R, RAREMRRE. Big ik, #Min cPU FI%E T HE RS Bk, 3 H
HRANOT, EEMIRES CPU M ERIFH. {E25 33, B A B RE R HE AR
R AR GE 7 BRI AT T4 584 AR T 1) F 1) S A —AN T ATTRITE 10 S HEH 42T,
BE 10 MU AHARGEE—NARE NPT .

EFRNERSs —itE, ZRoE
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8 18 BWHEMAN

BARIR B iR B AL BB R AR A I, B W IO N DU TE AR B e PSR AR 55 8%
b, BT BOCR IR, MK S R AT AR TR, T L A PR R AT L
Be N8 st R AR )

% 4 PR B R B %2 1A% A th R IX SE I BT (V) AR 4 B A0 T T A3 N RV B M A
Hifii, (62 RN LR R H Nk, BB ERR AR AN, T RSN
I RFR S L AR ST TR, X “PITE” MRS LR
R AR, RIRR 20, I A A E R AN RO T L, BT L
(R AbFASE D8 T —f, X LB (Multi-core Processor) [fU3EA#HE. LM
SehR FEEE SMP MR, MR E I Liea —E5], HENEFAMMERE,
T X SR A, B EREEITAE RN, B2 SN SMP fEE It 5T 1
Arg i zEn, AR BT LA A PE AR . AT HBUE, BRAFARIE CPU MR —W
MK EET, FNIET LR £ 2 SMP B M.

HEFFIWIE: “Free Lunch is Over” (RBFREBEHERT)
hitp:/fweww. gotw.cafpublications/concurrency-ddj.htm

BEE CPU SE®ET 7 "XRER", SHABEEELBLER, IEFRAREFAFL
thig R ERMAB T, XHIERFHMTT BB ZRHRNEFFLOHR
A&,

1.3 58S, BT

TR I A W LS L RO, A5 40 S O T S o LA B R RR A &R
A, DLX SRR R . REBME L F e, — e PR, iR R Y
WG WEENFE T IBITEEMBLL TH AL LR B4 —SH TP IFRR, HmgsiEas.
TS, HES TR THRFRE. ABBEENMHRAREN—Ts, FEREERN
B (UFREITERDTRAE) MAHXAT.

N RSB AR R MR —HENSH, HFARNL U85

it JMUAR S AT I 4 42T ) R AR ST oL B 3T Ao — AN I 404 P ) B R MR

“Any problem in computer science can be solved by another layer of indirection.”

KA LS T i SN RSB RGBS, B RA MM BRI T RE
PR O S UK 5 M () . AU T ML R R MR R R (6, 4 R L A e 4L £

el R iR 415 R 5 E AL BAEAE, WBILAAT AAE E #4933 #F4 Butler Lampson 898 LAY, S AE
EDSAC &) % %4 David Wheeler #65: A A48 8 A CMU #H ¥ LA 6] 45 A Alan Perlis 192 3.

EFERNSREBR —E. RUS5E
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1.3 i5EE, B8 9

FCUBRAE RYGALE, IR F PRI . 4 0F R 55 1R 25 55 1 4 M 0 2 45 PR ISR 2 R IO 5 M 40
SORIBIHY . RERMFARGHT, SRBKEORIEDE 1-3 PR,

Web Browser { C/C++ Compiler
Video Player Assembler
Word Processor Library Tools
Email Client Debug Tools
Image Viewer Development Libraries

' Applications: ‘ Development Tools: ‘

—mm e Operating System APl— —— == ———— = == =
[ Runtime Library l

‘ Operating S.fstem Kernel —‘
————————mm o Hardware Spechication=— = = = = = — — = = = = =
| Hardware

-3 HENREHERSH

TA RO T ERREAN 1S BEARZU B A i — N EAE MO, TRA ) s 3L
FOAED (nterface), DM FRIAE R CAEMEE, hEE BN, BOM ERERE
RN ER A, BRI ORI R E . ERKE RS, 0RO R
M, RERFFRE AL, WAME LLIRZ IR N BRI AE O, AR — 24T LA ok
BB B B T AR AR T HABRARE AT IR R R, AN PR AN E Pl
MR 8. IEREIX S o) 2 AR 4, 49 15 A R e B AR REAR R RO Sy, b s
PERIBAE RAFOH AR AR, (HREAIH 80386 45 Al DOS Rt BT ISk EAE B F i
F AT Windows Vista TIEEAEHSIZATIR, X7 VA L) FRECF AR RGEA SRR T
)G AN, 55—y WAL, T2 K G H 098 77 30 Bl THAFAT i AL AR
ERAMEEAIRIE REZ RN T —ZERUZ, 78— ML AT LRGSR M 0 &
G, X RIZREHIARMEF L, LIS T RED AR EARMBHADE MER T, Hn—4
J R AT LASR AT BT R AT I Th

BATA AR, LT LR R N R, 31 es B3 4350 .22 . Email
B DRSS EA RS, NEMNBREH LRE, FRTASNHEEFZRE
TR 20, B ENIE A —MED, AR R %5 REFRIEE D (Application
Programming Interface). K8 DR MEH EIETE, HARRBITERMA 280
APL. Lb&n Linux T/ Glibe FE$R it POSIX (¥ API; Windows 1938 1T FE 24t Windows API,
I H WL 32 7 Windows $HEH) APT X BEFR 24 Win32,

BT R E R AR REAAED (System call Interface), F 4 A M7

EFRNEREF S, KR5E
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10 18 RETOAE

Wb {EL SRR BR (Software Interrupt) (¥ 404, b Linux {8 0x80 5 ik A
Z4MAHO, Windows 1§ 0x2E Sl A R MAED (A Windows XP Sp2 FF4,
Windows T4 K FH —FiBi R GE 1 A i dlD.

a1 RGN AR T RE 2 ok BE R R 11 R 27, o BB O B U, BEFRIN
P SCUE TR AF RGP, HAOKRUFRLR 3 30 B R S SR A B0, S 5 B R A T AR
JORhHE 14 M R 8048 (Hardware Specification). AR (¥ 4, #i A ST LB 1F
K, 11 FR G0N SR B R 00 FF 2 0 ) B o M SRS AL 1) 25 R TE1-4a FE 2 1B HE R

1.4 BEREMBTA

e RGN — AR IRt R D, S TR RE R B P

LR AR A B, thin— A CPU —RREPREMB T IR & 4 B2 1 10482
|GB [N fFRES I £ RN 42 6% 1GB 3. Ltk E, HHaENAZ. MBRHE
AR (1 CIE R SR A B 2F Bk PR 8, 78 MBS A I AE ), AP TH LB AT B A2
&, {0 RO ] N S R4, A BRI PR, X3 T E S B 7 S0 E
FEECHL S B R e, AT S0 AL TP R S BT AT e . LR R R
4y CPU. 7148 (UG MTFRBEAD) R VO W&, BAIA MK =AM TR F iz e
T .

1.4.1 FRZEilk CPU $TiE

FEIFEAUR BRI, CPU Bl 4 &8, W -4 CPU RfeiEfr — M, BANRE
FEERRA CYBTATRE B ) B, CPU MW TXRT, XU EMRRREZAW. T
ARG S T — AN Ry, 4R EHEH CPU B, R RTFRAE S S
\EZE%4S CPU BEMFUT S, 7 CPU RESS R A MR AL K. XMHEHRAZERF
(Multiprogramming) (£ 7 B LRSS, {H R B 490 B8 KRS T CPU A%, A
S S o JE e 1) 25 TR R 7 7 B K11 ) 2 R 2 ) R P SRl ACHELRE o 3 T BRI K
M, PR AR RS A, WRATIFY AT A CPU kel — 2615 (LA &
1T, B4R TR B G A A& AR CPU. 3R T3 B 13 i (0] 23K & 11
FEok i L R B AT, ARG~ FRTE Windows bl 2 Bk 10 8P LU RGEAH RN, Hix
JEE AN S,

LR PR, BRFEATHAZDR T — R bME R, B RFRIEAT BRI LS #8

ERRNEREF iR, RUSHE
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1.4 BIERGEHH 4 1

Fahikth CPU HHALRF, 8 — B MNEANEFEENLET R X3 T —
R B AMHESIUAEE, thindidi— F RbRalid F— MRS, FFEpEsmyrs
WREFFA S, (BT RS R AR, 515 /7 a8 L RIE BB . X PR e R Y
W Et &% (Time-Sharing System), XIHEMEHEFOLLEERTFESRET, ©
BIRMNRGRE CEEREIR T . Windows BRI A (Windows 95 F! Windows NT 2
1), Mac OS X ZHi Mac OS A KA R FHIXF i REEM 7 RRE BT . Wolng:
Windows 3.1 1, BUFHH Yield. GetMessage ol PeekMessage iX JL4 Z4: i AIHS, Windows
3.1 B AE RE AT R A HARRT I ESH CPU, WRA, WA A 34T M4 7T T,
£ CPU il ke KA i ¥ o R — DN EF AT MR AR, B & 53 CPU AN,
W2BERGMBINE, HALBEIFHIUASE, BMREEN LB T 8. hin—p
BN T —A while(DIIZEIEER, AR REMEILT .

XL R KR F, RGP LA — MR & S AL, XL
A NEZM . U PC BEPFAERAE ) A B RIS, PC I K 2 52t i
(IR, BT AKF o3 i 07 USSR A B R AT — F MW A BRI HE T i 76 i S, 3F
PC (RPN RIS, S0 CER TS — P St MR R T . IR B S 2
MAEMRABNZES (Multi-tasking) RE, Bk RAEY T ARG E,. HFHAS
BATE— NSRRI R . BT A B AR 3 LAERR (Process) IR B 1T 78 L ik
AR EARIIGER, FEASEREEAT B ST R A2 i, A7 P (] B k=3 ) A L
Bl. CPU hi#fERAL AT H R, SRR AR LR S KM ML &4 5 cpu,
(A4, @AUSITHFEH T e rm, R4 RELEE %R, B CPU B
SR ATHIMRE . XA CPU ¥ 50 )5 XEDATIN 3R & 2 (Preemptive), #kfF &40l LA |
RIRF CPU BHHUF HAMRA TN H AT & M. in R 4R 1E RY I Boeh B4R A9 I (]
#RNEL, B CPU fE R UEFE (M PUE b8, MifTii s TR B it R R IT MRS, H
AL P BT SAC AR AT RGO R XA 77 3K, LA AT 124 () UNIX. Linux . Windows NT,
ALK Mac OS X S5ififT it 38 fF R %% .

1.4.2 18&INED

BERGHEAMEEN LR R B E AR . T RIERY L H AT R
MR RS, EMNHEHEDMR DR R N ARFOF RS, i)
AT AL TT RN H R (T I B S B 3 1 AR IEAE PErh TS X S EFG G . (b T
T2 T2 0051, eAERA R 7 A AR . i AER RS Ll —&H
&, MFRETRRR, RFATARFEHENEMAF2E8 R HABRE 20X D
PR, BARBABERH —A 40 LineToO 2 #  AARRI LI X ik Rk e, iR
B PR R 200 KR, R8RSR T A BEME Rk, &

EERNEREF—iHE. ¥US5E
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12

$18 EAH

AE /O 3 11 0x1001 G — 454 Ox 1111, R 5 M 11 0x 1002 i —A- 4 “FAT (1) B A7 bk,
WIGH R DDA R LM EEHE ) EANAE B L2 B RS k.

Al e R B b . XTI B A . AR R R Z BT, MIFRTE XA 1
B R N B R B 7 B P R T A .

A ERE RGN ILLLS . BRI B T RIS . 1E UNIX , s
B fe FE X BR U [] B ST FESN 4% {E Windows REUP, BRMEFHEMB M T GDI,
PN S PR S BB R T DirectX X3, MABMSR T HE R, FE. BIFR
R M 40 A5 P R R, T LS A G I AR R A B I A XSS BB A Y 4
AL TR RS, RAMhUERBME RSP ATEGEE) (Device Driver) 2R 5CIK. W)
PP AT LR R B R — M2, CTEERURIF RN — BB ITER R, (He 58
ERGE P2 M — MMM, (BRI A LB RAEME. B2 PC OB 2 W4
B, BIEREFFRHA TGN BAI R — DN R, XHIRahFR R0 TR T 5
REPEAE T R Se . B RECFT R H RO BRI T — R PR OARER, MR
A DV RIHE 32 FF 52 (UK S F2 1 48 7T LAE 12 1 R A A AT« iERRAT UL — MR IO A 6l 7K
HE BRGNS FTE XL 5 T A mt.

PRFCHRRE, BARERER CHREX MRS PEATENANST L .
U REEHEMAM Y CHMOEEAT R, WMKEAMNA Lok RETFH XM
“ home/user/test.dat”, 15 8 000 74 . A4 FATFEGIR XA MR, Linux #] ext3
SO B GiAT ATREAS XA SO IS 00 B A TE A ZEREA P SCHFIATTT 4 096 - T FF L AL
13 1000 43 5 X 3 1007 S HIK ., BEEEK 512 7, 8 MEXKEIET 4096 771 SCAFHIER 4 097
ANEFFP 8 000 FATIL 3 904 AT, FEAEFEMLALIY 2000 5 X B 2007 SEIX, 8 AHE
K42 4096 1, WA HEMT 3904 MR T, BIFF 192 AAF WA MR
A A RE AR RER SR, SRR mE 1-4 k.

/home/user/test.dat
(-Z Sector 1000 - TOBﬂ/—‘é Sector 2000 - 2007 ‘
4096 Bytes - 3804 éyl;

B 1-4 HERRCPEvESE

RERNATH - TXTERNEHNE, XTESEHTERSEFLEHT—TK
W TR, BREFEBERGFMRAMLABX ( Sector ), BMTBX—MA 512 FH, —

ErRNERER—iHE, KESKF
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1.4 BIERGEHHA 13

TERFEELZINEA, SMTRASAE, SEEREOCENSAE T EE, 84
BENHALETFITBX, thin— 1M ERH 2 MR, 5784 66 536 Wi, 848
B 1024 MHRX, BLAERKNHEZEHKE 2 * 2 * 65536 * 1024 * 512 =
137438953472 F ¥ (128GB ), EERMNTLIESR, S/ BT LRCENEKT—
¥, NRERS T RESHAETEALENSK, BARIATIENEERETSEH
REENWHEE, RESLERATEN, ERNRTANBERX BRI RE, tEE
FE AT AT RROXESAOBREDT, ARNFLLEEH 0 LBA
( Logical Block Address ) 895, IR NMERFABEMBREM O FARS, — BT
mE—1TBE, ZTBEESHESEERES. 2EBRSHE THREE 2005
BEHZXNES, SHRNLH M 2HMABRSH, BANEF BB HERMT
FFRORE. HEFXENE,

A RBRAE T IR ATAREE ), LT 4R3I S H0m 28 K 7 FLARIE s 8 th 1 5 X i
WA AR . A M IRAE Linux 3205 RS, BIRBUXA 8T 4 096 451
i, AT A read I RGTMACLI. 01 RGBS read iHR 2T, FIWH T4FH
AT 4 096 TR T-HEAEAT 1000 528 X £ 1007 128X . 5 3018 RS0k T 51 0K
Bk — N EERGEHEE X A 1000 M 8 K0T, 4 B S0 FL T B 4N i SR L
J5 R 1] B 5 BB PRy 4 TR R % VO @y SR R IR R, oS WL Pl
WITET 1O 5 A A8k, 70 x86 P& L, JAT 65 536 Ml (1A 1E5%, AN
MR RG] T AWM VO ik, CPU R TM& LT IIIE4 “in” f1 “out” RSLHL
AFEEfESE O R,

X IDE ¥k, B MHEMEE, 990 IDE0 1 IDEL, A EE AT LUERFE G
% 53510 Master M1 Slave, —4~ PC P i L AT LI 4 4 IDE 8 & . BIERA 1M 447 T IDEO
(t] Master 8 1=, XtWEEWHNEG FERTENLIE. € PC Y}, IDE0EIER VO 3
At 0x 1TFO~0x 1F7 A 0x376~0x377. ifiief i 5 i i L1t bl ek i &5 IDE BB £1E4 T84S . X
S VI AE AR AR T (50 B, BT TLLSCIRIEHR 1000 538 151 T 4511 8 A5 X 1
o 5 0x1F3~0x1F6 4 747 ff i bl 2 A ok 5 LBA $hhikf), 4 1000 S H#H X

i LBA Huhl 2% 0x000003E8, FrLAFAITHEH: Ox1F3. 0x1F4 5 A 0x00, fk Ox1F5 B A

0x03, ¥ 0x1F6 SN OxES.

o OxIF2 ixMbhk R TG4 T SRS RKE. tiniEi 8 MEXEE AN 8.
o OxIF7 XML HOR 5N ESAT B0 dr 23, xf TiEBGRAkit, &d5h 0x20.

BT A A T ERAT RIS 0

out O0x1F3, 0x00
out Ox1F4, 0x00
out 0x1F5, 0x03
out Ox1F&6, OxE8

EFERNEREF—EE. #uEE
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14 F1E BTOANE -

out 0x1F2, 0xO08
out OxIF7, 0x20

FEBF S BX A a4 LU, SRS AT B, I ER B S B 4o 8 A
fritutileb G A A A7kt i il i SRR dy & 7 CBCE D . PR LA ] 7 op LR SR ] o
B, FERE B LLIXANE G L, RS A B A R A R s A )
VA BE AN G RS 25 A 1 K AU Bl g PERESR

1.5 AREABEAT

bR AT R TR A B, SR 00 B E AR A R R B R A AT
U TR BR . R4ERERN TSNS CPU REBED M BR 2 MR IS,
MRS A BB S B30 T CPU i ANHIF 18 5 JEAaERE 43 5 CPU 41 . B FE ARG
VO BRI WARAFHISKEL T VO B pSL MR, Mo RT3, N
A5 BC iR T .

ERR R, B EEECTEYHAA RR, R0, BRI TR BT
stk AR E M bE . 2R, ISR — N HLRIR ST — AN, A B R P ER A
A A B B N AE IR/, BN SAT . (BFSC RO T SEA RO A A B, &
M mER ST Z AR, EUETHE K2 EER ., 2N REMBAESS F, LRAIGESH
BHZAr AR, CPU WA SRS, BARHEN RS2, Mgt 8
FERMMBAFEIRES M RFER.

B IA 10 5L 128 MB 947, FF AIZIT#H % 10MB, 2 B %E 100 MB, #¢
¥ C %% 20 MB. WREBMNEFERMIZETREF A M B, M4 LB BB ¥ A HT
10 MB 4HC£5 2% A, 10 MB~110 MB 4 CE5 B. IXHEsEAEUS IR A F1 B A2 Al i
1T+ (B S 16T 10 7 7 4 O SR ) R AR 2

o UTEAREE R RIS, PR A A AN A R
B . WA AT LR 5 S AR e i Fr Bt ,  BUAEIRER I H . 2k
WA, HEA SRR AT AN OB O T HAR R P R, A R
B, XN FRERLRENFAROA U ERZN . Ho SRR EmEH it
FHLA R, B —AMEHRMT, BOAL W ILMES.

o AFEAMER b THREAXPONLAETEIG, BFFE-PEFIITH, ki
PSR A TR RN AP RRIG I HHIT . WRBAZRTFEIZITRF C, MAKR
WA RS OS8AE T, KRR UUH ) — A~ Ihs 2 8 R R R T S
PR R, 5B T WA B R AR, b TR DT R R IE L, A
KA B, MR BRATR T A e BIREEL ORI A AR R AN, BTLLUE

ERANSREen—iE. kR5F
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1.5 ATEREELD 15

¥ B Bl REY CIEARIATFITRIETT. ATV BB AN B b A7 AR B
fEfAH, FHEEHIET.

o FEFEITAMUARBWE POVRIFRXETERAZITH, RATEEESENNF AL
—HUR BRI IR, XN B A . RSP RREIER T
FIRRIE, RUNFERATESR ST, U ) B e % B i ity H AR iR 2 #E A e 9, X
W BRI EE AL, RO 2 WG 3 i 2 VR A s L o)

AR R 3K TLA ] R FF) K B 2 S P BT T ST PR BT (K3 - b ()2, B ] — e 422
[y Hahb iy i) A5 . AR X PRI, HRAHERDF AT O ST Ut E (Virtual

Address). R JEilad FAEMR AT T, RS B BRSO I BRI E AL . TXEE, R
FEFRATTAE 8 T3 M4 X S AR A M R B R G LR s T BAERALE A AR T RE
Ly 0] () 430 9 A7 KRR S5 40 AR AL AN B, LUE 1 ol v B 25 (020K -

1.5.1 XFEE

LEFA T PIBIEEFF I3 AT A5 Lo o H P B AR B AT B AN A0 A A B e 5 AR fE A 28 i
MR, fENISEMRRE, ERERE-ARANSITHE, 7 N fihkEm,
[ CPU, AR 5 A 8 SN A DGO HAR R CAPR TR (AL (5 1
SRERAR. DRR X R A B R PR AR R 5 AR D BTl bl R R L st B 1)
W, MDA S R — MR R, A N L R — A XA B
ML R AL KR e, b 32 Ar o HbE A R0 A 2432 = 4 294 967 296 T, U
AGB, HuALZE AT I B HE B 0~4 294 967 295, FHF/NEEHIF KB 2 0x00000000 ~
OxFFFFFFFF, #hhk25 [ 4 #fh: sttt =% 8] (Virtual Address Space) F1HEHihE = 0]
(Physical Address Space ). P9 FRHE 47 (& S SCAEATARAE R, A74E TIFBOHLA, 1l HooF 14§
— &SN R ATME— A, PRl LAY ER S ) R R A A, BRI LAY
& Intel (K] Pentium 4 AIACEERE, M4 E K 32 (4188, BIVHEMLMENEEE 17 32 & (Sifr B2
36 bbbk, Al RATERANE R 32 &), BaPRTEHEE 4GB. HEFRENTHEL
LB T S12MB HIWNAE, BB 4 Hosc4 B L N BOE A AGE o KA 000000000 ~
Ox1FFFFFFF, oAl 40 302 TR (2R b7 — 840 VO P g B =i, e
R, AR R i T AR B RO EE SRR A AT R R Ak S
(], HSIP AR, MAMEREA O T Bl E, w R R aETT [l OO
Ak, KRR AT RS T R B

1.5.2 9B (Segmentation)
e TF L ATV T ) S — R 53 B (Segmentation) [ 4, SEACRRER AL EL 5 R

EFRNSRSN i8R, BRS5E
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16 E1¥| REWTAE

Fy T it B EF A 7 2 ) K/ 1) R 0 2 (T it B Atk 2% 1) b AR A B35 10 MB 77,
A BAVER A — -2kl A 0x00000000 2] 0x00A00000 (] 1T0MB A/ — MBS 25 1],
ol R L 6], SR )5 BAI I SE Br D BR 4 7 A — AN RN s bk, R R
F it 0x00100000 F1 45 £ 0x00B0O0000 £5 5 1K — B 5% [7] . 4R f B AT THE I 35 LA 1) /) [ e
BEAE () ——BR AT, B 3L ) A AR R R T ER A ] e AN . XN AL
BB E, iRk B a8, Sohn i hhb s e i s k. Bl
HEF A hifaH Al 0x00001000 B, CPU £ X /™Mb hik % % 5k sk K7 1% 49 B2 3 bt
0x00101000. HBALLWFEFT A FFLFE B 7EIB1T0, B A8 R 451 5% 1) A4 B 2 1] B i 2% 2
ATRE P 1-5 FTR.

0X06400000 = = = = = = = = = = ’ B
I 1
J
| ]
| !
! e ¥ 0x0700000
' i
1 1
1
| Virtual Address 1
: Spaceof B |
I 1
! ' Physical
. : Address Space 100MB
: . of B
) ]
I I
0x00000000 & == =~ ==~ — ——— !
0x00A00000 :‘G‘&Ru"aTEaHrEEs_‘ b e 0x00C00000
000000000 | 5Pac8 Of A _ ‘:\‘ ~Bhysical Address” ] 0x00B00000 e
10MB
___SpaceofA__ }ox00100000
| S 0x00000000

1-5 EREREHNE

SrBMTEEARRR T EERBIN 3 AN E R EE AN REEA RS ME T sk
&, BARTFE A FIRF B ¥R B THIRA R MRS XL, SN2 A% EEs,
R A Uil A E] (kB T 0x00A00000 X3 [, A6 2 B84 5k £ 58 I i B — 4~
LRV, FELIX N R, IRRX D E RIS AR R, dEXsEn
bR, &, W TRNREFERE, TR T 08B Y ithat fu— MR, »F T RS %
WASRIFEHA, EMNAFEEOWE AL, B0 REEEE M 0x00000000 2
0x00A00000 RWEREF. MEER, UEFIAEEEEEM.

BERNSBEF—ME, RR5F
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1.5 AERBEAD 17

10152 73 B IR T 0 AT MR R B AT 038 A ), B 7 o P S e L 4 BT
PP SRR R L SRR 3L, AR, B A S BR800 B2 B R,
SRR 2 BB VT IR, AT ™ TR, R A R BN, RS H
BN B R, RERPRRMEREE, S— NPT, EEARHRA, © R RM
FHOHI BT — MR H, AR L, FeFF ROR 5 MO8 L S e — i IoF 1) B oA 2 R i
(F2 AANAR FARHOAE S T /AL SE () P 7 4 0RO Y ik, (7R R 1 S B B FR A8 31 75
SR, KA T WA . XF LR ES T (Paging).

1.5.3 471 (Paging)

53 G (3K A5 75 5 FE b1k 4 ) A S8 60 R PR 2 AN T, 88— SR A ch BB v
EREEF SR AP MG T, Rt RAEFRUE T K. HAD Intel Pentium & %14b 1 28 37 #5
4KB 5 4MB I TUN D AR 4B E R G0 T LUSEFE 45 BUA /2 4KB, B 0] LA SE R T4/ 3 4MB,
HETER—IZU R, BTN RG KW, TREME A, HIJLTER
AW PC _EMIRIE R 4KB KM, BAVERIK PC L2 32 f10 dfldbht %57, B
WAL 4GB, FB21% 4KB B BUAME, SIEAT 1 048 576 0. 43S (At R RIRE(R 43

FHETBRATRE — PR, W 1-6 B, AR 8 71, A/ K 1KB,
TR M f b 23 (A k 2 8KB. FAMR B i SHLA 13 & Huhbed, BIHH 2713 MpEe Gt
RESr, MAXe FWPRFRATLLEIL 8KB. HEN TRMERN, MITNTERESA S, 1
FAGE 6KB (N A7, At DA EL 2 (R Hsi 800 F 4 M KR T 6KB.

M2, ZGIRAEE R R 0 25 8] e BT 0 8, 3R FH RO B FACHD BT R BN A7,
FEAHE H A BOE (RAFERER B, 7% 2 1 B A4 i 402 A REA Ut sk B T, L
1-6 A @, AR B Process] H1 Process2, B fITHERR P {19 36 4 B2 o) 03 100 40 et 54
TR, i VPO, VPI Fl VP7 BLST S| PPO. PP2 Ml PP3; a4 354 i HIZE AL,
ten VP2 A VP3 £ TREALH DPO 1 DP1 ;5 4hiE g — (i tn VP4. VPS fl VP6 1] g
M AR BV BT ] 2, SRR AL T AR R FEX R, AT R R 42 1) i BT el
Bl (VP, Virtual Page), T8N 774 TSI B TT (PP, Physical Page). fE#f+
(SR TT (DP. Disk Page). EP IR M XK, RIITLAEB BRI RME
TR BIF — B 0L, XEERL AT LA BL P AR,

Pl 1-6 H Processl i) VP2 F1 VP3 RNYEATED, 182 GHEF2 95 A 20X il A 1T fnd {2,
W HRRIXAMHEE, MEFMENTIHIR (Page Fault), RIEWIERKGEEHE, Al
¥ VP2 F1 VP3 WAL PR K HEEANAE, REBAEFRIXEANIE VP2 # vP3 2
(R 7 BRI SR AR o A Ay SR SR AE BRI AT WS e e {3 4, A A 5 3k S bl LU 24
SR AR A I 2.

EFTNSHRBR 8. Bu85E
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$18 ROTXIE

VP7 PP7
VP PPB
- VPS5 PP5
- : VP4 PP4
Disk vP3 PP3
— VP2 PP2
oPt - /
; : VP1 PP1
. DPO -

—— VPO ————» PPO

Process 1 Physical Process 2
Virtual Space Memory Virtual Space

16 HERLE, WESERME VTR R

(Rt R TR H .2, T R R RS O AT LA AR S, T s, HE
AL A, T R AR R R RS OX S R Y, B4 B ARG AT LU B (R A SRR
PR, TR, BRALX RSV RN, VEA R 2 BRI RIS A T
B2 M.

A S R S B SRR SR, A TR CPU KSR AR, HEILFE
) 4 3 S HD— M MMU (Memory Management Unit) 835 RgE4T SUBSS, i 1-7
FiR.

“ Virtual : Physical E-_—Pﬁgéical o
CcPU Address . MMU Address : Memory

B1-7 ERDAFPERIE YR

ZETTAHRIZ R, CPU % )& Virtual Address, BIRAIMEIFE IR R ELMAL. 22
it MMU 64 LAS 5825 F T Physical Address. —# MMU #B42i7E CPU EE T, A& Ll
SR

BEFRNSREF iR, KH5F
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1.6 RARBENESR 19

1.6 RABENES
1.6.1 ZKiZEH

M R, B THERZ 4h, SR~ PO EENME. HSEHE CPU
FRORIT A MIUAFH, MITAR [ B R . ZERE, (ST R T — A F e
(57, R TF o BT MR SR R 0. FRATTHE7E I — W RIBR 2 AT S5 1 2, (LB TN
BEE. AR, RRER A, PSR S W R M S R BUREE B R %
SABRWFIAR 9K, R GT R 2 I AR 2L P2 T o I A PR AR 4. 2
ARLRLEATIE, FPRlR ISR L B RREMICH S M SR E.

taBL&E

%32 (Thread), fTHI#F HIZBRIAIZ (Lightweight Process, LWP), JEFEFHLTTif
Mt ot. —MAREILRTFE MR ID. HaiiE 245 (PC). N7 LS AR, @
WENE, RGN R B AR, SRR SR T A A 7S ] IR
B BB HESE) RSEHBAOIVHR AT RIS, SRR SR
KEWAE 1-8 Frx.

ok MR [EwmE | AR

| mEE | [#ER BEA
Ta T W
[MainThread Thread1 Thread2

L o ) e

& 1-8 #HEANEIE
KEBEBAENAI, RRABEHAIL— . B NERTCLE D FHMIFRRAT, 3t
FURN DR ERMENESE. A, $ARMSRERNERMAL, XaMEEBRR? il
TR, A B AR MR M L.

EFRANEREF—EE. KHS5HE
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20 E18W ENMAF

o EAMERETTRESBIAKE MR, SRR SENEIRRE, LEgENIT. 4
FREAT AT LA AOR) S A IR ) . RSP 8] S I S W 10, 3K T 8 B2 4 9 R0 Bt
TR,

o HAMRAE CEEEASE) SWREARMNE, GUREA AR, BIERRS 2R
AHhl, SEAEJLHE - MR L, BB RSO

o FRFBHA G BRI IR, B T FEEE (Bl Bittorrent ).

o % CPU BEZIFFHL QLA EFKMERFEID, KGHERKIITENLIEN
fety, DAL SRERIRRE R kA I R T L A v S RE

o MR THHBNA, TRECHMLZETHREESRS.

LAZHVINIEALR :
SRR Il 4 1 o, T LAY R PO A LA TR B, A R LA R O MR

SR il LR FR A e bk, B AR NME R, B EERAGaC

(F IS R I P E 11 Y W TR

o Hk ULEIHERALE LRI, BB TR LI R FAA MR-

o HFRTEE (Thread Local Storage, TLS). £k 5 /3 MEF A5 2 AL it R 0 R R
RALMRAT N, (Rl LA R RO,

o  AFEE (A PCHAI), FAAMRMITRAEEASHE, FHCHERERA.

M C FFE R MEERE, BIRERRZRRETRAWE 1-1 PR,

F* 1-1
BERS ; BRBEZARE GEEFRH)
o EHEFE o 2HEF
X TLE ¥ 3 o il #iiE
e TLS #ig o GHEMHSETE
o ARANRAD, {EATEATIA ALA R B PATEAT A
o HF#XH, AZEITANGIHETAH BARLET
KR SR

AR S 7E B AL TR S 0 T ST AL LR S AR AL TR T AL, SREERE “IFR” AT,
LR BB T T AR A SR OF LRF RGOS L), KRNIFRERIENIF
K. RAQERETEARA TS F, bz /A ER T . B TRERE AT a5
BHt s, ARNHESTE . BEOvR EDH — R RS T H AR

BERNSRET—HE. RASE
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1.6 RABEWNES 21

LERAEF SRR 2 LRI T, R Rl R AR S . B RS S ixs £k
FEFEIPAEWANAT, SOOI —NEINTE] GARRJL FRL A SR, XS LG “F
AR ERNHRIT. XN — DAL S R ARMERNIT IR R EE
(Thread Schedule). TEAFRAMAEY, HFAEEMATEL=EMRE, 49E.
e iZ4T (Running): M EFIETEIT.
o  Fi#E (Ready): BEEFEEFERTLICZNEST, {8 CPU D48 HH.
o  EH (Waiting): MR IEAESFE —H4 CE¥E VO 135 R4, £ikthiT.
AbTFIB AT RFEIA — BT AAT IR ), IXERRS RN B B (Time Slice), 40
[ SRR, AR AR SR . 0 R TE I W) M L R SRR o TR A A S,
A CHBENERRE . B —DRBEEIFEITREN, FHERSRSKE D Hbr s
HREAEENAT A DM T HFRRRERERT S M SR L2 5, ZR RS RS A,
X 3 M PAEREB WA 19 B,

TIEfTEIE. BRGREHIED

Ready |

_\ B8 | AR >/

ﬁt&gf*\b( ™ BREE
VUji/%—**”

B1-9 &RPEIE

LV A 2 AL BAE RGO tH LUK LA W 442 1 AN R 5 R A B BLAE E A
B ULE R AR, B HERIFE (Priority Schedule) Fift¥:5% (Round Robin)
HIRIE . Briffe sk, R AR BN & AR RIIT — BT R ik X RE T &
FE2Z ()28 HEBHAT R0 . AR S R R S W) P T SRR BB A T A MR R AT« ZE R IR S 2k
R AL, SREEMH & B LR ASR (Thread Priority). R @REHMABHLE
PHNAT MEPESE R R FEH & LB 5B R C BB A RILER M AT BT R At
A fESEIT . 7E Windows 7, ] DL fd
BOOL WINAPI SetThreadPriority (HANDLE hThread, int nPriority);

REBARMMNEH, M Linux T SEEHCM M LLELL pthread FERSEHL
{E Windows 1 Linux ', RPN AELANATADGAH P Fohe, RELESRFEAR

EFRRNBRBT—iE, KUEF
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22 E£1E BOUTAE

KRR AshiF RS, LUEH AR EEICE. flad@wEiEn b, MR SFRIRE
GENSERARE, QFZEURTT S FH S A LR (Blinda Vo Mg i
TR L E TR R AR E R A A A R M e FE B2 WO & L iE FRAR R
SRR LR TR L RO U], CPU SN 7. A —BEE S S 1
LEFEFRZ N 10 BERLFE (10 Bound Thread), fiiBiR/ DS FFA CPU BRI
12 (CPU Bound Thread). 10 #F4EAILEFE S A CPU B S RYER R 5 19 BIE e R M4 7.

TERCRAE T, 74 —FIRIE (Starvation) MIL%, —PEEH#MRE, ZRENN
R, EEPATZHT, BEHBARARKNERRENIT, HILXMEMRERERIGE
THEWIT M4 CPU BER MR RGRE M ASN, F 2R SRR T e
RIE. MT— P EL RN 10 FRBIEF B T AR TSRS, Rk A% s
AR RRIE. b TR RIRIEMR, MR RGO W AP R TSR T K R M7
REPAT LR RS . EXNFERT, MEREARFHFLBKAME, K% -
SE LB LWL ERATIRERE .

iFRAIES—F, ERARFAENRET T, SRNONEHRSE BT .

o  JISREMLLE.
o FRERHE NS ROR AR PUE R SRR AR SR B .
o KRS A BT B TR SR
TS LENARTRSEE

BANZ AT THE R — 5 AL HB R R RLAE AT I Y 2 f5 & 303 ) R 4 4t
AT HIRUR], TOREARERE, XA EEE S (Preemption), BIZ & PAT 15 4L
H TR, AR RS (Fli Windows 3.1) B, KBRS SK. KL
MFANE M —DRFPITES, A LIRS BINAT . TR KRBT, 8/
P EFHE NGRS, AR SERS )RR BRI o W R TR AR B A A SR
25, I H W ORBEAT AT AR, A AL AR EBIAT . ERTH SRS,
LR LB O AT AR P AP I L o
o HEEHARSREFAN (VO ).
o ERPEEENFFR N

BItk, 7EREH A RRPATRR, 1A BN AL, 0B R R R A HLE e
(), LRAHMAE R4k A 7 LR AT AT B R S R U AP AT o JHf T LU % — 22
Jodts oy R R R R BLANIRE T A A A (LR 19 SRR A, HEEm, ARk
HAZRES R CE PR

ERERNSREF . XN5%
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1.6 QABENIES 23

Linux BY22 412

Windows XV FERILLFLIT IR0 A BB — MBdRiE, Windows PR AT WIH L R At
BMMEE . 7E Windows API H1, ] LA{# F WA API: CreateProcess 1 CreateThread 345
HERAELRE, I B — R 500 AP KRERAE 1. HATT Linux 8, SEFRE 4S80
s,

Linux X £ LREFMAAZ, HLE, 7 Linux WP HFRAFERIER X gk
&, Linux BHTAMBITEAE CCRREFRERIE) BHEAES (Task), H—MEF
RS LARLLT — M RRRMH R, AW, AT, O EES. R, Linux
TR TS 2 [T LUE SRS X A2 0], RfiEsEhrg X b, KETR—ANESRNE
ST — DR, FATL S BRR T XA B LR, 7E Linux F, FALLF ik
VLGN - MRS, WmE 1-2 Bris.

*1-2
AEEA ' £ B
fork H#) SR
exec 18 B 49 ST AT R AR B £ & AT T ShATm R
clone )3T A AL B AR AT

fork B4 — ARG ATHERE S — REIOBIERE, JF AR R fork BRBRIR
[B]o fitnan 486

pid_t pid;
if (pid = fork(})
{

}
e fork RBOAM.Z NG, FHRESHIRBIHFFIAILSE M fork EURF. {BA[E MR
AES 1 fork FRFEFES pid. TIHE S fork #iE M 0.

fork PAEBES MHZAFR IR, KA fork HARBIRMESHIAFEE, REMBRATS
~iRIEE - SHEH (Copy on Write, COW) (=] (WE 1-10). FHEE K E 4,
fREVEPIAES T LA B I N, (AR — MEL R T e St ARt
R — R S SOy A, DL S B AR TS

fork HAES I EAMESMER, KM EFH exec IMAEAREEBIHMFILSF . exec
AT LLHTET K e AT B R B S BT B T AT . BEEE fork P4 T A HES 2 A, it
% AT LA A exec SRINAT B ETIRAT XX . fork F1 exec M H T4 HiE %, milnRErf4
HrekFE, MeTLL A clone. clone EREA AT -

EFROSHREF—HE, ¥R5F
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24 E1E B

int clone(int (*fn){void*), wvoid* child_stack, int flags, void* arg);

/ . ,<\ — - ,;“
! . I = -._ - .
i R wm fEF ﬁﬁﬁ 15 )é; .
v ) Nk mﬁmmﬁg\ ~,
""( WKz \ e B ,-*" Looa \'\
N e @&%MN#E@ f e - \
h . \ - I " Y
- e ( RITH /:: ‘\., ST
= || ~— e < - gﬁ\ WEE Il
| o Fork AN I — ____,_// I|
! // \ ﬁm jj
__l\ WiEH2 '\* e —
R T N
\ ;ﬁ&ﬁ&‘lﬁﬁﬁrﬁ[« /
\'\ \.__‘ _)l) /

1-10 Bi+E#l ( Copy-On-Write )

16 M clone A AP —AHHE S, MHRE RO R IFaIIT, 3 Gl L= 500
HERL (0 N A7 S AP R SCAF A8 . M i) LAAE SE PR R b — A 2R

1.6.2 %2R

LR AT A B A MEREE 2 b, BT A 4 ) A 5 RIHE S Bl AR T e L b
SRSE. HEEERBFEFRN N B RG R EE,

REE5RTERE

EAEHFR PR — AR, TR ARRESNER. FTHE -MELNHT, B
BT ARG S ERATINE 1-3 FOR i) C AU,
F1-3
gEr ®i2

i=1; --i;

+Hi;

B BRAEM L, ++i PISEHITESWE:

EERNERBF—E. KUSE
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1.6 DABENER 25

(1) EHi BIEAFERE X
(2) X4+.
(3) ¥ X N EEMEE .

HTRH | FLRAE 2 HRPAT, FBAMRBOBATFFIRATREN T GER, F8X
A BEARFRIEE S RA—RE, KRR X" X095 %RE R 1 fZR 2 P X)), W
* 14 Fioi.

Fz1-4
i i=1 i=1, X=f 4o 1
2 x'=j i=1, x!"=1 1
3 X1 i=1, XP=] 2
4 Xy i=1, X!"=2 1
5 X2 i=l, X%=0 2
6 i=x"! i=2, X!=2 1
7 i=x® i=0, X®=0 2

MEEFFEHERE, WIMAERNTTEECRE, | BEMIZA |, EAZATRATFES A
LEE], i BEIER 0. khr EIXPNER MR RN HATIE, | WG RA AR 08 1 5
2. IR, PINEFFMESE MRS SRERRBINER.

REE, B (++) BREEZLERE TS HIEHRRE N IX RS F DI A
W2 EAE—%&5ES, FETERATHRRATREHRAT T —FREARE RE T, £PATNmaR
. ®AMMCRIES HEERNEREFA (Atomic), FEALILWAEA, BERIESHPITRASH
T, A TGRS, REARSGHITRM T L AHRENE RS, FHim 386 A
—% inc TR T LN EEE I — MR FERTE, WTeLESHIR EFl RS . £ Windows
B, H—F API F T — & ET84E (R 1-5), X2 APIFRA Interlocked API.

F&1-5
InterlockedExchange RFHTBRAM
InterlockedDecrement RT3y — Al
InterlockedIncrement BTFiedgde—AE
InterlockedXor BT Ml AT S ARAE

fERDX R HAT, Windows ¥FORUER R 7 HR1EE0, kAT BIRRI4E.C tH BLie B . B
', REBRTRERSIERTE, BERENGER TILEMREENnE . EHR20HE T,

EERNSHSN—s. $RsE
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15 IR

EE A0 BT AR UE — A S AR B 5 ) B O SR 4, R FERIEIR S AR AL T . IX AT
2 EE A F B B
45 584

X 73 A ERE R IR S [ — i ™ A AS ] HIORL 5 SR 3RAT B AR R

] v % (Synchronization). PriffElE, BER R — T Uj o) Bl R 45K
i, JCAB LR F — A BTV R . s, A EERE R VTR BT T .

[P R A TR RAE IS (Lock). B —FhAksmBIpLR], A — 2k 7 i ) Bdh ok
TR0 AR EIKEL (Acquire) B, JFEEUTMEE R 2 FREM (Release) 8. AEBiCLH
o AR BRI B, RS, ARSI

Z{sS8 (Binary Semaphore) &AM —FpH, ERAHEMRE SHSdEN
M. EiEa R —— AN S U ) R IE . B UGS S R TR BRER, B
REEEIZ o s SENAESHRAZE, B - nESRE N FHRE, kEEMtrmy
REKEZ ZJE S ENREE S %6, HINZM R,

XF i £ AR MRS, EaESEAKRESE (Semaphore), E2—1
RAFIGERRE ., — AN N B{ES & AV N NSRRI RETH . 21807 ] SRR % 4%
R ESE, T T
o KfHFEEMHER 1.

o WMBEBEMMEDT 0. MBEAZSRE, FEMIT.

WSR2 G, SEBiUE 58, T FEE:

o HESENEMNI.
o WREFESEMENT 1, ME—HEPRIRE.

ERE (Mutex) M_Jufs S RREM, PR RF—MERVIE, HAGESEA
FI R, (59 RIEEA RE T DA RRRRIOFR L R R, F—MsSETLER
gifl—MEFRIRIZ S5 i B — AR 0 B R SRR R AR R T R, A
o PR E 0 TR ROX O, AR AR A AR AR 2R R R TR

52X (Critical Section) BEHE FEEMSHMIFLEFE. EARES, BiHFXAH
(KRR Jg RN I A, TR B RO A B P IR ALK . e AR R B 56 S R H%E
T, HFBEHESETREMTMHBEEFRAT LM, HRER, — NIRRT 18K
Bif{E S &, Bt E = REGEER SN AT, i R ARG R OB T At
HALRER RN B S . Btk o, e SEE B M B R R 1A (P

ESNaREen s, ¥R5F
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1.6 MABENER 27

IEE#i (Read-Write Lock) B F—F i Inds € M35 &1 M1%. o T—BME, £4
R RN ERUR R B A W B, BREHERESA R AR, DA RS iz
HAREEAT B, W 26 A5 F Bk B . WU IR T ok 152 & Eﬁai%ﬁ
DR —FPREEIT R AP, R W TUMRIEFRIFIE#, (H0 TR, mOUUE /RS
W, 2 RAEEF K. 85 BT LU %I A ] 8. 0 1[4, ﬁP%ﬁﬁWHﬁbﬁ
#Em (Shared) EJh &Y (Exclusive). 84T A s PR A, R B LT —Fh 7 24k
HUBER AR AT, FRREBUE oot Y R B T BOR A, H b s R LU A R
BURS RT), W XA AL T 2 EFE . SR, 0 R AR 2Rk i LUs i) 77 2L 2K e
CERAE FILEARG B, M4 A O AUFRF I T (LR 0. FIRE L, 4b Tk R A
BURFRH AR o] HoAth R R ARG, A0 A T3 B LA 7 ALK E . 85 BLAGAT 4 AT LA g5 4
#* 1-6 Fror.

Fz1-6
ESHRS BREAARE B3k 5 A R AR
T A A
x3 ) ¥ir
Py e 4

FHEE (Condition Variable) {Fk—#[alFFEB, EREMT — M. 3F4&14
AR, ARFERTLIAT BRI, EOCERBE O LU RME R, M EMERIT USRS
fFo K, RTEATLAMGER 4 1F A B, DRI R0 SBT 15 S RE Uk 4 1H A8 B ) 20 15 30 2 B W AR - 4%
HH. RS, HHAGERTLUNTSERE - ESHEAHENERE, SR EN
(AP RYRRE), A& L% RIT.

TEA (Reentrant) 5&2%%

— M HRBWEN, XRERECEAFRITER, B T/MBEER AT, oA
ZREAT. — R TERE A, HAPMNES:
(1) B FIATIE D R EL
(2 BN G (R EAZE) HEBES.
—MNEBEHAHTEAN, KRWEZABBEBEAZ EASTEEAARER. M1,
0T XA sqr B EOR A AT FA K
int sgri{int x)
{
return x * x;

K
— AN REER T EAN, SR AIF LA

ETRNSREBR e, KUS5F
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28 F18E BRMAH

o ANEHEM JRH) BEREREIE const TR .
o  FEEMEF (R#B) HEHRERHE const R AITHE
o  {UKBTAMTRUKZH.
o FEBAEF 2B (mutex 55D
o  NEREMATENKRE.
ATEANRIFREEMIRIRE, — AT EN MR BT LATE B AR T ER

TR

BEZLRE-NERRFMLYE, FAMESEMEH T8, A —ERRiEERz e,
XRIETIEE M5 AR EOR DA AL H 28 KRR K. RS FREH HAMENRL
ORI =T RS BEREF T, EROEEDTAE:

x = 0;

Threadl Thread2
lock({); lock();
K+ K++;
unlock({}; unlock({) ;

i TH lock 1 unlock BES, x++MIT ARSI RFEHR, B4 x FHERIFURE 2
T. S0, WRGRIERE Y THREA x (I RERE, x BB TENFERE, BARMNMEAR
Rl TFERE AMAEN, FEiE Threadl 5CIRBEL, WREFEHHATTRESERN T
B A I«

e [ThreadlJiEHY x MEEIRAF 748 R[1] (R[11=0).
e [Threadl]R[1)++ (BT Z /G fEEE il x, A Thread] B AH RIS x).
e [Thread2]ifHX x HIMEBIRAF 72 RI2] (R[2]=0).
e  [Thread2]R[ZI++R[2]=1).
e [Thread2]# R[2]E[E & x(x=1).
e [Threadl] (fRALLE) # RIIBEZE x(x=1).
A RAEX PRSI T B Emsain e, A RRIESEREE. THERS —AHIT:

x =y = 0;

Threadl ThreadZ

x = 1; y = 1;
rl = v; r2 = X;

BB, 1l M2 ZHOH—AN 1, BEERTREFNY 0. AT, F5%L L rl=r2=0 {1
R AER A . BRET RELHEN. CPU RERE THERE, EHITRERFIMN K
K TRERRA TR RIS T . FFF, SEERERTRLKN R, Rarfel 7REm

ESRNaRen—EE. "usE
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1.6 XABRENEE 29

EHRZBAMTHRFEBEHES (0 x=1 A rl=y) MHTHFE. B2 E, L EAHEIITRH
BHB BT AR X9 -

®* =y = 0;

Threadl Thread2

rl = y; y = 1;
x = 1; r2 = X;

4 r1=r2=0 BEEHET . FATAT LA volatile o871 BB Eid BER4L, volatile B4
a] LA B P A

(1) FRIESR R3804 T IR EEH — M EREF R T RATNAEE.,
(2) FH1E%01% 3510 BARIE volatile 388 15 S IUF .

A] W, volatile 7 LL5E & MR e 35— A W &R, (B volatile B & AR T — N RER 7 &
KRARE. FHYEIE volatile AEH5BH L4815 38 0 RIGUF, thITHERLE CPU ShA BB R,

AR E AR 5 X8 0 B3k 8 T Singleton #3X, # double-check ., — B HL7 ff]
double-check ¥ singleton fUEREIXFEH (A Singleton KEHTTUSE (SR 7
&R X SRR, ETEA AN A A EIE &S T # Singleton):

volatile T* pInst = 0;
T* CetInstance()

{

if (pInst == NULL])

{

lock{);

if {pInst == NULL}
pInst = new T;

unlock({};

1
return pInst;

}

WriEH, IHEMNRAERRRARAEN, JRECGEOIN, Phst B£7EH—MHHE
X% . 1 lock A1 unlock Bk T H&REHSEMBM. WEM it EXEHHFHH, wTLlE
lock [ F 8 MR RIRE D . RF ATLLE O

(R SRR _E IR RIACEE 2 AT A A . (] BB B AR R CPU BIELF AT . C++ R 1Y new
HEEETHIFR:

(1) AEENFE.
(2) AR .

FrEA pInst = new T L& T =40 H:
(1) A EAF.

ERRNSRIST —itE, RU5E
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30 $£1E ROTRIH

(2) ERGFEMCE FER R
(3) ¥ NTERHUAEBL{ESS pInst.

HR=Hd, (2 M 3) FIRFRA]UEEN. ikt 528 eI
B plnst WIECEAR NULL, BEXTRDREEWETEE. K5 n 58 HIL R S —4 3
Getlnstance F13F R AT, A8 —A if WKRIEX pInst==NULL 3 false, FrRLZMHHE
HHEHR ] A AR e AR fhl (plnst) LURMREA A A {ER . BARFX M {EST 4
RS T XA BB i T .

ML E A 7T LU 2] CPU MELF ST RE L3I0 £ SRR 2R B 55
REHEAE. FLERIELESS, HiE CPU BFRELFER. BERAE, ATHAELETE
FRBE 1B 77 2 T UL T 2R CPU B — 485, IX 4536 4 W W BEFR A barrier.
— % barrier $§4 &M 1L CPU K5 15184 Z A (454 2 # 3 barrier ZJ5, RZIFR . Se)ifiik,
barrier $§ % FIE R LLF—A424K41, BLib#F “F&E” XA K.

FE KRN CPU 4R barrier 5%, AL SN LB E&AHMFA, #i POWERPC
FROAH P — S 4E 420 lwsync. BT LUK FE RIS R &2 4

#define barrier(}) __asm__ veclatile {*lwsync”)
volatile T* pInst = 0;
T* GetInstancel)
{
if {!pInst)
{
lock () ;
if (!pInst)
{
T* temp = new T;
barrier();:
plnst = temp;
}
unlock{};
I
return plnst;

i1 T barrier (IFFELE, X R IIHIHE —ETE barrier 4T 2 AT 5. B 29 pInst #ERT,
X BB JESEF .

1.6.3 JDEIEASPER

=HRERE

2 FR I R AT R th 2 A TR S iR 1 R R IS KT (BRI E T A fe ke,
KEBERM RS, 1 Windows Rl Linux, #5070 IR0 SR, WEER (F: X

EFSRNBREBN R, RR5E
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1.6 QABENES 31

A E R Linux W B LM kernel_thread 3 A B 40) BN Z ATitiem—#e,
REER 2R SRR BER SEBL I Ao SRT AT P SEPRAE R ISR PP AR WS R, MO RAFET H P &1
PR P SERFR 2 ERF R A N SRR RER, Flinfsgs
PRI, A PORGEIRAT =AM ERE RN AT, MABRERTRERE MR, &
TRATHE VA A S P & B RARFR L A e

1. —X—E5

X F HESFRB ARG, — X IR R R B AR xR Bk, —
AH P AE R I SR REE — X — A R R AR (BB R A —, — MRS EAE
P &A AR ARSI, i 1-11 Jiog.

ser Thread ) ) > )
u |

A

-1 —N—EiEEE

EH AP SRR T A RER SRR, SRt 2 MR RREIERIR, — 4
RPN LSNP R, AT ALZ RN . foh, X —BER e n] Uik B RFR R
TELACERR I R LA EEF &R,

— R A APLER R 45 U A R (O 2R FE 1 04— — 9 2R 8 . B0 7E Linux B4 H clone
(#41 CLONE_VM Z¥0 FERERRE ——3 — &8, BN 7E A —E—H
REEZ XN . FAMCHE R T X — iR
int thread_function(void®*)

{ ..-.1
char thread_stack[4096];

vold foo
{

clone(thread_function, thread_stack, CLONE_VM, 0);:
}

1TF Windows B, {#iFf] API CreateThread B a] 6 &t —P— 3 — L.
—X — R AT

EFRNERER—iE. RU5HE
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32

F1W BETAHN

e HMTHLTERERANE TAHBERENEER, FHit——&BLUERANERERS T
RN
o FEBEBERFNZERFEREN, L TR FEER SBHPESENMITERET
%, '
2. Zy—@a
ARG A PR R B NG RE , RBE 2 B EH b PSR ER
HEAT, BN T—x— R, £ —#HHAEEERERETFE. SRR RERD
B 1-12 froR.

UserThread = < @ 5
Kernel Thread oo @

B1-12 BH—REER

£ —BY— KR MR, WMEHS - MHAREEE, B4MENREIE L RIIT,
BEh R R HET. B4, SR BERE L, MEBAMESTEH—H
BRI EHERNHE . BRI, £33 —REE 3 LR LT 3cyim
JILELREHREEEER.

3. ZHEHE

2 EHRIGE S T B0 — B — 5 — AR i 5, R BN P FE AU B b BBk
— A miE L, B 1-13 Fin.

EEXNEBHERGF, —PMHPEEREERASSHEERERHEPREHRE, FhkertEs
BRI LR FE AT LLBE A B AT . Boh, B BEBH M BBE T ABE, €24
HER4 L, £ LERNLEEHEAH—ENEEER, FERANEESDN—3—&
B,

EFROSRBF—E. RUS5kE
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1.7 $i’] \% 33

User Thread . SRR .

B1-13 IBYBLEED

1.7 KREING

EIX—Fd, AT LB A ST T BB, 45 CPU S5ME MM
mEREA R, SMP 528 REMZRERSH . WMTRSFA CPU &5 RFEHKM+ 41
KM &R, BIERG, ERIEM. PIETWE. TR MRENEMRES. BRXEHE
WRAKH THE, BRRERMARCEALERR T, ENRADEOEWNHAOATR
BAK. EFTIHR&M S, XRAZERHM.

EERNER\BT —itE. RUSHE
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R PEIE
2.1 R 3 eNTIE
22 mEFEATHA
2.3 PEERFRHEmESRK

24 BRAR—BSHEE
2.5 AREFE/NG

EFETRNSRER—6s, H85F
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3s £2EF WMEAES

TP E RN TR, BAVRD G R ISR R, Y H [ T R BB
HRFAT AR FF RS (IDE), i Visual Studio. Delphi 2. iXF¥ ) IDE — 55K 4
PERGER AL R P, B ROR X R i AR I B — LR RR A M8 (Build).
R 45 A o & £ 3k e P — AN URACHE S {8, TSR —H) “gee helloc” A BASE TIEFH
EAYIPUR SN

IDE Fgiif 3% 3¢ LA BARCE . ittt S 800 T Ko s R IFR S 28
AR T HRAEXFIT RS, ROVEESP X LT ROERT B EE 58X
e ks, RERLERIFMZTHR S B ER R, HEFRRESELKYHEIRIER
IFEHTE A (O B P 3B AT I PR SRS BA TR TR 5. AR B M X L I %,
(02 AR MG 5 AL, BT 47322 ) L 0% A Bl gk /2 K38 17 79 /5 B HLEE B SRRz AT (1 %
FpF- G AT R, 0 R BESS RN T WX EEHL ], AR 4 0 s 4 ) R RE BB V) &2, WOBA
wry.

2.1 HRERE T ENTE

CiE &4, “Hello World” 15 JLF R MR AEREEHES M, HiFsiT
Wik S, AR T R TR RIS R R B TA T ERHE .
#include <scdio.h=

int main{}

{
printf{"Hello Worldwn"});
recurn 0;

{€ Linux F, A48 H GCC %% Hello World FeFemf, Ha i s 8 rard (B
BHE A SC 4420 hello.e):

$gcc hello.c
$./a.out
Hello World

Heyr b, Rk e 4 NER, B TATE (Prepressing ). H§i¥
(Compilation). L4 (Assembly) &3 (Linking), & 2-1 fim.

EETANSREF—iE. RKisE
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21 WRETenE 39

rcppj hello.i (gcc)

bject File I—As < / Assambly
hollo o : {as) : hsdlu s

Exacum

a.out /

PhwmmssMu annxmss Comumhnan

/’ Header Files
stdio.h

Static Library
libc.a

()
. _|

E21 GCCRmFIEROT

211 FRmiIF

SRR LI hello.c FIUMIDCH) Sk 30AE, Q1 stdio.h 254k Tl 1%:2% cpp PG E N — 4
e X T CH+FEFREE, ERBEAT Y IR 2 T g f.epp Boxx, SKOCHFMIYT B4 T
AE#L.hpp. MG GRS RA . & S HaiFnd BEES T Fad (B &5D
BEAT TR D
4%gece -E helleo.c -o hello.i
o
Scpp hello.c = hello.i

i LA T B AR AR SR LA “#” TRAR Y T R 4. HLdn “Hinclude .

“#define” %, FTAFEMNIWM F.

o HETHEN “#define” MEE., FHBEFITHREE L.
o PR AR IFIES, thdn “#if7. “Hifdef”. “#elif”. “#Helse”, “#endif”.

e WL “Hinclude” TR IFTE . T B 25 0 L L afi B % P e IE & ML e TE R, &
AL AR UVHEAT (), L A2 8 1 2 SO W B 1 35 B o

o MIBRATHRER “i" H “r w7,

o IRINATSANCHE BRI, Lhan#2 “hello.c” 2, LAE T4 %0 4R 8 i A i F 0 4T 2
5 BB TR i 7= A PR R % 5 I R R TT S

o {RETFTTT Hspragma SRiF-2815 4, &R iR A4 BAE A,
R T VEIS I SUIFA BRI 25T X, NPT MECLBRTF, 3 Eadm

EFERRSRERF—is. RESE
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40 F2E mFRNRE

B EEHAAABL b . Bl ARATEE AN % 2 SR & IEMECR B & B IERE,
] LA P I S 8 SO A )

212 wF

i PR SR HUAL B SE R SO AT — RINENE 8T Bk Bt R
PERA LSRR SO, XA FRAE TR R AT U R AR PR R AL B 5, R R B
sz —. BOMBAET —WRHANARFEOREILNSR, W EARFEEF - EARE,
BT ERRARB AU NS, BT LR A4 O R SRR S T dr S
¢gcc -5 hello.i -o hello.s

BAERA ) GCC RS IEMMIEH PR A H R NPT, R H ccl KR
RFREMXF AL, XAEEMT “/ustliblgec/id86-linux-gnu/4.1/”, A1t BT LA H £ A
cel RIFEKE

¢ fusr/lib/gcc/id486-linux-gnu/4.1/ccl hello.c

main
Execution times (seconds)
preprocessing :0.01¢(100%)usr 0.01(33%)sys 0.00( 0%}wall 77 kB( B%)ggc
lexical analysis :0.00( O%jusr 0.00( 0%)sys 0.02(50%}wall 0 kB(0%)ggc
parser :0.00( O%)usr 0.00( 0%)sys 0.01(25%)wall 125 kB(1l3%)ggc
expand :0.00( 0%)usr 0.01{33%)sys 0.00( 0%}wall 6 kB{1l%)ggc
TOTAL :0.01 0.03 0.04 982 kB
HEMA M T R4

$gce -8 hello.c -o hello.s

#RAT LA13 B0 G40 30 hello.s. % F C B F MUK B, XA T 2 M G ik AR & ccl,
}F C++kvt, BX AR cclplus: Objective-C f& cclobj; fortran f& f771; Java &2
jel. FRLLSERR L gec RIMHITARXERAEFNER, ESREFFANSHNEXRKIAR
FARIBRIZIRZAF col. IC4R#R as, HEIEFR d.

21.3 R
90 % 38 R HIT SR AR T R A8 L 28 T DIRAT IR 4, B — MCRIB AL TR N — & L8
184 . BTLUC % B2 A0 it ALY T4RiR 25 R UF LT B, ERA BR0EE, BAEI
WMAFERHR SN, DRREICHESAIERE SO R ——EmaILl T, “ICR”
XA IR T . T AV gt A TR LU H 14 3% as SRSEAL:
$as hello.s -o hello.o
g

$gec -¢ hello.s -o hello.o

EERNSREF 8, BR5F
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22 WFEMIHA : 41

WA gee fr-d M C IR IFoG , St Fida B . 40 v 090 4% 144 1 B #5324 (Obiject
File):

$gce -¢ hello.c -o hello.o

2.1.4 H&5Z

FEREH R — AR SRR RLRE , A AT 40 B8 TR B84 HH AT AT SORE T R 4 e —
MECER? BRI EARKAOE THANR? AT AERE XBHEBESEH DM
BEal, IJEPDRIXMEE R MR FEZ A %, LA M S H X — SRR A Hr e, Bk
WA SERNEY. THLRISREEEAREM d AT — B8 F BT
HelloWorld f£F7:

$14d -static /usr/lib/crtl.o fusr/lib/ecrti.o
fusr/lib/gece/id86-1linux-gnu/4.1.3/crtbeginT.o
-L/usr/lib/gcc/i486-1linux-gnu/4.1.3 -L/usr/1lib -L/1ib hello.o --start-group
-lgec -lgece_eh -lc --end-group /usr/lib/gcc/i1486-linux-gnu/4.1.3/crtend.o
fusr/libfertn.o

MRIEFTH B A, WA Ldfd MR-

ld -static crtl.o crti.o crtbeginT.o hello.o -start-group -lgcc -lgece_eh -1c
—end-group crtend.o crtn.o

ATELE B A 17 TR — M SO R RlE kA n] LIS 3] “aout”, BIISEL i m 04T 301
BIRITHARGS, TRRREEHAMNEBRFEELT, crtlo. crtio. crtbeginTo. crtend.o.
crin.o IXEE MR A7 N2 FM? -lgee —lgec_eh —lc XEH R A BH? 4B
EAEN? A AR EATH hello.o B A T LIB BT HAT L2 %28,

X EERAPRHENHEONE, ENEURY, KA THRE. BENE B
FRBREREN ERELZAR. RIGERESLE LA, BATVERMT. At
AT AR LA, BAIVERRRKE — T LEXsesdfih, HFRAET — Mo M.

22 mFBATHA

M LB KU, SRR RS SRR B ETN— TR, thinkiH
C/C++il 5 5 I — R T LU F 4 16 281 JLBHE B A8 AT LIBRAT (0 1 & B 3l . AW i
IR T, MHHEESRICHETREEFE T RBRZRN I, SIMEAERETR
A RT3 AERANEE S RLRESREOEFRB TR EONE, — O ER
CPU %5 MBFERS—F CPU FREXILEZT. FEEFRES, XNPRLSATERES
Mo BTELAMIMIRE GE R ARLT ARIE S S kR — T, BELARESHRERAT

EFRNEREF U8, Ru5F
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Fow mFNREE

BRER, FTLAL T4 e R fiE SRR stAE T . 20 HAEAKMA L TEREETRS
EES, HHEASRAEEHIT, W FORTRAN. CiBE% (MEHMif, FORTRAN 15@}
F 20 t42 50 LAY IBM). MR s S A FEF LIRS S G @ m A s, et
DA ENLA G FRE, R, AR BE AR FET S SREEES l.?‘]‘i"
TR AEFFRIE TR R AR, BERE S M BRI M E R EEZ M ENCRG PR
NAT 4. PRI, MRE S 0T R I MG S LI S 5 (Ll b

BT EI B4 1% 28 A T Lok, SRl — AT LA 0 6 . I3 TRTEAMT
BT PRI, AREAE R H ARSI L. BRI 2-2 Brow

- - 3
' . | o Parse Free Semantic
Analyzer
[ Intermediste . Source I Cmm_
| Representation | *———— Code — | Syntax'
- Optimizer L Tree |
Code
Generator
3 ‘rargat Code _—¥| Tamet
Optimizer i i
B2 HmEE

WG A 2-2 SKF PR MIRLES (Source Code) T #% B#RLES (Final Target
Code) M. LI—BRME$M CiE &ML E TR X MR, BT —1r C
i & MRAHE T

array[index] = (index + 4) * (2 + &)
CompllerExpression.c

2.2.1 1AEDH

B e A LA B A B34 88 (Scanner), FRSSIOMESRME R, B ER AR
FiREAMAT . 2B — 24 T BRI ZASHL (Finite State Machine ) fI 5 ik T LR B2 MUK I
RIS — RIMIES (Token). Huin ey ITHRA, BHEET 28 1k
ZERF, SiHAmUE, FET 16 M5, Wk 2-1 Fis.

3k 2-1
i2g E- i)
array Eoni¥is
[ EFIES

RERNERIST—iHE, RVSHF
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22 WERMTHA 43

s E3
index R
] EEEF
= R
( L EES
index iR
+ Jo 5
4 HF
) AR EE
* x5
L BA5
#5
Hog
85
PR
WL RIS S — AT A I L. XBT. R, FEE (AE%RT. 7
FHE MRS Ao, H5). RN SRR, SEb R THA T,
AR RIS, B8P FRAERIFIBI TR, USSR,
A7 lex FIFR AP T LASEBR RIS, & S4B B 7 2 AT SR AT 1032 20 e S A
HIFF 8 EIR A ME S . FhIXRE DRI, SR IIT R & R4 S s
BETTR - MIUSL RN LRGBS, A HRAR T B e i B T L T

FYRR TRV B E . HLin C EE, EMERRM NS TERAN
AG S RIS MO AL ER RS .

222 iBED

BT AKBZESHE (Grammar Parser) Kt thi3 il 887 4= 1030 S BHTHEE 0, MM
PeHEEER (Syntax Tree). ¥4 TR A T _E T X %155 (Context-free Grammar)
I AT F B WERORAT EF XA R FHE HEHLIR AR, I AN LR, &, o
ASE 2t g MR, RS REMNNA. A REER. M, sk
SRS AT TE LM B R LLRIER, (Expression) 43 AU . RGNS, CiBESH—4E
AR ADRIEN, MERAEORMERERNGAS. I FPAERRE A HREE
B IiERIE R REFRIENR. BHRAR., FSREAMRNHE BN, EHil s
SrHTESLLE TR i B 2-3 BToR ik .

~ ||+ o |~

EFRTOIBSREeR—HE, #R5%
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44 Fow mEOERE

Assign
Expression
§ Subscript Muitiplicative
H Expression Expra'ssa on
i
H / \
ldentifier Identifier Additive Additive
{Expression) {Expression) Expression Expression
array Index + +
Identifier Number Number Number
(Expression) (Expression) (Expressior) (Expression)
Index 4 2 [}

& 2-3 EEW

M 2-3 pEATOT VRS, EAE A HE R MR RIE A WE R AL -
M RIEN, EHALR A RIEREN: BHBEA L BT SRE AR, F5.
PR R8T F MK, ETIANE th Bk ) 20K SORAL AR, BT CAEAT I H AR 9 88
PV ETEILSTIOERY, RBIE SRS RGOS S TR T . LR
Ak R MR AR i, i BRS  E Ek g te Rk, . BAMTIR S R
FER X, MRS C & ] LLrafeik&ik X, ha] BARRxHEH A T RES,
T L 5 2 53 A B BLAA SO I A AR HEATIX 43 o SR B T ik AR i, Han & FiisE S AL
B, AR B BRETEE, SRR SR IR T B B R

| 0 0 R M AT lex — B, B IESMBT AT — AN TR 8 yace (Yet Another

Compiler Compiler). & 11§ lex —-F, 7T LI H /45 BRSO 8930 5 P17
BT, MR — BB R W P ARRGEE S, RFERRIFRE RAEEEEILN,
T 200 B A G 8 B A — B R TR, BT RLE OBRRA iR AR 4% 4y (Compiler

Compiler)”.

2.2.3 BN

FEFORMEAT W RE oM, BN 988 (Semantic Analyzer) SR5EEL. BTEHT{X
SR SERR T 0 kUi Bl 8, HEEHATHRXMENREFREAEX. kincC
B AR RIS B B R L, (BRI ANEAEEE E R AR, R —
AFRE R — T S MRS R T RS, SRR RYE L ERSIENX (Static
Semantic), FTiFMAE CRIFER BT LLAENEX, SZAMAE)EEN (Dynamic

EERNSREBF—HE. KRUSHF
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2.2 EIFSEHITHA 45

Semantic) #REH EIE T WA GERE [l .

A T SO AR A AN R R M ILAC, KA. Loy — NP S R 0 ik U1 48

ST ZAL AR, A R T NF A B R R, TR SO AR e s

XA BR HERIKE — AV s BURR A 4y — MR (R 1ok, o SO M08 3 & R BIX A 26 TR DL
2 128 KT oI . BHATE X —BRTEIZAT W L BRIVITE SR GO ()4, ELanss O 15 A bR s —
AN ZLT R SRR

L2l LA B B A S S AR O ks A b i 1 R, A 0 5 fh
AHAS, T SO ATRE Y AL TR IR P AR IR A A I R ) AR A 280 4
TR B LG et 3] 2-4 PR i

Assign
Expression=
integer
Subscript Multiplicative
Expression[] Expression™
integer integer
Identifier Identifier Additive
array index Expression +
array of integer integer integer
Identifier Number Number Number
index 4 2 6
integer integer integer integer

2-4 FRIRIE N CHNEER

ATLAE R, BAGER CRIEET S BT Ml TR BRI PR
R AR R, PTLATZMAE B, BT AR . B ST B 1 5 R BN
SRR T .

224 PENESEK

BUACH) S 3 88 IR £ B AL, EEEANEE S F — MU . B X T
ik IEEBR M L8 (Source Code Optimizer) 7EARR4i%a%H T RELH AR kA
—HEH A2 R WA R S B R B AT A, 76 LB, dhemiEHalbEc
SR, (2+6) IXAREAN CLBIRILEE, [FH T MRS 3 ek n] LA i . Uit
HIREHAE R R, BT 17X s A VR A T . 0 AR iE i n i 2-5 Fras.

EFRNERBT—RE. ®RE5F
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46 E2F WENHS

Assign ;
Expression = i
integer H
Subscript Multiplicative
Expression[ ] Expression *
integer integer
dentifier Identifier Additive Number
array index Expression + ’ 8
array of integer integer integer integer
Identifier Number
index 4
integer integer

B2-5 RILoIEER

BRAVED (2+6) XAFX AWM 8. K HRBMEEM EERAL LB EAE, el
WAL A B H P B 258 (Intermediate Code ), B & i H: WG 5
For, KrgCEdEF ST AR T . B2 B HRYUSETRTRELL XN,
WEMEERO R, FROMENFFRNLFE, PEICHEAR SR, AR
FHRPAHEARMAER, EE LA =48 (Three-address Code) fI P-{t#d
(P-Code). FAiTsl & HEH WM =HuhERSRAE A #1F, B i) = Hhohkfd LI RE
X =y op 2

RA SRR y 12 217 op #RAFLUG, WSS x. IXH op BRI LR FH
ZHL tein i FeRRSE, T Ll HARIT T oT LS F B y A 2 i4(E . =tk E 4 Fit,
PSh AN S bk S R B A = AV R . AT _E i A9 o o E O BT DB R =
LIREIEP S Eead iR

tl = 2 + 6

2 = index + 4

£3 = 2 * rl
array[index] = t3

BA VAT CAE B, b T A MR & = bkt B FHT L R EE: O,
2 1 3. fE=HuhE D BERl _EREAT O, IRALRRR &4 2+0 USRI ISk, B8/ =6.
RIEH RIS o BERET 6. LTI E— MR R 3, Bh 2 RLERAH.
iR UG A

L2
£z

index + 4
£tz * 8

EERANSRER—ME. $H5F
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22 RFEBEIHA 47

array[index] = t2

R () XA (o 15 4 1 4% T LA 90 A RS R IS i o 0 2 8 TR A DT 7 A AL B8 R O B o e £
B, 913 A8 SR P AR e 1k B AL a8 AU . IXHERT T — 2 nT LIRS & 4 48 T &
EATAT LAEF S AN 8] (9~ 5 A3 1) — A AT AL XA FIHLES 7 & BB E i .

225 BIMUBERSIt

TR AR AL 2G4 P RIS HREE TR FEEE FRER . RiIFEREREER
JEEBE AR (Code Generator) 1 B#rAMEILEE (Target Code Optimizer). ibF A%
REE AR A E S84 b W RS B AR HL B ACHS, XN+ T B 45
HL28, BARFMHLSEESE AR TR, F78. SEREIRARAE SRR LSE, HTF
LBl e AR, AR RS P AR AR R T T AR R (FRATTH x86 IV 46 & K
Fr, I BAMEE index PIEEN int B, array 2RI im BIEAD.

mov] index, %ecx ; value of index to ecx
addl %54, %ecx 1 ecx = ecx + 4

mull %8, %ecx ; ecx = ecx * 8

movl]l index, %eax ; value of index to eax
movl %ecx, arrayi,eax,4) ; arrayl[index] = ecx

B S5 HARCRBMR At FR Y B SR T ik, e B A E N FaE AR RN E
KA RGIZE . BERE R4S, LHE PP, Foikd— A 40 BTt
Sk (Base Index Scale Addressing) ) lea §4-5¢ i, BRJE B3 — % mov 754 78 B IS (1)
M, X% mov 14 MFH AR5 lea B—FEM.

mowvl index, %edx
leal 32(,%edx,B), %eax
mowvl %eax, arrayl,tedx,4)

BUCKIg ¥4 F E R E ML, XRFIANNBRRIEES LS EFRI S, thin
C++ifl S E XA A H 2, ELSEH GRS T B C+HaFREMMENTE
BEER. DABAKTETL CPU M R E Sy, CPU A HRA THWFKE. RS, &
PR S B E RN, O T ORI, AL R S I AR AR o B
EE P E TN R SRR I FEMEATS, WAFRESEmIFEHNSHER
CPU [, thin# L8 GCC miFERHM/LTLEFME CPU V&, XIFHT &mikEM11H

Z R AT, TR T AR IRAL . AR B AR LI, iRE
3% TiIX A UG, B THSERT BN, ERIXHEAH S HE—10
MR index #A array ROMUEIF G B RHE. WRBATEI BArC R4 F7 40 8¢ gn i R S0 1 RE
WHIENL 2R EIATIIE S, 4 index I array MHbhERY % MEB LS BINE? WIR index # array

EFEANEREN—E. RES5F
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48 FoE WMFUEHE

52 SCAEBR b i AR ACES R — A iR e C B, AR A PREUT LAY index F0 array 47EC3 ]
B EATR L ARG SRR R SCEE LA (P T R 2

JEAS AU TET A R ek T AT — M ROCHE R F AR R TR SR,
LB AT WL b, R AR 4 Jo 28 B 1 o8 KA R 2 A2 T BT 11 4 e e a2 7 do
TENUB iR A RERRE BT LLBLACH S 18 48 1T LUK — AU BE S 140 18 il — A SR BEE 0 H 47 3
1, BRI E R A% R SR IX L B R PR SR AT AT SO AR R A ),
BRI

2.3 HERIBITIRLLRIFIRK

RABRALE, E—PMEFERNRTER - ANBREEFE, BFEERENEAE
RI—TXfd, ZREEX -1 EFBEREAOXHKABRERT, UETRMEAH
AKBEGRHRHENEPIIEFT . ANFEIEHNIE, —BFNREFEES

A T LSRR v SRS I (49 P RN BE R AL RS BT R R S LA R TR A
S EA G PR RO E N — TGk 51X 4 B2 A shibai®. Bkt
. BRUGH BB S EE S AR E S RN Z AR AT T . ERIFHME I, FIF R Y
FIFEFF R MBS FOZ R LA R R T ) RIE— DT LS, LR S04 RS g
HE, HNBEIEES, EEE RIS SHRLE. SRFAE RS, BI¥RA T
HHRFEARFERE L, RIRAIFWEIRE R, BI7EACa BRI IAL.

EAFRBATAT LA 2-6 KEE, BEAE -HUHEN ENEEFESE AT,
WHE 8 L. BOMEREA MBS, EME 4 (02 0001, FoRiXE—5EEES: K4

0001 0100
1000 0111

0
1
2
3
4
5

B26 HHSHBES

ERRNEREN—iE. KR5E

bbs.theithome.conl



http://bbs.theithome.com

2.3 BHESERLRIFERK 49

P AR PR H M a3t k. BATT LUK 2-6 HH B, XAFEFHE —£I54 02
—H&BEETES, EMHMHBEER 5 K454 GEE. E5 FIETHEMMIRE 4. T 0
M EABS BN B, XANIZRAE SR, B oT LU 4EH R e AT 8 ML
ALK AL, FHAERO0, RFAET 1.

MAEFMRT ., BEFAE-SHRAGERELE, Eafeae e imir
BIEIGLZIE WS FI/LZAAAT —FREELEIEL, WP 5 £IELREEMHRAM
LB S MN A S B, BULE &S0 4 MRS EAIN R . EiXA LR
b, B RHEEN TR ESA PR B b hal . R PR AR, X R
AEEFUE, FEBOGEN, JFHRAES B XFES &4 BiRr b fR g ny
i EEHL (Relocation).

WERBNG B R4UH PR, IXSREF 2 R0 e 2 D MBS ARHY Z (Rl keE, X Fiie
FPes #1860 BOIEE H AR b AL E R0 A 2 MR R B0 P & . A T4 TR 4
BB 1E LA O/ B A (ke H Atk SIEAR,  AERL) T IR K K LU S A1 ok ik 5 AR Sl

BIME, ZFBRBIORF QG ERAMERLH. RBE RN T RET, XL

LERAMAR AP RNGES, ek “jmp” B 0000 XXXX EBtE Gump) AR SHE
ET: ICHIEFETLMERFS RACAE, in—4%5 “divide” #rR—PRETRSF
il WCEAEN L E G RILRBESRRIETFHEFAUEE. RETEHRE, X
RS B R A TR 4 2 S ik 26 B A tH ok Lo i g TR RS b, SR IERI
TR 5 IR IR FREIFHE N “foo”, AR —FIGSHII SR
jmp foo

LRI LA IR 5 & & 7 RSBk B RS, XA “foo” Z i B
W T LIRS RH “foo” HErMAERE T A%k, CHWBSE 0T G F R s
EFHE “foo” IXANTFF SR HAL, REILHHIIHEE “foo” KIESE IEBIXA E# 1L
BMIEATFEATS S, T A5 ma ETAERBNFS HERF, BFRERTIERTIX
PR B BIFR L TAE, A—®BUS D SR “ RN TE>H". #S
(Symbol) XA BEE I 4 iE S A SRR, ©RRFER—AMuhk, XA HhEET
Aol —BrRIF ERRBRERED MGttt Byl —MEEpkishht.

A TICAE S LAE, A A KERE T, B2 T 1R B 1 ) SR FF 0 i K, I
R PP I A B Rt L0 TR UG SR MR, S BT TR % 1A R IR T R K AR FB LA — 52 0
RAGRK, HHEMESLEE, UET HEERMEREA. HATR, A
AR T RO RE SR PEITLRISY , 2 BT e I 1) 1) B RRLE, AN ) () B B[] 2 2 X ) O |
bR, XA TEBAR I R PR SR W, LEFE C B, BN

EFRRNEREBF 8. KU5EF
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50 Fo¥E WmiFEE

LRAMAY, FTAERMBRA S, FRE D “o” KIRAEIAHE, REZ
EePT AR SO R B R E R AL . FEHERRMIE S H, W Java B, BADEETEAR
ok, FTHAKERAKL—NE (Package), HTMUHAESHK ST

TEIACH A TF R R WA BRI AE AR K, S e AT RS, SR — 1
BRI 2 AR S . B DAL M KB R A TR A T L0 MR R, X AR E 2 [6) 1 A
SRR AT o IR % 8 2 WAL B B A OB RN 4 SR IR ARFS AT AR 5 07 &b LA AR H8 B4 55 ) 13
B, ER, SABURTTLURMITR. Wi WA, SUERSREATESFEIRFE,

FE—MREFHAENRE D BEHLUS, X AR ] & — D B — R 2
SRR ok 1Y el o AR R 2 ) 0 T 401 A 14 ) ST LA AL DA AR R 2 R SR S £ 1) (LR, e LK) JR
TWZIE 510 CICH+ B MBS A MR T, — R SR KRR, 75— AR
IR R ) o R HV (] Z00ANIE H 47 bR B ML E%ﬁltﬂfﬂﬁ%ﬂﬁﬁ%ﬁé%ﬂﬂﬁt BFrLJ

‘Eﬁﬁbﬁ%’ﬁ—luﬁﬁﬁa AT, AR RS R ER (A F L i 17
FHHEN, & XTSRS ) — R IX L, ;Ilﬂﬁﬁﬁﬁﬁﬁﬁ&ﬁfjﬂ???ﬂﬁ HRpCHL, E—

e (B 2-7), A R HERE T R R AT — 4~ 1 . $83% (Linking).

Graphu( Usero(_

U Iy c’l_/\
| Lognco(’j; % Netoc/
U A

y

File.o Q\ math. a( Init.o
~ L) \U’“P

27 #EREHS

XA T RS BRI — N RS R R ER M EFIT R RS+ EREN
SEM . FRATZE AT I THIHF 0T LAE ) B B8 (4 X M 4 1 5 O BLSR B R B — 8, BT
—ANATLAHRAT IR

2.4 BERPER—BTHE

AR R R A~ BEEESR I B, A — A REH O ERIN KR, RIOA
WA — A H R REE L B RGE LA R %A REHH . — DN E AR
M, AT EI R ST R R, ARE IR T AR R, AL

BERNSREs—itE, #HSkE
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24 EHRHR—ESEEE 51

PRy RS R 4% (Linking ) o BEHE M) F T2 A SR I8 BB (41 B 5 | FH 30 4 £ AL 38 47,
04354 B 2 A1 Ak 5 A Wi 4 . B4 2% T BLMLAY T4 HSE B AT BT HA ) “ P AT
VBN AT BB APTRE, AR BN S A0E S 191E LRI RE, %S, B
ERE AL, HREE A AL (EAREE Fokih, €0 TIELIERRIE 254 0 K 5

kG A mEE E . SRR WA T etk FnES @ B (Address and Storage
Allocation). fFS i (Symbol Resolution) FIEE(E (Relocation) Xt bR,

FERWFREhFMUEFRFSYHE ( Symbol Binding ). BFE4E { Name Binding ).
ZERRY ( Name Resolution ), EEFEHMMEHHIERFE ( Address Binding ). #5548
i ( Instruction Binding ) #1, X{FLEMNMNEEE—#, BEABITRERR S, E1
ZEERIFE—EX M, thin "R BEEFHAEE, W "HE" EMeFs
AR, AENMERNEER—#, EBS®E, RNEE—FRAFSRIL,

BREANBESERLARNE 2-8 frn. BMEERBIEARECH (e CHEITHITFE
S iF L BFRXH (Object File, —MRY B4 K0 iobj), BHrICMMEE (Library) —igaEE

Source Code e Source Code
a.c o b.c

Header Files
* ) *h +

-
Propressing /\ Propressing

(cpp) fepp)
Compilation
Compilation
{gce) (gecc)

A ) Assembly
"
S Libr.ar.y {

libc.acrtt.o . S

Object Fih. e Object File

a0 L h.o
\ Lmnﬂg /
f)
Exacutab!e-
a.out
28 #@EE

EFERNBERSBN—iE. KU5F
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52

B8 mIFEE

JER I 2 Al AT SOk T d s B FESE 2 E TR EE (Runtime Library), ‘&2 SRR P& AT
(I REA R B & PEH SR — 4 A bR SCrFm A, 2 — S8 i 3 A (0 AU B 4 i A H A5 30 s
TR, R THEATRIE L& S .

HINAAX T Object XHEE—NMREEENP XEFR, LEMHBREBEXHLES

5, EFRABEXHE, AR EENARERTR Object 304 B#RIXH, REMR

HAhIe B R RR AR,

AR L E R R AR, EEE - IR ESFEERS. L
WEA A A main.c HEH A Sb— N BEER func.e I EREE foo(). BAT17E main.c Hitheh
B —4b U foo [ &R 200 U) I foo XN ERBAGHLAL, (HJE i TN BIERAT A2 S Bl i
PR, TESR1% 28401 main.c MIEHEE HARNE foo FAEMHbAL, Pl BRIX LR foo
WG4 Bbrth ke B, S5 5 R B rHE R ek 2 X5 S M B Prib ik 1E . i
AR, MERNTF TR foo BHESHITEIE, MBIA LR foo AL,
2 func.c SR HENIE, foo R U HMETT W Akt R4 BAITE main.c BT AE ] £
foo [FHbAE I 4540 B4 P BT A . XSS I TR O FE R A R T AS . I AR R
R AT LA T4 5| Ll A B o iR 00 4 g A A T A 20 R AT il BR) O 28 A BRI IS
5, SRR HMTS foo, AZNEAME func.e BLHAEL foo Mihl, #AJ5H main.c
FE T4 5 H ) foo TR EH B, e H fntibl b 511/ foo B EUHBAL. X5
e AR R A R R

R R b, e O SCAE AR SO oh ) R SR F O 4 2 T A, R
flbse e Al B ARSCE R A Bk, BAETE R IR, EERA 14 & HARM CPU $R4K T
XA R . BIRENEG A EREEN M var, EEEHRMH A 2. RIOEHFIHB B
TV XA 2 R E, inBOEH RO B Rl X 4 — %54
movl SOxZa, wvar

RFIRS M REIXA var BEBE 0x2a, #2497 CIFF RIAE D var = 42, SRjndd)
Gk 0 bR B, BEIXLIRSHLY, W 2-9 g,

2-9 fHXES

ESRNERSH—E, KES5E
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25 FENS 53

T 7EgF H RSO B iR, 90t 28 F AR var 19 B dsttbl, PrLlgnidaeer i
L E AL R, $FIX % mov 541 H bbbl B b 0, SAFREERTH HEE T A fIB
BRI R M R AR A E . BAVEGE A F1 B B85, B8 var fHAER S F 3k & 0x1000,
B2 G AR 2R XA R4 (1) B bt b 35840 5 240a Ox 10000 3XANHiAE {8 11 93k R4 38 0 ik
EE{L (Relocation), &M EHE T —NEERAD (Relocation Entry), & fir
FIT {8 ) S0 2 45 PR PR A X FE (M e et b 5 | AL & “ATH0 T 7, (41148 1 E B it thuhk

25 XREINGS

FEIX R, RATH SR T MEEFIRACR B R A o AT SCPE 4 DR PG
Py I BERR, AR TSN R B Z MK R, IDE B R T SRR L 48 8RN 1Y
i AR T BRI, R 1R D ek X e R

FAVEVEAPIBL T _LfX 4 SPRH M ERE S, MmEER. NMETHIERE C B
FRIRACRR R I i ARSI TN 08 WA AT AT, W T, R AR AR
HARFCR R S0, BT 40 T SRR I 1 SRR S TR ) — RSB ABES . Foe i,
F5. @Rl HARSCH. P, BITHSRE.

EERNBRET—E, k5%
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WXHEBHA

3.1 BXHEETN

3.2 BIRHEREHAEN
3.3 12#E SimpleSection.o
3.4 ELF X#Hisiaisat
3.5 EENEO—S
3.6 BAASER

3.7 AREBENG

EFRNBSRERF—HE. RUS5F
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56 E3E BiFRMHEEMAA

3 B8R RSRAC 5 2 R SR B RS T4 L S R B REAEAR R A
U s TR KRR 753 P LA A A TR ? BRI — 15 7 H AR ST
e, R EBATNAE.

RSP INATAY Li R CL S IRPTIRAT SCRFIE 38, SUR R BT i BRI A,
ST AR 5 AT LA M. LI A B B BT AT B SRAERA 0,
SURBRELIE () T T SO L5 45 H) BRI A

APPAT SCIF R U A T FERFROSE I . BEEE . REBUTIO RN T, T RRE RS IF R
AFIHTEX TIANRRE. THYTERHLE KA a4t .

3.1 B HFEMET

AL PC P EFTHAAITCHER (Executable) L% Windows T[] PE (Portable
Executable) Fil Linux (] ELF (Executable Linkable Format), 11884 COFF (Common file
format) #5aCMEFN . HERSCEFRE R IR RS 265 H AR EIT BRI L2 ) 30 (Windows
[¥).obj #l Linux FH.0), EHRTHRIT SRR WA S S5 HIRAELL, Br ol — MR mT 347 S04 =C
—RH -FEEE. W RS, HEOHSAHAT SRR N TR R — R,
BLERATI AT LA SCHUKs H #5301 55 al 08T SCE B R, — PRI O, € Windows T, A1)
A LAZE#R e 1114 PE-COFF 3C4% . 1E Linux T, RATTAT LUK EA]SEM 0 ELF M. Hith
ASAH WA AT P AT SO 2048 4T Intel/Microsoft ) OMF(Object Module Format ). Unix a.out
& F1 MS-DOS .COM #% X%

ANREATHRAITEH (Windows [f).exe Al Linux ¥ ELF o[ 41T 3L 1) f&h T
¥ AEfE . BhASEEFEE (DLL, Dynamic Linking Library) (Windows [f).dll F1 Linux f.s0)
K EB7SH43E R (Static Linking Library) (Windows [£.1ib # Linux #9.2) 3C##$ Al $hiT L
i X A7fi% . TAIE Windows F #84% M PE-COFF # A fFfiff, Linux T#&F ELF {7 4.
SRR AN, ERIBM E HER WS —RIER— 30, Fimb g5, 4
] A S R S B AR O — M S 1R 2 B AR U0 S0 4L . ELF SURFRRAE LTI 2 Rt P K H
ELF £ 60 SO 3R 3-1 Fidl&s i 4 %,

= 3-1

ELF x#38 L] R

B B ELM LT AR, TR

Tiﬁ“iffl] MR ATIAT LA AR T AL, HE
Relocatable File S43E T A3 2 i — K

Linux #.0
Windows #9.obj

EFRnERef—iE. RESE
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3.1 BRXHENMER 57
B4
ELF X#ea g =L
A EEIM QST TAARMITORA, € [

( Executable File )

ey AR ELF THAT L4, S0 —E
AR

Windows #.exe

¥ B AR
( Shared Object File )

XA A AT Ko dE, TolEulF
A H LT R . —A R A B T AR A
A AR T E R LAk
WXEIE, FANGEFLH. o4
A EBES T LA EZHFEFEAARL
5 T IAT A, M h bR ey —

Linux ¢ .s0., 4o /ib/
glibc-2.5.50
Windows &J DLL

M
( Core Dump File )

Lt AR s bRt, RATFiRHAZ4
o b E] 6 P BB AR B A — 2k e 1E 8
46k 2SS0

Linux F & core dump

FATAT LLFE Linux FAEH file fr & B H MM S0, B JUMSCHEE file 2 F
2l o HA M N 2 Y

$ file foobar.o
foobar.o: ELF 32-bit LSB relocatable, Intel 80386, version 1 (5Y8V), not

stripped

§ file /bin/bash
/bin/bash: ELF 32-bit LSB executable, Intel 80386, wversion 1 (85YSV}, for
GNU/Linux 2.6.8, dynamically linked {uses shared libs), stripped

$ file /1lib/1d4-2.6.1l.80
/lib/libc-2.6.1.80: ELF 32-bit LSE shared object, Intel B0386, version 1
{8Ysv), for GNU/Linux 2.6.8, stripped

B S AT HRIT AR A

BEfRXHSTHRTXHRARBRERGENREZSEDAX, FUFRNRGEE TS
AARNER, EXERAXKE/NR, BRXHRASTRIHERNH LT
ERERGHERR,

COFF 81 Unix System V Release 3 &7t 12 B FAARINE, EREHAIE
T COFF#g =%, HIE T PE B, HIEHAT S Windows NT F#k, System
V Release 4 #£ COFF gaftat E3I AT ELF =X, HAETRTH Linux B8t ELF £
ARETHITXHER, XthgtEAH 4 BT PE M ELF Intb4ERIAETEREA, EX
ENEMERT B —RETHITXHER COFF,

Unix P RIETHFT A0 aout X, EMNRITIEELESE, UETFERATE
XS H AR, aout RAREBRBAE T TRANIRIHT COFF B k#
R LR, X THIEREBA, DETF COFF M@ RED Bl ZiER,

EERNSHEeR 8. ZR5F
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58 FIT BHRXHESHA

COFF MEZERHBIEBHRIHETSIAT "B M9tl4, TR B FTIRE
FEHERTEEEY "B, B, EREXTIHREEER.

i TXOBTHRNLELF S0 E RS T 947 PE-COFF U4+4540, FFX LR S ELF
FE ®wRA.

3.2 BtrXHEHAiF

FATBAEN R B P HAER T REEONSIESM. 896, &8, &7
XS ALLSE, H RSO RS T BRI A A — B E L, YR, BIRER. F
Tk, — Hbs ORI X A s BAL AR @, LA “957 (Section) BITEXAr6iE, FR%
By “Ex " (Segment), £ BT, EMRR —A—EEENRKS, A& EARmUXK
W, ME—RIXHECE BELF MREE M EMRRMENE R, FsTI19R8,. meh, %
IR e — el “B”.

SIFIRAC IS S U G M H L8 15 422 3 H ITE AR A3 ER (Code Section) 8, {RikE W04
TAT “.code” B “Ltext”y AR K EER AR BEARSE F IR MR (Data Section),
HAEERN IR B data”. AEHATKE AR LR IF B R R A E FR SCIF IR0 45
P 3-1 Froe-

C code with various storage classes

int gleobal_init_var = 84; \ Executable File f
int glcbal uninit wvar; N Object File
N
void funecl( int i ) N\ File Header
{ N
printf( “%d\n”, I ): .
} " . .
~ text section
int main (void) ' _
{
.data section
-
static int static_var = 85; - e =
static int static_var2; .bss section
int a = 1; Y PR y
int b;
funcl( static_var + static_var2 +
a+b);:
return 0;
}

B 31 EESBERNT

EFERNBRSHF—E. KUSE
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3.2 BfFN#HEAH2EN 59

fRIZA 3-1 A $hAT 3t CR$R3CH Mt aC2 ELF, MERTTLIA S|, ELF SCHRR T
S A IR, ERR T B SR, B SCHR A TIAT . RERSEHERIE
AR A AL GRS e AT ). HEREE, HiRBRERZKSEE R, kit
Wi -1 ERF (Section Table), Br#ILIE — MR ENBMMM. BRMIET X
PEep A BAE SCIF P RS 7 B R B 55 . M BR B Al AR B BB R R . X
Sk et % A BN A, LR BEORAF B s PR PR 036 2. BB BUR A M AT 16

AR 3-1 26, 8 C i 5 B G T 5 U R G iE BRALAAURD, (RAF T text B ©
MERII A R B B R TE AR A RAFTE. data BE: RWHRHMERERMNRGHHESTER
—RUEAE— . “bss” RUBLE . EAEIE RV AR R RS ERINEEE N
0, AKEA T o] LABBAE data B, R G ET#BR 0, BB ENTE. data By 53 %5 W)
3 HAPISOBEE 0 BB LB FPIEAT BT e 10 a R B N E I, I H T AT 3
{2 ZE SR T AT R AR A B 4 JR 22 BEAL S R AR AL B R KN VR, 320 .bss Bl PELbss BR
REANRMELNEREBNEMRSEEMEMEMS, CIFRANRE, FElEE X
WA EHAEM .

BSS i

BSS ( Block Started by Symbol } X-MARFIE UA-SAP C4R28 ( United Aircraft
Symbolic Assembly Program ) p#—{hfs%, BTFARSME—RATZE., &
THRBDEEHSHE AT 20 thig 50 FRFEIH IBM 704 KRBT,

53k BSS XM EME N X8 F 3T T IBM 709 F0 7090/94 8! L atRAE T 4was FAP
( Fortran Assembly Program ), AT EXHFSH B AZTSHBATHRRIEL

k=dic) 8

Unix FAQ section 1.3 ( http://www.fags.org/fags/unix—fag/fag/part1/section-3.html )

£ Unix 0 C =2 % Dennis Rithcie #f BSS X MEBEABRE,

Bk, BFERBERILEEIESHPBRNE: BFESIEFNE. KBERET
BFES, mMEWEE.bss BE THEFEE.

REANRESARER]: Kt A B4 BM, EREFRES RN T RS
AR BEEAEE WA Hridinis4 R ghaEEe. FEFOTILAFH.

o —HHERNTHEABEEE, BTG HERH BN BERE. bR
TR RATERE R, iR K8 TR e PR R, B LKA A2 X
o £ AR PR T LA 43 o0 % L A ET AL S R L. BORE T ARG (R R R I B 3T B R
WS .

EFRNSRER iR, RRS5E
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60 BIT¥ BIHERHA

o HAH—TrEEX THAN CPU K, EMNAHEHRAEANMESF (Cache) AR,
TRAEABARK SN HAEFER, UBRFLOARERSEFNGTPE. K
LENESRX K0 BH M TRBEFN RS A CPU SR —BAH 8 T
PEORAF FIFR 2R A7 5 85, BT LU (60 & R J0HE B 50 I A7 O CPU (K247 iy h 42
A

o HEARE HECORREEMRKE, REAUARRTETHEZNLEFNEIAN, ©
MG 28—, FrAA A AU R P I & 880 . W T 46 3K Fb

SR ok e RSB, T A S U B R, bR AR S R 5L il A R B
PR SCARSEREAR R R Tl LU ER . 98 8 R 2 BERR (10 H00 X0 A — R,
EMEHBERAAER. AEDFZIDLEHSHEE, EERAMRERS R 5T
Wk AL, R RS HEM RS S, ALY A KRBNE. hnRE
F Y Windows Internet Explorer 7.0 @It LA G, ER BTN 112 844 KB, B
HOFLF 04 5 0 15 944 KB, RIF7 96 900 KB 1975 A 2 L 5 30 4y (R Rk o5 W.F 3-2).
MRFELHIZITTHAANHER, JUMBEZERFEATERETN. XTARILE
PRI S R B P9 AR T R X — R .

7 iexplore.exe: 20776 Properties
Rtk

32 Process Explorer TZEi#iE |Explorer.exe SI#EER

BERNEREF—iE. RU5F
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3.3 24 SimpleSection.o 61

3.3 ¥Z## SimpleSection.o

AT T H AR SO R AE 7 RES LR, a0 AR R N B A5 SPGB AR Y, AR
R A B URIZIZ R, AT AR AR AOR . SRR A0 TCPAIP sl R A T
BiF, (B AKHIB AT A B A R 45 M R RN, GRSk TRy 287 H AR ML LR AL
RS ATFIBIN? MR T IXLe, HIAR T TCPAP (T W2 Bk, Aa5uy. RE N
LS e R F A RUR R, HosCi A e R BLR B 0 0 A IA S, k& KBLLIATH &
KBTI R PSR RN, A RO WREN. 3 T RAGEHRE 21, AT/ ELF
SCFRIES A 1T 318 % 2) T TCPAP MR AT T A 1P 0 Sk I EE#—FF . 49 5 T I A 8k 2
LLELF H A 3 U0 61, BIRCERASINT B brsoft, FARBOE M 454,

AETARGHEF Qf SHRFHHE—AFIRNT of5¥.

—%E

FATRE LA AT hi$% B ¥ SimpleSection.c i HOK I8 H AR SCEFE B 40Tt 2, X AR
SRDOPkiErT, B AR AR S Tl TEBIAE . 8 FRFTHTI— £5)
it BEECAAC SR R, AT A 205 1 SFHR T 0 T B, thin GCC %
PEAR. binutils ST H, WURMRE 7RSS T HEAMM, Badiigel 2o ay il fe) ks
A 1 HANAE. B 3-1 P RRF AR R 3-1 Fis.

8 31

}f!‘
* SimpleSection.c

Linux:
goe -¢ SimpleSection.c

* £ F o

Windows:
* cl SimpleSecticon.c /c /Za
*/

int printf{ const char* faormat, ... );

int global_init_var = B84;
int gleobal_uninit_war;

vold funcl{ int 1 )
{

printf{ "$d\n", i );
}

int main{void)

{
static int static_war = 85;
static int static_wvar2;

BEERNERE\T g, ®B5F

bbs.theithome.conl



http://bbs.theithome.com

62 £33 BXHERHA

int a = 1;
int b;

funcl{ static_wvar + static_ wvar? + a + b );

return aj;

- WOH0EEA, MIBARETSTAOSRR 32 1 Intel x86 & T i) ELF SUHER,
.3

BTAMER GCC R IFEN XM (BH < Fm Rt HED:
% gee —-¢ SimpleSection.c

FATHB T —A 1104 F47 GEIUF RN ATRER A A g i SRR A LR LA 6 A [ w48
1£) ) SimpleSection.o H FR3CH. AT LA binutils (1 T H objdump X # G object it
Mghdy, AN CRER | Mo Caendl T, e KEEF Hi Mg mn A,
BATLLUF 4
$ objdump -h SimpleSection.o

SimpleSection.o: file format elf32-1386

Sections:

Idx Name Size YMA LMA File off Algn

0 .text 0000005k 00000000 Q0000000 COCQ0034 2%*2
CONTENTS, ALLOC, LOAD, RELOC, READONLY, CODE

1 .data 00000008 00000000 00000000 00000090  2**2
CONTENTS, ALLOC, LOAD, DATA

2 .bss 00000004 0OC0O00O00D 0OCQCO0O0OD0  OQO0OO0D9E  2%x*2
ALLOC

3 .rodata goooo004 00000000  0OCOO0OOOD  OQOOOO0DGE 2**0
CONTENTS, ALLOC, LOAD, READONLY, DATA

4 .comment 0000002a 00000000 QOOCO000 0QOOO0D09c  2**0

CONTENTS, READONLY
5 .note.GNU-stack 00000000 00000000 00000000 0CGOOOO0ce 2**0
CONTENTS, READONLY

GCC H! binutils 7] BB HUEI & HF & b, BT LUE T3 B % R H RSO . B Windows
Fif) GCC # binutils 5 £F PE HF# X, Linux 4% KF BELF # K. Linux £HF — M RAH
3T 20 readelf, 42 [ 14FRT ELF SO A MREHT 2%, 1R IH&'EX ELF SXFRS 43 Hrml
LAER objdump #HEXIR, BTLLEA] Pl 2% HBZX AN T .

SHCChT PR ELF SCHF0 A B R A AT ED k. ANl LER “objdump
—x"” EEEEATEN S, EHE “x” P RE RN E NER M TARE ELF H
objdump [KEF KL TRESME 4. RAVELZLIE ELF BRMLHERE. A LM
#H&. SimpleSection.o MBMEERLEATEEFHEE, BT EEXMOMNME. BEEEAM

EFERNaRS—HE. KR5F
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BSS BLISh, AF 3 B RESIER (rodata). SEREEE (.comment) FiHEisig
RE (.note.GNU-stack), iX 3 MM B & XA TE A LMA. EREBHLDSEER
BErE, W EAESEMRNEERNKE (Size) MBUKZENNE (File Offset), HEM
% 2 17th ) “CONTENTS”, “ALLOC” %2758t () % Mg, [ “CONTENTS ” izt |
- E. BA1R] LU 2] BSS “CONTENTS”, | ®75'E 3£ L7 ELF X A%
fEM . “ note.GNU-stack” Bt B#R4T “CONTENTS”, {HEMHEAE N 0, XEMR SR,
FAVE HLBREE A EAE ELF U B AT 1 B4 ELF SCF 2B A2 2R A HL 3R 12 text ™,
“.data”. “rodata” F1 “.comment” X 4 MET, BN HEHPRRBABERIG
S EFRHKT . E4E ELF P& E 3-3 frax.

; 0x00000450
Other data
bm = m e e e e e Ox000000C6
0x2a .comment
- 0x0000009c
|
Ox04| fo____. rodata 0x00000098
0x08 .data
0x00000090
0x5b text
o Ox00000034
|
0x34 ELF Header
0x00000000

B 3-3 SimpleSection.o

T T IXJLABAE SimpleSection.o MIEEAZ 1, HEHEDKERXILNE, HBHEN
wETHHANE.

H-DEINHIUM "size”, ETMAREE ELF THMKME, BB BSS
BB (dec R 3 TERKEMAIST3F, hex BFRKEFNT3H )
§ Bize SimpleSection.o

text data bss dec hex filename
95 8 4 107 6b SimpleSection.o

ERApBREN —iE, BUS5E
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3.3.1 KB

A B, FRATIE R A objdump X4 F48. objdump ] “-s” BT LI
BT BN 2R LA w7 sRITEN Ik, “-d” BTS84 BRI %i. &K
114 objdump i th d 6 TS B A BRI K, P — TR TRBBIM N R (HI8S Fx
B R R

$ objdump -2 -d SimpleSection.o

Contents of section .text:

0000 5589e583 ec088b45 0B894424 04070424 U...... E..DS...5
0010 00000000 e8fcffff ffcY9c38d 4c240483 ............ LS.,
0020 e4f0ff71 fcb589e5 5183ecld <745£401 ...q.U..Q....E..

0030 00000O08b 15040000 00al0000 00008404 ... ...vvienan..
0040 020345f4 0345£889 0424eB8fc fEffff8b ..E..E...S5......
0050 45f483c4 14595d8d 6lfcc3 E....¥Y]l.a..

00000000 <funcls:

o] 55 push %ebp

1 89 eb mov %esp, tebp

EN] B3 ec 08 sub 50xB, 3esp

62 Bb 45 08 mowv 0xB{%ehp), $eax
9; 89 44 24 04 mov $eax, 0x4d (%ecp)
d: c? 04 24 00 00 00 00 mowvl 50x0, (%esp)
14: el fc ff ff ff call 15 <funcl+0x15=
19: [af=] leave
la: =3 ret

0000001lb <main=:

1b: 8d 4c 24 04 lea 0Ox4{%esp),%ecx
1f: 83 ed4 f0O and SOxfEfELEEQ, Sesp
221 £f£f 71 f¢ pushl -0x4{%ecx)

251 55 push %ebp

26: 89 e5 mowv %esp, tebp

28: 51 push %ecx

29: 83 ec 14 sub 50x14,%esp

2o 7 45 £4 01 00 00 00 movl $0x1, -0xc (%ebp)

33: 8b 15 04 00 00 00 mov x4, %edx

39: al 00 00 00 00 mov  0x0, $eax

e: 8d 04 02 lea (Redx, 3eax, 1), %eax
41+ 03 45 f4 add ~0xc(%ebp), eax
44: 03 45 f8 add -0x8 (%ebp} , %eax
47 : 89 04 24 mov Beax, (%esp)

da: ef fc ff ff ff call 4b <main+0x30>
4f: Bl 45 f4 . mov -Oxc{%ebp), $eax
52« 83 cd4 14 add 50x14, $esp

55: 59 . pop Fecx

561 5d pop $ebp

57 g8d 8l fco lea -0x4 ($ecx) , ¥esp
5a: <3 ret

“Contents of section .text” FtA%.text ¥ L7535 SFTEDH R IR 3, Bk 0x5b

ERRnBEREn iR, RESF
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T, PRATIEA] TR “text” BT &, WAl FIRmEBE, i 4 5RTN

MBI A, AT — 5 text B ASCIL 8. FHE R A9 RIS 5, AT CLIRET B
BFEl, text BUHEFTAS M SimpleSection.c BTN E func10A! mainORIFE4 . text B

I —AF “0x55” B2 “funcl()” HBUAE—% “push %ebp” %, MBE —MFT
Oxc3 IE& mainQBR MBS K182 “ra”.

3.3.2 HUBEHIR=EUBER

data BIRFF M 2B L2 0GBH THEERESTENRBHRAEATE. WM
SimpleSection.c LIS H I —HA BN X PR, 48 global_init_varabal 45 static_var.
XA EREAD 4 NP, JERIEF 8 AN, BTN “.data” SXABHIK/AN R 8 NE .

SimpleSection.c A TEEH “prinef” FIBHE, HBT —PFHEHR “%dn”, &
R—Fh FREdE, LB E T “rodata” B, IBATOTLAMEIH S BREF ¢ rodata” XA
BEI 4 AN PRI XA P B ASCIL Y, BELIN £ 2.

“.rodata” BUFRRAOR MR, AR B R E (A const 2R
MFLF R, I “rodata” BIARE A, POCRETE X EZHT C++i const X
B, M HEBRAE R MBI EHR AT LUK “ rodata” BUAEMERE UL, XHEN FEAR
FEAT 8 SR A AR 2 A 0 AR ER A AR B, (RAE TREIF M 22t DIAMESEEIRA T &,
AL XU R D S AA 48100, 0 ROM, IXEEYE “.rodata” BURTE AT DX 38 kvl
LAGRAEFE Py ) 77 48 1 IE AL

FAMEM R, ARRMIFSRSIE TR ERE “daa” B, A SRR
“ rodata™ Bl. A 2HRMAEE & AT LR AT SimpleSection.c ' 3¢ # 4 LA SimpleSection.cpp,
RIS H % B MSVC SiFR%i¥— T HERFH B ERFRER.

$ objdump -x -g -4 SimpleSection.o

Sections:

Idx Name Size VMA LMA File off Algn

1 .data 00000008 00000000 00000000 QQOOO00Q0 2%%)
CONTENTS, ALLOC, LOAD, DATA

3 .rodata 00000004 00000000 0O000DDOOO 00000098 2%%D

CONTENTS, ALLOC, LOAD, READONLY, DATA

Contents of section .data:

o000 54000000 55000000 T...U...
Contents of section .rodata:

0000 25640a00 %d. .

BAVEE] “ data” BURITHT 4 D5, MEE #5500 0x54. 0x00. 0x00. 0x00. X

ERANEREFT—HE. RUSE
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AMEWIEF & global_init_varabal, BJ-1-3kI[f 84. global_init_varabal £ 4 F 1R int
K, K AFBIKT-A 0x54, 0x00. 0x00. 0x00 TIASZ 0x00, 0x00. 0x00, 0x547 iX
W& CPU HIFFF (Byte Order) B9l i, b7 iHM K3 (Big-endian) /i
(Little-endian) # . X T-FFRRBEABHMRATFAONA, EE 4 7R
¥R static_init_var &, B[ 85.

3.3.3 BSSE

bss BAFAMERMEUNZREBNERHSTE, W LRRIEY global_uninit_var
FI static_var2 BEBATIAAE bss BE, ST REMIA R R, bss BLAENITR 75500, HEHR
TIAT AR BB AR A 4 F45, iX5 global_uninit_var F static_var2 [F1A/NH 8 A5
;i:?ﬁcn

HSE AP LLE L F5 5-3 (Symbol Table) (R 5 M AR5 R EFH|, HF static_var2
#HF AT bss Bt, 1 global_uninit_var ¥V H M AMAETHE., RE—PRE XM
“COMMON ff%5 7, XHLRBAFRAE S S AFENOMERLNA R, FERFFHL
BEIRANE L EB A B A 30 bss BL, HBLEMAFER, AR —ITREXHLEETE
FFS, IR SR AT BT SO R I R T 4E . bss B AR =E ). RATVKEAE “ AT S MRS
A “COMMON Hht” IXF A3 WA T )8 R E ik, JRATTaT LA S bbdts e 4 1F 4
ARG R AT bss B, HE HAOLHFPTHBITRMNBSTE (LLingg
global_uninit_var Bl I static 124> MH2FM70.bss B, X—SIRE S .

4 objdump -x -s -d SimpleSection.o

Sections:
Idx Name Size VMA LMa File off Algn
2 .bss 00000004 00000000 00000000 00000098 2**2
ALLOC
Quiz ZEFWIE

HAEAE RIS AR, I BT

static int x1 = 0;
static int =2 = 1;

x1 fil x2 L@l B g ?

x| E8EI8AE bss 1, x2 HRAE data . A A—1TF.bss B, —A~fE.data B¥? [HA
x1 2R 0, AL R RSN, R RIEMER 0. BT L bdE T a7 LUBAE bss,
IXFEV] LA A A S, B A bss S S A ). BHAN— R x2 VIRILEA 1 B

EFRNEREST—iE. RUSE
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5, LU data B .

l% X EMMRFRHEASHRNDITRERF T EONBTRRBESRS, EBREE
BARgE—B T#, FHGAESFRENLIR, ERIFFNREALS,

3.3.4 HfhE

BE T .text. .data. .bss X 3 MRFHMBLZ SN, ELF SO RAT ATREW S HALM B, HIK
R SRFER R ARG B % 3-2 5% T ELF i) —480% WA EE.

F: 32
AR 15t B
Read only Data, EZAFfE 2458602 A 44%, e FHEFE. 25 const
rodatal Eg. S “rodua” —Ht
.comment HHRBERBRAGZ L, thdoF 5 $. "GCC: (GNU) 4.2.0”
.debug WikfE &
dynamic PERBEEL, FLAHE 2y
hash 5ok
line AN 64T 5 &, BPRARILAT§ B it S e A et R
.note P IF BT, AN L. AFBRATF
strtab String Table. F # # &, A -F44k ELF L+ M 3]es &4t 57 ¢
symtab Symbol Table 4 5 &
.shstrtab Section String Table f& & £
ZL‘{ AR AR AT, LB 284
"f’“‘_ S A 1 A AR, T, “Cat i B Hait BATH —%
T

IXMEE S AR T AR AR, RRXSRINAFRALRER, NHRF LA
LA — 464 R R4 P RN B % . LEIHEA ol LAFE ELF Al A —4 “music” ()
B, WLEAFRCT — 1 MP3 55, Y ELF SCHRZ TR K LLE T BAEBGX N BHRBOZ 1 MP3.

{H2 R R (153 LR BE S AREIE R« (AT, & NA S IR ARSR M B & e

A

ELE SO AT DA LA R B A B, et —A ELF SCfF b o] 884 W AN BT~ LA B o4l
“lext” IMEL. B AR R (M B4 IR ELF SOy st 6 i) vy, BARTHIRL &
% ¥ .sdata. .ldesc. .sbss, .litd. lit8. .reginfo. .gptab. .liblist. .conflict. AJLLAAIFES:
IXHEEy, DM T .

EFERNERSF—iE, RU5E
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Q: R AMEHF— AN —itH XH, hiwBH . MP3 5. Af— L8B4 A8 FH
Ty — A, HEAM?
A: Tl i objeopy T, thdo EAA —AB K LH “imagejpg”, ko)A 0x82100 F % :

$ objcopy -I binary -0 elf32-i386 -B i386 image.jpg image.o
$ objdump -ht image.o

image.o: file format elf32-1386

Sections:
Idx Name Size VMR LMA File off Algn
0 .data 00081200 00000000 00000000 0OOO0O034 2+%*0
CONTENTS, ALLOC, LOAD, DATA
SYMBOL TABLE:

00000000 1 d .data 00000000 .data

00000000 g .data 00000000 _binary_image_jpg_start
00081200 g .data 00000000 _binary_image_jpg_end
00081200 g *ABS* 00000000 _binary_image_jpg_size

% “_binary_image jpg_start”, “_binary_image_jpg_end” #= “_binary_image_jpg_size”
AR AT E R LA N AT A bt SR e K, RANTRAARAS E & AL F o
4 A E A,

BEXER

IEFNU F. GCC i Kiy Hirdc b, HESBME “iext” B, £REEMNHE
AR LWIF] “.data” F1 “bss” B EWIATHCIAT TR {DRA B RIRT GE A R A R
HA o AL RERE T SR AT IR E B 5, DISCIREERE E N Th AR, ot T A
{9 £ R VO [ttt AT)R), B 18 Linux BAERF W AR e pk—2eAnthifb A P 25 ) 4
IR HI TR RS . GCC 4L T — N9 AL, AEFS R 5 T LLHS a2 28 5 4k 1K) B
_atcribute__ {(({section("FO0"))) int global = 42;

__attribute__({({section{"BAR"}})) wvoid fool()
{
}

HANESRTEERLRHZ G0 L “_ atribute_ ((section(“name™)))” B #E 1T LIIEHE Y
¥ H al R B L, “name” 1FMELA NS,

3.4 ELF MH4a1ER

A2l SimpleSection.o FIZTFIKE T #% T ELF JUIFHIRE, BAESKESR ELF

EFRRNERST—E. KN5EF
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Scrrfgikgte . B 34 HRA R ELF BARSCIFR S g, BANE LT ELF %3
g5H), IR ERM AR R, AT WA 3-4 JTR0) ELF ORISR, B AT
SRS, ELF XSS ER M A # 2 FBfel fokiEK.

ELF Header
text

.data

.bss

other sections

Section header table

String Tables
Symbol Tables

B 3-4 ELF &4

ELF Hi5 O a2 ELF 3tk (ELF Header), 'BEM& T /AN LIFR
HEAEME, W ELF LA, BArdlasil s, fP A Dbk BikE & ELF &1
B, HELF XM ERERMBEESHHZBRR (Section Header Table), Z&EHET
ELF XA KA BRAEE, WS RNES ., BARE. EXFP RS . S5 M
R B AR . BRSNS ELF U3k, B3RS ELF XBM4H. nssaen—
46 ELF Rl BN, thinF B R, FERE, REE&RNTATRERAA4H—T,
FMI TP P R I .

3.4.1 ¥k

FATETLLA readelf #7451 F ELF 3CF, {CUASI0i5 % 3-2 iR,

EE 32 TEELF Lk
$readelf -h SimpleSection.o

ELF Header:
Magic: 7f 45 4c 46 01 01 01 00 00 00 00 00 00 00 QO QO
Class: ELF32
Data: 2's complement, little endian
Version: 1 {current)
0S/ABT: UNIX - System V
ABI Version: 8]
Type: REL [Relocatable file)
Machine: Intel 80386
Version: Oxl
Entry point address: 0=0
Start of program headers: 0 {bytes into file)

EERNERBHF—HE. KBS5E
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Start of section headers: 280 (bytes into file)
Flags: 0x0

Size of this header: 52 (bytes)

Size of program headers: 0 (bytes)

Number of program headers: 0

Size of section headers: 40 (bvtes)

Number of section headers: 11

Section header string table index: 8

M Erndinih 4 R LA 2, ELF B30 kb X T ELF 8. XHNSFTHHE.
HIEFEA. WA, BITES. ABIMRA, ELF EERIHER. BUHTES. BHTEMAE.
AO#ehE, BEFEXANAMKE. BRMGBEMKELBRONES. Rl XMk ELF
HERFEmMEar, SHATE WA 32 47 Intel KT S3A L —F.

ELF 3CPF 3k 45 ¥ B A 52 $oite L4E “fusrfinclude/elf.h” B, KA ELF CHHE & FpF
£2 NHERIEA, ELF 30447 32 RIREACH 64 RIARAS . 10 30k &5 M th 97 X B RS A, 430y
fi “EIf32_Ehdr” 1 “Elf64_Ehdr”. 32 {7R A5 64 fTRAN) ELF SCPE SCAE Sk 202 —FF
B, M A G AR -FE . O T R BT R B I DR A B ) B LLEE T AE AN [F )
SR IALY T EEMAT A A M T BHCRE, “elfh” i typedef EX T — B CHERAR, ME

3-3 fir.
®33
BEX %R 3% 3 RigAER KE (FH
EIf32_Addr 32 4E A AAE S d 3k uint32_t 4
Elf32_Half 32 {ZRE A b RAF 5 48 uint16_1 2
EIf32_Off 32 L RE A B 1R AS b it wint32_t 4
EIf32_Sword RARRAR FFEL uint32_t 4
EIf32_Word 32ERRARIT T HEN int32_t 4
Elf64_Addr 64 15 IR KALS S btk uint64_t 8
Elf64_Half 64 A1RE A8 LT 552 HH uint16_t 2
Elf64_Off 64 4L B AR &G 1645 3b hE uint64_t B
Elf64_Sword 64 43 B A A HF 5 uint32_t 4
Elf64_Word 64 4 B A R 4T 5 B int32_t 4

FATX E L 32 SR A f 30 3 554 “EIf32_Ehdr” 546734k, ErE L.

typedef struct |
unsigned char e_ident[16&];
E1f32_Half e_twvpe;
E1f32_Half e_machine;
E1Lf32_Word e_version;
E1f32_Addr e_entry;

ErRNERET g, RUS5E
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E1f32_OFf
E1f32_Off

e_phoff;
e_shoff;

E1f32_Word e_flags;
E1f32_Half e_ehsize;
EL£32_Half e_phentsize;
Elf32_Half e_phnum;
E1f32 Half e_shentsize;
E1f32_Half e_shnum;
E1f32_Half e_shstrndx;

} ELf32_FEhdr;

LR AT S ELF SO 3K 45 M ER AT I readelf 51 H) A ELF SCHFSk A5 BARLLRE, ] LLE S5
MfE Y ELF SCMEh MR 238 —— 0 . 41 SBIAM0 R “EIf32_Ehdr” $) e_ident
EAHUAA YT readelf i1 H 45 5 P 19“ Class . “ Data”. “ Version ”. “ OS/ABI " H1“ ABI Version”
X5 2. B FHSEE “EIf32_Ehdr” PRI AE— XN, BAIER 3-4 i sih 5]
BT, IERFAANYE WS, WA & T LE ELF FRAE SO L%, % 3-4 £ ELF
SOk B AN R R B 5 readelf % 45 SRR K .

34 ELF LSRR RES Y

R readelf MHERSE N
e_ident Magic: 7145 4c 46 01 01 01 00 00 00 00 00 00 00 00 00
Class: ELF32
Data: 2's complement, little endian
Version: I (current)
OS/ABI: UNIX - System V
ABI Version: 0
e_type Type: REL (Relocatable file)
ELF L £4
e_machine Machine: Intel 80386
ELF X464 CPU ¥ & B, A0k & &l EM_F %
e_version Version: Oxl
ELF A5, —AFH |
e_entry Entry point address: 0x0
AT, ME ELF 425N T E ki, 4E 2 404 i 8 T 5425 5 M
AT AT AR 154, TERLELH—ARA AT, Bixi
124 0
e_phoff Start of program headers: 0 (bytes into file)
EAFHAXC, FEAEE@EE “ELF AR AIGRE" —F
e_shoff Start of section headers: 280 (bytes into file)

BAAEIH Y@, L@ e T RILAEL 280, v3h2 8 A M4
# OBl AFHFH

EFANSRER—HE. B85%
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SR
R readelf #itHERS SN
e_word Flags: 0x0
ELF #7.&42, FArin—2 ELF LM-F Sk Ait. A F Fa945 K —
#% # EF_machine_flag, machine 4-F &, flag #4nk&
e_chsize Size of this header: 52 (bytes)

PP ELF LAk KRG ah A, EAMTFR@b5 25%

e_phentsize

Size of program headers: ( (bytes)
EAHH AL, FA£S@m “ELF #4208 fdhirm @ —%

e_phnum

Number of program headers:
AN RS, HAFEd@e ELF 46430 B o rill” —%

e_shentsize

Size of section headers: 40 (bytes)
BAAL RS IO, EAA—MRF T sizeof(EIf32_Shdr), E4RAMR “fA”
—%

e_shnum Number of section headers: 11
BASENSE, EMEF T ELF LM P A e, L&A 6F
2aH 1)

e_shstrndx Section header string table index: 8

BAFHPAMENRERRFS T, ALK 880, —FTTRAE
FiR? EXR, ERNEARATHARFTHERZEAI A RA LN

IX S P B TA DO B HE AT “elth” W, FRA17TH 3-5 D& s — 2 E LINE &,
SEHE EE LESH “elfh”.

ELF B3 BT LAV readelf M EH, &ATIIN “Magic” 17 16 My TRILF
SPRY “EIf32_Ehde” 1] e_ident 3IX- M. X 16 MFE W ELF FriE e F sk kiR ELF o
WFEEE, X4 ELF 341 (32 fi/64 fi). TP ELF X{HRA. Wil 3-5 iR,

FHF

0 Tt
ELF #Rig Ox7F 1 g
‘E'" L' CF° 2 KigtER

'7f 45 4c 46 01 01 01 00 00 00 00 00 00 00 00 00

ELF i ELFAZ
0 e
1 3HIELFICf
2 BAELFHt
@ 3-5 ELF BY

EERNEREN —itE, RESHE
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BIF4 K 4 N3 BT F ELF SCHF &R 2040 R ARR RS, 43 505 Ox7F, 0x45. Oxdc.
0x46, A F 0 ASCIT 7 #F i i) DEL #4155, /& 3 47 WHIAF & ELF X 3 5§
BEfY] ASCII #. 3X 4 795 XAER N ELF U MBEEG LTI T sCrEs I BT
R LA AR . i aocu HRABIFERADFH N 0x01. 0x07; PE/COFF &
FEEEHASAN 745 4 Oxdd. OxSa. B ASCIL 775 MZ., R BE B K A SCPFIIE AL, BR1F A |
L NS ] AT LR R ST U R R IER, MBS EMHSELng.

BEF SR — A FAT A AR ELF S0P, 0x01 #7R 2 32 189, Ox02 For
64 £l He6 NFRTFNF, HlEik ELF XM R KA £ /e (S 7).
7 AN ELF UM ERRAS, — B 1, % ELF bRHEH 1.2 FRELS st i 47
EHT . M9 AT ELF AR HER T X, M0, T ESAIX 9 AT NER
EbRE.

SN ERRE
a.out A BIEE A Ox01. 0x07, AHHASHE X ERR?

UNIX RERTE PDP /DB FEAEA, SHARFENBE P TRITXHESEEML
HRE—TFHFBHT, AN—REHNBRITEME £ (jump) 54, X
FIST RIS TR 7 P28 F oL B oI BT XA B IEA O . 0x01 0x07
EATEURIEFE S PDP-11 S92 6 7 MR FHIES. AT RLATH RS
FREREY, REUFIESHLIERE—ERFRBR T TEENS X,

HEYEAGPERSERNBTHCHERFBRNAELER, TRENSOGRTIL
IEBRNTRIBZREEINEN., JULREETEFFXEOMBYN "BEEH", H
- PMREZBOY|DREREHE VL |OMEER ERERMSZ, BMBOE
{ROTBATE google 4 "D ERR" 1 AR EAXBRFEE—T.

ELF XXHHRHER 2

20 42 90 R, — R BREMIT—TMERS, BEHART T ELF XHER
foEMAFER, FEFEFREAEBEBERTITEH BN PHERG, 1993 F, ERE
£A7T ELF XHHif, SRS5ZFRENTRE THIFSENH &, 10 Watcom F
Borland: 388 CPU #17 Bt IBM 0 Intel, 3£ B #E RSt 540 IBM F0 Microsoft,
1995 &, ZREEH T ELF 12408, BAERSTR TECHES, FARBHT.
Fl ELF LS ARSI MR A8 1.2,

XHHB e_type R F R ELF JCAFKA, BENRTIEELEILLM 3 #F ELF C#FK4, &4
SCAF RIS — A4 B RS XA B R AW ELF (20 ESCHERA, i ARl S |
B4 4. MXEELL “ET_” Fk, Wk 3-5 Fix.

BERNSRET—itE,. KB5F
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74 FEIFE BIEMHERMA

F# 35
¥E & -3
ET_REL 1 TELELMF, — B A.o LM
ET_EXEC 2 THAT A
ET_DYN 3 #F B AR, —M A so LH

WS8R ELF X it Tl E 2 EE THM. XHARRF—4 ELF X
AT LAZE AR & TR (BRAE java ()7 1988 SCHEARHE ), R A4 FF & FH) ELF XL
R 38— 4 ELF §#¥E. e_machine B 3t & 7~i% ELF SO &Y, toan 3 ik
ELF 3Cf: HBETE Intel x86 HL48 F{FA], Xt RE1EH RIS HEXHEEL “EM_"
Tk, fnFk 3-6 B,

# 3-6
2R i § ; o ax
EM_M32 1 AT&T WE 32100
EM_SPARC 2 SPARC
EM_386 3 Intel x86
EM_68K 4 Motorola 68000
EM_88K 5 Motorola 88000
EM_860 6 Intel 80860
342 RFE

FA K0S ELE SCth RS R A S PERIE, X% (Section Header Table) #i2{%
{FIX MR I AR B s # . Bt ELF SCREPPBR T SOk LLAMB B A, EfiA T
ELF 1% MBI R, b BRIE A, BIKEE . £ h e . S aRARKH
fb B, AR, ELF SCAFRBIE: st h B R e R, ks, BESNERRMER
5 B ok S LR ) &S BU B MR Y . BURE ELF S 40 & B3 ELF 304 3k “e_shoff”
A PeE, Lt SimpleSection.o H1, B T 0x118.

B RAIEH T “objudmp -h” KAF ELF P EEFRE, 4iREZ SimpleSection
REF T HRILH 6 7B, 49& “code”, “.data”. “bss”. “.rodata”. “.comment” Hl
“ note.GNU-stack ”. £ F5_b A9 5 8077 BT A, “objdump -h” fir& R RS ELF 3 X
MBS T ok, M4 T HAMMBENER, ki #5X. FRER. BEFHRE,
TR RS, RATTLUAMER readelf T HKAFH ELF MR, T B RHRMERA ZIIE
ilstE ot (P

EFERNERER %, BRRS5F
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3.4 ELF WSt 75

$ readelf -5 SimpleSection.o
There are 11 section headers, starting at offset 0x118B:

Section Headers:

[Nr] Name Type Addr Off Bize ES Flg Lk Inf Al
[0l NULL Q0000000 Q00000 000000 QO O 0 0
[ 1] .text PROGBITS 00000000 000034 00005k 00 AX O O 4
[ 2] .rel.text REL 00000000 000428 Q00028 08 9 1 4
[ 3] .data PROGEBITS 00000000 000090 Q00008 00 wa 0 O 4
[ 4] .bss NOBITS 00000000 000098 000004 00 WA 0 O 4
[ 8] .rodata PROGRITS 00000000 000098 000004 00 A 0 0 1
[ 6] .comment FROGBITS 00000000 00009 0000Za QO O 0 1
[ 7] .note.GNU-stack PROGBITS 00000000 0000ce& 000000 QO O 0 1
[ 8] .shstrtab STRTAB 00000000 0000ce& 000051 OO0 0 0 1
[ 9] .symtab SYMTAB 00000000 000240 0000f0 10 10 10 4
[10] .strtab STRTARB 00000000 0003<0 000066 Q0 O 0 1

Key to Flags:
W (write), A (alloc), X (execute), M {merge), S5 (strings)
I (infe), L (link order), G (group), x {unknown)
0 (extra 0S processing required) o (0S5 specific), p (processor specific)

readelf $H K45 Bk ELF XFBERMAE, BagibEBII R REFBRR
Foghi . BrRMSEH B e, ©2& Ll “Eif32_Shdr” i h oA, BaxE
MIAEE T B, A “EIf32_Shdr” £5HEXT N —4NBt. “EIf32_Shdr” JHFR A BRIl
R (Section Descriptor). & T SimpleSection.o i, BIRELZH 11 Mo ErE4. ELF
BeR X MBS — A O ER T HMBHR T, EHEAA “NULL”, Bk sh8 DB
HER TR N — A B, 5t i SimpleSection.o 3LH 10 MR ER .

BURMTF T
ELF XHERREHARATZRHERREUNBEFART. —HREX—TEEE
FEHEN, REMCRER. ZRER T LUE R TIRRSI ARS8,

EIf32_Shdr # ¥ X.7E “/ustfincludeself.h”, ACHS i # 3-3 Fias.
7588 3-3 EN32_Shdr RS EFFLEHE

typedef struct

{
E1f32_word sh_name;
E1f3Z_Word sh_type;
E1f32_Word sh_flags;
B1£32_Addr sh_addr;

EL£32_Off sh_offset;
E1f32_word sh_size;
E1f32_word sh_link;
E1f32_Word sh_info;
E1f32_Word sh_addralign;
E1f32_Word sh_entsize;

} E1£f32_Shdr;

EIf32_Shdr ¥ #1515 Lk 3-7 Biom.

EERNSRER—HE, ¥R5F
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76 F3E BIRXHESHA

37

sh_name Section name &% '
BeRNFHE, EAT—2M “shsirtab” #9F4F B 4. sh_name ZH &
FHBAE “shstritab” P eh @i

sh_type Section type HéjER
HREL “EHMER”

sh_flags Section flag fEégirE{x
WG CEE AR EET

sh_addr Section Address £ & #ie 4k *

Jo RE ST vAdd A, R sh_addr 3% Sk he $05 2 BEAZ 3k 4k 2 78] F &4 B 4t
#uak; F R sh_addr 2 0

sh_offset Section Offset %1645

I RFEALETIMHT, NEAFEHBEAEL TR, THALENL. ki
sh_offset 2} F BSS fE £ #0308 H & 3L

sh_size Section Size Bejk &
sh_link #o Section Link and Section Information & 4&£484% &
sh_info WHREL i g

sh_addralign | [Section Address Alignment Hkb bk et 7
Ak prat b b3t A B K, e SR M BRI TR EE ST —4
double T &, B 4 Intel x86 % 222 1% & 4k 65 A ks 2050 8 A 5 49 S d04E,
KA PARA double EF gL Z B FTHGEMAE, XM —HE
3. E 89 sh_addr sbFR 8 a9 HAE,
T} a4t FARE 2 49455042, sh_addralign AT AR FHE P
693545, PP sh_addrlign =3 T34 2 69 3 K548, BP 845, fRebiif,
B vA—AEr o Huit sh_addr <4690 % £ F @ 4%, BP sh_addr % (2 **
sh_addralign) = 0. **& F4§40i& J.
4o % sh_addralign 36 0 3, 1, RI&T & EEA o FEEL
sh_entsize Section Entry Size WK A
HEma4T BT 8T, hibfSA, CLLGEIFFAEMNK
SRR —AEHY, 2T FIA AP, sh_entsize ATHEATAE K. o RHB 0, MK
TIERERASEHE XM
I FE LR T TR R, R BRGNS L, R TR RARVIEA RAME L, 2 TR
Flidit, — AT ERA T 6 AR AL, B AR F MR B A AR R AR
2 ATREFR, A EBRRTEMMBGRS, SNEERESE 2 AptmigiminE, AT
VAL S 2 AR B — THAT AR ARSI, TH—ThoReind, RERRDELTROEMK
GAo BB . B, ARk e A A A, R IRE SR,

iEFRATIAHER EIf32_Shdr F1 “readelf -S” fI%IH S, LR EES|, Skt —1
B AR T4l S b M 41 “Name” JF4R4E—%l. T & SimpleSection F]BFR FIFL#
i 3-6 FisR.

EFERNSHEF—tHE, WH5E
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3.4 ELF WSk 77

|
BT X—H, WAIAMMEEL SimpleSection [ BB ML EL BT .

[ 3-6 7, ScctionTable /5 Jy Ox1b8, tLiltfE 440 1711, & T 11 \Edtid /)] b

BB A 40 DN, XK ERIESF sizeof(EIf32_Shdr), 754 BHERITHIS HA K
BE WA SRS — DB “reltext” 80T, KIEH 0x450, BD 1104 4, HIRIGHE
SimpleSection.o ) 3CFKAE . v [H] Section Table M1 “ rel.text” HA KW FKIEE. 5 3§
Btz [a) 43 3 — 1 A 7 ) g .

— 0x00000000
ELF Header
e_shoff = Ox118 —
—— 0x00000034
0x5b text
- d t ------- —— 0x00000090
.data
0x08 0x00000098
0x04 -rodata
: b 0x0000009¢
0x2a l .comment
) | Ox000000CE
0x51 .shstrtab
| 000000117
- — 1 0x0000011
Ox1 bBi" Section Table
0x000002d0
0x66 .symtab |
—— 1 0x00000426
. N -~ 0x00000428
0x28 | gx34 rel.text
— 0x00000450

3-6 SimpleSection.o 89 Section Table KFF SR BMAH<E

YR (sh_type) FWFTEHATHMN, BN FHEARENGFLEPHEEX, A
EARA LR RBRIRR . WATHE AT — A EERB B A “text”, X T4 %28 Al
Bk, EEREERMBIEAZENZET (sh_type) MEIFRELE (sh_flags). BiI2E4H
KHEELLSHT_JFk, FIREWHE 3-8 By,

#* 3-8
BER i1 - .4
SHT_NULL 0 R
SHT_PROGBITS 1 AR, KADR, S8R A R 4
SHT_SYMTAB 2 ATHBEAAEAITTE

BERNSRESH—itE, B8SE
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78

E3E BRNHESHA

3
R i X
SHT_STRTAB 3 AFHBHAEAFH EL
TEMAE, HROSTEEMARFEE, BAAE “dAMukil
SHT_RELA 4 PEP
SHT HASH 5 FEierefi, L “H5R K—F
SHT_DYNAMIC 6 HAMBEE BRL “SHAHE" —F
SHT_NOTE 7 RTpfd b
SHT_NOBITS 8 AT HEELHFFAAS, thdobss B
SHT_REL 9 f?ﬁiﬂ:ﬁ“f FAAMEE, BRAE WA AFTFIA"
E—
SHT_SHLIB 10 | ®&g
SHT_DNYSYM 11 HERBOFTR., LKL “FEuK" —%

ERRIERENAL (sh_flag) Bibs&(7 Fm i B st iR it ik 2= Al eh g ¢, B as

W5, REFARITE. M ELL SHF Ik, ik 3-9 fras.

BE i} _ ey
SHF_WRITE 1 ATHBARALEN FTE
RTR AR T P AESRTE., A aAN TR
SHF_ALLOC 2 FEHEF RS LR TA PR SETE, EN—HIEH
EAFRE. AL, S bss BATLH A MRS
SHF_EXECINSTR 4 Forik B AT 8 T el AT, — AR

T RAMRMBL £ 3-10 512 T EMREME.
#F 3-10
Naime ~_sh_type .. shfiag -
.bss SHT_NOBITS SHF_ALLOC + SHF_WRITE
.comment SHT_PROGBITS none
.data SHT_PROGBITS SHF_ALLOC + SHF_WRITE
datal SHT_PROGBITS SHF_ALLOC + SHF_WRITE
debug SHT_PROGBITS none
SHF_ALLOC + SHF_WRITE.
~.dynamic SHT_DYNAMIC FA 2 £ 4T dynamic F° fE% ik ey,
BR AR A SHE_WRITE #7849
Jhash SHT_HASH SHF_ALLOC
line SHT_PROGBITS none

EERNSREeN —iE, RUEE
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3.4 ELF MHESHIRSAR 79

ik
Name sh_type sh_flag
.note SHT_NOTE none
.rodata SHT_PROGBITS SHF_ALLOC
-rodatal SHT_PROGBITS SHF_ALLOC
_shstrtab SHT_STRTAB none
4o ik ELF AP AT R KA ER
strtab SHT_STRTAB ik F4 B A, MAEFHERLIFHE
# B A2 EE, BA SHF_ALLOC #RE4i
symtab SHT_SYMTAB Rl 5 & &
text SHT_PROGBITS SHF_ALLOC + SHF_EXECINSTR

R EUSEIE{ER (sh_link. sh_info) NSRBI AL SEERA N (AR R B A B
EARE), thinEeEiE. SRS, 4 sh_link A sh_info XA 5L BTEF HIEL S0
%311 . AFHARKRAE, XA RABTENL.

* 31

sh_type sh_link sh_info
SHT DYNAMIC | ZEAERGTEHEERARAT T 0
SHT_HASH HERAARAGESEAABRRT O TH 0
SHT_REL . , ) HERERFERNK

= B ; T
SHT RELA HEATRAGIEEETEAABRRTHNTAT £ B T
SHTSYMTAB | itk 2 sed % 64 Bt 2 Aa L
SHT_DYNSYM
other SHN_UNDEF 0
3.4.3 EEMER

ilfi’ff]i{ﬁﬂ, SimpleSection.o F1H — MU “ reltext” HIBt, EHIFKA! (sh_type) K
“SHT REL”, ittt MBEMK (Relocation Table). EMRAIBITLFIBLH,

G 2 92 7E AR ER AR SCPERT, ZUEERT FRR SO P S A AT e A, B BU B B R
*Qif%ﬂﬂﬁlﬂ.ﬂ’ﬁlﬁﬁmﬁlﬁ EEEEA IS BEd R ELF XM EEMZRR@, WT
| FCRDEYER MR Y, BB — AN EEAL K. LW SimpleSection.o

1 “ reltext” BERLEFRS “text” BUWE LR, FEA “text” BPE DA —AHxtHubkin 5]
F, AR “printf” ERERAIEAT: T “.data” BYRIEAT LR AL T IA, EREET
JLAVECE, BTLL SimpleSection.o A EHN “.data” BYRUEERLK “.reldata”.

— AT E L Fe MR ELF — B, AKX Bt (sh_type) #i “SHT_REL”
EFERNERB—iE. KUS5E
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LoveLeft
铅笔

LoveLeft
铅笔

LoveLeft
铅笔

LoveLeft
矩形

http://bbs.theithome.com

80 EIE BFHFRNHEEHA

FEMIMP), 1 sh_link "R RS R TER, © 1 sh_info "% 7S EH THB~ B . L 0™ rel.text”
fERT “iext” B, T “gtext” BIIFHRA “17 M4 “reltext” ff “sh_info” X “17,

KT HEERARN B BANVEZ SRR EF T, 78 F— 240 M A st B %,
BN NE2 VR M 07 e fr R 45 '

344 FFHER
ELF A MBI TIRE FAT &, LhmBi & BEA%. BV PRSI RA N,
P EA IR 2 () G5 K e e OB DR o — PR 3 AL £ AR 40 2 9 o 4 b e 77 2 B — A
R, WM TERAERTMBRS IR, LR 312 KM EHHE.

%312
R +0 +1 +2 +3 +4 +5 +B +7 +8 +9
+() \0 h e 1 1 [} w o t 1
+10 d \0 M y v a T i a b
+20 1 e \0
HE 2 i #5 5 E AT A R A3 3413 BTOR.
% 3-13
ik 4 FHE
0 EFEFE
1 helloworld
6 world
12 Myvariable

WX FPTEL, A ELF CER 5T F 88 R H— AN FAREIT, R
HACEE IR 1) . — M7 77 B 2676 ELF SCHEh i LB IE R IRAE, % WEIER 40 “ strtab” o
“.shstrtab”. XN FRHRS R AFHFER (String Table) FIERFFHER (Section
Header String Table). Bi# E X, FHEBRAXRGEALEN SRS, HKOFSHELFE B
FFEFERAKBIFRRDPHEIAFFER, BELAMNREEYL (sh_name).

A EMNEFE LFIXA ELF XHkFH “e_shstrndx” 18 X, FAIEATIRE
“e_shstrndx” J& EIf32_Ehdr [ /5 — kB, ‘B4 “Section header string table index ” [¥14¢
e BAVMEBRRFEHRRAG WA ELF AP H— N HFEMEL, MEEN&SEE 0y
“.shstrtab”, AF 21X/~ “e_shstrndx” BET “.shstrtab” {ERRP Tz, HEREFRE
LBV R R, BT MY SimpleSection.o F, “e_shstrndx ™ BI{E 4 8, B4l 15 34 B “readelf -5 ”
g &R, TTLLE S “shstrtab” XABRNIEL FREZRI TR0 8 MM E L. i,

EFRNEREF—E, XRN5F
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35 #@ENEOD—FS 81

T LA th g5, R8T ELF SCfF sk, sETLIBRIR R NBEREHFRIO0E, Wi
¥ ELF 304

35 HWMENEO—/S

BEFE P 0 AT A B AR H AR SO Z B ) B —ik, aR& Biieni A
A ATCIPHEIE AR, N T R FR SO 2 MIAESEAR ERS 4, 3K H b S
(1) R 25 158 (KRR A 77 s AEARBA A BEHODE 2547 (U1 3855 A s B2 . felEsEh, Himorir

|Zrﬁlﬁfﬁﬁﬁfﬁ%ﬁﬁ_h%Hbii#ll'ﬂ%fﬂhﬁtﬂﬁ%lﬁﬁ, A0 R il SORN 2% ik 1) i bk 0 5 | bl I
PROCHF B EAIB T Bhs M A PHIBEEL “foo”, AN B T A X (Define)
TEREL “foo”, FRHFSF B 31H (Reference) T HARH: A KB “foo”. IKFH/HE
SHERIEHFER. SANRBECERSE O CHEN ST, Al e B A g
MR 2 MR . TE8Eh, RAVK RSB BSH A S (Symbol), &% HAR %,
AEFSE (Symbol Name).

PAMTATLAHEAT 55 A e b AORS & A), EEA BERE L R IE R 3 T 1959 A BB 95 1E 8050 1K

R PP RGN AR LT SHER, - HEXHSSE NN ESE
(Symbol Table), XA s T HbrsctEb AT HEIMBTE 45 . B0 Xy —
AR, MUFFS{E (Symbol Value), A FASRRBEHORE, FEMEa2 0.
B T R B B2 A, A A LR AN I BIRAE S . Tl 18 5 e rh BiAT 4 S 8k T4

XK. EAATOTRERE T X L R eh iy — fp

o ESERBERRCAMARR S, LA Al H RS . b SimpleSection.o L
) “funcl”™, “main” H! “global_init_var”.

o EAHWXMAHIIHMERMS, WA AKX, X8 me
(External Symboal), iR RAIATmET A5 51/H. thin SimpleSection.o L7
“printf”,

o BF, XMAFSHAERSER A, CHEMLZBIR G, i SimpleSection.o
HEE “text”. “.daa” &,

o JRERRFY, XS HEGERICH TR U, i SimpleSection.o BLIfY “static_var”
A “static_var2”. WA ES PTLAGE FXEETF 5 5k 2 7 R BB 9 I (TR o R ST 1, sk
RSt s X TR BRSRER, fesftdth e eil.

o TS fER, W EACCHERAS SRR BTN R R, EHRATEM.

T RATABL, AN SRFS, B EmE 488 —30mm — oK, K bk

FURRAXOERFSHEMT “Ha”, RS, BE. TSSHMAKEN, SiHTH

EFRRNERESF e, Ru5E
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82 F3x BNXHEETHa

ity BRSCHERBE R “ATTIL” (), TERE PP R R BN RATTMEARE THK
#%F ELF MBS R, i readelf. objdump. nm %, WA “nm” RAEFH
“SimpleSection.o” S & R F.

5% nm SimpleSection.o
aooooo0o0 T funcl
00000000 D global_init_war
00000004 € global_uninit_wvar
0000001b T main

U printf
00000004 d static_wvar.lZBE
O0000000 b static_varZ,1287

3.5.1 ELF FSREH

ELF AR S RIS L 0P B, BE— R “ symtab”. #5RMEHIR
L, &R EIf32_Sym £ 4 (32 i ELF 3C#F) M#4l, %4 Ef32_Sym S5 4
T, XS AN TE, R FRROMILENLRMN “AREX” #5. EIf32_Sym
I 5 s LR

typedef struct {
E1f3Z_Word st_name;
E1f32_Addr st_value;
E1f32_Word st_size;
unsigned char st_info;
unsigned char st_other;
E1f32_Half st_shndx;

} E1f32_Sym;

S JLAS R B Y 5 LI 2K 3-14 Fim

* 314

st_name Hete. BARROASTENSLETHEATH T (ERAFHEL
"? )

st_value HEast g, EAMABRESH KX, THA—AwE, ETHREA 1%
HE, RRGOHS, CHHRAMEAL TR, LT “HFMA°

st_size BB, st TS HBART, IR HAIE LA M ) tode—4 double
MM HFE LM BAFH. LRiEMAH 0, NEAFEHFTRNH0AAS

st_info FEEYfHEEEL, LTX “BSRES5HRIML

st_other A BWA 0, A

st_shndx HEAAME., LTFX “K5Aram”

FeRAFPEEE (stinfo) LA 4 LRFFHSMAER (Symbol Type), i 28
7 #2405 B (Symbol Binding), W 3-15, 3 3-16 FiR.

EFEANSREs . XNS5E
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35 #ENED—IFS 83

#* 3-15

TESMERS
FEEILL & L)
STB_LOCAL 0 RS, T B AL ER R T L
STB_GLOBAL | ERHS, TR
STB_WEAK 2 BilR, #R “BESTHERET

#*3-16

HexR
EAAL 14 it
STT_NOTYPE 0 E TSy
STT_OBJECT 1 ERS AN R, e EF. HUF
STT_FUNC 2 A5 A A R S AT AT RS
STT_SECTION 3 EHTRF—AR, KA F5 LR STB_LOCAL 4
EHTAFINL, —BSL BRI AR L,

STT_FILE 4 C—AA STB_LOCAL £#% ¢, HEEH sishndx —EA

SHN_ABS

TS ETEER (st_shndx) QR 4 LAEAH 30 fFh, BAXAD MR RRT S HER
BREREFTH e HEMPENGS AR LEARH 4P, B30T H%Ts,
sh_shndx (1 {HA74E4%58E, @k 3-17 .

#* 317
HEMERSHRER
HEELL 18 WA .
SHN ABS Oxff] A TENT AT —A 8. iR T4 E G THA
- TixA LA
A FEMET RN “COMMON 3~ 86455, —RI,
s feth & B 5 & Aokt & A £ B 6] st 4o

SHN_COMMON Oxtff2 SimpleSection.o 2 1 4% global_uninit_var. # % “COMMON”"

#A SEAMASHME” 2 “COMMON #”

FAEFAFTREL. EAFFRATESTAERDARLMI A
SHN_UNDEF 0

., R L ERGE R

FFS{E (st_value) RflGTH LA, BN IHAE A NRKE, MELATF
SRR BAE L AR AR XA R SR AR b, SEHERR N 1% 4%
O JLR G B A

o {EHERICMP, MBEM ST X HEEFS AR “COMMON Ht” B (B st_shndx

EFRNERST—8. BR5E
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84 F3E BirXHEERH4

A% SHN_COMMON, SUAIFZI “HAWpERE" —% i “COMMON 5”), T

st_value Z/RiZM SLEBR MR . BIRFS B0 ) of s BT T H st_shndx fH5E 1

B, W st_value IO . IX R H AR M oE A BRI 5 M Bch WSS, i an

SimpleSection.o Ff# “funcl”. “main” F1 “global_init_var”.

o TEHBRICAH, WIRFFS R “COMMON Bt” 2%ty (B) st_shndx 5 SHN_COMMON),

) st_value FRi%%F 5 FIxF5/EME. Lk SimpleSection.o H1 ) “global_uninit_var”.

o {ERNAT IR, stvalue RoRFF SR B RIEL . XA BN T A AR AR S

M. FBOVEAED 3 540 ks A,

e A4, BAX BLF SO R A T AN T /8, HFB L. SimpleSection.o
MRS LT, SIS ERSRPARE. XBEM readelf THRAF ELF X
PERIFTY, B objdump T RABFILUAR|FFEM A K, (LR AEKE readelf AT
R -

4 readelf -8 SimpleSection.o

Symbol table '.symtab' contains 1% entries:

Nurm : Value Size Type Bind Vis Ndx Name

0: 00000000 o] NOTYPE LOCAL DEFAULT UND

1: 00000000 o] FILE LOCAL DEFAULT ABS SimpleSectidn.c
2: 00000000 0 SECTION LOCAL DEFAULT 1

3; 00000000 o] SECTION LOCAL DEFAULT 3

40 00000000 a SECTION LOCAL DEFAULT 4

5: 00000000 0 SECTION LOCAL DEFAULT 5

6: 00000000 4 OBJECT LOCAL DEFAULT 4 static_wvarz.1534
7: 00000004 4 OBJECT LOCAL DEFAULT 3 static_war.1533
8: 00000000 0 SECTION LOCAL DEFAULT 7

G; 00000000 0 SECTION LOCAL DEFAULT &
10: 00000000 4 OBJECT GLOBAL DEFAULT 3 global_init_var
11: oOoocooo 27 FUNC GLOBAL DEFAULT 1 funcl
12+ 00000000 0 NOTYPE GLOBAL DEFAULT UND printf
13: 0000001b 64 FUNC GLOBAL DEFAULT 1 main
14: 00000004 4 OBJECT GLOBAL DEFAULT COM global_uninit var

readelfl (4R A2 5 E IR ) EIF32_Sym FI% AR JLF— X, 2F—%) Num &
TRFFE BRI AR, A0 IR, JE 15 MRS B % Value EFFSHE, B st_value: 3
=% Size BFFG RS, B st_size: S PUFIANE T34 B 75 5 KB RGREF B, B XY st_info
(I 4 P ANEs 28 fr; BBNF Vis Bl CIC+HEF P REM, RNFTLIEH 2 E: BL
% Ndx Bl st_shndx, #F&FFSHEMNE; MBE It E, NFSE/K. AL
T ELER, B, R0 RITFS, RIER—A AR XS TR
FSmBEnT.
e funcl 1 main F¥HEEE XFE SimpleSection.c Bif, ENIHTE AL E &R ICILE,

FiLA Ndx % 1, BJ SimpleSection.o HLif, .text Bt(¥) Fhrh 1. X — 0T LLEL readelf -a

EFERNEREfT—iE. KR5F
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¥, objdump —x KT, EAEEE, FILKRE STT_FUNC: EATRAJR T Wi,
fiTLl & STB_GLOBAL; Size /5B 58: Value s ek BOH M T8RS
B g e B w S L.

A printf IXFFS, EFFSE SimpleSection.c BT, BEEGEHEE X, FE
) Ndx & SHN_UNDEF.

global_init_var 2 S WG LA SRR, ©#ie XE.bss Br, B FEiN 3.
global_uninit_var & A4S RER, Sk —4 SHN_COMMON EAMFS, &
A G IHMAHAFLET BSS Bl KT RYIAULIN A SE R AEEHZ N “COMMON B,
static_var.1533 Ml static_var2.1534 M EARRE, SI100480% Bk & STB_LOCAL,
I EiE s BT e BT A AN E RS M “static_var” Fl “static_var2”
R T ITEIX M “static_var.1533” H “static_var2.15347, FAIE Tl —3 “H2 i
i PR AT 4 .

*1 T AR STT_SECTION MM S, EA1RR Fhch Ndx MBHEB 4. eiInss
LZRAER, HLEMNPHFSEENMES. i 2 S50 Ndx 4 1, Bael
Ftext BRMELE, BSOS AN EME “aext”. WRBEIEH “objdump <7 5
AT UL R R B SSE A 1

“SimpleSection.c” XA 5 R iFFICHIEE L4 .

3.5.2 HHES

MBATHE R 1d 75 0 BEREAR R BRI AR e AT AT SRR, B2 b B 15E SR 245 BRI 5,

R SRR AR X (B AR T AERE A UIF B S, AT Z AT 5.

HX e fr SR 4 AT 1d BB MsEm A bR, BRINERIR “EERREH" X—

WL KEEUX A . TR A S0A XSRS RN, REAE LEN], (HoJbASs

BTEF HAR . Bk 25 2 e 15 Py B 8 B A ] 0 A o 10 00 BNy HL R AT B IE TR IR, 7

B, HAH 0 SEERE - R AT T U XSRS A 24 LR RAREWN
e

RS WT.

__executable_start, i%TF 5 ohRFRRAeNE, R, ARA DAL, REFOEIFGH
Huhk .

__etext 3% etext 5% etext, HFFB ARIBBE AL, EDACASER AR R Hhhk .
_edata B edata, ZFFSABHRER ARk, BNBE B ER B AL.

_end M end, EFFS ARG HRHNL.

LA bt ik #4040 P g e B () kB Ut ks B A 2 A — B R [ i T P
R A —

EFRNEREN—iE. RU5F
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AT LAFEFE b B I A AKX B 45

I,.’*
* gSpecialsSymbol.c
*/
#include <stdio.hs

extern char __ executable_start[];

extern char etext[]), _etext[], __etext[];
extern char edatall], _edatal];
extern char end[], _end[];

int main()

{
printf ("Executable Start %X\n", __executable_start):

printf("Text End %X %X %X\n", etext, _etext, _ etext);
printf("Data End %X %X\n", edata, _edata)l;
printf | “Executable End %X %X\n", end, _end};

return ¢;
}

% gecc SpecialSymbol.c -o SpecialSymbol
% ./8pecialSymbol

Executable Start 8048000

Text End 8048404 804B4D4 80484D4

Data End B04963C 804963C

Executable End 8049640 8049640

SANEA A ILABIAR AT S, EUR S T, B 1d MORRMAA X, S
WS AT 7 W SRR

3.5.3 FTSEMSRYETS

ZUTE 20 20 70 FEACLARY, G0 iE 3% S i U fCRS A H AR SCAFI . 75 45 5 LR 22 B
RS TR R, B AN RIS B & T AR foo, ARATLARERHE TP
B E AR LG, foo £E H bR SCER D RIAHRT IV 075 5 4 R foo. /53K UNIX P& M C i
HRUIR, QR TR T AEHNIT RS R B AR R AT — M, B
AR C FFEE RIS, C i & AT LA AT e e v 52 SO B B e B
14 FFEATFS %0, 6 NS S BREAT () B AR SCIFIP . Eetn A T Gl S RO B 2 30T —
A B B i main, H8 A FRATEE C 857 HIIREAS o LA 2 X —4> main REERER T . FFFH
P, WH—A C S H RO EHE - AMEA] Fortran 3 5 %5 87 HARO0H, BAlB2
BT A A PR R

A TEIEREAN S 4P5E, UNIX R C I SHBE, CHBE AU /BT
R AR BN BR SR i R LU, MR RO S A AT B FRIZR 7. 1 Fortran i & BIYRAL

EFRNSRET R, KE5F
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BadsmiFls, ramfEsanmt “_, Bldmkb “ " thin—4 CEFEE “foo”,
M2 iFFaRIFS 28 “_foo”; MR A Fortran &5, k2 “_foo_".

3 e Y B 1T L 00 7 vk (YO T RE 0 BT i/ 2 APIE S H AR SR Z R B b R, {0
BB MR e 5 phSE I ) B L [R) — R iR S S 00 B AR CHE A T B S A
SHE, MR, AFEMEERGBEANETT (AN FE, EANZ AR R A
FERG, MF RSB, TRE CHIXRERE RS IE S TR I8 ) 7 X RS, ¥in
TRM=E (Namespace) 1A R R EARRBITFS hge = 8,

{HEREN RAHES, REEMFRENRIFHBWCEES [ /LE, i UNIX B4k
WTRER, BAWERATHRAMZNL, Lo FIER Fortran FIE 20070 8R4
P ML RS A A G T - (ESRAEN) Linux T GCC S8, SRABEIR F 48 Jehy
T CIESM SR _” KX 7K {HA: Windows F 65 F 49872838 (5 R X REMI 14 4,
Hef Visual C-+4i B 28 825 7 C i &5 755 3T 0“7, GCC 7F Windows & T RIRBA (cygwin.
mingw ) tHZ “_". GCC % i 2%t v LU i 2 $3% I “ -fleading-underscore ” &%

“_fno-leading-underscore” ¥ AT HFHIKMIREE CIE S S EF .

CHiFSEM

ARFTEED, SKIM X E R0 CH-l 8, R, YR, BEH. AR SR,
ENERMSERENE N REEAE -, HAHE S FE R funcindH func(double),
RERB AR, (BESHFIRAR, &7 Cr+ T o8 H T8 00 5 5 0 —Felriol, A
PR AR A ARG R P AT Sr X A B BOVE? N T SCRE CH+IXBE 5T AR BRI, AT R
BT #FS1&% (Name Decoration) sS4 (Name Mangling) f#l#l, Fimi ks
H C++IFF S B H .

B e B — M ia) R C++ iF 2 AR 2 HER R ok SO — R R 7, BURBTIEK
R ER: A5 CrrfEESFHR LR N, B AGEARRNETEE NG £ RES T
FIRFS . HhiniE g 3-4 iIXBAEY.
FE 34 C++ BMHNETREDR

int func{int);
float funci{fleat);

class C {
int func{int};
class C2 {
int func{int);
1
}r

namespace N |
int func{int);

EERNSREN—itE. K85
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F3Ew BIRXHERHA

class C {
int funcflint};

Yi

FEAC YA 6 4 1E 4 B HY func, RS E AT IR M S8 RY R Z 8 K AT E R 2 BR A8 [A] AR
. WATFIA—AREN EKESL (Function Signature), BREBLAS T T REME
B, RS . ENSHER ., EATERER G RN R A E B AL H T4
R, S TRMARKA—#, REWEFHEREEAN—MS. i T L
6 M) 4 R Bt 5 MR R B R AL BB AR S AR R, FATTRT AR ST R B 2 AR
TELRTF 38 B SERas AL TR 7 5, L L P B RRAE IR0 U7 i, A s B 2 R R — A
&84S B FR (Decorated Name). HiFaffrH Cr+IfCRa% iFik B b5 SCHERT, S8R
AR TRATIEM, HEFS4, W E, CrrPBICRSER PF 5 i B bR S0 BT s A
TS A2 B 1 R R AR B (B S 45 B o o+ 2 10 25 RV 132 38 404 T 55 SR AR 0 0 b 3 Ry
AR, BT LI TR R 88 44 1 eR By, B4R B AR, 46 P28 BRI b e T
AR EE. LHT 6 MRS GOC ik F, XSRS & PRk 3-18 Fiors.

F*3-18

ERER BiEREHR (FSR)
int func(int) _ZMunci
float func(float) _Z4funcf
int C::func(int) _ZNI1C4funcEi
int C::C2::func(int) _ZN1C2C24funcEi
int N::func(int) _ZNI1N4funcEi
int N::C::func(int) _ZNINI1C4funcEi

GCC [MAEA C++ SR BHE HL T B RS £LL “_27 37k, M TIRERAT (E
LA SRR B, SR N7, RERENEHRTRMENS T, B8 TR
LR TR, ML “E” G, N NuCfune 2858 £ BB LUG # it _ZNIN1C4funcE.
S F— AN RECRE, CHESEFREME “E” B, X T int FRORE, #ETH 07 O
LLEEAS Nu:Cr:func(int) 5 3028 44 2 0L 151 _ZNIN1CafuncEi. % A HAKRB 74 RANTEX
PRVEANA4E, MBS LB % GCC AR B IHbRHE. P IR BRE M i3
SRR FE R R IR F T AT SR AE R B, BTLURAR VES M T RIX i #2. binutils
AL T —A0 “cafilt” [T H ol LU R AT SIS thinl 09 2 8K, Hhin:

¢ c++filt _ZNINlcdfuncEi
N::C::funciint)

% 2 M2 BB LB O B A B R, C++ P02 R 28 BRI R AT FRE UL
#. 3 TRREERR, ERRE AL DR LAR, T b 2 ERE i
Bligl, ttn-—NEFRE N foo PO RER bar, EBMHEKMATA: _ZN3foolbarE. {3

EERNSRET 08, RR5F
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AR, BRI EAPINABBNRELHT, FUR XN EEREBITRT
HER-PERMER, EHLHRERE R,

AR EHLE A R IR ET R Z TR B mainOR R N e Aa R
W foo, T funcQER¥UE MR A —MHAEEN foo. HTXKSXFHNIEE, GCC 2HE]
FIRF S5 42 53 5l 48 16 B A [F] 1K) 2 7 _ZZ4mainE3foo F_ZZ4funcvE3foo, IXFEREK 4 T IXH
M E,

ARG v 25 # RS Wi 7k AT RE R 5], BT LAAS ) A9 4 1R 28 0 TR — A iR B e 42 )
REXT A FRIME S 48R Ehin b R4 th 7 Visual C++5iB 8 F, EINEHE 42
B 3-19 fiR.

%319

MR : : SIS uwm WSS
int func(int) Hunc@@YAHH@Z
float func{float) unc@@YAMM®@Z
int C::func(int) Hunc@C@@AAEHH@Z
int C::C2::func(int) Hunc@C2@C @ @AAEHH®@Z
int N::func(int) Hunc@N@ @ YAHH@Z
int N::C::func(int) Hunc@C@N@@AAEHH®@Z

FATLL int N::Co:func(intylX 4> B ¥ 2 R FE W Visual Cr+IIAFRB MR (48R, A
BURNME T XA ATLL 7). BMESFH “7” sk, BERRNEH “@” /e
SGRMEY: FHRED “@” RMAKSL “C” NLKEME “N”, B— “@” il
B EMEMER: B— “A” RRBEEHER N “_cdecl” (o HiH FIRRIE AT 72
FABFYANED, BAERRENSECRYREEE, b “@” &K, S5k “2” &R, o
LIER A SHORRMZRTMEPMAN T BME L0, SRS R aEE 585
B[R] 2 H AR S BR R ek 42 F BRI R 8, A2 B3 link FRINHRRBE T .

Visual C++HIAREMN IR A RS AF, S5, —BREFR FTRAIE T TRXER
W), B A B AT RESH EAF— DMEN R B PR B RS, e s, A R iR
A2 A 2. Microsoft 34t T —4 UnDecorateSymbolName()f) API, T LL¥H5 16 /5 4 Bkt
BkR A . T HXBAUS B UnDecorateSymbolName() K48 Hi J5 42 FR 5 o i ol % 4 -

i* 2-4.c

* Compile: ¢l 2-4.c¢ /flink Dbghelp.lib
* Usage: 2-4.exe DecroatedName
*/

#include <Windows.hs>

#include <Dbghelp.h>

int main{ int argc, char* argv[] )

EFERNSRBR—NE. ROS5E
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90 F3E BIRXHERHA

char buffer[256];

if{argec == 2)

{
UnDecorateSymbolName ( argv(l], buffer, 256, 0 };
printf{ buffer );

}

else

{
printf( "Usage: 2-4.exe DecroatedName\n" );
1

return 0;

i T AR [ (o 5iE 2 R AR & M i, BRE SRR R 4iE ST K Hir
CUEEEEMH LR, XESHAFRFRZ MAELERENEEREL—. BIUSHM
%TF- C++ ABI F1 COM fix — 45 LA 18 X4 i) 4

3.5.4 extern“C”

C++h TS5 CRE /S OEHE L, Cr+a—MRRAEHEUE X—1 CHIFF T extern
TR

extern "C* {
int funec{int};
int wvar;

CH++50 R 207 extern “C”" HORIES P SIAARES 4 1% C B 5 kb8 BTLURBIE,
LGRS, C+IBRREEHLEIS RS RAER. AT A C AR func, EXT —
A4 R E var. M ECBRATESD, 7E Visual C++F 6 Fa¥ C il SHMA S#ITEN,
B R R Y func I var B 5 75 540 S _func F_var; {ER7E Linux R4 GCC
i BT HAT XA ENE, extern “CTHHAM S H A BIERS, MTEAH T RIZ.
R AR A R R ) CESHFS, Bata LRI TR

extern "C" int func(int);
extern "C" int wvar;

FE RTS8 T — A~ C 15 5 R func FIZE R var. A0 LLEEA B3R MHLEDRM—
AN ER:

// ManualNameMangling.cpp
// g++ ManualNameMangling.cpp -o ManualNameMangling

#include <stdio.h=>

namespace myname {
int war = 42;

ESRNBRSF 8, BR5F
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}

extern "C" double _ZN6myname3varE;

int main{)

{
printf{ "%d\n", _ZNémynamelvarE };
return (;

LY, RAIE myname BLIRA P LT —AN2REE var. HHEETRA1H %
B GCC LMEMMN, XM ERBEMWEN LA “_ZN6émynamedvarE”, RERIIFT
fER] extern “C”fI4 875 ) —ANSM R 5 _ZN6myname3varE, H S EATEN %, BATEH
GCC K4 iF XM FLF I HIZATE, RAITHT LIE B2 42

$ g++ ManaulNameMangling.cpp -o ManualNameMangling
$ ./ManualNameMangling
42

REMBREMNSGWHEELLHFAT % C HBENREALEEE, BEXALY
e C i ERBE CHRIBAE. MR LA, RITH CESERETH sringh
AT memset X EEH, CHERMT:

void *memset (void *, int, size t);

WARAIAEMAEEE, [EAIW C EFHFAE sring.h WEHE, 3 HAB T memset iX
NEE, WERSH memset FEHFIHIEFME; HEE C+IBEP, BRSNS
memset FRE R — C++E¥, # memset BT SEM_Z6memsetPvii, X FERER 288 ik
5 C HEHEFH memset S HITEE. UM T Crkil, VIUEA exten “C XA
memset XM KM (H2E CHEHE XL extern “CifllE, MR N THECESH C++BES
FECPRER M, KRBT R, FRANE —AIREFK T L B, masm
C++I5 “__cplusplus”, C++4i#3% KTEMIF C++HIFRFERBRINE SGXA %, BATHTLUEH
FAZOR AW M ATIRE R TURAR CH+05. RiEABL T

#ifdef __cplusplus
extern "C* {
#endif

void *memset (void *, int, size_t};
#ifdef __cplusplus

}
#endif

R L AT R TTR C++FS, F4 memset 27F extern “CE BB AN, WEL C A
4, MEZESY. LB METLEERE RS- 4 s A 5.

EERNSHREN—ins, BESHE
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3.55 SFS5RFTS

BMNEFAREPRER] — RIS ERE L 2D His XS EMHAZ T 2R
I 3, AKX BRSO RERE T o6 2 RS S T8 TR . tE B AT H bR 3
A FIHFR SO B 852 X T — D2 RERAR global, IFHENIMMMGL, a8ZEH A
H B BEATRESE N A0S

b.o:{.data+0x0): multiple definition of “global’
a.o0:(.data+0x0): first defined here

R B 10 52 AT ARG 0 3875 S (Strong Symbol )., 465 5 i i X o] LABERF 0 5577

S (Weak Symbol>. X T C/C++ik & K1, 2 vk 22 Bk N ol O KT AL, | FO% Je 8 ot D0 R0
2, RYEE SRR RNEAS. RIMETLER GCC i “_ attribute_((weak))” 5
SUFT — AR S A D . R, TS AR R ORI, AR R R

1A HIIRATAF X BT

extern int ext;

int weak;
int strong = 1;
__attribute_ {{weak)) weak2 = 2;

int main()
{

return 0;
}

FHXBREFES, “weak” M “weak2” RI§H S, “swong” M “main” ZEHFT, M
“ext” BEIFIRASLAESS Y, WAEE MMIERMGIH. SXRE/H SIS, #©
B ds s an TR A ER 5 e & VOE R4 R

o N 1: AAVFERMATHEZUCEN (EIARFEMNHERCHFR AR RAMNEAS): Wi
HEAMESE X, Wk T8 e LaHR.

o BN 2: MR SERA HiIn AP REBRGS, EHA PSS, Baik
B,

o M 3. WMR—ANMFELLHE AP ERESETS, BAEERS SH R B —
At EER M A XA RTE global 4 int B, fy 4 NFAT: HER3CHF B i X global
% double %Y, & 8 W, W4 BRI H AN B#ER, &5 global 5§ 8 A7 (J&
BAEMHEAMARERNB TS, GTUAERSBURERRNEFER).

F3IASESIA B AT RATITE B O S8 H AR SIS 5| P 7E B AR 300 i £
B AT BT SR, BT RERIE S, R B RPN S HE , BERRR S

EERNSRER i, KR5F
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HsE LENR, XPEEAR AR5 A (Strong Reference). 52 MXTNEH —FE85IH (Weak
Reference), 7rAb¥EsssIHat, ML SHE L, WHEESHEFSHTIHRG Wi
TS R X, W 8 %0 | FI NIRRT . SR a8 b H 5 o | F A0 59 5 i M i L — ¢,
Rtk Xmees H, SEENANER MR, MR TR XHs951 H, #HEds
BN 0, mRFE—AMFFERIOME, LI TP IEE. 99 HANSRFS TR FE
(EEEEd A2, BATETE “B” X HEREHUR. 3955 BN COMMON S
BRPESR, BIVERE “RAFESEER" X—8 91 “COMMON ™ — ik 2 [ §5 ~F
SH#E.

I GCC th, ATATLLEBER “_ atribute_ ((weakref))” X4 X TR A —
AR B S A ISS I, b i B A

__attribute__ {(weakref)) wvoid fool(};

int main{)
{

fool);

H

AT LS B MR — AT AT 30, GCC A itEiEdhR. HELENETTE D
AT SO, S RABITHNR . b main REGRERA foo ¥, foo BREHIHAL N
0, FRRAETAREMIE VIR RHER. A SOk E TR
__attribute__ ((weakref)) void fool);

int main()

{
if{foo) fool);
}

XSS TESFIEESI X T EER UL T4 A bhtm e o sE US55 7T LAREFH P 2 SO 5
T TR, AITAERS R AT LME R B 2 SCRRCA I PR B 3 B R ] LA 89 RETh fig i
BRISIFE 8951 H, S 3RATTR RS SR PP B HeE — R0, DHEERRR R T LA IE T A
MRRA] L4 T LR, WA PR ATLIE R R, R T HINKII6E, KR
BRI A SRS .

#F Linux FEFERE T, R — ARS8 o] LS B s B el S 2 =, BT
LLFREEE 5 | 7 ke T 24 i O FR R R B B T R R 1N Glibe FEIL R T EEFEM Glibe &
(T 7E 40 I 75 -Ipthread T, M MIRAT REFER AN A TR L LR AN . RA)
A LATERE R sE - -4 pthread_create BREUMFS 5|, #RJGFEIFFEEAT oo 50 A0 B R 75 B 2%
#I| pthread FEA I $ 8 BT B ERFE IR ACE 2 LR IRAS

#include <stdio.h>
#include <pthread.h>

EERNSREBT—iE. ®WREF

bbs.theithome.conl



http://bbs.theithome.com

94 EI3E BHENXHEHERHA

int pthread create(
pthread_t*,
const pthread_attr_t*,
volid* [(*) (void*)},
vold*) __attribute_  ({(weak));

int main()

if{pthread_create) {
printf("This is multi-thread version!\n"};
// run the multi-thread version
/4 main multi_thread()

} else {
printf("This is single-thread version!\n"};
// run the single-thread version
// main_single_thread()

WSS RWT:
§ gcc pthread.c -o pt
$ ./pt

This is single-thread version!
$ gocc pthread.c -lpthread -o pt
$ ./pt

This is multi-thread version!

3.6 HHAER

H b SC B i A A AT R R A7 0 R R R L P BT BLAR 4 1 A8 A SRR IR AR R )
PR, L E AT A R B R R WA AT R, UL ATH R, ATHE
PES AR AT AR 5 H AR Z MR R AE, bein B ARARES o A stk P b BB
—17. BB EMRT., ki . FRRRFR ERCFRE. REHERENR
PR S AR STL ABANA, EIFF R R ool LU s STL A&+
{1 Bi B B E

MBRAE GCC SFR N L “-g” SR, MFEBRLLE LR EH IR0 R0 EiFiR
8, BAVEL readelf FTHATUEE, HIEXHEETRE “debug” HXAIBL:

[Nr] Name Type Addr Off Size ES Flg Lk Inf Al
[ 4] .debug_abbrev PROGBITS 00000000 000040 000034 00 O 0 1
[ 5] .debug_info PROGBITS 00000000 000074 0000af 00 O o 1
[ 6] .rel.debug_info REL 00000000 000738 000038 0B 9 5 4
[ 7] .debug_line PROGBITS 00000000 000123 Q00037 00 O 0 1
[ 8] .rel.debug_line REL 00000000 GOO770 000008 0B 195 7 4
[ 9] .debug_frame PROGBITS 00000000 00015¢ 000034 00 0O o 4
[10] .rel.debug_frame REL 00000000 000778 000010 08 19 29 4
[11] .debug_loc PRCGBITS 00000000 000190 00002c 00 O 0 1

ESERNaRESn g, BRRSE
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[12] .debug_pubnames PROGBITS 00000000 0001kc 00001a 00 O 0 1

[13] .rel.debug_pubnam REL 0oo00000 000788 000008 08 19 12 4
[14] .debug_aranges PROGBITS 00000000 0001de 000020 00 O 01

[15] .rel.debug_arange REL 00000000 000790 000010 08 19 14 4

Ef DWARF 3, 1 DWARF $RHEZ 51 2 1 2006 AT . Microsoft 4347 [1 CFH M (1184 {5 &
#e bRk, M CodeView. X TG SR HAEAFRIEXE MBI T, SHLS
Ab— AT AR TS, o R E AR RA AR SR K, A DRI T LU 2
BRI R A% AUbRHE . (HREM R IR, 5 BAC B 7 SCHEFI AT 44T S0pF b o5 AR K %2
fil, TECE LR ARSI e A B AT UG, BT L 43R A 5 B 3 B0 2 2 A 1 ek,
gy F A A ARG B e, WS KERAE) . £ Linux T, AT LME
R “strip” 43k £ 48 ELF X4 A WA 15 B

Sstrip foo

3.7 A=ENG

{EX— R PEATRA T T S M BRI, EEMET ELF UFRCEB. Bl
Bt BSS BtHF LB FiaiTE VIR MBS . Bk 5, BAVEFH N4 T ELF ST

MIX— B BAN T ARF], TR AT AT IO . B4R SRR, e LER T
B S s IX MU AR & . FEFRURAUIS L i LR, BT AN R 53 ) A7 B A
REIBEH . Giidd (LGS Tofs SR E R, Wnfs . Eefff B FhkmE
M AR H AR, oL — A REERE DB

HTIXEE BRI, TR0 B BHUR AR e A Ak, Bl — AT eMER
PEIFER N RMBIR, XHUE AR R R A M, RATRET =P g N4,

EFRRNERBN—itE. Xu5F
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DR

4.1 ZESHIHEC
4.2 FSBTSEEMN
4.3 COMMON it
4.4 C++48%[alF
45 BOFERHE

4.6 HEEIERE
4.7 BFDEE

4.8 FBBNG

EFEANEREF—HE. RUSHF
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98 F4E BiSHEE

AL TR ELF ORI, MRATE ELF A7 A B e B S 2 e 5 4
AT — 00 T M B FRI LR s B WA ERRSCAEIN 3 e TR
W NRTAT PR AR R T AF A2 A LR RSSO AT AR, (&
B, RAMSA FIXRAGAH S “ac” A1 “be” M4BT RITIM

f* a.c */ /* b.c */
extern int shared; int shared = 1;
int main() void swap({ int* a, int* b )
{ (
int a = 100; *g ~= *h A= *g ~= *h;
swap{ &a, &shared );: }
}

BRBINFEFRAXHEAEER “ac” Fl “be”. BHARINMEA gec ¥ “ac” 1 “be”
354 PR B BRSO “ao” A “bo”:
$ gce -¢c a.c b.c

St EHATMB AT “a0” M “bo” EHAHEICHE. WP ATLLES], “be”
BHENTEHASRES, —2TE “shared”, BT REE “swap™: “ac” BHIE
KT — MR SIE “main”, Btk “ac” BEG AR T “b.ec” BN “swap” F1 “shared”.
A1 FREMAMEE “ao” F “bo” XN HAR U REEE —RHERZER —
fr3cfE “ab”.

41 Fg5iitoic

ST Rk, BN, e LA B ARSI TS B R M
SctF. BAEXAGITE, RIGMARE XM “a0” M “bo”, i BLEFTIAT
“ab”, FAIZERTTT S 247 T ELF SCRFRRR, JRATANIE, mTAT SCfF o ARG BN U
BB it A\ HAR SR &Rk . A A RN R R B/ E TR A X
T2 BFs3CHF, SRS EIINE B AR SCE? REE, Wt SPEh
2 ] 4 e 43 PG 5 B0 N DA

411 EEEN

AR R R RN AR A R IR, WK 4-1 BiR.
B 4-1 PO IRF A, BER P X B ARSI HOR & OF . BRI MEIE N —

BEFRNSREBR—R., ROSE
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Object File A Output File
File Hoader File Header
Aext section

data section Object File A

Object File B ’
File Header / .data section Object File B
- hy 1

Object File C

[upid
Object File C
File Header

B 41 HPENTE IR

A, EEREMASHMERT, SRR A RS TREOB. Kin—MRBRRAN
REFRFE AT RS A BE N BAR 0, R H AR5 51 text Bl .data BEfbss B,
AR fE 0 S ST A LT AT B . XL R B E, RSB E
H—E A R A [ AR, Bk T x86 MAE AR UL, B M HE A 22 8] ) R 55 AL
BT, ik 4096 71 CETHbbR= R F, BIFEREEATINETEHITLD.
B ABRA VR AN B E AT L AEY, BEHMEERFEDEH 4006 7. ZEXIENK
WA KB N ESRN, FTLXIFAR—NMREFRTE.

4,12 EBLRSH

—ANEE SRR R AN MR BE R R, LR BT A OCAH “text” £ 3F
B SCRER “text” B, BEER “daa” B, “bss” B, W 4-2 BoR.

EETNSRERF—HE. XU5F
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Object File A Qutput Flle
File Hoader m File Header
Jtext section
.data section
. text
.data

Object File C
File Header

B 42 SCAROVSSE BRI

1 GnFRATAT SCATR BN, “ bss” BUTE H AR SO AN AT AT SO 68 & B S fF STl (0
RETERARI & AL ). B LB B E S O B0, R “bss” RO, FFH Y
ACHEAAAE (Ao AN . bss” BRAY A 70 BC L FATT AT LA —A i, AatR ik A AT « =8
[, VU1 e N ol K

“CHERE AR A H ARSI RO L R A ) 7 X AT ) “HBBERIE T HLE WA L B
AN JELER I AT AT SO A ] 3R AN REAE AR I R U o ¥ A FEL B E 4 ) . 3

FHEEREARA B, thin “text” A1 “.data” i, T SCH S HE R bE AT B
6, FAEIEXFE S PEAAL: AT “bss” XEEMBEE, SREFMMEXHERT
Bl hE ], B A S R HRANE. BELE, BNEXERBMSESERXET
ERlibht = E e E, BAXA KR ISR A% T hakt BB R, T eff4
B B SR R RN R IR K.

ETorfT A b 2 ) 2 B RIFEEE 10 E "TTHITXHNERSHIE"

LT P e PR 2 ) S TR A SRS S A AR R A LR DT R 2R — R, R IR AT ik e R
BT HEE (Two-pass Linking) (4. R EENEELEIFES.

EERNEREF—E. RH5F
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41 E SO 101

E—% FESHUSE HEAFENESABRCH, JFHIREENH &N BRI E,
BHEALT R, 3 BN B AR R S R ITE RS LS S AR kR, 48—
WE—MERFSER. X -5h, BRSHEEKGHETHAERIHNERRE, HEH8E
13k, St AR FERRE SAE, R LR,

E-H FERirSEEM A LS PP WEINRATEL, ERERA SRR
M¥dh . EEfE R, FERMITHSHT S Ee . AR R E. Fk R R
FEEERIRE ML, AR EEALRE.

TAMEA 1d B2 “ao” A “bo” HHELK:
$ld a.o0 b.o -e main -o ab
e -emain FH main BEERFFAND, Id BEEEMINARLF A D X _start.

e -0ab FHEEEGN I A ab, BRIAH aout.
ik 3847148 A objdump KB F AT G AL o EetE s, AT B 4-1 Fis.

EE A EETEEEARE
¢ objdump -h a.o

Sections:

Idx Name Size VMA LMA File off Algn
0 .text 00000034 Q0000000 00000000 00000034 2**2
CONTENTS, ALLOC, LOAD, RELOC, READONLY, CODE
1 .data 00000000 00000000 00000000 00000068 2%%2
CONTENTS, ALLOC, LOAD, DATA
2 .bss 00000000 00000000 00000000 00000068 2%%2
ALLOC

$ objdump -h b.o

Sections:

Idx MName Size WMA LMA File off Algn
0 .text 0000003e 0Q00000C0 Q0000000 00000034 2%*2
CONTENTS, ALLOC, LOAD, READONLY, CODE
1 .data 0o000004 00000000 00000000 00000074 2*%*2
CONTENTS, ALLOC, LOAD, DATA
2 .bss 00000000 QOOO0000C0 00000000 00000078 2Z**2
ALLOC

$objdump -h ab

Sections:

Idx Name Size VMA LMA File off Algn
0 .text 00000072 08048094 08048094 00000094 2#**2
CONTENTS, ALLOC, LOAD, READONLY, CODE
1 .data 0000004 O0QR049108 08049108 00000108 2**2

CONTENTS, ALLOC, LOAD, DATA

EERNERERN—E. KUSHE
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102 E4E BTHE

| VMA 3R Virtual Memory Address, BpE#IitbHE, LMA F=7~ Load Memory Address, I
Aiho#thht, TEMATEEMEARZZ—H#Y, E2EFLEHAR RGP, HIE
E LR F AT ROM A RF D H, LMAFIVMA ET BN XER{NTABXET VMA

#ner,

ERE AT IS (ORE b R bk 48 R R SERR i e Rl i BDERATTOG0 BB A
B VMA (Virtual Memory Address) #1 Size, TZBEIZHEHR (File off). WAL
B, EWMHmZA, BRSO AT BN VMA 82 0, FoWERT T RH SR, B
LLEATEGAEh 0. HREEEZS, AIHATICMF “ab” d & BERE 2 Ao B T 40 R2 i s 40
Hutik . 33X B4 R “ab” o, “text” BUii S ECE| T Hbhk 0x08048094, K/ 0x72 FHT;
“ data™ BrMMbRE OxO8049108 Fros, kA 4 957, BABESEGE, BREXHFLEM
e, PR ERLMAE W 4-3 BioR.

Process Virtual
a.o Memory Layout

0x34 File Header

0x34 -text section \

b.o text 0x72

Operating
ab System
. 0xC0000000

File Header

ox3a  File Header

o—— 0x0804910C
data

.data OxD4 i .
Ox3e -text section ; T % 0x08049108
o 5 text ™~ 0x08048166
data Do
0x04

section o _\ 0x08048094

B4-3 BENH. TMIHSHETE

FAHEE 4-3 P ZME T 1R comment X FH X BEMER, HXOABROBEER. A TE
KBTI “bss” B, BTUARAMEM AL T . ME 43 FATLLES], “a0” M “bo” i
RGBSR/ B R, &M “ab” M—iext B, INERMIKHEN 0x72. BTl “ab”
(B RS EEE T main B swap B AR,

BERNEREF—itE,. KUSE
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Mo, N ABEBERATIAT LM “ab” () “text” A2 E] 0x08048094, # “.data”
SrAC 0x080491087 1y A~ M BEHLZE 6] ) 0 Hublk FFah 73 BlUR ? X R ARV R HERL 0l
HE2E 1Al 4 BERUN), 76 Linux F. ELF TJ4047 304284 M A B 0x08048000 JT#es . KT
BEFERY R L hE 2y RO S5 M X A AR ATBFE SR 6 35 “ T BT O R SRR Y X —E T
537 .

41.3 FSHUVIRE

RATERLL “a0” Hl “bo” EHBIF, KATXHNS BPEEESBN THEIRE. €8
— B B4R 2 6] S BB B, R 28 4 MR T A 40 ) 55 1) 43 0 5 R BEAT 4RI, B R e T
& A B BEEE RS (0 R UL 282 T, tbtn “aext” BUREAHLAE % 0x08048094,
“data” BERY#EHfiHabE 2 0x08049108.

HHIE — e G, SRS ARG R E R AE . R0 &5 S R B N A
XRLE AR E R, U BRI S “main”, “shared” ) “swap” [{9HbhbE 2 RBEN T,
AAEHESMESEMTI M E— MR, #Ei e RRR EMfEatit. hink
i “a.0” A “main” KA T “ao0” ) “text” BMWBE X, HESITHES
LS, “a0” () “ text” B T ERLHhE 0x08048094, A4 “ main” [ Hu ALY 1% 7 0x08048094
+X. MBEITE “objdump” R ER], “main” i1 “ao” M9 “text” BIFIETFLS, HH A2
WA 0, BTl “main” XS ERE R AP IHALRN ZZ 0x08048094 + 0, EJ
0x08048094. FeA1th AT LA 58 4 — TR B A i 5 75 5 (bt 283X 7 B
REEANERAS, FUSRRTEF SRTSROTSRILUS, $M75 1 stk
£ 4-1 fip.

3+ 4-1
main g 0x08048094
swap o # 0x080480c8
shared ¥ 0x08048108

4.2 TSETSEEL

421 EEN

{E5C A AL RAE () 7 IE AP BRLLJS , SRR RN T 7F ST B e ) PR, iXth i
AN ONE. EXTTSRITEEMZE, HALERIKES “ao” EELE

EFRNERESN s, KU5F
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104 4T RTHRE

LAFHIX BN S (00, R TR A 1 7E a.c " HOYRFE ¥ 1 T {8 ] T “ shared 28 A1 swap”
PR, MARFRRER “ac” WIFNIE LK, B “shared” Z8? WA A “swap”
A7

i objdump ] “-d” ZHOTLLEE] “ao” MRMBRILGHER:
$objdump -4 a.o
a.o: file format elf32-i386
Disassembly of section .text:

00000000 <main=:

1] Bd 4c 24 04 lea Ox4d {%esp) , %ecx
4 B3 ed f0O and SOxfffffffO0, $esp
7: f£f 71 feo pushl Oxfffffffec(%ecx)
a: 55 push %ebp

b: 2% =5 mov %esp, Yebp

d: 51 push  %ecx

e: 83 ec 24 sub 50x24, %esp

11: c7 45 £f8 64 00 00 00 movl SOx64,0xfffffff8 (%ebp)
18: c7 44 24 04 00 00 00 movl S0x0, 0xd (%esp)

1f: 00 i
20: 84 45 f8 lea OxfffffffB{%ebp) ., ¥eax
23 89 04 24 mowv feax, ($esp)

26; el fc ff £f ff call 27 <main+0x27=

2b: 83 c4 24 add 50x24, %esp

2e: 59 pop Fecx

2f: Gd pop %ebp

30: Bd A1 fc lea Oxfffffffc(%ecx), %esp
33: c3 ret

FINMBEREFNRBETEAASEERMLE, EXBhITRER "main” HiEs
Hith 0x00000000, XERAFERHATHEBEI TN TSR, BERXHRE
ERchghAeastth L 0x00000000 FF 14, %F=EaRE/ALUS, & E¥TEHER
B ERIHbhE =iE b sy &

RINATLURFE M ER “ao” FIRILHE R, “ao” HEXT — 1A main. X1
RN 0x33 AT, 3617 £454 MO EELAESHRER, 8 1TRER—&iF
A (HERSICERE, WHERED 0x18 1) mov I§4, R Z#E BR ST ST
EAMCLSAHEEIFEH THASIH “shared” F “swap” AL E, tF “shared” HFIHE—
% “mov” 54, XEESEIL8 T, ERHEH LK “shared” LR E] ESP FAF
BEad P imiE b bE 32, AUTH 4 MF RIS, G4 HFI72 “shared” AHEE, RATIH
KSR 4 AF0HS, w44 Py,

LR “ac” MR H FRSCH, GRiFAIEARME “shared” F1 “swap” fIMiHE,
PR B AR AL B bR SO . BT AR RS s BT AT S Hh ik O BH R “shared” AL,

EETNSRER—iE. BUS5HF
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I ELEEIZE “mov” 640, KT “shared” [fHbilb54r 4 “0x00000000”.

movaTiE £ 5
C4 44 24 04 00 00 00 00

shared#yitbhit

4-4 @EIMNHES

SIAh A RSk 0x26 HIHE S — KM ATHE &, EH R R R0 swap BB IEA,
[ 4-5 Pr7r.

1834 (R 12 M A 18 Seallty 15 450

E8  FCFFFFFF

BRI AL F T —RESHRS

4-5 FEMES

ARSI S AT, WU OxES 24§ /6 (Operation Code). M Intel [t 1A-32 {6 &
YAFFF A # FH (1A-32 Intel Architecture Software Developer’s Manual, 235 Sk B 47 £ 46 41
H) LA R B, IX 544 R KR UHEIHI B B 154 (Call near, relative, displacement
relative to next instruction}, fFif 4 4~ gk 2 U R 3 A HDE TR RIE S R T—2&4E
SHME . ERAEEMZE, H B E N OXFFFFFFFC (/hi), =REE “-47
(HEIN LY i

IERATRATFH B X A0 o BIREX & call 184 FHTIG B 4454 % add $§4, add
152 WAL 0x2b, MTAHRS T add H4 RSN “—4” FIHBIEED Ox2b — 4 = 0x27. BFLLIX4E
call 154105 brs i F M ik b Ox27. FEATT 0T LAE B 0x27 A7180 3 AR swap R ¥kl PRAT
1l “shared” —#¥, “OxFFFFFFFC” HJE — G RhE, KA S IRANIHER, 5ifEit
AHIE “swap” W E IEHbE.

i VP AKX S 43 2 M Bk 34347 1t Y il “0x00000000” F1 “ OxFFFFFFRC” {Ci %5,
JE R BT T e T BB A% JA 1 A iR 0 A 1) S bk S B T LR, BRI
e IR B AN 23 (8] 20 BC 2 Sk CU2R AT LU E Fr B 37 S g b e T, B0 A S ek T LU R 2

EFRRNEREF—ig, BHEF
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106 $4i BETEE

o kel A T T E A7 (098 S B AT A8 E . FRATIA objdump KSR HFLE “ab”
AR BL, ATLAF £ main BB P F0E LA DR AR08 11 21 AT L

$objdump -4 ab
ab: file format elf32-13B6

Disassembly of section .text:

08048094 <main>:

8048094 : 8d 4c 24 04 lea Ox4 {%esp), $ecx
8048098 : 83 ed f0O and SOxXEEEEEFEOD, %esp
804809b: ff 71 fc¢ pushl Oxfffffffc(%ecx)
804809%¢e: 55 push  %ebp

804809f: 89 eh mov $esp, tebp

80480al: 51 push becx

80480a2: 83 ec 24 sub $0x24, $esp

80480a5: c7 45 fB €64 00 00 00 mowvl 50x64,0xfEEFELE8 (%ebp)
g0480ac: c7 44 24 04 08B 91 04 movl 50xB049108, 0x4 (%esp)
80480b3: 08

20480b4: 8d 45 f8 lea Oxfffffff8 (%ebp), teax
80480b7: 89 04 24 mowv %eax, (%esp)

80480ba: el 09 00 00 00 call 80480c8 <swap>
B0480bf : B3 c4 24 add S0x24, $esp

BO4BOc2Z: 59 pop Becx

B04B0c3: 5d pop %ebp

8048B0c4: Bd 61 fec lea Oxfffffffc(fecx), tesp
80480cT: <3 ret

080480c8 <swap>:
80480c8: 55 push  %ebp

£33 B IELUE, “shared” F1 “swap” [ HihE 4T 5% 0x08049108 F 0x00000009 (N3 F
WY, KT “shared” {REFFLME, P14 “shared” 48 & (FIHLUIE 1H 2 0x08049108. T “swap”
Feinhy B, RATME AT, XA “call” 54 R —FIEUAEMEZARIES, S50
B RARESH T—&RIESHMEBE, “call” AT --£K4E “add”, ERMHLZ
0x080480bf, ATl “#% T add 54 WE &N 0x00000009" MIHLHEA 0x080480bf + 9 =
0x080480c8, HIMILEJE “swap ” PEEAIHLAL. F7 BN E W LIRS A “9R48BIEd
07—, AR IRALKE N VA A 4R 48 S 1 E RS Rl o BT R

422 EFEMFE

B2 G B8 L A 4 S R A A T RENE 7 IXBAR & AU IR > R R Y S
2% i EIIEF A “mov” #A R “call” 184 IR KM FTAR . $5L B4 ELF
S, A EESRIFR (Relocation Table) %% KR A7 1X 8 5 T £ A7
58, WRAEATHEAY ELF U4 CERPIL TR IR, B ELF TP PHEEL -
AHENE

EFERNBREF—itE. RUSE
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T AT E A A ELF SCHFRGE, S0 08 HEEAr R, Rk o4& oo 5 i B
BHAE. X TEMEEEEHM ELF B4 — MM EE LR, m—NEEM&ET
B ELF XHFF B, Ul EEMREATUIMNEERE, RIEXESE HFIFE
EfrF. B “rext” WA EWEE MM S, AL —MHIMB “ reltext” ()
BRAE TGS B e & RSB “ data” 17 ERE G MY, SMEH —AHIX N
Y “reldata” HIBERAF T BB EER K. ROITLMER objdump SKE&F Hix LM E
EAR:

% objdump -r a.o
a.o: file format elf32-1386

RELOCATION RECORDS FOR [.text]:

OFFSET TYPE VALUE
0000001c R_38B6_32 shared
00000027 R_386_PC32 swap

BEA A LUHKES “ao” REEFE MM, B “ao” FiH 5 HBISMEE S M
bl HAEEEE MMM EEMAD (Relocation Entry), AT LUEF “ao”
BN EEMAL. EEMADRRE (Offset) FomigA D{EE#E E e 60 B (4L
H. “RELOCATION RECORDS FOR [.text]” #pmEXPMEENERABEMNEERE, Ll
(i A7 At BB 200 2 A R0 R 1) {5 8 o o L T T 0 B 70 s &5 SR T LA S0 L 3 L 1 Ox 1 i1 0x27
SRR E S “mov” R4 “call” HHAMIMLLE S

X T 32 AT Intel x86 RFULLTIZE K, T ML ML BT S, 2 —/ EIf32_Rel
gimmEda, FMATESN—MEEMAD. EIf32_Rel fE LW F:

cypedef struct {
E1f32_Addr r_offset;
E1f32_word r_info;

} ELf32_Rel;

A eidatd. o TRAIEERMSHRHL, EMAETEEA T FEHIEE
&R — AT At TR 6945, o TARITC S HER RO, &4
roffset | BAARETEZRATAHESGLEAOETHFE T HHE A,
FNEERRXCTERALLAGHRL, THTH R E S0, BET
—F “FHARE FiEaH

EEAAANTHER FofFS, ARG EEATEILAATHER, FH 248K
FTEEAANTHETAEFT AT T,

r_info B 4 &A ok B B oG 150X R—AF, ARl & AL FTI5 E 69384 sk 8 N 4 1 —4E,
FEHLEIHFAC—EFTLEATHEY. S FTRITXENEIRETEL
#, EM@EFEAACIHEHBELEAY, F4H “PHoHEE —F

EFRNEREF—iE, Ru5E
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423 FISHEMNT

FEIRATTAE 5 W2 3L, 2 JT LA L X S AT A SOA o S B 5 5 4 SUAE S H
bRsCtE, ATUASERPE IR k. LI IRATE A 1d REEREE “a0”, TAH “bo” 1A
N . BEHEER S A N shared M1 swap PYMF S BT HIE S, B A0k sE U BERE T A5

g 14 a.o

a.o: In function “main':

a.c:(.text+0xlc): undefined reference to “shared!'
a.c:{.text+0x27): undefined reference to “swap'

XA RA T AR T RGBSR R RN S A X B8
LA U SRR 2, dee i WA AL B b T RN, s H b Sc R AT |
TRERTT S 11 75 0 5 SOR—FE . BTLAMAFIARIF RN A RER, FHS MUMRT 3 T BEBed A2

FEHRE.

TS W o 4 4 D A A A BEATT R BSR4 DTS B s TR
BEREAR . ST E AL R B AR ER T S R AT R, AR BRSO AT e SE AR S,
AT eS| Bl LAE AR B4 5 . EE s, SAEEMA DR D
FFS MG, B4 S A B AN 5 | AT e i, B B XA S i E
Frbablt o KOt AR S X B R B ATE A BRSO S RAMM BRT SR, KREIM
L A 5 e AT A A

tn BAER “ao0” FIFFTHE:

% readelf -s a.o

Symbol table '.symtab' contains 10 entries:
Num : Value Size Type Bind Vis Ndx Name

0: 00000000 0 NOTYPE LOCAL DEFAULT UND

1: 00000000 0 FILE LOCAL DEFAULT ABS a.c

2: 00000000 O SECTION LOCAL DEFAULT 1

3: 00000000 0 SECTION LOCAL DEFAULT 3

4: 00000000 O SECTION LOCAL DEFAULT 4

5: Q0000000 O SECTION LOCAL DEFAULT [

6: 00000000 O SECTION LOCAL DEFAULT 5

T: 00000000 52 FUNC GLOBAL DEFAULT 1 main
8: 00000000 0 NOTYPE GLOBAL DEFAULT UND shared
§: 00000000 O NOTYPE GLOBAL DEFAULT UND swap

“GLOBAL” KBNS, BT “main” RBURE XERMBBLZI, HAbP “shared”
1 “swap” #J2 “UND”, HIl “undefined” i LR, BoMkE A SAERE A% ix
SR PR R T ENME A0 . B AE BB B 5E BT AT (AN B4R SCHR 2R, BTfTiXesR
IS R L RE S R IF S R IR B, N BERERR SR S A e AHHR .

EERNSREN . BRN5E
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424 IBSEBIERDI

AS[R) ) b B 88 454 3 T Mk (6 # U AN — 8. BT T 32 {7 Intel x86 4b# 88
KL, EBUEES (mp 4. FRIFHAES (call 74 MEBURAEES (mov 15
Ay FHAEFRTZHEM. HZE 2006 E41E. Intel x86 F&¥] CPU /) jmp 35§4F 11 #31t
i call #8495 10 F: mov #5454 £ 14 34 FpFAbBE ! iR Fak 0 F LA il
Fr B
o imhtFubEimhtFak.

o AuHSFHEEEHAX FhLk.
o FHLEH B {r. 16 7. 32 ruk 64 fif.

{HEERHT 32 7 x86 F4 T A ELF SCH-RYE R G A BT E IERYHE & T 0k 7 L LA 9 H.
o XA HE 32 fE TGk
AT 32 fir Fhk.

XE R E e A AESEIEF S MESIENCEKESS 32 1, B 4 ~FH. MW
BBt Fhk, AR Intel MIBAERE T hk. ME— BB 5 5k A 437 3k A AH R Sk
W RAMEF, FE A DM r_info BLRAK 8 iR AEEMAOER, WF 42 fin.

FE 42
- : C 86 A MERAE
FEESL i1 &R AR F ik
R_386_32 1 Wt FHFEIE S+ A
R_386_PC32 2 A0S FHEFFE S+A-P

A= REEBBELE G
P= iEE&EE (Fast FEA LGRS ERNE e ), 2%, HMATiHid r offser it 455
S= HEeE A, BPdr_info 493 24 1148 F 094 F 6 IR ik

H AT a0 MEZRER, BATTUBERE —ANEEMANDEN swap FFE5H5H,
7 3% R_386_PC32, Tr# Intel 54 T, EHHE —#EMIBEMAIES: 1 shared 2
R_386_32 A1), S5 I1E MR — M-S I, AR S KR —LBI%, B shared
it uhik. FTLUX AN T A N DR AT AR, A BIARE T B AR A e A b2 IE
i

IAE LA R AER a0 M bo WEEEME LR AT /S, main BRI LB RL A
0x1000, swap BB HE LML HE 2 0x2000; shared 45 & ) e ftliuilh 2 0x3000. A4 FA 16

EFERNERBN—@E. XR5F

bbs.theithome.conl



http://bbs.theithome.com

110 F4W TR

FERF WA IE a.0 RETXMADFEELLACIWE?

@I FUAEE ERNEF ao ME—AEEAMAD, EIHEND 0x18 iX % mov 54
FHEIE, EMEIEFXE R_386_32, HI4EXHAEEF. A FEXAEZHLAD, SEIFFEH
ERZR S +A.

e S TS shared AL BRMLNE, B 0x3000.
o ARWBEMEMNM, E 0x00000000.

FrUAEE i ESE ML A DB IE S HhE % . 0x3000 + 000000000 = 0x3000. HiFs4-i&
ESE R it

1011: c7 45 £B 64 00 00 0O movl S0x64,0xffEfEE18 (%ebp)

1018: c7 44 24 04 00 30 GO movl $0x3000, 0x4 (%esp)
101f: 00

1020: 8d 45 f8 lea OxEffffffB(%ebp),%eax

A SR E" EBRATARER ao M - MNEEMAD, BHRHE N 0x26 X4 call
BATEIE, EREYEIF AR R_386_PC32, BN FH-BE. T X4 ERAMAAND,
CEESEWERNZZS+A-P.

e SRS swap (Lhrial, &) 0x2000,

o A RHBIE{AIEMME, U OxFFFFFFFC (-4);

. | P oA IERME, JREHER T AT SRR, iz/l‘{ﬁﬁii%é%&{%ﬂ{ﬁtﬁﬁﬂimﬂﬂmjl ]
0x1000 + 0x27.

U REZEMEEMAMETE G AN 0x2000 + (-4) — ( 0x1000 + 0x27) = 0xFD5. Bl#5

A& IF RN ER:

1023: 8d 4% 8 lea OxfEEEfff8(%ebp), $eax
1026: e8 45 0f 00 0O call Oxfds

102b: 89 04 24 mov %eax, (%esp)
2000<swap>:

X AR LB WA 4 Al B AL % PR 2 T — R R S MR st b in WS &, B
0x102b + Oxfd5 = 0x2000, WI%F = swap ¥ AL,

MIX A1 7T LA R, a3t -0k E AU T B4 11 9 5 R R et S k8 E R T
Mk A A SR e Pr itk ANt {8 1E 5 Aokl o4 775 B B s 1E 62 B bt .

ERRNSREN—iE. REUSE
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4.3 COMMON & 111

4.3 COMMON IR

F AT E . T 9S8 S P RV R— D3 5 AEE T B30k, Brbde]
feo SEUH—D R L, W5 S EED SO, mEfmER AR, B
4407 BTSN A G S at, BIEE S8R TR R ULREEHN, ER
Ml MRS T, FEAREIEEN R ® —B M2 R0 E LSS i A5
H, BEEERS LT PENR ? 1ERATK A B —F 25 8 SRR — B LR W, L4
BRI
o FAERHALL LTS R A—F
o A ASERMTS, HAWEREIGE. MRS FH
o  FHPEFEALL S SRR,

AT R =, 8RR TSN EE R, O RS E A S AR
W, WERRAMA S LR VAR BEEE R P R R P R

9z b, BLTE 40 SRR B4 28 B0 S FF —FF ) COMMON #t (Common Block) fH#LH,
X FRHL i ok VR T Fortran, 51X Fortran 347 s MBS R EINLE], FF RO HTHE S
BH E T o S s i %3 () K/ o Fortran fUECRP 45 [R) Y COMMON #t, Y AR H A5 S
PEF TR COMMON Bessal KA —BT, LU KR A i .

BLAC (O SEE HL e AL PSS 77 5 i it ik, R MRk ALS COMMON Sh—HERIHLEl. 71

FAI7E SimpleSection.c XA R OLEI, HIEBRHRMBUHSBEREX NHF
B4bF . HLIngF S global _uninit_var, EYERS &P EMEN (FEA] readelf -s):

st_name = "global_uninit_var"
st_wvalue = 4
st_size = 4

st_info = Ox11 STB_GLOBAL STT_OBJECT
at_other = 0
st_shndx = Oxfff2 SHN_COMMON

ATBAE BT R — A4 RS %, S SHN_COMMON 7!, g — R
M TF S . RPN T RSN thd LT global uninit_var 228, HARYIMHL,
T Y double, & 8 N, TR EARR? %M COMMON JR Mgk N, &
)b i 2R B i SO, global_uninit_var A/ BLEAN SCHER R AR A e B
S AN SO B It S0 b global _uninit_var AT BT A 8 T

958 COMMON % % BN AL 077 4 B S RS ML, IR ICh T —
SRR, A R SR P (0 R T ) L SR A I AR A, R

EERNSREN MR, BNS5F
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112 F4E PBEHE

P AHSTS KPR TRTT, B4 d HEBLRm T8
1d: warning: alignment 4 of symbol “global’ in a.o is smaller than 8 in b.o

XFEA] COMMON B Jrscbn bR —FhRAl “ B2 IS, HESHEE
COMMON HLEI i) J R G 1 38 AV BERR 38 50 VF A RIS BU S5 4F 54210, (A TR0 J5UIA 5 A
BHESRA AT 568, USRS LR &M ST .

A BAVPFIE Sk B PE MBS 6 T RANGRIE A0 4 R B i) 26 HARSCIR b, Gwisss
R AN HEIER AU BT R B SRR LN BERHTERE —FL, H'E1 BSS
Berfoasiml, iR AR A —4 COMMON £R % & ?

Wi T RS A B ARSI, RATOTLUARS, M40 MR TR
B HAR ST IR, Rzt R on s TH RS GRS R78 B s i 95 7
)0 MAKISFT S B 2 A A I AE B R AR, RN AT AT RS At g 1 A T P
S BT 17 () LG A G R B 0 RS T O (2 TR K BT LA 1 A% e I ik %89 44 % 7 BSS
Bror =5 6], TR Ay Bt 25082 25 1] A/ A 40 o (0 S e B 7 B L PR b T LA SE S8 - S 1 b,
P25 S pE R s U AT i H b 3O RUS, AR — A 5 FF S B A/ BT LAfSE T F L
ER LA RA M SO BSS BB MALAEIRL. BTLLEAKE ., RMHRLRERBEE
R LE BSS BHY.

E2FEAXHDHRA- NI TENSIENAEE, FE—HSEEmTFEM CiEs
BEAMOAE, 2ES0EFPEENENTINL "extern” X@F, FEHER
SUESPERISFEER— I TEHNE N, ITRREMEOHE, REBNEERT
ARERE KA t4 1k Eh T BER 25 fE COMMON 2B gy4h 18,
GCC K1 “~fno-common ", #2 ¥ AT B HT A AT K694 78 BRLL COMMON HR 976
Aibr, sREMWEH “_ auribute_ " §JE:
int global _ _attribute_ ( (nocommon)};
— B ARG RER A RL, COMMON SR EE, BaeiiEsyF—
WA, MR HFE TP AR A ERENEEEEN, HERRSREFS T2
R,

4.4 C++¥8Xa)f

Co+ I 28 SR Sz 0 201 ol 4 P 48 M0 GE R 3R IL R ST A BB ST IR T 1 o B E I
NI, —A R CHIERMMHEE, &AM REERMES . BdT C+HES

BEEANSREF —HHE. RESHE
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4.4 C++AB%[E)5E 113

PR, LCIE R B, RBER. k. RES, HEYENERSHRTE YR,
TSI G5 W AR TEAEAN IR ) G 6 A8 A0 B4 2% 22wl LS GRS A L (6 7 C++ A2 (0 I &
PERR T —AMBAH R, AT — 158 H 8 C+ Rl 1 — eI 00 )

441 BEHEMER

CH+ o PR LR £ I 20 4 R AAUHS, b B (Templates ) . 705 P4 X 58 31 C Extern
Inline Function) F1i %3 (Virtual Function Table) AT ] G575 7 [] i 47 15 % 70 M4 R A1
(e RIS . g TR SR (17 0 o S B K 138, MR AS BT LK R IR IR, R AE - NERi% g
PRSLOHGET, EIFAEE A O SNSRI T BT — MR 2 A
G PR T R 5 L AT R B 28 B i (i, SRSk R AR . 28R, et TR CR M KR
REAEIRS, HIXTE G AR F R, ARl R 3 5 8 B L LT .

o RV, ATRUER AL NPT TR RIS T AN, e
PRI I 10k D0 UK IR L T A0 (ARSI BR AT, 77 WL RRF R /M o o I AR 7

o HUARAR B IVEE . A THER A AN e B TR B AR AR

o TRYEITHARRIK. AU CPU #A&XHE S MBS BT B, WREE—H1ES
HWERIA, MA4 Cache b & 2 FEAT.

NP A R R R R ) S AL R S SR M A R — N EBLR, A BE
F A MRBCEE . L A BUR RO add<T>0, RANERE . ICLL int E50H0 float 257 S 6]
TSR R A% PR IT H AR SO s T PR S Bl B . b T
W, AR SIZAE A B 2 52> 510 temp.add<int> H temp.add<float>. XFE, 4 BIH401F
BTl int 8¢ float 2R EL B R BRI E M IR 4 57, P RER 4% 4 B 2
PEO AR AT AR 33X S A ] (M AR B B, SR ISR SN T O 3 A B hm I AUHG B

IXFPGE B AT U % 85 BT R, GNU GCC % i 8881 VISUAL C++%1% 3847
KT HAU Fi . GOC X Pl AL 40 B A7 B AR BE R & HE AU B “ Link Once”, B (i
RS IX PR B Ay %00 “.gnulinkonce.name”, HH “name” & % HEBR B8 B (FHELE
&M, VISUAL C++&ifd Mz mia A, SHiXMHAET RN “COMDAT”, X

“COMDAT” BtffIfEtEr B (PE XAFRBFR 45 E R IMAGE_SECTION_HEADER (f]
Characteristics Ji4 ) #45 IMAGE_SCN_LNK_COMDAT (0x00001000) iX-Mrid, 7EEs:
BEBIEXANFRCE, AN ZE L COMDAT KM, BN SKEENREH.

IX P E R ACTE Y B R TR K B R, RF T-Ah 45 oA 16 o B A0 e R B 8 A A 2
fel. Lbindd 7 - R SRk, A — > L 2 M W Y EE R #0% (Virtal Function Table,
—HRMAR vibl), SRS SEMSNZRM 2 E R uE R RR, R ES, A

EFRNEREF—iE, K85F
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114 F4E BIEE

WA B, BRIAKIIE R R, BRIAHE DUKD i o ORI LA B 15 FHBAT LA Il B, S A 1R By
AHE A BRASEAR () B 5 ARG R AL

IXF TR BIR GRS A F A AR BRI A, (HIE AP AE — Ll i, R R &2 R 1K
BT REAM AT A A Y P9 2, AKX AT fE et T AN ) B 4 v B G A8 T ASIR] BF) G 9 Sl A B 4 1R L
IR, A > oK B 1 R B S B AR AT AN [ o S JX R AR L T e 3% T RE S i —
AIEFE, AR SUE PR PR — A RUAMOD BRI A, RISFIMNRE AR EER,

RRERT

o T BLAE (R P 0 R DR AR BE K, — A H AR SO rTRE L 5 1 T- b A o B i
B ABATAE A BRA BRSO IR — A e J R R, g0 T R R R Ok
i A AR A B A R B B R T K. XM G R R B O SRR
. BTAT RSN AT 2 2 BRI R SR R 2 3 T el o

VISUAL C++8i PEZR 60t T — N & 0 o B4R 51 #8948  ( Functional-Level Linking,
1Gy), IXANEIRAGE PR LE BT (6 of SO AT el b, R RN B L.
RS B F B R B, E RS R R SRR, T AR A R O R B e
T 3T . XHh i nT LUR ACFE B g SO RE, b (iR 8. (H X b g T
LRI H B LR, BB RS NS A R B ARG R, I B e SR {7
FEFIAT (B, H b el St B Fos ok, E e A Bt 2 R O BL i #HE g i 42
BE2, B R B E Nt 2 B A R .

GCC P tR 4t THRUMHLE, EfF WAL S8R “-ffunction-sections ” Fll
“_fdata-sections”, JX PR TR B 15 FH 6 B A R B ek AR i 4y B (R FE R R SE B

442 =22EWESITA

B 1H0E — B — A CIC++FEF REA main FFIGHATAY, BEH main bR H 0S5 45K .
BRify, AT main R BB Z AT, b T REFFRESEIRAIIT, BEAIGHEERRITHSE, L
WS RCHIEAIE (malloc, free). SFETRLE, X T main ZATFTHATHIRS, BAEELR
P 4 HMAVRANH . Cr AR SRHE R Fh R A IX NI HITH, BRIOEHE C+r
{1 St 2 (Y i 6 0T main Z ATREBAAT,  Co R0 B (RIAT A4 B B0 main 2 FEIAAT -

Linux ZE T —BEFMHADRE “_stan”, X REGZ Linux ZEEH (Glibe) H—# 9.
A OFLF 5 Glibe FEEEEEAE — 2 TP MU 28 0T AT SUAFLLS . XD R B B R P ¥Iaa 1L
HATIAL, FIFHGLE S R — RAIMEAL 2R, & man & ECERBATERFER
F k. 15 main REHAT UG, BEIFWIGLES, BT —SEE T, RIS RE
B, X THSEE, BRIFH— L g 3R & 2075 main BB ATRERAT, A7 — L3R

EEROBSREBN—E. RHS5FE
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4.4 C++48%[E5A 115

54 main R RAEHAT, LHRAFTARRIER IR Cr+ i 2 X SIS RAT R R L
Rt ELF SCfFIEE ST PIRMRFIRATBL o

o init HBUEMORFHIE AT S, SRR TIARRAA AR, Hit, S ERT

YRIZATES, 7F main R B2 AT, Glibe FIFIERIES> & AFAAT XA B 454,
o fini IZBURAFHURLLZLAUSIRS . B, 9 AT main REOEFIR HES, Glibe

= T AFATIXA B AN .

X ANBinit AL find (A7 LR A7 0000 B RS, Q2R — D s EUKCE] init B, £E main 68 33
ITHT RGBT E. B, B — AR BORE] fine B, 75 main ef 8R [5] 55 12 08 B9l 25 8
AT FIHIXPHRRE, 4 S FOATHY R O th e SC B . JRADKG 25 11 FhiERE
M4l

4.4.3 C++5 ABI

IO 4R 55/ 45 P 08 20 AN VB P TO P e B S T A 44 7 7 450 P 384 P tH SR 1K) T A
S R AR BB T R INR 7 459 AT AEHE MSVIC 4% SR B A A GOC % PR 1 30
H BRSO T2, TER A TAT SO

FtF REIXSE o] AR, SRR LA, R B A RG9S Y A 1 R
Fl—ig, Wa, WoREEBLAFFEMNDH TR ER R PRCFRRRA. Hn MSVC 44
i) A5 304 & PE/COFF #%XMY, T GCC S 45 R UL ELF #aUR, SRR R A TRIX
PR A 1T, FUHEERN. TR SRS H S RI AR HRR SO I R R rT LA T W

B I ARIRA VAR G0 2 06 5, B A 40 15 254 TR 1R (0 H AR SO RENE A T 6%

B, MLKEAH O R A0 2 T RS gt RAIFIRER B br 3O RS 304 MRS

S tibrdE. A BHINF A AR B AR, FE . KPR ROHER S

FrdE . RN FREOR A 7 8 X R ] BT AR i S A R DG I P A RR O ABI
( Application Binary Interface ).

ABI & API

RBEHERINSHEF) API { Application Programming Interface ) X%, ©5 ABI
RE—F>E, MAEFEM, REASEHENOEREIHEE, BLaENZEFTA
XFIR? Shr EENFRFENEBEEFRED, AN EORENETF
—Kt, APl EAESISREARESNMNIED, tLnBMNTLIR POSIX 22— AP #rk.

Windows PRl E B B2 #EO2— D APl 1 ABI 5 "#HIETNED, ABIHY
HARE AP BB B, EaIR1T E C++BXT RATESH ( Object Memory
Layout ) 2 C++ ABI i—%43, APl EXTREAREEER, tbin POSIX #1:E printfl)

ETrRNEREF—HE, kasE
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F4E BOHE

X REMNEE, BEREFRIUEXTREEXEMBETE POSIX FrAEN R > BEE—#H
8, EEETRIE printf EXEFEHFTREPINTH, SEEBEAEIEZRSREN
B, SHREBRPUNAHGEXLEIRETR O ZHFRMNA M, thinEmEai
8, —&=2 Intel x86, HH—EE MIPS 8, EfIFFEET Linux F4, BF Linux
X Fr POSIX #74, FTIAE(R C ZfTEERIZE printf . BSLRELE printf 7E3E
AidEd, XEXTFEHIERATNASETENNSE - EEET—#4, EXiE
A printf 935S HEF—HM (x86 2 call 15<%, MIPS & jal 18< ), XFLEiR, AP
HEH TR ABl ER.

ABl LS HCMFRES—HEAE, BAANERREEFESEREEMTIESMN
BATHRIEA, RN HHAESBERS TNEMEIEA. Al

CBHERXTAEED, EEHTRXAER, “HHERHINEAEEREST. &

APz —HESHEG LS. KIEEE. KiFH. EREBNBRERFE2 G ABI
HEFRE, BT ABIWARE, BPTERXGZBL A0 ESE, TH#HIREME
ME MK,

S ABL I B AR £, BEMF. BFEIE S . MiFAE. BHES . B RAFHIS W ABL.

BfTal LU C i 5 1M ROKE — MwEE St igm ABI K. 3T C i & #9 HirfUik
YE BUT LA T Sk 1 bR SCIE 2 1) 2 A — it il AR 7 -

WEEA (i int. float. char %) HIA/MITERHA IS T IOBCE 7 Ot AN *f
FH R,

A i struct. union. AL AT SRIN A7 44

YMIBTEE Cexternal-linkage) 5 FH /s SUAGTE 532 (0010 ir 46 T sURIBRHT 770, Ltk 4
func 7E C i% & It F AR IC A oh 2 X BEMEHT LA 5075 5 _func.

BRI A K. I B MK [ L R

SRR TR, L S BORR R R R AE AR TR R, 2Kt

MERIXH RN E, TEEMHERIEA——FIHT . BT CH+HE, &F

AT ABL 20 TR ESEAMAE, TLLED, FREXMNEMS Cr B3 i
AL CRMBENAL:

HoRBAKRBINAE M, WAL, BRI AL PR B,

155 A R B A IESE (pointer-to-member) (R A7 431, AT Rk 35 1) B 73 pRELI
Flok A & b AR, Al {538 ohis 75

4] i R eR B, viable BIPI BRI ATES, viable 3REHTE object TR B 5%
template 31{] S5 B {4 .

EERINSRIEF—iEE. RUSE
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4.5 BINERE 117

o AEEFF I RIMEE.
o XS AEEFINTH.
o SIS ERREILE .
o RAEPEIIEN T FI R, RTTI dnfe] 5E 30 %
o N IKERH A,

C++ B AR — KRFEEH B AR, ®EElE C EkEhAA
Sy o AU 9 P 385 PR 10— L BACRS 2 1) GIEA EL A 2R, AR E R AR 38 0 A JR)
FA 2 TR AR AT . B AT— A A /222 F) Company A ] Compiler A %ii%(f), &%
FA—FE B &% @] Company B H Compiler B #i% ), 44T —A C++F Rk RIHHE A
PE AR B BT GAU, BaREREMNE 90855577 s st it

MRS by L IFANATAT .

RER, VT RTEAEAA TR G B0 P ARAS, BT LA — RO L 7 s it
BRI 3ZAE, AT R TR R A S b AR s S T I A R R T S R RS AS ARSI I, s ]
Er“ AR . WERILEEMR) B 00T M40 15 88 8L 5 IR A 1R KBRS HI P, GX e A
FASBRSE, RRRURETTRR P L L T U S, PR B SRR Ak
(K75 LU E B 0 06) T 3R b A7 7 P A5 1 ) A 0 2 4 2 I S P 1 (0 e
JLTAR, BRE AT SN A ARSI EIFR, A FMI .

FrANAT— B A RE A G — (0 C+ MM FARHE (C++ ABD, &£ MIH MK
WLER ST C++ ABLARHERI L — o (1 H AT AN 08, JEATE IR LUK (Y VISUAL
C++fl GNU BFE ) GCC CHH Intel Ttanium C++ ABI F¥E) A MRS, SEORT
AHFE. R, *NIX RZ N ABI th+ /3 iREL, XA HS—HE4EF LSB (Linux
Standard Base) #1 Intel ff] Ttanium C++ ABI fHE i3 J5 A4 Br o 8, 12 JF &ML ABI
e, BTSRRI #, XA 0] B KA, R A A XA S G EIIXEN
T 5 A B e 17 70 (1) LA

4.5 BSERHE

MELBUAER, RACSERMAEH, XS AN AR S CLREEE. TUEA,
AT A — AN, BT BUR B4 — &b B, — MR A MAR B MR A & .
HRE — PRt o] B4 A6 e 7 T A I i A H R RSt IR R Rt
O (API, Application Programming Interface). 388, BEREKBHE M EE, TEA
SELER ABLAC H B A B AR T L AR U R R A IR ? X — SRR | SN ERIER

ESRNSRIEN—bs. KH5F
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118 F4E BoiEE

RO RCAER AT ELT.

AR R EE - A PR B i) B, R R e F R A RAEIR ML) APL. E—
BRI, —MIESHOIFRMIEF G &4 A ESE (Language Library). XEA g
MEIERLN APL L3R, LEINIRATL 0 C 1B 5 “Hello World” F25, BRI CiES
FRAEFE ) “prinef” FRECKHIH— NPT &, “printf” B H AR B T e N A B LS,
o S HIRE RGN APL. S PMRMERS T, R20RMNFFHN API EA—#, 7
Linux F, E&—4 “write” BRI, W7 Windows F'ER “WriteConsole” &%t API.

P ML AR A7 AR SRR I i R B, bedn © 3 S hnrEE BT A AR A — A e s — A
FLEHAHRREN surlen(), 1568 $R i 77 3 A7 45 88 5 IR B 747 B3 K RE, XA R B AT 8
HUEFTEAE RN APL BEAMIEMMAME . CREA WO EREH L EAARER
HEM APL Y, B B i P RO AR 28 i i it AL 7 7 A 1 primef U2 SRR R 4, A £k
HRATED SR 8. ATVRAESS 4 35 F VR0 A 41 A O RE S . X BB H 2 R et Ay
A SRR .

Har— M EETLR e R—EBIRCENES, iR L E R e g RS aE
B —A 3. tinIAi17E Linux S 8B # HM C & S8 E libe fr T-/usr/liblibc.a. &/
_ ——————®
F glibe I H 1 —#B 47 ; 18 Windows IXFEHIEA L, BEEAMN CHESEROERITF RN
FrEH IS T HE, XY — B rh S g d R at, tdn Visual C++IH T £ M RRAR C/IC++
EITHE, & 4-3 5T VC2008 (NFIEAS VCO) ATt —&a C BT (ELHFAEm
1F VC L3 H 3 FRY libvE 3.

% 4-3
CiBf{THE X DLL ik
libemt.lib Multithreaded Static % KALH5 4
msvert.lib msver90.dl Multithreaded Dynamic % %42 &4
libcmtd.lib Multithreaded Static Debug $ 42 # &85 4
msvertd lib msvert90d.dll Multithreaded Dynamic Debug % & 4230 Sif K&

% 43 UM AR T UM C EHIBATH. RAVER BHA S — AR AR
15 C i BT AR — A TTIT I . % PRI B, H50ESR 4 A RIFId 6

BAVEA—D C ESHEATHEY, U8 TREMBAAEMXAAME, AR
. CFRRE. M. AEERESE. glibc XS £2H CEBBSHFRN, EHRELETANC
EEIRACH ORI, RS, SiIFSHRLUEEHRSERN R CEH, MR
printf.o, scanf.o; LA fread.o, fwrite.o; 7 (A1 H ¥145 date.o, time.o; W #£ & B4 malloc.o
. WRSCE Y B bR oo B RO MY 2, IR FERE b g i SR . B EAL
SUHHMAGE, TR0 H AIEAH “ar” HA5HE PR 88 B AR IR 4R B —id, I Hoo Hogk

EFROSRBHF—HE, RUS5E
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4.5 BISAERERE 19

T HIES, UETEKARE, RIBET libca XAEE . RGNS E, %
4 2.8 MB K/, AN LAER “ar” THREFEA OIS 7 WLL 5 b5 30

$ar -t libc.a
init-first.o
libc-start.o
sysdep.o
version.o
check_fds.o
libc-tls.o
elf-init.o
dso_handle.o
Eerrno.o
errno-loc.o
iconv_open.o
iconv.o
iconv_close.o
JCONV_Open. o
gConv. o
geonv_close.o
goonv_db.o
geonv_conf.o

Visual C++ 1B T 5 Linux TH ar £UATE, I ibexe, XPMEFTUAEME.
by IBE. FE b XA ARE, 8 "lib /LIST libemtlib” FHITIUFIZEH libemnt.lib & B
B B X, Visual C++ libemt.lib 84 949 MEHRXHE, BiESEES8E MSDN,

libca HimEdaE T 1300 MHEXH, HBa. BATMAEX S £ B0 HEPIRE
“printf” FREFLEM BRI ? B “objdump” I “readelf” N AR TR
I “grep”, H “objdump” #F libc.a MF 5 T LUR I 4~ 45 -
$objdump -t libc.a

printf.o: file format elfiZ2-i386

SYMBOL TABLE:

p0oooooo 1 d .text 00000000 .text

0ooooong 1 A .data 00000000 .data

00000000 1 d .bas 00000000 .bss

Q00000000 1 d . comment 00000000 .comment

00000000 1 d .note.GNU-stack 00000000 .note.GNU-stack
5] F

00000000 sgxt 00000026 __printf
00000000 <y 00000000 stdout
oooooo00 00000000 viprintf
0poo0000 F .Téxt 00000026 printf

00000000 F .text 00000026 _IO printf

Loy ]

FTLAE B “printf” ¥k E XAET “printf.o” XADERXFF. XKBRIMUERET
BEHHLE, A “Hello World” F2IF4m 1% H e 0 E BRS04 LEER libe.a BLI “printf.o”

EFRRNERBF—RE. BRR5F
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120 F4ETE BTHES

BERRAE i, BJRETRUB B AT SCE T XML AR e 5, Szbr Lo
RIZITI R BER T - MARNMIER XA T L L2 —F, ik “Hello World” 2 1 (1195
AR “hello.c”, MEHIGN 57450 1%

igcc -c¢ -fno-builtin hello.c

AR 7 HARSAE K “hello.o”, Il 2 X BEAEH “-fno-builtin” 28 K BRI
WF, GCC & A “Hello World” FUFHIVEN T — AT/ 25K “printf” #
Wepl “puts” PR¥L, LIBRmIE TEE, BATEMH “-fno-builin” 31X A4 % R B 1hik
e MAEFATLER “printfo”, Wi “ar” LHEMHH “printf.o”:

$ar -x libec.a

XA A28 libe.a FPEIFT B A SCF“ SR 55 907 L ke AT 0T LR B “printf.o”,
WRIGH LY “hello.o” BEfELE l:

$1d hello.o printf.o

1d: warning: cannot find entry symbol _start; defaulting to 0000000008048080
printf.o: In function "_IO_printf':

(. text+0x18): undefined reference to “stdout'

printf.o: In functien "_IO_printf':

{.text+0x20) : undefined reference to ‘wiprintf'

BRI T, SRR D A S BT e o HOSR IR R A T 2 AT B DL TERLIT R 4T
O “printf.o” MIFF SR EFHAE L — AR T, ML “printfo” BRI “UND” )
545 “stdout”™ H “viprintf”, W R M AR E MRS . IFREXBE AR E PP ST T
FRUEEMER, BEHY.: “prind.o” #oH T HALYI B s 3.

HEFER A, AT LIRS “stdout” XAMFSHTLE M H AR, T “stdico™
i “viprintf” i “viprintf.o”. R A1) 2 X P A~ SCHFG A0 1 Hofth () B bR 30, RAE
WHBAT A& URTFS . IR B AR 1T glibe BI%AH s b2 b, iR I 164
——¥E TR, MAFE LT LU EATSEHEEE —E, BEH “hello.o” #EEER—A 0]
AT SO (HA, WMREAN TR AL KRR T, BOEX R ATHEERAZE—
iR . EL d BRSSO —PIEHIN RS, A8 FEMERERNRTS EEAImn
VBRSO, HpX e B BRSO “libea” H “fRIE” sk, BEHEIEEALE —ERN
— A A[AT SO IBARMTTT AR LLEEIZ A K K “hello.o” A1 “libe.a” e R 7T LL
FEITAT CHE? BRE BaX ALl T, i 4-6 iR,

SKEBRE BRI LS N R EEI, A Linux RE EHECRMNB RO BEE . R
BRI — 1 C BT e R, AMYUEH B CIEFE libca, 17 kA HAh— L Bh 4R
1 B fR SR BATRT AT F fi Y GCC fr & %i%F “hello.c”, “-verbose” RRH 40
BB AR IR e (A] A R T O K

RERNEREF—BE. RusSE
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hallo.o

main(} {
}mmm:

i stdio.o

| Other .o files

4-6 BEFEEEE

S%gcec -static --verbose -fno-builtin hello.c

Using built-in specs.
Target: 1i486-linux-gnu
Configured with: ../src/configure -v

--gnable-languages=c,c++, fortran,objc,obj-c++,treelang --prefix=/usr
--enable-shared --with-system-zlib --libexecdir=/usr/lib
--without-included-gettext --enable-threads=posix --enable-nls
--with-gxx-include-dir=/usr/include/c++/4.1.3 --program-suffix=-4.1
--enable-__ _cxa_atexit --enable-clocale=gnu --enable-libstdcxx-debug
--enable-mpfr --enable-checking=release 1486-linux-gnu
Thread model: posix
goco version 4.1.3 20070829 (prerelease) {(Ubuntu 4.1.2-16ubuntu2)
/usr/lib/gcc/id86-linux-gnu/4.1.3/ccl -guiet =-v hello.c -guiet -dumpbase
hello.c -mtune=generic =-auxbase heflo -version -fno-builtin
-fatack-protector -fstack-protector -o /tmp/ccUhtGSB.s

ignoring nonexistent directory "/usr/local/include/id86-linux-gnu"®
ignoring nonexistent directory
“jusr/lib/gee/i486-1linux-gnu/4.1.3/../../../../1486-1inux-gnu/include"”
ignoring nonexistent directory "/usr/include/i486-linux-gnu"
#include "..." search starts here:

#include <...> search starts here:

Jusr/local/include

Jusr/lib/goo/idB86-1linux-gnu/sd.1.3/include

Jusr/include
End of search list.
ONU C wersion 4.1.3 20070929 (prerelease) (Ubuntu 4.1.2-16ubuntu?2)
(1486-1linux-gnu)

compiled by GNU C version 4.1.3 20070929 {prerelease) (Ubuntu

4.1.2-16ubuntu2) .

ERRONBRERF iR, BAUSF
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122 F4E BTHE

GGC heuristics: --param ggc-min-expand=64 --param ggc-min-heapsize=64493
Compiler executable checksum: caf034d6752b947185f431aa3e927159

as --traditional-format -V -Qy -o /tmp/c¢cQEZRPLS.o /tmp/ccUhtGSB.s
ONU assembler version 2.18 (i486-1linux-gnu) using BFD version (GNU Binutils
for Ubuntu} 2.18

/usr/lib/gee/id86-1linux-gnu/d.1.3/collect2 -m elf_i386 --hash-style=both
-ptatic /usr/lib/gcc/idB6-linux-gnu/4.1.3/../../../../1lib/crtl.0
/fusr/lib/gcc/id86-1linux-gnu/4.1.3/../../../../1ib/crti.o
/fuarflib/gcc/id486-1linux-gnu/4.1.3/crtbeginT.o
=L/usr/lib/gcc/idB86-1linux~gnu/4.1.3 ~L/usr/lib/gcc/id86-linux-gnu/4.1.3
-L/usr/lib/gcc/idB86-linux-gnu/4.1.3/../../../../1ib -L/1ib/../1ib
=L/usr/lib/../1lib /tmp/ccQZRPLS.0 =-=-Btart-group -lgcc -lgecc_eh -1c
--end-group J/usr/lib/gcc/id86-1linux-gnu/d4.1l.3/crtend.o
/usr/lib/gce/idB6-1linux-gnu/4.1.3/../../../../1libfertn.o

REMO=ASREFCDEAMARRURT, B PR ccl BIF, EMRIT%KbR L
#E GCC () C B FHiF28, B “hello.c” 4ii¥ X — M IGET P10 % SO “ Aimp/ccUhtGSB.s 7;
RIGAH as FEFE, as FE/FE GNU HIIL408%, 'E% “/tmp/ccURGSB.s” L&A I H $53C
ff “Amp/ccQZRPLS.0”, X/~ “/tmp/ccQZRPLS.0” Schr_Esk AT “hello.o”; A RK
BIPRERE 5, GCC A collect2 FEFF 3 58 MRS I FEHE . (B R 52 R RAT T Z A (F) B A6
BRI RN Z D 1d SRR, XEEABRRBA collect2? HEAMAF2F?

5ef F collect2 BTUABHE A 1d BEBE I — ML, T2 1d SRR H bR
PERBERE, SRJE PR R L AT A TE, TR MR SRR WAL S BE H
WREAIG IS4, 65 4 BARMN ST ARIFNVGLS RN, E2ENMEA
collect? Fi/F. 7EIXE, AlLAfE HhHY collect2 BIE R Id 5538, WLIFREE—Ed, £
AT FF LA A RSO B R T R T 47 30

e crtlo

* cri.o

o cribeginT.o
¢ libgcca

# libgcc_eh.a

e libc.a
e criend.o
* crtn.o

B R E AR SO IR SR AT REIR AN B AL 4 S0 € MM EXEERENT
JE B

JOEA

Q: ANH42BABEFAZEH-MBHFIHERLES—AEH? ki libca E@ printfo AA

EFTNSReR—iE. RUSE
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printf() & 4. strlen.o X strlen() & 3, #H 4 iLiEdnm7?

A AiNeill, BBEBAMBHEIAYHERLUAHIHEAREY, BN RN THA
B P & printf() & 8, AR L 4438 B A de F F 6,4 printf()F H A9 TRA B 47 LS £
RS RBAMA NI, RTRERSIMNG R HARE A B T
By, HTEFTEFAELFAARH, HEFETARK, FABHEINE—AH
AFXFFTULAER S ZMRE, BLEHEMAINGAIF 8 (RH) RAEHE
B A T,

4.6 BEEIERE

A EOL T, AT 68 B He 28 SR U (0 BR DA RE B3 X B ST AT . X fE— AR
WO T REEA BN, T SRR ERIEF, ngERZ%MZ. BIOS (Basic Input
Output System) SR AT BRAE RSO FZAT R (5] S#2FF Boot Loader 5%
AKX RKNRR, WEH L AR RAE N5 X B4 PQMagic 2%), LUK B 4MG—
BN ERF R BRI BN, RIS, AR R T ek i S,
INZREE 4 SO AN BB R AE |, B 2R BB, R s e Tk [ B A,
e R R LR R AFRI IR ], AR P A& A B b sk e Bk K .

TR IR R T AR SRR BRSOtk (MBSO ? REE
B RAT R R IR R M SR (THAT IR RSV 7 RE R
R E G R LU L8 sl A 5 sk HAL AR A R 4.

B RIERFNZ AEREXH, EXFHR—PEF, LA Windows 894X ntoskrnl.exe

T BRETHENEEFIN PE X, EHHEEZTWINDOWS\system32\ntoskrnl.exeo
RE AR Window BIERZHINRRER, BREXHER, X2—MER, HX
HIE# Windows MIERt= XX #.

461 HBBHHA

BEE AR — AR Ut b R R R A TR, DARRP= A P BT SO —
BRBHWT =M.
o {EH@ATRABESHESY, ROWEATEHI 1d o, -« Z2HRBTXE. X
M ERMNOCSERMEEAREZRT.

o HEEMRLSHFHEHGHRAE, HFBLEFSBLEM T RREERERES. &
BRI, RERRATEAEADLE, i VISUAL C++&4id oS 8ulT

EFRNSREB/H—HE. #R5F
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F4w BOHE

PE H#53CPEfY drectve BELIUF R iE 5% . B4 2% PE/COFF — 35 41t drectve B}
1144 .
o {ERIBEEE A, @SR HEA T R AT EA AN, bREBARTE. BN
A BB A ik
T &R R T & B BT A A, A E AN E — AN EHRN 4. 1d
BN AT AEIE IR, AT T RLL 1d /5 FEAHN % . VISUAL C++ti ft i
A EH A EENK, VISUAL C++ X FEFIH A ENY T4
(Module-Definition File), 141094 & & — 4% % def.

AT R ATEMEH] 1d SRS RIN i, SRR e sHEMA, B d wP R e R
A (0 2 R ER A BRI A . BT T LA AT F I -9 17 R B 1d BRI RERE M A

$ 14 -verbose

BRA B Id BB B ACTEAUAE Aust/libAdseripts/ T, AR TS . S e a3 M
IR A . Lol Intel TA32 W98 AT UIT ELF SCH S A SO0 elf_i386.x; TA32 F
JCE R BB A SCHF R elf_i386.xs 55 . HAKHI LLE S CHRER . 1d SR SITER
1 FH AR, () S T A SO o P R B 78 . B RNIERT 1d SkeBERR AR Bl — AN RTBAAT SR I
%, ERafli elf i386.x fEARBEEHIMA, HI|ATMEH 10 AR —AILE B #5308
o, B elf_i386.xs 1E A S HIK A .

B8R, AT W IR, RATTLL A O M EA, REREEEA
EFE A . AT DAER-T 25

$ 1d -T link.script

462 & "I\ 2R

BT HOR BRI, BANBEEBEM— BN XAEFN IR ERE b
i Hi“Hello world! ”. ATBER £ A~ N 2 E A% C S MR 2 M FHER printf
1) helloworld, #AJ5 %14 BRAE B T %R PRI E SRR — A0, ERBETEEE
#}—TF, EFF. FHCHESEMBILES. BTN HE EERARFHESE A .

o T, £HM helloworld fEH T printf iR ZREERE CEFTHEN—MT. HTH
FiZ e 8, AT B AEREHEIN H C 5 PR SRR 00 B r 30 PREE R ™ A B S T AT 3CAF
AR E DR RIS C BT, ERERA A T M PR ALE )
TR

o HIK, B helloworld B THEH T HE, BTELLZAH main ¥ RAVmE BT
AN TILEPE ) _start, 1B TUBTHIEAAL G W] main BREORMITEFH E A8 BT M

EFERfeRer—itE, XHS5E
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A main XA LB KT H BB A, < NMEF” B nomain fEABEMEFEHALD.

o AT, 9 helloworld 274 L AEE: main FRFENIES A4 text B, T
WA “Hello worldh\n” 2> /i7E ¥l Bl N BB, &4 C EMASHEHE. &
THUR d BEMARKE SR, BN <MEET WA BES B 0 “tinytext”
M, T8 Z/MBRERIMEAGAR, BB sl /2 4 m.

TinyHelloWorld.c F{CHE T

char* str = "Hello world!\n";

void print()
{
asm{ "movl 513, %%edx \n\t"
"movl %0, %%ecx \n\g"
"movl 50, %%ebx \nh\L"
"movl 54, %%eax \n\t"
"int S0x80 wnst "
1r"rt(str) :"edx", "ecx", "ebx"};
}

volid exit ()
{
asm{ "movl 542, %ebx \n\t"
"movl $1,%eax \n\t"
“int S0xB0O wnhwet )
b

void nomain()
i
print () ;
exit () ;
}

MIEARES AN TT LGS, FEFEA A nomainOF ¥, A5 %8 ¥0H M prinO) &%, 176D
“Hello World”, &R exitQEH, SHIE. XBMN print (RBEH T Linux ) WRITE
FHRA, exitORBAEHT EXIT REAHE. XBERMEHT GCC RIS, HfiXFh Ak
LB AABEN T, H2R GCC FMAT WIRILRIIAMY. XEMANMHRLAEM: R
LA AT 0x80 P ITSEIR, HAt eax A S, ebx. ecx. edx il I F /7 88 A RIL B S 4L,
tetn WRITE A2 EE— P XA RS AR, WRA Cif 5 HE E I R R
int write{int filedesc, char* buffer, int size);
e WRITE IHAHAIRASH 4, W eax =0,
o filedesc ol B A M A, {i FH ebx 3777 88453, AT IX AL BB IA & 55 stdout)
ik, ERIIFRINIY 0, B ebx =0.
o buffer Z/REGAMGE XML, EH eox FAH/MEE, RITXE M FFFPB str. BT
LA ecx = stro

EFRNEREBN—E, ku5E
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o size RNEBGAMTVE, A edx FHEBMEH, F/HE “Hello world\n” KAEH 13

T, Briledx =13.

[RE, EXIT REEA T, ebx FniltfZiBLHES (Exit Code), LA FERA main £
FEA B reurn FIBUE SR B RGFE, RGO Z &R EXIT R4 . X
FERR VT AR F bR R tHAS. EXIT RZMAMEM SR 1, Weax = 1. RATLLEEF
T () /7 £ 8 5] F—% bash $y 4 HU4T BIFLFF AR D).

$ ./TinyHelloWorld
$ echo §7
42

RERAM EXT ERARERENDRELBESF, manlABERERHDUEESER
gk, BRGENFKAA EXT, BH#E, BITXEM nomain(iE RS RGEIEHIRA
£iKE, THESHTE nomain)lEEFRERNES, BESEHERFRN,

XFRGEFEELZGHAANBTRNEZERNEDREIT, HEE 12 ETHTEAFA
BT 48,
BAVEABDT A REEIA, 150 A8 dr 47 7 SR SR EEF 44 TinyHelloWorld.c:

$ gecec -¢ -fno-builtin TinyHelloWorld.c
$ 1d -static -e nomain -o TinyHelloWorld TinvHelloWorld.o

$—RMEH GCC ¥ TinyHelloWorld.c %R TinyHelloWorldo, EE#H 1d 3§
TinyHelloWorld.o 84825 AT304T SC#F TinyHelloWorld. X8 GCC #l ld WEHHIR X T .

e -fno-builtin  GCC HF {4 TR £ A EAEX (Built-in Function), ©&E—HH N
C ERBEHAmFHMNERY, LUABIINILITheE. thinGeC 2B REFHHS
) printf bR BOF LA puts, LU E R RITHII (E]. exitQR BB GCC N ES Y
Z— FFLARATEAE H-fno-builtin ¥R XM GCC HE R EThfE.

e -static RENSEF Id FERABESEEN T IORBREF, ARERRANEEE
s .

e -enomain FRIEEFMA DKL N nomain, 7104 ELF 343k EIf32_Ehdr ) e_entry
RO ? X AB R K ELF 303k 1) e_entry B 5B BK nomain 36 ¥ bt .

e -oTinyHelloWorld %735 5 il 4 AT P47 30442 4 TinyHelloWorld .

BATER T —A 924 F9 (KT AGHE) #) ELF AT, 3B17E LGRS IE

447 B “Hello world! " 3 HIE B 4. (B2 243 A11H objdump 3K readelf % TinyHelloWorld

A, SEMEH 4 B text. rodata, .data F.comment. 3B {7 i B9 A A IRATI 0T

EFEROBRER—RE. BR5F
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o text FOEMRFIRRBEMNIES, ©£&HEN.

e .rodata {RFEHR FRF$ “Hello World'\n”, "B /2 FHiER.

e _data (RTFFE s @R, B L ERTEGH, BRMNFEAEEFPRGiREE,
B ASE B - 2 R R,

e .comment RFMERFRNRLERAGE, ZTEERBEREN. BT .comment B
TRAF M B AR, W TR METRAEN, T LigH E 5.
9 TIX S B M AL, RN EYE, BATRT LR EATAE B — AN B R, B R

HERERTAT . ATEER, WERFREHNIES. h TERZAHER, RIOLHEN d B

i A ke s s R TR

4.6.3 {EF Id BRI

R BB — e B, M4 1d BEESRE T E LK CPU, i H bx
SCfE. FESCFRLR BN, BEEEES R ST RAT SO SR . TR RIMAE X 5
FHLM “FF7, E¥EE CPU MEAT, LL “FLFF” TRMTT Z RS AN 1R BT 20 22 (0t &
R B HBA CFRFT R -MRRAES SR, B d HEERAEE, XMEEH
AER RAABAZEIUERA.

Toif S8 b SR RN SCRF, B T 3 B AR 0 SO b i & R B BT EER N S
HEr B M NER (Input Sections), it SCHFH IMBERR U4 EL (Output Sections).
foi s sk ith, Prdlesa it PG AR R A A B0 TR et B, LB A BLE A I — N
B, BRI AR E LA, RERMBBENA . Eiat, BY, §%. RIEKEE
TinyHelloWorld 845 # 4 TinyHelloWorld.lds ( —StBEHMIA L #EL 1ds AT A 1d
script), 7 MEMERIAHR.

ENTRY (nomain)

SECTIONS
{
. = 0x0804B000 + SIZEQF_HEADERS;
tinytext : { *{.text) *{.data) *{.rodata) }

/DISCARD/ : { *(.comment) }
B A EE R R B A, B 4708 ENTRY(nomain)&5E T F/FHIA L4 nomain()
W% SR SECTIONS fir 4 — MR S BA i) 4k, X485 T 25 A BUEH B

fjA5#, SECTIONS J& i SR K —xt A4S R A& 7 SECTIONS MmN, HrhH =%
B4, HEEAAT. BFRRMEES, Fi@ &SRR ERRN, EII0E Am R

EFERNSREF—ME. RUS5EF
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F4E BOHE

e . =0x08048000 + SIZEOF_HEADERS & W& A0S B 240 e ol o bl 5%
E i 0x08048000 + SIZEOF_HEADERS, SIZEOF_HEADERS % H = i So 4 sk A
Ave 7 R MR RSB HE, TROA X 4% 1 S T BRAT B 1 BE “tinytext”, 7L “tinytext”
Bty & i sz folith bk B0 4 0x08048000 + SIZEOF_HEADERS . ‘6 24 i Bl Mok 3 '5 k —
M LRIV, LA TR U L . HABESEARE 2 oL TR
F 4

o tinytext :{*(text)*(.data)*(.rodata)} &% % RLANBEE: N, T 0 2 R S AT
ANSAEP AT R “ rext™, “.data” BX “.rodata” f9BUK 02 I 281 SCUFIK “tinytext ™.

e /DISCARD/:{*(.comment)} E=4&MNN: ¥ TGN/ PRL TR “.comment”
B EFE, AEERHEH .,

T BRI, BATEIAT] T TinyHelloWorld FEF A8 = A5k B4

ATPAT SCAE R AT— N “tinytext” (RIBE. FoAi i L F if i 45447 K %3 7% TinyHelloWorld, JF

HEH s S,

§ goc -¢ —-fno-builtin TinyHelloworld.c
$ 1d -static -T TinyHelloWorld.lds -o TinyHelloWorld TinyHelloWorld.o

BANEGENT — 588 “F 17 ELF n[ 447344 TinyHelloWorld, 3f A 47X FLIFfe s
{285 FIE#) 2K “Hello World! ™. W45 {# ] objdump # F TinyHelloWorld 1JE, k24
FHURIR, BAVEAEH T AR BARFRA B “tinytext”, {HIEM 4.2 24007 fE L AH
M readelf THAEF—F, RILFEFER T tinytext Z M s SRAEAT HoAth 3 B: shstrtab. .symtab
Hlstrtab. X 3 MBBAERTHCENEL T, ENTHLARBFHER. FERNEHS
F. RIS T, 1d FERAS 0P LE AT IAT SCF I &= A0 3 M BE. o Tl AT SOk it
HERMTIFBRRATEN, [BEBR D FHFRR- P RGERSL, S RLAT DR, |

PROTLLELL Id 1)-s S8 ESEERS L SR, A A swip ST R EBRUF P
5%, EHSRE M TinyHelloWorld 214 340 715, {HEMARE M MA ELE a4,
ATICMF, HEE IEFIRAT S R .

HAETHI T W18 8] — /M ELF aT$h4T 304k, B iR =& /MY ELF of$4T
SO Ky 45 ANFEAT XA FRIF I IHRE R B 42 S HERRIE RS IE AR (Y BERE, AT AR
th. EIH 1 TinyHelloWorld 8 DUXANMRFBREIME 42 4B 5.

B 42" XATEENERTREER, THEN (RITRBIHFEH) EONLREMRAH
NXTLESG. TERTVHZRERE 42,

4.6.4 |dSEERAEEEN

Id 5§ B2 M BE B ACTR VA Rk 5 AT&T BHER S SIE S IEE, A H AR CiEs,

EFRNERET . RVEKF
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CEGHARE . BEMAL— RAEAAMN, BRSHM, —MERSIER, B4
WE{EE . FoATH0 M i BEE A B /Y ENTRY (nomain)Zh L dr 48 4): i, = 0x08480000 +
SIZEQF_HEADERS NJj& —/MEe G S A). 2 BT L A& C B w, EEAW
LA 4.

BRIZEERSS 7 EASEF B SR Z MEELL <5 “ERORIT, HE
Ff T & AR AT Bl 4ty k&S sl 1), A FIRALE R) R A Bl " 8
FRiEREZEHN MWAESHEWP UERH C B5HMUMEERNIEFHRMERF.
W, =0 *L f 4=, ==, =2, BEEAR&. L >>. << XA EERT.
SERNEfEIA A AR A O B SR A RN BEAEA
BAa «r sbHALF S AR, SRNG5S ¥ S T e Rs ik, wmRx4 8
5519, WA, KikabA,

W VA L e i o, el I7E R Bk S VR A2 T . dv S B R - 2UE th — A ey

MEREGHSE K. W1 TinyHelloWorld 1ds 52 H A ar S B WAk —4
ENTRY 45 H)f1—- SECTIONS i&H), “ENTRY” #1 “SECTIONS” AXHAEAMX
gy, Mo SECTIONS iEALLEi 2%, © NS 7 — B i i) L —% SECTIONS &h)fr
AT R BN . 3ES2PR T SECTIONS & iEh).24b, HAb@r B AL e, B
SECTIONS 11 3745 5 St F f0 B el B, It S SR () Be i Lo LI 52 e 1R 4 . Aok
SKES U HNGAER, WK 44 Fror.

= 4-4

HEER iR

ENTRY( symbol ) 1. 1d frd-4769-e it 3R

A5 symbol $91HA AT Wl (Entry Point) . AT pibPpift42
PATEFE — 5 P EE QG484 AL T 63k, EHIETLE
ELF %% EIf32_Ehdr #] e_entry A& R ¥ .1d 7 $ &7 & Tl it
FEA D ML, N1 6L AR FALA BT (%S AE AT, 44
SARE )

2. 4445 B A ENTRY(symbol)&r4~

3, e R SL T _start 255, 158 _start FF518

4, R A ext B, ) text ey H —F P 4t
5. &AL 0

STARTUP( filename )

1§34 filename {EAEEIET IR PRI E —MAASTH, B ki AL 6
BAA"

SEARCH_DIR(parh) | &yt eh . 3k “Lpath” 447 %495 64 4

B H1Z path A Id HIRBAFEETRBER. d 2RERAHE R L

BERNSREF 8. BUS5E
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A
oeEE | . wm

INPUT(file, file, ) | oo gy ot b 92 o OB A S48
INPUT( file file ... )

INCLUDE filename BIEEXHO S HAMERMA. £6T CiET F Mitinclude Fis®
EREMAPEXRITS. EHFFTTALRAFFRIIM. L EAT
PROVIDE( symbol ) TARB G455 TR A D R BiAs i AR it PROVIDE 44
EXEHAFH

IXHE HRCHER B LU F LA E R ar 28 AR, B2 Mar BRI E  RE TR
WER d FMEHFM. BRTXERAHGSERZN, FTREE. WEBUMME
SECTIONS #r4* T . SECTIONS 45 a4 X 0.

SECTIONS
{

secname : { contents }

secname TR BB 4, secname JEMIAIRE —PERER, XREARHEELRAS
BEN, FHEERETSH-XXFES . KIESEEM contents ik T —EMUWAEMLG, ©
FORTF & KT 4 B3N BUR & 3R B N B b i i B 2 B 48 A I A e e
KA, i, WEER 1d R aout RIS, ARA K B 42 s AN AT CUF R B
“text”, “.data” M “bss” ZSMUAEREZF, BEA aocut A EREL R ARIFIX=A 8T

H—MFBRIBAM “/DISCARDY”, MRMERIEN 27 HHB L, BAFHR&
J& i contents FTHEE (K14 A IO BB RFHE 9, ANt Bl otk .

A, RIMBNZLOHE contents XN, contents 5] KL & 35 T4 %4, &4
FMFZMLERERIT, WRAABRTSXEFGPIER TR REIMMABRT S
contents M. FHMEEWT:
filename {sections)

filename FEREN L4, sections FRHMIARS . iEENE LT S£H4HE TR EE:

e filel.o(.data) FRHMAIHAE N filel.o (KIS AN data MBEFF & &1 .

e filel.0(.data .rodata) & file1.o(.data, .rodata) A LHHHEA filel.o MM+
[¥)42 N data B rodata FIELAT & 4.

o filel.o MG ECHF AT HBEEHM /DS S MB 2, NER filel.o BIFTH BLELST
a5

o *(data) FIHEMAMF ML E N data (CHERFEFMF. ¢ RERS, BUTIEN

ESRNSHEen i, #isE
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FTiEAHFH *, BRALETLAMERIEMZFRER PR 20 50,

o [a-Z]*(text[A-Z]) XAMEMHBE L, ERFEFTEAICMHFLNESFER a B 2 Tk
b i B4 Ll exe Tk, HFHUKSFH A B Z SR, AXHN A R
VFAT LU 3 — SR I A Th e Y sk .

R, 2IFABLHFH TinyHelloWorld.lds 854, KIE N SECTIONS #ir 4+

TH-FBREBEBZIN, DEFEBEMN, HEUREES R BRI b2 A S &

IHT o

4.7 BFDPRE

BTG EAERES, SNz mTEIR,. ki, W4 cPU f
8 LAY, 16 G2/, —HEB 64 (LM F 1 FH RRAB A DIRN: F%E MMU A L84,
17 23] 5 ) AP HLEE RS F T EAF IR SR, b MIPS, T LS, i x86. T &
HLET R Eh AR, M LA, HECRM, FE AR X8 A7 /0 Tk
FEEMFE T BT EEE CIEN B, BER— M ELF ZE R[5 )
REEPEF 6 FAT A AR AR Rr . A F 22 7 3 B0 38 A R 3R O AL B AN [FDF & 2 i) H b
I, KRR T8 GCC 1 binutils IXFEEF & M1 L RAH, BiFH Mg — ik Ok
KA [E] g X2 B 2E 5

BFD EE (Binary File Descriptor library) #ifiXE8) —4 GNU I H, ‘EHF Hir 2 F
S5 (0 I RAS BRI FL A SCERE 2R BFD 150N F 4% 8 2 bimutils S )~
ANFOiH. BFD f BFs3CAE S — M —WEAY, TEiX R B bR s,
BT — R A B A OB B A “ 30k, SEBRIRATSERRAY ELF 3CiF—#, X
fkEHE —RIIMB, SABEGTAT. RIENBRBNE, ANEHRETHFSE, e
. FRHRRFRLIMS, 15 BED TR RS 84X A b5 04 B br SC AR 3
AT LU IR EATA BFD LRI B RS0 .

WA GCC (FE HikHhilf & GNU i 4i3% GAS, GNU Assembler). #E&:#: 1d. A8
GDB % binutils fIHAb T B #5@ T BFD FEskabBl Hbrsofy, miA2REEREEFIE. X
PR R I A R S iR B I BE R A A B R B 1 B AR S s URR O ok, — B RN E X
R B AR oCtRR N, HUZNEE BFD FERLENR I — Rk Nk aT AT, AN E A o
PEEFIBEMESE. BIHBIMIE, BFD FECH ALY 25 Frab B2 &, R 50 B B AR 0.

H[EANEET BFD FRELE (FEHM ubuntw F, 9% BFD FREMNKAFCLKNL T
MY binutils-dev), RAVBAT RSP LS. i X B rT LU B % BFD PR S HF
i BT B B AR AR

ETRNERSBHF—HE. RU5F
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/¥ target.c */
#include <stdio.h=
#include "bfd.h"

int main()
{
const char** t = bfd_target_list();
while(*t) { '
printf{"%s\n", *v);
C++;

}

YR IE AT
$gcc -o target target.c -1bfd
5. /target
elf3i2-i3d6
a.out-i386-linux
efi-app-ia32
elfiz-little
elfiZ2-big
elfed-xBA-A4
efi-app-x86_64
elfed-little
elfed-big
srec
symbolsrec
tekhex
binary
ihex
trad-core

*F BFD &) LR FHHT wA AF binutils M358 A5 http://sources.redhat.com/binutils/.

4.8 AXREBEING

AERNTG LN B T HEERPIE DB, BB 5 TR W B B 2 AT AT S
iF, A H BRSO P I & A BOR 0T & 38 B S0P ), SR A o BT S RO AR
SCHH R A L. — B A B B2 ok g2, T ORBR T CABEAT 79 5 il 5 H e
A, BERAS AN HN BRSO o TAMBRT S 005 | REATHRT, {8 B M EE M

FARBHRIAT “B4h", (EENIME R EmRfE.

FEATEE, BATEAN LA T AT 0 i BT T 207, e AR as {2 Ry
it B EAT ] COMMON R, C+H+& MR R H bn SO A RERTER . dnfal 48 B B A
P BRI PR AL A5 40 h (AT PAT SO RE R B s BRI T ok, BRI ARG C EEIE
ITEEMEF. BT TBRAXRKNESF, ESRBERENEK. BeifEy, %%,

EFRROBREBF—E. RUSE
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Windows PE/COFF

5.1 Windows BY_#HISIHF#E T, PE/COFF
5.2 PEBYRIS—COFF

53 HMEETRER

54 BEAER

556 AREREBITS®

5.6 Windows T& ELF—PE

5.7 ERE/NGE

BEFERNEREBF—HE. RU5HF

bbs.theithome.conl



http://bbs.theithome.com

134 $E58 Windows PE/COFF

5.1 Windows BYZ#HIN 4818, PE/COFF

fE 32 i Windows ¥ & F, ##K5I AT —Hn PE (Protable Executable) KAl #1474
K. 16X Win32 °F & bR HE AT 30T 0, PE H45ER ELF R IFIHFE ST BM MRS
o PE U #5352 £S5 BLF F#R R, '©411#8 & d COFF (Common Object File Format)
e SURRETI R AR, S0 R st gk B kel T 24 Bif 3 4 () DEC ( Digital Equipment Corporation)
) VAX/VMS _Ef¥) COFF U . B A 43 8OT 44 7T & Windows NT IR 1%, B4R
#EK H T DEC 2 a8 #) VAX/VMS /ML, BTLAMBATIR ARk Bk R4 bR m T AR
PR AR T ok, I BAE I FERE b ACE B o R 5.

HHCRE M AT AT SCERE M 4 24 “Portable Executable”, M M8 X b2 & #ix 4
AIHAT AR BRI TE A M AR A Windows P& EAFH, H EaTLLEH&# CPU. HinM
Windows NT. Windows 95 ¥l Windows XP } Windows Vista. ¥ Windows CE ¥ 2§ F PE
AIPAT SRR A AT AT Windows Y PC WA X HF x86 7 CPU, FrLlBATJLFEHE
S PE 75 x86 b 1 SRR RAT T '

HER, EEAEVR PE UM AR, R2E Windows ‘P& FHATHITCH R
Higg . = b, 7F Windows F & . VISUAL C++%431% 38 7= 4 1) B 47 SC {098 4¢ Al COFF
M. BT PE /& COFF M—Abi &, BrllefMMEM7EmmE EAR, B %R ELF
KRR LM AR, MEETBRNEM. FTLLEATFEEiE Windows F& LI
AT, B bx CHFBRIACh COFF 8 3X, 1 nl 47 X1 4 PE #& 0. {HIR £ B IA AT LI
¥ EMGH R PE/COFF U1, H{AMRBATE F b th &ttt PE 55 COFF 2 45 8 77 i i X
Rl 4k,

B 64 fif Windows IR AT, TN 64 ff Windows & _Ei PE XA #IRSM T —
HAEN, XAECHERS A PE32+. 3T PE32+H B IR INEFT 458, B Rr{bit
HOAAE K 32 A A FEEAL T 64 47, LhimSCHf kb SHbALRISEH F B, MM ST,
PE32+% PE MR\ —2, AT AR E ML —MRE PE U

5 ELF {4 [A), PE/COFF g A& FH T AFE T B A& . — B L4406,
YA H A5 B, 7€ PE/COFF X#Fd, OO MUIBEL, XAMCHS B M4 Tt i
“.code”, BALEZNM “ . data”, ANEMHIFEREREHRXFHEAARR, VISUAL C++1f
H “.code” 1 “.data”, il Borland %R iF88{EH “CODE”, “DATA”. thit iR ELF —
B, B RETIntEl, HEAEmEX. [A, wREHSEENA R HeEE, Ba
ek s — & MIER.

EFERNESREBR—E. #R5F
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5.2 PE ®BIE—COFF 135

¥R ELF —F¥, PE Ak fo i/ fr 0L ¥ A% it ol of MU B A 52 B, ¢ GCC R
“__ attribute__{(section(“name™)))” ¥ JEJ@ M, 7E VISUAL C++H o] LAfEH “#pragma” %%
Biem. W FEXAED:

#pragma data_seg("FOO")
int global = 1;:
#pragma data_seg(".data"}

MEREFA2RARR “global” HF| “FOO” BLRImE, MGHAMM “#pragram” HiXxA|
WIER/ME AR, KEF “daa”, HW, EASRKERNFSERBLSBEF “FOO”
B,

5.2 PE BJai5—COFF

Wil 13 W FF 4 481 ELF 30 R A4~ SimpleSection.c 7 HAHE FRILEREAIE N
7, HHEAE Windows T, EHGiIFH COFF BEi3CHFRR, A BIEERN R UL EA R4
(. ZEIXAEFRT, &1 HB] “Microsoft Visual C++” M4 FHIE. SIEH TS “c”, #
B8 “link”, WIATCHEFRE “dompbin” &, AT Microsoft f9E 77 905 T 8 %%
fJ Visual C++ Express 2005 ift, XEB£LE%H T .

BARXETH, BRITEA Windows @447 FIIZITEN], Visual C++7E 2550 UG i
S — B SRR B BT XS TR ZENSA S, E 6 T F 18/ F/Microsoft
Visual Studio 2005/Visual Studio Tools/ Visual Studio 2005 Command Prompt, X341
AT LA AT VO8RS T . REEMA “cd” sr A FNEAEMER Finis
fr:
cl /o /Za SimpleSection.c

“cl” J& VISUAL C++Mf14i1% 3%, HI “Compiler” 4TS . /c BEFTRR&miF, T,
BN 3C {9 % i.obj SCMF, AN B335 A iltexe SUHF. MMRAMZENSH, o 2R
# “SimpleSection.c” ICHFLUE, B link #ERESH %= £ SimpleSection.obj L 58K
M CBTHEEEE, P m 3T 304 SimpleSection.exe.

VISUAL C++ff—2% C Ml CBFINEHT R, X8y I RHAE X ANSI C frfEs
ANSI C++#nifE, HAAT EL 23 MSDN [ Microsoft Extensions to C and C++3X—35. “/Za”
SHAER Y R, AR A PRARHE N C/CH+3 A, IXPETT LUR 15 ) o) 85 Y 4 9 .
AHMES IR, ER/Za BEN, SIFRAHENT_STDC_ X%, RAVATLIER
F B o] ) X AN 2 R A e T e AR 1R SR R B T Microsoft CIC+HBZY fig.

FiF RS RAIEE T —4 971 F15H) SimpleSection.obj BRI, 2448 3C#F AT

EERNERST i, KNEE
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136 &E58 Windows PE/COFF

EBI AR BRRA . EH AN FEARFETAR. R GNU T HESH “objdump” —
¥ Visual C++tBR0E T — AN T A A HARSCEE RT3 7 304489 T H %2 “dumpbin”. F
(AN ir 4 0] LA F SimpleSection.obj 45 H):

Qqumpbin /ALL SimpleSection.cbj > SimpleSection.txt

“IALL" ZECERAT RV H AR SO AT M E B, B8 S0f k. S BRMBHER
B SR EE R AT k. TS EREE, MRAETER LR E, THEARETES,
BB LS M B 4 “SimpleSection.ext” Y. KGR TR A 447 B,
BATH 225 B “dumpbin” FrETHSES9E, BT LS RAF4E “ SimpleSection.txt” L1
o, USSR P AT E 0B . AT AT LAR] “/SUMMARY ™ 3% 50 SR 2 75 $A SO (F 3 4
fa i, BRI BUB AR

dumpbin SimpleSection.obj /SUMMARY
Microsoft (R} COFF/PE Dumper Version 8.00.50727.762
Copyright (C) Microsoft Corporation. All rights reserved.

Dump of file SimpleSection.obj
File Type: COFF QOBJECT
Summary

4 .bss

C .data

86 .debugss
1B .drectve
4E .text

COFF X 14543

JUFER ELF C{F—#¢. COFF b2 h 303k &5 M35 T4 B4 ak, 00 B SCiFAR R
ok, AERMNAE, MK T COFF XmEALsH, BAIFE COFF it JLF&n]
VAR BN 5 ELF SO &5 MgAR & 2 i #h 77 « COFF SCAE R SIS BB 38 T WRE Sy, — AN RERRA 3T
AR S ) F B PR (aR& K (mage Header), 54—~ R iz 408 B E ok i g
= (Section Table). {3k o BERAT M TR B, DIREAARER. MIBEERE, BET
B S RE, WAEHME 51 FR. '

B{& (Image ). EA PE XHERHNKERMNIHEARL=EET, TRHE
FREY L2 B] HIBR 1R, BT PE STHT X AR B BHE 0 BaRi& Sc#F ( Image File ).
T — e ———

ESETfSHen—iE. RUSHE
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5.2 PE BIRi&——COFF 137

Image Header IMAGE_FILE HEADER
Section Table IMAGE_SECTION_HEADER(] |

text

.data

.drectve

.debug8s

other sections

Symbol Table

COFF Object File Format

5-1 COFF B34

%3k B A COFF 4 A B AU {& L 2 —~ “IMAGE_FILE_HEADER” ff145#%y,
BEHE, T ELF $§) “EIf32_Ehdr” SHIMMEHMRE. XSGR RMAERE e LA
“YC\PlatformSDK\include\WinNT.h” H1H:

typedef struct _TIMAGE_FILE_HEADER {
WORD Machine;
WORD NumberOfSections;
DWORD TimeDateStamp:
DWORD PointerToSymbolTable;
DWORD NumberOfSymbols;
WORD Size0fOpticnalHeader;
WORD Characteristics;
} IMAGE_FILE_HEADER, *PIMAGE_FILE_HEADER;

BRIk x AT “SimpleSection.txt” W E B, BATA LUE B 15 B H i
Fif—E “FILE HEADER VALUES"” i 4 28R COFF B AR 3k oh i hl A B —— RF FE )«
File Type: COFF OBJECT

FILE HEADER VALUES

14C machine (x86)

5 number of sections
45C975E6 time date stamp Wed Feb 07 14:47:02 2007

1E0 file pointer to symbol table

14 number of symbols

0 size of optional header

0 characteristics

AT LA BiX A B ARSCF R S0 2 B R “COFF OBJECT”, 3£ COFF HiF X fF#t.
LB EEE T AR RE, flFRAERE 0x14C, MECE SCGEHER <86 WA
CPU. #ZHMMHTAR, PE/COFF 4549 K0T $04T S REiZa] LAEE A R RO B4 7 5 b AF
H, FRUE TixFE. MRMRE4ET VC 5 Windows SDK (7Y Platform SDK ), #iAT LA

EFRnSREen—iE, BRs5kE

bbs.theithome.conl



http://bbs.theithome.com

138

BE5%E Windows PE/COFF

£E WinNTh H 2B MM KLl “IMAGE_FILE_MACHINE_” 73k (t] B AFH1 38 KR s X,
VISUAL C++H. 75 Platform SDK & 3 T 28 # CPU %Y, M x86 %] MIPS R R4,
ALPHA. ARM. PowerPC % . {HE:M T H fl Windows HAENHZEABANLA LG L (HET
HAf x86 F&), FrARANTE BIAFHX N REE /L FEL 0x14C. OB “Number of
Sections” J24F1% PE i@ &1 “Bt” MI%&. “Time date stamp” J&45 PE SU{4 () GBS H] .

“File pointer to symbol table ™ J& 7 5 & 7L PE H {7 & .“ Size of optional header "2 $5 Optional
Header /) K/, IXANG5 6 RAFE T PE AT 34T 3CHF, COFF H AR ORI FRLE, BTLL
A0, WAER AN PE X4 IE SR B AR .

W%k G T E R Rl COFF CEMB %, ER—1HKAN “IMAGE_SECTION_
HEADER " Z5# M4, AR mE M nEREX B, XA4HME ELF P M
“EIf32_Shdr” fRAEML. AR, 3B 50 E MR 2 iZ COFF 3BT 4 i B %
B, et Rug=LBEEK “NumberOfSections . X454 2 R SRR G BRIBHER, ©

3 sE LT WinNTh B

typedef struct _IMAGE_SECTION_HEADER {
BYTE Name[8] ;
union {
DWORD Physicalldddress;
DWORD WVirtualSize;
} Misc;
DWORD VirtualAddress;
DWGORD Size0fRawData;
DWORD  PointerToRawData;
DWORD PointerToRelocations;
DWORD PointerTolLinenumbers;
WORD NumberOfRelocations;
WORD NumberOfLinenumbers;
DWORD Characteristics;
} IMAGE_SECTION_HEADER, *PIMAGE_SECTION_HEADER;

A LLEF AR RS & (Section Name). $pE ittt (Physical
address). ittt (Virtual address). RIGEIEXA /) (Size of raw data). FREXHHRY
fii® (File pointer to raw data). XM EEL FHELHPAYALE (File pointer to relocation
table) . ZEBNITSREXHRMALE (File pointer to line numbers). ¥f &

( Characteristics ) % . RATH /LN EEM FEKR#ET 4, EEFH VinalSize .
Virtual Address. SizeOfRawData 1 Characteristics X JLF8, 13 5-1 BiR.

= 5-1
VirtualSize B EA SR
Virtual Address E A A i R N A5 b Bk

EERNERIBT—ME., XU5F
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$A

HRALAPe R, EE TAEA THR VinualSize (A R—4, 1
. Jo.bss 49 SizeOfRawData & 0, @ VirtualSize {8 2 bss o9 K )». Fshid
SizeOfRawData | 7 _se 4 faf %% MM, & AMALE4H VirwalSize A

#*F.bss 9 A B ik G ey “bss &7 —F

Boj e, AHEZ IR RMER (KA., 448, bss). s FFX
ATk TEHTRATFRMR, BB R —ir 36004, X rdia
A WinNTh £, hde IMAGE_SCN_CNT_CODE ( 0x00000020) #F
HEZ & 042K, IMAGE_SCN_MEM_READ ( 0x40000000) 4.+
HELER AT ATiES; IMAGE_SCN_MEM_EXECUTE ( 0x20000000 )

ATHBEAFYRTITEY, ¥F

BRUGAE DM MBIEbs A T, RAENT ELF UMD Caairid
B BB BSS RN F BN 7L, COFF iz JLMBIINE Y ELF P JLF
—H, BINEXERSFMANAT . EXERMAESNHAP ELF P AFEMEB, X
BB R “ drectve” BEH1 “.debug$S” B,

FH

Characteristics

53 PEERER

A1 “SimpleSection.txt” KT “.drectve” BIHXMAN BRI T

SECTION HEADER #1
.drectve name
0 physical address
0 virtual address
18 size of raw data
DC file pointer to raw data (000000DC to QO0000F3)
0 file pointer to relocation table
0 file pointer to line numbers
0 number of relocations
0 number of line numbers
100A00 flags
Info
Remove
1 byte align

RAW DATA #1
00000000 20 20 20 2F 44 45 46 41 55 4C 54 4C 49 42 3A 22 /DEFAULTLIB: "
00000010:; 4C 49 42 43 4D 54 22 20 LIBCMT"
Linker Directives

/DEFAULTLIB: "LIBCMT"

“ drectve Bt” R EE “Directive” [MES, ENAAERIPSERSHEERKNIES

EFRNDREBR—iE. Ku5F
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(Directive), RI%i1% 28 % 5 & Vi b8 S8 M 0B R B HOX A BARSCAE . BUA A L R BRI R

br&NL “flags”, B IMAGE_SECTION_HEADERS B Characteristics i 7. “.drectve”
BRIEREAD “0x100A007”, ERE 5-2 FRENMAS.

# 52
W& | mEx X
0x00100000 IMAGE_SCN_ALIGN_IBYTES | NFHar A, 48% FoRetF
0x00000800 IMAGE_SCN_LNK_REMOVE R AR LA R R T R R
0x00000200 IMAGE_SCN_LNK_INFO AR A S L

“dumpbin” CERBAHTEE THEMK=AAEEME: Info. Remove. 1 byte align.
BZER R E BB, AR EdE: ZBnT U7E B G B R AT BT SO RHE B R, % B
ST R R 1 DT .

i th A5 B BB S R KB U B Bl (RAW DATA #1, st Eor
B I G B8 B AL fF) ASCHL F-7F ). “dumpbin” £1EZBHE D “.drectve” B, 3 HXTBIAIN
BHEAT T M4, BT 85 A —~“/DEFAULTLIB: ‘ LIBCMT’ "fI4%4 45 4 (Linker Directives ),
Khr EEMR “o” RIFHRAHELL “link” HRBOSH. XPSERRHFHEBHFHEASF
BEEER, 1% B AR SCIF4UE LIBCMT 3X 43R4 . LIBCMT (¥4 #5 £ ( Library C Multithreaded ),
BRT VC RS HIEN T %18 C B, WM ICIHE VC %3 H F T liblibemelib, ')
EMENHEAESENCEB AN AL T LAY ERIMMEA “link” fir 2 5 &
“SimpleSection.obj” B, #HBRF RN CHFH X B, 32 “/DEFAULT: ‘LIBCMT’”
SHBEMBIFEESEF, 0 libemt lib DA BB L.

I_;‘_t,* - RINTRE ol RIFBSWME@MANZ XA C ENEREES,
5

54 WFAER

COFF CHFRBTALL “.debug” FFIGHIBIRAEHIHAGR. I “.debugsS” Rt
AR RS (Symbol) 2RSS BUER: “ debug$P” £ & Hi%RiE L % (Precompiled
Header Files) 3¢ F1ARE BB “.debugdT” FRUEH LR (Type) HKMIFHRE BE.
£ “SimpleSection.obj” 1, BATHEFHT “.debugsS” B, MHEHF IR IHERER.
BT LM B A B B B s LR, it A 0%, WS BBmMRE
A XE PE BRXHFHRAED, BRNEXERT AR T AABAHRERE
“SimpleSection.txt” FHIHFMT:

EFRANEREST iR, RAEE
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SECTION HEADER #2
.debugs5s name
0 physical address
0 wvirtual address
86 size of raw data
F4 file pointer to raw data (000000F4 teo 00000179)
0 file pointer to relocation table
0 file pointer to line numbers
0 number of relocations
0 number of line numbers
42100040 flags
Initialized Data
Discardable
1 byte align
Read Only

RAW DATA #2
0oo00000: 02 00 00 00 46 00 09 00 00 00 00 00 3F 43 3A 5C ....F....... ?CN
00000010: 57 6F 72 6B 69 6E 67 5C 62 6F 6F 6B 5C 63 6F 64 Working\book\cod
00000020: 65 5C 43 &8 61 70 74 65 72 20 32 5C 53 69 6D 70 e\Chapter 2\Simp
00000030 6C 65 53 65 63 74 69 6F 6E 73 5C 53 69 6D 70 6C leSections\Simpl
00000040: 65 53 65 63 74 69 6F 6E 2E 6F 62 6A 38 00 13 10 eSection.objl...
000000%0: 00 22 00 00 07 00 OE 00 00 00 27 C6 OE 00 00 00 ."........"%7....
00000060: 27 C6 21 4D 6% 63 72 6F 73 6F 66 74 20 28 52 29 '?IMicrosoft (R}
00000070: 20 4F 70 74 69 6D 69 7A 69 6E 67 20 43 6F 6D 70 Optimizing Comp

55 AREERSE

“SimpleSection.txt” 1355 #4r i= COFF 5% (Symbol table), COFF XfFHIfF s
FAUAEMMAILFER ELF XM/ SR, FEREFSHE. FomER, FENTE.
FATH “SimpleSection.txt” X T FF 5 R KIHHHRW T

COFF SYMBOL TABLE

000 00eDCE27 ABS notype Static | @comp.id
001 00000001 ABS notype Static | @feat .00
002z 00000000 SECT1 notype Static ] .drectve

Section length 18, #relocs 0, #linenums 0, checksum 0
004 00000000 SECT2 notype Static | .debug$s

Section length 86, #relocs 0, #linenums 0, checksum 0
006 00000004 UNDEF notype External | _gleobal_uninit_var
007 00000000 SECT2 notype Static | .data

Section length C, #relocs 0, #linenums 0, checksum ACS5AB941
009 00000000 SECTI notype External | _global_init_wvar
00A 00000004 SECT3 notype Static | $8G5%4
00B 00000008 SECT3I notype Static

| ?static_var@?l1??main@@Sas

{"main'::"2'::8catic_var)
00C 00000000 SECT4 notype Static | .text

Section length 4E, #relocs 5, #linenums 0, checksum CC61DBY%4
Q0E 00000000 SECT4 notype () External | _funcl
Q0F 00000000 UNDEF notype () External | rintf
010 00000020 SECT4 notype () External | _main

EERANSREN 88, RR5F
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011 00000000 SECTS notype Static | .bas
Section length 4, #relocs 0, #linenums 0, checksum 0
013 00000000 SECTS notype Static | ?static_var2@?1??main@R9€9
("main'::"2"': :_static_var?)

TEMHSUR M SRS (Y, RFF SR SR ThR. B RFFSHAAD.
B -5 Bir e s i 00 % B o AL K 28 1] %.TFUEH%ETEEW};EE. ABS (Absolute) #RHE
RANMEXE, W AEE, EAFEE TEMBR: SECT1 (Section #1) KRS Fi#xi
X B AEA COFF XA — A B, HPA) 1Y “ drectve” Bt; UNDEF (Undefined)
BTG RARE XN, MRS H0E AR HAR SO, SRIFIR TS KA, T LU BIRS
T CiEEMFTS, COFF RIX4r TWR, —FREEMNHMFFS, 2478 notype, H4h—Fb
RRE HRA notype (), XS ARBEN LA THM e FERFSRIUMB SRR
ik, ATLLATERAS E L MME BRI 2. BSANRF ST RER, Static #R
froRigE, JH RS ETRE: Exemal BRFSESHER, ool iMm
At CHE5I M. SR — SRS 4, W TAREBMHNTS 4, “dumpbin” BT H ISR
HEH: NTHRELLBHNFS S, ESREWITAENSE NS FEITE MK, FiES
L R R S 4.

MFF 5216 dump i tH 5 B P, B AT LAF R _global_init_varabal "X M43 £ T~ Section
#3, HI “data” B, EMKEER 427N, ATREERER. B4EE—A N$SG574 (5
T, HELERAMZEFPRIBY “%dn” FHHER. FHAERFPES| HBXADS RS
W, METHRERGREET, FUSERAAEERT —MNEF, FEEIFSIHK
EFFS R B, ATLEFXA RS XA WA . aTLAE B, ELF XXM I8 0 75
BEERAERATYS, ASFENBRLRE S, “dumpbin” W RREEREATFE R —
MRIBA, BAEEEFEITZT SR ANBNELEE, SMBA%S G ERE—17
HAEBRMEAEE, SEBREKE. EEMi. TSRngR.

5.6 Windows ’BY ELF—PE

PE 44231 COFF 3", Btk COFF X% 7L M8k, BEBEMTHEHA:
A SO TR S 43 AN A2 COFF 303k, 1R DOS MZ "J#A4T UM BT 4 3k 70
H4FE (DOS MZ File Header and Stub); 2/ “ZE{LE KK COFF LffkH K

“IMAGE_FILE_HEADER” #44 B T PE 30 3chk45#) “IMAGE_NT_HEADERS”,
XA EHIAUHE T BRI “ Image Header” K B4 (K) PE # R k8454 (PE Optional Header).
PE X HIS5HI N E 5-2 Bk

DOS FHIAI AT CAFHIY B4 5 Windows T HIRTAT LS RE —HE, #E “.exe”,
{E1E DOS F R IT LA UR “MZ” #0 (RS LEEEh &, BOTEX B H AT

EFRNEREF s, BRN5F
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5.6 Windows By ELF—PE 143

Image DOS Header IMAGE_DOS_HEADER |
| Image DOS Stub :

PE File Header IMAGE_NT_HEADERS

. Image Header .'MAGE_F!LE_HEADER

Image Optional Header
IMAGE_OPTIONAL_HEADER32

I
|
| Section Table IMAGE_SECTION_HEADER] ] |

I S —

fext

— S— - S—

.data

.drectve

.debug$s

other sections

Symbol Table

B 52 PEIMHER

YRIFNBIXFHER), 5 Windows R PE Bt &AM, BREIMEHMERMT 4.
7F Windows & JEMVE R, AR DOS R H PR, M H A Windows I AE ANfiE
i 35 DOS FREEMSTIEIT, AL THB DOS A%, MLy Windows 'S FIFE/F AU &
75 {9 DOS BH, BT PE SUHFAE T2 W1k 15 18 I 52 ) B9 . PE U144 Image DOS
Header ” f1 “DOS Stub” X P N ek st 20 7 H A DOS A& M &, H
“IMAGE_DOS_HEADER” ##J5C8R DOS () “MZ” a AT 451 ket —#, Arid
MEAEE, PE TSI HE 4 “MZ” Xff. “IMAGE_DOS_HEADER” W45+ 4y
WIRTA AT 154 “e_magic” %M, ERBRAET “MZ” EHAFEH9 ASCI 5 “e_cs”
H “e_ip” PASRLOUIR AT IO D HAE . .

4 PE AT TE DOS F RN %, DOS REKMIZ . KAV FFEHF T
RAMZ”, TRVNER—ANMZ i #4730 R 5 DOS ALK PE X AEER I “MZ”
A FFIGIIT. DOS BRASUEH “e_cs” Ml “e_ip” XF B AMME, LABMERIRIFHA MM
Ak, #Rifi PE SCHER, “e_cs” A1 “e_ip” XK H AR AFEFEEMA ML, TRTE
SAFH Y “DOS Stub”. “DOS Stub” E—BXAT LI DOS FiEfTiy—/ B, ZBUISHIME
— {2 AR 47 “This program cannot be run in DOS”, #RJEIEHERF, RoRizf
FFEAGETE DOS Fizf7. Bl HeE DOS R4E Fig4T Windows AR5 AT LA 31 L1 iX
)i, XJEFEA PE TR DOS “MZ” Al AT & AL

EFRNERER—E. TR5F
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144 $E5% Windows PE/COFF

“IMAGE_DOS_HEADER"” Z5¥jt 35 L 7F WinNTh B, &Mk R 8407
WAXD, -HAXOHE “elfanew” R, XIPRAFWT PE T4k
(IMAGE_NT_HEADERS) £ PE - ({m#s, AT E X A& K E 4L PE 0k,
XA~ R TE DOS ) “MZ7 SCHF#s R e EAIE S 0, HTLh® Windows FFEEHIGT— B2
BA “exe” WISLHERT, EHIM “e_lfanew” FRREHN 0. WHK 0, W% “.exe” XM
R DOS “MZ” A AT LM, Windows £33 DOS FELRPATE: MPERY 0, B4
BB — 1 Windows ] PE WJ$#4T X, “e_lfanew” (K% T “IMAGE_NT HEADERS”

ECH P WM.

“IMAGE_NT_HEADERS” 2 PE EIEMIX#k, BRET —/ERiE (Signature) !
B E. Fic 2 — D8R, &1 - MNEEN PE kR, EHRE % 000004550, %
DERFIF, EXNARE P B 0. 0'IX 4 NFRFH ASCH B, Sk B A AN G
5 2BR& % (Image Header), PE #'Bk#845# (Image Optional Header). X%
MsE L IF

typedef struct _IMAGE NT_HEADERS {
DWORD Signature;
IMAGE_FILE_HEADER FileHeader;
IMAGE_OPTIONAL_HEADER OptionalHeader;
} IMAGE_NT_HEADERS, *PIMAGE_NT HEADERS;

“Image Header” A 17E/40 COFF H 45 L 45H08f .42 M1 “SectionTable” —#2 /441t
To XEFHAKE PE §RLELEH, XM FEEBE “AT%” (Optional), 5k
RUEARZLHE, B%E LT PE ATRTXM (838 DLL) kit ©RVEN. XBMH
EATRERARX T COFF HAR CHR A . Z4MEMAS TREEENEE, FE BT
LAZE “WinNT.h” BRI %L M E X

typedef struct _IMAGE_OPTIONAL_HEADER {

I

// Standard fields.

¥

WORD Magic;

BYTE MajorLinkerVersion;

BYTE MinorLinkerVersion;
DWORD SizeOfCode;

DWORD SizeOfInitializedData;
DWORD SizeOfUninitializedData;
DWORD AddressOfEntryPoint;
DWORD  BaseQfCode;

DWORD  BaseOfData;

/7

/f{ NT additional fields.
/Y

DWORD ImageBase;

DWORD  SectionAlignment;
DWORD  FileAlignment;

ETRNERESN s, BHS5E
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5.6 Windows 89 ELF—PE 145

WORD MajorOperatingSystemVersion;

WORD MinorOperatingSystemvVersion;

WORD MajorImageVersion;

WORD MinorImageVersion:

WORD MajorSubsystemVersion;

WORD MinorSubsystemVersion;

DWORD Wind2VersionValue;

DWORD SizeOfImage;

DWORD SizeOfHeaders;

DWORD CheckSum;

WORD Subsystem;

WORD DllCharacteristics;

DWORD SizeOfStackReserve;

DWORD SizedfStackCommit ;

DWORD  SizeDfHeapReserve;

DWORD SizeOfHeapCommit;

DWORD LoaderFlags;

DWORD NumberQfRvaAndSizes;

IMAGE_DATA_DIRECTORY DataDirectory[IMAGE_NUMBEROF_DIRECTORY_ENTRIES] ;
} IMAGE_OPTIONAL_HEADER32Z, *PIMAGE_OPTIONAL_HEADER3Z;

AIX B FTITRM “Optional Image Header” & 32 fIfAf “IMAGE_OPTIONAL_
HEADER32”. [R% 64 fii ) Windows th3KF] PE 454, FiCALiRA T 64 {1/ PE aJ#hiT3X
. A TRHXFFHERX, Windows 32 32 7] PE U UMM PE32, 4 64 (i
PE U RN PE32+. X B FF#E AR1& ELF32 #1 ELF64 —Ff, # AR R, RAREXTF
bk FHCRER — el B A 32 Rr i L T 64 i, W T H T MESMAUR R 2Z 40, B Ak
KA. “WinpNTh” BHE&Z X T 64 {FA “Optional Image Header”, M {if “IMAGE_
OPTIONAL_HEADER64”.

AT ERr AT BAM#E R “IMAGE_OPTIONAL_HEADER” £ “Optional Image Header” [
SEX . B3, 7E 64 A1) Windows F, Visual C++7E S IFRT £ X “_WIN64” iX %,
4 “IMAGE_OPTIONAL_HEADER” #i#%E S & “IMAGE_OPTIONAL_HEADER64”;
32 fif Windows T#H E X“_WING4 "X %2, #3458 & IMAGE_OPTIONAL_HEADER32.
PR ELF fFh—8E, RAVX B H A4 32 SR A Mg, 64 izl 32 R HIA K.

“Optional Header” HLHHREM A, FHUH4 B PE SLFMERSETHE. RITAR
TR R ——F AR AN RS X, REHE BB SsEasmelnd,
HAh B R R EA B AL REE. X2k 51 1R S E R Windows RZEA LB,
RE X T Windows RAMNGBBEBHE LhESHME, tBATLIZE Microsoft ff] MSDN E3£%1
KT EMNBEER.

5.6.1 PE ##EB®R

1E Windows R A4EH PE nTHAT LAY, AR ZR R IR B — Heded i B [ B e 45
#, bmSAE. BHER. BE. EEMRE. ZEFHOEE O BN KRERERTET

EERNESRISN—iE, RNS5E
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146 E 58 Windows PE/COFF

—/ Ui B R (Data Directory) fIgifyEiE, HoeM280M “IMAGE_OPTIONAL_
HEADER "4 #) . [l ) DataDirectory " i f . 3X 4~ ¥ A & —“IMAGE_DATA_DIRECTORY”
Mg s, ML E X T

typedef struct _IMAGE_DATA_ DIRECTORY {
DWORD VirtualAddress;
DWORD Size;
} IMAGE_DATA_ DIRECTORY, *PIMAGE_DATA_ DIRECTORY;

#define IMAGE NUMBEROF_DIRECTORY_ENTRIES 16

o] A BN B K/ R 16, IMAGE_DATA_DIRECTORY Z5HIH BN 5, 4H 5
i il AR ACRE . DataDirectory ¥4 R4 — o £ MM — M & —EF XK.
“WinNTh” BEEX T —4%LL “IMAGE_DIRECTORY_ENTRY_” FF3kiJ%, BAM 0 3
15, EMEFEERARHXOROEZEXEZRAFTN T IR. i
“IMAGE_DIRECTORY_ENTRY_EXPORT” #5€ ¥} 0, BrLUXAHAME -t
FH AR 2 S HE (Export Table) FreEfIaE AL

AP A g b mE, KmSAR, RER. RER, EeiR. HRERE.
KIERAFM (TLS) FRMMMKA. XERSHHWEHEN DLL ShE#EEHEX, SHE
BRI ARFR, AURINERAREIFON. EABHE 3 B2RMNSLEEMBIXLR, £
X H R A E@ LM DataDirectory 458 T M X SR KA B KEMATLLT .

57 ZABING

AX P, WAA T Windows T FIPTHUAT SCHHRI H #7530 4#% X PE/COFF . PE/COFF
i ELF CHEEML, BNEAR T BT — 2% 305, Windows FBH UL
() bR SR Uk S COFF Sofbas =, TS 1% 38 7= 2 1) AT SUF SR X Fiak K. COFF
S MR BRI “.drectve B, XN B RIF IR SR 128 B BHER M@ 1T
SH AT LRI A B IR ST B T At .

Windows T B AT 301 . SHABEBFES G A PE UM%, PE JUfF# 2 COFF
S R B A, INT PE SofEk. R B RS -gh, fE 1R RERERILAR F BT I
MK,

EFRNSREN—HE,. RBS5E
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_J?M:_rSZﬁFEI’Jzéﬂz 53#

HIZERUIZE)
6.2 FREIHIN
6.3 MERIERFAEEIRITHFIVRR
6.4 HEEFTZEDH
6.5 Linux R¥E&E ELF TZET
6.6 Windows PE BI3¢%,
6.7 XFT|NG

BFERNERSfF—HE. RU5F
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150 FoE THITXHMNRRSHIE

AT SO R BRI N A UG A BEHE CPU $hdT. SR paed T Wiks, 28K
BEA DL FE R R MM ARG 8 P B N AR AL E . B B MMU 1B, %
. ZHP. BRUFERRERKHBLUE, WTT AR E SRR E k.

Wi — %, RAVAERE T N4 ELF CPHE Linux FOOREEHE, REZBITEE,
BETHAT M RBERATHFIR L4 Bh &AL RN BRI aL 28] 2 24414
FEA A O R R 7 SR U5 BATIHE A DD s Al BER R B LR o, R
R, oS BAESNGAR BN MK A, AR B, MR, BSS
B e e BIE R R R B A0, eI BRI RE QT B E

6.1 HEZELUBIIZSE)

BANESR | 3 AR T 5% T /e fUthk 4 1A Rt b e 5 ) — e LA o B T I BRAR
(LB R AR REMMS, RITEES S OBLIRE, KOS 2
T e SRR R R R AR, 3 ELSE W BB AT RO R A6 7y T

EFNEEE AR

BE (SEEX FETREYH ) E—TRE0ES, ERE-EMARETFNES
AEEESH—P X, HEUR— 1 DHE0ES, EREFEGTNO— TR, R
5%%?@:111‘&04{&@531 { Runtlmel thE—FENEX, FAMET—TREEEN
%5 ¥+ i, BRARFREFEE, itHHE
&EZ&JEEWEE@EEﬁﬂﬂgﬂEﬂ;EAwﬁMﬂEﬁE—AEEOﬁﬁm
BRERFOETEHRAKEN TR LR, R aELs S8 AL R AR £k
OMER . MK MRS BRITET I AT EAEE, tbin—MEFEER D CPU L
$iT7%,

BAVEGAN S TG, R E QO RN ES | (Virual Address
Space), XA~ MRl A A A B SEHLA R A G e, FUARL IR B CPU fIf Bk
. [FEPEACE T AL S I R NP8 LI, B o AL, | it 32 i HBEMEF £ ok
& T M flahla=a gtk 0 ) 27 - 1, Bl 0x00000000—O0xFFFFFFFF, Rt 3 1% ¥
4GB S Ay T 64 GLIGEEA-F & RA 64 SrFHEAE S, THERMIEFMEAT T 2%
=45, B 0x0000000000000000—0xFFFFFFFFFEFFFFFF, &4t 17 179 869 184 GB, i&X4~F4t
fe MR, JLERERK, HEAH S BRLMEN, SiFg —KBINSER 64 A1t
B AR AN, SRARIRAIELAE DTS 32 Aok ARGEF —HF . AN —WHEH 32 7 AL FEAR R
i, 1RE AEIESE 4 GB X4 KMHEF A AR

KW AEE, RATACUELAM C B F IR R e P b 10 % HDIE -8 4t

EERNSREF—E. RR5E
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6.1 #IEMREithEsg 151

Muhb A R — ROk, C R F AN AL B (R (A RO ], 0 32 1P S
TRFRE D 32 4, B4 THAT; 64 fiF 6 THUIEE N 64 £, HD 8 TV MIRHLLEFRTE S
B, XFRUASL, R F M MSC 9 C B F o ikfiast . BIREHMIGEs, XA TIE
o 214 e W FE2 AL PR T 47 T NAE R AT AR P B

BANFETXPLL32 fupitbit EEAhE, 64 M5 32 fr kil

W2 32 f7F 5 F 1 4 GB fEflaZm, RAVGETFRETLMESEHE? RER, 7.
R AR EETR R FREREMRE T ARG TEAINEREF TS —R5H
i, R BRI AEERERSOERZ b AT IS8 45 R AL SEFE R
He, MRV RIARZRFNEM, BARERIKSRIX LG R, R R U AE
IEEERME, KSR, BIEHTE Windows FREFIS AGTIRM “HRERIEZEREFTE
KHA” Y Linux T/} “Segmentation fault” R 25 K&K ABFEVTR T RS RiFH L.

4B 4 GB BIHERE dE Ut bl =% W) 2 H A o BCIK SR 7 B 6L Linux #R4F R EEME
APF, BUATEUL T, Linux #RF RGO AT MU AL 2= R T4 6-1 Pros i) 73 Bd.

Operating

System 168
0xC0000000
User
Process ace
0x00000000 —

B6-1 Linux #HEERLISEDTE

#A 4 GB BRI mF By, KPR EREARGHZT 5. Al 0xC00000000
OxFFFFFFFF, 3% | GB. % (1 0x00000000 #utl FF 4% 0xBFFFFFFF 3t 3 GB %8 8] & 2
R . A2 MR N E B, RATMBEFEEE AT LUMEH 3 GB fBEHIEE, HBR B
BAMIEFE ST AR, BT AU, ¥R Il C i85 malloc()%5 77 i B i T S 101 % (]
2 MAT L 3 GB. FEMLHFEFET, 3 GB FIERBF A RETAN, in—8gX
MEEERE RS, BETTE. BREEGCOHE. BRIRE. HREEFFE 5 HAAGETEE
Ho RXATF 32 ALREMEE 6 PR A ) B R EE T . B AR AR AR 64

EFRNSRER—UR, RESE
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152 FEow THRITNHNERSHE

{r b se, gAY R E] 17 179 869 184 GB. 3R A R AN ZBAENF e 5 82 64 7
AhEE, FAAEFRSIHAMEFRGBBEITE 2 BT, M4 32 i1 CPU BESGREAR
fEfE FHIT 4 GB M= aINE ? XA R BA T EBER “PAR” — YW iET 4.

AREHFRLFEER, LIRPFNX 3 GB fafiE B L RATUASHEM AN, E4
NIBEEK, HRIFAREE 2K 3 GB KB, K — o £ ME A A,
BANFE e L3R 3.

T Windows BE RGOV, SRR BRI AL 25 8 B 4 RERER LN A 2 GB, B4
HEAR T 2 GB #Fla]. 2 GB (A% — LR R K/NT, BFLL Windows H4™JE 5h 2 ¥0]
DL AR R4 o5 B LB E 2R (A3 2D ) 1 GB, BIER Linux 295 —8E. HEWTF: B
Windows R4 £ H F F# Bootini, Ik “/3G” 2.

[boot loader]

timeout=30

default=mulei{0)disk(0)rdisk(0)partition(l) \WINDOWS

[operating systems]

multl (0)disk({0})rdisk({0)partition{l) \WINDOWS="Microsoft Windows XP
Professional" /3G /fastdetect /NoExecute=0ptln

PAE

32 i) CPU T, EFAHMASTRGENESIT 4 GB BT X in) LR iZ M H R
JKE, B, RBBEEE “FR7 AR EER, MABRE /. Eh 32 60
CPU HEefH 32 prpfest, ©RAXFIHEEE 0 $l4 GB: WRHERER “wFA” I5
AR SR, BABERA R Intel FM 1995 4E[] Pentium Pro CPU F#RF 1 36
B EE bl kR T LUV (W] &k 64 GB MIAEE N 1F .

e ———

MEEFE ERYE, BT 32 fithhbek AR MBS 4 GB MYHEAF. BEANMT
FRZE 36 frbhbER 2 5, Intel BT T TIMRS AT AN, {8453 ROBR A 77 5 T LLIG i3] 3 E £ /8
7. Intel fEXHukES R0 PAE (Physical Address Extension).

RPN, X T E N KR IERE T RSB ENEE. BA
XTERRERSENSE, ENHEERE, RE 32 A Eiihbasm . A8 RN BEF S
EFXEXTFERINFZME? —MEE R ERRERIERGERE—A T OB
o, LA 5 P A7 B S 30 3 FE Mk =3 (6] o 3R o R R P2 BT AR o Bk £ e i AR g
Eean—4~ R A2 5 F 0x 10000000~ 0x20000000 1X —ER 256 MB ) i 12 3 H1it 2% /| i SR 4 & 1,
BFEa] LA ET 4 GB M E [+ BiF £~ A/ A 256 MB = 0], HS5 AL B, C
%, REMEFEFXANE OB I ARG HHE T MR, A3 A KR 0x10000000~
0x20000000 MRS E) A, P B, C HEMREL L, MHEERRFEUE]. £ Windows T, X
i) A7 B8R Nl it AWE (Address Windowing Extensions): % Linux % UNIX

EFRNSREBR—§E. ¥isE
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6.2 RB{MHFR 153

HARAF 250 WK ] mmap() R4 18 H kS0

IRIX R R B 32 AL 7 AR R A IR T B B IE AR U T SO R N i
fEH 64 G BESHIBRIE R L. X AMAE AR T DOS R 16 frthhl AU AN, 3R
T AU 16 L CPU T, 20 b4 K AF, R4AHH 640 KB, 1 MB %&£ Uy 1] R .
B TR E NPV R 1 MB A FE, BTLL 417 1R % 248 PAE §I AWE {1771,
EL 1R 3 & 09 XMS (eXtended Memory Specification).

Windows ] PAE fl AWE 8] LL{§f [ 5/3G HIBUH S 30 T/PAE HI/AWE 37 7F.

6.2 RTHHHIN

BRI LI 5 22 09 -2 A0 R L ZTE P A7 b A GBS TE B 4T, SR 1R1 40 00 250 0 S
JFIBAT B o B RO TR A W FF R, R B AT LURE AT, 50t i T o 1
SN I AHRRENG LT RFIT E R AR K TR A SR, SN e
AR, WA I IPER LA . AR TREORE, WERSIHBG N, XM
B S LA E A DOk — Fank. FrA AR & Fh0E, FERES AR mp 7 At F
ibSE B FRFIBITAER, RalGefT b A H N AE. JFRTISUR L, BFIETTR 247 5 iR
B, BrRARATOT LA HE e dp 5 AR 90 B B A o, TRIKE — 1 AN A PR 0 s 17 T
R, XA SRR IEA R,

WEFEAN (Overlay) MTIBRET (Paging) EMM KM AL SR A
REREEAL, FEN EHERM T FEFI R R . 5 A A BAR LR B0
B RHEABEREEA N, WURA RGBT AN, FIRICHaT.

. R 2000 £ 2 AROEIE, WP EBEFIE 7200RPM M RT PC FE& A6, EHF
B 8MBE7, 500 GB AR, IMEE 459 T, KT GB MMNME%E, DDR2 667 Wi
49 GB #9150 7T, MWERE GB KIHMEFE 1 &, HiEXHRAFN 1/200,

6.21 BEEA

B B ATEB A R BRI 2 v E A LA 32, B B8 LTk T . BRI A
IKAREER, T4 BRI RE R T RTIRAE PC HLFEFF AR R ATEEA G — W, AR EETHYLE
FE IV A B P RERE A0 NP2 BRAUHLAE FIEWBITIRME T —F o R B AT AT
HRAE R RAEXN. EHE - REORE, € SEHAURARK N2 RAET, #502%m
DSP 5%, R Jjalir i A iz .

B R N BT TS N AR D RS 284 T REY 0, B R4 SR IF I I i 2 F

EPRNSRISN—H#E. RUS5E
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154 FoE THITHEIRESH#E

TAHRERRIF 9y S 5 R IG G0 — AN 36 B ARG R A B3 R Ao Ief 122 B B P 7 1 ]
B I A R o XA/ IR 18 RS LS T 1) 7B 6 B8 (Owerlay Manager) . Jifij )
Bo F, — AR A ERR “main”, main 752 WA IR A ISR B, HEAFMBZ
FASHH LA X =B KN B 1024 21, 512 F45R1 256 745, BBEA%IE
WAERF . SRt hl BRFIRNG L, BLig Lisfri@ MEF & 2A 1792 METIIAAF. IRR
IR AR Irid, IALNAFTLUIXFE 24, W 6-2 B,

Owerlay Manager
1024 Bytes main
|
|
o 1
] |
: B 2568ytes
512 Bytas N S S
)
| i
]

Physical Memory

Be-2 FEeEREHA

TR A ISR B 2 [MIH] U R AR B5C &, JATT 0T DR A FIBEE B 78 A 17+ 4
HEHR”, WEAMRIOLEHNT XS, Y main BEHAIRE A B, B S FE B ORUEREE
Be A SOOI PR MABEER main IHATHEL B B, TB 6 B B AR AR B ST A
WAE, BT XBRBEE A Aafe ], AT ABER B 7T LR ASIEURER A BT F I N 72 1] .
R, BT EEEIEE BT HEE 1536 47, WERKFRNE T 256 7
b . B AR A SRR, B T RIE A%, B AT

1 O 0 A TR PO i ST, (ELR RS R RPN, AR e A v
X F W Elife-FE 8%, E2MRINER T, BERTET TRRRIZERENZE
BV i X RBP4

R 6-3 ML 5 R, BH main KT HEBLA FIB, Bk AWK CHID: #EB
T EMF, WEMEAFEPHESE AR NE YR, BHE, XPMREREIT RS
£ RN, (AL, e .

EFRNSRen g, BR5F
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6.2 HHEHMSN 155

_________

Physical Memory

B 63 SERMEIRTEA

o XMBRREH R MAER] — AR BEIR (R main) HEREINIERRRE. ik
Bepo e, A AR RIS ERTE A . A B IEFERER E SR EAT AR
b, AB2MH B MIRLH: main LAZRARTE A fEeh, DAARAEEE E 3047 52 B LUJR fE48 IF #hiR
[Al F i B ML main.

o FUIEREEM. £ MEER RV RGBT A . Wi bl T,
W AANTEURHEBE B, E. F: i C AL HEEEL D, B, E. F%. HAWBES
A RUE RS B TR AR SR AR A7 46 T AP . AN 1R B iR AT fE RS AN T BEH 45
TR TR, i E RIBEE C #BFE RSB G, R A7 WL
K G HAE main #F, XPEGHTEMCHAMBELET.

MR, TR TR A B R A%, DA ER T B H B R R AR i e
IEBRHEE RN A7, 17 H— BB N AE R, 10 T2 A BREAR ol L A 774k B8 5 O ¥ o L
B, FTCABE e N R RE H e EUReNe . Ak R — P S, R SR (A R e ) 46 Y
ellifi P79

6.2.2 ARG

GURR G R KR fUAF LR — 5, e R R R (K R BT A . AT RN SN T
DG ) e A S R S BLBRATT & A P BIAT ST 0 e 28 o A ik —F T e e 2 a4 9 0.8
HFEP RN SEEFRAQREACL TR AR — FF ISR R0 5T B AnE 4 51

EFERNESRIBF—iE. KR5F
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F£68 TRITHIRESHHE

FENAAE, A2 K AR A0 AT R P 1 00 AR A HE R “ 90 (Page)™ b 8y Rl 40 s T4
T, BUSTAT e d AR 00 R A B V0. BUH AR, BAF e M A0 ACNA 4 096 7
T, 8192595, 2MB. 4 MB %, A LAY Intel 1A32 ZbF 38— M AV 4 096 TG 4L,
M4 512 MB (F4H 5 A FR8i09T 512 * 1024 * 1024 /4 096 = 131 072 M.

A TV 7 UL SR R R AL, RS B AT 109 32 (ML 4845 16 KB I T, B4~ 51 /b b 4 096
F, ML 4 401, W 6-1 B,

#* 6-1
RS Heht
FO (x00000000—0x00000FFF
Fl Ox 00001 000—0x00001 FFF
F2 0x00002000—0x00002FFF
F3 0x00003000—0x00003FFF

B R T R FOER B 00 32 KB, B4R 8 4o 8 AN il AT TR EA 144
Rk PO~P7. TRHILEL, 16 KB fNTFE LI K 32 KB FIFERESEA, IBATA K &) 4
NI IR B e A T A AN R . SRR R R BT I A O HbHEFE PO, X SR
B8 CRRATMB e A R el — A BB I R PR B SI, SQE S E S --R RILEE
) PO AYEW TR, TRENAE FO R0ES PO, 3 FLIF PO MU 3 A FO: I84T — BER ) LA
i, BAFHREMZEPS, TSN PS A FL; gXEE, M F P3PS Nt

B, T AEAENE T B2 E3, SIS R i 6-4 .
e
P8 :L
P5 \
: P4 i
' Pa 5 « B 3'
g I
P2 : a: i F2 5
i 1 ; 4 Fi
; PO L - FO !
. L.
Executable Physical Memo

6-4 TAREISHRER

W E, Wi EEFAFE PO, P3. PS5 HI P6 534_4*% MWAFEFEE— ELETT
T, HEMBERHE, mEXEHREFTFEGN P4, PAERTHBLOAMHIE, =
PAIRIFE H AT EAE AT 4 MAFETP R —4 k8 P4, ETEFWAT, RINHM

EFRNEReR—E. Bu5E
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THEETLOESE, T LUESE FO, BUAERE AR T GXAFERA]
AIBLBRZ A FIFO, SE#EAMEE): BEtkE s Al F2 IRADED 2], AR
HE AR F2 G RPR: T AR 2 b LUR, fe/DAEHSE0. BERAVBGT PO, 4K ik FO 3
AT P4, BIFEALIRIXFEN T UET.

AR LA DRI T, XMATIE IR B RS R BSR4, E et
R RE MR EES . HAT LA E R R0 X R 7 A 8T T
{0, FA 1R KA Windows % PE SCHF (34 4%  Linux Bf ELF SO 6 80 25 2 3 FF 52 i1
B A B AE R AR BE K E nT AT ORI 4

6.3 MERIFRGERETYNITHIRS

M THT SR B B B S AR 7 AT AR R, AT SRAT SCAF B 50 AT RE ke A A AEh 4T

RO L R T P4 (MR, & nl e Bike A FO~F3 iX 4 A IR IMER 4. IR &,

| 0 SR A5 0 L Mk B AT BRI 1 U ke N\ I S S AT O | I I RAT)

1 ER RSN, SRR, RAMBEE MMU SRt F S shie. A T

A1 B 1t Bl e 45 R T B B, BRAE AR BBl AR IR AT BTy SO 6 SR S IR T IR K
YR

AV HH B % P al AT SO G FE AR, AR KBRERE A X M /e, HER
WAMATFRA WA - FEkFHEEE, — AW R TR SR AR ARER
GEH A0 ORI IR — A [ AT SO e 3, IF LRI FERERE Th AT

6.3.1 #HIZMVERIL

H b, MR R R A RERCE , — M UE R S B R AL E 4 S A Rl ) 3t ik 5 ],
AT AR T HARERE o AR B IR MR HEERAT ) A B — A BTN R I G, 8
LARAVR BB XFEGEF OB QI8 R, A5 R BAHINIE i BT SCE I BT,
EHBRAEENER T, R I A W E =i

o BYFE AT Y Fol bt 2 ]

o EHCATINATICfF Sk, I HER LA USR] B AT AT SCPFRIBRET SR

o Hf CPU M54 F 738 W BT SCHF A Listhnk, BahEsT.
BER O RERMNEEE . [FIZE | A ITRSTHLH], BT AR E -4

RS B KR K002 () ) 5% O R SRF ZEAH S FRy By 4 1] T8 B R — A Rl 0L [R) 9B L AN A

e 2 v i1 2 ) R R R B P A EE MO ATL M O 5 F . (E 1386 (1) Linux T, B ESRUbL

EFRNBBERT—iE. RES5E
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F6E THITXHEIRESHE

A SKEs LIRS B AN BUH R (Page Directory) BEATUAT, HENBREWMA KR, X

MR A 5 AR5 IS R P R AR SR R A % PR AT R

IEIATATICH S, R BRI A ST OBk xR . FEHE 5 A Tt
R PR B R AL % () B W R P9 A7 BRI 56 3R, 3 — 4 B Al 0y R R0 22 ) 5 T AT SR it
KA. BAVDE, HEFRITRE TEHRE, BIERGENPHAFT MR —MIET, R
JEHFZ “BROT” BRI IR A AR T B T (%) A JEL DURI D ER ST AU JC R, IR
FARLIERZ . 2RI RN AU, SEREREMHRB R THHRM, ©RAmERFY
HIT P o ) O 7 AT AT SO H P — AN B IR i A0 ] 5 AT AT SO 2 TR () B e
o MNEMMARORE, X PRBMERIHPREEN P, BREAXEX L “RE7 W

HBF oA E N SCRR E R st s RE#L23(6), AT BUSTH 17 30 R 8 B& S

AR & 3T (Image).

iEEAE R R S, BT BELF aT$h 47 308 R A —MUEE “ext ¢, B
1 i Fel kil 5 0x08048000, &7 3C4F P (I AN A 0x000e1, X57F 24 0x1000. T BEALL7 %
B S R Sh A DA UM BRI, F 32 A1) Intel TA32 F—fth 4 096 F45. BTLL 32 7 ELF
B FERE R Ox1000. T iZtext BERPAE A0, HEFF LB SH B B
PA- - BLEZPTSRAT SO BB dl, nT AT SO ST 1% T S04 T SO0 R 9 HiE 40025 (AT (T B X R
Wk 6-5 fiim.

Operating |
System 168
0xC0000000
User
Process 3ce
OX08049000 |----------=--=--=-1
................................. e text
0x08048000 -
0x00000000
Executable Process Virtual
Space

Be6-5 TN SHIEEDISE
RUE, RS KR RRRAFERIERENFA — MRS . Linux P2 L

EFRNSREN s, RRS5H
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e i — A B BRI A X W _(VMA, Virtual Memory Area):| 7& Windows X411
PR (Virtual Section), I EAIA R — MRS . i Lo+, BERRCIEERR,
2 PEEFE AR R B A P BB A — i text BUAT VMA: B £E KR 0% 18] bl kO
0x08048000~0x08049000, &%1f ELF LA fw#E 2k 0 [F).text, EHEHE b R (— B
B3R BEN), M — e AR E .

VMA 22— MREZEN# S, EXTRMNEREFOZERNTIRIERG T ERHE
MENZEHIEFERNRE.

TR b FRAT R AR e TR B B AT N B AT IAT SR I D . BRIE R
FERIBRAFIXF G R, R0 R B Db SRR AT R B, T LU A R A — 4
BUHE A R S ALY R SUEE P HAT SO LR, A ST A A

% CPU S HFEH/EEMTRITXHAD, BHET. B b HLBRER A&,
#AIF AL B E CPU MR 2 H (A S BB AL R, ikt BT SR T . X— 5
Ui, SR LEBRERGEE EEE R, B RANBHERRA PR T8, CPU i2
FTRUR AU . AN MRS IR £ 15 01X — 25 T LUK A Do 3R AF REEIAT T — R BbEe R %,
TR BT AT SO Odthhl . B2 ELF SCHSk R RAETTA D EE S 7 3ET, skt
XA Hahk.

6.3.2 TSR

i BAT e LUR . SUSERTPAT SCHFA 20 IE S8 A FIBHE SR T B A BN . 8
E R 40 SR I AT AT T4 S B 0 £ R N T BT SO IR K A7 2 B S R T e
B FIp e g, B D HHE % 0x08048000, BIKIEFE: ext B iHHEE. % CPU
FrEaiT B AT A ML RS, BB 0x08048000~0x08049000 B4 H, TAE

B IXE TSR (Page Fault). CPU M HIBUCAIIF AL, BiFRGA &1 100

A P IR TSR 150, 55 AT A 7 48 B e e R 8 b R B 4

BTN, ARG IR AN GOR A, RPN TMPTEN VMA, 57

MU T 46 T T SO P B 985 FEAEE 4 7 4 — O FR T, 450 o S 2

T 5 5 RO 02 AR SEWH KR , 4JFF B A P I HERE, HERR M R A TR DR £
| R EHIEHIAT

B LA AT, TURE R & AT A, Bt R & O LR Sy RO AH B AR WD B BT R
R HERRATR R, W 6-6 FTn . MR AT AEUERLFT T 2 11 A R L /T R A A7 20
BRI B BERR R BT P B R R IR BRAE RS BRSO R R e ALY,

EFTANSHEN—#E. RU5F
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160 Fed THITIHNRR SHE

A9 A K 53 LR R I MV BB A AE R LI, RIS R T B PE RN LA A e B, X
BRI, IR AT LS AH R B 1 R 40 7 Thi RO B kL

S}l st ng 168
|
0xC0000000 b
|
Us@r 1GB
Process
______________ 0x08049000 {-------------------
ot opee OPETAING System ... v text e joMMO Page
_________ 0x08048000 [—-~~—---rr==ma
ELF Header
oxoooo0000 —— 1
Executable Process Virtual
Space Physical Memory
B 66 TSR

6.4 #HIEEGFEDH
6.4.1 ELF XHFstEdBNHTRE

BT 8] R T AT SO R B — MU E, FrLle 3R 1 R4 8 F i phohl 25 () 2
Ja, AXNNEHE D VMA. R LR a X S a08, P EEREEED, b
TP EFREEAILEE, EF SR, BSS %, FrLlm st #3658 il s M aE A
E—A B,

MBI BEERMEE, M T IR RN . FORRIIME, ELF XERBHE, £
EAFREEIN ST BE A D B 1), 820 BUAE R I AR FE RS 2 R UK BE B3RS
RAK, BaZRBAEHTH 4. —A ELF XHFPEEHF MR, BARFEN
(RIR DR AT AT S . A B Ik R DI o £7 IR 37 2

HEA T T B A RGO AT AT SO R ) S, T LR LS 6B B AR 07T 4,
TS BAT A BSCBRA R, 3R R H 00 — SR OGN 8, B B MR BN
B CATiE, a5, AT4T). ELF SCfE, BMEURESE R A A LA E, A

ERRNBEREF—iE. BR5F
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R =F.

o DURISBUW{CIREBUPR A Al i aT 47 1 B
o LI BRI BSS BOB IR AR b T i 0] 5 B .
o DARLBERHR BE AR MR O FLE KB

AR ABRATTAT AR B — MR 7 R AR : 3 THERMERAYER, BEEHBl—2 L
— BTG . LA AANBL SN “text” A1 “init”, B4 A K95 2R RN AT IGT
OB RYIAGIEAES, HHENIRARBANR, #20EH EaiTm. Bikex h 4 097 7
T, init by 512 7745, IXPA B HIBRG R R T A, (R, ST E R
RSB RIS T . W 6-7 TR,

.init page ST v,
-text page [ =t | (512 page
text page | 4007 | R B P aow page
ELF Header
Process Virtual Space Executable Process Virtual Space
(No Segment) (Segment)

6-7 ELF Segment

ELF AT ST 35 IN T — &M “Segment”, —/> “Segment” & P m £ 48
MR “Section”. IEWEA) EHIFIHFhE BN, WK “text” BUH “init” B&HL
—REH R “Segment”, AL RAKA LG ENFE— I B&—EBS, ke
ST LUS e SR A 2 A ch A — AN B G VMA, TR, XMk el
TR A 5 M o /D GT T P EBRE S, M1 T WA,

EARMEE “Segment” 0 “Section” RA-TMAMPXHBF LMK S, BAHRS
BY#& Section thiREHEAMA "E2", B 2 &, RITLREREEE S XHMEEL
FFENBET B R T ZENEERE, RAE, MBEENBES, ELF X
R “Section” 78y, B|LMTRWL, NERNAEE, ELF X#X TRUZRE
“Segment” ¥4, BRINEXEHN “Segment” TEHE, —BHEERE,

“Segment” (I & 9CHF 1A MBEAR A0 FE W R4 T ELF 1% BL, 725 FLAR SCPE
BORATIAT SO (I, b 88 2 RLE AT DA R e 1 5 MELAE e — 5200 L S T

ETRNERISH—iE. Ru5E
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F6F THITXHNRRSHIE

FTRIBEE A — 2, XFB AR R ACHEEE: mIE T B M BRI — &, XA BT R
#Er. 7F ELF rhifixst @ M. SOEAE AU — “Segment”, T RHIE S
B “Segment” TR “Section” MBS AIIT M.

T FFR— MR, BT A SR EHIERRIAT “sleep” #1E, ERAFAIK
fFoede, {UH -Hizfr. SRE~AENT.

#include <stdlib.h»>

int main{)

{

while{1l) {

}

s5leep(1000);

return 0;

P AT Ad B P A 2 1 O N L A VR B A T B AT SO, SRS A B I W AT S0
“SectionMapping.elf” 7&—-> Linux T {i{ #2881 e $h 4T 31
$gcc -static SectionMapping.c -o SectionMapping.elf

¥ readelf O] LA B, X AT 4T 3CAF 3L 33 1B (Section):

Sreadelf -8 SectionMapping.elf

There are 33 section headers,

Section Headers:

[Nr]
0]
1]
2]
3]
4]
5]
6]
7]
8]
[ 9]
(101
(11)
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[211]
[221
(23]
[24]

Name
.note.ABI-tag
Linit
Ltext

Type addr Ooff
NULL 0ooo0000 000000
NOTE 08048044 000044

PROGBITS 080480f4 0000f4
PROGBITS 08048110 000110

__libe_freeres_fn PROGBITS (0809da60 055a60

.fini
.rodata

PROGBITS (80%edec 056dec
PROGBITS 0809%e520 056520

__libc_subfreeres PROGBITS 080b4f08 06cf08

_ libc_atexit
.eh_frame

PROGBITS 080b4f34 06cf34
PROGBITS O080b4f38 D6cf3E

.gcc_except_table PROGBITS 080b8944 070944

.tdata

.thss

.ctors
.dtors

.jer
.data.rel.ro
.got
.got.plc
.data

.bss

PROGBITS 080b9%99%e=8 070%e8
NOBITS 080b99f8 0709£f8
PROGEITS 0BOb99f8 0709£8
FROGEITS 080b%a00 070a00
PROGBITS 080b9%9alc 070alc
PROGBITS 080b9al0 070algl
PROGBITS 0BOb%a3c 070a3c
PROGBITS 0BOb%ad44 070add
PROGERITS 080b%a60 070a60d
NOBITS JB0bal80 071180

_ libc_freeres_pt NOBITS 0R0kbcS4 071180

. comment
.debug_aranges
.debug_pubnames

PROGBITS 00000000 071180
PROGBITS 00000000 073£70
PROGBITS 00000000 073fc8

EERNSREF—HE. RRS5KF

bbs.theithome.conl

starting at offset 0xT74594:

Size

000000
000020
000017
055948
000aBb
00001c
0169%e8
aooidzce
000004
003a0c
0o000al
ooon10
000018
oooQos
00000c
000004
Q0002c
000008
00000c
000720
00ladd
000014
002df0
000058
000025

ES Flg Lk Inf

00 0 0
0o A 0 0
00 aX © O
00 AX 0 O
00 AX 0 O
00 AX ©0 0
00 A 0 O
00 A 0 0
o0 A 0O O
60 A 0 0
00 A 0 O
00 WAT O O
00 WwaT 0 0
00 wa 0 O
00 WA 0 O
po WA 0 0
00 wa 0 0D
04 WA 0 O
04 wa 0 O
00 WA 0 O
00 wWa 0 0
00 wWa O 0
00 0 0
00 0 0
00 0 0

[ =k pe]
ISR T s S SR O SN o R

L Lt
i Tl R o I e e
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[25] .debug_info PROGBITS 00000000 073fed 000lad 00 0 0o 1
[26] .debug_abbrev PROGBITS 00000000 07419a 000066 00 0 0 1
[27] .debug_line PROGBITS (0000000 074200 000134 00 o] 0 1
[28] .debug_str PROGBITS 00000000 07433d 0000bb 01 MS 0O o1
[29] .debug_ranges PROGBITS 00000000 0743f8 000048 00 0 0 8
[30] .shstrtab STRTAB 00000000 074440 000152 00 0 0 1
[31] .symtab SYMTAR 00000000 074abe 007ab0 10 32 898 4
[32] .strtab STRTAR 00000000 07chec 006e68 00 0 0 1

Key to Flags:
W (write), A (alloc), X (execute), M (merge), S {(strings)
I (info)}, L {(link order), G (group), x (unknown)
O (extra OS5 processing required) o (0S specific)., p (processor specific)

FeATaT LUAE A readelf fiyS KT H ELF ) “Segment”. iF Wik “Section” AL H
M B, iR “Segment” MLEHMFREL (Program Header), ©#i& T ELF %
107 gl 25 £ R 0 ek S B A L 57 i
5 readelf -1 SectionMapping.elf

Elf file type is EXEC (Executable file)
Entry point 0xB0O4B8110
There are 5 pregram headers, starting at offset 52

Program Headers:

Type of fset Virtaddr Physaddr FileSiz MemSiz Flg Align
LOAD 0x000000 0x08048000 0x08048000 0x709e5 0x70%e5 R E 0x1000
LOAD 0x0709e8 0x080b99e8 0x080b99e8 0x00798 Ox02280 RW 0x1000
NOTE 0x0000d4 0x080480d4 0x08048044 0x00020 0x00020 R Ox4
TLS 0x0705=8 0x080b9%e8 0x080kb%99e8 O0x00010 Ox00028 R Ox4
CNU_STACK 0000000 Ox00000000 Ox00000000 O0x00000 Ox00000 RW (Oxd

Section to Segment mapping:
Segment Sections...

0o .note.ABI-tag .init .text _ libc_freeres_fn .fini .rodata
_libec subfreeres _ libe_atexit .eh_frame .gcc_except_table

01 .tdata .ctors .dtors .jcr .data.rel.ro .got .got.plt .data .bss
__libec_freeres_ptre

02 .note.ABI-tag

03 .tdata .tbhss

04

BATATLLE R, XTI ILF 5 4 Segmente MNEBRKIAESR, BRINBAHX
L “LOAD” 28U H Segment, K A5 ¢ & % SIS 10, HABREM“NOTE”, “TLS ",
“GNU_STACK” #RAZERATRMIEH K, RIEXEAEHRIF. WJLUHE 6-8 X%
7~ “SectionMapping.elf” RIEIT I B 5 it B R L 22 (] (HTBR A X R o
il 6-8 AILURI, “SectionMapping.elf” #EFH RSk T =154, F—SEHEA
AFEATATI, Ef IS R B — 4 VMAO; B4 — 5B RaTIET SN, A
FIT VMAL i&H 8 BERFEBNT AN, SN2 R 5fRE R NTEe
BRGE, XERERFRATNEAR, MUATEEm. BUWE, FaHERR MmN
“Section” PIIEE]— “Segment”, I HBAHFIF— VMA.

EFRRfISBen—iuE, "R5E
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FrLl AR, “Segment” F1 “Section” J& M AR MK E 43[Rl —4~ ELF Xff. X
ANYE ELF F# AR AIE (View), M “Section” Wiffi k& ELF 4@ R EE N E
(Linking View), M “Segment” (i ERAENITIE (Execution View). JIEAI7EH.
# ELF dknt, “B" %746 “Segment”: MifEHARPIHH T, “Bt” 8/ “Section”.

.strtab

.symtab

_shstrtab

debug_ranges

.debug_line Operaﬂng
I .debug_abbrev System .

__libc_freeres_ptrs
bss
.data
.got.plt
-got
.data.rel.ro

.jcrw_—‘
diors User
clors Process

Abss

.data
— YV emmee—————— 10x080BC000
.gee_excapt_table ' 4|

.eh_frame

oot —_— 0x080BS000
__libe_subfreeres 'I
rodata
libe_freeres_fn '
nit Process Virtual
_ folefBHag Space

Executable

b = o o o o 0x08048000

B 6-8 ELF IRiTH SHERD=EREIXR

ELF W47 3 tFh Al — A5 1T B & nd i F k& (Program Header Table) H
Fe{R 4 “Segment” MIfEE. BA ELF HFXHATERESR, FUERARAFLE, M

EFANSREF—E. RUSEF
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ELF (a3 4T SCHERL RSO 30 - BRELR G -, Bk RBE ANkl &

ME KT

typedef struct |
E1f32_Word p_type;
E1f32_0off p_off=set;
E1f32_Addr p_vaddr;
E1f32_addr p_paddr;
El1f32_Word p_filesz;
E1f32_Word p_memsz;
E1f32_word p_flags;
E1f32_Word p_align;

} E1f32_Phdr;

EIf32_Phdr &R LAWK R SATIIERAMER “readelf 17 $TEN kT BRI E R —
—Xf . HATHKE EIf32_Phdr S &AL A MREAR X, Wk 6-2 Fix.

*6-2
BR : &N
p_type “Segment” # £ A, KA EKMNAX P R £ “LOAD” £ 4 ¢4 “Segment”.
“LOAD” £8$FE 4 1. iEH LAEA 4 “DYNAMIC”. “INTERP”
FHAMIEA4 ELF sh AL L4005

p_offset “Segment” JE XA 191hA

p_vaddr “Segment” & F —A-F WA E kU FE M BE R, EANAEA K
FF. Fif “LOAD” £ #5448 p_vaddr A 3] X 45

p_paddr “Segment” 69 E Hkit, KMNALAFHE 2 Kyt gaild—4

. LMA { Load Memory Address ) &9#t4r, X A4 K Ebakat2 LMA.
p_paddr é9{6.4 — AL H AL F 3k p_vaddr & —H 4

p_filesz “Segment” /£ ELF XM P &ZMe KA. CHETRRAO0 BART
feix A~ “Segment” JE ELF M4+ RAELEARE

p_memse “Segment” E#tAZEILHZRAITAEMGKE, CHELTHELO

p_flags “Segment” ¢9ARFRBAE, ATk ‘R7, TEH W FoTPAT X

p_align “Segment” #%t A E. K FR&FF W F T 2 69 p_align K. Hudv p_align

FF 10, AL FEMHE 289 10KF, BP 1024 FF

#fF “LOAD” KK “Segment” i, p_memsz FIEATILIAT p_filesz, 7N E
AEFaEmn. B, B p_memsz MEKT p_filesz XEFAEEW? R p_memsz K
T p_filesz, MFE/RZ “Segment” &% £7ch BT 4 B 22 0] XN Sk b SERR A A/, I HE
A CERT M MRS “07, IXAEMAE LR, BOVEMLE ELF n 34T 0 A
FEEBIA BT BSS Y “Segment” T, W LAEHEAE “Segment” () p_memsz 3 A, ARLLEN
SRS BSS. P MHEBLR BSS (MME—X Bt R BB Ry s.
BSS BN AL EHIGAIEA 0. Xt RAIEN R AE A+ HER THT “LOAD” K1Y

EFRNSRen e, RUS5E
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M8, MAR=4, |BSS UM OIH2 MR .

6.4.2 IEFIEE

EBMERSRM, VMA R T # A B T80 47 O B & “Segment” LASF, EIE
AL A HARRE A, B e RS A VMA Xt #E i k2= (m) gt 78 #. BRAT Rl iR
EHITHHEE R FEREI# (Stack). # (Heap) %2906, ik L EA17e8HiE 0 de s
AR R LD VMA S AFER, BB, MR AR A 2 B EAT 5
MM VMA. 7€ Linux F, BATTLUAEESR “/proc” REF N BRI 0 5.

§ ./SectionMapping.elf &

[1] 21963

£ cat /proc/21963/maps

08048000-080b%000 r-xp 00000000 0B:01 2801887 ./SectionMapping.elf
080bS000-080bb000 rwxp 00070000 08:01 2801887 ./SectionMapping.elf
080bb000-080de000 rwxp 080bLO0D 00:00 O [heap]
bf7ec000-bE802000 rw-p bf7ec000 00:00 0 [stack]
fEfEeQ00-FFEE£E£000 r-xp 00000000 00:00 O [vdso]

LEAERHERD. -T2 VMA BibhseE,; B 32 VMA BBR, "r" RERT
¥, "w" R®RAEF, X" ®ROHT, "p’ ®FRF (COW, Copy on Write ), “s”
FrtFE, B RRE, T VMA TR Segment ZEBEXH P MRS, FEO5
RTEBREXHAEEENTRESSNRESES, FRIFRTREIHNT RS, BE
—FH| 2B NEER,

RATTLAE BEFRPAE S A VMA, BRI R BT B AT AT SO BRIP4~ Segment.
BB SO BT i & B IR R S FIRR RS RO R SRR 0, WFRRENT ST B
B3, Xk VMA Y E 2 @#lRFXE (Anonymous Virtual Memory Area). Bi{i1q]

| LB B AR 5 B RHE (Heap) MIER (Stack), ‘ERIMIA/N5 5% 140 KB F1 88 KB.

XEA VMA JLEAEFTA PRSP EE, BANE CiEFHF B A mallocO W 7773 Ad
PR MORR B HE LI 2, MER R PEEE, BATES 10 WS VEMA AR TR E. &K
— Rt R, BN MEE ARG E T A CREE, ST RERIOERKI, XN
VMA HERR st SR e M. BN — R RE VMA I “vdso”, B C& AT M
BAMT (KT 0xC0000000 fFiibl), 5t bE ik —NABKREER, HERE o] U v ]
XA VMA KERNRGHEAT — Sl 0E, XBRRAMAHGEI T, FXEREETL 5%
T Linux PRI BEL.

it EE e, ARG e TR R i A3 () F S R RSB SRR A ]
R4 —A VMA RSB AR ;A E DR H A R BUR R R . A A R
RIS B VMA; —DEERRE EaTelsy 50 F LR vMA X -

EEANSREn—#E. BH5F
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6.4 HIEESESEIH 167

o UM VMA, B HE. AIAT: fTBE et
o Ml VMA, BURTTET. ATt HBRICHF.
o MEVMA, BURWIES. o447 EMRESCE, BR, A EyE.
o R VMA, BIRWIEE. AATHAT; LEURSCH, B4, ol R,
BBRAVFE VTR AL A () “Segment” (IFHE, A Ltk LA VMA.
HAE FRALIRA R A — N WM R WL B AR, W 6-9 Fior.

I _strtab

[ .syrfﬂab
.shstr_t_a-in. o

_.debug_rangsé_

) .debug_abbrev
N .debug_info
.debuéta“raﬂgs

.bss
 data
T
e
.data.rel.ro
.jr:r_“ —

_libc_freeres pirs |

Operating
System
———————————— -i OxBFBO2000
STACK VMA i
- l ————— 1 OxBF7ECO00
-———-- I ----- Ox080DECOD
1
1
: HEAP VMA
o rmm———————— ) 0x080BBO00
4 DATA VMA
:_____———————-' 0x0B0BI000
v CODE VMA
[ S p—— 008048000

Process Virtual
Space

B 6-9 ELF 5 Linux #EELIZSERGIZR

AL EHEF AR DRI, A7 Linux () “/proc” HFRBMEZIN VMA2 (4R ib
hEPR B AT P A —FE, I N2 0x080bc000, {83265 F &7 H 3 FE 0x080bb000.

EFERNERBF—iE. XR5F
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168 FoE THUTIHNRRSHE

FREEARHRR? XZEh Linux 7E3 8 ELF SCHFR BT —#“ Hack "fIf%#E, (824 Linux
(R R P25 () BEL(K) VMA (W& IR 4EY “Segment” SE4AT N, Linux BUE— VMA o]
L1 St B R SRR A — AN B, B R B B AR ST T BRATTIX B 3 M Segment”
EORRE, BT MO B SC b, TR T — 8 ARG BEM 4, HE 0, BT
MM “adata” BEF] “ .data” BUFRAN B ST MBI AS (A] B SO O LS, T “bss” A
“__libcfreeres_ptrs™ {4 AT B S0 IXHEXEMEERA TR SMAT, AL Linux
Khr LR T MBI IME, EEMBTEE 4 “Segment” 25, HHRE A ILHIKF
FEEAE 0. AR A do_brk(), 42 “.bss” F “__libcfreeres_ptrs” [l 42 & 43 i
FUHER P AN R A ST o) B T AR AR OCER, A7 GBI A AT LU AL T Linux
WIS “fs/Binfmt_elf.c” *HM “load_elf_interp()” 1 “elf_map()” W ER%L.

6.4.3 HEEHIRKPIEYE

Linux F @bl 534 et e A 8 1 R 3GB (Windows Bl 2GB), MARBRFHEIE
ATV BIRE B0 ? Ji1400E, — 8RR F A malloc() s T HUEE MM B 6, A
malloc() BB AT LUHIEZ DR FENE ? BT XN/ 8507 LLEIER malloc 5K i 77 HIiE $L

=
=N

#include <stdico.h>
#include <stdlib.h=

unsigned maximum = 0;

int main(int argec, char *argvl[])
{
unsigned blocksizel[] = { 1024 * 1024, 1024, 1 1};
int i, count;
for(i = 0; 1 < 3; 1++) {
for(count = 1;; count++} {
void *block = malloc( maximum + blocksizelil * count);
if (block) {
maximum = maximum + blocksize[i] * count;
free(block);
} else {
break;
}

1

printf{"maximum malloc size = %u bytes\n", maximum)};

7E3R M0 Linux Hl4§ L, 3247 ERIXAMEF RS KR 2.9 GB A 45 )23 [H]; £ Windows
FIETXMEFNLE R AR 1.5 GB. I4 malloc (A iSRS N EREE
W2? %pr b, HANBHSZHRERERA. BFEASION HBFSHELSUEERE .

BEERNEREF —8E. BRES5F
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6.4 HEEFZEDOM 169

Kb BFFRBOR . KDSF, SEEAT AR IEITIOE REB LN, (R4 24 1 REeAE M
TR gLtk 2 A (R (SR T ReXiE, BRI 2EREEE), #19
HRAHER AR D K THRMBERHISAR, EABNE 4 oeairH A4,

6.4.4 EOAINSFT

APAAT SO a2 2 M B A R AR R AT (7, X AN AR 0 ik B — AR 30 o PO P 7 0 5T
RSB S, el A b, RS N AT AT Intel BOx86 B F 4 HE B8 Kk,
B DTN A 4 006 “F 15, kR, HA VB MU — By ER N 7E AR A UM Bl R ) 2
i) gt v B O R, X B P AR Al O RE SRS 4 096 OSSR, I HIX B (Al 7e B 3 A A7 AN
RS Rl AU bkl =3 ] A s bk 06 205 4 006 MIREEfE . i T A 5 R AL g Bk 6 PR
B FRIPAT IO R U, BN R 1 O AE R R bR e, LUV A Al RATE
FHEX ARG R, ATHAT SO T MU I fT A A BRI — 4 ELF 7]
AT LA, EF =AB (Segment) T HEdE#K, IV EN#42 % SEGO. SEG1 M SEG2.
A BUAACRE . 7E b i X 6-3 Br.

%63
B’ #E (FH BB (FEH R
SEGO 127 34 =T i T AT
SEGI 9899 164 THETE
SEG2 1988 Ak

SRR E WA —F 50, AR A B RS UK R A MRS, — IR ] R pry e
FMER R AB IFWA, X TREAL - E N AN I JEH ELF Al T 30
FAEL S R fULHLAE ) 0x08048000, AR A& MUK FF (IS 773X, 1% ELF 3CPFeR (9 #4 Bui el
Hhhk K FE 2% 6-4 FToR.

*64
B mgELel | K BUFETH " | BURR
SEGO 0x08048000 0x 1000 127 34 Tk T AT
SEGI 0x08049000 0x3000 9899 164 TikTH
SEG2 0x0804C000 0x 1000 1988 A

0] LLE BXF 5 A A B AT SR S AT IR T A A TRAT
TR EABRMBEERS 12014 555, HIEET 54U, 820480 74, aRMAER
1 58.6%.

R T P ), A58 UNIX RGEEA T —MREIYM FpE, st ik A X4 Br g
AW T, REAE v e F R (LB 6-10). EednxtT SEGO #

EFRNSRIET e, RUSE
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170 EoE THITMHNRESHE

Page .
i __MMU'
f . Page _______
SEG2 e W
0x0804C000 Page e ”
SEG1 page (4 s ' S
SEG1page 4~ .- ~ Page | sEG2
0x08049000 | C 1 Page [«” ) — SEGH
X o Page  Meeooeseieens
SEGO page [« Page € SECD
0x08048000 ——————— ELF Header
0x00000000 l I . o Executable
Process Virtual Physical Memory
Space

6-10 THTXHRRESHER

SEG1 (HE3EE I WE S, RECAENIBRE M 6 2R Rl bl 251/, —#324 SEGO, 7

Sh—tr 5 SEG1, oAb TR HE MR E B (K ST BEREAT WA o T L UNITX R40Ks ELF 93043k
th B R RGN — B, HBRG PIREF L= 7], X G AR AR R — B XK

S REEAN ELF SCHFRIBR, T 2843 0] ELF SCIFSL B PE (HLnah A& B 88 B i

ELF Xf39) o] LUR 3 'S WAF b ¥ )T ARFPAIBER, #FRE %D ELF X

MICHER TR BIREA s, OB 5L T LA 4 096 70 4 L AR, S SR

FHRBWHAGP, S FHREFHMBOPRIRR, EIH BN, RELERIRE

HEXHITET, Ll Fh ELF SCHFRBE I ik 6-5 Brr.

#6-5
B | EmmmRee o p o kb | ®RB O BB
SEGO 0x08048022 127 34 =T i 5T AT
SEGI1 0x080490A4 9899 164 Tk 7.5
SEG2 0x0804C74F 1988 TikTEH

EXHMIER T, WARZAAE TS HRE, RIOTLER, AkEHE 5 P TTE,
sk 20 480 FAMIALE, BARE 3 A FME, 8D 12288 FH. ZMMBEATXT, T
I E IR, EUARRNAE TR BRNEE, EETRLESTHMNER, sk,
FRFBE . Bl B BSS BUAOK B I ARt 4 096 49, B4 — MM SUim AT fe i & 3L
3k, RRSBL. HmELA BSS B (LK 6-11).

B h Bk X F 0 R, &N B Ul sk AR R B BB T, AN

EFERNESRERF g, KRSE
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6.4 HEREREFEEDH 171

AR W] LG SRR e % -, RS b R A B k. BB
i Y F2FF “SectionMapping.elf” {HlF, HE & BB REEATTEL RN, A4
VMAT b bt 2 0x080B99ER? [fij A~ J2& 0x080BR9ES B+ Hfi & 0x080B2000?

I,
| '\
)
\__..
SEG2 v |
0xDBO4BT4F : I W
. MMU_ |
-------- Page
PR MM g - —
— IR I SEG2 ]
| 4096  fmmmemnemeemme-
SEG1 .- | A
----- MuU. |
. Page ... 1086 SEGA
0x080490A4 ] I
A B T T
MMU. oe-a0es | SEGO
SEG0 | g may---+{ Page e | | ELF Header
0x08048022 il L
ELF Header ] | S
! — Executable
0x00000000 .
X Process Virtual Physical Memory

Space

6-11 ELF MHFESH1ER

VMAO [ & ik 1 0x08048000, & 0x709E5, B LUE I & A bk J2 0x080B8YES.
i VMAT F AR VMAO S G — P T E — M 0 H, HHBSEE, Frelem
At il B % 4% Ox080B99ES, SR A BASIE 4 S 5%, W _HH $#E % 0x080BY9ES.

HAE Fim B AR, kT R - ARk, 7E ELF CfFh, o T
A — A~ AT “Segment”, B p_vaddr BREAIFFE S ATREEFT p_offset BREIXFT
BHENSE. LLWEme 4, B4 “Segment” [¥] p_vaddr Jy 0x080b99e8, 5% @M%
0x1000 747, FiLL 0x080b99e8 % 0x1000 = 0x9e8; 1M p_offset 4 0x0709e8, FrLL 0x0709¢8 %
0x1000 = 0x9e8. W{AEHE P HIX & M H? 18 DB IV 2 o % A I Ao S R+ 3 — T
R e g,

6.4.5 #HEADIBK

FAVRTE BRI T 46 5 BhBU Rt 3, 24008 — B PRIE AT I EREE, BAE AR REH IR
FEMBENIZEITS R RE A — R o: R E REE R B iR {5 B s R 3
PEFL I RV ) (R (B2 VMA 1) Stack VMAD. it A1KEH Linux FF RV
LEHR4H, BINBEEREDPEHIARER:

EFERNERER—HHE, BE5F
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172 EF6E THITIHNRESHE

HOME=/home/user
PATH=/usr/bin

LI B AT AR ) AT 2+

8 prog 123
F B B ATV S £ B A HE 9 0xBF802000, T4t FE¥IaA 1L /5 fMEFR R I P 6-12 By
o
High Address
0xBFB802000
OxBFBO1IFFC i n \0
s r i | b
H = !l
OxBFBO1FFO 0 | P.| A T
; u 5 . _e r
o m e !
E | = / h
OXBFBOIFEO .~ W0 [ H | O | m
OXBFBOTFDC | 0 | 4| 2 3
OxBFB01FD8 :p 1 r 0 g
0
0xBF801FF1
0xBFB01FE1 Environment Pointers
0
0xBFB01FDE
| ~ OxBFB01FDE Argument Pointers
esp-> OxBF8OTFBC 2 | Argument Count

Low Address

Process Stack

6-12 Linux HiZ¥ME

T2 7788 esp fia 0 MOAT B A WER L LLE AR TS, BiTHE 4 M FHRRGLITE
WHsE, BAOIMHFRmEMND, B “prog” #1 “1237, BEMNHKESMIERXHEE2H
FHEMES: FERT 400 BEELFENMENNREER LT ROEH, ENLMERT
75 & “HOME=/homefuser” Fl “PATH=/ust/bin”: JGH'EHR— 0 "R,

BERETEREN UG, TR R S1EHR T MRS BT 2% E BF24 mainQ

BRRNSREen—E. RUSHF
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R, thEtREBRATBENE mainQFE B H B arge 1 argy B8, XF DS R0 BIXTEIX
BRIGSITSHHENG TSR TE AR HA.

6.5 Linux PI#Z3&E, ELF I128T

YRATLE Linux BZEEH bash FHA— 44T HE ELF #£/FrF, Linux RERERH
FH XA ELF 303 HRATERTE?

HAEEHFZME, bash #HE<EA forkORGRAGE — M HE, REHOHR
A execveQRZIAMHMATIRER ELF 304, JR5ER) bash HEF2 4838 B RFRIA E Bh 1
PR, REHESHEHAPEATS. execveO RS B2 XAE unistdh, EHIEE
I

int execvelconst char *filename, char *const argv|[], char *const envpl]);

EREPEEIHBRERITRERF I HS. RITESEMFEER. Glibe ¥ execvp(FR
SR AT T A%, BEET execl(). execlp(). execle(). execv()F execvp()Z 5 A~ R
] exec £F API, EM R EERAMSEEL EGHX M, BEKZHSEH B execve(iX
A4, T —EBEMFER fork()F execlp()35 LY minibash:

#include <stdio.h>
#include <sys/types.h>
#include <unistd.h>

int main{)
{
char buf[1024] = {0};
pid_t pid;
while{l} {
printf{(*minibash$");
scanf("%s", buf};
pid = fork();
if{pid == 01 ¢
if{execlp(buf, 0 )} < 0) {
printf ("exec error\n");
}
} else if{pid = 0}{
int status;
waitpid(pid, &status,0};
} else {
printf("fork error %d\n",pid);
}
}
return 0;

TN execveQBRLMAZIE, Linux WEBRFHATEENERITE. £HED,

ErRnaRsn—EE, ku5E
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174 FOE THITHNRFMSHIE

execve() 2 4% 7 B AR BT A 0 22 sys_execve(), & # &2 M7 arch\i386\kernel\Process.c .
sys_execve(i T —HSWMB AT HIZ 5, A do_execve(). do_execve()2 H B #kh
TR0, SRR, W) EEEH AT 128 N M A BEIX A MR B R &E,
Linux TR 304 A 1L ELF —#, &4 aout. Java FEFAILL “#17 FFRMEARF.
Linux 35 0] LA #7384 (1) aT 34T SC4& 20, R 5K Linux B3 FF Windows PE [P 4T
SCHFRE L, AR ARRATA] LA S — A 38T PE 3e8 K P AR Bk 2B Linux X PE SCARMISEERE.
iXE do_execveQIEBUCCHEIIAT 128 151 H BB SCHFRHE X, S F AT ORI
KO H LA FIERIREEERE, R EFF R 47N, HH RS (Magic Number),
30 L % O e ) W T LR s SRR DK RS, Hedn ELF AR fT SO #E Uk 4 AN AT
S Ox7F, ‘e’ ' £ T Java BTSRRI L 4 NFEAT e, ey . ety R
BMATH R Shell BIAEE perl. python FXFERRESHHE, BAEHE ITHEERL
“#fbinssh” B “#fusribin/perl” 3 “#/usr/bin/python”, IXBHERTEE N 74 # F v s T
M, RE—BHEGRXFEAFN, WS F RN, e RENERERE N
M.

% do_execveQEEEL T X 128 MF WA LI IE, #/51A] search_binary_handle()
FHERVCE &30 AT AT SCHE R A FE I . Linux AT B0 R AT AT SO R R
AR B A BT 3S #,  search_binary_handle()2x 38 ek ) Wy 3CA% Sk () AE %08 52 SCAH KRR K,
F 5 1R B ARR 38 S AL B R - b ELF T 3T SO 25 3 A Pt B2 U 4 1oad _elf_binary():
aout PIBIT O3S S b B PR load_aout_binary(); 035%R o] $h4T M AR 50 i b B it
TR0 load_scriptO). XHEIRATH K0 ELF AT404T SCAA04e4K, load_elf binary()# i AE
fs/Binfmt_elf.c, X4 BAMCIG LA, ST DB,

(1) ¥rer ELF [ T af ek, g, 9 LR B (Segment) A,

(2) FHREHBFEM “interp” B, RENSHEREL (SHEBREFX, ARKF
BEEBOE).

(3) A4 ELF /T ATSCAFIORR T Sk RINHR , %f ELF SCPRUEAT B, ELAAURS. B,
SR

(4) ¥Ii44k ELF BEFRIREE, HLinidtfe B sh it EDX 95 47 83t Hohlk BV % /& DT_FINI 9
H: (BEEHEREE).

(5) ¥ A58 8 [ Hhk 5 2%0% ELF BIHUAT 30N O A, XD Sk TR 5
M X, W TE#AREN ELF T cft, XMEFA QR ELF O 30k
e_entry BT fUsthaL, X TEhAEE0 ELF al804T 304F, BUFA D R sh RS

Y load_elf_binaryOHAT5E R, RFIZE do_execve() PR [E] & sys_execve(ORt, LIS 5

EFRERSF—iE. RUS5E
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Hh DL IR AL A IR Bl bk SUK T 880 ELF B2IF A Dbk T . BrLA= sys_execve()
F YA A A A IR BB BT/ AR, EIP 7238 EHEBF 21 T ELF BEF A O HbE, TREHr
IR TR AT, ELF AT SO 8 58 Al

6.6 Windows PE BY3&#

PE O35 ELF HAR, 1T PE 0fEh, B B iy ot #0500 550
B 1 SRR T O B, T AEBR SR ING 60 F RR S 0 B A A, ATt T LA 6T B A
i 32 R0 PE SR, BRI R 2RSS 4096 S IOBME. HTFXAME. PE
SAHBA R4t ELF MG 2, BTSSR ELF B £ B 2 K05
B, EARHE S — SRR A7 . PE AT SCREROB MR — b, MR ELF
PB4 “Section”, TEABARUA “Segment” MMEZIET NI AIFF %K, PE
Sefhe, BERERAEA PR RTHRAT SRR , AR R T AT (B AT M A O, BT LL— MR A RS ER
HORE . EUE B BSS SN MAZ ML,

TEHS S IR BRI R 6, BATEASIA—4 PE BERE RAAFEWE RVA
(Relative Virtual Address), ‘Z&zn —MME ERUAE. XD ARE R R LB i
HELTHESMEMAN, SRS T XM PrmB RN AT, & RN T PE SCHA R
i — MRS k. i, — PE XM BRI AL (VA) 0x00400000, A2 —A
RVA 3% 0x1000 fO3bhbst R 0x00401000. 84 PE e8I Mo — M Biriht
(Target Address), XAHilbst ALATIEMEMNL (Base Address). 1T PE JUfF# B iR
LS BT bl BT AR AR R E e B, SRR e AT it tk. Wk PE
e o RE R A X kb, B TV ER B bk AR T . (HE:, WIRMEH RVA
IXRE—Rb 3T R Mk B AR Mok, FBA IR AEMEEE A %5k, PE CAFR A& RVA #{REr
—3k, XEW K PE AT ORI — N A, ROARFERAHT, EMirMrHAE

BB AP ETH X PE XM Rebasing HLEIET FRREIT 2347

B4 PE ATHATSCHEH BT, R ELF SUIHARXS (A F IR #2

o EEECCHME AT, FERATY, BET DOS k. PEXMLMBE.

o KEURMHERG, BiRMELREETA, WRERATH, WHIMNE— Rt X
A AT AT AT R R E AR, FN A RARE M RANRR, Fril
HARbh A KaTfedl b . EERA4H% DLL CHMERNSM, RIEREM
“Rebasing” iX—47iE & B AR HIXA H .

o {EFAIERFPRENGEE, & PE SUHRITA KB — B Bl bk =2 8 o AR A A R

o R L AR HERbE, WBEAT Rebasing.

EERNSHEN e, XUS5F
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F6E THTXHNRIHSHE

o HEHFTH PE XHATEEM DLL X,
o X PE XA IFTH BAR S TR,

e R4 PE LIRS E, H T VIEALH AL,

o N TERIFHRMR.

PE U, S8BUH M 3+ B45 RAB AL /£ PE Y &L (PE Optional Header) I,
BAMES 2 S LR 4L T PE KA 250, 3% IR DR 48 S LA PR BB G 00 A 3
KAFENHE L (LR 6-6). MIRIBAT — 5 H AR BRI CREE TS L1,
THEENE R A B 4 BN,

66

R

X

Image Base

PE L4 6940 Bkt thdo, Hofi{H2 0x00400000, PE %
BB L HI L8] B b T A4 0x00400000 £, EiEk
R C M LB AR L A, AR PE A8 B4 A L
o T 4K, E—H2 0x00400000, *FF DLL
& —#A 0x10000000

AddressOfEntryPoint

PE Z M B A EEITH) PE L H — /45409 RVA. R £ME
A EEADAPATERAL, ToOZAI T 23769 RVA, AEY
PE LAk 46 PATet, 2-M#t RVA 265454 # sk duif, ixs
FA - mELEPE LHEMMMYE—HFE

SectionAlignment

MAPEMFHEE., RIAHAT—RBEEZEA G A, x86
TR 4096 5%

FileAlignment

AP e X AME LR 2 0354045, M 512 F 64KB.
TiA—#RES125H

MajorSubsystem Version
MinorSubsystemVersion

AL IEATATE B0 Wind2 T A4k, AMAABHEHEFIL
LM% Windows T £ 50 A A E

SizeOfTmage P AT PE BIBRRT. ERMA AFP 2t Fam
Bkl

SizeOfHeaders il h+ T RaG I, LA FFIHRTEELHFHE T #
Rt TeAsksbdiifh b PE L& — ¥ i) L B1hid &

Subsystem NT M %325 PE LH & THAF &%, sFFX 54 Win32 £54,
PAT #HAA: Windows GUI #= Windows CUI ({2414 )

SizeOfCode RIB B 6 A

SizeOflnitializedData AL T SRR KR

SizeOfUninitializedData FAnkb L MAR KA

BaseOfCode RELH AL RVA

BaseOfData 3 BAL 45 RVA

EERNERER—iEs. B8oE
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6.7 ARZEJ|ENG

fEIX—Eeh, BAVEE AP 2T I AT A8 A A7 () B e ML, B2 R R el 4 ] )
B A AR ] 38 1F R AR BB N AF HETTIEAT, Srdl T B s A K IR
B, 0 HT T A A B LT R O SR R P S R b = ), X R A AT 4,
F MR RGN A RE B AR I T B ., MR IT8RIS AT I A 2R SO U i o Ab P25,

BALEVEGE A 4 T AR AL A (A ) 70 A, 3R RSP A RP . B, HE.
FRAEVERE AL 22 17 73 S, BT R G Sr A i . JRJS BA B T RAT A IR A4S T Linux Fl
Windows 27 383 HiZ21T ELF 1 PE #%. fEX— 30, Tef MRS F 42 i S wi i
(1, AT RA N RIRE AT SCHRER . TP RATE A — M S SR ERT
ANFIREE, B S — TS SO SRR R BT T MR, FERR I IS AT A TR
— I

BEERNBREBN—uE. KUS5E
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B EERE

71 Rt AERIESHERE
7.2 (SRR EEIEAIT
7.3 HBHUEFERAKES

74 FERHE (PLT)

7.5 BIREHREARXEGH
7.6 REHEEOVS AT
7.7 ERETOTEERE

78 AXE/NG

EEANSRSN—s. #N5E
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180 E7E FEIEEE

7.1 R L BREEEE

IO BAE S AN R RUFE P I 5 MR T RESS AN ST R B A SRR PR, A
FoR RS BRI TREF I R IR, FUEMGIRE A BB 2 5 K. E21818H
A BER (O 2 0R Rl th R R K, LR YR 9 Py 77 R 2 1) . LR S O R A 5 e A, A
NI FA G R — B T AOR A SR 1.

A EZSE

AR ENRRE R, FE LRAESIEE, S LRSI, R RS NE
AR RIL M IR, A0 RECRH XM T, BETEYRGRRE, XF 730650
PR B K T, BRSNS T EH A E R A== R s s ™. 5
REBEBERSNOT | BERERORIRY T AT SH | R — FEMEFE AR T8
PR A prinfORAHL. scanfQRR ¥, strlenOFEIXFER A HE R ¥ 0 B BAR M7 HAnE
PR R ENTTFHE MBI BIR G . fEIEN Linux REH, —MEERFSHERHEN C
EEREEELE IMB UL, B4, MBERNMHLEFIETE 100 MIFORF, RER
WL 100 MB IAAF: WREER A 2 000 MXHENTEF, MERWIE 2 GB HEAT AN,
IR%E Linux MIHLEEP, fustbin FREH BT aIdhircf.

tean & 7-1 Fr7RE) Program] F1 Program2 43 541 & Programl.o 1 Program2.o B 88,

-

" OxFFFFFFFF

0x10000000
Program2 E B /

T ube | -~ - i
Programi | ™=, .. Peogamio ]
--------------- 256MB
_FProgramio [— — — 4 _ ‘

0x00000000
Physical Memory

B7-1 BIEENHEATPNEE

EERNSREN %, BR5F
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FHHENLEIA] Lib.o XPHEER. EMFEFEBEMERT, K4 Programl A Program?2 % %I
T Lib.o IX/MRER, BT LLE ATl e B 4 Y AT R4T S0 Program1 Hil Program2 #5 #§ N8I
K. HENIFBTIZAT Programl 1 Program2 I, Lib.o £ PRMA R AT ROEIA, Y
RHEPFFERRBLLT Libo M2 MEFICER BIRSCHER, Fop IR A —384r 55 1) 5 4
RET . EHEEED, CHESHEERBILANIRERZFAIF T, 6 AL, T 00
WMRFTFERERE, BATRB/ERELR.,

BEALANAT

| R SR A A RN M, 55— ) AL A BERER AR 0 BT LB R At |
LWRIRLHRG . LLIFEF Programl FTER Y Libo R—MB=4T midRtH, 2%
5 ST T Lib.o i (LINMBIET lib.o RHE LA —4 Bug), 4 Programl ) Bk
BEREFRHIRA Lib.o, HIFHILY Programl.o 645/, B Programl 8/ KA HIF.
SRS TR, U — BAR R A AR RS, WP AR TR R AR
Foan— A R4 20 MBS | MB. IBABREHEM AR, S A EF
HUXA 20 MB IOFEIF. I RAS P PRI A B 04 i 45 5K S8 R Pty 2 A N0
Bk — ELRAE TR B i — s, M2 SRR FEY T,

RSHHE

TR A7 (W] 9l ) 58T R A X A ) A e Y B ) M s A S e K R AH L 2 0 5 3K
FERCHST ST, MAER NS EE —E. Wekdr, REABLHREFNE
PRI AT R, SRR BT AT R R R, RS A A HEIR B TS AT
By EHET, Xt EEE (Dynamic Linking) R34 S48,

&5 LL Programl Ml Program2 A%, fix Bt FA1{R ¥ Programl.o. Program2.0 1 Lib.o =
MEHF M. HBRATEZT Programl XA, REEHLINE Programl.o, SRS KM
Programl.o ‘HHF|T Lib.o, El Programl.o {K#i T Lib.o, #4RGHEEME Libo, WH
Programl.o BX Lib.o B #KH T3 Al HAF X, RASHBXFAEHENSWMBEALT.
BB BAR OB e e G, an SRR R 2 BT AT R ) B bR SO 47 7 11
B, RAFHBITEETF. IR TENEESHEHEAEFAL, BEFSHT. b
bEEE A, ROEMTHCLREMBAAL T RlXESR2 G, RETFHITEHIRA
%5 Programl.o MNEEFA D4, BEFEFRIETT. XETWRBIIFEIET Program2, 4 RE
AT EMI Program2.0, MAFEEFHINE Lib.o, FANFHCEFET —4 Lib.o HEIA

(RFE 7-2), REEMM R Program2.0 A Lib.o SR K,

R, b mpXA R g T I B BRSO A B AR IR SRR oA 77 25 1) ) 1) A
WLLER], MBMNEPRFEE—{ Libo, TIARME. BIMERTPIE—B RN

BEFRONSHST—iE, Ku5kF
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182 EBTE BSHE

'\

OXFFFFFFFF

/— 0x10000000

256M8

\\_/0:(00000000

Physical Memory

B7-2 THERNXHEATPNEE

BRI A AR T H WA, Bk il LU A2 s A s A i, th el LU CPU 22757
PRI e, PR R A ) ] £ B R 4 7 ) AR R R £ T R — IR .

b B AR AT ST LB R B TR AR A 5, BT FH R B T 3L
S AR, BRI b HER SOORE IH B B bR SO e, T TCAUR BT AR Y P T BE
i, AP T UGERITRRE, OB R # B AR SO o F Sh AR B A A3 HLEHEE K
FEFPRR 5 AL T FHERIC H AR .

B—AFRE R BRI i, FES A RIRENT RE A SRR, S A
AL /MR, HERERARFRIRGRIE S . SIS AR IR & MR
Hhor, BEEEAD, ETAR TR SRR AL R AT TR AL,

EFOT REREE

ShARHOA A — MR AR R R AE B AT I VT DABh S e R A 5 AR AR, I M
B JE R ANTH R BIERF A (Plug-in).

Han AN AR IR FERR T KA b BRI —E MRS E i R P O, Jfth 2 m] ok
FF 23 AT LA PR T O R 40 5 75 & BR (Y3 B O - %07 i f2 F AT A A %7
M= R A, ERFFIZITR s R, SCHRFRERY R

FARE AL AT LU S8R 7 A A . — M RRFPEAN R IF G817 0 AT BAahas i B2 2 i

EERNERER—8E, #8555
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BtE R IR OLROZh TR R, IX B A SR A Y T EERUF AR R Z I n T — AN i)
By MMiEER TREIFA ARG Z MK ER Z R . LuRERE A MBERSE B 4T
printfQORTSEBALEIA G, MRRCVFEF R AR, AT T E 5 ISR RS E A
IBITAITE B 84T P AN RRA I H Ay FF Befi s (HR IR s A a4, HUEBE R A FIBRE
R B #Red ML AE prinf), HHXA prinf O A MRAMIED, WARF
REEA —MRA, ST UENAEERE LS, shtkFH A printfQR SCBLR A .
AREH LI BTN, s ERAFEAN D HE, RINQTE/ETH %R X TahAE
AR 2 17 e A P ) )

M ERRERE, SISEEEREANRL F “ORED”, QREHK? RiE, a5
BB 1) A B R NGV SRR (K 5 o TR ML — R, 2R BT e 5 4
BEHE, HTHOERSIHMERZ MO RE, S8BT EAPEFEEBT. X406
BAEFR M Windows BRAH IR, A ENIERD— R4 M 00 S B A B, S
BH PR WFRF 2R e h, MM MEFEEES TENRER, XA SR w ik
¥4 [“DLL Hell”,

B EOVEA ST

AR A EAR R AT L AR SR A B S NS 3 4y, AR AT A S
TR RN, AL RS AEEE — R R Rt a R — 14
AN B AT PAT SO . IR A FRATIREAS REHL AT TR h BT RER A AREE, E MR B AR
TENEREEER? XA BB R e ERAATH, B LA NTI 5
A4 F) ERR SO AT 2200 3040 14 26 /5 T 93 07 H A5 SCHF R Bh A S8 S0 K 5

MAREY LZITHOBEERZ N IHNER, SHEAREREN IR, HishdE
Lt T BERR 6 s b bk % (R (R Ay AT 2 LU B AR B B AN 0 F b B 2y, 10 — S fe il s 1
WAL, GRS HEDEEE T h T SRk, BERERNRERE/LT
L Frah AR IR O 30, 7F Linux R4, ELF S B O wRR b sh A £ E 34 & (DSO,
Dynamic Shared Objects), FiFRHFIIR, AT —ARERLL “so” I B BK L3,
Mi7E Windows RZid, sh&EHECH #7588 E (Dynamical Linking Library), ‘&
1EE R BT RE WA LL “.au” A RAR S HE.

MER L, EBURITEFONSEREPHOLSESONE, I—RAKH,
AERRHTRBEENNAT, BFEXFHWSATEFEZERR ( Program? ) Fsh75e
B (Lib.so ), B3RER EENSIMEEREMEFO— MRS, PREISRINIEDIR
FRARIREY ST DB P ERRIR L T ASE RN S S R

{E Linux H, HHM C 5 EMIZITE glibe, EMEIESEILARBAREL “Nib”

EFRNERSH—iE. BRsF
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H3F, XfE&mf “libcso”. BANMRGERRE 4 C 55 FEMSNASERE XM “libe.so”,
MATARK C ESHEN. shARHRNRFRT LERITHER S, SRFEERENN R,
REM SR 2o RBF TR BN 3 6HEE (B AR libe.so) HedR B BEREM
Mk =2 ), 3 EORE R P BT AT Rk DU 5 5 9 s BIAH Y M S8 SRR R R REAT T 8 67 T1F.

FEIF 5 libe.so I8 FLIF AR T 4F i el shARBEEE B SC L, TR & R BT TG B i
Ml SBERAE 1d SERI. EURB, 2) 85 RIEEE XA FE A AR FFE 8 AT B HE
L3 T BN BT iR, orfiefs A2 i), IXFERBIARBIIR ARG, (A7 R e e i i 02 ik
ITEFBITHEHE, EARME? M0, SRS FERFERIEN SR, HRNE
FERA R R AT LT, R E I BZ A AR E IR E (Lazy Binding) 771k,
AT CAMER B AR B R MEREBUR S TTRE MR b . AE L, BhAREEE SERAS ML, MAEK
REJE 5%LLT o MIRE I WRLIIUED, X A PERESR SR SR UKL 72 22 1) i Y5 48 M )
PRI (R FEYE, RAIH RN,

7.2 BERNETHEEEIF

Windows & T § PE #&F#HLH|5 Linux (¥ ELF 3h&##MAE AR, ELF L PE
MEER) EokB E i, AL ELF 0 E Fkidsh SR, BaRiEss
MR Windows & F PE s ARHENHIR R,

B SE I A R ok K BUUK S — T EhAREE:, BATE LA 7-2 F 1 Programl
FN Program?2 K. AN MFEW FILESCAHE: “Programl.c”, “Program2.c”. “Lib.c”
M “Libh”. EAIREAM MR 7-1 FroR.

7H8 71 SimpleDynamicalLinking

/* Programl.c */
#include "Lib.h*

int main()

{
foobar(l);
return 0;

h

/* Program2.c */
#include "Lib.h"

int main{)

{
focbar (2);
return 0;

ESTINSHRER S8, BR5E
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/* Lib.c */
#include <stdio.h>

vold foobari{inc i}

{
printf("Printing from Lib.so %d\n", 1i);

}
/* Lib.h */

#ifndef LIB_H
#define LIB_H

void foobar(int i)
#endif

FRART 8, PSS E BRI Programl.c # Program2.c 4+5i8M T Lib.c BEM
foobar(VeR ¥, &t & —MMF, foobar(eRAIVEH B ZITENX N TF . RERIMEA GCC
#F Lib.c RiFER— = SO0

goce -fPIC -shared -o Lib.so Lib.c

LT ® GCC v S HIBH "-shared” FTrmEHERR, "~PIC” HINBEESFM

BE, 2EFEKT,

IXAHEHRT1EE] T —4 Libso 2, XBMZAET Lib.c I foobar() iR L 3 % 3
. #RERAS PG IESEHE Program].c I Program2.c:

gcg -0 Programl Preograml.c ./Lib.so
gcc -o ProgramZ Program2.c ./Lib.so

RS R T AL Programl 1 Program2, XFAREEFEA T Libso BHM
foobar()E $. M Programl MM EEH, BN GwEMGEELROE 7-3 Fror.

Lib.e —p Compiler —j Lib.o
| C Runtime | S
Library h——hfw Unhr.:

Program1.c ————p Commhr.r—ﬂ.uﬂngmmfm-—jﬁ: Linker

o

l——'u Program1

7-3 EPDEiEtE

EETNSHREBN—HE. BR5E
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Lib.c %1%/ Lib.so X R, Programl.c #4i¥ ¥ Programl.o 2 J5, ##ERA
AHATESF Programl. [ 7-3 P H ML ERESHEREARH, HHRE Programl.o Pk
REATHAT O RX — b . ERSEED, XS HERET SR Programl.o 1 Lib.o ##E|—
&, I HP= g AT AT 30 Program] . {BRTEXE, Lib.o A MEEER, BEMNBMA
H#¥5 L 24 Programl.o CHMRIEH CIBFEITHE, RAVXEY N Z0E). {HREMATH K6
ASITHRAIES, Libso ths 5 THEEGIH. XREEARHR?

XFH#R (Module)

EBSHEN, BTEFRLAF—1TITRTXHE, ER— ATTH.‘&E‘JB{JE‘W 8
BEEDSHET, — M EFEIRTEFIXYE, FEFNZEESS, BoTRTXH
{ Program? ) 02 FRERr A3 50 & ( Lib.so ), REFHRRINBIBX LI HFRAE
B, EEASETHTRTXHAAER R TUEEREBFO— MR,

i FRATT O] B3 A FEEERLE LR, 245 B Program.c #4 MR Programl.o A,
iR SR AR HE foobar( R B fHikE, XMNAERNOEDSEHEPMBELT. LEHER
¥4 Program1.o SE3E R AT P47 SCAERT, G B R 45 28 406 2098 SE Program1.o H BT 5| H ) foobar()
BE B . R foobar(ft—A 5 SRS BArBR P R 3, MABREHSER
EAB MBI, % Programl.o B ] foobar #ihit 5| B AL: W foobar()— i LAERK
AENEILEMN R AL, MARERRSHXNFS NS AREN — T ERENTS,
Axte g rHhk EEfr, XA R R IR SR HiT.

20X B A 6l B, SEERS W {TAIIE foobar MISIHR— A BETSER —1HER
B2 XEkF LR ERATEH S Libso MEE. Libso FHRFT BN SEE (RYBTH
AT A HBESUE R SR, H Libso IE N BEROMA L —, HEEERTH
B 1§ 3 AT LI : foobar & —ANiE SLEE Lib.so MRS . IXAEHER SR AT LIX foobar (5]
FAMAERIGAREE, T — MRS HIT A .

RSEHETERSIE T U 2| DT

o TS AR B 0 AT BT SOPE SR, AN RERE A — AN SO R, ARBR R AT RAT STAF
A B, RAVEAT T LA T AT (Rt R i bk 22 (R f1 534 . (B RX T 3h3
S, BT AT RS2, BHEHKBINILE iR MARAERT, &
FE A M52 () 23 A D2 EFERR?

BALE R L ) Programl A, {82 L RATREIZAT Program] JF HEF ERIBHEZ
(53 A, FRIF—BTREERT . FrLIRANB R HUE 4B, 7 Libc F#) foobar()
BRBCE AN sleep Ma¥L:

ESRNSREN—iE, B’R5F
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#include <stdio.h>

void foobar({int i)

{
printf("Printing from Lib.so %di\n", i);
sleep(-1);

}

PR R T LA # A R () ke U il 1) 5 A

$./Programl &

[1] 12985

Printing from Lib.so 1

$ cat /proc/129B85/maps

08048000-08049000 r-xp 00000000 08:01 1343432 . /Programl

08045000-0804a000 rwxp 00000000 08:01 1343432 . /Programl

b7e83000-b7e84000 rwxp b7e83000 00:00 0

b7e84000-b7£c8000 r-xp 00000000 0B:01 1488993

/lib/tls/i686/cmov/libc-2.6.1,50

b7fc8000-b7fc9000 r-xp 00143000 08:01 1488993

/lib/tls/ieBe/cmov/1libc-2.6.1.s0

bT7£c9000-b7fcb000 rwxp 00144000 0B:01 1488993

/lib/tls/i686/cmov/1ibe-2.6.1.80

b7fcbl00-b7fcel00 rwxp b7fcbhb000 00:00 0O

b7£dB000-b7£d9000 rwxp b7E48000 00:00 0

b7£d9000-b7£dal00 r-xp 00000000 08:01 1343290 ./Lib.so

b7£dal00-b7£db000 rwxp Q0000000 08:01 1343280 ./Lib.so

b7£db000-b7£fdd000 rwxp b7fdb000 00:00 O

b7fddn00-b7££7000 r-xp 00000000 08:01 1455332 /1ib/1d-2.6.1.8
6.1

o

b7fE7000-b7££9000 rwxp 00019000 0B:01 1455332 /lib/1d-2. .20
bf965000-bf97b000 rw-p LE965000 00:00 O [stack]
Ffffe000-fE££££000 r-xp 00000000 00:00 O [wdso]

$ kill 12985

[1]+ Terminated . /Programl

BMES, B ERERIEEM T, ZHT LA MBS, Libso 5 Programl —
s e AR R A R SR R0 77 v i R A e A b4 ), RS AT o 4 B L
HEFKBEANH . Programl B T{#M Lib.so ELAF, ‘BB TahEFHEL RN C EEEITE
libc-2.6.1.50. FSMEA —MREMRERHAZ MR 1d-2.6.50, ELFF_LF Linux KI5
ASEERER . AABES O INEAEN R R B TR AL R, R RiEAT
Programl Z#il, HESEEHBALITHES, HEemITa RshARE THELUS fie
FEHIBLAS 4 Program1, #R 5 FFEAHAT .

BA1iAI readelf T HKEF Libso Hdedlf@tt. MnBAIENHEE L ERE .
$ readelf -1 Lib.so
Elf file type is DYN (Shared object file)
Entry point 0x390

There are 4 program headers, starting at offset 52

Program Headers:
Type Offset Virtaddr Physaddr FileSiz MemSiz Flg Align

EERNSHEN e, RUS5E
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B7E RTHE

LOAD 0x000000 Ox00000000 0x00000000 Ox004el 0x004e0 R E 0x1000
LOAD 0x0004e0 0x000014e0 0x000014e0 Ox0010c O0x00110 RwW O0x1000
DYNAMIC 0x0004f4 O0x000014f4 0x000014£4 O0x000c8 0x000c8 RW Ox4
GNU_STACK 0x000000 O0x00000000 0x00000000 Ox00000 0x00000 RW Ox4

Section to Segment mapping:
Segment Sections...
00 .hash .gnu.hash .dynsym .dynstr .gnu.version .gnu.version_r .rel.dyn
.rel.plt .init .plt .text .fini
01 .ctors .dtors .jcr .dynamic .got .got.plt .data .bss

02 .dynamic
03

B T SO IR S BRI R LASE, oL T 5 MR A B — AR
(L, EhASBEREAR B AR AL AL 0x00000000 TF#AHY . TRATHIGEIEA M i Tk
HE, I H A FIRGEF L0404 45 81, Libso (AL A5 0x00000000, 1112
Oxb7efc000. MUK ~ARATATEAHENT, HEHRWHBLLHBUERITHRTHETL, M2
TERSARIN SR BRI 4 W MM RS, 97 2 A — BT 85 O I B 2
HIRIH SRR

UK, EOULR A, 5 T A4 BRRE, BATH S 630 B AR iy
MALE R, SEEREN RGN B ABN, BATETE T — AR,

7.3 USRS
7.3.1 BEEEHMUAIEH

Wit E— W ERII OS8R A T8 T ahERHENME, R, RATREE 7 — R,
IRt i: FER RPN, W T R R AL ] P AR ?

b T SCIlhA R, AT SE 2l B i) ] AR 2 R XS Sk B P SR D LR BRATISR
[FIE— F 55 2 RPN, BEBEKiES MERP S s — X b 5, BAE
FERE A So b e, SRR AR S Rk Y H An it

W, fEHABEMMER T, WRARMER BRSO —FEEATH. x|
AR SR, BATETLLF TH8E & B b bl , o fnt 0x1000 2] 0x2000 4 BLsR 5L A,
4l hE 0x2000 F 0x3000 A ARAHIEE B, {02, MBEMEBESBFERH, EE2 M
Bl AR, B X SR () bR R — 1 L B A . b — AR R
W, —ANEET -MNRF, SERREARER B, HEATER SN A, FrilfhLl
Sy Ak 0x1000 | 0x2000 R, TR T H5h— M C. X C MEARBEE A
9 B drib bk bR T, AEM A LUG ¥ A REFER — A REFF Bl S A 0 C. B —TH
FRT KA H B AR @R ATFE BOE R R4, SRAXFF TARCH UL

EERNSREN R, RR5E
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FRARATH

AERE, FHRBE SRR TR MM, XML S HEE (Static
Shared Library), e, CHRE&E (Static Library) HRHERIK M. 4L SN
TR LR R P A & R — AR F REORE TR, AF RGN O AL R4 HH— 1
HahEBr, A AR % ) 455 e B A 8 1) )

AL EEN B ArAl R B TR T FUE, BT LR B Ak b S, fAS
PE TR AR A ) ML R O 2R IR L P s B R L S i b A S o R0 A8 Bt il R
2, WRMARFAREN g TXmihl, —REl, RO EHERNHER,
T I 22 512 N PR PP 0 A 35t o S P £ o L R S AR 5 TRk ) R MR & B Ay, 1
RN T o4 5 R R AR, ST BB, R i A L 2 I B () B th k5 ()
MR, ARMKKE, &R BRI =S M. Fhdh BR B S S 80T & 3t 5k
AJ7 AR SR A SR N R G h DR W, T g sh BRI RINAAE
AR E MR P L AR B S I F RN B . H AT R i R s
IH R G4

e UNIX System V Release 3.2 (COFF format).
e |Hf Linux systems (a.out format).

e BSD/OS derivative of 4 4BSD (a.out and ELF formats. ).

N T R P IX A BB B b Bl s e, RN AR R Al LULE B ZEE E S b
B XA RS M ERA T AR HERERIFE TEERIE A C AR E Rt 258
BMEE. St ARERR, TTHAT SO E AT DA e B e SRR B R AP A s e s, By
ATRAT SO R SR — N R S, e DR BN B W A kL, R Linux F- -
B #R 4 0x08040000, Windows F— B &F & 0x0040000.

7.3.2 RHNEEM

AT R QAT R R 8, BITEH AREAMNFEREHESEEPNERY
. IXAMARRE R AR B, RN, XTPTH AN ARSI EAREE A, MiiRX—3
HEIR BB M o k. — B bbb w5, BP H frdhbl 8852, BA RLEMmA R
fo g k5| P AT E A . B 6R % foobar AHN LIS B AR S hE 2 0x100, itk #h
4B F] 0x10000000 Bf, BATIER WA BT RGBT, BIACHD BUAd S 4 Akt 2
0x10000000, HR4BATH AT LLHEE foobar fIHaAER 0x10000100. XA, TSP+
MIEENF, /AN foobar [KHuhLS | MR E & {7 F 0x10000100.

b, RUR TR P LA E. RAERHEUCFERENERL T, Brtik

EERNEREBRF—BE, KU5E
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BB YH N M. S FIRA A ERFIET IR, BAERERE YN W RTES, 3
BN RINEERWENFATE, FURFERENMA 2 A HE R REERRM
F 1 B 5 7 200 2 5 ¥ 4 4 RN 0388 b o g bk ¥ 5 1 R REAT 25 L. (B3 3 5 £ L i TiT 42
B HMASHE T HESMUEMEGE, ANVEMEFREE—MEERENRE, BFhiE
S B O RRA S SR N . bt — A8 e R e B3 B B AR hE
0x1000, {HRTEZHATERIERZA K 0x1000 XMt CLBHIMFRFEH T, M 0x4000
FrEb A — PR R M AT AR ST, IR AERFR AT LU EEE 0x4000, FRIFIES
BRI P ) B A0 5| R AR AN L 0x3000 R ERLATLLT .

BANAT RIS AR R BT R, M EE A SRR EEA (Link Time
Relocation), MEMEXFEREHE EKR AKX EENM (Load Time Relocation),
Windows H, X FhBE N H AL i it B K [ Rebasing), | BATE R R &H F11#
P ENER.

3PP B0 5 BRAT T B 1 i AR AL, B2 AE P AR A G P e B AN B 5 T o B AE e
A B S A (AR R T i L R i AN I A R DR A ok b T A 350 B op BT AR FE )
i) . WTLLARR, shEEEEECRERNN EENERE, F4BEES MR RPDUE
9, TR e R AL TR BB SRS, BT LR A ANE B A — R S B B AR,
B o Al B s A 0 TR R UE R AR . 2R, S =P 0 aT 8 8o ot
FAF RHERL R A ZARIA, BT EUETTA] LR e 3 5 £ 9 ik 2k -

Linux 1 GCC T EFxfpfe it Esgfrp ik, BRATAImES LI EM R, FHTH
A~ GCC B “-shared” 1 “—fPIC”, SRR “-shared”, FF4%IHFIILER R
2 i SR VAT I a7

7.3.3 T EARE
WoftaRk “fPIC” W? HHXNMBHSHABRE?

S I TR SE T S R s AR R A et i B B INE 2 — BREA —MERR B A
REBABATEELANERZANE, XML THSHETHNER KNS RIE
AT — P ST B 7 BRI X B 4 o At il P R s ) B SRR AT i H BUAR 18
W, R R P AL A0 Hie A SR FE B AN B P O B A M i R R T X3, TLASEIR
Al AC AR SR R A & vh IR A R E A A RE A 4 B ke, ER BB R, XHRS
43R T CAR R ANAS, T MO 4 m) LAZE & N R ch i — RIAR . X7 S 2 B RUBRK
Aithht T X 48ED (PIC, Position-independent Code) JfIH A .

AT HACHIML S KA, P At R R ARES AR . A 1SR S AT R B RS R

EFRNBREF—iE. KR5F
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oak g | FH e X B ERATHE I Xt R AR ERD ( MU Bk 5 | A 4% RS T o0 B AR 7 PR 2K . FEBR Y
5 BRSNS H: SRR 5 X AT A 9 152 51 RIS o (], X PR AT
B3 Tk 7-4 h A4 FER.

o B ARBIANHRMEEREA . BEHE.

o B FPREHRAEABIE E, kP E XN eREE. #AEE.
o BEMERUSMEMBEEEA, PR,

o RPURNRAHSMEMBH Y H, AR b L e REE.

static int a;
extern int k;
extern void ext ()

void bari)
{ 4 - 1: /A Type 2, Inner-module data access ‘

b= 2;
| ‘t{wpﬁ 4, Inter-module data access |

woild

foof)
i % Type 1, Inner-module call I
bar(}:
ext(}: ﬁ Type 3, Inter-module call \
]

7-4 4 pIUET

KT R AR ER
LBFRERE pice B, EXFELHTERTETR b TR ext)ZERIEFHITR
R, EACNATEREXER—THENKOHRMBEHFEXGP, BFRE
WE, HERAELTIIESERRINTNANFITERLIE, MSVC HFiEEREHEHT
_ declspec(diimportl GiFE8T BRERT— T HS2ERAHHESER} 3B,

KR— ERABIAMANBRE

X 4 FESLE, BFRRNZERE RN, SRR . R A ) R
SiAAE T R—AE, SO A X BRI, AT LUK St #. X
HLACHY REEKUF, BB HABEE: . REGAR A LA AR, sE R T 7N
FIXTEA, Frola Fixmig 4 RAREREMM. i EEE 7 foo A bar KM HI T AE
A0S

BO4B344 <bar>:
BO4B344: 55 push $ebp

8048345: 89 eb mov $esp, $ebp
8048347 5d pop $ebp
BO48348; c3 ret

EERNEREF—itE. BH5F
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192 E7E EIRSHERE

8048349 <foo>:
8048357 el eB8 ff ff ff call 8048344 <bar=
804835c: b8 00 00 00 00 mov 50%0, seax

foo *PXt bar F)IHH KIS 46 & SEhr LR — &ML 4, BRAIGES 2 HHCE
@ AR AL MR fa & 0098 SR, HXH s 8 AR 7-5 PR,

MR RIE S ealltyiE 4

E8 EB FF FF FF

B At F T — RIS HHEE

B7-5 EXmEERES

XEHBAPMHE 4 MFVREBOLAAEN TFLEHESH T —£ESMWE, W)
OxFFFFFFES (Little-endian). OxFFFFFFE8 j&-24 f3M4 L, HI bar fHbdEh 0x804835¢ +
(-24) = 0x8048344, ff4 H % bar M foo MIAHXI L B A%, XEHSRHEE XM, LR
BB AR BN, XS AR R . R R X Hakl R R 0T jmp fE St ERE.

XSRS — MR A A R A SRR R S AR v, SR BR B3 s A — E )
B, XREE—ITMUEILENRLBFSMT A (Global Symbol Interposition) [, X4
A G R T ARSI PR, HAXE, A U R S EAR
Huhk v F /SRR

RET  ERASEIED

BERBER AR, BRAEOEETH. RUE, ESTFREEL SIS
xtdht, FAME—HFR R RN Fha. RAVEMIE, —MEBRETE —BRAE TR,
JEHEIRE R FATKEE, XEU M ERE RN, wiR, Er—4&E4S
TR B i) RS ER A R SO 2 T F AR R R [ 1) R AT AR T AR hn b g 2
B B 500 T LA U () AR B py B EE T . BUACAO R R ES I, SRR FaEE R A AN 5
24t (PC) MFuEA R, Brel ELF A T —/MRIGEH R 82 2480 # PC 4,
WS E— AR R LUARNS MAANERMEMNT . B8 PCENFERS, RITK
BEBREHP—#, BRINTE ELF FL x5 8l M —f 77 -
0000044c <bar>:

d4dc: 55 push %ebp
44d; B9 e5 mov $esp, Yebp
44f: e8 40 00 0O 0O call 494 <__i686.get_pc_thunk.cx>

EFINSReR 8, BRRS5E
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454: 81 cl Bc 11 00 00 add $0x118Bc, Becx

45a: c7 81 28 00 00 00 01 movl 50x1, 0x28 (%secx) //f a=1
461: 00 00 00

464 : 8b 81 f8 ff ff ff mov OxffffEfFB (Tecx), %eax

46a: c? 00 02 00 00 00 movl $0x2, (Beax) /b =2
470 ; 5d rpop %ebp

4711 c3 ret

00000494 <« i686.get_pc_thunk.ox>:

494 b 0c 24 mov [%esp), fecx

497 c3 ret

X g xF T R A AE S e 1P RN X SRS BUTE SR A . R R R OR Y 42 bar()
BRI R BN R a AN . AN EEFIES T TLES, EAEAT A
“_i686.get_pc_thunk.cx” MR, XA ER B 1F B0 AR [Py blk HE ] ecx FFFEAR,
BB call 1 F —%&35 4 ML R eex T 735

BANEE Y A IBBHIT call 5 LUG, T—HIESNMU SWRTIRT, T esp FF

LB iass MR, B4 “_i686.get_pc_thunk.cx” 5T “mov (%esp), %ecx”

fhEtiR, iEOHbit M IE D) ecx FHFET .

BEWMIT % add A% mov 154, WLLEFIER a P LLE add FESHHE (R
TETE ecx ZTE58) In L~ dwE B Ox118c #11 0x28, HIfn BT EL g 34 3] 0x10000000 XM
B, HRA AR a (RS0 R HoHEHS A 0x 10000000 + 0x454 + 0x118¢ + 0x28 = 0x 10001608, iX
At E AT LA 7-6 HE .

R S __—| EuN0000000
S— —— - ‘ 10000000
L of 40 00 00 00 call 484 <_ iGBE.get_pc_thunkcx:
#58: 81 ¢l Be 110000 add  $0x1 18 %ecx
45a; =7 §12800 00000 mowt S0wl (xde(%acx)  Ha=1
#61: 00 0060
Jtext
On1 18 + 28 |
i S
—— | mmticint &
. .data
— — | cuFFFRFFFF
Process Virtual
Space

B7-6 BRAREBEGTE

EFRNSRIBT—iE. BTR5F
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B7E DTHE

XB= SRERIESE

FREHR 1] ) Rt 1 (] ELBEBE P SRR G BRI — i, DRI D SR W) B0 3 1 ] A it 2 5% B
i A doE, e bl TR E b, EsoE XEHARSIE, I HiZtht 7R N A g
B o FRATTH 4R B AL TR AU AL AL IC, FLAS A S8 AEURR 2 B ik A € (38 23 TRCR B B
B, RS, XA 4 R B AL 2 FRAS SR R M Ak 47 G . ELF MR
B R @ - MEEXETBREFTNE. LRI 2SRBE (Global Offset Table.
GOT), HUBFEII A EERZEEN, AICAEE GOT PR R B EZSIR, EiRE
Bl E 7-7 B

™ 0x20002000

0x10000000

Process Virtual
Space

B7-7 BREMIERD

BieA PR E R b, BIFaERE GOT, SREHIE GOT 28 & FTx M I K
PSR H bR bE . A RER Y A 4 D FA R EE, SRR BRI R R 2 AR
FAERFENN, AFIHFE GOT &N, LIRS MEH TR R Ak EF.
T GOT A & A RAREL K, FrULe vl DL B B e, 5F AN R A T LU
SEEIRIA, F AN SE R

BAVREFE GOT Wi 2164 1tk etk . W — 8 RY I B3l vy ) Bef T 7 AR 2
R AR 0 1 B AT LR s B P A AR N AT TR B, I A AT H2 AT LA FE S i N S

EFRNSRIST iR, XN5F
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GOT #xF T M irfe S w4 . M GOT M & _ LYy a4 & a A i A —E, it
B3 PCEREM L —MRER, S®TLIE3 GOT MALE. RERIIEELEALYE GOT
o {8 B PT LTS 548 B Y ikt , 2548 GOT H o bk iy T35 B B i g iR 8 v 2 1,
HnFE— bk A b, B AR e %,

FFRAT - PIETRI A B8 # bar() () RO SmACHE . i A& b, RITWFEFE LR

b [KIHLAZE GOT R AIFLE, EP 0x10000000 + 0x454 + 0x118¢ + (-8) = 0x100015d8 (OxfIfEFfs
A-8 M1 ESFs), RIS F A R ET kG R b B 2.

AT ] LUAER objdump X H GOT K7 &
$ objdump -h pic.so

17 .got 00000010 00001540 00001540 00000540 2**2
CONTENTS, ALLOC, LOAD, DATA

0] LLFE B GOT 6304 i mds 42 0x15d0, FA1HKEF pic.so MEFE B SHENE
4 objdump -R pic.so

DYNAMIC RELCOCATION RECORDS
OFFSET TYPE VALUE

00001548 R_386_GLOB_DAT b

FTEAE B8 b (AL FEEE AL, BT 0x15d8. bt GOT P {R#E 8, HATE
GOT WP 35 = I (g0 A4 — 3D M _E T E e i Wb & 3, 8 b Fhl 1w 4 0x 1548,
AR T JATATTHE L 4 1 B 2k w8 B, B 0x100015d8 — 0x 10000000 = 0x15d8.

SRR IREEA. B

ot ) B R ADBEAE . FRAT Tt AT URH B R R PURI R R k. 5 _ LR R A
AFIFE, GOT HAHM HIIHRAF R Bl ek, HERFERE Birf i, arbl
WL GOT kA (Ml ek s, KA m WA 7-8 Fras.

W H extQE 801 7Y B o) 8 b MOTRIEARLL, LRI ZHHrR-¢ bk PC, A&
Je i b —~ RS 19 B o Hhhl 7E GOT i mis, BRJE— A& A

call 494 < 1686.get_pc_thunk.cx=
add S0x118c, Becx

mov Oxfffffffc(tecx), keax

call * (%max)

EERNESRESH—itE, BHS5E
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.data

0x20002000 int b = 100;

text ;
0x20001000 vpi.d fnt.() H 4—\
N\ Ox20002000 |+
020001000 axt0
.data
Gor |
text i

OAOOOO000 - eeeoe o mmme i

Process Virtual
Space

@78 ZRENAA. K&

RO IRRE R, (ERAFE MRS, Br L ELF KA T —F E M AR5 5

Frid, FATPREAE R O T ah AR R UL B p T D BRI AR
MUt FERACTD NG

TheeEs A, £ FINIEIRNE . 4 Frht 5| M7 7E e EARSCEL T bl ook, 3ATRE

ﬂ']‘l‘é‘é.!n:_"f;1 ﬁﬂﬁ 7-1 B?ﬁ%n

x71
EMibitSIRAR
FAoksk. AA S 4517 9]
R A 2 (1) AR3F 34t ifl ) (2) Aasfibbbis )
Ak o130 (3) iR (GOT) (4) @17 ¥ (GOT)

-fpic FI-PIC

1#F GCC P Mt X AREER AT 8, AR FEMH “-PIC” B8 E4]. 35 L GCC
EIRUET SAb— N RBISEM R “fpic”, Bl “PIC” 3 MFERHNE, XN SHMIIEE -
Kb d—4E, #MEER GCC ARG, H—HMR AR, “HPIC” P4HEMAME

EFRNSRER S, XU85%F
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Ko Wi “fpic” F=EMARRSAHRE D, THER. WARNAHARER “-fpic” 2 HEH
“PIC” We? R, T hht AR R AF 6 MK, FRNFEHEN
LI, “fpic” FERLEE LA WK, WS RF SR ERENMKKES, W
“fPIC” MATIXAFIIFRE]. BrLUA T RN, #XmMais TRNMMEH “-PIC” &
Ok ™ bk o .

aXH—1 DSO BEHR PIC
readelf -d foo.so | grep TEXTREL

MR RS EEM Y, 4 foo.so IR PIC 1, BMELE PIC /. PIC i DSO
RIS ETACHER R EA EL, TEXTREL #n{OidBE & fr Fibht.

PIC 5 PIE

HhE AR E AR Tl LUt % b, e LU Farthfr ok, —~elthhk
EXHFREFETHATXHER ML T RXATHITIH (PIE, Position-Independent
Executable). 5 GCC 4 “-fPIC” F1“-fpic” 2% 2L, 74 PIE S50 “-PIE” B “ -fpie”.

7.3.4 HEERNESBEENM

bk T Ot o] RE AR X 4 R T ? ERESRAFR AN . RIS B ok — N R E K
i, WL ET AR B AT 4 Fuab s TR0, R T8 B LB E
AREEXERRABOESEHEEMOMO. FTRRINE LR, X ARMMBEG? R
B EBOSAERE AR AT E? (5, HE—FERA SN SRERNGE LR
kA AT LB et b AT S R R R O ok R . (HR T FESLR R, RIKER
S EA AR,

B FRAS BRI R, 24— MREGIH T — A8 N R 2R B,
I—AMEEMRELT —NERER global, MR module.c 423X 45 HH:

extern int global;
int fool}
{
glaobal = 1;
}

4 984 1% module.c B, B REMRIEIXA LT SCHIN global 25 AER] - MRIH
FECf B AR SO HRE R AR R A — S R 2 . BTG AR MBI TR -

Bt module.c BFFAHAT M —85, BAEXHERT, BTFAREFERRNN
T A Mk JCOGACRS, thak R AU AN 26 A X P LT PIC BIHLE], B35 A4+ R2ZE

EEROBRBH—HE, RESE
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By ACHE A MR U ) R, SRR RS S X AR
mowvl SOx1, MK

XXXXXXXX i global tal. BT AT 47 SCREPEEATI H AR TS E E L, ATLL
ARG Y M 2 e R R P T k. A T REME (AR BRI R AT, WA AR
ATRAT ORI, ZEEM “bss” BEBIE— global EGEIA. AR ERRHET, W
global & &5 XTERSEHIL X P, ML AT XA “bss” BUEH — M RIA. WRF
CAEREINAETEMIE S, XERFERETE RS e AT,

TP i RAT— A, AR BT A7 8 FH X A~ 28 B0 1R S 3048 1847 T ol AT St
(AN A . ELF JESEEELE G0 i A, BROA BRI  SCATREH A M0 4 e 2 B 4 1 s SO L qth 488
e g, B A e 4 1F AT ATEO 67D, 3 ik GOT R SEILAS RO ] 4 3L 3B
Regnt, QUREASRAERE AT P RIA, 4 shEREERSE GOT N
FEMHEYE AR A, X Z R RAEIET A Efr LR A T A R R R IR AR
bR, M4 ShE TR H R IV EE S B TR R E A A IR i
2 R RAETRF T B P B AT BUAS, A4 GOT 4o (A N il 5 e B HR 8 3 1 %A B A

% module.c &P RH 5y, A GOC 4wiFAE-PIC MHGE F, M
%t global [¥) 18 FH # PSR ERAR 2 = A ARG . [ PRI AR 18] . 4w 138 CVERAE XY global 951 H
JEBEHEEE R AR B . B R BN F, BDEEER A FBA A R RIS A, feR i
M, RS R, A global ATAEMERTAT 305 I H, M AL gt
%t global ff15 ] F 4 HAT AT AT SO (9 global &l 4.

Q wRE—ALFHLIlbso FEAT—ALEHEE G, it A foit42 B 14 A T libso,
MLLRRAXRTIANEHTEC O, #AEB F65G L8 HohD?

A T4 B L libso AN AL o H 0], B 60 BB BLER G- E 5 N AR P AR 1k 5 6 8] K,
MEARAER, AENGP S5 T FERLAELARFAARGLEETAAAE
B, ET—AREFTAGRLHTHFANE, GRS, AL, PEA
NI AN F M AR — AR PHERE A wEE B, ENAFFHFH A F 2T
lib.so ¥ i 45 £F G &1ER? T R—A#AGEHAAERE LB, ENFRHZR—
A AL A W], L3RR — A libso 8981 A&, FAETAIN G 8, MHFARLAF
4.

AR 2 HATTRT LA B R AT R4 A HAR? R B LR HFAEF— R T2
ZHHARELRA BB IR LHTEETNORAMNA, ZHHTEELH4E, ki $
A#ETUEERA—ALHTETATUALLARERER, @I EBTRALHE

ESTNEREN R, XR5E
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B EI B ATAB LA FIRARZA A £B T FF#H, ttde C 5B A4 erron

EMEF. R LEARHERBREMBOMAFE0, SHELELHTF LY
A FHER, A% Windows DLL 69 6HE 2565 T. M SRR RAHL
AEFRLH M "EAE A A4 (Thread Local Storage) , #4145 /& @i 2k 4

gﬂ

7.3.5 HUBEMNTEXM

Wi EiirTrik, TGRS RUEIL Z 0 Rk (A o b TE G, (E R B A R AR
WA LS A A RN ? BT IR A & IR — B AN

static int a;
static int* p = g&a;

WER R L ROR A IXFE— B ME, AA s p LR — A H st HokE,
RIS a, AR a (YHhOE 2050 3L o0 % A0 ik BB T 38 . IR A A2 ARk ok
XA [a) REE ?

X T B, B EREEE — 0L IEA, BTROE RO B R . X
FRA . BATIRT LA R BT T 5w A7 (1) 7 i i o S B b it s ik 5 | A ] 4 . 3f Tk S5
LokUE, WREEE B A e bk S ], IR AR AR A AR, XA
HEM RS T “R_386_RELATIVE” MM E AL AL, B Tk Fikiu) . “ihs
BRI E X G, MR N R XM EE AL, AR
IR ST E .

SCBR b, BEATTEL A T DLLE AR B th (0 R Fp e B R (7 K 7 v, T AN bkl A AR
. MARTHBE FHRAES, BAERFILEXNREEAT “PIC” %, XM S¥E
R X RSB WRBNIAEHE AN SEOR M E BN R XS EARE?
Sgcc -shared pic.c -o pic.so

b TRE A S 2 P A — A AN T Ak oG X AR 7 1 A e e AL R R HE
WBRATAT TRl —FE, R A R XN, RS MR AT, T
R 52 T T8 WAFIOD R (H R e BT 3 5 7 () 3 8 %o 20 F0 8 173 P 2 b i Ml T 554X
PRI RN, A E A T Huhk o AR b & U ) 4 o B0 R R B 7 Bk
AT bk LL R fAlH b b 3 3 FR

X FArArSCER UL, SRAEBLTE, IR RAT R ShE RN, B4 GoC &4
PIC (A7 ok 7= HE T AT SCAF KRS BU 43, DUET AN () 1 A2 B4 3L SEARBS R, TV A7
BrEARRATT AT AR B, 3 SBERATTIRAT LA IAETE “ got” IXFFIBL

EFERNERESN—aE, KH5E
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200 ETE ITHE

7.4 FERSEE (PLT)

EEFIENHG IR M, LR RE R IEH £, (1R LI — 3 ot ae A0 1.
#4901t ELF PP AT T Esh B EMMMR S, KON 1%~5%, SRXWEFEF
& S S AT ER I . A1 0 Ah A B L i B B R A T B K s AR TP T4
SRR A 0 B U ) EREEEAT B AR GOT w2 fir, RJS BT hk; X F-#5E e a) 8 Al th 25k
EN GOT, $RIG H3biT AR, t—k, BFMEITEENESEE. Bib— 1 rie
IEFT S 4 IR B AR B N B B TAREZ AT sk, BPFLIF FFER AT, BhaRE R as an e
HHAT— W T4E, KA B EN, shEBERSIHOPRETEMILENSR, R
JRHAT RS A bl T 05 A, XM TR O i@ AR 1Y 3 B RE . IR S gh A i B
PERE A T E R, ROV — W AR R AR 2T ik

HERGIESCIR

ESh AT, BRIFERZMES TARNAEEIH (RRERFEELED, KA NE
4R & & PHBIRZ R A AR ID, FrUERF FRIATHT, Si&RarifOon
I FH - R B 2 () PR R B3 BT 55 B DR T s o, S th R 3R A7) T 32 3 sl e ml A
PAEREI R AR AL T e RS, fE - MEFIEATIE RS, ATRRR £ ok e RE R AT 6
ISR 2B B, Hdn— S A 0 B B — e IR FH B Dh AR SS, R —TF
KA BT AT R B B R AP S0 hF L — R iR % . BTLL ELF RAI T —FMMEEIRSEE (Lazy
Binding) ffiti, FHAREMEEL MENE—RERAIINARETHE (FFTEK, Bl
50, R HBIABTEE . BTLARE R IFAAATRT AR ] ) B R P AR B AT AT 48
SE o T Ak e P B A b3l 25 R O $0 SRS o S () ROV T LUK KODARAR PP 1 A B
REATA T — ey AR 805 R KRR R R

ELF {# /i PLT (Procedure Linkage Table) Hi77#:3dscl, XM EMA T —2i0H
a4 A TE . EITIRIFAIAM 48 PLT 281, |AIVEMSIEHESZNMAERE—T:
B¢ liba.so 75 Z 1 A libe.so I barOBREL, B4 4 liba.so H 5 — KR barQFT, B R
EERASHERPOENREC T LS E T, RAMB X &EBOU i lookup(),
A4 lookup() 7 = 1 T B L2 04 B 1R 17 I8 A BE 58 AR A B Bt ik 98 s TARWE ? JRARE SRR
i, lookup()Z /b 75 B RIE XA Ho bk 98 5 R AR EEE AR Ee, RN RA Y A RAIATLAK
lookup F4 5% 2 lookup ( module, function), XS HM I ERATZAHIF 5351 K libaso
1 bar(). 7E Glibc #, FA13X B M1 lookup(eh# H IE /) 4 S0 _dI_runtime_resolve().

SFATTI A AN B pR BT, G SR TR (R IR T GOT A AH I A I
BEATIR)EBEEE . PLT Oh T SEBUAEIRSRE, 7R RN T — 2 AIEEBkAL . A ok

EFRNSRIBF—8E. Kus5HF
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HAE WL GOT Bh¥:, i A&l il — AW 4 PLT IR (K &5 b 1T ki . BEAN 41 30 b6 B0 72 PLT
AT — NI, TR bar( R $04E PLT P IR HaRE R ATTHR 2 % bar@plt. ik RAVKSE
% bar@ph 530 ;

bar@plt:

Jmp * (bharBGOT)

push n

push modulelD

jump _dl_runtime_resclve

bar@plt [155 — &4 il GOT (R854 . bar@GOT Fx GOT H {77
bar() X A~ R BRI AT . 1 BB RSV IR (LB B T8 WA 0T, H B bar() [ Hh il 1
ANZI, 20X AR SR A I Bk R AT Y, BREE ) bar(), SCHLEASIER A .
R T SHLAEIREEE , BEEMRAENIGILMT B AH barQf A BIZ 0, Wik b
mifSE T 3 — 4454 “push n” (MHLHEIA AN £ bar@GOT 1, XA F WA T ERIREA S,
BrUAR RS AR, 3 -RIBAMECR B AE RIE —&4R 4, A T ¥ AT (E T i 4F.
RIS H BT n JRAHERRD, XN bar IR DI HTEE SRR “orelplt”
YRR b AT SO — 4% push 5 A BB 1D TR BIHERE, SR E M FI_dI_runtime_resolve.
XS BR L A SEER IR ATT A i $2 P 1Y) lookup(module, function)iX MR 3R el B
W S0 AR AR, MAEK D EAKE, RERAAmS®HESRY
_dl_runtime_resolve() PR Fk 50 LA 5 TR0 B SE AL 1 4E. _d)_runtime_resolve()fERE T — 2 ¥
LAELAE 45 bar(fF) 5L 1F HbbE I B bar@ GOT 4!,

— B bar()iX o BOEMRHTC T, SANE KA bar@plt B, 55— % jmp Hi 4 BLAREEHE
Fe R ELAEMY barQeR B, bar(QeRHOR 9] (F70 fis 23 4 30 HEAR L i ORA7 /) EIP E 5 (B3R H
H MAZ ST bar@plt W5 Z F S ITIERIIBBLACAS, B R S SRuim
fri T iR,

iR AR R PLT M3 ACREE, PLT BLEMSIE S RS sE 1 (1
#£ 7-9). ELF ¥ GOT #7747 i 7 B~ 45 “ got” 1 “ gotplt”s He “ got” HIkfE R
WG AL, “ gotpht” FIRORAFGES A thbE, RS, B34 Huy 5|
FH A B HORIBR T “Lgotplt” '1s A HF “ gotplt” B4 —AMEEERH T R e HT =5
SRR, RS AT
o EIN{RAFINE “.dynamic” BIffibhl, XA T AR ABEEAXNER, B

fi1fEJE AL 4 “ dynamic” B,
o P IRRAFRAR S ID.
o R =I{R7ENIE _dl_runtime_resolve()[F bk .

FTVS IR 3R = T R A A B A R AR LB O B % R ST SR . gotplt” ()

EFTNSRET S, RV5E
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202 F7TE HTEHE

HARI53 50 LR ASM e BT 51 M. PLT ISR S EAT B PLT B AR, AT
AR, ELF 38 Es] 895 E P &SR J8E PLT Hi s —. JFHBE R —
IR BER 16 D795, RISFHDRATHCS 454, SEBR(f) PLT e ALK g 7-9 B,

| Address of .dynamic

____________________ _..ModuleID_“Libso” |
] text o _di_runtime_resolve()

" Importfunction2 |
Import function 3

ELF File

B 7-9 GOT P6Y PLT EiBssa

SRR ) PLT Je A g4 i F -

PLTO:
push *{GOT + 4)
jump *(GOT + B)

bar@plt:

jmp * {bar@GOT)
push n

jump PLTO

PLT 15 ELF U DABOGE MIBAI, BEA M H 1 “ plt”, B EARSE bl EX
AR, BT LA AT LABRAC RS B A5 — 2 A I R F] — A W 1 AT 1T F) “Segment” BEARERA AT

7.5 FTSEEEAEXEGH

16T 7 IEEX R Xt MUk S | W DL S, A TAEAS b 5 S IFE A T RE N

EERNSRBF—#E, KUEF
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T, TR ) A B B A B LA SIS R T S RBRTER R RS LA
B X, ELF BshaE sl r At PE MMM — &, FEXRBREINERLANE ELF
RIBHABERNLEILE Linux TR, &ERITEESR RN D Ir4 PE 7 Windows T 5]
ASERALFHETTR .

FMNFERTHA YT L F D, ShEBEGN T, AThIr o R S A EEERE L
—Ffo o AR ERAE R G ST EURT AT SO S0, B A SOPR I B RS Sk eb () Program
Header” FILHIE 4~ “Segment” AYfefilithhl . bbb f0jat, 65 e Ttk S 8 3652 B 30
A A AL E, XA IRER AT I SRR I TSR A SR SRR,
B fF RGEHATRL ol DUEFS SIBUR AT 8 vT AT S DL, SRS FF TR RPIT, —DIEilR
b EONE U

{FSALE BN ACRE AR I, B0 A1 AR GOE A B 7 B 5 T ARAT SCPF 2 J5 A AR AR 44 AT
T304, PR BAH0E ] AT SO OB T I 2 RN B X, AT 3T SO B TR £ 44
AT M5 i ah TR AR, B EAT R A R A SLT00) S 1 s by B B Aie .
FTATEB SERT AT M 2 JE, BAE RS kA3 - ah75#EEs% (Dynamic Linker),

7 Linux I, S)ABETRA 1dso Sbr T e 136 T R, BelT 2 Gtla FRd i Bea i 7y 2
FE AR M AL T o BRAT R N SR B 2 5 RS R e B A
BRI DAL 5 ATHAT SO B, SRR A A DU, S4B A 2 B I
ZJE, ETFABIT RS B YA LA, BGOSR, TR AT T SO
TR AR TR, 2T hA R T A e M LUR . SRR 58 2K Fr U 52 BT 47T 3
PRGN HulE, 2P R4 AT

751 “linterp” E&

WMo RG R A AR EREESE, A hiEda? B4R I*NIX RER3)
AR BT b dso BT Lhr b, BIERERMIERSZHRARERE, BAEH
WIS HkE, MRS ELF al$ 4T 30tk doE . e ELF Al ik, B —1%
I T B 4l interp” BE (“interp” J2& “interpreter” (RS2 ) MES). MR BRI objdump
THRkER, fTLIEF “interp” WA: .
$ objdump -s a.out

a.out: file format elf32-i386

Contents of section .interp:
8048114 2f6c6962 2f6c642d 6ch696e75 782e736f /libysld-linux.so

8048124 2e3200 L2,

“interp” MIPMARE S, REFHBL DTS, XNF BRI HIT AT

EFRNERIBT &, RU5E
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F7E DHTEE

HENEEREBHERT, € Linux F, 0J3AT XHRRE N2 S5 SN M LT 32
“flib/ld-linux.s0.2”, HARH*nix BERFETESHARNESE, RINERTESEIHAT
BRI T BRI /E Linux (RSP, /lib/ld-linux.so.2 i % & — ke,
P BOHLES L, BIRANibA-2.6.1.50, EMA REIEAEHABRES. 1F Linux B, ##44
RGELE 0 ATAT SO R EAT B I 8¢, & & 22 R BT AT SUHF BT il BRI (Ml & 6
%, B “linterp” BUIREMBARMILTHNR.

AR RAE Linux & Glibe 1—4r, 2R T REELBNN, EHBRAS T
ARG D Glibe FEARE SR —FER, NI M RS h 230 2 Glibe 2.6.1, IB-4 N [Hi5h
AREE: RS th g £ NibNd-2.6.1.s0. M AL Glibe FE H 3ok & 22 35 H A KR A 11 B ¢,
Mlib/ld-linux.s0.2 EXMRERR SR BIF M SEELE, MoTRITXHFASAIEESES

“interp” BRI R ERR RSN REM T .

BATEAT LA Ay R EE D TRIT XA H BN SEE R NS, & Linux
T, R SR

% readelf -1 a.out | grep interpreter
[Requesting program interpreter: /lib/ld-linux.sc.2]

11 3RA114E FreeBSD 4.6.2 FHATIEANMr &40, S5 HE:

$ readelf -1 a.out | grep interpreter
[Requesting program -interpreter: /Jusr/libexec/ld-elf.so.l]

64 fE(f Linux F 8 AT BT 30 2 .

$ readelf -1 a.out | grep interpreter
[Requesting program interpreter: /lib64/ld-linux-x86-64.50.2]

7.52 “.dynamic” E&

FAUT interp "IXAF HIBY, ELF Hid A7 LA BB 2 E T TH T S HEHEN, hin“ dynamic”
B AN “.dynsym” Bt%. ETshAGER 0P SE s AR, BATi—#E, A T# ELF X
R ERE) S B M B N F R 2 2 — MREF A28 . ELF SO PR Eh & SEaA X B AT
LA WEZ X RB RS, RINEMN “ dynamic” BATF.

A ELF R EENEMMIZE ¢ dynamic” By, XB AR T ohAHEEN
R EAE R, R Tt m R, SRR R SR E., SIERREELRN
frE. EER R YRR ML, “ dynamic” BMGHRE A, RERMNCLM L
5 ELF ‘P ER B S HO R, S545E AR “elfh”

cypedef struct {
E1f32_ Sword d_tag;
union {

ESANSRIBF—E. REUS5E
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E1f32_Word d_wval;
E1£f32_Addr d_ptr;

} d_un;

¥} E1f32_Dvyn;

EIf32_Dyn 254 th— AN ERGEL L—ANBRANAO B B8, W FARRKZES, SHikm
(KB R RS AR S Lo AT FU2E JLA HRe 3 WL (8 GRS 8 5 X 7E
“elth” MM, WA 7-2 Pk,

irz
dtag¥® | o d un RN
DT_SYMTAB d:ﬁﬁ#fcﬁ%iéﬁﬂ.ht d_ptr £7F “.dynsym” m&,bt
DT_STRTAB A FH S A, dpr AT “dynstr” €k
DT_STRSZ FHAMEFFEEI, d_val A X
DT_HASH FAMAESH A, d_ptr AT “hash” #hbik
DT_SONAME AL FH R “SO-NAME™, EMAEELAN4E “SO-NAME”
DT_RPATH AL Fat R A B2
DT_INIT AL ARAR A 3k ik
DT_FINIT $5 R A Db E
DT_NEED fRpd 2T R LM, d_pr AFIRMA R IR L2
DT_REL BT A SOk
DT_RELA
DT_RELENT HETHIANTHE
DT_RELAENT

RI2PHSN T AL B AR E R E XBAIRY H 28, HETis
% LSB T Al elfh i1 o M L4 th X 88 5 SORE, “.dynamic” BB IR 47 M5 B A
SR BLF JCfh sk, HRBATHT G 21K ELF SO L P RFRIZ S FENAXNANE,
WA RN AT SR, BE RS, KERRTHEEETIMEHMMNER T . B
L, “.dynamic” BXATLUEBZBHAFERE T ELF SCHFM “ 303K A readelf TR ALAE
A “.dynamic” BHPIA:
$ readelf -4 Lib.so

Dynamic section at offset Ox4f4 contains 21 entries:

Tag Tvpe Name/Value

0x00000001 (NEEDED) Shared library: [libc.so.6]
0x0000000c (INIT) 0x310

0x0000000d (FINI) Ox4a4d

0x00000004 (HASH) Oxb4

Ox6ffffefS (GNU_HASH) Oxf8

0x00000005 {STRTAE) 0x1f4

0=x00000006 (SYMTAR) O0x134

0x0000000a (STRSZ) 139 (byres)

0x0000000b (SYMENT) 16 (bytes)

EERNSREn B8, #85%
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0x00000003 (PLTGOT) 0x15c8
0x00000002 (PLTRELSZ) 32 (bytes)
0x00000014 (PLTREL) REL
0=x00000017 (JMPREL) 0x2£0
0x00000011 (REL) 0x2c8
0%00000012 (RELSZ) 40 (bytes)
0%00000013 (RELENT) 8 (bytes)
Ox6ffFfffe (VERNEED) 0x298
Ox6ffEEEEE (VERNEEDNUM) 1
OxG6EEEEEED (VERSYM) 0x280
Oxeffffffa (RELCOUNT) 2
0x00000000 (NULL) 0x0

7i8b Linux EH#MET — & RREA — DR BB IS T it It
JE «

$ 1dd Pregraml
linux-gate.se.l => (Oxffffel00)
./Lib.so (0xb7£62000)
libc.so.6 => /lib/tls/ib86/cmov/1libc.s50.6
flib/ld-linux.so0.2 {(0xb7f66000)

{(Oxb7e0d000)

3 XBETRUFFED linux—gate.so.1 UHENRBEK, ©HEHBHBEFE,

B R 0xffffe000, XMEHEE 32 firthht BEHKRE 4 096 T4, BF Linux i
bl = iE, (REBPM XU RGTHEERERTXNIXY, BRAEREIREFET
XHEGEP, EXFLE—THEEREZNR ( Kernel Virtual DSO ), XH
E¥ Linux IRFZIABAAEK, BINEESE 4 o798 linux-gate.so.1 X%
(RN

ST SR

AT FERRBATERE, BOCERIRE R BT AR K £ 5 AU S SO IME B BT TAiE e T At
B, H—AMEIIRBMEFEE “.symtab” (Symbol Table), B THHEXTZHH
LHRFES e G . siABENTSRAERE L ERSSBETREe, Rime
T Programl F2IFHK#i T Lib.so, 1A EIT B0 foobar()ik#. A% T Programl %
B, A 1L FF Programl S A (Import) T foobar 88 ¥, foobar /& Program1 SN E ¥ (Import
Function): Ti¥§7E Lib.so MIfEKE, E8Lbr i X T foobar() ¥, 3 Higftar H A B
18R, BATFEFEFK Lib.so §H (Export) T foobar()efi #, foobar & Lib.so (¥ 5 tH & # (Export
Function). #UXFr G AT IHXRMBIFHEHEENNGIE F, ROTTURENTEFEEN B
XTI H.

T RSB EXLER MPFS SATHRR ELF £ 11 MU HF SR

(Dynamic Symbol Table) (#)B kK RFXEER, XABA B A E M “ dynsym”
(Dynamic Symbol). 5 “.symtab” AR, “.dynsym” H{RE T HE)EREEAN LN S,

7.5.3

EERNSRET—iE. XN5E
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AR A SRS, LR R B AT . 1R 2 ik 3h AR (G BTR R 4
“ dynsym” F1 “.symtab” PiNE, “symtab” \PESMRGFETHEMN S, GFF “.dynsym”
ES R

5 ¢ symtab” KL, &AM S RLTELHBINE, WWHTFREFS AHFHS
#. BAEBENWMST S FHRFE “suab” (String Table), EXEREMSHEFHRRE
“ dynstr” (Dynamic String Table); H TaI&RET, RNFEERFEITHERT S, A
TR S MR, AR RHMFTSRAER (“hash™ . FITATLAH readelf T A%
#F ELF SUIFRB) BT R E I .
$readelf -8D Lib.so

Symbol table for image:

Num Buc: vValue 8Size Type Bind Vis Ndx Name

9 0: 00000310 4] FUNC GLOBAL DEFAULT 9 _init

7 0: 000015ec I NOTYPE GLOBAL DEFAULT ABS _edata

4 0: D0OOOOO0 685 FUNC GLOBAL DEFAULT UND sleep

2 0: Qoooo0000 0 NOTYPE WEAK DEFAULT UND _Jv_RegisterClasses
1 0: 00000000 0 NOTYPE WEAK DEFAULT UND __gmon_start_
10 0: 0000042¢c 57 FUNC GLOBAL DEFAULT 11 foobar

[ 1: 000015E0 0 MNOTYPE GLOBAL DEFAULT ABS _end

11 1: 000004a4 0 FUNC GLOBAIL DEFAULT 12 _fini

5 2: 00000000 245 FUNC WEAK DEFAULT UND _ _cxa_finalize
8 2: 000015ec 0 MNOTYPE GLOBAL DEFAULT ABS __bss_start

3 2: 00000000 57 FUNC GLOBAL DEFAULT UND printf

gymbol table of *.gnu.hash' for image:
Num Buc:  Value Size Type Bind Vis Ndx Name

6 0: 000015£0 0 NOTYPE GLOBAL DEFAULT ABS _end

7 0: 000015ec 0 MNOTYPE GLOBAL DEFAULT ABS _edata

8 1: 000015ec 0 MNOTYPE GLOBAL DEFAULT ABS _ bss_start

9 1: 00000310 0 FUNC GLOBAL DEFAULT 9 _init

10 2: 0000042c 57 FUNC GLOBAL DEFAULT 11 foobar

11 Z2: 000004a4 0 FUNC GLOBAL DEFAULT 12 _fini

AR ROEH SRR S RILT A, BRATTLAR S S AR HE 1
B R HoA H b5 SRR R B 9 R 0 R RO 1 A H BRSO R BT A T

7.5.4 DISEEHEEFEMR

HEN G HBEREAMN E R E L FATSHFE. IEHET, RIRETHAT IO
R, — HERE T A R, MR R FART S, BAE AR ST
WEAEX T RARFSRISIH . EHIFMNIXEIANFFS bR, gD, XERm
(a5 R B BRI A4S 1. (R EA SRR, SAR ST fT A e, A
ARREEE TR R IX S AR SIS HBIE, BIE AL,

Fe A 17E AT o Rk A K %0 b 3R B, BhaA EEReMI T AT SCAHER R PIC Jrik, (B

ERANSRs—fE. #R5%F
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EAREARE T EE R LA T 0 TR, R — M LS AR DL PIC #4
PRI, AR ASETRE 1), ElRE e B AR e S AL A R AN RS GO PIC B4 PR,
A EET BRI ET EE 7 BF, PIC B0 R f s .

XTAER PIC BOAR MY AT T SCPFaRIL SR Sk, ARSI AE R fr (K
AHALTES), (HREEBHEBGE S T A b5, D8 4 ARG B 4t M 5K 1K 3 43 B
SR THK, BERT GOT, il GOT 3:br FREMERMN 5. BT GOT LIsh, #iEBiE
AT AT, RAIERTIE A E R B T .

S EEEN XS

ARG E AL S RAVERT T “ AR AL (6 B AR SO e A+ 2K,
ME 7 X K A2 H AR SOPF AR T R A 5 BRI ST BN, 1T S 500t %00 T 56 o A £ B A et
SEII . FENRASBERD, HARXMREOS A I FRRAEEEENEEME, Kin
“reltext” RN RACHHBIEEALE, “.rel.data” J& B B HE L&

AR S, AR E AR B “ reldyn” B “relplt”, ‘EA14%
HHT “reltext” 1 “.rel.data”s “.rel.dyn” SCkw E RIS HAHEE, & E ML E
{1 “.got” LR BHEBL: 1M “ relplt” S22 & B HINMEIE, T8 L MBI SR T “ gotplt”.
ATV LAE R readelf R 2 — 80 A TR SCH 0 E 2 {3

$ readelf -r Lib.so

Relocation section '.rel.dyn' at offset O0x2c8 contains 5 entries:
Offset Info Tvpe Sym.Value Sym, Name

000015e4 00000008 R_386_RELATIVE

000015e8 00000008 R_3B6_RELATIVE

000015bc 00000106 R_3B6_GLOB_DAT Qoooo0oo0 __gmon_start___
000015c0 00000206 E_386_GLOB_DAT oooooooo _Jv_RegisterClasses
000015c4 00000506 R_3B6_GLOB_DAT oQaoooono _cxa_finalize

Relocation section '.rel.plt' at offgset 0x2f0 contains 4 entries:
Offset Info Type Sym.Value Sym., Name
00001544 00000107 R_386_JUMP_SLOT 00000000 _gmon_start__
00001548 00000307 R_386_JUMP_SLOT oogooooon printf

000015dc 00000407 R_3IB6_JUMP_SLOT aooooo00 sleep

000015e0 00000507 R_386_JUMP_SLOT 00000000 _cxa_finalize
$readelf -8 Lib.so

[19] .got PROGEITS 000015bc 000Sbc 00000c 04 WA O 0 4
[20] .got.plt PROGBITS 000015c8 0005c8 00001c 04 WA O 0 4
0 0 4

[21] .data PROGEBITS 000015e4 000524 000008 00 WwWa

RSP EAN SR A RIATE &7 A 1 R_386_32 ! R_386_PC32, XH
B ELE B LM FHEEE 2 A 0% %, R_I86_RELATIVE . R_386_GLOB_DAT #i

BEFEROBEREBH—E. KN5F
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R_386_JUMP_SLOT. SLfx b i i) iy 35 s 40 28 8 Fo o a2 O i 47 A [F) (kb o 85 07 i,

RN SEET L4 T R_386_32 71 R_386_PC32 foHtht it 4, Ehr LE
DALY RN ERMENT . XEH R_386_RELATIVE. R_386_GLOB_DAT #
R_386_JUMP_SLOT #AREB M E LY. RAALKFEFE R_I86_GLOB_DAT H
R_386_JUMP_SLOT, XMW EEMANER, $BENAEATEHBERAATSH
HuhEED P . Hon BAT ) printdf XA L, BRI R_386_JUMP_SLOT, &R
J 0x000015d8, &b B4 T “.gouplt” H. FRAVEIE, “.got.plt” FFIRT =0 & #E R4 5 H
(1, M DUTS T EA A it 20 A7 8O N ek B bl rfo s 5 o 1 28 VU 371 &7 A 0x000015¢8 +4 * 3 =
0x000015d4, Bl “_ gmon_start_ ", B TLHRE “printf”, HSHR “sleep”, H-LIEZ
“_ cxa_finalize”. Ll Lib.so i “.gotplt” (F&5HIE 7-10 frox.

| Address of .dynamic 0x000015c8
""" Module ID “Lib.s0” | 0x000015cc
Ctext | | _dI_runtime_resolve() | ox000015d0
{___gmon start__ "] oo0ootsee
_______________ printf | ox00001508
sleep 0x000015dc
......................... _ t_:xa_ﬁn_allze__ 0x000015e0
dynamic
"""" ) got .got.pit
| gotpit |
"""" data |
Lib.so

7-10 Lib.so B9.got.plt 543
MEASEREERTEE MM, EATIE “print” (UL, “printf” { T libe-2.6.1.50.
BB AL RS R RME T “printf” (HuEE ) 0x08801234, HIA TR &R XA
MBS “ gotplt” SPEMFEE A 0x000015d8 FILr B ehds, M SCERT bk i) Fafr, #)
SEIW T BhARRE R R OCER ) — P IR

240l T R_386_JUMP_SLOT &4 “.goLplt” [FIE &z, R_386_GLOB_DAT &%} “.got”
IEEL, EFR R_386_JUMP_SLOT 4 -Ff, TERXEAREHMEANH T, fXNEBEEHE ]

EERNBREesT—8E. RU5F
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LA G4 “reldyn™ H 3 4~ R_386_GLOB_DAT 5 “ got” (I XH, MALRICEM T .

FATHRR IS — AU R_386_RELATIVE BRI FEM AL, XM TE A7 Lhe ik
R EE (Rebasing). RATERM LML, =3B R BURE BT 708003 Huhi:
FRM, ERIHE B AR ML) S, AT R a5 R, FRAT S s B I
WA, HWATmel £, DR B G — S B b -

static int aj
static int* p = &a;

{EHPERT, JEEXRMMALRM 0 TR, RAMBBEGZMATR a AN T REHHE 0
(FmFAh B, Bl p fHA B.  -FILExfRaled s bl A, WA SER Bi% R a ot
A+B, B p P BN E— 3k itk A, R_386_RELATIVE KBMEFEMALDRZE L]
AR E IR & p XMW, R p RN T 2N L 38k A, A & Fif
IEs R

B G AR BTSN TS A E RS MR “ relplt”, if A2 HUERAE “.rel.dyn” W ?
FRAT WA ELF SCHHR L PIC #4013 1) (AR B2 10 mT A7 30— MEAS PIC 1),
AT ANSMBE ¥ bar, T bar ZHHIRTE “orelpit 7 Py WAL EL PIC B gwiE,
W) bar # B “reldyn” . ibRADKEF AL PIC 1150k, E LRI04
S AR FER?

Sgcc -shared Lib.c -o Lib.so
$readelf -r Lib.so

Relocation section '.rel.dyn' at offset Ox2c8 contains 8 entries:
Offsetc Info Type Sym.Value Sym. Name
0000042c 00000008 R_386_RELATIVE

0000154 00000008 R_386_RELATIVE

0000158 00000008 R_386_RELATIVE

00000431 Q0000302 R_386_PC32 00000000 printf

aoo0043d 00000402 R_3B6_PC32 00000000 sleep

000015a4 00000106 R_386_GLOB_DAT 00000000 __gmon_start___
Q00015a8 00000206 R_386_GLOB_DAT 00000000 _Jv_RegisterClasses
000015ac 00000506 R_386_GLOB_DAT 00000000 __cxa_finalize

Relocation section '.rel.plt' at offset 0x308 contains 2 entries:

Dffset Into Type Sym.Value Sym. Name
G00015be 00000107 R_386_JUMP_SLOT 0000a0000 __gmon_start___
Q000150 Q0000507 R_386_JUMP_SLOT poo00000 __cxa_finalize

a] LLE F Lib.c T2 AR “printf” R “sleep” M “.relplt” BT “.rel.dyn”, JF
H2&R 1 M R_386_JUMP_SLOT M T R_386_PC32.

Tl R_386_RELATIVE 2% & HH 7 —MiifE 4 0x0000042¢ (AT, BA N DA ?
ML x} Lib.so BRI AT LAY, XA THEHERAE FA%45 printf (58— 28, BIIRATIM
FIFAHRE “Printing from Lib.so %d\n” fUdhL. A4 F 5§ % B IOHbLE PIC Bf R

EEANSRET—EE. ZH5F
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B AT AE PIC IR S EUEANE? R G, PIC B, I 75 85 i LU 12 il i) 4
JRAAEE, ek RO LUl PIC HH (RAHRS 6 45 067 B b6 E s v S ORI :
MIEAE PIC . ARRS BB FH XA A RS T2 3154 ) PIC 75idk, 1 A SR 4 % dahk 34k,

7.5.5 BISHHENHEEERDIBIER

BN AR MNMEE ., LERERSFHIB AL CHIN 6, SR IR N T4,
MAEDEHBEMEE T T A RN —E R, el dgr a4 B
(“Segment”). FHAEMEYE. FERFAON D HUEE (A ABh A5 28 B i o B0 hIbCs 4
Al ICME) . XS B R RSB AR, (RIFEUR MR R, &
e Rt REE, BERRAh AR, HEAR RO 70 PRI T R R R 6 21T S 8O
B $5 b, MR MERTT T AR SR T EN S 284 (Auxiliary Vector).
HENE BAOR AR R — B, EMEiEEE XA “elfh”™

cypedef struct

{
uint32_t a_tvype;
union

{
uint32_t a_wval;

} oa_un;
} E1f32_auxv_L;

REAR O IX RS 1 By, ERATINY “.dynamic” B 44 @ — 5.
SR 32 PIMIARME, B A 32 MMy . WA s mRARNI AR A
union /5 MK 32 R Fftifagede sk, B FiXA union B4R, SUESLEBI L, ATEA
VVEARREAE . Fef 1R LA L R 2R A, XU KRB R e Bes W, 0 B ahAHE
FERRTERB ST B 1Y, W3k 7-3 oK.

#£73
a_type EX | atypelll : Caval RN
AT_NULL 0 RTHMIE LS R
AT_EXEFD 2 FFTHATLAG A4, Bl @R, H5E88F

Fhoif — o £ F TP E. SRR TIATL
Het, B4 E SRS AT, RS E AL M.
AR 2B R Tl L dntt i sh At X, SRS
T i i B & 4060 AR B 4R AR R iF B T S
AT_PHDR 3 THAT LM P I2FLF (Program Header) 42 egubht,
(i%itff ELF £ A B a3 HT? )

EFRNSREN—8E. RAU5F
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R
atypeEX | atypef | a_val &S A
AT_PHDR 3 iE4eiT & AT_EXEFD Ard4R 264, i A#ES Tl Rk L4
S M F SR RGN THATLH, ¥ L, RIBHtER
SRTHAT LM 2 BT 2@, AdahSEaEs
AHEA LT M, WRT A HAR G 6 A A e i,
PR ARtk 3 9 2R IET @6 L S #aF X, B4 diEiara
Begr K. ShEwifar X, RUEAGLARB/E @Y
AT_PHENT. AT_PHNUM #o AT_ENTRY & LA~ %4
AT_PHENT 4 THIT L KT RS AR T H—MANT (Entry) #5K ]
AT PHNUM | 5§ THATL A P A kAP AT (Entry) 88§
AT_BASE 7 AT SRR ASL MR n
AT_ENTRY 9 TR O KA, BFAShEH

4 TIX A% KT RS BB L1, BoA1E R A B FURAL TR HEAR (w8
M. HIL L, EA TR RARE G . LRI R RG2S RS B
BA 44, Snlk:

AT_PHDR, {8} 0x08048034, F253LA7 T 0x08048034.
AT_PHENT, {2k 20, R PREDIHMAADL 20 £,
AT_PHNUM, {H4 7. FEF&FLIT 700,

e AT _ENTRY, 0x08048320, Fi/¥ A ITHukE% 0x08048320,
ARG R 7-11 FTR.
BATA LS — AN RAB R PG fE B AT E HOK, BFEABWT:

#include <stdio.h>
#include <elf.h>

int main{int argc, char* argvl(])

{

int* p = (int*)argv;

int i;
E1f32_auxv_t* aux;

printf{"Argument count: %d\n", *(p-1}};

for(i = 0; i < *{(p-1};

++1) {

printf{"Argument %4 : %$s\n*, i, *(p + i) ):

}

p += iy
p++; // skip 0

EERNSREN i, $H5E
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printf ("Environment:n");

while(*p}
printf("$sin", *pi;
P+

-

p++; /4 skip O

printf{"Auxiliary Vectors:.n");

aux = (ElLf3Z_auxv_c*ip;

while{aux-=a_cype != AT_NULL) {
printf ("Type: %02d Value: %x'n", aux-=a_type, aux-=a_un.a_val);
AN+ + 7

return O;

High Address
OXBF802000
OxBFBOIEFC 1 om0
. Y .
N ) u
OxBFBO1FFO P AT
u ) .5 . =] r
o m e I
e = / h
0:BFBOIFED 0 H | O M
0xBFB01FDC W0 1 2 3
0xBFS01FDE  p | r o g
______ B
0 AT_NULL
2
ey
. ’ .
S5 AT_PHNUM
20 !
T4 AT_PHENT
a T
3 areHOR
) " Environment Pointers
|
0xBFEO1FDE i
OxBFSO1FD8  Argument Pointers
asp -» TwBFB01F9d R 2 Argument Count
Low Address -
Process Stack

7-11  HEVSICHERE

ErRNSREens g, XVSE
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l-% LHSERD, AFAFH argv (FAREREM S NS, MAEXRA
argc? 2. fEEMEL,

7.6 DITSHHEEVIDRAISCI

AT R B R, RS T L TR Mo SRR RS Br oL R T . shim b
BN 153003 0 RRRANNEEERAD, RSRBIAREAIEN R, 5L EE
P I -

7.6.1 mhSHEESRERE

BAVIE s F AR A G B AN ICERR, RS ey R X T I
ERF B, R E R TAE d s AR IR K S AT LUK T st %, 1
o BB 3L 500 B (8 AR A 10 ST RERR MR . RN TEh SRR A S KR, B
e AL TAR R ST Y e T a LUK T HAb py J 20 57

KRR, RA T R, T R BX AR LR, sh AR AR IXAN A
WA HORERRTE . PTG, EhABERES A G AT LA T I (T LR R e A
ERA LS FHRENS RIS ETRNEEN TSRS e o BN & ERAATLA
Syt 7 B0 AR A AT O AN R AR REEE . BT RIT?ﬁ_A%ﬁ" BN
B g DIAE R B - BUE TR I I A T LA 58 R TR L L T XA GEF #4 J=)
AR . LA — 5 PR 4 1 1 Bh A SRS 4: H: MRk B % (Bootstrap).

BYASPEE A DR ED R (I ARSI 1, iR RS BRI A S B S 28

B, BhABEEEEM A ERIMETFFEGAT. AR £ S TE ACH GOT. 1 GOT K

AANCHREAEHIE) R “ dynamic” B MR ML, BILIES) T RS R A S “ dynamic”

B, it “.dynamic” HfE R, OAREMEA LIRS AR ES A G MRS RN SR

&, NMAREERENAGHEZEAD, SHENSMERN. MX—E i, s
EHRAHEPALUHHREH N CHeRERRRET R,

SBr EArEh AR B2, BT AL A RERAESER 2, EEAR
HEVH A PR AL, BNEhAEEER A S MRS AR RE AR . XA AR ? ISz BN IE Fi T 44T
HEF R ARG B4R ik, 90bs b PIC #AIFRIILZER R, 3 T Bt Py 564 o B H
e K A FR R Ah 5 oR MO H — PEr A7 A, B GOT/PLT #9752, ATLLYE GOT/PLT #tH
WHEEN AT, OAE AL 2R, WAL RS, FoXBEREkAE
7T~ Glibe 2.6.1 FEALHF ] elfirtld.c:

EFANSREF—HE. #R5%F
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/* Now life is sane; we can call functions and access global data.
Set up Lo use the operating system facilities, and find out from
the operating system's program loader where to find the program
header table in core. Pubt the rest of _dl_start into a separate
function, that way the compiler cannot put accesses to the GOT
before ELF_DYNAMIC_ _RELOCATE. */

ZBGEESE AP AR, RO OLBIT4H. “Now life is sane”, ALl
MR E TS WER UL KEF— 11, & T8 r A6 7, or Ll A Bt i % e #0 B
PR SRR T .

7.6.2 THHEWZR

GEINAEA QS LU Bhas S HEAR KT T IAAT SCIF R B 28 A S IO 75 1 R B &) AN g
4, AT N LBFSHE (Global Symbol Table ). 4 /i #E: 8 FF 46 4% n[ 14T
SCAF B SO 36 S0 B, BATTHT I $E B L dynamic " Bt A M EAMMm AT L
DT_NEEDED., € i (K& 4T S0 fF (BULEX %) Frkiidt 0t 9. hsk, #H
a5 0] RS HY 0T 30T SCPF B g O B A JE SRR B, JRHF IR SR R 44 TN 31— sk
A RGBT RS I PN R0 5T RFUMIN IR SIS 4T IF 1%
JCfF, EHUMIRER ELF SO SRR dynamic” B, SRTHE T 19 £Q RS BRSO BE W g 513k
FEAE ] QRIX A ELF L5050 GUA T HoA S 5ot g, A6 208 i da ity 3L s v 44
TIBRARE AT o W IR FLR AT HOB 0 LR QAT MR AR MR 1k, 4 4R S AT LA
A EBIT, aRIRATHEME R RE DA, XA R P Fa R
i R, B 8 T RE S P VRO O 0 1 P O 200 Al L SR g P, A ok
THEEAS, HORUE ILAOSE R ) REIR S .

MBI QR R IR, EMA S RSB GIHER SRS RS, iy
BT 0 35 500t Gl e B SR B A, 45 R 7715 0 PEL T HS 4 35 UE L o T A PR sh A e i 0
M55 .

T SHLTTR

TESN A BERE RS 14 A5 A BB 2 IR H G 28, A E NI eSS 3A5
ERFFSEE, SASHIX A RS, B4 T HER T R R E T i — 5
52 ERIEEFEHE DM LT 4 AN IE R also. a2.so. blso fil b2so, 1Y
WACES Y E 2504 al.cv a2.co bl.c 1 b2.c:

/* al.c */
#include <stdio.hs>

void al)
{

EFRRNERSH—E. KU5F
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printf("al.cyn"};
}

fFoad.c *
#include <stdic.hs>

void al)
{

printfi*az.c\n"};
}

/* bl.o */
void al);

void bl()
{
afl;

}

f* hd o %S
vold al);

vold b2()
{

alls
}

AELER al.c Ml a2c MEGEXLT HFH “a” MR, BWAET blc A b2c MHEIT
SRR “a”, (Hi T AR AT R T A I S R R “a”, BT LA AT
PRI B R . IRA B blso T al.so, b2.so ##i T° a2.so, #% bl.so 7 al.so #EHT
iR, b2so 5 al2.so HHATRERE:

% gece -fPIC -shared al.c -o al.so
4 gcc -fPIC -shared a2.c -0 a2.eo
4 gecc -fPIC -ghared bl.c al.so -o bl.so
$ goc -fPIC -shared b2.c a2.so -o bi2.so
$ 1dd bl.so
linux-gate.so.l => (0xffffel00)
al.so =» not found
libc.so.6 == /lib/tls/i686/cmov/libe.so.6 {(0xb7e86000)
/lib/ld-linux.so.2 (0x80000000)
$1d4 b2.so
linux-gate.so.l => (0xEf£ffe000)
az.so == not found
libc.so.6 => /lib/rls/i6B6/cmovylibe.so.6 (Oxb7el7000)
/lib/ld-linux.s0.2 {0xB0O0000D0D)

M2 B FREE N ble R EE bl # b2e PRIEE b2 SEAFE? Lind By
main.c:

/* main.c */
#include <stdio.h>

void bld(});

EFERNEREF—iE. RES5E
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vold b21();

int maint)
{
bl(};
bz ();
return 0;
+

FRIEBATIHE main.c G A ATAT SO 3F Hig T

4gcc main.c bl.so b2.8o0 -0 main -Xlinker -rpath ./
./main

al.c

al.c

"—XLinker —rpath /" FREEBANNRRIRATHNR, TNHRRBRBLRTEN

# al.so 0 a2.s0 $iE
RS, main fKEi T bl.so # b2.so; bl.so {K#T al.so; b2.so KT a2.so, FrilXzh
AFEE 80 main FEIFEAT BN AR, blso. b2.so. al.so Fl a2.so W& TR MM
b=, 3 e RSBl AR LR S %, il B E RN L B E &5

$§ cat /proc/14831/maps

08048000-08049000 r-xp 00000000 08:01 1344643 ./main
08045000-0804a000 rwxp Q0000000 0B:01 1344643 ./main
b7e83000-b7e84000 rwxp b7e83000 00:00 0
b7e84000-b7e85000 r-xp 00000000 08:01 1343481 ./aZ.so
b7e85000-b7e86000 rwxp 00000000 08:01 1343481 ./a2.s0
b7e86000-b7e87000 r-xp 00000000 08:01 1343328 ./al.so
b7eB87000-b7288000 rwxp 00000000 08:01 1343328 ./al.so

b7e88000-b7fcc000 r-xp 00000000 08:01 1488553
/lib/tls/i6B6/cmov/1libc-2.6.1.80
b7fcc000-b7£cd000 r-xp 00143000 08:01 1488953
/lib/tls/i6B6/cmov/1ibc-2.6.1.580
b7fcd000-b7Ecf000 rwxp 00144000 08:01 1488933
/lib/tls/i6B6/cmov/1libc-2.6.1.80
b7fcf000-b7£43000 rwxp b7fcf000 00:00 O

b7fde000-b7fdf000 r-xp 00000000 08:01 1344641 ./b2.s0
b7fdf000-b7fe0000 rwxp 00000000 08:01 1344641 ./b2.s0
b7£e0000-b7fel000 r-xp 00000000 08:01 1344637 ./bl.so

b7fel000-b7£e2000 rwxp 00000000 08:01 1344637 ./bl.so
b7fe2000-b7fed000 rwxp b7fel000 00:00 0
b7fed4000-b7£fe000 r-xp 00000000 0B:01 1455332 /1lib/1d-2.6.1.50

b7ffe00-b8000000 rwxp 00013000 08:01 1455332 /1ib/1d=2.6.1.80
bfdd2000-bfde7000 rw-p bfdd2000 00:00 O [stack]
fEffe000-£££££000 r-xp 00000000 00:00 O [vdso]

X 4 AN FEEAT G AR K T also SR EOEM a W a2.so SRR a BA K
RTW? A4 main MHIHHESREH “alc” BB? BRI a2.s0 HHIEE a 1oL F- B 28
T ER— AN R RE AR S — MBS AR 4B S H b BLS SRR

EFRNERET e, #R5E
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B7E8 pTEE

HIEEANRLBHFENN (Global Symbol Interpose ).

KT RS ANIXAF 8, LR Linux RIS L XELEN: BEXT —
AEW, BHREE— T SHERNAZET SN, NRHERMTSACEEE, VWismh
NEITFE M0 B M BHAEE B 52 0SS BN T DU B, 62 H U AR 2 A PP HEA T S 1)
¥ #o it main, #RJ5 4 bl.so. b2so. also, BJGA a2so. ¥ also PRIEE a BEIALE
e RN, AT al.so B, al.so P a CEFEETERATSE, B4 a2so FINE
¥ oa MR ZRE . PrLlEASERE T, FRAR T38 “a” M5 A EMRAIT R al.so KR
a, XN HA main FTETH RS SRR “ale” iTAZEAFH “alc” 1 “a2c”.

AR X AP A4 T S L PR I 1 o B, R P K BN RN MR O
SHIEA R, R AR T AT AR Sh e, B AR FPIEAT I AT RE KT IR S
F W5 R B - I 2 R S REE RS B0 S, A3 BRIP4 118

2RFSNTASHUTERAE

FIT FT A 2 I s SC AU IS, 3068 58 — SRR A 74 7 Y S v ) A R, B AVT i B K L
AR L R . B BRI R TR R, SE2RFSAA, XT
PR o M PR I R . S SERTI “pic.c” 1B TR, h Tl EfFE R
SAANEIEE, foo BRET T bar I RER KA S —RERAAEAH L, BA—B
bar BRELH T ARSI A AR R & R BOB R, A4 foo BSR AT AN kL FH
(038, ARASHIR ML 4 L 7R B, IX NS IR QU MR E ST JE o BT LAXT T bar()
SRBU I, SRiFAE RAERAR =M, RESERSRINERT SRR, bar() bR S B &, shEH
RN FEEER “.gotplt”, AEmILEX AL

Hy T R A R O AR, AN MR R bar(RR R g i TR R H
BRAEH “static” GBS E X barQRA L, IXFREIL T, %ii%E8 HHE bar( R A SRR
i, SEOTCMER SRk, MBSRA AR S, WTRUNBR & SRR IR

7.6.3 EEMAIBL

N L BC R G, B B R RR TR T AT AT A A LR R ALR,
¥EAT GOT/PLT H A H EE M BT B IE. Bk siEsRScamy 1
SRS R, FrXME 2 S LA 5, BRI 52 2] iy H k852 67 1) Jo
MR 7RI A A RE TR EE AR, RATCARENL LA EE R0, BF
FE A OB O A BRANE X ER A B ERE AT .

FEfrsEm 2 G, WMREADLEMNRH “init” B, BAhEHER T “init” B

ERRANSREn g ¥R5F
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FERES, BBt R S A ATEA I B, i E Y, JEELH S b g C+T S
[FRAITRIOWERFEEL “init” XKYIEKL. MR, EENRPITATEEH “ finit” B,
YRR th B S AT “ finit” B RS, AT LUAI SR ST AL C++ 2 R0 ST B 15 .

MR M AT PATCARE “init” Bl MASEBEELSWITE, FA AT o
A “init” B “finit” BURFRF YIS A TTIT, BATHERBTM “HE” X—
TV S BRI ST

MER T EEMFRVIELZE, FHRES THEREERRT, FEENLE R
DRI T T, X R AEEER B EN, HEEOE BN ETARFERA
O3 B gHHIT.

7.6.4 Linux BhShERE3SSTIN

TERITH 43T Linux FREFHEEN, CE2MET —PEE excoveO RSB REH 5
BERHuE SR PR, LA A R b3 aT AT 3. R FESEE5E ELF AT U7 SCHELLE
MBEAEBHPERE, BEHRZAERTHAD. M TAREEERLY ELF W4T 308, X
AREFRAORER A X Fp SO TRIT MR, BAFMADSEZ ELF 0k
W e_entry FEEMIAD: S ThABER AT AT ARG, 0 BRIz R s 4
e_entry FREMAN DAL, A H @& RAITH, KD aT$hAT SCER BT A L 58 PR 0 B A A
H, MERAHTIARE. LY TahERRATTIIT X, ARETE NaI SRS
HE (£E “interp” Bt), AshABEEEASm FAEMEEEE, RIGIREHIBAT A sh AR S .

Linux I &HEREBEANMBRAELNAA, EALAGE—AHEHR, SHHKEL
Alibfld-linux.s0.2, XFLFRE b RAEKERE, S ENbId-x.y.zs0, XA REIERBhALEHER
S EER R ESEAR ELF 0, SR AT 34— R ELF 303k (338 e_entry.
B#RD). BhABEERENMERFRNILESR, BRI HENR, EENTHITHA
Fr, PTCLE AR @A AT FIEiEAT.

$ /lib/ld-linux.s0.2

Usage: ld.sco [OPTION]... EXECUTABLE-FILE [ARGS-FOR-PROGRAM...]

You have invoked 'ld.so', the helper program for shared library executables.
This program usually lives in the file “/lib/ld.so', and special directives
in executable files using ELF shared libraries tell the system's program
loader to load the helper program from this file. This helper program loads
the shared libraries needed by the program executable, prepares the program
to run, and runs it. You may invoke thig helper program directly from the
command line to load and run an ELF executable file; this is like executing
that file itself, but always uses this helper program from the file you
specified, instead of the helper program file specified in the executable
file you run. This is mostly of use for maintainers to test new versions
of this helper program; chances are you did not intend to run this program.

EERANEREN—tiE, RUSHE
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E7TE ITHE
--list list all dependencies and how they are resolved
--verify verify that given object really is a dynamically

linked object we can handle

--library-path PATH use given PATH instead of content of the environment
variable LD_LIBRARY_PATH

--inhibit-rpath LIST ignore RUNPATH and RPATH information in object names
in LIST

4 Linux BIAETERAT execveQBT A0 HAR ELF XX REHAT (GrfEk e_type
7 ET_EXEC it/ ET_DYN), 'EHR R #EREEFLEZBRPMRN CHSTEERERE
WU AT 4 ELF AL (8 F “interp” #t2 ELF LA e_entry; WIRFH “interp” #
Tk R S A FEHAE N e_entry). IXAERATERIRAFEEAR 4 1 4 shas 4 28 4 8 wT LUME AT 34T
FEFHZ AT, XM — M IE B 1 JC S EER AT AT SO SR LA AR S, B T S0 Sk bR
By R A E AR S, HAERE —FEH . Windows B4 () EXE R DLL 422 254l
X5, DLL tha] Ll 245 F3IEFT, Windows $fit T — Ui rundll32.exe [ T H AT LI
—N DLL S4F AT C 817

Linux ) ELF s) &8 28 2 Glibe 11— &4, B HIEAEAI T Glibe MIHELESET elf B
Fifi, ERLEERAOMEEAL T sysdeps/i386/dl-manchine.h " [#_start (HEFRF A O Huhlk
_startQfE sysdeps/i386/elfistart.S, AP51058 4 ML SV 38T

_start AL T elfftldc ) _dl_start() B $0. _dI_start() B B85 5 % 1dso (LATF MR
Id-x.y.z.s0 A Id.s0) ATESEN, KA Idso B O EshFsEEE, BEAMEMER M LTE,
FrlE HiFa Ok, XHAEAE “A%”. ABHIEFE A0S, FAFHES RS,
EANMEAENWESAEELT . s BHZEM T URAH RS HVRESREET .. AH
_dl_start_final, YR AREETHME, A _d_sysdep_start, XA~ ERHHET 2 FE S H
RHVEHZ G AN T _dl_main, XM IESE X ENEN AR LM T . _dl_main {£
—FFi 2 AT — N -

if (*user_entry == {(El1fW(Addr)) ENTRY_POINT)

{

/* Ho ho. We are not the program interpreter! We are the program
itself! This means someone ran ld.so as a command. Well, that
might be convenient to do sometimes. We support it by

interpreting the args like this:
ld.sc PROGRAM ARGS...

The first argument is the name of a file containing an ELF
executable we will load and run with the following arguments.
To simplify life here, PROGRAM is searched for using the
normal rules for shared objects, rather than SPATH or anything
like that. We just load it and use its entry point; we don't
pay attention to its PT_INTERP command (we are the interpreter
ourselves}. This is an easy way to test a new ld.so before
installing it. */

EFRNSREr s, #85%
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RUIE, WRIEENHPA O RE)VEREEE S, A RYEEHEE R4 ET
PATCHAERIT . ERXFMHER T, ShEBERRSBITEITHSE, 3 BT HNA TR,
_dI_main 25 e HHHC, T B0 T VR i 5 ) A0 X5 R T A S T B AT R F
SRR e 6, RAVEX RSB AR T, 5 e K SC B4R 37 R — AR KA # .

RTHFREERL DBV LHBRFFRIT, EREN M EFHERELAN, BRI
HISEEXRR, KT EhARERESR I LB LA W BT 2 R A B

1. FISEERESENSHENTERTHEN?
ENEREER B A G NOZE A BEN, BT A x %, AR A S R
KRB IAL ELF ST RIS QKSR R, WA E ks T bt 2w R, A4
VORI E MR ? Brele A G A BT HAR L R X — AT LUME 1dd
20 ) «

$ ldd /lib/ld-linux.so0.2
statically linked

2. PIEHESESLEAR PIC #9152
AR PIC M- FahS R AR SIFACE, SRR PIC M UIAR, B
HAEH PIC B A—2, —Jpm, WRA R PIC i, SMEARMBRITEILE, B
BN B AHREE Idso KGPIGEME J, Kb Q280 dF 5 x40 Bk AT
FEfl. FhF_EAY 1d-linux.so.2 & PIC #.

3. EhSEHESR AT L HIETHITOHREIT, FPA bR RS b7
Id.so FpReaHbE R — AR IL =X R KA, BI R 0x00000000. X 4EgEihl R —4 %
Rrpsediit, A —NIEE, ARERREN SRR - NEENEE L.

7.7 ENIE{I0TEEE

IR AREN REEEE LR E A EReERmE s X, R RIETHEE
(Explicit Run-time Linking), F &L #UEITRTME. WS B CEET S
hngede e pE s, I AT UEATE BiZEHRE LB, ARTEROTRBINKRE, Az
AR °T LUIEIZ AT I 1 SRS 3 W 7 H AT DA AT B AL 3R 4E, AR A X R B 471
In# e bR RE S IR . T A H BN R A H BT T sk 5 LU ATIE AT
R, X HENSEEE M EIAREE (Dynamic Loading Library), sS4k e
B—HEN A AR, REEFFREFREHHEAR.

IXFPIEAT I INERATG RS R A IR A TG, T AR RSB — i tnddiff . SREH %%
Thig. LHEFEEAREMEASEERIE, A SENOREREREE, MAEEMN—

ERROBERET—itE. RU5E
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E7E BTHEE

Frehmifr A R Re Bt sk, Mok > TRIFEshIN A FER . 3 BREFPEETH
i BT AR S MRS, XAEEEFEA G AL EF SIS . MR, i,
XA TR R EARIHEAT MR R R R R . B WIKH 72 Web IR BEF, HT
Web HR%BSEFREE, BREREREREFRF N MANES. SOREERENSE, 4T
A [5) P RS A R 8 20 SO — M BISE R R, 24 Web R 45 8875 B SR B A R SR AR T LA
B gk, X TR EERN BT R —FERIREE. BT — AT Web R
£ 3ok, KEINET R OERMRIE, MBERNFEMMEFRARRER, RE T AR
BRI ES R, AT LU Web IR S8 BT R B 2O R LUSE BLAH Y A H (6.

F Linux ., WO ARG HER FRE, shARESG LR BNt R BHFEXA, E
WMERATATHT IR i BB MK 5 R I E SR th 3 S B R E BT B ah 2 ol 5 Sk fnis
B, X—R¥BEE hahiAERE A, M TRIFASGRBEW: 134K
il — R B AR R IR 0L API, FLRHIUEILH 4 P eE¥: FTHEIEE (dlopen).
BT (disym). &YiR4EE (dlerror) LA KHIBIAE (diclose), FEFFRT L@ /LA
API W ) A FESEATIRAE . XL/ API (3B FENib/libdl.so.2 B, EAIR A HAHXER
e SUAE R Yok kS <dlfen > BATAREFE XL BB REE X, RAEHER
R4 B

7.7.1 dlopen()

dlopen() HEXHKATHF —ASNERE, FFELINBRBIBRA AL @, SRy,
B CIREE SN

void * dlopen{const char *filename, int flag):

BN SREEMBEREENEEE, MEXAD BRI (Ll Y77 TR,
%R S SR E T IR &3 & RN R, B4 dopen()R 2l AE LA—E KM
P& B RS

(1) BB HHAE LD_LIBRARY_PATH f§EM— R HF (RIVEF T FH T
#4 LD_LIBRARY_PATH B R).

(2) ik f/etc/ld.so.cache B f T 1 & ML EER 2.

(3) Alib. fustflib YER: X-MARIGF S IHR aout B 280 6UFRIEFAHE, 1B a.out
3 4 A8 AR AR L R AR 2 e B HRuslib,  #RJR Rib.

IR, IXTEERR RN LR —N A, FoAFARERMZREE TR BRT, 1
ARIZEZPHFAEARAMEE, Xk SRRAELB/HDRER.

RE B, WMRERITVH filename XANMSHE N 0. B4 dlopen B[ # £ 4 AFF
SRR, HEER RN BT R B AR SR EE AU — A S, HHoTRIA

EFRNERESF—iE, BR5E
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ITEAN, XHEEDEHES I (Reflection) AL, ©RFEE#EE TEFNTHRT
AL . BEAREES N BRI T RS L RAEE 4T 3E L dlopen T H
{#H T RTLD_GLOBAL A #9545,

BN BH flag Xl BTSN A, ¥ 8 RTLD_LAZY R {EHEIRYEE, 4
BRECE IR BN A BEATSEE, B PLT HLAI: 1 RTLD_NOW o7 Y48 Hhl In e i B 52
JRAH R B SE AF, SR A RS 5 08852 TR BL 2R, 4 dlopen()
BIRFHER. LB RgEe A g —. BAMNER — 1 B RTLD_GLOBAL 1] BLER
LHEEEEPER - —EEH GRIRERR “ol” 80, SXTBENRNERK LR
M5 G EERRE R SR, 5 UG Mk m St o] LU XSRS . 20 SRR e
AT LAER RTLD_NOW 1R NS %, B BB Hn 4 i 1 {27 4805 R g 8 52 11
i, AT EAER dlerror(ar BRHHIR BIAH R 8 345 B iS4t RTLD_LAZY 1%, iX
S ke MHR S MBS KA, WAL, MR, 4 RTLD_NOW £ S 8niksh
A (1) 3 i A1 .

dlopen (¥R [AME 2 #ONE B B8, XA WFE S T disym 883 diclose B3
TR, WRNEASEN, MIRF NULL. R 281 dlopen #03kiE T, B4
BRBEIEE R AN A R R A KR, ik A KBS R B,
WA RHEFLINEEKBRAES, wkmi B, HinE A.

H b dlopen & TEMBBIHES AT BB YIS, RATETIR BT, 3)
ARRERARTEINEBIRET, AT “init” BERAES, FILLSERBEER T ah 1L TE, dlopen i)
Indi PR A PR SRR A B AR, BRI EEAI LS, MARIT “init” B
(MCFIEP AR

7.7.2 disym()

disym R ¥HEEA FRIZITHREM B, BAT0T LB IX A iR R B 5T % B
Fo BRE ST
void * dlsym{veoid *handle, char *symbol);

s ARE T, BANSE, B2 801 dopenQiR I Zh A ER QI B oA B
HIfrEE R SHA T, AL “\07 5510 C A8 . WAt disymO3R B THMEFFS,
W& [o)iZ 75 5 AME: A RBIAEAMT S, WEE] NULL. disym(3& B EH T AR
e, BXEAFMR. mAFROFSENRE, BaeREREHMIE: GRL P E,
EIREAE AL WRENESEANEE, BA SRR RAH. XEH
R WA BERERILF 2 NULL 80# 0 We, JRAT4 74K disymQREIRE TSR ? X
BB PRI EAHN dlerrorQ B3 T . WURFFSHIIT, 4 dlerror(iEE] NULL,

EEINEREF—RE, BUEF
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BTE FTHE

RBARE], dlerror(Qik 23R BIAH R 4R 15 B

BHRFEOERESE, MANNTTR, BEMNHHTEETEROFSRD, dsym(
BUMNERFREFS, RNBTEL "objdump 1" REEF SR, FEEFS
FETHAEE “*ABS*",

IE FEANNRRBHNER, FHEREE, HURTREFETXHBHFSE, X—K
=

FSHTR

BT 7E ST A SRR I, RO CER B VF £ ILERIR TR 5 2 0P SR I B, 4
BHEZANF BT SR, SERANF S, RAMEXFR G LB AR BFF (Load
Ordering>. 2 243RATMFE P A2 ETL dlopen( BN L EXT R, XL /EH AN
BRI SRR BERT DR T MBI (M AP 5 R . B A KBRS 2 6] (R 5
RUGEARRWE? LFR EAE R Z AT g SRR ANIER Z 5 i dlopen B ML 3%
B, ShRBEBEHITIFS M LR AR, ARRAISHF.

ALBBNEHA dsymOHATFF SRR B FR TR, XMEHEA R BRI
RS BT RS AR ? SERRME R, disym(X FF S K A H AR S5 % 4 B Rk
oo E—MERE MRBENEAESRFSRPHRITHS TR, B dlopenOi, 23 filename
A NULL, BadFE2BHFSEMEANEZSFER, Ll dsymQEH B REEEFT]. 3
TR R BATR N FEAEL dopen(fT AL N R BT S A KAE, HAEXH
12— 4 i 4 51 ([sapendencyOrdering) MR, HAanEEFEFIE? e
#i dlopenQ4T FF BV FEEIT R AW 41, 0TS AT WO IR ST T REDL Sk 7
HERBHFS Hik.

7.7.3 dlerror()

HFREAMEA dlopen(). disym()T diclose()LAf5, FAIARATLLIEA dlerror() el ¥k KM
E—UCAMRERI). dlerrorQHREIHR B R char*, WRIEFE NULL, RFERLE—KEA
FRI; IRANE, IR (LA R .

7.7.4 diclose()

dicloseQfIfE I BR dlopenQRIEF#H I, EHIERZM LB mBREk. REa
Y — AN RS TS, FUEH dlopenQINEIEAL RS, AHM TR I0—: S EH
diclose()EVEAARIRMS, AHRZVHEER 6 —. R M A ERE] 0 B, SRA #R IE IR
. EERA AR INBRIF M, et AT “ finit” BAICHS, REHARNRFTS AR5 RH
LFr, BUHEREE B AT CR, RIG KRR I .

EFRNEREF—HE. RUSKE
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TR AR R, B SR AR TR N R A R B T, R

JEHB sinOB BT S b, B sinQH HiR Bl R

#include <stdio.h>
#include «<dlfen.h>

int main{int argc, char* argv/[])
{
void* handle;
double (*func) (double);
char* error;

handle = dlopen{argv[l],RTLD_NOW) ;

if (handle == NULL} |
printf{"Open library %s error: %s\n", argv|[l],
return -1;

}

func = dlsym({handle,"sin");

if({ {error = dlerror()) !'= NULL ) {
printf("Symbol sin not found: %s\n", error};
goto exlt_runso;

1

printf({ "$fyn", func(3.1415926 / 2} };

exit_runso:
dlclose (handle) ;
1

$gcc —-o RunSoSimple RunSoSimple.c -141
$./RunSoSimple /lib/libm-2.6.1.s80
1.000000

dlerror()});

—Idl #sRfEMA DL EE ( Dynamical Loading ), EfiF/libflibdl.s0.2.

7.7.5 GIMEAEHREVETER

IFRATIBT BT Windows FH MMM rundll, XANFER0T ELHE Windows ] DLL
LR IZEAT . RAN4NE DLL & Windows fshAEERE, AP 1ER Linux FHILERN%
BRI (RIS m 57N 48 Windows DLL). rundll H 35282 FH
TIETRNE MR, BiEEfEESEBET ik, RERIENEE (DLL $
& DIIMain) JFHEPAT. |ATXMBIF PR L — D R G runso IR, X8
FRaT LGl dr ST R BT E S R B e R — D R . EEENE LR E R, BAR SRR
B B SITHHILENRER. RBREMNASH, RSR A EHETT RN &g hn
HEHRT, HRANKEL, FARTE, REHRITSRITE TR, BEXREA MR

EFTNSRER—e. R85F
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K EBR: AREEEA A RAKSEANEE KA, NEAHMRRSESL. MBRINFEEE
ATHA e MR X, OUNIEE At B AGER, ELAAIEEHREE S, X2ER2
Tl iEremBEREM GREGHES CFE) W Java. NET I ) K Dh g T AL
BUZ T R R B BUME B, RS, BRHARME), Fh C/ICHRFRTERMITH I
B IZ LS BB ORTF B H A SCE . ATRAT SOl Lot 8%, BATUAL Ak A5 0 L R 3
Bk, MIX— KA, C/CH+IIEARERRRY “m%” 55,

s b A A R B A ) ML, AT Akl ok R S R O 2 BORE (Al (i 2
FSEA. HenIRATTME RunSo MR AT

SRunSo /lib/foobar.so function argl arg2 ... return type

AT RABWAEEHERR, EATE R T d %R double. i 7K int, s TR char*. v
R void. SRERMNESEZ AN N FHRRBE AR,
$./RunSo /lib/libm-2.6.1.80 8in d42.0 4

Xt F R ATHE iR R Aiblibm-2.6.1.s0 BLAK sin BREL P DB EUE double 26K
B, Z28EE20: BE—1F8 d Xx sin SEBEHEEN{ER double 2689 84t R
HfibAlibfoo.so B il —-> void bar(char* str, int i){¢] 88 % 0] LUEH 0 F dr 217

$./RunSo /lib/libfoo.so bar sHello il0 v

L ar 240 T A bar(“Hello”, 10). pRAEARBIIA] LM T LI T LA SN
T+ {HFE RunSo (M5B Ly — A A RAFTE.

A ERAHF, sin REEORBRET AT THEEN, SR ENMEEFERMm
XA sin K¥G EKIRAYIE double sin(double), FREBAME LT A& RIX PRI
B HUEFT double (*func)(double). (H U EAREFIHAMER —ehdl, BATATTRE D S5 f
e SCHF SRR M iR B it R ZRAE, RARBSENASH T . b THRkiX
AR, AT T AR EOR AR (RS IR R m R R MO 295D, SR G 1ETE A ek 30
AT R AT AR Y AT HEAR , R AR TEH R BORA IR % . 4 T HER R AR, B/ AME
R A 2 AR SR ST U N AR . R IHDX B 7942 RunSo (MIPRAAY, HpHF| T —Lk
BRI G AR A0 — LR ek BOA 292 B AR, R s, R —RHEHEW AR LSS
56 “ERBUA AL E " R KBRS, SR RATTRI T R IR AT AR AN
R, AT EE— BSR4 MR MAHE A, WF:

#include <stdio.h>
#include <dlfen.hs>

#define SETUP_STACK

i = 2;

while({++1 « argc - 1) f{
switch(largv{i][01) {

e

EFRNSRER 8. REEE

bbs.theithome.conl



http://bbs.theithome.com

7.7 BIRISToEE 227

case 'i':
asm volatile{"push %0"
"r*(atol (&argv[il[11}) };
esp += 4;
break;
case 'd':
atof (&argv[il[11);
asm volatile("subl %8, $espi\n"
"fstpl (%esp)" );
esp += B;
break;
case 's':
asm volatile("push $%0"
"r* (&argv[i] [1]) );
esp += 4:
break;
default:
printf{"error argument type"):;
goto exit_runso;

B el

}

#define RESTORE_STACK AN
asm volatile{"add %0, $%tesp"::"r" (esp})

int main{int argc, char* argvl[])
{

void* handle;

char* error;

int i;

int esp = 0;

void* func;

handle = dlopen(argv([l], RTLD_NOW);

if(handle == 0} {
printf{"Can't find library: %s\n", argv[1]);
return -1;

}

func = dlsymihandle, argvi(2]);

if({ (error = dlerror{)) != NULL } {
printf({"Find symbol %s error: %s\n", argv[2], error);
goto exit_runso;

}

switch(argvlarge-11[0]1)1{

case 'i':

{
int (*func_int) () = func;
SETUP_STACK;
int ret = func_int{);

RESTORE_STACK;
printf("ret = %d\n", ret );
break;

}

case 'd':

EFRNSREen e, RN5F
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double (*func_double} {)

SETUP_STACK;

double ret = func_double();

RESTORE_STACK;
printf({"ret = %fyn",
break;

}

case 's':

{
char* (*func_str) ()
SETUF_STACK;

char* ret = func_str(};

RESTORE_STACK;
printf{"ret = %s\n",
break;

case 'v':

void (*func_void} ()
SETUP_STACK
func_void(};
RESTORE_STACK;

printf("ret = void"};

break:;
}
Yy /) end of switech
exit_runso:

dlclose (handle) ;

7.8 ARENG

AFERATESCOHT T R BhEBHEB R M EE B {5 2 A58 T LUSE infy b &) A
FEANRERL DEUR, T LUSE Oy (s e 40 FH R FE Y, T DALLLRR R IR A SN AT R A 2.
HRIr A T ahSRHZEE ARG T, 347 T SR B 2 8 ok 1 8 5E I ] i et dth b

S A i)

ek i B A AT A T OC AU R ke S o ol 5| P 1) B A 7 A O i, B LN i R A
RUREIEICEACH B, (HATMBITHEARR, A B 6 SR Z TR %, B
T AT EASEIRACB BLPE S AR 2 (I B3R . RATIEAT4H 7 ELF MIEIRSE5E PLT HiAR.

HERNINHT ELF XAFF R “interp”. “ dyanmic”, &SR, EEREEH,
EATRESSH ELF AR CREN . RIEMTTHHHRERMMLH G, SHits
XL SEIEE AR, SRahERE. BERINENAT EXSEEEENKS,
3 HEs@ R R T anfal i F B AOB AT BE SR S — AN FRFIE 4T ELF 3L B P 0 iR 3.

ERRNERERF—E. RES5E
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Linux:: S FEAVZEZR

8.1 HEFERAE

8.2 TSHRAE

8.3 HEFERAWBR
8.4 RAEEFERUE
8.5 METE

8.6 REFENBIRNILRE
8.7 AREBENG

EFRNEREN —iE. ®KUSE
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HFEIARENES L, KENRFTHERSHEENG, SBRARHFCHR
HA BRI IEEX B o IR EATRIF 7 R LR o R Sk, B REh 3
B M BEAESMEHFT, SRMNER . FEERT R ARE . FrLRERGE K
SR IR S B R A SR — e N, BA X A4 Linux FIEEER)
B o)

XEAERE MR, EIHZE (Shared Library) B78EE . HSoh ks 1kt
RN ¥ AT AR A, Linux FRSEER R GAN ELF e R, i THAENSR
AT LI &AM Z AL, FrLLe ek sl T FERARETIAEAE B, RS M IT R EFE LI
EXM RN F A, ATMALZ, EENRALFEXENMES LB T, ALl
I~ ERATTTEENEERFA— M EE.

8.1 HEZFERAE

8.1.1 HEEFHSH

HEEMFEESNMEREHEZERMA, LHEIEEA R Bug. $n#E0ThaEset
PERERE . T BN AR RiEsE, (E19 74 5 0FE I B Rt it L % FE T L 43 31 9 7 FF- A
HH, RS ERF A KT libfoo.so, X libfoo.so T REFEMFIRAEF KRG, B
R R T EHFH libfoo.so $ IHRUA K& e dst B o] R FTH libfoo.so 12ELH—PI T4k,
{H J& 3L 58 R R A ) 58 37 ] e 2 2 B0 11 10 S ok AR, X AT B B, TR L E EE MR I G
EIERIET. BFEANHRT, LSEREH TS A,

o REEH. FHMEHARERA ML FELRM LM NS, A EAHEDE

REAE.

o TERBREH. LEEEFRXETEAMED, FHELEERTEOKOEF TG

BITHIETAIER .

EOXMAGERZHE N, ERFHRESER LHBEHRERY “&E07. HEXER
WO R 3D, &) ABI (Application Binary Interface). JLBFE( ABI BEFES
FHBAKRXR, ARMESH TEOMFFEERAR. ABIHFRRAMES KRS, EE
3G — Lo R BRI R S5 . FFS v, BEURNI. Bl o4 i P 7750 A7 2% J7 TH it
e A F—A CEFTHREMILFERY, AN ERSFH ABI EWE? & 815
BT LB WATES T .

EERNSRIEF—E. XKUS5F
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% 8-1
Eaxy AT L
24k F & libfoo.so B @ FA— A5 HHF foo2 E 34
MER 3 5 & libfoo.so B —4BRAF 495 £ H 5 foo TEE
4 libfoo.so #&— N5tk BB R A — A R4, b4 /R A6 foo(inta) E & T foolint a, .
int b) RE
MR — A E e F 69— A B4k, R R foo(int 4, int b)E A T foolint a) EE

SR —AEMELMAF—AFHEHAFHLHTF, FARTLEMEDY K
A AE. AR EA, v libfoo.so At &4k foo(struct bar b), M bar 645k | REE
BT

fEE—AF 8 B F 40 Bug, AF MM EAFH RO EERATSFES
s, e, FTHMBOER

fEE— Bk Rd P &Y Bug, AP EMNF B FMMIE, CIRNATTS
hEBAEIESL. ik, ITAHRED EA

T CHTERILEA ABL SUEMAT N EEGMF 44

o FHRBIPATAKERE, R RB G S R SRR R, R
P53 12 | AR A s 1) R 04T A HE U

o SHEREBMER.

o  FHBHAAMEAET, ndt R G RS A B SR B SR
MBS WL oA s BUAL 5 |k 45 6 o4 7 A R AR AT R S@ s ode ik, fEZ btk
REERNE AN RHAME, RN GH ARSI EERS SRR, B R4
ML, 5B % A0 F A D6 200 R B VR N B 1 ) o

o FHREMBEORATN, WREGRPME. B3 E .

MRAEBLRIE LR 4 HEFRAKE, BALIEIER T, C iESHNISEERS R
ABI 4. TR, (AR ERMHER, B — N EEEMN ABL +405 5, BEH4F ABI
PIMEA T M. RERELIH ABI WANE, HWAFMAKS RS, RERSEM
WG, 1 ABL AL A, A R M 5 88 sl R HE v] Ak & BB L 14
I B F A XA, AITEHT ABI . XFh ABI AREFHN ) BT gEIEH
W, REEFTREXESE, HE -BEAHN, #HXM Bug FHEMLIEMN, XBRLE
AR N PR — ™ el 8

XF CH+3Ri, ABI MBEREA™E T, BT CrIERER, B iHEniiRsg gy
PRF k. LA T ABI MEAA UL Hak BAHE . N CabrfEdt T C++i0 ABI i
A, AR S i 28 B - - MRIFS A RIR A T Cro Il — S5 B G 5
FER AR, i HMEARRE, s RER. SERseth. £EH4KZ. T Linux i,

TRE

ESRNERBRN—iHE. KUSF
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MPHREHE—DNFHEON C++MILERE (SRR 2T EEXAS, H C nEns

iERE AR AR L), HEESCUT S, LB IE ABI AHA (G2 200E LT HENE R AN

BELRIUE ABI 523 A):

o AEEBEORPEHBERE, HABCEMEMRRE, AZMEME. &ngar
FAnF RS, X & SRR R R B R R A EL.

o AEIEAE P ALRAE R I B AR,

o  FEMMBERIEN K public 5 protected h¥, i iR &L .

o AEREAR A IR AR 1l 0 R B SO P B B R B

o AEBCEM 7 R BT R BLER .

o AELEHE h i FR .

o REEME, AERERONEMBIETHRAEMEN CHEMLEERED!

8.1.2 HEFERAKE

AR L B HEAFAE XA AR FE A A M, A IR FF L R SR M, DRAE K
TE IR FH R RE 88 1E R B 1T L 40 UM ER (1) ol JR o 7 JURP A o] TR UL R A
M, RN AT A JUE AR . Linux H—EHNR G 8 RGP —
A ICEPE, B RUE LR SO A2
libname.s8o.x.¥.2

BeaTmEH A4 “lib”, PlEEEMZ FHER “so”, BUEHERE KN =874
IR A S . “x” #ERAS (Major Version Number), “y” &R E#ES (Minor Version
Number), “z” ®x&Z#REZAS (Release Version Number). =MEE S KT XA —F.

EMESERENENFR, T EEESHFEZMRARAEN, A8 T HRERES
R R R84, HEF P, 4T RN E RS E1T: B, REw
LR B AR PR, BB Ei T IHRGL F R P % IE 21T .

RAEFSFRENMETH, BNN—SHfnEORFS, BREFROFSAE, £
MRAS A RS B T, o IR RS 5 (K BE ) J SR AR KA S I . — AN HEOB T IH I IR
ARSI B EE AR, 6T DAE R M KR A S SR B AT, AT P R T ORI N,
H AR ETINEXFE Y. R P H N ILZEE A libfoose.1.2.x, FEREFFITREH
WINT B, BAESERT 13.x. BN 12x WHFAEOHEEED 13x P T,
AR T 1.1.x 28 1.2.x MR ERRTLALE 1.3.x PIERHIBIT.

R REA S KRR — SRR AL YERERISGESE, HFATRIMERF &, AR

BERNEREF—iE, BR5EF
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RO E k. MR ERAS . WA GREREYE, AEBRNRE T2 [A5Eaic s,
FRARATRA 5 IR T LLAEAE T — D b R AR A S IEHAEAT, e T o

WHIZE Linux PhEAERDTESF EFRMESN "HFESF", (LWSEXN CIBTE
Glibc MAE AN, EHEE CBESEMSR libc—x.y.z.50 XfperE A Glibe
BEFBEHE, C ESEARED -, hAEERME Glibc H—24, &R
ld-x.y.z.s0 XML A, BF Glibc HHMES, bR ibm, BTN ERK
PE libdl %,

Aeference: Library Interface Versioning in Solaris and Linux

httofwww.usenix.org/publications/library/iproceedings/als00/2000papers/papers/full_
papers/browndavid/browndavid_fitmi/

XA Salaris 0 Linux B3 ZEERR AHHFO TS ARAM AR T £ H 094,

8.1.3 SO-NAME

EFERERICRTA

AT LKA, SLEEIER R A S UK A S POE T — DR D BB AN Il
ITRIFHMAEER . WA Ros E 0B T URLE R A RS IL R e SR BT, BhaEEiess
BRI RR MO T RS, NIRRT A7

BAMGRAF P Ve BN C RN FI R, & — I R T8 B ko) — >t
=i, U ERE, B O SERBRAILEEN S ERERES . FARMNIIER
[Fl ¥R A S 2 A R R e A AR, Frulf)y o (/A7 — N libfoo.so.2 Mg, EA
I 11 5 A B 2 SR 1S 4T I A S b MUK BRI 5 libfoo.so. 1 BY libfoo.so.3 BEEERI—iE. HidixA~nf
PLABL, ARG PETIHMNHIERE, A EEREPREANABRFR&HEENIRANE
A5 IR .

SO-NAME

M FHHIRG R, 0FE Solaris T Linux, 36 FH —# iU SO-NAME 6y & HLHI %
ORI EERNKS R R, BN EEESS PSR “SO-NAME”, X4 SO-NAME Bt
BEM XML ER KA TMERBRES, RMEBAYS . Wi — A 305 g
libfoo.s0.2.6.1, HAEMN SO-NAME Bfl libfoo.so.2. RUAE, “SO-NAME” B T LN
#1, “SO-NAME” fIBR M FRISL S, WA S KR AKRA 5. 7F Linux RES,
ARG L N IEEIELEEFTER HREIE— MR “SO-NAME” #[5 /) 3F HH 1) & R

(Symbol Link). tinF4hHAAE—PNIEZE “Niblibfoo.so.2.6.1”, H4A Linux HHIILE

ESTNSREBR—E. XR5F
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E8& Linux HEREANMALR

PSR h e P — N R “libflibfoo.so.2” $5 ' . HLEN Linux &1 Glibe 1L
B

$ 18 -1 /1ib/libec*
-rwxr-xr-x 1 root root 1249520 2007-10-25 09:03 libc-2.6.1.80

lrwxrwxrwx 1 root root 13 2007-11-10 15:49 libc.so.6 -> libe-2.6.1.s80

BHFARRE, ASERNCEBESENRERNKHBNARIE Linux FREMNEE
E&EFE, B2 C E556% SO-NAME R2ZBEEMHMAN. Glibe 8 C B
libc—2.6.1.s0, Ef1S0- NAME,—F&Iibc,so.B; AT "ER" BEERBANSAFE,

Bt SO-NAME &8 th R BE BN, thanzhAeERr X4 2 1d-2.6.1.50,

E i SO-NAME £ Id-linux.s0,

FALL “SO-NAME” A% FH VR RAT A AW ? sChr LIXASSBE B4R i H %
A S DA S AR AR A B L e, B H ST
FE A% 43 3l 9+ Alib/libfoo.so.2.6.1 Fil/lib/libfoo.2.5.3, Hi 4 4k & #% Nib/libfoo.so.2 £ §5 [
Niblibfoo.s0.2.6.1. EFE{RUE T BT 45 1 LL SO-NAME 44 (4 85 8 12 56 10 R 4 b BB i g 3t
B,

#57LL SO-NAME i 4 ‘7 () Boie s H R, (AT o A SE e i i, e85
FEERLGEITRS, #0EH JEEEEN) SO-NAME, fiAE A EMIRA S . BAIERE M HE
R ¢ dynamic” BER ORI, WURF M A KEBITRECH B, A AW
“.dynamic” Bt£17 DT_NEED BRI FB, FEROEMREB. BER I mEe, x4
FEAZ AR R B XA R R RAFNIRE B (X4, BIE&IRIRA S RUR AR 4
S, BALHt A EE? REEMNEE, XXM A HGEHET 9 B A<i B.
LEnFE T A T CE S, AR FN, REPHAMN C S ERA ENib/libe-2.6.1.50,
Wik se G, B0 “.dynamic” $A) DT_NEED 280 {RFF T /lib/libc-2.6.1.50. HF
Gi¥5 CHEBEEHERAARS 262 5 2.7.1 i, REGLEEERK 2.6.1 (IL5HE, HFEA
ZEAFY A EEIEHIBT.

PR BATHE, DA HE Linux B30 FPERRARE, Seh 1 2.6.2 5L 2.7.1 IRAKIIEFFE
MR 2.6.1 1, AT EARLEIR RIS 2.6.1, 7N S0 K B8R 00 & PS4 iy 3t
BEE, KRR THSMAFSR. FrAi— N e My ELF SOfFRS, 58
4 S B ) SO-NAME {2478 “ dynamic” &, X 43 & S E: R kT L ERERB S
IR, B SRR RS H AL B P ) SO-NAME $K54: F1 5 3 17 B A ) 3L
Fe. HinZ fif Lib.so AT

EFTfISREN—iE, RESE
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% readelf -4 Lib.so

Dynamic section at offset Ox4f4 contains 21 entries:
Tag Type MName/Value
0x00000001 (NEEDED) Shared library: [libc.so.6]

LI EEHIT R AR, WR A REITMET S, WRFERASARLE, QSRR
KSR MRAST, WAFATT LA F R L E B e AR, 3 B8 SO-NAME
IR B AR M BT R A L F B, BIPTE AR YIEFENEIRA S FEN, RSP RESEE
£/~ SO-NAME, H TiX% SO-NAME HAHME, il OB fBRFEEALZEmW.

Bz, SO-NAME Rr—{TENED, BEOTEEEE, SO-NAME sHEET, X

EEAMEN,

Linux 44t T — AT HAMMH “Idconfig”, “RG P Rl FF Lk, REE
BTXA TR, E2WARENSGACEERSZ, b, /usrlib %, REEFHTHEHEK
B, [ EAE BRTARA LR, R T H IR, 4 deonfig £ 20 H A8 Y
B

B

BEA L G R 8% BT A A LS R CER A GCC ¥ “-1” S HBE AN LR ),
BAMER THEAMER TR, HInTEEE - libXXX.s0.2.6.1 FHLZE, REEFRE
M 4T R E-IXXX B A], A]HEEHTA ALY . SRR SR L ATERE, ERLPH
HIXER (EHh-L 28dhe) BREBFHRAR “XXX” .

XA “XXX” XA EEROSER (Link Name). [RS8 i HE ] B & A FIAE Y
FHEL, Wi C B EBITEABESEA Gibca) MBEBMRA (libcsoxyz) FIKH, ik
TESEERAEHZH “-lc”, MAEBHHBEME MBI GIEME) REFEARAE
fRIfE. ot id R “-static” S¥0f, “-c” £#K libca: WMEMAH “-Bdynamic” GX#1 &
BRI, ESEREFRAR libe.so.x.y.z.

8.2 HSIEAE

=l

RN RS, AP, BSEERSICRFITKBK A LS
B2 T ERAS MR A5 3 R B R A MR AR e — 2 bl S ep . fEisfTRE, BT
AR AR FIE N R PR B E RO DI A S, BT DL ) LB A S Ab B . L

EERNSRIST s, BRS5E
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WifE SunOS 4.x 1, ZhAREE S W30 Z IR ROBSI R P I R, RGP AR
JERE P AL A (KL RSN L R PR TE R G P A7 TE A R R 5 AN R R AR 5 )
LARIA, T o Eh A H B8 i U A S IR A

BARR S EPOUF IR b, ORS00 I F R RSUA S T B A TRk & b
IR A, AR GERERS s BRI R L R, FOVE IR A SRt EE S AT a R E
MIRFS: R FICEERASIE TR EAMA, SunOS 4.x RIEM R AH K
H— P EEER, FRRESP RIS RIS E, (ST FERAEHET. HFR
FATHERERE I W I2 1T, Hmizfe )y HH TR A S P i O, s H BSR4 5
IR O . 2R, BRI R AR T kAR S FEs I O B R S S DOR
AGWILEEP AT, Bama kR ETEMN R BURDEINCE T s R, 1
TP RGE P BAT A R I IR S R N R, BTG S pl Ak 1LIEAT, BUBG kR B
BAME L.

IXPFP RS ST AR R BER B TR (B R Rl S SR es), mE SRR
br FRESSZITHIRT R MR E g, Lk LR E N HEFERIRRAN RE D EE M
SR e S H B TR R A I A R 1, FEREUE ARSI R gk, R KRG+
RHMGARERAES (A 3EE, Az AGeizdT. 4707 BHEX A R BN AR S 32
22 (Minor-revision Rendezvous Problem).

RIFFSRECEHREEN SO-NAME ffFR

AR T BN, SUMET R Sk, B KB SO-NAME, Wi K
PRI E SO-NAME 5 R4 H 2 7E K BRLEE SO-NAME —3, W4 R
REOHR, MAFHRITHREMRE, XERSHB DR, SREDEFRER TR
WRA5 B EHE, T02 AT TRARIK A A S (030 F B R G R, s nl fg /™ RS L RF 5 .
R A AR A5 LARAE ) G A, FEATRUE T AT, BRI &S L AT Rl T —
AR BT RS . XA ARE S B2 B 81T K4 SO-NAME MAETE T 19 B R 2% .
S F XA e, BAR M RGE LB I SOk MR, AR R FF S RRAL .

8.2.1 ETFFFSHIREHH!

EHERT, A TRREDICEE DN T —LE 0, ROGRIEXDIEE KA S
Frim (e BEENT R, BRERINFE-MENGBMTE, RBERKEESE
£:[a) . Linux F#) Glibe MARA 2.1 2 JEFF A FF— Ry B F S a9RREHLE (Symbol
Versioning) A5 5. X4 RMEARE#E LS 5 HA SRS 8T — BN
A5, RS T B RS vk 5 U R ks SN R AR A S B A

EERNSRET—iE, BR5E
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AFE CH i libfoo.so.1.2 F+& 3 libfoo.so.1.3), *93RA 1345 libfoo.so.1.2 FFEEE 1.3 i, {88
{RFF libfoo.so.1 iIX SO-NAME, {HAEATE 1.3 XA FRLPERINK LA FFF ST F—AM%
i, et “VERS_1.37. M4, WP —ICEEN —RIRRES THE, RAIIAELS ILrrH
KRR A S 8 N0 2 R 74 53T _E A R AORRAC . 3R T CARE Re it 3 D0 5B o (S A 155 254
HAHM MRS, i “VERS_1.1”. “VERS_1.2”, “VERS_1.3", “VERS_1.4".

8.2.2 Solaris PHIRFSIEAANH

AR TR SHAR T RE L Sun 71 1995 1EMY Solaris 2.5 thaBUH, 7EIXA AL
filTh, Solaris ¥ Id BRS84S A FE T REAHLE) (Versioning) ASEE#LEI (Scoping).

RRAHURIRALEAR T A, i e X — B S MRS, REBESAGHELE,
“VERS_L.1”. “VERS_1.2” %, G MESG#HAOE SR EMHFS, BT TLEEa#S L4,
—MEGR A LML F B —NES, B “VERS_1.2” WTLAM &4 “VERS_1.17. #HE
SME SRR “Af”, AR “gk4&”, thin “VERS_1.2” M SH&EE (44&)
THiAf “VERS_L.1” M5, HFHETHH “VERS_1.2” MIFS.

W, REEGHE X EN A SRS BRI EMYE? 7F Solaris H, FFRA
LATERER 3L R AR 75— P (P S RRARB AR (1 301, FERXAN PP iR e RE S 5 A2
] B A 5 SR 2 RTEC) A AR ORI SC R« A0 3 1 SRR INT AR 1 5 WSOA BHLAK PP i s B SR Rk
TR, HFAREFSHESSENZRKXR.

A REE -, BEE AN A libstack.so. | FRIFEZ S S RS hA BIA SCHn R

SUNW_1.1 {
global:
pop;
push;

}

SUNWprivate {
global:
—Pop:
__push;

local:
*;

TEXANWASTHS, BIOTTUEREEX THMNESES, 255 “SUNW_1.17 f
“SUNWprivate” (7E Solaris &4i'H, fFSMEE Ll H “SUNW” FFk), F—PEET
A2 P15 pop M push; A PMESD, AEFTHEHALSRETYS “_pop” M “__push”.
B ANES P EGN “local: *;” #or: BT _FBMERIR A4 RIT “pop”. “push”. “__pop”
A __push” X 4 MFFLLSE, JLEEHA e H AR AT 4K K 42 R I 5 BRI A JL 2 R 5

BEERNERESF—E, KU5E
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EYE Linux FLHFEAYLELN

AR R R R AL IRC R 2R S SRR, Bk, JET S
B AL T PR AT XS 9T 55 o XM 7 2URT LA T 47 A e 2 2 oAy 38 2 FH 5 Pl o
B (BRICEEREE AR EIL R & R A R EROE R 0 e X SR B Xk
N YR ASEEHLE (Scoping), Ekbs EREX C 5 & A RS T Wit rEHIbL 6
M —FPRh 7S, BUE SR —Fh AR TS M

BREBAXNIEEEAR T, EEANER SN T — MR “swap”, BAFK
FF 5 AR AR BA SO AT LR A (0 A6k B o man F &

SUNW_1.2 {
global:
swap;

} SUNW_1.1;

LR AR R T AR EHERNBED: 1.2 RASEESN T — swap £
H, #FAEHAKT L1 BFAZRO. BARMTUIZBEH A, KEEPHIRARS
SUNW_1.1. SUNW_1.2, SUNW_1.3-- SRR BRI ZEFNEOLGEHER. &1
W m gk, mEHRE. XPEE -ROE, BE “SUNW_" @85 HMRA S ER
AEE—MNKRASHIRR, X B ERAE SN FICEELRRH SO-NAME F R ERAS .

MICTEERRF A TRAREZG, — MR ENECRRE, SRIEMWE (%iE
Bede) N RFRIRHR, B8R AT LR B A S PR R T E BT B R AR S 4
&, HEAEENE, BFEECROARMENILEEDRARFONSES, ARF
S h R A S BB (eI, Hir, — A HFERE libfooso.l 1 6 M S
M4, M SUNW_L.1 3| SUNW_1.6. ¥ AFEFF app_foo fE4IERT, RA P libfoo.so.]
P FF S RA S SUNW_1.6, HELkR L app_foo S I T B A% SUNW_1.3 £509155, B4
R R bR EAKET SUNW_1.3, fjA R SUNW_1.6. BSR4t app_foo ATHEIN
BEBANGS, MG SUNW_L3 id %% app_foo BT #4T X,

ERPETH, ShABERSETEF A CRMEMRE A L EENT SRR A
fE R, REHZE LIRS LZED M S R ERARET# LR SRR TS RE. Bihix
FEMBLE], AT LR UE AR 2 o MRRUAS AL S PE (R R 4 b S iR R P R R IR A L bz
1T WEZRKARA I EEHE TS ESINER, i app_foo 7E libfoo.so.1 KA S K
FET 3 MR PIET, RBFEM 08 MRS ALZERHE LK, W app_foo 7E
libfoo.so.l HIRA S /T 3 MRLKDTIZIT, SHEFEEMSREIRB 5T RE M I T ERKRA
B EER, MWMBLERFIETT, LB EsG— k.

X SRAL T ERAY SO-NAME PLEIRUEIZE F A S — B —FEE 110
7.

EFRNSREeN—iE. KHSE
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8.2.3 Linux PRYFSRAE

Linux &4 FIEENFSRAPEIH A ENH, FEFHLZERFSEANLE
AL Glibe BAF P AR EEAY 20 BRI S0 S R 7 BRI T 77 5 R A pL il
KB RFTS AR A R F AL EE R AR R BN I EEHEN TS T
H &l 2.6.1 # Glibc P C i Z1ETPE libe-2.6.1.50 K i, CHFSRABILIOT:

GLIBC_2.0. GLIBC_2.1. GLIBC_2.1.1. GLIBC_2.1.2. GLIBC_2.1.3. GLIBC_2.2.
GLIBC_2.2.1. GLIBC_2.2.2. GLIBC_223. GLIBC_224. GLIBC_226. GLIBC_23.
GLIBC_2.3.2. GLIBC_2.3.3. GLIBC_2.34. GLIBC_2.4. GLIBC_2.5. GLIBC_2.6

% T 4% Glibe HP ) I % 57 %4 liberypt, & H Al M35 EPEAR A2 liberypt-2.6.1.50, {H
REENBNIFSRA R GLIBC 2.0, FAEMEDFaEEE, M 2.0 RAZ FREASE
it. HAMRAIEE Glibe B PIBTTLLE FI2EUL T “GCC_” T4 f “GLIBC_PRIVATE” iX
FERO T SRS, IRBEAOAFS RACRR 2 2 SUH T GCC % ¥ 3881 GLIBC W, 'ERRESL SRR
B E: RIFAEMHXERFS, FAEHFREXSAATFN, A REsH LN At
1 M B B, B2 —A)iE, AR A .

GCC 3 Solaris fFSRAENBINNT R

GCC 7F Solaris REPIIFF S ARA MBI SR LRt TN . By R, B
T ETF SR A A He 2 5 AR A 2 Ah, GCC iE SLifFEH — MUt “.symver” B
GRS RIEER S MMRA, XMUGATES T AR GAS T4+, thallfE GCC Y
CIC++PRARES b LU NI S & I BGUE R . B Rk a .
asm{".symver add, add@VERS_1.1"};

int add(int a, int b}
{

return a + b;

}

EEERL T LR B “add” 455 0TS ARE “VERS_1.17. P MIER GCC fir A4
MR A ST AN CEE S, R, R T AN ER
WUEl, Hodn:

asm(".symver old_printf, printf@VERS_1.1");
asmi{".symver new_printf, printf@VERS_1.2");

int old_printf()
{

}

EFRNBRISF—tuE. KV5F
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E8E Linux HEEERYLAL

int new_printf()
{

}

Jofta ERPEX RS SRR ERNLBIVE? A7 B TR I B AT FHR M i,
AEDUE S T — MRS MR O ERE 3 A, WRADCH TIXAH S 0 E il % A S,
ARG X RGO RARKB W . PEARCIE B, M R A BN AR, R IR 3
SEHERENEE SOR M AEGE E AR 7S, T IFAS L0 IFAR O ThRE, BN AESE & S UG 3OAE, 4
BUE| A SR SO-NAME, EIAE R FiRAS.

Solaris 2.5 REMMF TMA T RBA—MAL, BRRFA—MLEES, SFARBAME
—AMRE S, R R R RITEMEAN A A R B, R A RREEAN R AL .
WA S foo AR VERS_1.0, EAR VERS_L.1, FRAVFXMMEEFRAFE. Linux F
I S RRAHLEILG Salaris 2.5 (OB 4%, EAFE - NEHRATSELELIRA, 4K
AP S AE M RS A p o ) 4 S SO S A SO SO, A6 4 G T LR B I AR
A5, AT E 9 HK prind 1.1 SEEs EEDY old_printf; Ti#FBTAR 1 new_printf
K printf A 1.2 XF, SEERATUBLERFES RANEFEMAS S S ki fraieE,
M LR prinef (FIFEFF 2 WREHER] old_printf, WTFH 1.2 ARMFEF & ¥HEEEF) new_printf.
B BIRE R T LUEMIZAT, 5 o5 o B8 D R0 & SOIFAS G e [ RUFE R (38 4T .

Linux ZRCDRF SARAH ST

£ Linux F, HBAVEH d 88— LEER, TTLLEH “--version-script” Z:3(;
REEA GCC, MIHTLAER] “-Xlinker” %0 “--version-script”, #H4 T4 “--version-script”
1Ry Id FEHEeAS . WgRIFIEACISN “libc”, FFSMAMAIEA “libver”:

gce -shared -fPIC lib.c -Xlinker --version-script lib.ver -o lib.so

R lib.c HEEX T —A foo MR, T mainc WA TIXAEH, WBRAER F B
5 R A B A4 1% — A Lib.so:

VERS_1.2 {
global:
foo;

local:
*:

MARAE, ZARAN libso Bl foo MFFS AR VERS_1.2. R5H main.c &iF
3 HEEE: 2 4 AT A lib.so:
gece main.c ./lib.so -o main

T4 main FEFFE TS K foo 12 VERS_1.2 #7. TEHIXA main BRIFEFH—&H

ERRNERET—iE. XVS5EF
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5K T VERS_1.2 ] foo ) lib.so REHIETT, MashHHERRSMEITHRIEIFEBH
TR, BHAE T FF S A7 B n S A R 5%

./main
./main: ./lib.so: version ‘VERS_1.2' not found (required by ./main}

8.3 HEFALEEZ

H Ak 2 B4 Linux 76 W0 FF P8R RS #RE <F - | FHS (File Hierarchy
Standard) ffsHE, XAPRHEME T D RE P EVRGOSE RGP ARG A F5 24~ H 1)
whikg. MOBFER], 3XATR T8 & TR RECZ M HANE. LR REHHE
fscft, EAIMAEBOY Kt FHS SUA TR GH. FHS Mg, —MNREH ERHPMF
TEFCEEERALE, 1R

o flib, XM E ¥ BN RGO AL R, s AR . CIEFIEITE.
WP, S R R /bin M/sbin FRIRIFATH SR BIME, £EREEIR
i

e Jjusi/lib, iXAHAF 3B L RGBT BT BRI RILEE, TELE
SETE R I RIS, XML - M AN Sl P M FE B shell BIA HLER I 3.
XA A 3 F RS T AR I AT RS B A EE . B AR SO

o fusrflocal/lib, XA HRHIKHUE — SRR RGEA B I AT KM E, TER
WO IR . WWBEIIE RS T L3 T python i FRUMFERS, WA 5EM
¥ Iy #% 5 FE AT fig £ 8k i B /usi/locallib/python . 110 ‘€ Y 0T 3R 47 3C {4 7T G #% 183
fust/local/bin & . GNU [IBRAEHEE S =77 1R N 2 BR R 1 2 Bl fusr/local/tib T

FrLLS AR, /ib Miuse/lib 2R A H . BRAK, —REREELGITFHENFE.
Ti/usr/local/lib & 4E BT M8 = BTN ERE.

8.4 HEFEHRIIE

EFW AL D, WIEHTATM Linux REEN RSB LET Glibe ). RAVEIEAEIXLE
R, s)AFEEMN ELF TTHUT SCHE B B IS & 5 3 3 A% . 1F Linux R,
A FEHESE JENibNd-linux.so.X (X RIRAT)Y , BFFT KB 20848 i oh B REH8 11
TR RIVIEAL . BRATENIE ] — AN B) AR AR DT OB A R B 42 (R A7 AT “ dynamic”
BeAiii, i DT_NEED HRMmiR R, shAMEENTHEMERT —E00: aR
DT_NEED i {47 ) 2 4 0 i 5, FR-4 shAGE B 28 S I XA i 42 £ B 4R W DT_NEED

EFRNSRIST—iE, BR5F
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HHEARTFA MR, WAZhASEESE7END. fustlib Fl f/ete/ld.so.conf Bl B AR E
M HF P A IE e, A TRFN AR e A Y, SRR A .

Id.so.conf Z— A LAREM, EAAASHAMRE i, KSR E SO ERE
HfmR. ERGVLEH, H 1d.so.conf FiE M H R E:

e /fusrflocal/lib
e  /lib/i486-linux-gnu
e  /usr/lib/id86-linux-gnu

WA FEEBAEFRBPICEEN M EZ WYX, B RAEFFERTE. Frel
Linux R4 47— M4 ldconfig FLF, XAFFMIMEHRACEEH R FHEMNLE
PEilg . RHBR ol S B MR K SO-NAME CEPAI R MFF S 8EH) . KPR LA ) SO-NAME
FEBENE 18 ) IE I S0 I HIZRAFEFIL 20K X 1 SO-NAME Wi dlste sk, 4+ f7 i %)
fetc/ld.so.cache ICHFIRME], FFE L —4> SO-NAME 4247, MahARRE e a IS g,
"B I BAF % Metc/ld.so.cache HLII 3K TMi/etc/Id.so.cache (45 #) 240 el RE IR BEHIN, ARFIE
A/, Bl SO R R T L PR AR R

b R 2 A B B8 /etc/ld.so.cache LB AR BT WAL EHE, B4 T4 23 Hiflib
Hlrusr/lib XN H, WG RS, B 5 R

FrULER e bk, W R BATIE RGER A (3L FE H T30 BBR ol BT AN 0%,
B IRATI BT feteNld so.conf FIBCHE. ABMIZIEAT ldeonfig iX M FEF. LU I # SO-NAME
Fi/etc/ld.so.cache. 1R % A 2R FEFIETE R4 T Lo L 2 e LU #8 2 W H 1dconfig.

TRNEGES, TONENXHENEBFEEEAMRTHRFTE, thin FreeBSD £
SO-NAME ZEfFX#ENarfruniid-elf.so.hints, FA1TLLBIZEE Idconfig #1 man
FHESHIXEEFE,

85 MET=S

LD_LIBRARY_PATH

Linux R T IRE i RCE s AR RS H LS PERF ) ig, I Fx sy
B, BRATET LA — ek R R R, R AR A IR AR, NS NI R, B
Ap He = P A R B R B TR PR A R R ] LD_LIBRARY_PATH HREEAE B, XA J738: 0] BAIKS IS
AR A B R R e L A AR BRI A SR P A AR,

EERNBEREN—itE. KH5E
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fE Linux &%, LD_LIBRARY_PATH 2 — ¥ T4 BEH A LR, B8
BrEHE ST, SRk T, LD_LIBRARY_PATH X% . MHBEITAEISEEET
LD_LIBRARY_PATH, A MEFTESLIN, ShhMEBadHItFEN, SHAERE
. LD_LIBRARY_PATH f&@ () H 3. XI5 a] AR /7 {4 M ik AT T3 8 i S 3 P el A
FAEbRHERISE . HL A 1A B A B SO ) libe.so.6, BT LURFX MBI libe B3 AT
) Hl &/homefuser 11, #RJ5# 5 LD_LIBRARY_PATH:
4 LD_LIBRARY_PATH=/home/user /bin/ls

Linux |75 —# kel BASCI 5 LD_LIBRARY_PATH XU Thee, IR HiEsT
AR RX A, .
$/1ib/ld-linux.so0.2 -library-path /home/user /bin/ls

BE LA SIERATT —AERSUR. £ 7 LD_LIBRARY_PATH 25, fkR4a) A8 Ak
SR . ShABER: B8 2L BT MU F HOR B R E R IL 2R (H B30 ):

o I E LD_LIBRARY_PATH 15 ¥ %.

o HERREELE X Mh/ete/ld.so.cache 52 M1

o  IRINLEPEH S, Stlusdlib, BAR/ib.

LD_LIBRARY_PATH - J: 52 (R FF A ANBNA A B+ 40 A7 (8, {HR S AN el H
R, WA 7E IR AR BT % S LD_LIBRARY_PATH iR # L S el
Ha%. B {E% LD_LIBRARY_PATH 3f H¥GH Sth 2 )REH, K elfes & A R
IEAT B ], LD_LIBRARY_PATH 23 % GCC S it it A M2, RSN
H MY TN GCC 1] “-L” 8%

F—EXE “Why LD_LIBRARY_PATH is bad" &iTidig At 4 FEME K RIZHE
TE. http:/fxahlee.org/UnixResource_dir/ fidpath.html

LD_PRELOAD

EG A AMEE A IREEA R i LD_PRELOAD, XA~ 3C#F B AiTnr LUE & Mse e dk
[ — e B B ER R E bR SC 4 . /E LD_PRELOAD BN & (1) A & 768 AR S A 52
NS E I Y fidE#, S LD_LIBRARY_PATH BB E I B F b L ek 2k
. BRBEFESEMBTF TN, LD_PRELOAD Hifs & s ED i oo wiEdk.

i T RS o NXAHUHIEAAZE, LD_PRELOAD B & M3 Ak B #5342
SRS 6 B S TN K R 44 RS, X AR BT AT LR B MBI S ArME C FERIR
A B LA R BT A AR R, T RF RS IRERF M. 5 LD_LIBRARY_

EFRNSHEeT S, RA5E
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PATH —#£, iF#ETE F M iZ)2 &% i LD_PRELOAD, in -i~& 76k A KEFIET
AR Ff T LD_PRELOAD.

RGide B H— S R/etc/ld.so.preload, E#{EAS LD_PRELOAD —#%, iX
THHEPHCRAEETEN BEXSHABER LD_PRELOAD EmIEEN—H, hs
e T I3 1

LD_DEBUG

Behd#H A EEARNIREE S LD_DEBUG, X3 n] LT IFah A 558 5 001
e, MR EENE RN, AR S S ABITATE M % ME ISR, TR
BRI FER R KA FED. 19T LU LD_DEBUG # & Wk “files”, 3 Hizir—4
T B Z A BEHEY) HelloWorld::

SLD_DEBUG=files ./HelloWorld.out
12118:
12118: file=libc.so.6 [0]; needed by ./HelloWorld.out [0]
12118: file=libc.so.6 [0]; generating link map
12118: dynamic: 0xb7f16d9c base: 0xb7d4dd1000 size: 0x00149610
12118: entry: Oxb7de71b0 phdr: 0xb7dd1034 phnum: 10
12118
12118:
12118: calling init: /lib/tls/i686/cmov/libc.so.6
12118:
12118:
12118: initialize program: ./HelloWorld.out
12118:
12118:
12118: transferring control: ./HelloWorld.out
12118:

Hello world
12118:
12118: calling fini: ./HelloWorld.out [0]
12118:
12118:
12118: calling fini: /lib/tls/i686/cmov/libc.so.6 [0]
12118:

NAERERBATENH T RN BL e, BoRFe i HoBt T 3L 7 I B A D B
ARG, SRR RN % . LD_DEBUG if o] LA B A, than.
e  “bindings” BRBhAHENF THELRE.
e “libs” ERICEER A PRI R
e “versions” GARTFSHINAMGEIR R,
e  “reloc” BAREENMILR.

EERNSRIR—iE. Ki5E
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e “symbols” B/RTT SRR,

o “statistics” /R B AHER LR b HFR SRR
e “all” GBURLLEFIGER.

o “help” o LM & n] ZE A A BHE B

8.6.1 HEFHVOIE

G A PR AR R R, IRANAE AT Q2 s T Wl B2 — A “so” ERIEL. AL
SRR FRER R M R R A B, BOCEMRE A GOC M S %, B
“_shared” F1 “-fPIC”. “-shared” & RHyH &5 LI AT “-PIC” For i At
Jeftith (Position Independent Code) FEA K /=4t 0. JSMLAT —SHk “-W17 &
B, XS EOT LR E S EUL e R, L M 3RATE A “-W1. -soname . my_soname”
i, GCC 2 “-soname my_soname” 14if#5 HEHEAS, FHOKIR @t JL = FE K SO-NAME.
BT CASRATTOT LA Fi 400 R e AT A B — A

$gcc -shared -Wl,-soname,my soname —-o library name source_files
library_ files

#  WRRNFEM-soname RIEEHZHEH SO-NAME, BAZHFERURLSE
% SO-NAME, EM#EM Idconfig E# SO-NAME gofketiasd, MEZ#ZERZHEIR,

bt 347147 libfool.c #0 libfoo2.c FENEALHD LA, & #r=4—4 libfoo.so.1.0.0 LS
B, XA IEELEEAKHELT libbarl.so 1 libbar2.so X PN ILEA, BATRILAME FH W F dg$A1T7:

$gce -shared -fPIC -Wl, -soname,libfoo.so0.1 -o libfoo.80.1.0.0 \
libfoocl.c libfoo2.c \
-lbarl -lbar2

IR TT LTSRS 5 BRI TF s ) % kT

$gcc -¢ -g -Wall -o libfool.o libfool.c

$gcc -c¢ -g -Wall -o libfoo2.o libfool2.c

$1d -ghared -soname libfoo.so.l -o libfoo.s50.1.0.0 \
libfool.o libfoo2.0 -lbarl -lbar2

JUAH ARSI S0

o NI H L PR S REIRGE B LM, AEM A GCC M -fomit-frame-pointer”
BT, X RARTNS SEULEEEILIETT, HRSBWIRLER, B TAe
WAARE BT X T “-fomit-frame-pointer” 15 S MG HE “ R BOHFIMHERE” X5,

EEANSREn s, RR5F
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246 E8&E Linux ILEEEMLEN

o (EFFRAEH, URATRETRHIIE S, MR AR S BT R I BT .
FATATHSEEIF) LD_LIBRARY _PATH J&—MREFIITTE, HEnl LR @ S i A 4%
BEAR . AT — P AT I BERERR Y “rpath” TR (4% & GCC (f)-Wl.-rpath), XFh i
FE AT LARR G B R 0 B AR L R A R B . IR I F AT e — A
A AT S

$1d -rpath /home/mylib -o program.out program.o -lsomelib
ICFF PR AT SO program.out Ak EIABERE AR IN, BIARER AN

“/home/mylib” Xkt EHE,

o BUATEOL N, BEHESRAESTAETTIAT SCAERT. B Lk AR skt i E A L R s | F B
T STRBIBhATF TR, IXFEAT LRI S SR AN, MRS, EIsithd
BTy G| F EREB TS, B SRR i L S S RIS A S S 0.
17—, SFEFEH dlopen(sh B MR FEA L TR B, friZ 3t SR H & 731
R A5, A7 AT B 3R S 4 RO 78 B B B A L SRS | AT T
BAHEBPhEF S REN, FE TR HEAR. d gEE#RET -4
“-export-dynamic” B ¥, EANSEEREILBIEEF THAT MR, BT ERT
TedBasEFY R, DBILBN RS . BNt lE Goe PEH
“.Wl,-export-dynamic” ¥ji% 2 B ikihes akiE s,

8.6.2 BRIASER

IEFAG B0 TG0 HH R (A 3 8 P al ] A7 SO0 B2 1 75 5 RS B X5 BLfE
W AE R A A, (HE TRAR MR A KR, XL S5 QIR I HE 04
RPN BATTAT MG — I “strip” [ T R BR 445 52 R R AT SCH K T 755 F01
A5 B (“strip” J2& binutils f—&4):
$strip libfoo.so

ZEEMF S A B LG FSC b2 AT E R 2, —BEA KA —FE KA, B2
B =, BRTAEH “srip” TH, RADLTTLMER 1d 1) “-5” *ﬂ -S” B¥, FHEER
A it SR AR AR S fE B “es” A “-ST MK AR “-S” HBRIIREBER,
“s7 MERATA R SE . AR alLITE gee il “-wl,-s” M “-WL,-S” £y 1d fRIXE
EH.

8.6.3 HZEFENZIE

G EEIL S LLJS BATACK & R RE W, LUE T XA FUFH8 o] AL . B 7
R R L H R AR I R EE H 3, Wb, fust/lib %, SR FEIE1T Idconfig B W] .

EFRNESRER—itE. BR5F
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8.6 FREEMNCIRNZE 247

AL ER AT E ARG root BUR, WUREAT, WELEIEAb, fust/lib 25 H 3685
A, EikI& T Ideonfig FFF . HIRTATIAT HAl I 2o e, FUAE 0 RS SR
46, AR ESTANRIK SO-NAME #CWEHE, I35 Urths P28 FURL T In el Ay 4RAZ LS5, LU
3 TG 1% 28 AL F AR RESS IE W 1847 . #2537 SO-NAME (70l £ {8 A Idconfig, H A T2
i I E BT AT H R
$ldconfig -n shared_library directory

EGIF A, R E TR E, GCC AT ASE “L” f1 “a7, 2%
M TR S AR 3 H AL PR B A . AR T LUAE RT3 200 f “-rpath” &%,
RIUAS Rz AT S B B3, FAT X AR AR T, S TR AE A AR B R e s 0t
Mfir B, HATELZH GCC 1 TM . dT i #5 ) LD_LIBRARY_PATH (¥ 77 iz th o] AH
At HA I

8.6.4 HEFEMEFIATHIRE

TR A VR A S L T R AR RO 30 1T — Lo da b T4, LeindT IR Sofh . MR
S, A9 IR B R RGE T RES 1 T E. GCC Rt T — Rt SR, HE
{ERR B AR b “__auribute_ ((constructor))” [FIIEME, BIE i R BOAJL 2 MR R 3L
JHAT R S 1) 6 e 25 A0 L IR AT, BRAE R0 main BB ATHVT . I ERBRAN
{f H] dlopenOFT 3L R B, 5 PER) it o 302 41 dlopen() iR [9].2 Fif g 44 4T

5 3 vE R i e BOAE X R (V) R BT M R B, 3R AT 0T LA fE A FE R B S O e i

“__attribute__((destructor))” (K@M, 1XFh ek B2 45 main() i BOAIT 58 B2 G AT (BLE B

PR exitOB AT, WHILEE R EITRNER, BAFEIMER diclose() K E 4 3L
W, M F R B 2 L dicloseQiR [Fl2 RTHAAT . 75 BRI R0 4T b4 ol B0 8 Ui F

volid _ attribute_
void __attribute__

{constructor}) init_functioni{veid);
{destructor)} f£ini_ function (void);

{
{
Lek . XFP_ attribute_ BEEE GCC X C 0 C++iBS WP B, HHMEH TSR LiX

iEEHFEH,

{EAFERE R, QR E T R fy a6 8, A0 4 0 A B a0 PRz
ITHERUE 830, BPART LS GCC M) “-nostartfiles” B “-nostdlib” X PS8 2R
ey 3 R0 HT S BR B TE R AUBR A IR HEIE 17 S B oc i B i HE T R, R X s B
g5k, ST REASREIE ST . WA ES X T REEEM J3 30 30AF 559 8 Ve /i 494
F AL

EERNERIBF—itE, RUS5KE
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E8E Linux RERERVAR

TSR A RER, WRBATH A REL W ABIAER T, 03T R
BN W RBATVE G AT R BRI IR - MMUF BT, GCC A 3RATHR 4
T BEMEARE S, BTN LLAR & 5 A WG ol A 44 ok Bt 0 56 42 -

void _ attribute_ {{constructor(5))) init_functionl (void};
vold __attribute__{(constructor(10))} init_functionZ(void):

X T ¥ R HOK B, g 1 b O S T N ) o 0K 2 A AR e B K I bR B RTIEAT i
Tt R EOKBE, TIRIGF R - KR A R TS s BRI AT B R SRERE UL ARG, Eb b —
R R ORI # R 43 S50 R R T RO RR B AN BRI, B4 & Wl AT — FE IR 25 4% . iX
FERA 25 SAT R S0 TP I IO BRI R, 2 VSR JBC I — R

8.6.5 HZFEEHIA

B AT i A R 2 0 I R AR Sh A RERE Y ELF LR R 0 (so), g b, MR
ATLUR S - -2 5 U RE B A SO o I S b B A SO, JRATT T LA JLANERAY 0 PR Tl
e AL GEkK, WHPRARERZE —MRNICEE. maRATTLe C iB1TH
I BN & B— > FT Y EE libfoo.so, 4 libfoo.so M2l LAG R
GROURP{ /lib/libc.so.6 /lib/libm.so.2)

AR A 455 LD MSHERA, X B A Y LD A4 MR LGS FoRIFE
25, ETIR PR AL HRR— Ao B AN S —E M R R LUR TR —
AN SO o JRAT) AL AT LA I R L A (B A R A, ORI R R R B e
B, AR IE TR e .

8.7 XREJENG

¥ R AR R FRE, LR 3L PR 2 B A SR TG AR [ A e
BHRARE A . W G XL, LT A R A Z R S PR R
RIBERPER — D EEN M, AT, RO T Linux/ELF JEZ P RR Ay 4 550, JLE
PEFFSZRRAHLE] . JEEE R . AL, AR . JTE QI S L X e 5 g 4
SRR A

EFRNBERESHF—iE. B85F
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Windows NBYEDASEEIE

9.1 DLL f§n

92 FSHLSAR
9.3 DLL 1tk

9.4 C++5rhistkE
9.5 DLLHELL

9.6 ATJ/NG

EFRNeRgn—uE. RRS5F
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E9F Windows THIEhAEEE

Windows ] PE (IZ0E8#E 5 Linux T ELF ZhASEM T, FIRERuMM A, 8
WHRE AT . BOEMHCLN UL T PE MEALK, X =811 FEL%H PE
t5 Windows M EBEREKEIF, M4 PE TS SA S HHH. Eeff DLL Mg 5%
0K DLL (Mt feS— & 3 o)

DLL &7

DLL HIgh75#44EE (Dynamic-Link Library) HI455, ‘£4H24 T Linux FRIIETS.,
Window R H KR FRA] TiXR DLL HL&], HE a5 Windows (P9 M4 H R A FRREHK
#T DLL #l#l. Windows Fi DLL X#HH EXE XFSEfr B —MEE, E1#EH PE
Wi RIS, RIS R[] PE USRI AR SR O EXE 52

DLL, ifi DLL A A —E R dl, AR In.ocx (OCX #4) 82.CPL
(FEHI AR 7).

DLL fy#it H i 53t S5 5% A, DLL FnssiRsitdk, BN Eifid DLL #1
BRI R B W, (B R PP R (A e A B & MR . BTLARAIIE
Windows ¥ &5 L& B A KRB AF AR L T DLL BB AT AR GC %, ERE i #iX
R giAh T AR —EER UGB MRS ENE (Service Packs). L fi1# WA
¥ Office %1, Visual Studio &%, Internet Explorer # % Windows 2% & il 1L X f5 A 7+
%

4k, BAVNIE ELF fsh AR v LASLILZ TR ndl, (9948 & Fhoh AR AR B i LG ()
FBfEfE. 7 Windows F, ¥ 35{l ELF (24T ik, 3fhRoR7E Windows T #15% H #
EhE, I:I:tz]:%% ) ActiveX i Rt A& T X FiE T AL S LM .

9.1.1 #HEMIEEHNAGESE

£ EHAKR 2 &, Windows ( Eo0 Windows 1.x.2.x. 3.x ), tisE8 16-bit # Windows
Z5d, AN ARFRLE Mot T, HFERAEE B O IR siibht 5iE( =
FEPNEHE, XEEREMNBITHDETEHRESDHE ). WRFED DLL #nEs)
A HihtESEIY, AR NBEST A EXD DLL FAEEHE,. % DLL diy
HEhEHEFN, FFRMEFMERDHR RS, BR2ETXHEHEORE 8T
WER, &TEEFzEBEENHCORES S DLL PEIBERR.

JE K ff) Windows S0t TiXANBEE, HUBERFTIEIK 32 SLRRCAH Windows FFiR SCHRFERE
PHBSLE AR, —4 DLL fEA R DA ARG AR, BRI

EFRRNSRER—#E. KU5F
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9.1 DLL &1t 251

B ELF SR % - fE. 7 ELF 4, @ TUMBUEMAETERM, Arilewblsem s
W2 MSCE— M, (B2 DLL RN IF A bk JoR i, PrElE LRSS R T
T A AR ) 3 5 IRATIAS 78 /5 AR £ DLL AR B ik A1 K () 1

9.1.2 EJirA] RVA

PE 9 A F-MR R H S 5 2 b bl (Base Address) #1833 itk (RVA, Relative
Virtual Address). 24—~ PE JCPRRe 8, Houbfe bt =7 (o] rp AOC S5 il 30 R R fa bt . 3t
FAFAT—A PE O, EHEH — MU N Ak, X MER R PE X3k H 1) Image

Base.

o F—4~ a[ 4T EXE 3CIFK 5%, Image Base — A% {H & 0x400000, 31T DLL 3CfFkik,
XM — AL 0x10000000. Windows fE3EX DLL B, £4EZfEEHEEIH Inage Base
HooE A kL ; #i%Hhk DB O AR L B PE SRES S AT W k. M
A Ho ik 30— AR TRk R, Eofn—> PE 43348 8 0x10000000, BEk
Mkl & 0x10000000, 34 RVA A 0x1000 [tk 4 0x10001000.

9.1.3 DLL HEHIBES

7€ Win32 F, WiRESIRBFR LA, JRARE I, Windows REWRME T — R API
o] DL SEBEE LR IR A . ol — RO R ] DLL SRSEBUBER RS, XA S 16 4L
Windows #/ff] DLL SCELSEREMESE 40 k. EHHHR T, 8 DLL MEEBHES MR
FRER LA, BENBEREIAT 1 CIEA. (1) Windows FUFKF DLL (%00 B il B it =
(), BT HEREHERT LA % DLL MR — 8RB, YRR TR IRECBR WMk
T B R L EAE B  R, TR A — N EARBE SRR A B B R IR
AJEEN. ki A DLL PAMAEERR, — M EEREIE, 55—

SR AR ) L B A A T — e B R R, RO EE N R AT LAY XA
SRR B, A KR T o B B R & T BT A s B AR H B )
L MR T LU GUEST HOBUR T g A7 5B RS RR ZL A i, M e ma i
6 2 G B GUBLRR (R A P G IR) — A DLL (kR . B AIE AN AT BEVE, 3XH DLL 3L Kl
Bk s B A 1 T 5 PN 3R T

9.1.4 DLLBIH&ERF

FAGESF e LR THEMEN DLL WABENEH, BEANEBESESY
(Export) HIfk&. (€ ELF 1, StEFENIAE 4R EAAE RSN &L T &6 AT LIt

EFRNSRIST iR, XNS5E
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fERSEA, ek 2% ELF NS HITE MR/ S . EE7E DLL P RE AR, A1
w2 B CEHF MERRNTESHENMS, FUNREIBBNFEFEHRGH. 4
BANFEFP{EM DLL SFHAFF 9, XA REEFIFN Umport).

Microsoft Visual C++(MSVO)4iF R T —FF] C/CHMT RRFEEHFEMEANS
tHy X T —8508F Windows “F & )% iF 85 LL 0 Intel C++. GCC Window i# (mingw GCC,
cygwin GCC) FHESCRFIXA 2. BATRTLUET “__declspec” J& 1 X8 A5 5 54 5 3
MELRE, HIWAMEA “__declspec(dllexport)” B # TR ZF S RMNA DLL SHREE,
“__declspec(dllimport)” R ZFFSEMHIF DLL S AKFS. £ Cr+, WEERFHES
ABREGHNFSFHE C BFMNFSEWHNTE, BaLBMAERXMFSHEXZHmE
external “C”, LABFIE C++4RiF 83T/ 5151,

Bf T 1M “__declspec” "R FIREFAFHFE 25, BATHRATLUEA “ def” 3L
HRFERHIARHETS . “def” FRANVTHLELLIT d BRSMEEMA 8, "L
E link SRR SO, TR d s FR . “ def” UM ) IMPORT % # EXPORTS
B ELRRARSAFHA S, BPHEA CICHER, MEMBEFTHEN.

9.1.5 BIEDLL

AT — DLL 184 3 MCFaH A m%, 9302 (Add). % (Sub). 3 (Mul),
EREAIT T (Mathe):

__declspec(dllexport) double aAdd({ double a, double b )

{
return a + b;

}

__declspec{dllexport) double Sub{ double a, double b }
{

return a - b;

}

__declaspeci{dllexport) double Mul({ deouble a, double b )
{

return a * b;

}

CPRIRMET A, SEREAPA IR ENERFREAENAHEER (FARSREM AR
FRZEE? AEER, BONEEREIETH. RERIIMER MSVC f48i1%88 o #HTHF:
el /LDA Math.c

: TR B U B S G Oy

BEJ1LDd FoRE ™ Debug ket DLL, TAMEATSENFRE ™ EXE THITXH; B

{1ET U F/LD k4R i% 4 Al Release RREY DLL

EERONSREN—E, KR5F
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8.1 DLL &t 253

LHEIFREERER T “Math.dll”, “Math.obj”, “Math.exp” M “Math.lib” X 4 /X
. fR 8 2 “Math.dll " gk 2 A E K DLL 3CHF, “Math.obj” 2 4% i B #73C4F, “Math.exp”
Al “Math.lib” #7EFEAEMNA . BATTLAER dumpbin TAFFI DLL B9 S

dumpbin /EXPORTS Math.dll

ordinal hint RVA name

1 0 00001000 Add
2 1 00001020 Mul
3 2 00001010 Sub

RYISE, FAIATCAF R DLL 47 3 N7 1 ek 2 O A e IR R ik

9.1.6 f{FA DLL

PP A DLL fitf2 50251 DLL P S BB 50, SAd®E. 3T
MEAR DLL SARFS ., BATFEMHH “_ declspec(dilimport)” b E AT S 42
AFFS. X5 ELF FERA—FE, 78 ELF W, H301MEH — N b Eptish i 745 5 gt s,
BATAF BRI 0 %5 R M AL R BAM.

Al 13E — 1 Math.dll (K15

/* TestMath.c */
#include <stdio.hs>

__declspecidllimport) double Sub{double a, doubkle b};

int main(int argc, char **argv)

{
double result = Sub(3.0, 2.0);
printf ("Result = %f\n", result}:
return 0;

g iFn, BRATEL TP HL1T:

cl /c TestMath.c
link TestMath.obj Math.lib

BT FRFERHE TestMath.c ZRi¥/} TestMath.obj, #AKE1E AR TestMath.obj
1 Math_lib 8 4E7T —i f= 4 —- AT 5T L TestMath.exe. BEAEFEWE 9-1 FiR.

e R BE R, AR S DLL —#&/ =4 M “Math.lib” 5 “TestMath.o” S %,
TR L T HAT IO . ZESPABENRHE, BAIAHIE “lib” TR —E B LM
&, AEIEHEERX - ANREERE, HE “Mathlib” B BRc R AR

EFRNSRIBF—iEE. BH5E
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254 F9ET Windows THIEDASEEE

“Mathlib” P HAEIEAE “Math.c” NCRERIZHE, ©HARHE “Mathdll” HSFHETS,
BEAET TestMath.o 83 Math.dll R rFER AT S LA — &85 “ 07 SR, ke«
K7 LS, LUE TR S DLL BS7E 2 . 1% Math.lib " iXRER SO SRR -2 A B (Import

Library ), FeAT7E/G H /485 N 5 2R (R 5340 22 R4l 23 67

Ibsﬂhﬂhc

*'fﬂ

h
=
R -

TestMath.exe

9-1 MSVC BEEREE

9.1.7 {BREBERENH

758 DLL H)EANRECHSERBADEAEFMN, —Mel2armR N R /R
“__declspec(dllexport)” ¥ ; # o —Fh gk KB w L (def) XAFF . %R L def
SCAETE MSVC SRR i 15 I S eE A SCF (Link Script) SCPEFE 1d BEBL 8 b 45
MR, SR TERSELE, ARSI XEREFN U S, B
Bo AiHLT d WsEEEA S, def CHRIBRERIBAME, T HIVREBE D,

R IR AT 1A AT TR 9] 7 1 Math.c ST E R “__declspec(dllexport)” 2384, #RIG0I#—4
Math.def 304, L FHERNHNE:

LIBRARY Math
EXPORTE

add

Sub

Mul

Div

SR8 F T A iy 24T A4 1% Math.c:

cl Math.c /LD /DEF Math.def

PSR RS (CEHEMIM R link BERERS) MMM Math.def SCHF AP (K 4R 7 2E B 2% 4

EERNSREN—iE. ®H5E
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9.1 DLL f&fr 255

Hr k. IRl der CfFSEHE A DLL Sc#00 5 BT A LT 4b0e ?

B, BRNATIEHSEA SIS L. BEBER, %5F8SHRERF B E S IT
i, tLin C++ P BLENA S Snl 4 iR BN EmLlUG, MBS E2F, X—ARINEE
BT LS T . BT CH+EFLSL, C BN SRA RSN, thin MSVC
S JLFH R BRI TE ¢ cdecl”s “__stdeall”, “_ fastcall” (RIIEXHHMP 4 Tl e
VESI AT 48 % T B BRI RE Z A K 50D, BRIATER T MSVC I8 C 55 HIBAE I 1F “ _cdecl”
A, S S F N % R B AN AT AT AR S A . (ER — EL R AT HH At F) o 2808 v
B, MSVC %R0 & 5 Zit4re, thafEH “_stdcall” HATINEI B Add &
WAEWE “_Add@16”, ATMLL “_” JFk, AL “@n” &R, n R/ ek N 2505
o7 HE R 2% 6] A /N oAl A def SO T LUK S i B E#T i & hin 2 Add sR BRI __stdcall”
W, AT AT A 30 F ). def SCfF:

LIBRARY Math
EXPORTS
Add=_Addele
Sub

Mul

Div

R ATV A XA def SCAFK A4 Math.dll B, AT LLE 3l

el /LD /DEF Math.def Math.c
dumpbin /EXPORTS Math.dll

ordinal hint RVA name

00001000 Add
00001030 Div
00001020 Mul
00001010 Sub
00001000 _Addels

[T RS
N =)

Add fEN—L_Add@16 %01 S R BB E T Math.dll (95 R EFIRTP, KER
FAFHKLT “BI4 7. 2—4 DLL BB E SH S MR A e, RAXMGESH -
AR A, HAm B Visual Basic AR “__stdeall” FIEREBGAFMTE, LBr
b % stdeall” EHIMITE R KL B Windows T 4 FRih 5 P RELEA A ML, BALE

s ety 7 @8 DLL BEFHKA_“__sidcall” (RIER BRI IG. 11 MSVC IR

M “__cdecl” WMHME, BUWERSMHAGF BN, LB sAMET 4 AER,
FRFH.def XM FHFSHTEMLRE —MEFMHFTE. RNSEFEF Windows 1
API #%F “WINAPI” iXF 78, T “WINAPT” SChr b — M 3O “__stdeall”
B1%. MELL DLL B384t Windows i) API, M4 DLL (3 H R LUK
“  sidcall” MR, ELRMIATLAFR, Windows ] API FAKERF_Add@16 X

EERNSRISN—E. RRSE
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256 E9FE Windows TRIRISHEE

MG BT, TREHERHETEMHFHERKEGSHTE.

5 1d KRBT HIACKEL, F . def SCREM T Fh—M R 3RS AT LA ) — ek B ot
e FERMPARORCRD, BT TG T A K “LIBRARY”, “EXPORTS” SX@ %Ll
2, AT LUR I def 32 HF— 253 T “HEAPSIZE”, “NAME”, “SECTIONS”. “STACKSIZE”.
“VERSION” S5 87, T iX 2507 ] LU S tH o BRI Kb S S iE 44 .
HANBRBE. BRUMEHE KD, BAS%. AE&iSSH MSDN 5T def SCEMNH,
TR ERRITT «

9.1.8 DLL ENE{ToEEeEE
5 ELF 2610\, DLL th X FiEfTat6sE, BZ4TAT Nk, Windows 34t T 3 4 API 3:

e LoadLibrary (E{# LoadLibraryEx), 1X™E%HI K38 — DLL 2382 1y k%] ,
ERZhEEER dlopen K4t

e  GetProcAddress, HRERIEAFSHHAE, 5 disym 240,

® FreeLibrary, HREIEEACIn& sk, 5 diclose %4l.

RAVKFEF Windows T it B2US1T I EBHI T

#include <windows.h>
#include <stdio.h>

typedef double (*Func) {(double, double);

int main{int arge, char **argv)
{

Func function;

double result;

// Load DLL

HINSTANCE hinstLib = LoadLibrary("Math.dll");
printf ("ERROR: unable to load DLLA\n");
return 1;

}

// Get function address
function = (Func)GetProcAddress(hinstLib, "add");
if {function == NULL) {
printf {"ERROR: unable to find DLL functionin");:
FreeLibrary{hinstLib) ;
return 1;

}

// Call function.
result = function(l1.0, 2.0);

EFERNEREN—HE. RH5F
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9.2 FERHEBAR 257

// Unload DLL file
FreeLibrary (hinstLib);

// Display result
printf ("Result = %f\n", result);

return 0;

9.2 FSTLIAR

921 &HF

M—A~ PE FEN 05k Ml BR300 PE SCPEE IR, BRATHEX R AT 4 U
E5H (Symbol Exporting), sS4 & — DLL ¥ 55 S 4 EXE JCfHEH .
ZERTTH 4 ELF haEn, #1108l 775 SHmMEES, ELF 3 HINTT SR
& “.dynsym” B, {(REhAREE A RAME . 7 Windows PE H1, 15 S HKBESHRE
KA, BTt SRS SRR IR T R ERER (Export Table) M4ifyt. #5L Ee
A MBI LE ) Lok E, SR T RS 2SR S ke R, B AT LAE A
FAE A RAR R A L. FEA RS A RS N ASCH FRFEB,. RAVAEFS AT RE
AN R AR F A RAAA, AT, FAEFSEBHEXAHLEFT.

i RBHHE, EiTLE PENSASHE, ZELRBEAOFSRELE &, BAPEAELKX
B BHrNRASASHE&EYK, HRUSASHER, FUEENUTREFSHSHERZR
SR 2 B3 i ST LB B BHR E o

WA HE A, PE kb — U4 DataDirectory (IS5 #¥4, XN BEAS
16 McE, BATEPELRE ML — M. HbE A EREFERMEH
b F K pE . SiFE £ — 1 IMAGE_EXPORT_DIRECTORY HI4# &, v #E XL
“Winnth”

typedef struct _IMAGE_EXPORT_DIRECTORY {

DWORD Characteristics;

DWORD TimeDateZtamp;

WORD MajorVersion;

WORD MinorVersion;

DWORD Name ;

DWORD Base;

DWORD NumberQfFunctions;

DWORD NumberOfNames ;

DWORD AddressOfFunctions; // RvA from base of image

DWORD AddressOfNames; // BRWA from base of image

DWORD AddressOfNameOrdinals; // RVA from base of image
} IMAGE_EXPORT_DIRECTORY

EFRRANSREF—HE. RUS5F
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258 FoF Windows FEIRITEEE

S, BEK 3 MRAISRIR 3 M, X3 TR FHRNETENLE
), EfRSHit#* (EAT, Export Address Table). #7S£% (Name Table) HIZZEFE
¥ Ri$% (Name-Ordinal Table). XT “Math.dll” ki, X4-FHEMLEHEIE SN 92 iR,

Characteristics

" Name »  “Math.di”

NumberOfFunctions= 3

NumberOMames =3 .+ 1000 | 1020 | 1010
AddressOfFunctions

v |

AddressOfNames
AddressOfNameOrdinals | » 1 | 2 | 3
Export Table of Math.dll

9-2  Math.dil ST

X3 AR, AT AT R . BT bR EAT, EERAEENS
R RVA, EEEEE— 52 0x1000, &£ Add R RVA: B N ERRELE, =R
RS HEENE T, XA RSP, BTH W RS RIKK ASCI FHFN, LMETFIE
RSB ERR L T ] LUERE IR (TR k), A mB AR EAT 2 0H
HHHaXBER? AR ——XWIE? & e 7P el 2 X £/, thin Add XA 0x1000,
Mul *$/% 0x1020, Sub Xfi¥ 0x1010, XFEFEKME R, HEk LIHEMEL, BARER—
AMFF SRS HEXBE IR BB EFEHERTERET, FH—EH
B T R ECE AR B ARG TS ? A AEHFS? fHARFES?

S (Ordinals )

XL MR B LURTBEEE, B HIM0 Windows £ 16 7Y, 24FET 16 ff Windows 5 R
FIHERLA TERLE, T S0 g0 B4 &t R, WE—BEE LD MB. (i B3 &R T4
9 Windows 35, HEZBEFEM. thin—4 userdll 7 600 LS HEE, WRi0xLL
BRI B2 R A HAENER IS, H2WEEILT KB 7 E. BT userdl Z 4, BfF
4 AL DLL, 3 FHFEZEE L KB i BERRE, ZEATLIEZN. T2 230 DLL
MEHFHMEEFXEAFS (Ordinals). HELFSHBESENSE, TR HEHNEFS
R B HE BAT T b bk F 47 L — Base {H( 185 £ IMAGE_EXPORT_DIRECTORY
) Base, BRI FEMMR . B EEfFHIFh, Mul 7 RVA 2 0x1020, ‘E7E EAT

ESRNEREN—itE. BH5E
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FEFERE 1, InE—4 Base {5 1, Mul K1 SHFYS 5 2. MR — itk A §A T Math.dll
1t Add, BATESFARTHARIE “Add” X REL, REAH Add BEMFES, B
1. A3 ERESRHTHEN, € R THEREER A R ARV RENFS 1, H2E Math.dll
ff) Base i, #F| F450, /5500714 Math.dll (9 EAT #3221 Add & # ¥ RVA.

EAFS SNSRI B, BRRE ST REEERRE, ARARUATE
RAFEENATD T AR S SA G UL A7 R XS, —P R8BS
et BN —UWEHH, Mathdl RN T —NREREMERT R, BB
SEBR O S  RE R R kR AR A, Ml B A N ST B . —FhRR R
i, HEFLRFTIHREENSFHEETFS, KOBAIHEE Add ®FHFSH 1, Mul
A2, Sub 2 3, BUsARBENFEE—D S HALRBE AR R HE—FF5, DORMER—1 K
B, WA RFF B R BN 5 A% XA F L3R ok 80T 75 77 50T U B8 1. def
SCHFSERR, BANTE S % T DLL AL A R i bR 2 B VER N 41

HIFE 03 T T 430 R )55 10 7 TA AL SEBn AR R BUA BRI, & T W B M4 — A2
M) A B 2 ) 2 R R PSR CHIRS T-IRAE MR R ), SETEM A2 K. TRILFEM DLL
HAHMARHFSHENRARHKAFE, MEAEMERTS 4. BHAFRMESERE T,
SRR R GRARTE I DLL PR 3 — A S ARBRF S 1 dliH 4 Add W4
ERSEME? ), T HEATEBIN T THEY, 7L 7RSS LE.

BARELFEN DLL S ARAMEMHT S, BELRE LFSH S A088a
W A TRFRGREEN, B RHAMRERE, Mk, fSatEyFHTREn
M. — DLL 1 #dE—A R HEH — M NE—RFSE, TS HRBaAHEE
B, BEER - SHERAEN S E UFSHEEEEAN, BARME EAT T
Fiin b Base SiRFS), MHEAWNLRE RS,

THRTIF SIS, BAIXIRET BCREAA =8, bR Nk Hth ik 2 M5 R
FEEFEMIVE? 555 % FR EAT 03 2 [A) B 5% 7 SO RERy ?

R R BB R VAR AR, MATF SR, MR SRMEER KL
BOHMICE, A TTFRER AT B B B 2R P I R B Boe R P 5, e Add S
iR 1, Mul FFSHEE2%. L et —TRBE5FSHMNXAR.

WamFAREAEASATHAR, SEFER U ERASIN RVA 1B? BBHR A
XN T Mathdll () Add B3, B4 A HEARPTREFT “Add” ZNERE. 2T
SRR, FAEERE Math.dll R ECEEPEIT oK, KF “Add” BEL R)E
EZ TIPSR N R P IRE] “Add” FIRRMF S, B 1, 2 Math.dll ff) Base f 1. 458K
0, SRJ5{E EAT 4R T4 0 YL, BP “Add” B RVA 24 0x1000.

EEANSREss—iE. KN5F
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EIE Windows FRIGDZSEHE

M EHR Math.dll kE, 3 MROVEWEIERE RN, TEBEHHES, MR ——MRM,
H5CFR EiX 3 MRITAEH A RERA A RRAN: B RATZE Math.dll 17550 T — 4 i Fony
fl Div, ‘£ RVA b 0x1030, 3 H¥EMFBEIEEN 5. & THRERRN LA SHEY
FIFSEAE, BITFTREREKNG 3 MFHERYFSHES N Add=1, Mul=2, Sub=
3. M4 Mathdll 7 3 MR A AR WA 9-3 Fixs.

Characteristics

Name " »  “Mathdil”

Base =1

NumberOfFunctions= 5

NumberOfNames =4 = " '1000 | 1020 | 1010 | 0 | 1030
AddressOfFunctions RSN
— g DRSS SN SNSRI, JUNENE. S
AddressOfNameOrdinals | » 4 | 5 | 2 3
Export Table of Math.dll

9-3 Math.dil SHEFRER (FES)

o TR, B R DLL I E e S R R E R R, H
T PE R, BMAMKRT, SRREMEERTFHMN. link $EBRETT
“/EXPORT” MZH(TLLEE RS, Hin:

link math.obj /DLL /EXPORT:_Add

MFRE™E mathdll B SHFYS _Add. B4 —HIFHEHFSHHFEZMEH MSVC i)
__ declspec(dllexport)” &, ‘&5 hn bR I H AR 0 1 4h % S8R ST GRiC A ot
T PE/COFF H#r3CHH “ drectve” Bl S? O, IHFRITEF T mathobj ¥k, &
SEFR _FAE “ drectve” BRHRIET 4 4 “/EXPORT” ¥, H TLR4LER, SamEn
5 A ) B

dumpbin /DIRECTIVES math.obj

Microsoft (R) COFF/PE Dumper Version 9.00.21022.0B
Copyright (C) Microsoft Corporation. All rights reserwved.
Dump of file math.obj

File Type: COFF OBJECT

Linker Directiwves

EFANEREF—E. ¥R5F
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/DEFAULTLIB: "LIBCMT"
/DEFAULTLIB; "OLDNAMES*
/EXPORT: _Add
/EXPORT:_Sub
/EXPORT:_Mul
JEXPORT:_Div

922 EXP X

£ DLL KB 279 2] — 4 EXP 30, XA S0 9 6R_F R HEE 25706042 DLL i
IS BER SR FEQIEE DLL I Sip b — R AR #IL R, DLL R84S
HRFS, BB AE S — I 238 5 A N BRSO I LR T S R R E e
DLL [ th&. X T ERE, FE$TEXAFHRBE M R B bR “ edata”
FB, XAHiR AR EXP 30fF. EXP SCfFsibr bR —MaHER) PE/COFF H 47301,
RALEHT T4 AR obj 1 R exp. 76 iR, FERSMIDIXA EXP 30MH 24 45 438 H k7
S, SIAREA R B AR SRR AE — 2 B4 ih DLL. X8R EXP S04 “ edata”
Bl & 4 2 DLL SCHFP I3 B S 3. AN — ARIRCE BE 2 88 1R 7 DLL o
tRE “edata” B, MEEEEHIREHWEE “ rdata” .

9.2.3 SHEFEN

DLL i —MRA S EAHLFI 4 B HEE B (Export Forwarding), B4 B Sk 2 4 3
A FHFFSEEME B —4 DLL. HWTFE Windows XP %4+, KERNEL32.DLL )
HeapAlloc BA%# F 87 %] T NTDLL.DLL ' [¥] RtlAllocHeap & ¥, ¥ HeapAlloc B&i¥{
#8257 H RilAllocHeap e $. AR RATE EH & WA R, 7T LAE P Lok,
1 HeapAlloc BT & ) f LUE X F WX FE—A “.DEF” 3L
EXPORTS

HeaphAlloc = NTDLL.RtlAllocHeap

FHEE MALBYERE R, EFERLT, SHEMHEEAPTNEREN
RVA, {HZUREA RVA FREE B TRHE P (RITLUEE S HEKEH RVA 1K
Ny MARRENFSWEER T . WEER T TS RVA AR LR, W
RARE N ASCH PR &, XN PRHBAESBRS, ERASEEMGM DLL X {4 M
fFef. LMEXNHE T, ZMFHFRHEL “NTDLL.RUAllocHeap”.

924 BAZR
MRBMNEFENFEFPHHERTRE DLL HEEEETE, B2 RO RT A

EFTNSREeN—8E. BR5F

bbs.theithome.conl



http://bbs.theithome.com

262 Eo0EF Windows FOUENSHEEE

S8 (Symbol Importing). 7 ELF 1, “.rel.dyn™ F “ relplt” 4B BI{RA 1
A T AR B NIRRT LU EERBR IR E B, 0 “.got” A1 “.gotpit” W
A7 5 I A R B P JOIF Mk . Windows HBAT BB HLE], I 2 RRTE g ERE. M4
FAF (Import Table). 3™ PE CA-# MBS, Windows a3 b — AT &k & ¥
BT 7 3 A oR BB b 8 5 3 HLS AR P FOCE R EMI L, LLSrIEh AN

FAVAT LA ] dumpbin KA KIS TR DLL, 39N T WP o 8

dumpbin /IMPORTS Math.dll
Microsoft (R) COFF/PE Dumper Version 9.00.21022.08
Copyright (C) Microsoft Corporation. All rights reserved.

Dump of file Math.dll
File Type: DLL
Section contains the following imports:

KERNEL32.d11
1000B000 Import Address Table
1000C5BC Import Name Table
0D time date stamp
0 Index of first forwarder reference

146 GetCurrentThreadlId
110 GetCommandLinea

216 HeapFree

1E% GetVersionExA

210 Heapilloc

1A3 GetProcessHeap

1AD GetProckddress

17F GetModuleHandlea

B9 ExitPraocess

365 TlsGetValue

363 TlsAlloc

366 TlsSetValue

364 TlsFree

22C InterlockedIncrement
328 SetlLastError

171 GetLastError

228 InterlockedDecrement
356 Sleep

324 SetHandleCount

B LA 3 Math.dll A\ Kernel32.dll # 5 A T i #1 GetCurrentThreadld, GetCommandLineA
LR B (CRAFHAA, XREHET —#9). THRFESHEAHRAE, WKL Math.e
%A HBLX Y, B4 BMESATRZ 1? ZRH FRITEME Windows DLL &,
REERE T S DLL BT ALAEATEE, XA AT & EH P Kemel32.dll, FTLLEA T

EFRNSRBR—iE, RR5E
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pEC s YN ] 8

7E Windows 41, FREEM 38 SHREM — MERMK & B2, W PE
ICHE BT R SO R e A .t — A Windows /FEISKH T KERNEL32.DLL, 1
KERNEL32.DLL ¥4 %A NTDLL.DLL, BEf4#iT NTDLL.DLL, 34 Windows 7En#ki%
BN AXA DLL #gn. mREFHE T Windows GDI, HMARESHEM
GDI32.DLL '3 A\ pfi ¥, it GDI32.DLL X {&# F USER32.DLL. ADVAPI32.DLL.
NTDLL.DLL #1 KERNEL32.DLL, Windows ¥&{RUFIXSKHX RN IERS, HBHRIEFE
[T S H 4 ER AR AT £ IX A 3h B RERGT R b, i REAN AR P BE S TC K E B 4,
WA RFEH SRR (RNEHSFREF “BbFA DLL” 2 HIHHD), HAL1LE
TR .

f£ PE X, SA#E— IMAGE_IMPORT_DESCRIPTOR FIZ5#IASH, & —14
IMAGE_IMPORT_DESCRIPTOR ##J3 N — 4~ # § A DLL. X &iEwe L&
“Winnt.h”

typedef struct
DWORD OriginalFirstThunk;
DWORD TimeDateStamp;
DWORD ForwarderChain;
DWORD Name ;
DWORD FirstThunk;

} IMAGE_IMPORT_DESCRIPTOR;

&5 4044 1) FirstThunk 5 i — A3t 848 (Import Address Table), IAT &3 A&
P EEAGEH, AT RSN CEN N NSRS, JTEEEAR R TH AR
P& X EBhA SRS 3R 58 BB S I B AT TH R e AR FF S AT T, AT T RER R
MRS AT SESEE RSS2 Windows [E)ASER 381050 UZ BB U B 1
TR ELWHAHEERUE RN SHE Eihl, WX—AE, SAMUEMAS ELF PH
GOT HE# 24,

AMARA IR F A A BAY CEPRTHESATSHFSERETSHEF?
H FRATUAFEXANCEKEEA, T 32 A1 PE K, WRESHEE 1, HAK
3 MERESATSHESH:; mREF, Bax ZHOERKEM— i
IMAGE_IMPORT_BY_NAME % #Jff] RVA. IMAGE_IMPORT_BY_NAME #& H—/> WORD
M—AFHEHE, B WORD # &7 “Hint” ., BISATSEAIREMNESHE, BHE
PIFRREFSE. AEHRS 2 AN, SERERSAMEH “Hint” HIRREEMN X
FESAEHESHEPAOGE, MERFRFAFENTS, Bakad: mREHad, Ba
RBERIEEN BRI RNHITHSERK.

ft£ IMAGE_IMPORT_DESCRIPTOR ##J, &H—-¥5%l OriginalFirstThrunk 5[ —

EFRNERST —iE. RES5F
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MM F A4 P E (Import Name Table), A7 INT. XN EE TAT —H—FE, i
MBEE K. B AT ABEZRE 1 IAT MEIANR? HRE R Smii DLL 455
e (WE9-4),

...........

OnginalFirstThunk |-

Timestamp L
ForwardChain
Name
FirstThunk
OriginalFirstThunk
Timestamp
ForwardChain

“Kernel32.dll” <+— Name

FirstThunk

“Math.dii” <7

Import Table of TestMath.exe

B 9-4 TestMath.exe FAR

Windows HIBhEEEEABAERE —MERMIHE, KHE5IARTE IAT, X—HMRE
ELF H1[f).got. HIXHIRE, PE (IR AFR—BRHNEN, EHEMT “rdata” XFOBF.
XA T — AR, AT AR, AISHEREEANEERE? MR ERIX
B, XT Windows Kiit, H1TE 85 SEESR L IOR Windows WM —#84>, BrLledS
LABA-C BT AR M8 2 PE B3 LLS MRS 34 WA, RS A AR ER T M. Windows [t
T, FEReRNS, KR ARFTERAE K TSR TS89, - BRARM IAT #5555
Y, FPRpAE T e Hi . MRS AEKE, PE AL ELF BB %%,
R4 ELF & 1T BBl 8 .got, il PE WA SR1F .

HER#FA (Delayed Load)

Visual C++ 6.0 FERGIANT —MEEIR A KIFThRE, XAMThass AR U TR %4
AR ARSI, SIREERE P HFEEIRE AN DLL i, 6888474 58 DLL §
ANARE AR . (HREERAE RS BRRIX SR . BRI AM APT B —uk i,
MRS RN R AR S B 3. XA A TN DLL i3 T4E. SRRE
A1l i i GetProcAddress SRR B4R A APT futhdl. B4 MSVC B T —Le8msh i1k

EFRNERER—HE. #R5E
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o AEREE R ORAHZ DLL 1998 A 5 %08 7 N\ DLL B2 5.

9.25 SBARHBNER

P RKIENKEF Windows PE 3T TR ARELEAHEAM? __declspec(dilimport) X H
H4atEi?

WEHRTE PE MBERFFERHE Mo AEH, Ui ELF GOT #LEIH— ik R A
—A AR e 4, .
CALL DWORD PTR [0x0040D11C]

HAVHE Windows FHA SR, MBI % BiEER. MR BB %5488
WHEAKR, FHEXFIES DR H 0x0040D11C XA HHEP{RAER AL, BIM
Huhk 0x0040D11C FFERHL 4 4~ 7145 24 H AR o ik (DWORD PTR %57 4 A~ W M /E T4,
SRIG R Z H frttitib . 0 0x0040D11C XM Huht R ST & TAT P —n, BIERAIEE | HE W
ShEB A STE TAT FAT X A JCEE, ELn TestMath.exe &, 1321 H Math.dll H () Sub 5
., A4 0x0040D11C IELFHFY Sub T A BB TestMath.exe (1] IAT F LB . XA LLFER
ELF il GOT [Al8:8k% 1432414, IAT #1235 T GOT (AA%[E PLT MBHF).

i _ PE DLL #yibhil oot e s B
R ELF BMAERSRENERI MU T XM, BLIET GOT k=, BEITH
BfrR ¥ E GOT &, REHENESE, ST FES, SMEERINE
WHEARBRFAMAIMFELT, BEREXITUSXFED, RNTUFH, X1
0x0040D11C Z2EAEBEENEES P MBESL L, PEXNSARKBHMNEIES
W, ENHBHAMY, DBRNTLUSHESR, PE DLL ARBEB T2 T
E3:0]

4 PE BN ik iRt iE S e b i R EIEAE? EXL L EEAT
—fhEEEMU A FE, RINESTESEDANE,

PE XH BRI Trisc Il R ARSI, HR S ELF —RAE— 8 3T
FARUL, EREA B REUE AN, TRV B0 TRl
WESERECHRIR L, i as = LRI RIZFEN:

CALL XXXXXXXX

B PERHXM ELF AASZH KRB L/FSNHAN@ME, FFLFERRAIBNEP
BYOAE, RERSCENTREREBRES,

Hop XXXXXXXX EHHRN BRI A A XE2— A HERHES, 5 EimmE iR

EFRRNSREF—8E. RB5E
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266 E9SE Windows THIZZEERE

A HAAE . BrELh T (549 4 1% 4% B8 DX 53 bR BUR MM S N B9 30 R 45 B P 38 X
(K1, MSVC Sl T FATAT i A L /08 B )& P “__declspec(dilimport)”, — B — Ao $ 4
W14 “__declspec(dllimport)”, B % 1% 3% ik 5018 & 4N M, LUE T == 4 AR R 10 38
.

£ “__declspec” KRFIIALAT, MPOLIRHE T HAb— DM HERMPOX MM, 7iX
ST, AT IR, MIFSHFAR S SARERFHRE, E4% ik f B
WHAHR S . (AR ESRTE RN 20 S ARSI B bt S A — /NS (Swb),
IXAHEARE AR BIBE S TAT F A S0F B dnolt, S F.
CALL 0x0040100C

0x0040100C:
JMP DWORD PTR [0x0040D11C]

RO P e ok, & REM~4E —HBAMIE4S “CALL XXXXXXXX"”, SREG{H
R, BRSNS XXXXXXXX Huht 8t 3] — B AEfCRS, B3R IMP fi4-4b, RGiX
% IMP 154 ilat IAT (A B FE RIS A R . JA1E00E, BES—MEm FRALF iR
20, LIXBALE IMP 54 MBEACE R AT ENE? % 522 5% A 74 DLL U £ B it AR
AN LIB 30t IS AFE.

GiERRErTEIAER, F—1 3RS~ T SHE X, BT R foo K
B, EEFAEFEMAES, A& foo, HAMA R _imp__foo. XPNRES X I,
foo IX M S 1R [ foo MBS, M__imp__foo 8 A foo BRELLE IAT FHIAIE . BTLLY
RATELL “_ declspec(dilimport)” AT foo FARET, 4RiFBEMIFTSEHESIANER
AUm AT “_imp__ ", CABRER S AEESH “_imp__foo” FEWIERMIEE. MR FEA
“__declspec(dllimport) ", ABAHFBFH = HE—DIEER foo FFEFIH, LETRFAREH
¥] foo FH 45 w2 SARBERE
BAEM MSVC %wiF8 X T WM S A F AWM LR, WEA G LUBET
“ _ declspec(dllimport) ” K A B G ANEB ¥, B AFEH. ERMNEEHREFH
“__declspec(dllimport)”, RE3EMPERE Loxvl, EHAEAIZAR LT —RBEHES. 4R
ERHE ML, BOBE A BN TSR

9.3 DLL i1k

BAVERTHEZ % DLL 447 7840, DLL i fCAS BN SO B A 5 5% A~ 1L Hulk o oR
R B BRIA T E PR AR B el ImageBase 155 B H ARl b . WiR B ARk S A, B4
B R R B A b, {F £ 58 DLL i) Rebase. X% THH A& DLL K FFR 5,

EERNSREF 8. XR5EF
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S IH] Rebase 4 AR IF A S RE W% . IX K25 m DLL YERERI 534 — 4 IR IXl
e e

RAVIE R ELIR T, FARBHR S Eiafrit & EPE . X MR
B, AT SSRGS TR AN R R, XMERTES, hEEESBSERK
DLL A3 R HATH S F RS o &R, WMRMHT — 2 &1RIE, W THf DLL ¥
B, FHARKESANFHFSHRIFRRE, LRI R FRNK. X 2L DLL
PERER) — N RHZ .

XA 5K T RE 2 T BN R RS R 8, Kb R B S B F T KR
TS 424 F1 Rebase T.E.

9.3.1 EEEIMIL (Rebasing)

METTH DLL B3 ABRMAISEI, HAIBHEEW: PE /) DLL AU B A2 Hikl
Feffy, bk R S AR MR AR T — N B ) H ARt XA Hubk sk R PE B AT Bt
fit (Base Address). BRIAEUL T, PE UM #lidedk Blix-MEbl . — 8Ok, EXE X{F
[ b A1 B A 9 000400000, 17 DLL SCAF3EHiaEERIA 29 0x10000000.

BATAIEAE TR B RRIHE T A AX T4 ELF 5%, g BEHE it
FXe, H AT AL EH. X — AT DLL Kt —F, —f#fE$, £4 DLL
ARAT BA Ak B — A de oLk, &5 DLL B v B B0 U R 2 [ 38 A AT LU &

AT SR b R R R, BATOSENHL T, B 3FAFRAMESE. — D
ERAR AL R AR, N84 DLL f55E- A Hethl, I HAHRIE R — SRk sk
DLL MMihtXEHAH G ESR, BEXFMESHERE B, £ iAmsitE=xf8mn
RO itigit, AL H AR hE & Rk RS B . B 4b—AdrikskE ELF TR
i rik, et B A 0%

Windows PE XH T —ffLy ELF RREIF M, ERAMNREREMNEEMMN T E. £ DLL
Pt T, R H AR, BARERERS N ESE —IFH=E, JF B4 DLL
S Bl . BCRHE R Bk T, 3k DLL ROCIEER AS bk 261, DLL $ v K 5
#ast kS S E 4R ? BN TR bS] A EEET B E AL

Mgk, XN R R A R R, B 2 BT X e W B S L K M R -
2, RN E—A B brdt ot 5 ok sk =8 . BARE 4611, tin
£~ DLL ({3 bk & 0x10000000, B4 REERBPHE X4

MOV DWORD PTR [0x10001000], 0x100

FATE Y 0x10001000 B iz H — 45 R foo (F)Muhl, BPiZAER A RVA £ 0x1000. t0

EFRNERIst—iE. RUS5F
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268 $9E Windows TEVEIFSEEE

F DLL fe$ediif, 0x10000000 iX-Mibhk g HoAft DLL FH T, Windows 84 & sk s —
ANF L, B2 0x20000000. K% 0x10001000 £ 4axt Huht, FrULRAIF EMX &4
ST ERM . XEHEEF R AL R 0x20000000, i RVA ZAZEM), Bl foo MIHLALSLER
F O T 0x20001000, B4 14 Hbk #4220 0x20000000 — 0x10000000 XA
A, B R E A N iR

MOV DWORD PTR [0xZ00010001, 0x100

F3L b, T DLL WA R EEAR 2 58 TRk iy, sl BAEN T HHbk i RVA. 4
PR R EE M SR FEM E M EME, EXFFREE 0x10000000, Fril
XA EE AL AR R, MR B EE B R, PE SRR E
FERLERE S EE B etk (Rebasing).

PE XCAHRE AL AL T “reloc” B, BAVATLLA PE 3C# 3] DataDirectory B
MR FIHEE M BAE . B A B SHIER ELF TP E (L BEH |-, EIXERAE
VAT o T EXE SCHEKSE, MSVC SRiESENAAN S LT, ARG T,
EXE RAA] AR e Y, AT thsf ), Kb EXE SO R IETH 55— AN B A R
AR, ATLLE M A AR . T DLL MISABASEIE T . BB i 18] 2 AN i
89, PrEl—MEOL T, SiFSE s DLL XA~ @ fF B LA M e/ LUEH “/FIXED”
SHCKEE DLL A EEMAR R, A BHE R AESIE M DLL F3e8 k.

XN AR 7 S B — N e B, W —4 DLL ¥ &R, HiZ DLL
P R R FIARMAE, B RETES 09K DLL HEERMEI 4. R
B, AXFPH RANR T ELF ML RACHB AL LR F k3, SEMRFALE, m
H A8 e A B S B e, EREH SR RER S, AR EE Sk
DLL fUR%EY, RFER BRI, M Be 7T CAH 8 M DLL S04 B ST B A 8t
mpay. (BEF —MFLR, ©H ELF §) PIC YLEIFT & ERKIEITEE . Bh PE ) DLL %
o B U i) AT BHE AL LT GOT iHUE]L X F A EUR N ek H ) 5 | i AN B KT
B .GOT p9fr B, L B g F 41 ELF # PIC B 77 S840, iX LR — A58 a) e i 1) ) e 491

DUERRAE

AT A o bk 3 R s B bR F DLL A3t 34T G, BrRL X f i S E TE 4R
BF—MEFRS, EFTAEIK DLL A2 B EM (B 7#lid LoadLibrary QR I LISH) .
B KIETr, X% DLL f35ski bbb 42— ey, thin—MEFaERF IR
main.exe. foo.dll f bar.dll 3 B, EMIHK/NEE 64 KB. TRLAFEFIZITIHKEL
Ja BEFR e b b 2 (R (AR R R N 9-1 FTas.

EERANSREeR 8. #R5E
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F 9-1
main.cxe 0x00400000 0x00410000
foo.dll 0x 10000000 0x 10010000
bar.dll 0x10010000 0x10020000

A] LA B bar.dll JRAEBR A AL & 0x10000000, {(HR'E 3 & @ HHE 3 T 0x10010000,
IR %7 0x10000000 £] 0x 10010000 X B Mkl 4 5% 57 A% foo.dll &5 Al T ({8 # foo.dll b bardll
A . AT bardll UGS T MR I HLAEER R 0x10010000, H 44 A40E (36 3 it
ALK 0x10010000 WE? XA BT bardll B UHEHE I T ki 82, AR LLEEF
BT RE?

MSVC 8RR R 08 T fe e it o o Be bk A Th k. B4 7T DAAE SRt {8 tink
A H1 “/BASE” &% 4 bardll 35 & Kbt

link /BASE:0x10010000, 0x10000 /DLL bar.obj

3 R EMHSSE 64 K 5, WRTR 64 K HiEl, SHRBEEHER, XBEXF

lt- — 1 S8# 0x10000 215 DLL SAZERFHBANHKE, WRBHX M KE, BLRE

BELHUES XITECEHORTXE FREER, LoRNARFSAEABT 10 4

DLL, BARMMITUAES DLL FIIEE—HEE, BBAIET{1TER == b E ¢

R, RIGEAA bar.dll 52 8923812 0x10010000 F 0x10020000 xthesja), AL

B "IBASE” ¥, BRANTHIERE bardl ifaitbtl, FIEFEHNRKMKE, M2

BT E, ERe S AHEMDLL iR, R EEERENSHESITE, TR
RRgE R T 5| NIt B H TR,

BT BT AT LASE 2 DLL IR ak Dok, MSVC iR 4E T —'“/I\ml’ﬁﬁficﬂt_bin_EFIIH( H
AR A MSVC Bt —4 1Y rebase.exe I T H), X T H ol LU R3O H () DLL (95
ik keoim:
editbin /REBASE:BASE=0x10020000 bar.dll

A% DLL

T Windows RZR G A4 TR %E RE R DLL, L0 kernel32.d1l. ntdlLdll. shell32.dIl.
user32.dll. msvertdll %, X% DLL E& 2 Windows BN HERFSITHHERH 28,
Windows R4 RETEREFE 4% (8] op % [ T4 H — Bt 0x70000000~0x80000000 K1, T BLgfixie
MM FE S DLL. Windows {£ &30 i AliX Pt i 43 BOAR X % DLL, #EIX 46 DLL (¥ AEHh
HAFB e E 2 M5, MiFESSN AT E T EERL T . HinfERMyLE D,
X4 DLL AL HubEin % 9-2 Bk,

EFRNERIERF—HE. RUS5E
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270 &E9& Windows FOUEhESHER:

#9-2

Kemnel32.d11 7C800000 image base (7C800000 to 7C8FSFFF)

Nitdil.dil 7C900000 image base (7C900000 to 7COAEFFF)

Shell32.d11 7C9CO000 image base (7C9C0O000 to 7D1D6FFF)

User32.dll 7E4 10000 image base (7E410000 to 7TE4AOFFF)

Msvert.dll 77C10000 image base (77C10000 to 77C67FFF)
9.3.2 B35

—DLL F&—4PFHIABERAE — PN EFES (Ordinal Number). — 45 H @3
HEULEHFRESL, Beaa@{—MM—HNFS. 57l S8MOM— DLL 8A—
e, ATLMER R A, WAL FS. FSERESH RS DLL ShEP
s E.

—fok U, A SN SRR ERAF SR REE, AR E R
AR ERE A A, DB . X T A £ % Windows APl BRI, B
R H B A2 & A Windows JRA 2 (B RRFF AR, HEETNFSEER SRR, el
WERRATF A Windows API (1%, #E4S RNEEMEIFSE 0 R AT

L7 A DLL 3CHFRT, AT AT LAZERERE 28 1K) def SO eh e SCR RS/ F 5. o
A T Hi 1 #1 Math.dll #1617, BEEHW T def L4

LIBRARY Math
EXPORTS

Add @1

Sub @2

Mul @3

Div @4 NONAME

T def LTI LA T8 2 Math.dll S BB TS, @5 mArERAER 28
SHFSE. 5T DivEE, FSHEEHEAE 1 NONAME, RyRIZASIEFESFIBA
S, B[ Math.dl 4 A#HE AR Div ZAFSH,. REFIFEI 40— FHRAYE:

cl f¢ Math.c
link /DLL /DEF:Math.def Math.obj
dumpbin /EXPORTS Math.dll

ordinal hint RVA name
1 0 00001000 Add
3 1 00001020 Mul
2 2 00001010 Sub
4 00001030 [NONAME]

EFRNSHEen—§E, RN5E
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RS540 RN R HOR § AT AR — e R IEBR A B A IX
FrPEREROIE A A BR, 10 A DLL 9 N B AR IF A R AL AR . Y EBLTER) DLL
di, SHBHETOREL RELHTH, AR Bk, BVIHE 16 fF
fl Windows F, DLL PG HREARRHFH, FUERSESES. rUaaks,
— B T AR S R AR H KRR

9.3.3 SARYHE

WA F, 0 — D RFBITR, BTk DLL Sagks, HFH—&RFIK
SGAFHF SR ARBSWERT M. EATHERT, X4 DLL #2 LR RN #
oA P FIRE R A FE L, BTLUEAR S AR S e AR AR . BER T # A,
FIRFIFEIT I E T AT S M0k M S e A, BRARALIRAE? fUREX
S o B B AR AE BIBER 1 B AT b, AT LA VO B R SR BT A 7 XA
PR AR, XA DLL tEfREIR1L 4 L #kni i DLL 485 (DLL Binding). DLL %83 J7 k1R
s, FA1E MEFH editbin (2 AT A MSVC 24t — P #4H bind.exe i T- DLL #55&) X4
T H*f EXE 5 DLL BEATH5E:

editbin /BIND TestMath.exe

dumpbin /IMPORTS TestMath.exe

Microsoft (R) COFF/PE Dumper Version 9.00.21022.08
Copyright (C) Microsoft Corporation. All rights reserved.

Dump of file TestMath.exe
File Type: EXECUTABLE IMACE
Section contains the following imports:
Math.dll
40D11C Import Address Table
40E944 Import Name Table
FFFFFFFF time date stamp
FFFFFFFF Index of first forwarder reference
10001010 2 Sub
KERNEL32.dll
40D000 Import Address Table
4(0EB828 Import Name Table
FFFFFFFF time date stamp
FFFFFFFF Index of first forwarder reference

FC8099B0O 143 GetCurrentProcessld

Header contains the following bound import information:
Bound to Math.dll [483A6707] Mon May 26 15:30:15 2008

EFRNEREF—HE. RE5%
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272 E9E Windows THUENSEEE
Bound to KERNEL32.dl1 [4802212C) Mon Apr 14 08:11:24 2008
Contained forwarders bound to NTDLL.DLL [4802A12C) Mon Apr 14 08:11:24
2008

DLL M98 LB B LR %, editbin X EKBRFHRAR SHTEEER, R3
PR R A8 /S (Aa 4T i (4 E bRl S5 A BB BF S AR N . B0 8T 48 PE 5
ARBPHAG IAT —FE MBS INT, X4 a2 AR A 40 8 775t Hbhk .

Watt Athii 223 DLL 885 AR L bl 540 ? —Frig it 2, $k#) DLL 512
B DLL i) 3 tH R BOt N R AL 5 5h - FitE st 2, BRI DLL 7538 &4 & 541,
SB DLL et S8t A —8. AR bk, M98 E M EXE ## DLL
AR R T MHEERE, RS SBERFIEITH IR . Windows 4 ZUHE A I ML s Sk AL
SREHE RN, FEFFE AR IEMRIZAT .

TR —FEREIRR, PE B RN, A BRFEHkTHSER, MTEMNAR
DLL. ##%434C DLL (A% (Timestamp) FIEZHH (Checksum, Hi MDS) {17738
85 M) PE SCHFI R AR b . ZEIEAT I, Windows £ 3 35 #2350 DLL 5483 i it DLL
WA R A A, 3 Hafiih iz DLL @47 R A 5al, QR —YER, 4 Windows EANE
BTSRRI T, POV M DLL S0 —FF, WH KT FW Windows
RSB E P FFS Hakl, B IER MR S MR DLL M55 S 0617 1847

SR8 L ¥ AT AT SO ISR AESAAT I I3RS S TR E B (R EREE R, B4 e R A
B HIEFHER TR QURRIEARIS TR, WA NS s AR B R T 5T
AFRE. BTELRAAIKR, DLL b B NS HAL.

H b, Windows FRGEFTH IR FH0 U2 5 € IT7EM) Windows KA 1Y) R4 DLL 4852 14
BT IR T LLSRE R E . A — DR IR T L2 RAERF 28R, XHE
/b7E DLL JHEZ AT, X2 “Sfm” MEEHN. S8, HedRodeETiir ut4ss,
M T AT PAT ORI S AL, X0 T2 &t i), sl RS B8 nir
KA ES AR . LLRAIEE Windows BTHIH 1) Notepad.exe:

dumpbin /IMPORTS C:\WINDOWS\notepad.exe

Header contains the following bound import information:
Bound to comdlg32.d411 [4802A0C9] Mon Apr 14 08:09:45 2008
Bound to SHELL32.d11 ([4802A111] Mon Apr 14 08:10:57 2008
Bound to WINSPOOL.DRV [48022127] Mon Apr 14 08:11:19 2008
Bound to COMCTL32.d11 [4802A094] Mon Apr 14 08:08:52 2008
Bound to msvert.dll [4802A094] Mon Apr 14 08:08:52 2008
Bound to ADVAPI32.d11 (4802a0B2] Mon Apr 14 08:09:22 2008
Bound to KERNEL32.d11 [4802A12C] Mon Apr 14 08:11:24 2008
Contained forwarders bound to NTDLL.DLL [4B02A12C] Mon Apr
14 08:11:24 2008

Bound to GDI32.d411 [48B0ZA0BE] Mon Apr 14 08:09:34 2008
Bound to USER32.d11 [4802a11B] Mon Apr 14 08:11:07 2008

EERANSREN 8%, BREF
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9.4 C++5mpiShtE

Linux FRBKEMAIZEREN C BEHEN, X—Hm2LH FHLMERF, Linux
THREFFERREN CIES: B ARG THH CHEBEEREFELERH CESE
HAE. XM 285, RINCETRT Cr+ ABI LI C M0 C+Z (8 Qe 51
A8 (A extern “C™)o BR T LlIXEEHE 2 5b T Cr+@mBILEREDREE - ANEAM
R RS ER . SN LU AT KR, EREXE - CH+RE
ML, MY RAS—EHT, EHARE—HEY. X—YHENRELLHT Cr
(RIFRHE SE T 05 5 T R0, 1700 S A AR T RE

(COM A TR ES T —MRAEZB] 7B BAE DM RF RS T —AMEREH o))
MRS EREE, ZMREEEAH, FRZERF QT HBXAEEHN DLL jF H2d
BT EHLERAE) RARAEFF R, B4 DLL A8 2 100 Jo. R BURIXREE At HE
g 8 S AT

class __declspeci(dllexport) StringFind {

char* p; lOFHE
public:
StringFind{char* p);
~StringFind () ;
int Find{char* p); /) BERFHF AR T
int Length{); /0 BEFEERA

Y

FindOH B BB EH R BRI HFBIFREI TR R . 148 Find Hi:M A ELRIEEE
F, BITHNE RS M A, BF RIS R StingFind DLL, 425 X4% DLL )
AT #5530t —is th 8, By IEF POl ik i ) TR i HE e S AT R . TRER,
XANEIESRT % KT 8 AT, KF A 9 iX D 100 TG StringFind DLL -5 #1354 B .
PR RAR 2k, BoE HEEE T, dEEHTEEE: B MR Length(Q i $2 fi 21 H
strlen(this->p)SCHLH], B EAAEAN O(n), BUHERBEITEMT int length MAERM T
RETHREE, NEERETRT o) BoAHERN SR MER, BT 1
i f#f SubString (KR XL, F FIBZHBRET 8B =R FindOREIRMAT T 2k, f
BELAELHET M AEREEIR SHEM N, BodE 89Sk SOFRAR M T

class __declspec{dllexport) StringFind {
char* p;
int length;
public:
StringFind(char* p):
~StringFind() ;
int Find({char* p);
int Lengthi(};

EERNSHEBT g, Ku5%F
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char* SubString(int pos, int len);
+:

FRIRFE R R eI AR, BRI T — MR R AERENAT RARE. HASWIE
IR AT e, A — Lo QAR ISAT T 3R, RIREA (T v iR HE TR .
T J2 Aty 5% 48 B B9 StringFind DLL L1 200 7T (% 4 8 2 4y, g BB 6 J 56 0 35 T 10 AR
StringFind. DLL ffF /2 R & E 0 100 Jo 24 80T LA Skt DLL. i T#iRM DLL £
PERESGHER AL N, &K A P LB T FAR DLL, 3 B i 198 SR 7 (0 4R
FAEM DLL 5 HREMI DLL 56435 . ®3iZHFHEM DLL 5, | i e s mE T4
BrpEdh, It HBEE MR e, LM FEEHTFREMSRAH; B8R4 H2m
ff I StringFind DLL (RS RANE T — 4 THSER, SHREERREF T, Fum
BERFRSETHERERN, TEKSENHP MRS ATHT “FHE” &l

TRERT B AT R P K S AR, St AT 1B R R B4 L MR R e I AT [n)
—Kpe FRAARK AR A PR, H R EAT. TRIXE B
AR TR HEBONABT IR AT HE A, B2 R BLIX 5 1) #  #6 3K A T StringFind DLL. ¥
BERINT T JLA [ B

o IEMEEONE, SubString i&[FH5 [ FF7F £ T B A4%Er, {0 StringFind. DLL 34~ 1 9%
R EHEE R AR TR, B PR S iR 2 5 R E R delete A BT X
10 Mo 5 23R A 1) Y, {E2 40 StringFind DLL i {# H 1 CRT fRA S H P L fEFF
B # H A DLL Pri# B CRT AR —#, BRERSRAENFREENR. B T84 CRT
HEH H OO, 7£— CRT h iFHFES 74 CRT FEEAFHEFH
RO .

o %ANTRIX DLL SC{FH4R AR £ sk 42 0 8k AR DLL B 3% IH AR MY DLL, iX
HEETFEEAGEFHFES #5 0 DLL M . B2 StringFind 27E8 0
T length (A FEEZ J5, FhRH StringFind X %575 A2 M= 8 277, Ml
SRAF—ARATER G 4 DNFEW. BARERFEBRREST StringFind #E17 358
WAk, 2B bR TF 94k T IHREAY StoingFind. i HRR Y new StringFind()
XREREE), Lk TS T RIE 4 MFEMHNFE, BERA StringFind()4)
Bk B, (B REFRM SringFind H1, StringFind. DLL B fif) StringFind it i #
Fl LengthQ)#BiAN StringFind M &H 8 ANF5, L[ — ek ¥ Uik length 38 & # 0
{2 bR _HIXIR K R 3 AN JE T StringFind X1 %, RAS MM ROEEETH, FHEET
BE4 H b

o IREFFELEN M StringFind DLL JE R R4H DLL H ¥ FAWINDOWS\System32,
MAEAEREEFEEREHAMAREN T E. TREI DA EEREFEHRG
StringFind.DLL % # IARR &) DLL i, B4y i F IH AR DLL IFE P #fe R AL REIFiE T HHR

EsRnsSRes g, JB85kE
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HEERX —KHEREZ )G, BIFRZA T MEHE SR TE, JFHED T —Soul
B, Eeinighn—4 ReleaseString()f)k 571 FK B SubStringOBTIR [EIH) 7R i . KRR
ff StringFind. DLL i % 4 StringFind2.DLL LA 5 IHARSE. — M SRSl #Bak T RIF R
WA, BB AT ATIEAREGE T, ERRSE DLL A8 Cor 3 ftheke ki 1o i 2R B
MK, B, TR, BURE, #ERE SR AR

XHRREF REE A C++8'S DLL BHE Sl R skl —5, 4T MR HEN
P, AR LR R R ERE, MOA SRS T M RER
(COM, Component object model) HIFFR T {F, EH 1% H M2 RN T JOX e
TR IR R BB A A

I RIK: (COM FREL)

(COM KRR ) B—FREHIHE COM KIMH 13—& 4, 1£#F Don Box ﬁﬁi
BT, RAZHE COM XM ERHORAT TR ZE A, FXPFT
R BT REBPH— NG T IS,

COM HSEBLHLEIN T8 R E R B4 T 45, JFH COM [R5 2] i £8 th Hoigt

B, AKAEHAT. FAREFETIATLUE COM [ —2eRF e R ok, H TR SRAMEA C++4e

GRS W 1€ Windows {7 F G LY Linu/ELF #4780, BEEHLLFIL

Y ER:

o H D REEAZREI R BT AR R E M. (83 inline [F) 774
CIIYON

o T4 R BEP R IR extern “C” KBy IE B BN, HHFHEBROE
Fii% A stdeall I BISER (COM () DLL #5{df BUXREROHINE) . IXFERIH F 45 1)
P BRI BA__cdecl 77 8RiF 1), AT T DLL B R thAESE (E# .

o AEEH C++inEME STL.

o AEMFHRHE.

o AEMHHEIMER. TLAGE 4 destroyOH ik EEH delete #AEFIH HiAH
destroy().

o AT DLL B HiFANTE, M HAE DLL SMEM (3354 K0. AR DLL FA[ 447 3C
0] fe A AR HE, 76— HE S T R AF ITTAE 9 AN R R R e B BUeR .
Ehtur, % A4 BCAE S B BN % A2 inline (), LABH 1E T 76 SRk i 48 B8 T B A M) 1)
DLL HIa[$h4T X«

o  AELEOPFHE S (Overloaded Methods, — M HiEEZHBH) . EATRRMLS
38X T viable M 22 HERT fEAN ]

ETANSRIER— S, RASE
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9.5 DLLHELL

DLL R ELF el th A W 4 3 Hri R AR A& 0 i) B, FATE R 195 F C++F1 DLL
AR AA T DLL AMAE R ER™EY . T Windows F 4 H DLL H Linux ${FH3t
TN K, EEt E A%, IF H 5K Windows $:Z —F IR A DLL MR A £ HIHL 5,
M FBOXA ] B 7E Windows FIEH™E, LBLZE T3 AR Y DLL X (DLL helD.

1R % Windows MM HFEFFTE RSB e E HEMHTN DLL —B2Ha%44,
ZNHARFPREERFHRRERERR, SEEEBENE—IHEK DLL 8 &8 — P EEHIR
A DLL, AimmSH PN ABRFEIT AR FRLEEFERAY, WERAFTER
WA DLL i, Eafdtl—AiTERREA AR TERS, HR2UMXRE, f70RERE
FREETEIBEN DLL F, WRAEX, BATTRELHRAEFTRN DLL hizfr. Laig
¥, =FulaefAE S BT DLL Hell A& 4
o —HMMFHIBMRAR DLL HE R — 1 FEEM DLL m5lk. XMRERE%E, 2
Windows 9x F1 il % B8 2/ 8] 8 DLL 2 —.
o T RMFM DLL FHEHEEREERTMSIE. LELE i DLL BH{&ENZ “[ T 3#
25, SRMEARUE DLL 554 “W F" RAEAHEAATREM.
e —JEMII DLL MZE3IA—48 BUG. X EREEMEERE N, BECHRES
K.
2k DLL Hell B9/55%
DLL M U 7rmim 48, T4 /LA B DLL Hell (77§,

e MSHEIE (Static linking)

XA+ DLL Hell B g fa] S0y ik, oA UheB y ik i, 7ugm iy 42 i FIRE e it A s
R 7 L E PR RN TT e, At e s & Xf, Eafr VAP EH
ATHEKBDLL T. R, €A AR T i,

e PRIk DLL 7835 (DLL Stomping)

7E Windows 1, DLL )58 35 [8 G n] LL{# B Windows 3 #4-{f4~ (Windows File Protection
fRiFR WFP) R AR R M. EH AR M Windows 2000 R4 T aa#A# F . & BEFL LR L FFHUI
HfEFE 6 RGH) DLL. =N B REEE SR IERY DLL 3UfF, BaAEEm &
898 T Windows HHE, SEAECIINRIERFZITHIELT WFP IR% CHRXE—
AR fa R HAE D

EFTNSHET 8. BH5E
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e iBf DLL #1238 (Conflicting DLLs)

A R R R A AR R] DLL A RRRA 78— AT R, ik R BT
—4} B CK#U DLL, Jf FLAE W DLL FIARIRCA S BZ N FI AR SO, AR R
gt . HNHEFTRERE DLL &, XA CKICHR T T HET#ER DLL,
RIS F R RS TR,

e _NET T DLL Hell B9%2R¥77E

ENET #E24rh, — A4 (Assembly) FEFPEM: WRBFEF (B exe 7]
PAT SO ) LR FERRIF (hBk 2 DLL BhEsEER) &, —~MEFEaR R4,
FTLL e 3 — AN OO R FR PR . XM B S Manifest 3C#F. Manifest 324
BT ERFENS T, BRAS DU FEFEN SR BT, Rt T %8 Rz AT Ak
PR, 404% DLL BLR H A B S % . Manifest 2—4~ XML M#A X 4. 2~ DLL FH
C.f¥] manifest CfF, 549 W HEFEH 5 O Manifest. 3TN HBEFM S, manifest X F
Al AR [ $hAT SCHEAE [ — B R T, ] BURAE R — AN BRI A B AT 3047 304 9 A Ef(Embed
Manifest).

XP LARY Y windows AR, TEPAT ATAT SCH A 2% 8 manifest SR B HEER
system32 [y H 3¢ F BRI T HAT SOMFPT B DLL. FEIXAPNEBL T, Manifest 222 RHE)
Sct. i XP LUS PR fE R YL, ZEPAT O AT ORI U2 7 SR IR S SR A9 manifest S0,
A% AT ICAF TR Z M A 0 DLL 53R, #4F RS AHE S DLL ) manifest 30422 3 4800 b
) DLL M. —~ %M manifest SCAFR] 1 00 F

<?xml version="1.0" encoding="UTF-8" standalone="yes"?>
<assembly xmlns="urn:schemas-microsoft-com:asm.v1" manifestVersion="1.0">
<trustInfo xmlns="urn:schemas-microsoft-com:asm.v3">
csecurity>
<requestedPrivilegess>
<requestedExecutionlevel level="asInvoker"
uiAccess="false"></requestedExecutionlLevel:>
</requestedPrivileges>
</securitys>
</trustInfo=
<dependency:>
<dependentAssembly>
<assemblyIdentity type="winl2" name="Microsoft.vC90.DebugCRT"
version="9.0.21022.8" processorirchitecture="x86"
publicKeyToken="1fc8b3b%alel8elib"></assemblyldentity>
</dependentissembly >
</dependency>
</assembly>

FEIXAMI 4, <dependency>iX— {45 T HAKHB T — A4~ 8 P Microsoft. VC90.
CRT (¥, {BRAKIIRI, <assemblyldentity> )@t B HEH HMMEE, AR type REE

EFRNSRESF—itE, XR5F
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2RI, version A%, processorArchitecture “F & EE, publicKeyToken ZARL. AT X4t
R T3 r 48 A T IZR 93047, FRATE o] LU X 2 AR A . AR
fIEG. A TR CHR, RGP0 LT 2 A RRA IR R ) SRR T AN 2 % A b 5

M Windows XP JFf, AT LR FE P R AL T AT R GBOR I & . hnBoFE el id i
SORRC P (TRR AR 5 g N H R 1P o s ME O DS SERRAS . F IR IFAT B4, 2R manifest SC1F
B I R P 2 () — e i 7] 4 (1 S 90 dn P 9-5 s o

Application DLL Loader

Manifesi - 5x5 Manager .

MSVCRS0D.diI MSVCRS0D.dlI
v9.0.21022.8 _ V9.0.68812.7

9-5 Manifest 5 DLL &8

[# 9-5 d i SxS Manager 82 Side-by-side Manager, & F| F #2F+4E manifest 32 #F 0946,
SLHLA MR A DLL Fn#. £ rd, RINEERLEPFEEDRAR
MSVCRO0D.DLL: KA 9.0.21022.8 fihR4A 9.0.68812.7, #WRIEHITIRFH cache H.
PR 75 s 4 DLL BHE, 59T B FLA8ARR 140 FH FE - manifest SO X T B s 2260
MSVCRYOD frIKR A {5 B K5 8 AH R (1) DLL. Windows XP LLJS 10#:1F R A\WINDOWS H
3 F A AN {8 WinSx$ (Windows Side-By-Side) Ha, XA HR FRATTLIE R Em#E 7
H1] MSVCR90D.DLL 7 Fix M7 «

SWINDOWS\WinSxSvxB8é_Microgseft . WwC90., DebugCRT_1{c8b3blalelB8eldb 9,0.21022.8_
X-ww_597c3456 \MSVCRIUD. a1l

Btk Ab. ATERESZE WinSxS H F T & B HAb A BR 41 C/C++MFC/ALT izt
FE

amdb4d_Microsoft,. VOIS0 . MFCLOC_1fc8b3b%alel8elb 9.0.21022.8_x-ww_43fadlla
amdé4_Microsoft . VOO0 . MFC_1fc8b3b%alelBeldb_9.0.21022.8_x-ww_d37d5cha
ia6d_Microsoft .VCO0 . MFCLOC _1fc8b3b%alelfelih_9.0.21022 .8 _x-ww_4l4ded0da
iafd_Microsoft . VCS0.MFC_lfc8b3b%alelBeldb_9.0.21022,8_x-ww_dlcebdla

#x86_Microsoft.VCBD.ATL_1fc8blib%alelfelb_8.0.50727.42_x-ww_6e805841

x86_Microsoft .VCEO.CRT_1fc8b3b%alelB8el3b _8.0.50727.1433_x-ww_5cfB844d4z2
X86_Microsoft .VCED.CRT_1fc8bib%alelBel3b _8.0.50727.163_x-ww_68le29fb

RERNORER—E, 85K
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®*B6_Microsoft .WCBO.CRT_1fcBbib%lelBelb _B.0.50727.42_x-ww_0del6acd
x86_Microsoft.VC80.MFCLOC_1fcBb3b%alelBeldb_8.0.50727.42_x-ww_3415£6d0
®86_Microsoft ., VCBO.MFC_lfcBblib%alel8eldlk_8.0.50727.42_ x-ww_dectddd?z
x86_Microsofr . VC90.ATL_1fcBb3b%alel8el3b 9.0.21022.8_x-ww_312cfled
x86_Microsoft . VC90.CRT_1fcBb3b%alelBe3b 9.0.21022.8_x-ww_d08d0375
xB6_Microsoft . VCS0.CRT_1fc8b3b%alelBeldb_9.0.30729.1_x-ww_6f74963e
xB6_Microsoft.VC90.DebugCRT_1fcB8b3b%alel8e3b_9.0.21022.8_x-ww_597c3454
x86_Microsoft.VC90.DebugMFC_1fec8b3b%alel8e3b 9.0.21022.8_x-ww_2a&2a’sSh
x86_Microsoft.VC90. DebugOpenMP_1fc8bibh9alel8elb 9.0.21022, 8 _x-ww_72b673b0
x86_Microsoft . VO30 .MFCLOC_1fc8b3b%alelB8eldb_9.0.21022.8_x-ww_11f3eala
®x86_Microscft . VOSO . MFCLOC_1fc8b3bY%alel8eldb_9.0.30729.1_x-ww_bldb7d403
*xBEe_Microsoft . VC90 . MFC_1fcBbib% alelBelb 9.0.21022.8_x-ww_al73767a
x86_Microsoft . VC90.MFC_1fcBb3b%alelBe3b_9.0.30729.1_x-ww_405b05%43

f FEACA DLL, 15 WinSxS Hx F#H —Misr Hx, R HZRMdhatad
THLEREN, £F, AHMEAS, XL ANAF AT MSVCRIOD.DLL # 7] AL {7
RGP MASHA IR, 48875 T Manifest N2 JE, ShAEEN CICHILIFERZEIT
FHOME R4 A 5 Manifest EHIFTE E RS HFM DLL, & W RSERSHRRIET
A, Xt AT AR 2 FHE4E A Visual C++ 2005 5 2008 %k f0F2 F K ik 7r HoAth#l 38 Liz
TTRR A, BA SN 2 S g 2 A R 2 AT FE RSO, BT LUXSSFE e A 1 I % £
TEH A EHY MBI, B Vistual C++ 2008 (FEZATEEREAL T “Program Files\Microsoft
Visual Studio 9.0\WClredistx86\"”, Lt C ¥ FE{TEMAM T HF T M “Microsoft.
VC90.CRT"”; MFC Z{THAL F+Microsoft. VCOO.MFC”., FAT14E /5 RIS ¥ 441897 A
KA #.

9.6 AE/NG

SAREEYLEIX T Windows #{1E RGOk iR H T, #49 Windows R4 GHIR T5)
ABERENLE, Windows [f) API thUA DLL M UIRELEABIF I A#H, AR Linux FRERZ
CLRG R E A B E RG R BA A . DLL b Linux F(¥) ELF 3EZFEE NS Ay, AR
et A 5E .

WX — w48 T DLL e ht=s (B Hp i oy A . BEdtuhbFl RVA. L2 HEEEL .
e E) A A DLL. ] i FI s i 4] DLL (/4. BRI R 247 T DLL
~MFFE S A S HPLELLE DLL (ME L. BFSMSARESE. DLL 5 Cv+ 5 M.

BEH#AMERITT DLL HELL Rf8, 3F B9 7 # 3 DLL HELL a8 7772 . manifest
K KK ) £

EFRNERSF—iE. R{S5E
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e malloc2 {4 & H A FH?

o RBERTFHEBE"

e AHL4— M RIFFOB A HelloWorld2 Rt B E S 1B JLKBRIZ W7
* AHLABF—EHMAM. V/OXFERETA?

AEX—MSE, RIMNMHMFANREEFETH, RETERNENRE: ATABRFGE
BHAT, ERMAHITH, XEEDEBEFPL ——BERE. ELBRNIBFNIE
ITRER—IT R, TEEZRT —TARENEFKTE,

/_
HEATES, BEFHRFERLT

=NEBS AL |
(m # )(&EHE)(Renm)

s, RERBATRESTHREN—
s, EXRLEREARRBSEY

RERBHAR TEASKHZEEN SN, BlkE
AE ' EERBAEEEETIRE, &8
FTROLER, BNLSHXLBS
——i#{Tr 4B
\. 4

BARHIR
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e

10.1 EFBHIAREHE
10.2 ¥%5FERA
10.3 HEAFER
10.4 AXEFENGS

EFRNSREN iR, RUESHE
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284 F10®E AT

EOIREFMEITHE, TAEFRNORFSAFNXR. BFEATNXER, iFiif
HK—BEA . WERARBBEFIETHMNN, WERFHITRMEENEENHF. T
R IR A fE, XREFA S ERAR, DURJE R BRI R R R

10.1 ERNAGEMS

FERT MK TR, BATCE 7 1R 2 AT SO TR G Bl ot AL F R 10, AT
AL — PP T I EEAE, & F—Srh R TR AABERMANE, BEN LEREZ R
PR AR =7 [A) R G o] 4346 149 .

AN HBEFBETE—AAFESAER, €32 4NRKE, XMNEFRME 4GB
(2 (¥ 32 Yoh) HS-akee S . HAHT 16 Rrad (R 386 RIBUHE B A s 00 F LR, s
(R R AT LA EL A 32 frifyunbist 47 -0k, SRR FH(fla) A FEERY . 7 FH 1K)
AR h, BANIER NG — Mk, AP el BUE R —A 32 S e e A
L. #ilo.

int *p = (int*)0x12345678;
++¥p;

KB R R T il L SR ik N e, A, AELS MR EERSHE
A, (E3EEE AR bk X W) _ B3 & AR, #lin, KEEERiERGE
2% AGB MW FERP I — o Ma T, NARFLEEE TN —BANF, X
WA AR B R D B R . Windows T BLIME R TS S ak () 26GB F R4 A N

(L H B E 4 1GB), 1 Linux BGARE R TR bk ¥ 1GB ZF )4 Boes N #%, X EEE RT3
#HMOLAMHLT .

H PR B®8T 2GB 85 3GB I fF ZEIFFK 9 i iRl fERT S 8, A VrS il
O [l Frapk st fy, —BOkEE, NRBEBEHMNFZREADT “BIL” KK,

o B HMATHPEEFHA LTI, BIFTHREECAMHREEEIR. €102 TRt
FRAFVES A4 ARIE B FE R P 22 ) B g e kb A A3 B, BRSO T KK b

o M ERADRFENNAEFHESHRANFRI, 7 EH malloc 3 new 7 CH 7
Bf, SBEIRAAEREMER. O 103 WA, HBBFFETROT A (RihE
Hi ), TERCEEHR, It T AN Ak g A DK, MR ORIRE, WL
Lt EHERFIHEER.

[Co PTBITSCIFWRTR : | i SL A7 8 A AT SCIRFE A LAOBRMR, 7638 6 OB RTUL,

Fe AT R BIDR T AT SCAF R A B B A B B L . TR R PR .

EERNERISF 8, RR5F
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10.1 EFIAEHS 285

o DREX: RERFARL TR —IIANFRIE, 0254 #7532 2 R 57 704 1 1 (1) o
17 D SRR 0, K2 Ml A R G0 L, /N (¥ MU L T8 6 B 22 AR Sur Ul 69, 40 NULL.
BE CEEREAARE RN 0 R TIX458, K% oihht b iE#iER FATh
FA AT 5 8 Bk
P 10-1 32 Linux F— P HERE LR A AT R

-~ OxfFffeef
kernel space
Oxc0000000
stack
T |
N
unused
dynamic libraries
mrns : 0x40000000
unused
i
heap
read/write sections(.data. .bss)
E readonly i
‘ sections(.init, .rodata, .text) |
1 0x08048000
! reserved ;
| i 0

B 10-1 Linux #EMIESEHE ( FHZREE 2.4.x)

EE 10-1 5, H-MEATAOKE: “FHETERERE K7, XA KB T 5
IEhSBEHFE. € Linux F, QURATHATSCHHOBULARSE 58, MARERSHEEMN
0x40000000 FF 4 A9 bk 43 BCHH LI AZ6],  FRREICE R BEAT W,

B b Sk bR T LA R AT AR K B AG RT 8K 1 , 73K B T LA BT A 1 (i
HEIAC, e Eih AR . RECEILA R DA AR, SR REE S KA ET AR
BHRT, BB F BRI,

EIE TRETPN P, SN0 8 LA RS A I, 33 0 R FE AT e

BERNSRER S, BH5F

bbs.theithome.conl



http://bbs.theithome.com

286 EFE10E AT

TR — I A R .

N '\_J.&,ﬁ"_'n. S ; e R

Q: KEHEATEFER “"E4iE(segment fault)” HF “FFEB4H, EFAFRILETE
read/write” MR L, AREL®WME?

A BRAEV LB AR, SBABG— AT AoFEABTHRARA,
mAEASEBARARSAERT RGO HE, s£4 B M ~4i%. £ Linux &
Windows 8§ AR ST, At &4 TEEES, fldo 0n, SH LR E —
F¥RAHES, BARALCHFAKERRIZ L6k 5, R4 Xdsbnt—F
LA LN EAL, AR LRE i KA b u w8 LR A A
bk (commit), 25 A4S A HHRZEEEIR A A S —MIEAE f I FR M eHE
g A1 ey N AT B A5 K iR, AR IR RIS R B A

1. AR Hda4amistd NULL, 26 EF L€ —MEEAME A M4t

2. BARAEAWSAE L4, RO RSZMAILE, ZERERTHEA

ECE
B M, e RAR AR AR L T R S AR, R SRS A A L.

10.2 X51ARERG!

10.2.1 ARk

# (stack) EMARHEHEFRERAIEENEEZ —, L PE - MBRFHEH T,
HERRBRH R, RERBER, MHRERINNAREE LA RTEINES. T8
ot a St EE AT, IhRAIRA T HE— TGk & L.

2 MR NURL e, B SO MR BR IS8, F P AT LA SO AR (4R,
push), AT LU LA RN PRI H GHik, pop), (BERIXH R UM — K AN :
s A FB YRS 48 (First In Last Out, FIFQ), ££/ &8 K—& 8% (oE 10-2 fi==):
#8 tEMBERE T, HEEREAGENH.

ZETTEHLERL P, U E— D EA RS AN F K . 385 aT LU BB A,
o BT LUK B AR T . JTRARIRVE AR AR, o IR PR AR D

ALANERERGE, RARETHEKMN. 7€ 386 T, RINEFHD esp FIFFHRUELT
SEAL . AR A Bl A T AT/, 33 (R AR AR R Tl b S K

EERNSREes g, BR5F
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B 102 MIEEFDEE: SRR
B 10-3 1 AR SR .

-
%IE Oxbfffffef ‘
N Oxbftffifo stack
pop Oxbffffffa ‘
| Oxbrtitta
esp e— > -
|
push
L

B 10-3 =L

X PSR Akl 2 OxbfFfEef, 117 esp BFAFastr i TART, bl b Oxbffffff4. 7648 LA
ﬁﬁ%w‘?ﬁ esp W/, BB esp WA MR, Eﬁiﬁflj esp M th &M FER LI
BETla), BN esp MM T 7ok kI =F 1] .

BARFSITh X LREMA .. BEER, R85 T —MRERHEEEN YD
{58, XH AN (Stack Frame) #iEFZNCR (Activate Record). HEFmi—fk
AFEW T LA N
e EREMIR[EIHAL B
e Il ANE.: AISEBIEFHSRTER L REESE AR A EE.

e HFEMLETX: BEEREAANGEEEREAENTER.

7Ei386 #, -1 (135N i 3 ebp A1 esp XA P aS RISE T H § esp A7 R IREL

R, Rtk m T AR NSRS . AN, ebp FESMEMT

ESERNSRERF—iE,. BR5E
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288 108 WG

R BT RO EN AN ESE, ebp A XM AMIIES (Frame Pointer). —MR# I
I35 B B P 10-4 iR

B8

iR B itk
Oid EBP

ebp e—p»

REHHIR S

EHEE

Hib#iR

esp e e SRR

& 10-4 FRER

EBH TR (BESE0 B 00 R BURTE LR, ebp I /£ B T R AL &,
BN RBRATIOAEN, ik, esp $HRIBMIRTL, bR ABIIIAT, esp &R
WAL [ AN B ebp AT LA K2 AL R HGE B il 5k G & N . £F ebp Z AT 21X A
BREUR [ElNE, ERIMBALR ebp-4, FHERTRIEALTPHSEL SN AL 52 ebp-8.
ebp-12 %8, MESHB BRI/ E. ebp BT EEE (A (19 B 2 0 % ok BT ebp B4, IXHF
TE R BUR P A%, ebp AT ARES iR HUX ME R E 2 ATE .. < BT ARG shid# &
TR, REYRFOA A S R BT M. —i386 RIS R 8-
o EHHH—WABHEENED, WRAHMBSEEANE, BAGHESEERNTF

i
o JEMPIEEA T —&IE S Mk R k.
o A B ok MR AT

Hi 55 2 PRI 3 P ETRS call —RIAT . Bb¥E B0 Btk 2 F BRI FFAGHAT R 2 170 1386
B ikl “ARHE” S RIXFM (B e LA —#D:.
e pushebp: #i!ebp AL (FKH oldebp).
e movebp, esp: ebp=esp (LXK ebp fFEFETH, TitkHFETARERE old ebp).
e [Ai%]) subesp, XXX: ZE#% E4FED XXX F0 B 2916 .
o [#iE]) push XXX: WHLE, RFEN XXX FH#E (TEEL).

EFRRNISREn—kE, BH5F

bbs.theithome.conl



http://bbs.theithome.com

10.2 &518FEIRA 289

it ebp He ABR, R2h T 7E rRE0E [P A BB A T E ELHT I ebp fi o 102 B LA AT fE B4R
e 48, & THIFSR TR IR AT H R HATE R, B4 RBinT LR
R IR e A SR AR AR, FESSRGE A . AR, ErREORMIN, Brakir
) “brt” SRS “brt” FFLIELFHH R
e [Wik] pop XXX: WA LE, WERFIMHGTHFE (TEEEN),
e mov esp, ebp: K H ESP [A]i Bl G B0 .
e popebp: MARHKMRIZH ebp HIMH.
o ret: MARHHEXTGIE[EHiNE, FHFBEEBIZAE .

8 GCC H®iF8H— 1 SHK-fomit—frame-pointer BT IBUKMIFE S, BT & B EFI Wit

I ki, MRiBidesp ABITEMETRONE., T AMMOFL2TUEH—1 ebp 728

A, BRFAHES, ot SHHEESE8, MERENEstzE, TXER

Efr R eiBRSE ( Stack Trace ) FRBABRAE{RIBBARIREMH 4, TNEREFFH
X5,

HTINRER, FHEMNRICH P REER:

int fool)
{

return 123;

}
EAMRY R4 (VC9, 1386, Debug 80 BRI R0E 10-5 Fras ClEMETS A
iR (AR o

AT LA BISLPRATORAE T IH) ebp,  FFik ebp 381 M AT TR, 8 FRE—1rE2
00411343 =ub esp, 0COh
B X T 0xCO ANFEAT, Hi & R FRFEF A E . X4 — KBS kA= aT el
FERTER. ik B U OERE R, 788 3 P8, R0 3 M EERATETIRE.
X 3 A7 RIE R MR AT R AT RER S B BT LSRR — T IREHFRR AN M, Ll
EERHESATRE. B4 PORMA TR, ZBICS KB EN T 0T h A

edi = ebp - 0x0C;

ecx = 0x30;

eax = (xCCCCCCCC;

for (; ecx != 0; --ecx, edi+=4)
*({int*)edi) = eax;

TLLFE A, 0x30 * 4 = 0xCO. 7 LLSERR bk B AR R A 47 ik A ebp-0xCO F] ebp iX
— B A5 A OxCC. MR EFRLRESE 2 SRR L 4T AL thoR (K 4[]

EFRNERET—iE. RUSE
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290 BI0E AT

o
&@ Rrebp \;
bpiﬁl‘iﬁmﬂi‘%
004113A0 push  ebp | e ——
00411341 mov ebpesp |
S S &m:am i%S}
[ 00411343 sub esp0COh |
00411349 push ebx :zw
004113AA push esi R 7Febx.
004113AB push edi adm#i
004113AC lea edifebp-0COh] ““‘—\
004113B2 mov ecx.30h %:tﬂfr
00411387 mov eax0CCCCCCCCh | _ MAWRER
004113BC rep stos dword ptr esfedi] N, S A

_eax,7Bh |

| omfimﬁ_mmr

g

7 e
E[E123 (0x7B)
&R BEE LA

004113C3 pop edi
004113C4 pop esi
004113C5 pop ebx

004113C6 mov  espebp
004113C8 pop ebp

eaxT IR EIRM

e

e

HeF
M ESE

004113C9 ret

| edi. esi. ebxEH{FH
=t e
| =275 )

#at
fﬁﬂiret?i%'ﬂilﬂ
ﬂ_EJJMLJdr

{( e S B AT G
esp¥lebp

Tl

B 10-5 foo REGCWMILIZOHT

A ——

’@/ [/AR]

FME VC TREAEAGEE, F¥FHH LA MBAUGTTIAARBHER

“RT. Blde T HIAA:

int maini{)
{

char pl[l2];
}

SeARAD & 4 2n p iR A k1L, HRANAE Debug X FEATEANEA, £ main TIRT
B & W40 (watch) #48 p B, #tAeH Mo @ 10-6 6547,

EFRNSREes 8, BRS5F
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E10-6 FIBINSHRTE

ZHAS BRI “B7 S A-AFENT, HAEN Debug WMAES 4 FE, BAAHY
S-fieth R A E W) Y B — A5 P WAL 0xCC, 0xCCCC ( B # A ik 4 151 44 OxCC) 49
R F AR, Pk 0xCCCC 4 Rk B4 X AR E “B™.

R A4 BRI E ) OxCC 6422 dy B AL T el A B T F| 0 — A K & R TR A 4k,
4o F— A4 E F4ER 0xCCCCCCCC, AR 4 F AT A R RAAIE X A4 R A 2 it 4044
b, BRI LR ARAY, RiFBREAMBLT T F EH Raenlab b iE iR, Ao 4%ik
3% 2% A OXCDCDCDCD 4k % A& 44 4AF9E, HBt KA L& Bl F

e 54, R 0x7B (B 123) W% eax, fEHIBRFEIEMAE . ERBERRIZE,
P AT L SR eax A7 785 KARBUE PR £ PR LA R R B S IRTE BEET B, AR
oo (RAFEIZF A28 ebp . F/a i ret -4 MR EGR D]

AL A £ iR I 1386 Anif e BUEARR HFE21F 51, ENEAMBR A

push ebp
mov ebp, esp
sub esp, X
[push regl]

Eé;sh regn]
BB A
(pop regn]
iﬁép regl]

mov esp, ebp

pop ebp
ret

Hooh x s EITFRE SR RG2S A R 7 T B, repl..regn T RICRBEMREMN n 1 F 75
FHIES R AAET ., NEEFEEGE T, iSRRI AR L2 Ak
FEARHER A R HEAT. i — R I FERA C ¥

o PR¥B YA static (AFILE MR RITZ S D,

o R AGMIFRCNBEERE, B ErRBARE BRRH A REIRE R R
XA ERED.

4% 7% 28 0T LB 5 A2 1 7 4 ) BB O & 76 FUAh 4 3 40 0 A B R 5 R MG T DA B R M A o

EFRNSRen—iE, #R5E
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292 F10#E AT

XA R F AT ——WREHEARIR th 54 PR3 ——RE BRI B .

—

)é’/ [/1+#32 ] Hot Patch Prologue

£ Windows ¢ B8 2, A EMRERM T AHORAIESH ), (2 ZEIRA 2R

HAEAN T — Ak ad A 5

mov edl, edi

BN o E L FARAN R ETALL, FFELH T Ao, EAIESELRZE LKA A

& A2 A F S, |$EMJ"J & i f A5

HAEE:

nop
nop

nop

nop

nop

FUNCTION: i M ERAD
mov edi, edi i 2 FH SN
push ebp : HORH A B

mov ebp, esp

R XS5 TF R 6 BB AR R

£ nop 84 & 1 FH, AL FHETRE, AU SEF6HBX AL, FUNCTION % —

A%, RE RGN T, KGR ERIETTE,

Lt AR A 5 BB EE AT BHE T UARE Sk e SR, A ERSIE4SA
$ AR 69 E 4 R FUNCTION, {22 &A1 °T oA d—23h, 36Tl JLiE 478 2] 45 B3O8 A &
4% REPLACEMENT_FUNCTION., # & & MNE S £#RSALATHLZHEEXLBA

REPLACEMENT_FUNCTION #49 & 3{:

REFPLACEMENT_FUNCTION:
push ebp
mov ebp, esp

mov esp, ebp

pop ebp

ret

PRI W B E G M S A5 B BP T
LABEL:

jmp REPLACEMENT_FUNCTION
FUNCTION: ; EBHMEREAD
imp LABEL

push ebp 3 AR EAF B

mov ebp, esp

EFRNSRER R, BR5E
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10.2 ¥5ERRGI 293

EXE, AMNEEREERNSAFHA S5 A nop 54 BEAH—A jmp 4 (BHFS5FH ),
KEHK EARMAFTE movedi, edi 454848 H F —4 jmp 4§4-. HH L H =4 jmp 54 R
EMA 2 AFFR? BHLA jmp 9 B FFIEEILA jmp 84 R FEFiL, EHEA jmp 54
WAL B8EA T —A “ii3k” 54, BAEARER 2AMFF, AR SR E LTkt
WEI12TFF LB BIFLE, A2 UEEHOBRZE, B BIAWEMAMIEIR A R4 00
WA,

i&:‘éﬁ‘ﬁéﬁ*}h%&&?ﬂﬁ]*?&%ﬂ#ﬂﬁ[iﬂ? (Hook) |43 K, AdA Faknr
A M SRR, 0B 10-7 AF .

10.2.2 ERBIREY

22 RL AT TR S, RATTREBNE T R BOR A R SRR R AR M . MXFFIE R
fels 0 — A &R, TR o B i A o7 o v A g ek o ) R A A g — PR AR, Bl
BT #— B A R R B B R A B2 REA R . R ARXFERE, BB
B EILIEHET . RIS & B M R — A& GEE) HE —HEME— 7,
FEN LA R M, WA 10-7 B,

Ey.41 4

| Hello, John —I

B10-7 BEEARANNES

i H — foo B

int fool{int n, float m)}

{
int a =0, b= 0;

WA AR S B EEA S 0, BEASE m, 1 foo BRI I
MAMZEEANSBE m, FEEAZE 0, MATHES foo AMM m Al n KEHEHERHR.

& 10-8 Aok«

EERNSREHF—8E. KUSHF
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294 F108F AT

TIREHRE
M n
(i) m
_{—-ﬂ—”" __,/-' |
B Bl |

E10-8 HiRavEESEH

PR SRR BRI S e R RS i B 8 B 5 H R LU B 50E T Bk,
o BARABTIEIRBUETRARIZ 8. [Rite, 05 in] BRI 7 fv i F 4 3T el B o] i
RIZEA —ApL e, RN EETRENSE, R¥c e iR, XL
B AEAMRE (Calling Convention). —/MEAAEE] — S F LA KN E.

o FRMSHH LRI T K

RS WEBHREM TN, BH LK —FRE . RTS8
e, BEACHARTESENE. ¥ THS SRR, WA =0 E & E0R AT
HEHERPNUT: RAEES, BENG B L. FEWHBRELE RV EH FF 8 EES2H,
CAR R RE .

o  HifgEd Tt

R ZSHERZE, RRALSERA, WEFEHEEA A RTHSESHHEE, B
(PG 7F R MO AR S (R — B, A M TR Ll R B B o Rk 5e i, el Bk i
HA G RTER .
o ZFEM (Name-mangling) f)HRg

A T HENE R EHETE 4, WA EEN AREE S A FHITEBM. REH
B BRI R 2 et .

$ﬁj:l ECEESH, AL RAME. Tkl kRS2 cdeclulﬁifﬁf—’i“iﬁ
A5 5 3 FE 5 Y B 18 (1) BR BUER R WA 1L cdecl 1810 . T ER B foo MU B, ERSEREE AR

int _cdecl foo{int n, flecat m)

I}i _cdecl RIEFEXRY, ETRNREIRETHEFATRANSZR, FlinE gec BERFTHHE
B _cdecl Z#fyx@Es, mEHFHE_attribute__(lcdecho

cdec! XA VAR R C HEFBINMREMEE, ERAFWNE 10-1 Ffras.

% 10-1
M EEGNRF E A A FBEGAM F HAR L R L ARAT A | AT RIS

EERNORSF—is. B#R5E
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102 #5EARGI 295

FEl: foo #EEMIZ ISR A _foo. TR foo UMK, XM cdecl B EEE A, A
iR .
o FtmEAR.
o nlEAK.
o M foo, MHN AL

a) RRREHchE CBPEA_foo 2 B F—4&I S ML) AR

b) BEFEF_foo $AAT .

HERFGRIEZ G sp=sp + 8 (BHUHAR, BTATHESIBEAMESE, rUlEERE
IO E S TLLT Y. Kkt foo B2 G, K HXBEGRME 10-9 Fir.

m
n

PACTp: ch1d

B 109 foo BRMETE

PG AE foo R ERAFE—RINN AR, WISRBOAHTIT ebp W72, LIEEN N a HI
b A RHEESATME (BRAIF ). RERRNE RS A 10-10 .

— — ebp+12
N
n
abpsd
BB
----- t—a ebp
old ebp
BEEFRTSHH
8%
———la—% gsp

B 10-10 foo RMETEE (2)

X T ARG, BT 53 8L R A R 2 77 2% 16 SR8 A [A], I A5 R T ETT A
EULEA RS, WRBY R E n, SEERHTHEE R ebp+8. = foo RIAIMI R, #2/FH
F AU pop R IR AR I T 8S, RS A REAHE [P Ak, R[E BRI . WA

EFRNSHREN e, RR5E
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PR 4 ESP #3ER iR . BRLAT I T AURS:

void fi{int x, int y}

{
return;
}
int main(}
{
£(1, 3);
return 0;
}

SLERPAT B I B 10-11 Frow.

”1 main f5$4 ’/’ main B
/ R ,,
/ 3 ’ 3
‘ I, —— -
4 '
’ — . " 1
/ e
/’ P main &98 ,/
S . ' ——
Push 3 f” 1 initisflze I ]
_ d{/n | ot abp
P 1 3
g t REFSRLES
Cabdo__ I finabze.._ __ =i
. T T ———
! ain A1 oy maink
A— - \\
maln 3 ///////// N 3
\
— R “
1 P ~ 1

B 10-11  main BEOVNITHRE

oo B AR [ AR PAT S5 BN, TR RE ORI R, X T 2 REA],
b AR BATA W AN .

void f(int y)
{
printf ("y=%d4", v);
}
int main()
{

int x = 1;

EERNSHREeF—iE, KH5F
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£i{x};
return 0;

X LT FE A HEAR AR R P 10-12 B

int £{int y) int f(int y} int f£{int y)
{ { {
printf{"y=%d", vi; printE{"y=%d", wi; printf{ty=%d4" v);
recurn 0; return 0; eturn 0;
} } }
int main() int main{} int nz;n(!
{ { t
int x = 1; int x = 1; {oint x = 1;
fiat); flxds [ Etx):
return O eturn 0; ! return 0;
i , ; L 4
- - I.’,-’ . | [ - S
o oid ebp { old ebp | k old ebp
| mEEERnE" | AERHEREE \\ | REREBAEE W
=R | \ = o L |
espe » L | '
'-.\ ® ||I \ i
amen | \ e
ald abp s R old abg
P e wa BRI FEREBREE W
&R x ",
espe \
Y ¥ .
E@ /
old ebp
P pamnBHES
k3
aape —

int tlint y} int fiint y}

{ {
princfi*y=%d=, y): princfimy=%d", y);
return 0; recurn 0;

1 i

int main(} int main{)

{ [
int x = 1; ink x = 1;
fixh; Eix}t;
recurn O; return 07

j /’ 3

S &Hdw - old abp
wensanns * "7 " sasssuse
x8 os L]
" x |
- )
B BERLE /
old sbp
P R EmERRES |
N = |
aspe

B 1012 2EHEAEHS

ERRNEREF—i8E,. KU5F
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B 10-12 MFskFE Rk MR, MW TR MR LaHIT RIS, BT
cdect WHIRHI2 4b, EFEREHAHHESRE, H0 stdeall, fastcall 3. # 102 44T JL
T E A RE A

F10-2
cdecl HRMF | MAEZLGNAELEREAR | TS+ EH L
FTaR&E+BEL+@+ 5 KNG T H
stdeall & A E AN EAMAA | 2. 4R int func(int a, double b)
641545 % & _func@12
k#4 DWORD(4 F¥)%
N Y B v Ve S VST VLS
. LI E L PN )
pascal EX & MEEEGTAEABA AR | BAHEE, AL pascal L4

BeAh, A %% SRR —FFR A naked call (R FIRE], JXAP IR AR E SB35
&, KB ARRFBRAEAMET FAAEMA, MFCY naked call. X T C++iFE, Ll
b JUF R A8 45 £ 42 70 1 SRR R AT BTSSR, PO C+ 3R R B AR LA R &2 BT RO 7 B
Mg, B s BrR_E — AN ER B0 T DA R B N e BOE X, R4 R 3 4 2 05 1 SRR R
RT3 & A A 7] 4 e BUE L. BTLA Co+ H O EINE 209 4 et sRms, AR
WFEN OB T . B, CrHOES —FREB TS, 4 thiscall, THT
Kb G R BN . KA ERAFRTAR, 7F VC B2 this FHEHERT ecx A2
SMONA T2 B M, T T gee. thiscall #1 cdecl 5244, H 2K this HFREHME—
BH.

é (/%)

EAVT Al BB a8 5 R R ARG R ARG, BAREAHLFH:

filfa.c
void __ fastcall foofint, int);

int mainf()

{
foor(l, 3);
return 0;

}

//b.c
#include <stdio.h>
void __ecdecl foofint a, int b)

{

EERNSREF—ME. BR5E
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printf("a=%d,b=%d", a. b}:

HEA 2 e LM, SANELFAM T & foo, 1278 ac F., A foo Fi4E M ehi8 AR
1 Z 4R 49 fastcall, HiFHBBEAR e LALLM MBAM, BAHE ac P, foo Bk
1545 4 @foo@8, ®iE be ¥, foo BMMIEAFH _foo. 4 TRALAGEBELT, KRMNTie
b.c B 4% H DLL (X so), HFH M5 foo, # main WA $ b.c 5445 DLL (X so),
FAHF foo. (RkFRED S22 tmei, X2HAFMmiK. ) Jopbib s
ZERFHTVEINLT, EATEHLEFR (TH) £;
a=8458637,b=1

T LA ER

10.2.3 RICROBERE

BT SR A, KBS IR TR R A RE R R EI . RS 287 TUKIHY
T, BAVEH eax BALE R FHHMMEE. o&EHHREHEAMETE eax B, BEG RBKAM
FEIEH eax. (B2 eax A5 HA 4 AFA, MAKT 4 FHRREFERWFEEBKR?

% T-E[E] 5~8 FAKT RS, JUFATAE AR BIEBE R eax M edx BG IR
FARBATH . P eax FAARIEEMEEK 4 757, 1M edx FAEREHEER 1~4 7. WOXHT
Mt 8 FAHNERIKER, BATATLAN TR R

typedef struct big_thing

{
char buf[128];
}big_thing:;

big_thing return_test()
{
big_thing b;
b.buf[0] = 0;
return b;

t

int mainf{)

{
big_thing n = return_test();
t

X BEACHS B return_test AR IMEREY R — K AE R 128 FITHIEEH, BRI TR v T
RATfE AL eax fhid. iERAIHERRITHG (MSVC9) — T main BE, SRWTF:

big_thing n = return_test();

00411498 lea eax, [ebp-1D0h]
0041149E push eax
0041149F call _return_test

EERNaRen . #5555

bbs.theithome.conl



http://bbs.theithome.com

300 F10ET AF

004114nd add esp, 4

004114A7 mov ecx, 20h

004114AC mov esl, eax

D04114AE lea edi, [ebp-B8h]

0411484 rep movs dword ptr es:[edi],dword ptr [esi]
P AT

00411498 lea eax, [ebp-1D0h]
FE B — A bk (ebp-1DOM A7 A AE eax F, BEH F—47:

push eax

1DOh - Z8E A return_test R SR return_test JE A 280, FHBR AT LK A5
PaFr AR A&, return_test [FJE BYSEET 2 -

big_thing return_test{void* addr);

KB SER T 4 1T GRMASE ) 22—k, AU S EREuRE Y &, HEI0iE
A1 75 75 B AR B ER B R (A6 % 35 4 n B{l . rep movs B —PMEAES, CHABRENEEY
movs S H ] ecx HFTE2 M 0. THE “rep movs a, b” {1 Bt b f5 6 & FAGE T4
HF AFA) U a fFR A E b, B UFEANEN ecx fiE, LiF FIXTR S
A e A2 T memepy (a, b,ecx *4). Frilif, Befa 4 1ri& ST

memcpy (ebp-88h, eax, 0x20 * 4)

B#t eax 4510 67 B b1 0x20 DX 74 M) ebp-88h (O % . ZEEEN], ebp-88h XA
Hihb sk A& o tbal, ERARTHEE, alCLHEE—F n (LR ebp-88h ({8 BRI AT AR{EIX
— 0, T 0x20 MXUF R 128 AT, 1 & big_thing B/ BLZAETRATIRT LA X B SRmg
TR T

return_test (ebp-1D0h)
memcpy {&n, (void*)eax, sizecfin)});

AT, return_test iR AR5 AR 1 eax fRHHH, ALK eax F6& R GM 1K
FEEER . i 4 return_test EL4A S (o) o] — M EERIARINE 7 ik EAT 1R EFF return_test A
big_thing return_test()

{
o big_thing b;

b.buf[0] = 0;

004113C8 mov byte ptr [ebp-88h],0
return b;
004113CF mov ecx, 20h
004113D4 «lea egi, [ebp-88h]
004113DA mov edi,dword ptr [ebp+B8]
004113DD rep movs dword ptr es:[edi]l,dword ptr [esi]
004113DF mov eax,dword ptr [ebp+8]

EFRNERBN—uE. KH5E
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763X, ebp-88h FEAK M return_test (R MR b. 14 rep movs [THAE, IMALHY 4
S5 4 AT LUBR PR LN F (AR 7S

memcpy | [ebp+8], &b, 128};

X H, [ebp+8]IEME*(void**)(ebp+8), BIKfihhl ebp+8 F A7l {E M bk, thF
ebp FERAGITEE LR AF AL ebp, (K ebp+d 451 E A R R Hbhl, ebp+8 WIF i) iR
W E. MBA1EHE, return_test AXH LS E, Ra— “UWEE” dERMIRE
F TS s A, FREE 2 ebp-1DOh (X M1 ebp & return_test AT ebp) XME. 14
%1, [ebp+8]=old_ebp-1D0h.

B4 B main B8 UL I ebp-1D0h 2414 W ZEHE? FATDKEEE main iR 3 IFERVILAL
AL R ARG
int main{)

{

00411470 push ebp

00411471 mowv ebp, esp

00411473  sub esp, 1Ddh

00411479 push ebx

0041147A push esi

00411478 push edi

0041147C lea edi, [ebp-1D4h]
00411482 mov ecx, 75h

00411487 mov eax, 0CCCCCCCCh
0041148C rep stos dword ptr es: edi)
0041148E mowv eax, dword ptr | security_cookie (417000h)]
00411493 xor eax, ebp

004114%5 mov dword ptr [ebp-4],eax

PAITUER main BEAMRE T eop 25, HEEBHRNMAT 1D4h A~F15, B
ebp-1D0h #i iF: #F 7% 461X M KX 1 i & )2, 11X [i] [ebp-1DO0h, ebp-1D0h + 128)th i 47 4k T-3X
AR P P 3 X HR T T a9 2, WO e . T iR sk 0T DUE BRI T
o 9% main BETEHE LIS TRE T — Hoasie], R IX B RN — 8 AL IR PHE )

wad a8, XEIHA temp. _

o ¥ temp X Sl A S B S H 4B 4 retun_test BREL.
e return_test B HCK B HE D14 temp A%, 14T temp X B AE A eax 4 H
e return_test IR[A1 2 J5, main pRECK eax TRIAI ) temp AT RN EHE N4 n.
AR W 10-13 B,
thal LLH Db (A e nF -

void return_test {void *temp)
{

EFERNSREF—HE, BR5F
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big_thing b;

b.buf[0] = 0O;

memcpy (temp, &b, sizeof{big_thing)};
eax = temp;

int main()

big_thing temp;

big_thing n;

return_test (&temp) ;
memcpy (&n, eax, sizeof(big_thing));
}

old_ebp-1D0h ———= -'p[ _temp

[ |REsEES. BB
ket | g RARE K

old_ebp - 88h -——\r { 0 'H',__,/- \l

ebp +8 —-—y faa-H8 ﬁ.;m

ebp ———-  Oldebp

ebp+88 ————— b

TR

B 10-13 BOESERE

BEREERE, WRREERAM R T AR, C i 7 i oK B it 2 4 — M im r idle
X AE R h i, G RUREHE N S48 M. AR AARE, FERSIRERR
I AT AR, BAITEREELE Linux FAEH gee 4.03 F7F HRFAHER KR
SR RIS WK ACEAT IR A F LU F AR5

typedef struct big_thing
{

char buf[128];
tbig_thing;

big_thing return_test ()
{
big_thing b;
b.buf[0] = 0;
return b;

ESRNSRISN—iE. XRS5E
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¥

int main(}
{

big_thing n = return_test();
1

2 main B30 ER 4> B

80483bd: 8d 85 f8 fe ff ff
80483c3: 89 04 24

80483ch: eB 95 ff f£f ff
80483ch: 83 ec 04

B80483ce: B8d Bd 78 £f ff ff
8048344: 8d 95 f8 fe ff ff
80483da: bB B0 00 00 00
B0483df: 89 44 24 08
BO4B3e3d: B89 54 24 04
BO0483e7: 89 0c 24

804R3ea: e8 cl fe ff ff

lea
mov
call
sub
lea
lea
mov
mov
mov
moy
call

eax , [ebp-107h]
[esp], eax
8048360 <return_test>

esp, 4

ecx, [ebp-87h]
edx , [ebp -107h]
eax ,B0h

[esp+8h], eax
[esp+4h], edx
[esp], ecx

80482b0 <memcpy@plt>

5 MSVCO [ RICGxtte, aTELABL, ebp-0x107 MALE FRIGIN TR temp fHulE, M
ebp-0x87 MIE n (MHudE. XK, XBUCELF A MSVCY R4 I ALS ——FE, RIE
A% B 2 M Ak SR B B A Mt AR AR I e 0 5 5 R B S B 6 H AR AT R n BB
i, MSVCY fER T rep movs $§4, i gec P T memepy B¥. o RAEXE VC Ml gee ()
B AR R BEKEEDRAHEGRR 4 CHA R

finclude <iostream=
using namespace std;

struct cpp_obj
{
cpp_obj ()
{
cout << "ctorin";
}
cpp_obj {const cpp_obj& <)
{
cout << "copy ctorin®:
}

cpp_obj& operator=(const cpp_obj& rhs)

{
cout << "gperator=\n";
return *this;

}

~cpp_obi ()

{
cout << "dtori\n®;

b
bi

cpp_obj return_test{)
{
cpp_obj b;

EEANSRESn s, RRS5F

bbs.theithome.conl



http://bbs.theithome.com

304 Fi10® AE

cout << "before returnsn";
return b;
}

int main()

{
cpp_obi n;
n = return_test{};

EBRATBEMRILIER T, HEET—F, TLRMEFESHA:

ctor

ctor

before return
copy ctor
dtor
operator=
dtor

dtor

WATTLUE BT R BOR B Z J5, BEAT TN 9% ARG R BV, LAR —X operator=
WA, bR, VIR TR I, Bk C++RIR RIRBEL P ki R %

Igi BEHRAENHAZTETRETHEMY, TRNRERTENERTERE,
!.

BATTAT AR 4w main o BORAR A X —

n = return_test();

00411C2C  lea eax, [ebp-0DDh]

00411C32 push 2ax

00411233 call return_test (4111F4dh)
00411C38 add esp, 4

00411C3B mov dword ptr [ebp-0E8h], eax
00411C41  mov ecx,dword ptr [ebp-0EBh]
00411C47 mow dword ptr [ebp-0ECh],ecx
00411C4D  mow byte ptr [ebp-4],1

00411C51 mowv edx,dword ptr [ebp-0ECh]
00411C57 push edx

00411C58 1lea ecx, [ebp-11h]

00411C5B ecall cpp_obj::operators= (41125Dh)
00411C60 mov byte ptr [ebp-4]1,0

00411Cé4 lea ecx, [ebp-0DDh]

00411C6A call cpp_obj::~cpp_obj (41119Ah)

AT LLE Y KB %5 2 ATR RS A 25 H0 R — 300, W it S At s bk 4738 38 Tk P R 2 Mo fe
BERE, HAWE B ER rep movs X8 NEHE, MAEA T R operator=K3#17.
[FI, XA RS T R .

R BURIE K RFREEE T A i H A RTTBAEN, ARMEFER, AERBTS.
A~ [ By i FE AR ) B 2 A TR v 5 SRR U SR A RIS B0 7 12 BRI R B RT3 00 18 3

ERRNSRE—in. KR5E
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FILE R TE MSVC I gee FHRAMAIEL, 35 A Z U A B ALk X —Fh 5.

Vi
A (/hamiRl

FRINER C++EBIXT &

Ed B AA B, £ Cr+EAET— A RAHE, 2T &5 2 A N g 2409
T R AEE A R otk 1 RN AR LSt st £ 2, 5 —KJelsed =t 2.4 0 2) 7446
BEMAR T, AXLERFRE, B NHRLELLLE TSR,

BAEH B RURBAES AN KA RAOF T S B4, Bk C+o2 4 T HRE
BEAEt R, b, A TR ESF R, Cr+388% T A i 4L (Return Value
Optimization, RVO) MK, Tl XiiHeT et RHLEY 1A, Flde:

cpp_ob]j return_test ()
{

return cpp_obijl);
}

AEANTFF, Mg —A cpp_obj # £ L RMA —K cpp_obj #9MHik S, AL EXAR
£05, LM cpp_obj #4H N Mk M. C+#) il BMEMALT AR A H 40, Hidifst
Fahid e ket M et At R b, BT ele ) — R B AR,

10.3 HEERGEE

Mo FHeifi &, HEX Y WAFIIIE SRR A MAT MR fEAER ], B Al Ak
WK, BEaRE BN, BARK—BROHRIFLKNAT, T H HE RN LA 7T 218
GB A RAFIREN, HATAREMERIFE - IKHIEZ DHEE, ik, HNERERBOIN
Mo FHAREATRT - FHER TIEREL.

10.3.1 T4 2

FeA R T PR F B AT, (R R b B 1E B MR (9] B I R 2
B, BT AR B AL 5 R BN . T2 R R INESI A, H A/
FHRsE X, HIREBWEHTRZRI . TEMHERLT, # (Heap) A -HIEF.

HR—HREXPAFEN, W SEEN BN RS KRS X2 R, By
DLk -BRIELENTE, IF B hER, XBRAFERTF EIT e HRFAE®. T
T A B T HE % () e ] L ) 7 o

ESROBEREN—i8. BR5E

bbs.theithome.conl



http://bbs.theithome.com

306 F108 AT
int maint{)
{
char * p = {(char*)malloc (1000} ;
/* use p as an array of size 1000*/
free(p);

#2453 17H malloc HiE T 1000 M F RN 2 )G, BRFETTLL A dFHX 1000 47
A, HEIFEFHA free BREIB L.

M4 malloc BUREE A TIMNE? F—FoE R, RN 7R RA RGN
Bekf. BERWROEEA RIS, A mREREE— N REEA, TR
EARYWA HEALF, ARTTLLT 52 R0 — e bR AT (i, (BSEBr LR
otk A b2, R % B3 CRE P FP 7 B R OHE 2 17 4 5 AT RV . RSl R G A A
(PR TFA R TRR IR, AR X HE (e LB I, SRR 2 R & P S S a1
AERY . BRI R R AR IR R I — BB 4 N B, ARG hiEF A CE R
YL, TR AR, | A 1) 9 () LA R AT IE AT

IBATEEM AT RABRERS “HR” T RERRMER0, A5 “FH” 88FH. 4
A BT BEFAKENAFTERE, RELSHETRABRERR “H#R". HRET
PEFEFFE PP T 22 ()i, AU BUE HEROR R ME 22 6], ANEEIE R — Btk iR EE Mk, S
Mt p . FRETERE MRS, XA Rl
TRRBHDREEZE, RIMNAREFSTEREAMNRERERENFR.

10.3.2 Linux #iZiE =8

MATER S — AT, R AL = A, B T T RAT SO SRR S, B
A4ACH 23 (AR AT LA g SR 4E A HE 2SR, Linux FHO#FEHEE BAMA SL T 2%, B et
T PR A sy RO o, BN RSERA . — MR brkQO RS, 74— mmap().
brkOf) C & F S W T

int brk{void* end_data_segment)

brk () FA) 7 B SE R b it R i B BE PO B R & SRtk BB AT BAYT KB 4 R B
(Linux FEAEER BSS & H7E— MBI D). WMRBATREHBE S F Huak = /i bk
Bah, A KEIRE 4 27 ARE T AR IR ATAE AT, HEaX B2 ) S5k A A it 2% () 2 Je B L Al
o — (BRATLEMAE 12 FIFA A4 brk BEH). Glibe FEH — B sbrk, B
it brk 2k, BRAESHFLNEHERRA A F. sbrk Bl—M¥E (Increment) 54528, Bl
T BN CREONED) AR, REME R (SR SRR RS R bk, XA R
#rhr EREXT brk RAFAMELE, ©REL brkQOEIRE .

mmap()f £ F #1 Windows R4 T 1 Virtual Alloc fRFA{EL, & B 16 F 58 12 i B R 40 R

EEANSREN N8, XR5%
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— BRIt Rt AR R, 48R ik B o) ot ) AT LA S B AN S0 Gt R XA R R A 1 ik
VIR DD, 2B AR il 47 ] R B A SO, BT ORRIX R A3 (A 8 B & (Anonymous)
gia], B4 Mgk eT LAk h A ], BRI AT

volid *mmap (
volid *start,
size_t length,
int prot,
int flags,
int f£d,
off_t offset);

mmap (KI8T 4 2820 50 T 16 & T EHiE H S MR AR A, R Ak %
B4 0, W4 Linux RES Bkt & EM R iGHhAE. prouflags XA S5 T 5 & iFH
AR (T, A5, ArAT) BARBRES KRR Crfbmsy. BELTBHE), REHITS
¥R T S0 R g i s SR R RSB Y, RAEX BIFAROEN.

glibc £ malloc bR $irit 3 AL EEFH P2 1) 2 (&R I: 2 TN T 128KB MIlRKH, E&
EBLAS (A% (0] B, $ RO S R RS AIHR M 3T KT 128KB #Ii K
K, B EH mmapORECHE SR ~HEZ SN, REEXANELFE PRI PEE
(6], 2488341 ELEE(E ] mmap 0] LA M0 5 45 S B malloc BR 3K:

void *malloc(size_t nbytes)
{
void* ret = mmap{(0, nbytes, PROT_READ | PROT_WRITE,
MAP_PRIVATE | MAP_ANONYMOUS, 0, 0};
if (ret == MAP_FAILED)
return 0;
return ret;

mmap B ¥ELR(E FiEBEEM Linux 89 manpage

T mmapQH# 5 VirtualAllocQE AL, ENIHRE REERV W P iFR L EHiFN
245 1) i A2 ey 0 /NI U R LA K B A, 3 T W HUIR AN i SR i R B A A
mmap (K15, TEER SR KEMZMEF, BTl LR PEIEN SR ERTTC, FRALAE.

THET Linux RE00 FHMNEH G, TLIFEREESH— T8 6 EREKM—A 1,
k2 malloc BIE—KALH PIFHB KT EEA? HTHEEXNHAE, RARAERL
FHIRFSE— T 9-1 7. AT LUE BI7EH S EE IS 0L T, BT 43 HERT LA B2 e P4t .
5 —AhEk L M BSS EILE T F) 0x40 000 000, B) K% 1 GB AR, B bR ML 5 & B
xR a2 H), K29 2 GB AR, XFBAFR A DERRR TR, EEERNX ISR, T
Fe ] LA %) malloc B KR H %23 ) K29 2 GB AR, XTS5 6 @ FIN 2.9 GB
(9580 450 HE A B,

WL HLRELRRKR? L 29GB MR &N, 2GB KR thIHBa4H. &l

EERNEREN—iE, EH5E
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FE0E AT

X S R B A AR DAY Linux PIAZAR A B0 . DAG 76 B 9-1 B2 THG BT 75 380 0 L B (i
Huhik A 0x40 000 000, X3ks b2 TH), 1 Linux 4% 2.6 fRCA B, JEEEREMS
Hoith bl OB R) T A AR, EA T Oxbfoooox IR (X — S METHIK EZ s
fproc/xxx/maps th AT LASRUE Y, BTRAM Oxbfxxxxxx FHFEM brkOWBEAARAKER EE T
SEN, e A] A AT Aol 2 1) 7 P AR O SR A5 i R ok ™ A e AT SO, X E A
LM T 0o FRLLMBEEE W LARES, 2.6 B Linux (9 malloc 45 A2 [a] H i B 1%
£ 2.9GB i (H Ao AT 30 5 &£ 74 0x080 400 000 Z A ffitthhl & 3648, # 4
Lo, WEEEE ).

A HoAliE BN # 2w malloc FIRKFERIAD, HMRLHEEBE ulimiv). 9
BN A R B ) LA AN . MERTE— 6 FL 97 512MB WTERI 1.5GB A8 8% [a) [y 58 1l
A malloc (198 A7 ] B8, B ERAREASEE 1968 £4, bR 149 R®. B¥
RILFH A WA+ BB RN IO AN, FB mmap BiF2 AR . PR mmap HiFE LT
[, R 2ok EAE WAFEAC B A i) v B R ikt (H R H i RS2 1) A i 2 R P A+
2 PRAE J8 47 () AR

10.3.3 Windows #iZiESTE

AT T Windows #AE RGN “Huk” MM N PFR, & RE A RE —
T Windows R4 R AL F R — S8 Windows iEF Y b k5% 3] 43 45 6] L
Wik 10-14 FizR.

AILLE 2], Windows [P iEFEAG ikl =5 (] ) BC&h T %8 EXE. DLL 3Cf. HE. #%. H
EXE X fF—Ar T 0x00 400 000 A2 45 W ith bl ; 1ff —#64> DLL 2T 0x10 000 000 25 ik,
iZ{TPE DLL; 354 —#64> DLL {7 T-#4T 0x80 000 000 147 ¥, 40 & %t DLL, NTDLL.DLL.
Kemel32.DLL.

FR )47 B W 7 0x00 030 000 1 EXE ) T #8443 4, 7T BEF & W R4 {4 Windows
TERAZERR? BAVHIE, GMEBEMRBEHLH, AUl B ESLMEE, i
REi%H NI NAER, XF Windows R, MNRBEEGARAR R IMB, ELREES
I, RG4S M e 7 R H bk 1) o 4y RO AR (F 23 Tl V8 A, SRR ER /b T Ll sh B R R A 1
CreateThread IS H46 € .

7E 4 BesE b X de bk LA S, Windows [FEHE AL F M B4R X BEw T . SEFR £
GEEPIEHE S, Hf X R (A A B el E SR AT Windows RERMET —4
API Wi VirtualAlloc(), FIK [ RS WH 2, E5 Linux F mmap JEFHML. Kb L
VirtualAllocQ BHEZ M A — g HH TH, S0URNRERE 7 —REilbl, ~MHEF
A] L R R R A .

EFERNSRESN S, ¥HN5F
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10.3 HEAEER 309

Operating
System
0x80000000
0x7C200000
0x7C800000
heap5
Cther dils
MSVCRI0D. dit
zzzzzzzzzzzzzzzzzzozix10000000
heap4
CTTTTTTtackZ T
,,,,,,,, stack1___ "]

Program.exe
-------------------- 0x00400000
L. 0x00390000
" etypenis

sortthis.nis
sortkey.nls
local.nls
u haa:énls 0x00270000
heapi 0x00260000
0x00250000
heap0
-------------------- 0x00150000
stackd
-------------------- 0x00030000

Windows Process
Virtual Space

10-14 Window #HEHIIISSE 497

FEGER] VirtualAlloc() B 8 BT 7S RIS, FREE TR 43 () A/ MG 2000 RO MRS, BIX T
x86 BRI, LR 4096 TR RIREAT. WHE, XRERERLN MR AFHE
D% T, 4096 FANEAL, W HH R 4096 AT REEERE, £ T/ THAT. BLANHMA
FRAEAREN “HEA", WREHRNRERGETFENFNE, BRIGEKEFIRS,
Ee R A2 4097 N FATHAM, B RO 8192 FAY.

EFERNEREF s, KUSEF
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310 FI1I0E AT

R, fE Windows FRIIBATLLE ST — A4 RME S, H5ElLL VirtualAlloc [ 8
TERG — KM AR RS H], N 10MB, 85 FHE &SRO HF. Pixaw s
RS CABEM RS, ST CHCE, —BBER FTRNGALEHEEENET, Nc
B —A, ALK TLLT . 76 Windows 1, XA BIEMLH FHEHEE (Heap
Manager). HEE M BRI T —E 5 HEHCH APL ATLUR R EIEE . 0. BBy o 4 fa) .

e  HeapCreate: €& —/ HE.
e  HeapAlloc: 7E—HEHFECNTF.
e  HeapFree: BHCEFEAINTE.
e  HeapDestroy: #:5—-HE.

iXI94 APT MIfEFHARIH &, HeapCreate B2 G5 —MHEA], 'EomRERLH#HE —
BNAE M CEHRRIE VirtualAllocQOSEBLR ), T HeapAlloc HA27EHE %S A) BL i 43 At — 4R
ARG EIZ AP, AR R AR 3, ekl ViralAlloe [ Rt R E
(A HL B B ME RSt B 5 (A AT LASHAE A 1k . HeapFree F1 HeapDestroy [K#E I B A &
M 7 .

Windows 988 010 R

L ErE&# HeapCreate. HeapAlloc. HeapFree 1 HeapDestroy B35t St & 8
BOEOED B ETHIELRR L FET Windows 818 M B, —#H2F NTDLL.DLL
@, X DLL & Windows BIERGKA A REHOBERE DLL, EH3E Windows FR %
DLL 5 Windows Rz B8O ( BINESEESR /148 Windows FR% ), FiEA
FEFEF. SHNERNFRENEIESSERXT 2R, TE Windows AR
Ntoskrnl.exe t, IEFZE—#r R HEINIR , T U Windows R P FE H B
( RZEFAFPAETER— ), Windows Rt%. AEEYS. BHEFFEHHENE
B OE R X SRR, MEEEEEMNEOE D RtiHeap k.

HAEBRE BN EESH — PR, XMEERE RN GIE, 3 EEAREL R
—HAFE. BUAKERIIUN A IMB, AL EAT 0T LU i BE 88 M/HEAP 338 & rT 44T 301
PO BRAAHE D, R TR 40 )t R I 5 e RO AT AT T SR TS s B R/ B B B A M . 4R
IMB (AR LR FRERAAN, QR REAHTE#ET IMB, HEERERS
PRI K A, B4l VirualAlloc [ R4 H & E % M55,

JEIL AT A0 Windows BEFE ML 2% 1R) 2 A BT 1E0E, — A BER D AESE BCLA HERT Y
BIRARELERN . BTl — MR Z ] DR BT R, RO — M. 2
R—UIEATER P EE, BOYETER maloc BECSMRTIX—9, EXF LR
Heapxxxx R¥|AEAI0E, H— MRS, ot adaiistmg,

BEFRNEREST iR, RU5E
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10.3 BEAEER 3N

PrUARERE o Al REAFTE D M, (AL — D EFE A — - K PERESE 70 AL B e K Y HE2E (R Bk T
KA. M EEREPEATLLA 2], Heaps MiZEE M —AH, MK/ ALyR
1.5GB~1.7GB, Xk T DLL BER KA. BAOIFER I T PHLM
Windows T fig#5fid malloc Hif A KR —HRHEZE IR KL 0L 1.5GB BUIRETARET .

O3 AR
Q: KTAEASAMASELEGF— A AAD?
A: Tt LFAMACREIAL, R2ATIAMLR — KR LA Aot > £HR. glibc &
E R m b SO 6%, JF SR 6 AT R
Q: RAALPEFAIRER EHK, RXAFHH?

Al RA, A REABEA Y M) A G Bk AT WS, A L TR R LA
B4 SMeA%S 2L unix ALk, SN LT bk 8572 ROBILE M, & brk 8
WK F e 26 8. {24 Windows 83 , AT T. /£ Windows ¥, X
3 54% M HeapCreate /=4, 7 HeapCreate % 7| #4 £ 4 7 18 8 f1 L3 KX AMUAE,

Q: A malloc & R4 RGP M 5 & %R S4 API?

A BARKTSWNAREOREARRKGRLETEALIEFREH, pREAT, RAET
RARLECREIRERELAF; wRAGAT, ERAMLMBE ALAN I APL &
WAk A GRS —RRET .

Q: malloc ¥ eI N A&, HBEERUBELTEHL?

A EE—ABRELGFAM, EEILRAMN: FLALE. BASHELERUE, FAS
HASA XM HR, Sisdtab T . WAL, e i, MR SRR
B AARFRE, ALt malloc wiKT 5V AH, RRLRASGHTALT .

Q: malloc & 369 % ] & 1A if 4697

A ESWEIAMMZA, ANETASHFHE T A EAHREHEL. R "ER7
EREMTEEGE, FLEELEGS, B4 —k malloc £ BG4 T AT AR
PRt o RT AL “HEEET M, WEEER K&, B
— ik H A SR T A TRES T AT EEOHERAHATAN.

10.3.4 EDBECEE

BATAERT (9 345 o D VRN A 4 T HEZE I RE o (KM 25 1) R o] 40 A B o TR OR
L, AR SRR R R I R R — K Ptk 23] TR RE malloc FR

EERNSRIBT—iE. JN5F
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FE10E AE

WAFERI RN TR A0, WEA T GB M TR . T RBA 508
B BEK, KE T SHIE T P FR M SR B MR, JFHET R — b Al
[l fF. HSX A W] LRSS, dnfel 8 B — KHOELE I Py 72500, RER 1 B 75 sk S
BEMOC A ), XA HES RO A L. HER Y RO T IR B Fh, AR R (HlnX i B
TAJLR ), IAERE A, EH TRER MR H ISR ERN S & .

1. SRR

ZREER (Free List) [ 77 85 br_b SR 0 HE 525 IR O B g % 00 OB 2k,
Bk RIES, ol LUE SR, HRIRESE KM B E RS BHEA
BRI S R REER D,

BATTE ATE NS Rk B C HE R BT SR A A, XA AR R R 22 )
RIEHE X AL R —E AR IXFIESIEREM, XBE RN R —fh— 5%,

THERRXE —M4H, ERENE - MNTFRFMNATL (RER) 1%
(header), LEMEIRHT E—4 (prev) FIF—4 (next) FWRHIMBE, BEEEE, T
[T HIRIEE T — MR, Wk 10-15 P,

Héadar; 14 NULL |
| _

B 10-15 HREERIE

TEIXFE (K G5 R T o] 43 MR 23 ] el 2
B A N AR AN R AN E R, RE XA R AR, —

EFRNSHRER—E. Xus5%
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10.3 HESHEEERE 313

A AP RETZM, 58 A WA TR R A R TR 3 X R R 2 R e )
SERVSE T B T B R, R R B BN 0, M ELREREIX AN AR S
BRo B 10-16 Sz T H PR — M4 R 2 A0 H S5 0 P A7 20 8 J5 HE R

NULL

B 10-16 THEERDE (2)

RPN RERCILER B, HERRTRANEK, S CaRcRKfaet, X
X AR R A e — AT R IIRR R A7 2R R R AN TR (R (g, BRATI SRR Sy
Al k4 A7, X 4 DT TSR D, B k. ERBBIXNFNRIRAESE
BIX 4 AFHE, REMEZAFRIAD, RERIEARIZHERRBATLUT .

BRI UL fox FR] 00— P Sy MO SReM, IXAERO B A AER T M. B0, — BRERK
W, SF LRI 4 TR, BAMRUEEIER T, miXE8dRad R 5 e
FiEE T AR .

2. {up

A RRER M, MR ST M. XA AIE (Bitmap), H
Bt AR A RIS KRR (blockd, BNV 24 R A FE AT,
BRARBEAROGZAL T, B A RBROEY EARK RIS (Head), HAMFHHC
SR E (Body). TIHATH LM — MR R ES, TN MR

| A3/ ER R EARA, B O R BRI T 208 MR, BURFH . |

EFRNSREN—itE. KH5F
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314 F10F AT

084
BiEfm kA IMB, BAEMNE— A DH 128 FF, FLEEHA IM/128=8k
A, TR BKA(32/2)=512 A~ int RAFHE. EXH 512 4~ int SRR — ML, AV HEH
AR A Ak, SHAEHKI0 FFORNEN, RHoBRERPF I AL, #FHEBAGEEER
it A Kk ALK,
B 10-17 & — X R HE ) SE B

B 1017 {IEB2&HSR
EAHESBCT 3 hAAE, SRl 240 B, HEBERHERRE o Ho XSS 47 B R A
{HIGH) 11 00 00 10 10 10 11 GO 00 00 00 00 OO 0O 10 11 (LOW)
Hip 11 Z5 H (Head), 10 #7-E4& (Body), 00 #A%H (Free).
A B A AT JLAME R
o HEEHL PR ERE BERE N BAN, B RS cache B H .,

o RUEMEEF: b TEEA/BRAESHENEIE, BRI RS0 FAEReT. i
HEPAE o BE B A, A BB ML T .

s BAFEFIMSE, BTEH.
4R G A A 2 R T B LA«

o HEMFHBRAS AR, BRI 300 THH, LEAMT 3 kil 384 ¥
1, IR¥T 84 MFEA.

o  IEHEBA, BEWREMN —THIRD GXFETLURLER), BAMEFRSRA, AT
4% cache fr P EBMERE, M EBLSRW—E RN SAXAES, BATTLIERH
EZ2dialodi B

3. Wit

L A4 o B B B B A R, B LE S, WA RN R
BRI SE I JUAME, XA R SR ATT AT LASEN IR B Bt — N O B AR L, FROg

EERNSRERF—iE., KE5E
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K.

X Gith ) AR A AR, B YA LA ) KN — R 0 AT A 9 XA K
A EER RN — R, SEEEANHE AT IR RIS R K B ANR, B DG SR G i TR R F
— AR ATEL T

S it B A B e ] LR A S R B, R LURFAZ A, S e TR B U TE B e
TRKIGEROERZ—E RIS, BB RIRES . i TEREEHER R
WTF, PO RE RS LME IR R, AR LR,

SeBr AR B ISR T HER AP RCSATE A BRI B A A S st T glibe
Kk, AP/ T 64 FATH B R PIFRR AR T RS E i, T KT 512 A
2% o] e i SR ) R G ROk T RT 64 TN T 512 TR, 8 SRR SR
Ry R T R OB XA T 128KB RIS, B A mmap MUK ELEE R R
B HEAE .

10.4 AREB/ING

o —wh, WAVEEEBT 386 hRLEH FRFNEALNGRR, HHNETFHT
gi AR EEM B G HEAT T IR 4.

TEM AR R R, B ) T ARSI H RN EREM, LASZHENH
FRHRBIA S T MM, BS, & T# T 8RH kiR EHE A EOR AT .

AR RS, M T TR B SRERAE. A5, EAAT
Windows F Linux [ & 20 HEr & B A B

EFANSHEN e, kU5F
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BiTRE
111 AORFRZEFDIBL
11.2 C/C++iBITRE

11.3 EITHELSDEE

11.4 C++2EIEES5HHA
11.5 fread SEP

11.6 ARS|NGE

EFRNSREBN—8E, RUS5E
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318 ENE TTE

MAHE AR — M, BARFREZhERERRE “aI”, AR, BRI
MBI TFES, M PIERF TG 5 — KBRS K E k. €% ER 7 IEF S
gy, REMSFEM S MR ABORECRIEEH, ENsENHRRFRz1E.

1.1 ADRFHERDBL
11.1.1  ZFBM main FF805

IE SR GE DKt 7 AR T 7 KRB, (BT AR I C/CHEF BB R %50
JE—AHL: BFENA main ERFE. ERHFENEMEZILE? mMRRE THE, He
R F AT E] main REHIR—ATH, REFHEHCLITHT -

[$%3E 1] Fim—B CiF 5 10:

#include <stdio.h>
#include <stdlib.h=>

int a = 3;

int main(int argec, char* argvl[])
{
int * p = (int *)malloc(sizeocf(int));
scanf ("$d", p);
printf("gd", a + *p};
free(p);

MACHE R BATATLLF R, ERFRIRIT R main B, SREEHPIBLTECE
HERT IECETE), main BEMBSH (arge M argy) tWEIEBIE THREN. B,
TERAIE 5, HERER ML el T, — S R4 VO HEl#nshith T, BknTLd
JCoHbAE F printf I malloc.

[$%iE 2] W€ C++H, main ZATRESPITHNESEL, Hlmn FKH:

#include <strings=
using namespace std;
string v;
double foofl)
{

return 1.0;

}

double g = fool);
int main(){}

R, MR v HEERE, UEH TG LRER ¢ MRH foo #&7E main Z AT

EEANSHRIBT 88, RUS5E
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1.1 AOREHESTBL 319

WH.

[ kiE 3] atexit 2 —PREEKMTEREL. atexit HEZ— A EANSH, HRIEERFEE
WIBH (P main BURPISEEH exit M0 B, XA @REIRET 0 R BSHIEE. Bl
void foo({void)

{

printf{"byel\n");
}

int main() main

{ Coxit (600) test test
atexi ool ; . .
printf{"endef mainin"); atexit() main

}

F atexit ef ¥ A B B KR B R HUR ZE main 2R 2 )5, | B BARIBHRKHHE:

endof main

bye!
T X LHRTES) “main €187 RUATSFIFIER. RERKESRERFZE, §ikiE
AT ARSI AR main B934T, MRIELGIECAS, XEAUHS 57 WA % 4F main &R BT HT
FEMHEL, HH R HEIAMN main KRB XEHRRA T ELEE main 2R 80 0 R M S & R
W WA, HEARRAH. MRRE. F V0. 7E main BEZfE, E4idx main 6§
B [BE, A atexit FEM YRR, SRIGL KR
JETIX M R EFCIANOEHERAOS (Entry Point), ¥ F&MARTE AR
#7 . BIFHAD @I LR — P EFNRIGAME RS, EEERBITEN—84. —
SO 2 P g
o WMFRACEBEUASRSG, EHEMRLRTEFPIAL, ZTAOEERETEPRRE
AR
o  ANRERZITEMFEITHRRISTISE, G, V0. &/, £RERBGE,
o ANDERHA RS IE, WH main B3, EAIFHATES 2EF 5.
o main REPITEELE, BRIFIAORE, ANDRBGETHRTE QEERERN
M. HERHER. KM VO, REMIT RGOS RME.

11.1.2  AOSRHQISCWm

AR R RAE P SRR A A B O, A TR D REBGHAT VR T AR, ATTERAN
FERAFHHT glibe A1 MSVC LA 0 R BsL .

EERNSREen—ie, ¥RS5E

bbs.theithome.conl



LoveLeft
矩形

LoveLeft
文本框
即使你在main函数中调用test函数，在test函数中调用atexit()，它还是在main函数结束之后执行
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320 FNW iEfIE

GLIBC AOR¥

glibe BRSNS FEAEAR IR F2MRA, HLIFRAK glibe MZHA glibe XS],
glibe AT AIAT SOMFRIR TOLEBER 2 0], XM ZE R RT AL &t 4 AP, X R I
BT ERES glibe F T ATRAT SCRFABHEN B 7, LM ILIE 0 3t 5 (4 Rt ¢ by i
MSTHIERG)F R AT A, BATEA BB A R T, 7 268034 T LR BN 4
H B glibe A gee MR, HIEHEREI2 — R =AM R . FHEHFTH 2T Glibe fl MSVC
CRT (A RARES ST ZE A MBI T T SEER AN B0 A0/ T 04T S P S It 52

PR AT LA 3 T8 F Linux F glibe MISHACRY, ok 7 H% libc/esu B, HXTESE
FENIIARHY. glibe MIFFA T30 _start. GE/MA R H 1d SE5 3880 A 10 BE A BT S 52 1),
AT LA X S HEE A QA D). _start B4 SEEL, I HME G406, Fmarul
HUME 1386 f_start SCI

libcoy\sysdepsh\i386ielf\Start.S:
_start:

xorl %ebp, %ebp

popl %esi

movl]l %esp, %ecx

pushl %esp
pushl %edx
pushl §_ libe _csu_fini
pushl $__ libec_cseu_init
pushl %ecx
pushl %esi
pusghl main
call _ libc_start main

hlt
XA T SN EERUY, AT LUE B _start B EUR R T 4 4 __lib_start_main (¥
BRI A B A9 ACRS R R B S AL B, o IF R0 7 N IEAREE 4 M T4A R it
BB . fEBITIRHM T ILH 3 184, ENREHS 58,
e xor %ebp, %ebp: XL ik ebp FIFIIEE. xor KL RIEE H P MEFR R,
EERIFRE R — DR R . P H MR B LT =R R A 2 i .
ebp %4 0 IEFTTUARHE X RIMNERHBNE RO,
e pop %esi M mov %esp, %ecx: TEUAF_start §7, B BSIEHPNSENRETEEA
Eeh, IEMULRRKIT S, EFF BTN SRR arge, MEH L FHR argy MIHEE

BAGE B 11-1 I AR A R, o AR W Sk R HRAT pop %esi Z BT HIAR T ( %esp)
T SE LR # L B ATZ 5 T (%esp) -

EEROSERESn—te, K85k
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1.1 ADRMFIEEDEL 321

old
BAMKSE > P
vy v
| | 0 ||arwniE |env0| 0 Ig_rjgn[ [ﬂrao argc
[ o] [—argv—‘
...... ®

B 111 HRETRNSHHNE

pop %esi ¥ arge ## AT esi, i mov %esp. %oecx ¥R I AL (i sk argy FIEFIE AR
® (env) AN HEL) 1445 %ecx. HLFE%esi 1611 arge, %ecx 15 (7) argv A B3
H.

SR UL Bt BATOTEME start 05— BUE R A ALEME M 05 1083

void _start()
{
%ebp = 0;
int argc = pop from stack
char** argv = top of stack;
_ libe start_main{ main, arge, argv, _ _libe_csu_init, _ libec csu fini,
edx, top of stack );
}

Ho agy BTHRMNBE RN, CREEREFHETRER, XMABETERER
__libe_start_main 5 A\ argv WIRELH K.

HRER

HRFBEEFET RSP N ELOREEE, FREFETLISE, BEFRE, FETRT
AR — RGN A REE, PIIIRFIEENEE, H570S A%, HREERMENA
key=value IFF R, CiB8Z BT getenv XM RERFKRFRERER,

# Windows B, T ERERH TR Ra S8 - HRETETN YR HTE,
M Linux F, BERESSITES A export BT,

FFRHAT AR B BB MO libe_start_main, HFACRERK, FHRM—B—BME:

_atart -> __libec_start_main:

int _ libe start_main |
int (*main) (int, char **, char **},
int argc,
char * _ unbounded *_ unbounded ubp_av,
_ _typeof (main}) init,
vold {(*fini} ({(wveoid),
void (*rtld_fini) (void).
void * __ _unbounded stack_end}

EERNSRSN—iE. #R5E
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{
#1f __BOUNDED_POINTERS_
char **argv;
#else
# define argv ubp_av
#endif
int result;

XA __libe_start_main FIERHCKEE, AT WA _start pREC A0 — 8, —3Lf 7 8%,
HoP main fSB—DMBHAEN, FEL R arge M argy GXHEFRA ubp_av, HARHTWAET
WA RE). BT main KRB 240, SBETHA 3 AHBIEEH, 2002

. init: main A AT 478G TAE.
o fini: main BHRGHIWE T .
o rtld_fini: MEHAMBEH <MW R T, rtld £ runtime loader KIZEE .

B IS 1) stack_end A7 8 T EREEAIHELE, BRE A St .

. bounded pointer- - R
GCC %#F bounded #E!#E%t ( bounded ¥5¥HH_ bounded XRFHrH, EEIAF
bounded 5§, WEBISHA__unbounded #RH ), X¥pisst & 3 MEE 624,
HE T ZDEBHEMREHNE, ESTITEEEMRETRE, B =EBEELR
&, _ptrvalue. _ ptrlow. _ ptrhigh #5i&EX 3 ME, T 3 MELG, AR
REREREFEN®XT.,. HFAEEX_ BOUNDED_POINTERS__ X &AHHEHE,
EUNX 3 MREXREN,

Ait, R bounded 5B LEMFRER, B2 TIIEEHTE 2003 FEHEHET,

B MEEFF X F bounded (X BFHIME—T=0E, £Ti, BIETHE
TR libe ALELBTERBRIAR{E A bounded FE$H BIFE X__BOUNDED_POINTERS_ ),

& T RMACES U T

char** ubp_ew = &ubp_avlargc + 1];
INIT_ARGV_and_ENVIRON;
_libec_stack_end = stack_end;

INIT_ARGV_and_ENVIRON X% 5 3T libc/sysdeps/generic/bp-start.h, FEFF G & LA
BN

char** ubp_ev = &ubp_av[argc + 1];
__environ = ubp_ev;
_ libec_stack_end = stack_end;

B 11-2 92k ERLREBRATARIE M _start JHACESSIHTIF B M ERAT, ik__environ fRE 1R
JFOR B BRAE argy U 2 S MRS B .

EERNSREBT iR, RR5E
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1.1 AOSRYFEREDIBL 323

__environ ubp_av

— AR E— ':’

’_Iu |anvn| Jenﬁo[ 0 |argn| ‘arg'b_"T
’ [ ____J __J

| argv-—-

[ ——env-
|

| - #

B11-2 RBTENSYELE (2)

B 11-2 e 47 483 ubp_av, M KELLH LXK _environ. 7o X BARDER LK
A A REEE, RIEEEHA.
WL BEHFESRES_ environ 1B? XXEHTRE bounded BEHR, L,

INIT_ARGV_and_ENVIRON ##12 bounded X #FHHMEREE ™A, M EMEERE
F#+% bounded BIMRZ,

BEFAAT 55—k

DL_SYSDEP_OSCHECK (__libc_fatal);

KRR AT RAE RAMIRCA, MR AN ERAI W T - 3BTRS Ha, B
Mt sk KRG BZG, B SR 00RBORR S -

_ pthread initialize minimal();
__ecxa_atexit(rtld_fini, NULL, NULL);
__1libe_4init_first (argc, argv, __environ);
__cxa_atexit(fini, NULL, NULL};

{*init) {argc, argv, __environ};

XA AT T i S R B, TR P cxa_atexit B glibe R TIEEL FFH
T atexit, F TS 3058 M RBAE main £5R 2 E A . FULASEE AR fini 70 rtld_fini
9 A T main 552 GBI #. 71 libc_start_main FIA R, XEMRXFTAM:

result = main {arge, argv, __environ);
exit {(result);
}

RS, main MEC TR, HEB. RERINKEF exit ML

_start -»> __ libe_start_main -»> exit:

void exit (int status)

{
while {__exit_funcs != NULL}
{

__exit_funcs = __exit_funcs->next;

}

EFERNSRSN S, BH5EF
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_exit (status):
}

HHp__exit_funcs FEFFE H1_cxa_atexit A atexit {E M} 18R B BER, 71X B XA while 75
00y iz B R R AN X S O R A, P S &, X AR E ARSI T .
e Ja i) _exit BRI 4B, H5 FEHI, Filislk i386 H5LH.
_sBtart -» _ libc_start_main -> exlt -> _exit:
_exit:

mov ] 4{%esp), %ebx

movl $ NR_exit, %eax

int $0x80
hlt

AT WL_exit BITERIDUOGR A T exit XN RGTAM . WERE, _exit HAE, HEMLEE
HR. BIFERSRAPFEL, —F02 main BE0ERIEE, —FREFERA exit BH. 7
__libc_start_main BHATATLIEE], B main Z[0] T, exit R . exit SR 5B H
B2 ¥, PIAEIR A atexit FER AT RE AT 578 45 exit RIZRE AT LLE £ —%.

i BNEHE_start fl_exit HKRBEH 1 hit§5%, X2EHLAHR? 7 Linux B, #
I.ﬁ RLBIER exit RGIAAE R — B exit ®iHH, BFNETRSLLE, BT L _exit
REH hit FEHIT, MTI_libc_start_main FGEREIEE, E_start KEL hit 354
A EHFT, _exit B8 hit IESEATHEM exit RABBREMD, MEEY, BESR
CEEUE, hit BRI IURIBIEMABITIRRFLAET R, fi_start B4 hit so B th R0
i, BRA 7 MAEREEEA exit ( XBIEHTR exit RGHA ) SE T _start 41157

( 1407/ ARM T __libc_main_start &RE# exit o

MSVC CRT A&

FEBEE T glibe FIADTBRBCEH T 2 7 AL AT H IR glibe A D ERBS AR
RAFEHN. FxL, BOTHEM glibc MADRR TRAL AR, Y THE—HEHR,
BAVFEREF Windows T ILSEATEEN 92 BL4 5. F i & Microsoft Visual Studio 2003 B crt0.c

LT VC L3 HRM ert\sre) MI—#E4r. X R HBE T — e &40 0 010, BF T HE
FEHAMS . MSVC [ CRT BRIAMIA L4 A mainCRTStartup:

int mainCRTStartup(void)
{

KRAD BB, P MR T %Rk, BRARIESE. RifHd o
[ A PR — AR 5 B -

poavi = (QOSVERSIONINFOA *)_alloca{sizeof (OSVERSIONINFOA) ) ;
posvi->dwO3SVersionInfoSize = sizeof (OSVERSIONINFOA) ;

GetVersionExA (posvi) ;

BEFXRNERBST R, KREE
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_osplatform = posvi->=dwPlatformId;
_winmajor = posvi->dwMajorVersion;
_winminor = posvi-=dwMinorVersion;

ogver = (posvi->dwBuilldNumber) & Ox07£ff;

if ( _osplatform != VER_PLATFORM_WIN32_NT )
_osver |= 0x08000;

_winver = (_winmajor << 8) + _winminor;

BN X e B, 2 VCT Bl FE XS4 R R, E9P_osver Ml_winver F i
ERAMMA, _winmajor J&EM A, BAMKKATLIER MSDN. iXBALMLE L A
GetVersionExA (IX 2 —> Windows APD) RIKMH LR EREREER, FHAWMESE
MERTERE.

At LEEAposvi HRAGFAEHAmalloc MiEAallocalR? 2ERAEERFH—FF

W BRI, T alloca RYE— o] AAE A &, alloca STLIE

HLEARIEANDNTE ( ABRNKNAE ), FEAEHRRONIES BB,

RTREHTE—H,

HFEE P aiE, FrLUR £ EEA, Y522 BRI T .

if { !_heap init(0) }
fast_error_exit (_RT_HEAPINIT) ;

X B H_heap_init FREAIHE C(heap) #1T T ¥HH{L, WURHERIMAGIL KM, MBAFEFH
HEBHT.

—try {
if ( _dodnit{) < 0
_amsg_exit ([_RT_LOWIOINIT} ;

_acmdln = (char *)GetCommandLined();

_aenvptr = {char *)__crt@etEnvironmentStringsa();

if ( _setargv() < 0 )
_amsg_exit (_RT_SPACEARG) ;

if ( _setenvp() < 0 )
_amsg_exit (_RT_SPACEENV) ;

initret = _ecimit(TRUE);

if (initret != 0}

_amsg_exit{initret);
__initenv = _environ;

mainret = main{__arge, __argv, _environ);

_cexit{);

H

EFRNERISHT —itE, KESHF
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__except ( _XcptFilter(GetExceptionCode(), GetExcepticonInformation{}} )
{
mainret = GetExceptionCode();
_c_exit();
} /* end of try - except */
return mainret;
}

X H R —4 Windows (] SEH (1] try-except 2, BEM# T 4AR? ﬁ%‘fim_iﬂinil Tk
VIR T VO, EETRXBANMAH T —RARET S /A, ai.

e _setargv: Ik main RE argv S
o _setenv: WEFIITE.
e _cinit: Athi C FERHE .

Tedg )5, ATUAE BeR B0 T main RPOFIRE T HIR[FIE. try-except TLH] except #4>
REGREENE, WHE oy RERAEESRE, WEXEHTHRGHE. BERTFR
[6] main f¥3& [F1{H .
try-except &

try-except 3 & Windows #5485 F & 2ALH| SEH &4 —44. try-except e &91& A 7 ik
JoF
_try {

code 1

}
_except{...) {
code 2
}
% code | HIFF (B4HEF ) 490HE, except 447 code 2 2MATAFFTLE, &
#i¥ smé415 B35 & M) MSDN,
FgE—F, X4 mainCRTStartup A& fRFFERE
(1) ¥IEALR OS A X &= RER.
(2) ¥ LHE,
(3) ¥4k 1/0.
(4) P HTEHNHE TR,
(5) #HL C FER— ¥R .
(6) HH main it R M.
(7)) K4t R % main FY38 [FHEIR D).

EFRNSRESF iR, #R5E
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] R R MSVC A LR B0 BB R D s . 7058 13 8, BAER ve AN E
B S SEI — A Linux FHIME S AR E.

Q: msve 89 A R H4E A T alloca, € 4o TEIL.

A alloca BHMHFSRAECRSAERAER LSRN, EAKERT AT E—HE
DN BELWEMNABERIAT B NFR B IS4 F b, H IR eiR
AR A H AR ESP 695 % EBP 694, H HREAZHAIATEEP ESP &S T
£, BELES R A BRMHTHSEOFAR TR G, Aixi%ek , alloca
LMK EFTHE, MIAFESP Ry —ERMAME.

Q: HH 4 MSVC 65 Win32 425 89 A o4& F &5 £ WinMain?

A: WinMain = main —#, A RELAGLRADT ., MSVC 6542 A0 2 Bl — B, 12
HERFGLFLAHBGFATFAEANKRA. FRABRANACCZHEELZFEARNLRR
L5 H, 385 main/wmain/WinMain/wWinMain <.

11.1.3 BITES /0

ETHRT glibc M MSVC MIA DR BB A BB 2 5, L BATREA TRE MG
SRS, HERE T AR, RATEA TR P EERHKS: Vo,

10 (& 1O} M4FFE Input/Output, BlE AfIEH . AT FH-EALKER,. VORERTHH
PLEA AR, RHAXSET LA iz & (nE 11-3 fioR).

o ll s

11-3  HHEMNS VO 9EF

X FRFERSE, VO M fiMiEREER) —t, —MEFM VO R T RFS5 M
ZH, WS, Fil. M. @4ir. H95%. B U VO fRUEMRE REEER

EEANSRER—itE. RE5F
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ENE EOE

K" ES . FEEREES, 0FF Linux M Windows, ¥ &/ B E AR HES
s —— At dE 3 % . R PE . S ITE——E RO SO, X BT R — A
SIS,

W T—MEEERR S, BERESEM AR, XOEITF . s,
B B RS, MG RESRAEE A LR L. Bt C HRSKME
FZEE, CiEF UM EREREE — FILE £5#)MiREM 1T H). fopen o ¥R E]—4
FILE Z5#) e, miHEMMA e fwrite fFH XA FREHRESCE. 8 SO 0 5 fef S ACHD
ﬂu—F:

#include <stdio.h>

int main{int argc,char** argv)
{
FILE* f = fopen| "test.dat", "wb" };
if{ £ == NULL }
Return -1;
fwrice( "123~, 3, 1, £ );
fclose(f);
return 0;

FEEREZT L, R4 2T FILE 9 — 8%, 7F Linux 8, s
#iRFF (File Descriptor), Tt Windows B, M{ixf)#8 (Handle) (L F7EHA B i
SR AR, H @ R R BT IR SO AR A0, A PR SOk Bl i )
T

WX 4 — MU B EIZE T 408 AT AR IR R P B i SR E AR N B SO % 6
WA Linux i Windows, 3CAFR)H G AT A A% ) 320t SAH SRR, {5 du ey SCERe4n 5 i P
AT W, PURE R UG AT S B B SO S Ak, R RE T 3 AN R P R

Fias - ANSEBREPF, £ Linux P, 50 10 2 19 fd S RERIRHERIN . PRy
A AERT R . FERRF AT SCAFE BN fd A 3 TR, fd RIGRMAR? A
h, B PRRSE-AIRAR TAGRT, XMRE-IEHEAE, BN uERE
B —NREEITI N R . T fd, SRIERN Fie. JASTTF X, S
FEA AR —MTIF WS, HEXARBERE DD, kX — T A S a4 7 308
X8, FRELRX I FArEA fd. B TFXARETW%, HEHPEZRE, EEH
PEMEHF fd, AT CHN R EGHEE, H AR RO ok BORERAE .

£ CIEFR, B CHFERENR FILE 414, MR, CiEFM FILE &8 %
Ffd H—3—M %R, 4 FILE &ML i05% B CHE— ST fd.

FILE. fd. {ITHXHRFITHCHEMSEZME 114 .

EFRNEREN—iE, BH5E
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" eldin FILE _ .
‘ ‘© % fd=0 P PIHERT & AR :
FILE e S S EE ]
; : fd=1 P v vooAT
E ~ stdout - ' 4p ) L-‘:n ) S
FILE - L i S 2
o ¥ fd=2 : . - e '.,_mm—m
| ) . S e
stderr FILE L ok
i . fd=3 E

B 11-4 FILE &3, fd FIAZHR

B 11-4 b, NEFRE p JEPTEEFERAT P S, ATLAK ES fd, #ETLLA fd+p K18
FIFTIF R4 —mihl . stdin. stdout. stderr 3942 FILE #5384 .

#F Windows PRI, 5 Linux 8 fd AFDR. Fid Windows fIHIHR A~ 4T FF
SCERIM T AR, TR Fhresd et e 2 IS ROE5 R .

ERBETHET VO KRG, BATREERIE VO VGBI 4T, Bk row
WA RS FEE A H P T stdin, stdout, stderr JH A W[ FILE £544, {65 REHE A
main 2 5 A] LAFL$44 FH printf. scanf %5 eR .

11.1.4 MSVC CRT FIADORE I

RYOUERIBK

MSVC A AR B8 b BB 854, MAIERIEAR VO 41k . MSVC fIHERIER
1k B3 G #_heap_init STHK. XD ERENE AT T heapinite, NBUPALHEMF (MET 64 {if
R IRIFH:
mainCRTStartup -> _heap_init(}:

HANDLE _crtheap = NIULL:

int _heap_init (int mtflag)
{

1f | {_crtheap = HeapCreate( mtflag ? 0 : HEAP_ NO_SERIALIZE,
BYTES_PER_PAGE, 0 )) == NULL }
recurn 0;

return 1;

7E 32 fLM4R iR 8E T, MSVC MHENIIGLIT FE ZF bRy 8, ' (A IB A T HeapCreate

rl.

ETRNEREF—iHE. RE5KF
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XA AP B T — P R EHE. RHAHEA S, MSVC 1) malloc 8 0098 &1 T HeapAlloc
XA APL BRI R EERL S THRIE RS
/O #aa1k

VO VG FHERI BRI B A Je iR £ . L IERATRE S MSVC #, FILE &)
f¥15E LCFILE G54 5CFr 2 FE C i SARAEF I AR TR, DA B IR A o] B8 A AR R 9 0 )

struct _iobuf {

char *_ptzr;
int _cnt;
char *_base;
int _flag;
int _file;
int _tharbuf;
int _bufsiz;

char *_tmpfname;
T
typedef struct _ilobuf FILE;

XA~ FILE i S B E A — N TEE _file, _file 2— N8, @it _file 77 LA 8] B A
AR P IR — 0. 7T Windows 1, HFPEMHAE (Handle) k17 A ¥ 305
%, WHAGRE 4 32 M ATEdERR, EHELSEH in Kk, TS FEREH kX
e

7E MSVC [¥] CRT #7, CE4T T 30w 1S B AL R BE 454 joinfo KR
tyvpedef struct {

intprr_t osfhnd;
char osfile;

char pipech;

1 ioinfo;

S AR, osthnd FEBCEIL I IFSCAH A0, XA 8 T 1 REECKAY intpur_t
FEfE. B4 osfile IR XTI IR . T pipech F B A FH T8 Y LT 15 EM, X
JAT LS 2 . osfile (A F] H— R A E R AL i G H

e  FOPEN(OxO1)AIHA#AT 7T

e FEOFLAG(Ox02) L BlIA KR .

e  FCRLF(OX0)TE L AR, F@RpCBIEIFRF (RE 1122795,

e  FPIPE(0x08)% i 3 {f-

e  ENOINHERIT(Ox10)AJ 447 FFif 47 @ PE_O_NOINHERIT (A fEes 7t .
e  FAPPEND(Ox20)fJii T Fritf 47 Ik O_APPEND (7E IR BB INEHE ) .

e  FDEV(0x40)i% % 3 fF.

EERNSRESnr iR, BR5E
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e FTEXT(0x80) XL SCARLAAT IT

{F crisrefioinite ‘B, 4 — 5.
int _nhandle;
ioinfo * _ picinfol6d4]; // F#F iocinfo pioinfol[64][32];

Rk R P AT SO R AR LRI N T 4ERAL B T AR 32 4 foinfo
gt [NiZ R AL Al LIS AN 0 A NE Dl 64 % 32 = 2048 MUK, IE4h_nhandle ik i%#
MsERRICE DR 2 BT CAE IR E O T AN S — HE S0 () S DS 0 | e o 4 2 %
IR, iy SR e B AL, AR R AT TT T LAY SO 204G 245 FE 2048 4™ ioinfo 1]
“El,

FILE #5i# 1) _file MfH, MRMIPA FEaFEEMSCE . SIRNTE DT ) Scpkad, 2650
M FILE &&#) 5 0 S1 8 F BN . M — 1 FILE* 55§75 £1) 301 A8 T LU if — >0 fi
_osthnd 1%, GHRX AN CRT Wil I, 3EAHESEH A . _osfhnd [958 3

#define _osfhnd{i) ( _pioinfo({i}-zosfhnd )

Hod g e % pioinfo 115 X :
#define _pioinfo{i}) ( __pioinfol{i} => 5] + ((i) & {((1 << 5) - 1}} |

FILE % #(1_file " BtIf 25 ST LU _pioinfo [f15e SCE A, ilid_file #3377 S0 %
B F bR A Ky

FILE: _file (925 5 fr S50 10 (25 —deshbs (k6 £,
— YA (5 ).

AT L R AR B SO FILE S5 3IWEaHe . X riaT LLE
MSVC (1) VO H SREEFIFANLZ BT 4317 Linux RIS I 8ANRE], i 11-5 Fis.

_file (158 O FEFISE 4 (250

| e . . B . [ L -
o suin | e (-mwn/} \mm)

4 NS : 5 -._\\\. . P Wﬁ”t \J
‘ AN il L Kmma_)
rﬂ - - . ' ‘ : - - H_,;__-l
e :

S - . -

11-5 Windows B FILE. SHIRIAE S

BEERNERIBF—HE, KRS5E
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ENE &Ik

MSVC ) VO #1440 o 4 TR X A 43T IT 3018 JMSVC 11 1O ¥4 14 B ¥ _ioinit
& XT ert/srefioinit.e 1. B4, _ioinit BGERIEG I T __pioinfo B — A KA

mainCRTStartup -> _iodinit(}:

if { {plo = _malloc_crt{ 32 * sizeof(ioinfo) })
== NULL )
{
return =-1;

}

_ pioinfol0] = pio;

_nhandle = 32;

for ( ; pio < __pioinfo{0] + 32 ; plo++ } |
plo-zosfile = 0;
pio-»osfhnd {intptr_c)INVALID_HANDLE_ VALUE;
pio-=pipech 10;

}

7EIX B _joinit ¥I464L T MI__pioinfol0) R I — ML #E A LM, Hh INVALID_
HANDLE_VALUE J& Windows tJ#FIER{E, #A-1. Tk, _ioinit FIT/ERE LT
S SUWHTIF SO0 aa Ak, X ALEE B 34«

(1> MACHERREE AT IF SO UR, = — D EEAR IR API GIEEFTRERE IO 5, AT LK
FRAEA E ORIT IR SCIFE0AR,  IURSEAK, - RERE AT LA B0 A SO RS AT IT SCAF R0

(2) #HERSR IR NS .
MR AT LU API GetStartuplnfo A FREXAEA AT FFICMF, GetStartupInfo 2 340F:

vold GetStarcupInfo (STARTUPINFO* lpStartuplnfo);
STARTUPINFO & —A~%¥1, A GetStartuplnfo 2 J&, &4 MM S E NS FIER S
shAlR M. gD, TR 7B

typedef struct _STARTUPINFO {

WORD cbhbReserved2;
LEBYTE lpReserved;

} STARTUPINFO;

AT B IE R SRS B, (HSERR R R A B AR AR BT TT SUAH 10 3K
P F-BAEA S 0 i, USRS T — 84T FF CAH 04 . 3R RGER a0 {8 F X P
T BAL L ARIWE? 758 IpReserved2 F-BUSLFRRE—MEEN, $RE A, KRAFH
Lt F -

o FHI03]: (EILAINIEE n,
o FUN[4,3+n): BoAAMRENE (K1 FN, RYEEYE, [ ioinfo £5HY_osfile

EFRNBERSF—HE. ¥R5F
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FB.

o  TH[44n ZJ5): W—ARIFWEMME (n 4> intper_t KBS, 7] ioinfo 54 _osthnd F
Bo.
_ioinit FRECE Q0 FACE IRECH N 0 i B

cfi_len = *{__unaligned int *} (StartupInfo.lpReservedZ);
posfile = {(char *)(StarcupInfo.lpReserved2) + sizeof( int };
posfhnd = {__unaligned intptr_t *)(posfile + cfi_len):

Herp__unaligned SCBET 5 VRGN FA8 A HT T BESE 10— DI T HAR A Fr A e, SR A8
2ol N — A OBt S S AR M AR SRR AR . X BURMAIT Z S, IpReserved2 15
[i] () M e 4 K S W T AN AR B 0 R ) b R R A B, i 1146 TR

L

n AR A A

A b
B 116 SREASENOREE

$ F K _ioinit Bt TEROZ L EAE BIN B CRT T SCIER . 998, 1 R 2R W LR M AT T
ORI T AL LLERENBTA 1A

cfi_len = _ min( cfi_len, 32 * &4 };
SR L AT T SO 3 5 B A2 59 (1) 2 ) LA 4 41 B T
for { 1 = 1 ; _nhandle <« cfi_len ; i++ 1 |
if ( {pio = _malloc_crt{ 32 * gizeof(icinfo} }) == NULL )
{
cfi_len = _nhandle;
break;
}
__pioinfoli] = plo;
_nhandle += 3Z2;
for { ; pio < pioinfolil + 32 ; pio++ )} {

pio-»osfile = 0;
pio-»osfhnd = (intptr_t) INVALID_HANDLE_VALUE;
pio-=pipech = 10;

}

7EIXE, nhandle SR ET OSSR TERSR, ML AFEFRIE T8 4k
#1, # #) nhandle X T cfi_len Bl H] . 1 T __pioinfo[0] 2 & T sE 4L T, BRIk L B M __pioinfo[ 1]
FERaRcpnl, S T RERZ S, BEIREARIRES T

BERNSRET . KR5F

bbs.theithome.conl



http://bbs.theithome.com

334 ENE TTE

for { fh = 0 ; fh < cfi_len ; fh++, posfile++, posfhnd++ )
{
if { (*poesfhnd != {intptr_t)INVALID_HANDLE_VALUE) &&
{*poafile & FOPEN) &&
{{*posfile & FPIPE) I
(CetFileType( (HANDLE) *posfhnd ) =
FILE_TYPE_UNKNOWN) ) 1}

pio = _pioinfo( fh };
pio-»osfhnd = *posfhnd;
pio-=osfile = *posfile;

T AEER S, th A0 JFRREHS, 15 UGE I _pioinfo 22 RE A T I 30 R P L%}
G, T posfile AT posthnd WK M ¥ Ll i d— M8l . R BRI S, —&
AFE FAFO RS IR, BN AN, SF AR TR EER W, 8
ES BTl R

X BARBIRAT e L s BRAOR BRI R A B S . T RIE BV AL bR HERIA
. kAR, AOTREARAERA S (fh=0,1,2) CEBMA T, BEHAISHL
RIE A EARRE L, BT

for { th = 0 ; fh < 3 ; fh++ )
{
pio = __pioinfol0] + fh;

if { pio-»osfhnd == (intptr_t)INVALID_HANDLE_VALUE }
{
pio->osfile = (char} (FOPEN | FTEXT):
if { ({(stdfh = {(intptr_t)GetStdHandle( stdhndl(fh) })
!= (intptr_t)INVALID_HANDLE_VALUE)
&& ((htype =GetFileType( (HANDLE)stdfh }}
'= FILE_TYPE_UNENOWN) )
{
plio-»osfhnd = stdfh;
if { (htype & OXFF) == FILE_TYPE_CHAR )
pio-»osfile |= FDEV;
else if { (htype & OxFF) == FILE_TYPE_PIPE )
pio-»osfile |= FPIPE;
1
else {
pio-»osfile |= FDEV;
}
}
else {
pio-=osfile |= FTEXT;
1

MBEFESH 0. 1. 2 HOWELEN (BHEH#AKQLHE), B4 _ioinit £HH
GetStdHandle B $UEREUER W OARMES N80T HH £URG. BESL, _ioinit M4 A GetFileType X3k

EERNSRESN S, RBS5HF
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ECZBR A ORI RY, 4 _osfile BEE RN,

FEAF SERRE SRR M ORI 2SS, VO WAL TAERSE R T . RATTLIEE], MSVC
) VO W14t EEBEAT T 0 F LA T A%
o EIVATH LR
o AN SRR T SLHERE, TR A M SQHERE TRHECAR AT .
o WIHILbRAER AR o

75 VO VIR TEMZ IG, BT VO B E T LA dE T . XY, RIOAHET
A D REORFEEGBHHES, SR Vo VG, MEEENEFNRSES CET T
BRI . A, ADRBARKL—A, EREBRE - MEARABHES. XUEE
e T .

11.2 C/C+HE{TE

1.2.1 CiBSIE{TRE

B —A C BF, EHNEEEHE —EE XM T 8, LB RS IET
EBAT. XEARMZE AN R, &Kﬁ?ﬁ?ﬁﬂﬁhﬁﬁﬂ?ﬁhﬁ%@ﬂ%%o L8R, EIL BN
F 45 B b b v B o B S T

KRR — MRS E S #R 2 AETTR EE (Runtime Library). i1 C i &5 #E4THE, BI#RR
A Ci&ITEE (CRT).

I B Visual Studio, AJEATE VCiort/sre BLARE|— 4 C i85 5 BT EEFEAM. &
M, B FHEARE TRk, U.e TR T4, 3 HM C++1 STL fRRY-—RRE L4
S ME I A ke, LLE T 9 bF B AFmEiEn T fetk. FIFE. Linux T libe JACHS
ik b R L. BT R, ARENERE, RINE—EKER M BRINETE, ik
REFHEWATHE.

—A CiBEFBATHEREAF T FThik:
o HESIBY: AFEAN 0 BR B TR B0 R H A R B0
o MRS th CiBFFRHEUEN C 1B bR T iA ek B sk Tk
e O: VO HifigfadSmsem, &0 E—Wd vo Y.
o ME: HEMEEENSLE, BN WhHIHELES.
o IEETWH: ESHESHRINAEM L.

EERNEREN—EE, KH5E
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o U, SCHLFKTRER UG,

FEIRREIE T M A K, CiF S AR G T LA B Xf Rk, CiEEh
FERE C W bR IO JERN B B, ATV P EMEH K prind. exit EABRARAEE P I — 4 .
PRHEPERE T C WS IR R B &, 3RATTNT RAECCo M PR P oh B0 10 o 3
AHHEGAR AR KF & B XN & EAREX R G F =R, RiNS
M4 C 1B FARHEFEI R BUER A, IR — e B ) o A A AT VREN AT 4

RAEEE B0 52

FHENEFRAEED, CIESHATAT MM/REEBTWA T, ¥4 CBESEIEE
LEBFRE, FITELE VO BXMNEE. AT CEsHEREIRD, CEEH
EHFEERERI—TERABENIEN. SHEEK, £ 20 2 70 FR CFEE
BRI, FERE. ASHENBKE LIRS ECHMN CIES TR R RHEE,
EHEET 80 £AKR, CESCAHUU T AEN TS AR OB RS, X0
RIVFBEHEEN TEANESS, FHAY, ASFENELTRION A T HRE
EFEHN CEE Tz B EEEELES, BEHE, FEMEBRALTE %
EE#FIFAHS ( American National Standards Institute, ANSI ) #£ 1983 /17 —
TERRE, SEXM CEBEHITIEL, HERASHELMN CIESIAERTA ANSIC,
E—NEEN CEBES AR T 1989 5§, biRAS) CIESHRER S C8Y, 7 C89 iF
Hd, 88T CETHEMEEE, b C89I5EM C B3 EMBEEERMA ANSI C £
AEBTE ( BIFERERE ). HSHE 1995 & CiESHAZER SN C89 FRa#T T —k
&iT, 7EHRBITH, ANSI CERBERE THE—RY &, kX # isob46.h. wchar.h
0 wetype.h AT HRAEE N KR, 7 1999 i, CO9inEiRE, CESIREEST
Ti#H—E 098 %, 3L X4 complex.h.fenv.h.inttypes.h . stdbool.h . stdint.h ¥0 tgmath.h
AR, Bit, CEESIFAENTER BEEEES.,

11.22 CiESHERE
fEAEN R, BITHEMNHE C 1B SEEERNEARBIES, F0 i — b2 i BO 1T
FA A 4. ANSI C f$sfE R 24 4 C L3l . ST HARIES (0 Java) fIbRHE
FERE, CEFMWHEREERER, EMNEETHFERN., ZH/ 7 HBLHE, VOBEXLR
Frih, lhm:
o fR#EEAKIH (stdioh).
. JCHEAE (stdioh).
o CFTFERF (ctypeh).
. FIFHEME (string.h).

EFTNSHReT g, KA5E
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o M E¥ (mathh).
o  WHEH (sulib.h).
e M (sudlib.h).
e HI/HM (timeh).
o W& (asserth).
o HFER ERMFWHE (limitsh & floath).
BRicZ 5h, C B SFRHERRH —SORepREE, T HT — St BRGBRst:, Bi.
o  TRZEY (sudarg.h).
JEETEBEA%E (setjmp.h).

HEHLY C BEFRRRENHCLFFRAL, RRZERAT——Nd, K TFXik
BN VE B PR of B AR .

1. TKEH
TREBHE CIESHHERSEEL, Sl Fea s,
int printf(const char* format, ...);:

W AR, printf T B —DBEKAY const char* 2 5F, S LLEMAE
EEE. EELMNSE. - AREM IS, T stdarg.h B % Ok ] % AN
SR B lastarg REKSHRBMEE —RASE (HI1U0 printf B format),
S AE R B R E AR va_list ()45 h
va_list ap;

B BB SRR &R, ap LA E va_start FIEHAL—K, H o lastarg
B ERBNEE T RENSH.
va_start (ap, lastargl;

WG, TTUMER va_arg E R\ F AP ESE (HROMHEERN wype):

type next = va_arg({ap, type);

TER B S AT, BN B va_end RFEFEILS . 20K B BATTRT RS JUANE B SE BLAR 1Y .
FEFFUX A EZAT, BRINELATHREKSHWEIRE. TREZMENBET CEF
BRI cdecl I RIBEGI 00 B A5 R A SRR AR . BRI T I R B

int sum(unsigned num, ...);

B L F .

EERNSRIBn e, ¥N5F
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F— T SHEEE—TEH um, BEESTHSEE num MY, £ num MEBEF,
MBERATH A
int n = sum{3, 16, 38, 53);

SRR LSRR ME 127 Fraafqi &,

T

top

53

38
16
3

B 11-7 RYBHFE LD

FERR BN B, bR HOnT LU 44 B num SHEUy ) 07 3, (8 03 S8 A0 48 By il LAl A L
AAESH HE B P EHAR K LA SHCE PR 2K P3P E 25 num (bt 77 14,
Bl T AR f6] B Mg oumn 3tk 5 AR S B Ak . sum &R SR SEBLANF <

int sum{unsigned num, ...)
{

int* p = &num + 1;
inc ret = 0;
while {num--)

ret += *p++;
return ret;

103 BT LI 22 30 8 N =5 5

(1) sum AR SH O RRBHRT aum S50, FHik, W um SHPHELIET
LB A ESHSE, T4 sum REATRERFERMESERNSE.

(2) cdecl iR HBEFMEE TSN IERFER . RAOEESEREH (0 sdcall) &
WiRF 7 TR RS 8, R, R A E SR AR ES £ 0 H it
¥, BTUABCE IMEGERHERR . T cdecl 15 A 7 f T b HERE, Rk & F X4~ Al B .

printf A ESH I sum BEREE, FHN printf HSEANEERE, WHEEHBR
SE. ATLL printf 5 BAER X FR B IEHSERR, FlinHed R E M. print B
(R L7 5 A A SR R AR HOR, ROW AR BB KDAR, AOLATRES BUXA BRI
HER, THEITRSBHEN - RAISEER.

EFRNSREn—uE. #RSE
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Nt [hsas )
printf &5 1£ 5045 th

#include <stdio.h>

int main{)
{
printf("$lf\c%dit%cin", 1, 666, 'a'};

}

FEAAEAR 2, printf 89 F — A h AMA —A int (4 FF ), ®AENEF printf € £ —
A~ double (8 F ¥ X L), Bk printf &745 th £44%, & T printf £33 double ¢4 4% 5 Frid
ATAR, HREG/IA R ELLSEAM, ERFNEGEHE S (RIELHLEER IR
TR )
0.000000 g7

FHEiEFAIKE va_list 255 B iZ ] SCH.

va_list SEErRE— D EEN. HRIRA A AeE s, i FRERM, FbiXA va_list BA
void*o char* J fj f£ i+ .

va_start #f va_list & XIOFRE R0 R BN ESE — A SRR E O, XM ERES
AREBH

va_arg LA E SO, HRE LT AE S50 NS REHE R T 153,

va_end 4§55 0.

Rl B, va RAVEN A BRI ST T ARE T, W Fos.
#define va_list char*
#define va_start (ap,arg) {ap={va_list)&arg+sizeof(arg})

#define va_arg(ap,t) (*(c*){(ap+=sizeof(t))-sizeofit])))
#define va_end(ap) (ap=(va_list)0)

—

)Q/ [MER]

ERBHER

JEiR $ WAR RN A B A T SUE B FRAB R print — AT AR A R R A, IENE
BTAREEAN, EADRTAOHFENTRAHKEZI. E£GCCHIFET, ERAMH
ETAMER “# EFHEARBRMETA, tbde

#define printf{args..) fprintf (stdout, ##args)

EFRANSRST R, HR5E
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AR £ printf(“%d %s”, 123, “hello™)st2#UB I A&
fprintf {stdout, *%d %s"., 123, *hello”)
mfE MSVC F, ATl _ VA_ARGS_ #EABFEBRATE, oo

#define printf(..) fprintf(stdout,__ VA_ARGS__)

AR BT @ GCC FAER#H 3R —4f,
2. EFEERRkSE

JERBE B e C B S BB E - ARZHUAHH. AR, aTLLscB M
R BN [ 5 — A R R Y R B A BRES  TTAS G HERRTREL . PR RATRE

#include <setjmp.h=
#include <stdio.h>
jmp_buf b}
void f1)
{
longjmpi{b, 1);
1
int mainf()
{
if (setjmp(b)}
printf {("World!"});
else
{
printf(“Hello ");

E()s;

KB AL H AL setimp R[4, 1 HL4TENH “Hello ” I “World!” 2 -, #&
TS b A 2
Hello World!

bR L, 2 setjmp IEF IR B BHE, 28] 0, FLSTEIH“Hello "7 4. il longjmp
MIPER s SRR AT BRI B 244 setjmp R [BIATES %Y, 3 R [BIH longjmp 45 & ¥ 2]
i Congjmp &% 2), thEiE 1, ARFEEITENL “World ! ” B H . #A]FHE, longjmp
ATLLERY “HFSGEI0E T 8] setjmp IR BT 2], JFei AT, LB FHZET AKX,

2, RENTEEMLRE. ©

11.2.3 glibc 5 MSVC CRT
EBATRRTFGHIKN, FAE SR RGL &% B¥. C W S MISITHN LML

EFRANEREF R, XVS5E
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EkiHR CEFHNEFNARERIERA VG ZEIMESRE, SRR FFRIERSE AP R
FAR R B e R A LN BRATT AT DAAEAS A (R 1 TR 4 F & F AR fread SRIEHUSCMF, Widisk L
fread TEAMIMIERIE RGF 6 FISLIUEARRM, (HAE ST R & BAIAT B0
—. BRENFETH C iEFEITFERM TREIEE, HRENFEENERHM, Hin
RIS B 1 RGO S A8 THRERT C B SBITE. TRERNAEA
i AR ANE, g CiE S BT H R IR RS APT BUAE A AR M E . Linux A0
Windows V& FHIBANEE C IEFEITENMA glibc (GNU C Library) Al MSVCRT
( Microsoft Visual C Run-time), FHATE F WS a4l El].

HAEE MR, QLB EX P DI AR AR HEN C B Fis TR — 84, {5 glibe
Fl MSVCRT HE & TREHRMEMERE. L glibc A 0K pthread FE (1)
pthread_create()ER %4 7] LA I Sk A £8 4% 1 MSVCRT #171] LU{% FH_beginthread() i Ok Gl 2 £&
Fi. LA glibc A1 MSVCRT H5k bR4RKE C i FI2fTEEM A, EA1% BxXF C bR LT
Ty R,
glibc

glibc Bl GNU C Library, # GNU Bt N C br#fEMe. BTt B 33 82 FSF (Free
Software Foundation) &#&JF%, HMEN GNU BIERGHF K — CHaliE. GNU BIER
it ARG A o Hard, —/MEOARIMMEE RYE. Hurd B4 R Fb SR 7T R 3t R 2248
i Linux B 2% i sz B 1T 32 8 X8, J6t 5 U Hurd iR T GNU B ERZE WX, T glibe
IR FF S ¥ Hurd 5 8T8 & B8 il RIS 32 8 Hurd 0 Linux, iff HBE# Linux fF#KAK
HiqT. glibe 5 F FHRIE Linux FHIFR, SR T Linux ¥ 516 C briERE.

20 tfiéd 90 EALH], {E glibc A Linux F# C i&4TFEZ AT, Linux MIFFRAN IR A FF &
MO, M Linux AT RE S T 80 R0, BT 58 Linux T CETE. X
A CBATPE AR N Linux libc. XAMRAM CBITHEBYED TIREHE, WEA 2 —EHIFEK
FIMRA 5. WURAREE RWIRAN Linux, & &b H3X FHEA libe.so.5 IXFEHI3CHF, X4
R S HAA R Linux libc. 1996 4 FSF B T glibe 2.0, IXAKRAEN glibe TR
WA, e e R POSIX #rdfE. Rk, 1Pv6. 64-{¥diviia . BLBRREGET
FREL AT B ht P . ZEBEAT Linux libe 977 A% AR B i 48 37— 4 Linux FERIMCiz
T HE R AT DB, T2 Linux FFE5 KM glibe #F0ERIAM C BT, 3 HF 2.x AR glibe
B Linux libe (5 4RA . TRBAIITELF S, glibe 7EAIb B R T .50 3124 libe.so.6,
BISESA libe fE A<, 17 HAE®A Linux ZITHRP, glibe FEERFF A libe6. glibe #£ Linux
HFHETEGHMNZE, EXEBHE T HARRERGEMILMELS TS, HW FreeBSD.
NetBSD %, ifii A& ¥+ CPU R ARXT&. HIRHM glibc A S/ 2.8 (2008
4 H).

ESRNSREN iR, XR5F
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glibc MURATNA L E BT AR, —8ar 2 k30, i sidioh, sdlibh %, B
AT Frusrfinclude: 73— 7 MR FER) ZREH1SCHF4r . 3By EEMME CIBT
PRAERE, EAHENSIEAE A ShEAHEFERMNEERBYAITEE YRR T, &
£7 F-Nibllibe.so.6; 1§ AFRHEFESL T /ust/libllibe.a. $52 b glibe B T C kidEEZ S, LH L
ANWBRFETREITE, XL XHTUURE EREMN “BITE". E48%2
fusr/lib/crt1.0, /ustflib/erti.o Flust/liblertn.oo AR I IZ LA CAEH S EIRWE? FRA1EE 2
B EREOECEM R TN T, BRACIIERIRA, EX LA S EEFESNT
{1 gt S BRI SO

glibc BahH

crtl.o H I A0 & MR IR I 1 B B start, 18 157 I A__libe_start_main #)#H1L libe
¥ H A main s K IE IR P LK SChs ERAIT 6 HNRE H AL ertl.o, ok
fif erto, BE THRARE SN BBAHE . T AR 2 R AR SO R U
KB, orto XA AP LR AE RS 2T PRI WA SF PR 4, 8 TwiA
X— AL crto B EAA crt0.0, RAVE LR BN DX

JE kT C++if HBRA BELF SCHFRIScE, BT D47 main()ek B2 AT B9 2 SR/
AN GHIEMDIATE mainQ iR M2 JEPIT IO RRE ST RITH . A THCELHFKR, i8
AT HRAE A H RSO eh SIABE AN S H0ERALA R I B “init” F0 “ finit”s 21T & fRUEFT A 61
FIXBEMBHMARMSETIET mainQ 01T, FTLUR BRI HA R G AT 2
RERMBE T . FEESEETEEN, 29EFGMABRICAETR “init” M “finit” %
TR, SR G R E A H M O AP Y “inic” A0 ¢ finin”. (ELRIX PN H B0 B
o B A (4R 0 B — SR B A RCR R B E AT E 3 (el it 3 GOT K[, FREIA
T BN B AR 43 59 R 3 Bh SEBL ) 46 A4 PR B crtio A ertn.o.

HkRet, R T SCRERTGEE R AT AT SR A ent0.0 AT TR, KT entl.o.cnl.o
A0 crtl.o Z 8 X AR crt0.0 KGR, ARICH “inie” B “ finit” 2B, T ertl.o 2t
Bt fE, SEREE “init” F1finit” FORRA. X — AERITARICS crtlo ATELER], B4 libe
JAZh B libe_start_main(f&i®E T W4 &4 “__libe_csu_init” 1 “__libc_csu_fini”, iX
WA R 0 BT A _init O _finit(), FAVERI “C+2RMEMATH " M5 P4
srHr.

KT HEEATRRA, REEE SRR “init” A Y finic” BANBEEER A BIE SR
F_initOF_finit QXA G EH, BRIONEXTETEVNHRLNRIrE2EIXH T RE HFH
7E C+ 42 A K25 N7 9 B9 ZE Y o th 2 50 e A T2 S o] S B0 4 SR 0 3d FI BT #4119 . erti.o Rl ertn.o
IXPHAN bR S0 A AR sk B b _inie() BB ORI _finic() R 30 TF IR FIEE R 89, 20X

EFROBSRBR—HE. RRSE
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AR AR B bR SO g T el ok LU, RIS F2 5 5 152 48 09 5 B0_initQOF0_finit().
BNV objdump AT AR FIX B SR R g AL

% ocbjdump -dr fusr/lib/crti.c
crti.o: file format elf32-1386
Digsassembly of section .init:

00000000 <_inits:

0z 55 push tebp
1: 89 eb mov %esp, %cbp
3: 53 push Bebx
4: 83 ec 04 sub sS0x4, %esp
T el 00 00 00 00 call c o<_init+0xc>
[+H 5b pop %ebx
d: 81 <3 03 00 00 00 add $0%x3, $ebx
f: R_386_COTPC _CGLOBAL_OFFSET_TABLE_
13: 8b 93 00 00 00 OO0 mov 0x0 (%ebx) , tedx
15: R_3B6_GOT32 _ gmon_start_
19: 85 d2 test $edx, $edx
1b: 74 05 je 22 «_init+0x2Z2>
1d: el fc £ff f£ff ff call le <_init+0xlex>

le: R_386_PLT32 _ gmon_start_
Disassembly of section .fini:

00000000 <_fini=:

0: 55 push %ebp

: 89 eb mov %esp, ¥ebp

3 53 push %ebx

4 83 ec 04 sub 50x4, %esp

7 el 00 00 OO 00 call c «_fini+0xc>
c: 5b pop tebx

d 81 3 03 00 00 0O add $0x3, %ebx

f: R_386_GOTPC _CLOBAL_OFFSET_TABLE_
$ objdump -dr /usr/lib/crtm.o
crtn.o: file format elf32-i386
Disassembly of section .init:

00000000 <.init>:

0: 58 pop Seax
1: S5b pop tebx
2: c9 leave

3: c3 ret

Disassembly of section .fini:

00000000 <.fini=:

0: 59 pop tecx
1: 5b pop Bebx
2: c9 leave

3: c3 ret

EFRNERIST—HE. BN5E
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TRERZHE NS, WM EEXHEPR “init” BREE T~ H _ni),
XA R AT K B T ertio B9 “init” Bt SRR A T ertno i “init” Bt. AT
TRAUEBE S SCHE “inic” A finnt” FOERTE, A0 AURIEERHER, ertio BAIEEH
S EARSCIFRI RS 20T, T crn.o U P B AR IR R AR 2 JG . BEHER A SO
e Py — R A2 «

1d crtl.o crrti.o [user_objects] [system_libraries] crtn.o

M T crtlo Cert0.0) RS “init” BA “ finit” BL, FiLIAS B4k “init”
“ finit” BLENUY . ik scfbbad “inic” BYE L LN ZE 11-8 FIR (T “finit” K

wAL—HD.
Jnﬁ:
push %ebx ; crti.o
mov  %esp,%ebp
call XXX "0
- pop %eax
pop %ebx
leave crn.o
et
@ 11-8 .init EREVLARY
18 ERNERT, Id #EERE lbc, crtl.o FiX4 CRT SN SERFNERERE
T ¥, EEFREE, RNTETFTEILXH, EFEEABECH libc fl ortl.o £33

B, WUEBREGSBRIAANY, XREIARANDRERREZFAZRFNRER
B, GCC AT TNSH "—nostartfile” # “-nostdlib”, 78 3EBGHBINIBEED
XA CESETE,

L C+ S0 A B B K88 R B8R HT ) BR B A JE B4 JCRE imie 0. finie B BRI HY, T4
— AT TR R TR T B B R R AT B, A o BT O pT s fodr e, BN
PEE Wi B =Y RS IR 20 47 ELF/Glib £1 PE/MSVC f 4 Ja Xt % f i Mt #  t #2

B T Rrt &g iz b, init M finit EFHMAOEH. ATFENORKRE (fF
main 2 BTG 0T ), — SR R TR . RS T HES E R E 08T — i i fi ik
MEEAEE) TAE. 48Rt el L “_ attribute_ ((section(*.init™))"” ¥ S E M F.init B2
T, E T R R AR “init” RS ENIME Y, BN RSER RS
B _initQeE S IRATIR R, LAFRT HTES, ANEELERIERTE “ret” 55,

EERNSRIBH—iE. RR5F
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GCC L BxBn3H

ARIXFE, 703 2 bR TIERER R RE R ) B A S, AR T ertl.o. crtio
fl crino, FTFHIES JLA crtbeginT.o. libgec.a. libgee_eh.a. crtend.o. Rk, LA
sk E AR glibe, B GCC B84, ENEIT GCC ML BERT:

e  /usr/lib/gcc/i486-Linux-gnu/4.1.3/crtbeginT.o
e /ust/lib/gce/i486-Linux-gnu/4.1.3/libgec.a
o fusr/lib/gce/i486-Linux-gnu/4.1.3/libgec_eh.a
e  fusr/lib/gcc/i486-Linux-gnu/4.1.3/crtend.o

B4 JE crtbeginT.o & crtend.o, XA E IEH T L Cr+ 2 BT H 5
. WARTACEET crtio Al ertno ZJ5, B EXFNCHWE? BATMIE, CHiX
BERDIE 5 S BLR BR4s R 28 W EIAH S, T glibe FLE AN CHEFIBITEE, Bt C++AY s 8
HART M. 1l GCC & C++ITIIESTILE, EX C++I4 FHEMATH T s, TReER
AT B HbR SO crtbeginT.o 1 crtend.o 2RAC A glibe SCHL C++)2 Mg Mriy. % b
R erti.o 0 ertn.o P “init” F1“ finit” BHE—NE mainOZ A2 BEATRBANLE, M
HIFA R EFHT#IN i crtbeginT.o M crtend.o R SEH . AR IMPRETIES VA e
NVHSEELHL G .

M T GCC I £ F &, fIFmeAARRFGZHKERERE GCC HIEFZ —.
BE 7 86 32 47 7 & AN S FF 64 i1 long long 257 (#1125, 4 i 38 A~ BB BFLH™ £ A RZ AU CPU
64, A TS Lo B OB R 1B B SE BT 8. libgee.a BLIINS & FRUER 2 IX P2 ALAR o 0,
XU R 3 EAEEREGE S . 17 A B0ER CRFIR CPU ST d iz B R AR 4,
ifi libgee_eh.a ML E T 3 #F C++19 7 H & HE (Exception Handling) [K°F & HIZXR¥. 54
GCC iy %85 H # FHERT — D el &AREMAN libgee.a, 24 libgee_s.so.

MSVC CRT

FHEEFHI B sy glibe, —HAEHEARMBAER Visual C++5&Ai) MSVC CRT

( Microsoft Visual C++ C Runtime) {85 i1 2 H N 5 —4L. W 1992 FFFFIH Visual C++ 1.0

MRFFEE, — EEFIILER Visual C++ 9.0 (LNY{H Visual C++ 2008), MSVC CRT #2 M 1.0 A
BT 9.0 K.

[6]—A4~RAS [ MSVC CRT R HEAR F] (KRt 3Rt T £ R PR, LASEARRIFG KRBT R &1

F. $EEAEIATR, WD NISRMEENR: KRPLR/Z8RRE, WTRlahREaiR

FIZ R, B RA, 50 REREAR: &R SR Co+40 4K C IBITIER

ISR C++I8 MR T LS I 3 A AT E R AR B (CSRR . X)R

EFRNSRET—8BE, RU5F
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FNE ETE

PEIR £ ORI EAZH, R HENZ AT LI A . ] UGS R4l C 4l
ARSI, BT ISR B LAl C aiARm AR NRSE. (HEREAREEN,
HnzhARHE AN CRT B RN, BT MahARE CRT #kEE&REE4eM.
XA RA S-S HMAER 200 FBA, TRAMHKIBH T —TETENG S Hik. X
MM IER IR, BRASRMENERGE AR . FA&MK CRT 1T MSVC 3 HRTFM
lib/, EL4m Visual C++ 2008 (¥4 &5 4 B8 47 4 Program Files\Mlicrosoft Visual Studio 9.0\WCMib”,
EAI iy 4 B 2 -
libe [pl [mt] [d] .1lib
e p #7R CPlusplus, Bl C+fRHfEEE.
e mtF/ Multi-Thread, BI#RZEFEBLLR.
o d T Debug, BENFE AR A
EE R I C++IF £ LR FERR CRT FISCHF 452 libemtd.lib. BHASKR ¥ CRT H- MR A
SATPE AR RSO, — A TREILD SO, — AT AT . A
BRI 4070 S FRAARE) CRT JE3 KL A T A R R &S, CRT Mz &BEREFF DLL 3
At EaERAS. i Visual C++ 2005 M EHRE. shABEMRE DLL X444
msver90.dll ( Visual C++ 2005 FINSERA S 24 8.0). % 11-1 5IZS T — 46 # WL MSVC CRT
R4 (LA Visual C++ 2005 R 6)).

= 11-1

XHE | HBXmDLL Wi | mESEm . DREE
libemt.lib x 2442, HAuE /MT _MT
msvert.lib msver80.di 3442, Hh5HE /MD _MT, _DLL

AL, Aatid,
libemtd.lib £ } %ﬁ " /MTd _DEBUG, _MT

WK,

3 } ¥ %;" ﬁ-*é-ﬁ
msvertd.lib msver90d.dll éiﬁ & /MDd _DEBUG, _MT, _DLL
msvemrt.ib msvem90.dll | FEF ARSI felr
msveurt.lib msvem90.dl1 S E KA felr:pure

33 BAM Visual C++ 2005 (MSVC 80) BUS, MSVC FAEREBSHESLRMOETE

® (LIBClib. LIBCD.lib), BEAIBREKFER, FiIBHEHMNSLRMN CIEITERE
SENBATETEECLRASEBRRNETE, TRIALEFGIMIM—TAX
Ry Lizey CRT MA.

BRI T, 0 SR SRR R T AN e B CRT, % 1R 232 BK A% 4% LIBCMT.LIB,
U A 2 288 CRT, Visual C++ 2005 Z A7 MR A2 #E$F LIBCLIB, EIERAE A, X

BEFRRNSRST—iE,. KR5F
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T CRT ML L FERM PLFEH R, BeATIE A i p) B IR 2 F A ST
B T A g dr ST IR A, 7E Visual C++ TREE M thoT LS ARG .

11-9 BT

3 -!em: '[Wnaé)-

L2 BETE MR : BRFHRIh 3 ]
ET 1 pEsAEwER &
i, - BA c++ AW 2(fEtsc)
=T S &5
= EAETHRE il
gﬁﬁ - I
v RIBER T ﬁ"lmmﬂ’;g,
gﬁ* A pmEmw e
s | BRMEEESE
KA
&
T
) EHEER
o MR
3 e
O BEERsR L
WEETHECHOER. - UM, MG W0, Mo, ML)

11-9  Visual C++ 2003 .NET TERHNEE

BATATLAME 119 hEF, BT EEREEI, 7 REEHEML. PEREHER
/ML RIETH .
C++ CRT

# 11-1 h(fIFTHT CRT #4245 C 18 S ARAERE, MSVC 2L T MM ) CH+brdtE .

RRMBRFRMEH C+Im51, MamTERS AN Crrirfi. X8 “84" 8
ROESE, W 11-2 B30 C+brErE B MOOUE C++IIA %, A jostream. string.

map %, AAE C MbrHERE.

*F11-2
XHE MEEDLL | M | REEW L EEX
| LIBCPMT.LIB e P4, BAME | MT _MT
MSVCPRTLIB | MSVCPo0.dll | % #42, shA44E | /MD _MT, _DLL
44, WA
LIBCPMTDLIB | & . /MTd _DEBUG, _MT
2, #A

MSVCPRTD.LIB | MSVCP90D.dIl ;ﬁ; & HEH /MDd _DEBUG, _MT, _DLL

EFRNSRBT—ER. RU5F
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MORERIT RS THEA CHbsfEEEN L0, MSVC 4% 88 stk % fCrd s
A CH+BAUSTE, EamIFIRIEH TR, 75 bR CEM “ drectve” BE (g
355 2 Top ¥ DIRECTIVE N7 ARG [¥] C++brdE R B . LA T C++5 —A“Hello
World” F+:

// hello.cpp
#include <iostream:

int maini()

{
std::cout << "Hello world" << std::endl;
return 0;

}
WIGHEMIFB Hbn O, HFAEBEM . drectve” BUfE A

cl /e hello.cpp

dumpbin /DIRECTIVES helloc.obj

Microsoft (R} COFF/PE Dumper Version 9.00.21022.08
Copyright (C) Microsoft Corporation. BAll rights reserved.

Dump of file msveprt.obi
File Type: COFF QBJECT

Linker Directives
/DEFAULTLIR: "1libeopmt™
JDEFAULTLIB: "LIBCMT"
JODEFAULTLIB: "OLDNAMES "

cl /¢ /MDA hello.cpp

dumpbin /DIRECTIVES hello.obj

Microsoft (R) COFF/PE Dumper Version 9.00.21022.08
Copyright (C) Microsoft Corporation. All rights reserved.

Dump of file msveprt.ob]
File Type: COFF OBJECT

Linker Directives
/manifestdependency: “type="win32"
name='Microsoft .VC90.DebugCRT!
version='9.0.21022.8"
processoraArchitectures="'x86"
publicKeyToken="'1fc8b3b%alelfde3b’"
/DEFAULTLIB: "msveprtd”
/manifestdependency: "types'win32"
name="'Microsoft.vC90. DebugCRT'
version='9.0.21022.8"
processorArchitecture="'x86"

EERNSRER S, BH5E
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publicKeyToken="'1fc8bib%alelfelib"'"
/DEFAULTLIB: "MSVCRTD"
/DEFAULTLIE: "OLDNAMES "

AfELE B, hello.obj FHEE#4% libepmt.lib. LIBCMT.ib 1 OLDNAMES.lib. 33111 H
“/MDd” Z¥4i%0T, hello.obj 57 E msveprtd.lib, MSVCRTD.lib #l OLDNAMES.lib, P&
Wz 5, GRiFaSins BRI R T “/manifestdependency” 2%, Bl manifest /5 8.

Q&A

Q: WwE—NEAZEE TR obj AN DLL LAH4ER T R E# CRT, &R 4%H FA?

A XARMERF LSRR EMHE N o RAEAF LA ME DLL, ZoeH54dE, TR ob)
it nt B 2 T AR AN 1SS CRT. & T B a4 & 44& CRT RA $ &4, i Lo
FFA 6 B AR A — R MR RAH IR, RRAIHHAT—RATLH A,
A #ANmil, BT HEAIMARLLARLHOHTATRE A5, J
THAT IR 4, LRAHBSEARAREEL.

22, WEHAATEAHSHEE CRT, AN A AT . BARF B REN
T F B #g A 49 msvertlib fo msvertdll, B F A & B AR U4 R H T4 A CRT, @A &
B4R AR T3 A CRT, AR ARA ThHe ey P A LR R ik, $A4E S ATiX
F o OL6g LK BB O F RN B AR U N A, AT OLT E AR T T A SR
MSVCRTD.lib(MSVCRE0D.dII) : error LNK20035: _printf already defined in LIBCMTD.lib
(printf.obj)

ERAEEAT, Eaeadmaiiid, REsh MBS

LINK ; warning LNK4098: defaultlib 'LIBCMTD' conflicts with use of other libs; use
/NODEFAULTLIB:library

de Rt 5 P XA B E/H A CRT RAMHA, AN THEARERY

/NODEFAULTLIB s # 1 % 4 X X 258 &89 CRT, A —M bt (e £l 17

BRI AR % & TF— A A PR #% DLL £ 31{e B A B &) CRT, & FHEA A

EAFR R A 24y CRT#9 8 A, A —SWBAT, EAMEAREREFES, AR

&2, RTES AL DLL 2 48 L4840 H—%FH, thm@ A DLL A & B

S B4E N A F &) CRT, AR& mikiz & AT F AL '

® RiEAATEIFAAKGAEB FHN, AAEMNSHT AR CRT, BpHE 1 F
o9, i S Crr 20 AT A S8 b il Fe R

® A PTG AEAE B w1 A, thde FILE*2 £465, @A EMNKHMF CRT &
LR

EFRNSREN g, RR5E
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FAHAMGAHE, o TEMERT locale ¥. 4o R T ALRIR, THEMELE
B AR L LW AHRF LR RA,

B ik o 3L ki B 4 AT F AL ARIE— AT L @ A A 69 B 47 L 44 DLL 2544 B )
— AR A CRT. SHMAMBFLARERAPAE, iR SR SEANEANE =
F AR lib & DLL £ 44 % af 5 LR IRAK AL B, $hL rbiist i,

Windows % 449 system32 B & F A 4~ msvert.dll 45 3, & # msver90.d1l i 4§ 45 DLL
HAH2EF7?

Q: A4t & & A Visual C++ 2005/2008 %1425 Bk AR A G E LiE 57

A B 24 Visual C++ 2005/2008 %% 0942 4 1 A T manifest #Ld), i se£2 50 M4t T4 2
B A EITE, — MR T ERAE A S, BHRTEEEMT CRT &
DLL. Bsh—ARpreiF kst R ERERANEFELGERF -REATLRER P,

11.3 BITEESDLKIE

11.3.1 CRT BI2&I2Eit

LRIZENH IR
SFRA RGN ARE B, TR LI R A A RO, B aEEbAENE
B CmRemiE e e bR, SRR IR, BSCERIE A Rt Im
AAMBE FETm, W
o Kk (REHAERAsTEEMERE N, H—BER TR LLDCHEREHEE).
o LRI R A% (Thread Local Storage, TLS ). £k P J5) SE A7k J& Fh L B 45 FR 45 g 4R % St
BTN, EEEEAEFRABARYT.
o HEE (LR PCHTER), FFSEMITHM LA, Flbh&BRisg.
M CRIFRMAERE, RIETELBRLZEETRAANE 113 Firx.

#£Z11-3
RBIE ®RiEX BIE GHEFRS)
AuEE LBHEFE
o B 64 44K SR E
TLS #ki% BHRENBSESE
AL KA, AT EAL A A LR IFPHATAET KA
AL, AZKETFGIHTeld B &AAEES

EERNSRIEN g, ¥i5%
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BRIBIE(TRE

A REA CIC++hRHE (545 C+4+03. C89. C99) AT LERFLTT LAY R A, B4l
{6 CICH++IZAT A ToI 1 o R R B A T A B B, b 2 AP 4T R AR R 3 6 T 6 e
LEI LRI B R B W T CICH+ bR HEE R, ZRFEMISCIH 4 R AR THRHEE N A,
IR, EIBEGS -, B T2 MO REMDCHE . BT 2 SRR MR FE0E
R R EE N, FRM C BITEARTH S EIEREAXHNANE. XER
fTIFTi « ZERRML” FEAMWA T, — 77RO L R B BRENE O, tmeE
LEF. JEHEER. WEAMRMARSREEED. Bi—HHE C BTEAS ERESTE L4
FERIIAES T I EHIETT .

T JriE, L CRT S AN IIHE. bW Windows T, MSVC CRT #£4t T
i#4N_beginthread(). _endthread()%F s EH TEFMAIZ AR T Linux F, glibe 1324t
T—4 Al %ML F2FE pthread (POSIX Thread), B{##4L T # {1 pthread_create(). pthread_exit()
SR TRFAEMAIRALR Y . R\, XERFAEARE TIRHERETE, B8 FeM

T AN, CESIEITHEUH R BN, X ASER? kb, &
¥ CRT 75 ¥ it OB i 23 77 B IR B LR FERERN), O U HRA R LR IXFNEE. 7
ik BRI H R A, CICHIEATIEAE X R FREIR iz T Ak, it

(1) ermo: £ C ARHEFE T, A2 MR AURD L o HOR P2 AT TE 4 ermo 94
AR RN . BEFIFRANR, F0THE A SR ermo METEIRINZ BT B Sl & B &
B, ARG AT IR AR B

(2) striok ()25 bR ¥ #5218 FT R 20 P9 A0 AR Jod B0 B A 2 RLORAF B 7 1 1B IO A L, SRR
FE U A I A o MOk 2408 PRI R I A R R T TR L -

(3) malloc/new 15 freefdelete: 35} Be/RERER Bl X BEFAEA MBI FREEA
A TSR el B U A SR TR DRUE 2R R e 2 R R A8 2 8L

(4) FHARFR: ERMH CryZ TR, RRMERMBNRESWIPR, MMk
Hifs B LK MITED.

(5) printf/fprintf &AL 10 B HHH AR FERERA LSRN, FAEIET
] B O . ORI R 5 R .

(6) HABKM AL LR BIFSESHIKN LR,

AR F, C AR AT L PR & 2R MR F R A R R 2 4 (W A T )
A (ANFE errno (MR ). '

EFRNEREF—itE. BR5E
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(1) P4 Cctype.h), (LF isdigit. toupper 2%, XE@EBFIBHE R EAL.

(2) FHRCIEE (string.h), LHF strlen, stremp %, HE DY BAF280b a5
HATE N EE (U0 strepy) UAESE D FI¥EE &AM RN AT LLIF 52

(3) % m¥ (mathh), W sin. pow 2, IXSUEFM[aInf it 2o EAM.

(4) PR EBEFERITHE (stdlibh), 215 atof, atoi. atol. strtod. strtol. strtoul.

(5) RMUERSEF R (stdlibh), 145 getenv, X HIAIRHE 20 AR .

(6) BRBAMBIRE (stdargh).

(7) HE/R#SBE: B (setjmp.h), 35 setjmp 1 longjmp, AR longjmp (LB 34
£ F2 1% B 1 jmpbuf I,

AT R C PRUEFESE B2 RPN PO E b, IF R HIFRME T £ PR AREEST
Mo fEMSVC P, A[DAA/MT BU/MTd 58805 2 H L R RIETE.

11.3.2 CRT 3G#

{8 TLS

FTRPIBITERA T AFMSGEVE? 155, ermo W24 & MR R I FAFT BUR . 4E glibe
R, ermo #LE L N—1E, W
#define errno (*__errno_location ()}
BA¥__ermo_location EANEIRIFERRA T H AMIEIE L, EREHEAD, SR ERRET
4R & errno FUMbHL. ML LB RASY, HRELFIMA_ermo_location iR [A] ¥ Huhk W) %
A, £ MSVC H, ermo [RIFERE—AN%, HSBl sUR0 glibe 24401,

Ik

L RN BT, RN L4000 WA R4 st T g, A malloe.
printf 5§, T FFAGEMH R R LRBRT . NLEHEZRERENEITER, B#FE
malloc/new BT fE ABAT A, HASHILH K%,

CUHBR BRI

CHEFHMIZITEE N T 3RS RR I, UM 50l — Pk M Akt 12 18 el
HNEBEA LR BEIIR, SURERMERZSKRA. i MSVC [ CRT st
TERFL 2RRA) strokQPRHL: strtok_s. B ERAY -

char *strtok{char *strToken, const char *strDelimit );
char *strtok_s( char *strToken, const char *strDelimit, char **context);

EFERNSREes g, BR5E
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B 5 HY striok_s 39N T — B8, XS H context A2 P FHIRME A chars g4,
strtok_s KFRFUCI /S 75 SR AR FEIX MR P . T ZATAR A striok 2835 iX A
f B R A fE— R BN B TR A R AR E b, WA AR R R R R X iR B AT AR
MahsE, 5 MSVC CRT #14LL, Glibe it T — A2 @AM strtok QMU strtok_r().

(EUE R & I RO TR HE R B B R S AN TTAT . bRHEEEZ BTLARE Z 0 “drdft”, #ie
ERA BRI G P, ANREBERE L. W SRR L, A4 AT RS AR A A R R
B EEFAATIE O, XA “hrdE” BRI A R T BTl SR AR R A
AAEATERAERE BRBAIR A, FURREBRAE R S IR EAT —SEalt, 1419 & RS 7E % R A8 R
TARRERENGAE AT, BE] S A

11.3.3 Z%IZFEEAESCI

IR 8, FFRE GRS £ LR RF IO AR 75 B A — SRR T FA G O B . JRA T,
R T AR PR B O AR AR R R A M A7 A7 8, (R R IX PR AR AR R AR AT 5
1, HeERAN R EOR AN P R, MAFRERDETY, RIINTHRESE
WL H EHEEE. RRRMNEALREPEH A 2RTE, OFERI NN ERTERLESE
MAAN, MARFTALRLTER, ZEADR? XKk s 2% FE5FE (TLS,
Thread Local Storage) XAHLHI T« TLS FHILRE #, WREE XN 2/AERNR TLS
KB, HATEETE A FAHNG R, 2T GCC K, XA KT E
_ thread, HLINEATE X —4 TLS M4/

__thread int number;

X MSVC Jkeidh, HIR )X 7 A __declspec(thread):

__declspec{thread) int number;

i 7E Windows Vista 0 2008 Z At RIE RS, R TLS WL/ EFWEXHE— 1 DLL P,

B IHBZDLLENMM LoadLibrary) RS, BLZEF/TBETAER, WRIG6Z
*RERRESEEFAERPRER, SERXMEAAETEREZEL Windows Vista =
BB ERS T, DLL ZEfFA LoadLibrary( 3 # M £ & F#H#015 L B __declspeci(thread)
EXHER, REESRE MSDN,

— B —4 R R % TLS KR, BASTSEHSHE X NEREN— 64,
1T £ A8 %} 1% B RS A A2 HAh 2k R b 3 B A .
Windows TLS HYSEER

T Windows REERE, IEFEHN T — N REREHETE S EMR“ data " 88" bss”
B, 2431 _declspec(thread) & X — M EIRFRAEH T BN IHE, ZiFHOWEiXLAE

EFEAnEREn—aE, RR5E
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T3 PE SCAFE) “als” BEp . RGN RERRN, E 2 MR R - g
NADRERE, BEE “ds” BAPRIAFEGIBIXE AR S, TR MEFEEE A Mo
AN “als” Bl BTLUG TR __declspec(thread)s® I fa] AR, ETTFEAN R R b
HEAR A —HERT

BAEE A T4 TLS ZEXKR, EH AR CH+I2RMNR, WAt MR
FABYB ANBLOUR S “.ts” (A AR, 87 ERIXE TLS XS4k, 2AE
HAENOERWERE, WHMEREREN, BRI EITE, EEdn 4Ry
SUEREART A s AR N AR EHIE . AT H — %,

Windows PE JCAFIIEEFHI A BHE H L5, BIES 2 8988494 T. &
MIEH 16 A g, HPE T E TN IMAGE_DIRECT_ENTRY_TLS, XAt & {peF
otk RS RE L TLS %= (IMAGE_TLS_DIRECTORY £5#]) (fjMuiak &, TLS #{f
T2 T HTH TLS 48 R (R 5 of BORIHT # 6R B0 b ki, Windows RE0 AR TLS R A 2,
TEAG IR L E B EUR 0 TLS R MEATHIEFNTH . TLS RABERENT PE XM

“ rdata” BEH,

B AR, BESRE A TLS BERMN TEHNREEEN ML EA—F, 4
LRFR AL AT T X AR R A ? 50X TR Windows RFEKB, REMSET KT
SFME RN, W2 IRER (TEB. Thread Environment Block). iXAM&h# # g
TR R AL, 82 ID SHEE, Hha 24 TLS #4B, ©1F TEB
) mEE AL 0x2C. ST T2k FE KR, x86 M) FS R BT B &% &M TEB, T
JEEAF AR TLS Bl itk bl 5k v LUE i FS:(0x2C]3 7 51

s TEB RAMEMAEAFH, ETEEE Windows IANTATMEL, RINXBFREN
® TEB Si9#B2157E x86 M # Windows XP,

XA~ TLS 304 6 TR RK R A NMEE R, —&HF 64 ¥, m TLS BAHRE—
AN TEER R LN “us” @AM, TRESR A TLS MR RHEAE R A
B 5Bl FS:[0x2C)H 3] TLS #4 fsbhl, REHA TLS WAKMMIEA D] “.ds” BIA K H
e, RiE EAEEAE “as” BRI mBNIZ TLS B RALREPA L. FlE—MRRY
Bl

__declspec{thread) int t© = 1;

int main()

{
L= 2;
return 0;°

EFRNEREN—ttE, XNE5E
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Sidgittls, XBAMKIC @B T -

_main:

00000000 55 push ebp
000o0001: BE EC mowv ebp, esp
0o00o0003: A1 OO 00 OO0 0O mov eax,dword ptr [__tls_index]
00000008: ©4 8B 0D 00 QQ Q0 mow ecx,dword ptr fs:[__tls_array]
0o
0000000F: 8B 14 B1 mov edx,dword ptr [ecx+eax*4]
Q0000012: C7 82 00 00 00 00 mowv dword ptr _tledx],2
02 00 00 00
QO00001C: 33 CO XOor eax, eax
0000001E: 5D pop ebp
0000001F: C3 ret

A TS __tls_index F__tls_array, T4/ 1 E XIF MSVC CRT #, #fF MSVC
2008 K it, EAIIEAE S IR 0 F 0x2C, 4-HlFeoR TLS $U4 PR — AL ERM TLS UEAE
TEB . T XPANEIEA T REREE Windows RAMBILMELL, FLLENHRAE
1E CRT b, WRFFLL DLL AR, MAEAEEARN Windows ¥4 LisiTRi A &d
MU, R RERARREE, FA Y E A Windows T % TEB SHIN ] S 3 TLS #4i7E TEB
P, ST . SRE T Windows £4KN “REFRM”, IXFhRER
B OO B S ) B R R T e MR R LR Y

B TLS

AT B B94E ] __thread 8% declspec(thread) G F 52 X AR & X TLS &M kA
AR TLS, BIRF R0 TLS ARMAE. SRBANRR, &RiFE. 247
FERGRERZCLHX—UHEHEEHEELT. EHEFEREX, TLS 2RERMELERT
MaREE. A TRR TLS, &fF —fifE X TLS fihik, XRAEREFANEF
T HiE TLS 3, F H8 00 R R e &2 W AN RS B i bl, FRAY
o] 52 Rk Ja i BRI R . 7E Windows P& L, RERHPET TisAlloc(). TisGetValue()s
TlsSetValue()F TIsFree()iX 4 > API B HCH T- 22X TLS A8 & ) 81 il U 0k { RIUBE A8 Linux
F A X R FE R B pthread B T ] pthread_key_create() . pthread_getspecific() -
pthread_setspecific()fl pthread_key_delete().

5 30H TLS sEB e 4k H e 8, AT 3R B TEB &i#ah 1~ TLS %4l ks L&
s TLS Bt XA S G/ A7 TLS BE. BT TLS MARMTRBERFE, MR 64
A FRENA TLS LB in R AR EEE CLWERT T, maSBS K 4096 711
A T4k TLS ¥4, (#7575 WindowsXP Fig % REHHTT 1088 (1024+64) L TLS ZE& (%
R TLS 2 i TLS $41). HixE TRaAy TLS 26 &, E3U) TLS R AR 5
BEEL, T HEEZREL 230 TLS M RN SRS ZRA T, RIIFAH
FUEHE.

EFERNERISF 8. RR5E
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Q&A: CreateThread()#1 beginthread()& {1+ 4 R [E
#iNsrid £ Windows FTHIE—NEAEN FEHARN, —F#H 2 A Windows API
CreateThread() A 4| 2 &£ 4% ; 5 s —H 32 @A MSVC CRT & & #_beginthread() #,
_beginthreadex() & £ 3 442 . 48 & 691 th 242 4L A # 4% 44 Windows API #% ExitThread()
#o CRT #)_endthread(). iX # £ & A E M R4 fR B EA28, ENHF L EHR?

MEFEERFEIRETZAGOLR, RNMER—MRHELA, ARLEHH2 K
FIA, FTRMETHAZAREHNEFET, RAAEFENRITERL. FIH—KL
RER—AMRABAHERRGHE LA MmO A AR, FEAELESRLHHLE
AL B R MR,

A3t Windows AP 4= MSVC CRT #9 £ &, T 1lF i & _beginthread() 2 5+ Create Thread()
Lk, ©RA&AERWA CreateThread() & 4] £ % 42 . A X f&_beginthread() ¥ A
CreateThread()Z #T# T 4 £? &AM T A& — T _beginthread() 49 R, €42 F CRT &
AL P &4 thread.c. H AT AL ILE £ 78 A CreateThread() 2 i & # T — 4~ _tiddata 545
H, ARG M A2 A _initptd () & 474616 2 /5t i£ 25 beginthread() & T ER A &
#_threadstart, _threadstant ¥ t4e &y _beginthread()4% it s 69_tiddata 25354t R4 5] & 42
MEX TLS #4, RECHAMARNFHEEAND LEFEEE, AR PABERZE,
_threadstart() & $4 38 /) _endthread() 45 £ £42. J B _threadstart if f]__try/__except 4/ £
R ATHPOALE, ATHENAALQEOE S, FAFLEE5ACRT 438,

AR T4 529k, £ % CRT &% Windows APl 24 0¥ R 188 6302984
_tiddata, it EAZFA 69 4E M) B &8 R A0 R4 ZR? AT A medlLh f & 5] € 6 &
3L, EREHRAHLiERENRID. £ 545, erron. strtok() 89 3 — & F AL R . rand()
G T, BELEF L CRT A x4 m A2 EFEMAE L. T MSVC CRT 3#
%A R A AT & AL A9 __declspec(thread)ix ff # X A A KRR ETF, Ad LA
A FEET R, HARALM LY IF— A _tiddata 254, REERFEEFHEL
#H A, b2 X TLS 4% 4 _tiddata 65454t .

TR TG, ANAEZEHRE— @M, 3240 XA A CreateThread() 4
F— ARG AR CRT & strtok()Fidk, A HaEa B8, B stk E &4
_tiddata 3 A4, 7T RATIFAE R DAL B it iX AL 69 9 A . F A striok()F e K I,
% — 4538 ) _getptd() & /5 8 £, 4269 _tiddata 258t A F M RAMEAEEE BF
_tiddata #2549, B PR LM LA b, TRAALENBEARSRHAE
KAT, AR g A8 B BT A E & tiddata 89 38, B A —BiXASN RAL, CRLKR
3 Ao

AL 2 _tiddata £& 4+ X 8148 2% ? ExitThread)F £ A2, B ATCHRARKIEH

EERNEREN—E. "NS5F

bbs.theithome.conl



http://bbs.theithome.com

11.4 C+H2EEESHH 357

_tiddata iX#f — A2k M) 4L, A 4 fR 8 2% _endthread()# 3¢ 89, iX 4LiE 2 CRT 648k,

Fit H AN4R % vHi& 4K I, ¥7 4k 4% 7] CreateThread()#= ExitThread() ( 7 # A] ExitThread()
EBEHEREHGHRMF), LRSEAEMAFEE, ELRAHLR? BildF
miEEZE, ANEREAFSLE CRTDLL # A v &4 DliMain . #4iE, 5—
AR/ B AZ T 48 SR & #9 B4R, S DLL 6 DIIMain 452 # @A —k, FREH S
¥ &9 CRT 3tA L4242 DlIMain o #834 4249 _tiddata, T & DIIMain R4 % CRT &% %

BERGOHEFLERN, 544 CRT 224 DliIMain #! Xzt 2 & A

CreateThread() 2 F 3 A AW & 6 —Fp M A, AXFHFIL T, _tiddata f£ E 24 R ot ik
B, 2R THE. RNTUR FREANNESA AR K

#include <Windows.h>
#include <process.h>

void thread(void *a)
{
char* r = strtok( "aaa", "b" };
ExitThread(0); // EAHIAE TEF AREHE
}

int maint{int arge, char* argvl|])

{
while{l) {
CreateThread({ 0, 0, {(LPTHREAD_START_ ROUTINE)thread, ©, 0, 0 ):
Sleep{ &5 };
}
return 0;
}

Yo R A A44E CRT (UMD, /MDd) st R 2A FIA, 122, 4o R4 #5484 CRT
(/MT, /MTd), EHFBAELEBETEEFARECHSEANFHAFTR4$RLEHA,
2 4o F £ 44 thread() & 2 + 49 ExitThread() #& A& _endthread() sk &K M 8, B #
_endthread() &3 _tiddata()# 34 .
WAF BT AR 518 M CRT af (R A LATH 64 F4EM CRT), HRERA
_beginthread()/_beginthreadex()/_endthread()/_endthreadex() i 48 & & sk 4] £ &K 2. &
MFC ¥, iff —40 £0L69 .5 4 2 AfxBeginThread()fo AfxEndThread(), 4% L&) /R
Wi, ERAMFC BRI EALEANR, CMNEHP KRS MFC A Xe) &4, SK
4L M MFC % & af, R340 M€ RE G SR QRR B ARIERAFENFER.

1.4 C++ZBHE5HH4

7E C++ERE, ANORBEERED —MREK M6, KR main KIS 5EM S
SRR SHTH. AN glibc M1 MSVCRT %5 HTF, XMHEFERZDAEHRMK .

EERNSREn R, RESF
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11.4.1 glibc £BHE 5414

LRI A48 glibe PSS B CHRELNHT “Linit” F“ finit” B, IRATEEX BB
MR £ 2B B A A R B initO R _finit), XA RS A T/E T main RERAT. H
REMAERAEM AHRBEHATENE? ik AT HA S ? &N mE T </t
ZHGERFTRVE? o T B R, X TR SR A AR T A M start AR
TrER IR R R AT I EE, B4 T M 3K 2 ) P B 42

T RBTTE, T IR AR G 1 ok (4 T BRAT SO AT 4

class HelloWorld

{

public:
HelloWorld{);
~HelloWorldl{):

}i

HelloWorld Hw;

HelloWorld: :HelloWorldl()

HelloWorld::~HellaoWorld()

int main{)
{
return 0;

}

AT T ARSI, AR KR s T R R R DA . EA
FE—WH, f_start HOBHEKM init RPERETTIRRA A7 Bk bk A PRER, init
KErAE I T __libc_csu_init BR Y. XA e BT Glibe WACH H R csulElf-init.c, ibFRATK
BEEAN RV E X
_start -> _ libc_start_main -> _ libc_csu_init:

void _ libe_ecsu_init (int argc, char **argv, char **envp)
{

_init () ;
const size_t size = __init_array_end -
_ init_array_start;
for {(size_t 1 = 0; i < size; i++)
{(*__ _init_array_start [i]) f{(argc, argv, envp);

XBAAE A T _init A8 A4 _init(FRAH A WR? AN AR R AT T A 4 e A

EERNSREF—iE,. KUS5F
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crti.o A_initQERFNE ? BrHy, _ libc_csu_init B EAMAIER: “init” B, thakitik., HAM
A “init” BACASRIRE X BT

BRLXE, PIPRAIMMLRER T, K4 “_init” REH bR A 25 AE Glibe B,
CRBFMHA B “init” BHRETRM. AL TR, & E4R
WA BT A GRS, AV TR S i — AT S 7 SO AT LUR B inie() BRUTT P9 25
_atart -> _ libc start main -> _ libe csu_init -> _inits

Disassembly of section .init:

B0480f4 <_init=:
80480f4: 55 push %tebp

80480£5: B9 e5 mowv %esp, ¥ebp

80480£7: 53 push ¥ebx

BO4BOER: B3 ec 04 aub S0x4, %esp

BO4BOfD: e8 00 00 0O 00 call 8048100 <_init+0xc>
8048100: S5b pop %ebx

8048101: 81 c3 9c 39 07 00 add S$0x7399cC, %ebx

B04B107 : b 93 fc ff ff ff  mowv -0x4 (%ebx) , $edx

8048104: 85 dz2 test tedx, Redx

2804810f: 74 05 je 8048116 <_inic+0x22>
2048111 ed ea 7e fb £7 call 0 «=_nl_current_LC_CTYPE>
8048116 el 95 00 00 00 call 80481b0 <frame_dummy>
304811 ef bl 6e 05 00 call 80%=fd0 <_ do global ctors_aux>
BO48120: 58 pop Feax

8048121: 5b pop febx

B04B122: c9 leave

8048123: c3 ret

A LLE F_init WA T —ny¥__do_global_ctors_aux [IERH, WHRIRTE glibc HILHE
A RIXANRE, RATHERIIEM. WAEIFAET glibe, MiRkA T GCC AL —1
B45 X crtbegino. |AVE - BAEid, BESEETRAREEN, 789 HF
THEKET GCC, ENRBESESEMMXNIERE. RYUE, CHL2RMRIY
R SE T HUIARN, AN RS R Bk T GCC RIEH A 5 AR .

B 7 GCC MLt , RAMBIE TR, BT gee/Cristuffc, LEMMKLLE
ARSI T

_atart -> _ libe_start_main -> _ libe¢_ecsu_init -»> _init -»
__do_global_ctors_aux:

void __do_global_ctors_aux{void)

( .
/* Call constructor functions. */
unsigned long nptrs = (unsigned long) _ CTOR_LIST [0]:
unsigned 1i;

for (i = nptrs; 1 == 1; 1--)
__CTOR_LIST__[i] ()

EERNSHEn i, #R5E
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360 N1 E fIE

E X BACHS T SGH__CTOR_LIST__ #A i 38 — Mo HMB A s &M 8, Rk
ARG AL R ETE, A XBABNEE AR, R
AT LA #__CTOR_LIST__ B I 2T 4, B8, _CTOR_LIST__SLifF M B2
AR R G B R . A TR A IR EME__CTOR_LIST__ T, X4 ¥4l
BARN, hHER ST XN ?

_ _CTOR_LIST

XEARAERIK T _CTOR_LIST__fy 51K, M GCC e 5 __CTOR_LIST__
R GA TR, BAVAYG TR 553, 00 A G 130 38 0 o] A 7 4 S b s o 380 FF) £ BE SR
A R R RO B A SR -

X T4 1% 8 T (cpp), GCC HWIFHRLEH LD IFEMSRN R, El—MEERRE
8, X AR A B TR A AR AT AR oG E M AT R R T WAL . AT AT L LR
ANTIE KA REGEEAT R g 19 21— S g 5 &, "TLLE B GCC 7 H iU Al 7 —4
%4 _GLOBAL__ I Hw B, RIX- BB 0T ARSI R 0 B4 NGRS R G
Hril, SRR LR A .
static void GLOBAL__ I Hwi(wvoid)
{ Hw::Hw(); // Mg R

atexit(_ tef_13; /7 —A#FHte &M cof 1 #EMEH T exit
}

WATE EAE K AR B __tcf 1, EREATHEGE T UEEl. GLOBAL_1_Hw
PR R RE T ) R B8R B SRR R A, — B A B BRSO B X R AR 3, SRR S
G ik UM EAR O (o) “ctors” BERIE — AR, XARERAKER
GLOBAL__1_Hw.

A2 0B H AR SO 0 B 2% 4 R0 75 0 BRI B R it b PR — NS RR O B R A AT
ZUFAEWE? BRI, O AR B 1L BRI SR X SR TR BOBCER SR, BURFRR A4
Je ¥ i B BUR L AT LAFE A AR AL IR BRI AT R T

FEd 1% 38 A G R R TER — MS BRREL J BERERR AR B H AR S, 2K
14 BB A HAE i, GXHF, S B AR . ctors BUS S#AIF A —ctors B, P
BB HARCE ) ctors B AEPFEETI AL, o1 T84 H b SCAF I ctors BEB TR T — A
el (Fg1R) 1% B AR SO 2 R G A 0D, BP9 ctors BURAN T — TR BRI 3
H, A CEEIE A BRSNS R R R XM BN ERRIEEN 2R
FyiE R B Fend 7 R ARE BIX N FA Ml SRS Y ] SR AR R T 2

B, B POXA B MR AN, RATT LU RTE “inic” A “ finit” $HHEEE)
Fpii, X “ctor” BLMUEITHEE . ICBTERERMER, #AH RN H BRSOHFRATS 5

EFRNSHEF—iE, Ku5F
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A EEERE | — crtbegin.o M crtend.o M8 ? XA glibe [ 8 1) H 4% XA FH A clors B,
FERER IR 1%, IXPEAN A ctors BU A 2808 JF B B 2 T AT SCfF b . IRAKHE
AN ctors B B ANE?

e  crtbegino: EAFTH ctors BIMIFT L4, crtbegino H.ctor BRRHMAAFAMAIE 1 4 F
# ff—1(OxFFFFFFFF), i #%48 M 3iHiX A 7 ouoR4e RGE B e . RiRixi
BUEH R bl 8 SORAF S __CTOR_LIST__, iXFESEBR b CTOR_LIST_ frftZ& sk
A ctor BUERA GG R ML T .

e crtend.o: XA REH.clors WEFER AT, BEHATRE 0, REEXT —
M5 _CTOR_END__, #ii.ctor BRI .

FRTHIMETPEL N 7, BEREEEMH B R CFREHE, crtbegino B2
AbAEF P B AR SCHRIETTE . 0 crtend.o WLEGRARZER T H b0 AR5 T . Bl SRR A P
{5 B ¥R 30 a0 F1 b.o I, SEEREEIENY B F7 30148 2 ()5 )1d crti.o crtbegin.o a.o b.o crtend.o
crtno. TEIX B RAIZEE crtio Al crtno, FAXFHAHIFXHMERMBELX. &
cribegin.o. F P B FRICAERN crtend.o B, 454 28 e P X L SO A ctors B, RIIR#¢
&1 ctors By it B niE 11-10 Brors,

/"l' \
/ ' | \‘.
_-—CTOR_UST ih.omgﬂmﬂan{ |
"_..-"" . II
e PPN ."’\\\ I|
ortoegino b~ |
\ A ctorskl ., Sy \‘\ |
f\ H / . |
W OFFFFFFFF J g |
S / . -
“ ~ i | T TN e e
e S My
.".I g | \\ =
RPOaE S e AR R "y
o N e L {; “.up!sm 4
;oo e )
i 308 / } AT O . o |y
. l_\ | ;J. S '—] r .'/‘> a ; <
o et _'\\ Y g . \\L_.‘ S _f-'/
. - /e
PP, . k'd\—’\_/\_ . J
e | /
ciarsf - “ i
¢ ! R | y
'L.,\{A—m r $ \ /
':. [ -~ \.\\ .j e
= CTOR END__ ", e
Ny A
e |aoitE BWES /
s L rd

-
... e
T e

B 11-10 .ctor EIASERR

EFTANSHEer e, BN5F
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362 E11E BOE

16T R T AT EAT SO ¥ ctors BEMESHI 2 )5, MEITL3KFE_ do_global_ctor_aux HIfLRY
FMBAL T . __do_global_ctor_aux M_ CTOR_LIST _# F—MrBFFas, Sl AT mE
fedt, H##E F NULL (_ CTOR_END_ ). Wi fA~ B o5 S04 =40 ik iR B Enpe st v A .

é [/h35]

A& main ATAM &3k

glibc &92 B ig BT E £ clors REL, BMioREAMNFHE clors FEEFAn—s
FAIE4, T Ak B M A A Bk iR (main Z A7) AR
#include <stdioc.h>

void my_init (void)
{

printf("Hello ");
}

typedef wvoid (*ctor_t) (void);
//fE.ctors LR Hde—A- R 454

ctor_t __attribute__({section (".ctors")}) my_init_p = &my_init;

int maing)

{
printf (*"World!\n"};
return 0;

dw RIEATHAR S, XI5 4TFP 4 Hello World!
S, FELE, pec EAEABN A ERBZIAAMAM ALY, FHARA

__attribute___((constructor))

F 540 F

#include «stdio.h>
vold my_initi{void) __attribute  ({constructor));
volid my_initc(void)
{
printf ("Hello *);
1
int main{)
{
printf("World!\n");
return 0;

}

A
R glibe M GCC, fE5EHE TN RAMHEZ )G, fERIFER LA, ot EEHAT

EERNSRERH 8 #R5%
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MR, SKBF EIEE NSRS S e E g e i ERSEeRLm, M HT
HEEE. eS8 — 3/, ki “init” KT “ finit”. “__do_global_ctor_aux” #FHK
T “__do_global_dtor_aux”. “_CTOR_LIST__"” &R T “__DTOR_LIST__” %. TERIME ST
WA e B R AT EAE S, _ libe_start_main B “__libc_csu_fini” M1 __cxa_exitQyF M #]
B AR, BB BB AT exit() BT 8L A A __libe_csu_fini”.“ _fini " BB _init”
AN, ERXEAHE - BRT.

A3 BRER A ET Ab A T BRIE 2 RN S RHT R R CBRAEHIE R, BN
DAEEEFTA I “.dior” BUYEHRFDAE “ clor” BRI, X8 T REE 0 TE
&/, TRERANEFE T XS, RH T —fFmaek, MRl cxa atexit)TE exit()
BF $ T3 R AR S (] R A S AT A

X AR O] B BRAT) 2 BT ZE BN Gm R 4 T (M S 435 iR 30 GLOBAL__I_Hw(O % 2| ) #0Hb
B GRS N IR B OCI A R R, B2 A pl—MRE BRI BRSOk R X AN R B T
PSRN 2 HRERE, ST S GLOBAL__I_Hw()iR F 2k of B I Rl i 41
o Bt TRT 6] b RS, 4e % A% AR 8RBT U 0 Ao R o BN R BURE :

static void __tcf_l{void) //E&AEFdHFE4E R

{
Hw.~HellaoWorld({);

}

WA AP Hw %1%, 1 77 GLOBAL_ I_Hw PRIl cxa_exitQiEM T
_tef 1, T ELAREE_ exa_exitO)iE M) B8 B e HEFRR HY ik U8 (0000 i AL S M R TR
JBYE, SHEEFFRNIRE TSRS, TRERBAKER FHRaRBrEmyT.

M IRIEA TR glibe/GCC 4Rt R FIFTIIRS . 208 T AN DRATA N H T A
PR ERAM TR, SER AT b LA R R AL, B
AR R TR T, AT HIERE A Ale] . (BRAEIRF GO, B A R B AL AR
WA, R EE AN RA S, ARG A O O E R S SR R A
i I BR £ -

# BTFeRMRNMBINHSERESERHN, TREEEFALEZEFHLENRE,
II-T'\‘ iBEBFREEER “"—nonstartfiles” o “-nostdiib” XMW, &N, MESIHEELFAELE
BT (BRERRBEECHTA, HAFIHEFTHLENR

## Collect2
T RANES 2 B EFI)T collect2 XM, HHBNTRE AN T RAHERES,
—RER TRT R SIS TEM Id, kL collect2 & Id A—NEZE, ERAFER
AId el ETE, B4 colect?2 XTRERENEARHAR?
rHERE L, TRENGBRBHAIFEATDRNBLN “init" “.ctor” XFHLH,

EFRNSREBT—iE. BRS5E
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FEA 7T TWME main BEHEHTRY, SAESBEBHTERALE, Collect2 X2
FERARLIX TN, TS “WE" (colect ) FRIERBAN BEAR X P BG4 455
HES, REFENFSRETIRELBHIMERINAE main BIHNFT, collect2 REM—
P8 .c XH, BXEFS AN W ER—E, RERTIXTc XHEEDR, RKiF
BEEHEMMBRXHF LSRRI RN E X P,

AXEES P, GCC HIEFEB S main BHNFERHZE—__main RENA
B, X RBEE LR T collect? WEFRMMBLRE, _ main BHHE GCC it
He B — 85, RINEM “—nostdiib” RFRF, TEBF_main REEK
EXNER, XHMEREML “-lgee” RESE LT,

11.4.2 MSVC CRT MY2BHhEFIHH4

ETHR T Glibe/GCC M2 RFEITHZE, bR ITESkFF MSVC 75X F 1 2
ISR, 4TRSS, 704 MSVC CRT f¥14: J5 #6 38 RV a7 e 4 (3 AR 2 TR 3
AR, FHAREBHFEAEHER.

B AEIR A A E A MSVC (A T iR B mainCRTStarwp B2 H 4R FHHIRA R .
BATTLLARFE WA T — N REN
mainCRTStartup:

mainCRTStartup ()
{

:inittermﬁ _xc_a, __Xc_z );
}
He_ xc_a Ml xc z PP REIGEN, T initterm ¥ P9 2N
mainCRTStartup -> _initterm:

/7 file: crtisrchecrtldat.c
static void __cdecl _initterm (_PVFV * pfbegin,_ PVFV * pfend)
{
while ( pfbegin < pfend )
{
if { *pfbegin != NULL )
{**pfhegin) () ;
++pfbegin;
1
}

Hed PVEV e X
typedef void (__cdecl *_PBVFV)(};

M_PVFV [ XL TLLEH, ©R_— D REHREER, _ xc_a M__xc_z WIHRZ R BRE
f3eEr. AT —IRE Bl initterm XN BB A REFRIRBKE? 3T Glibe/GCC HILHL,

EERNERBHF—iE. KU5EF
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_initterm K43 A[ 1% 5__do_global_ctors_aux —Ri—FE, &4 o 7 BT F ek B fa T 3 B R
BT, _xc_a MUREEAMREN AL T H AL, MY T __CTOR_LIST__: ifi__xc_z W24 it
ik, #*4T_CTOR_END_ .

_ xc_a Fl__xc_z A} mainCRTStartup H1& ¥l 5L &, mEMNSERER, B
{7E mainCRTStartup A1 Z T8 L IEMML IR E L 7. EAIHIE mainCRTStarwp 1EAA D
BRMUREE S — M ITHRE, A MSVC St el 26 b fif ke i p M8 5 E A B 11
WR? i BATREE__xc_a FI__xc_z M Xs

// file: ecrtisrchcinitexe.c
_CRTALLOC(".CRTSXCA") _PVFV _ xc_all
_CRTALLOC {" .CRTSXCZ") _PVFV __xc_z[]

Hrh% _CRTALLOC & X T crt\src\sect_attribs.h:

{ NULL };
{ NULL };

#pragma section(".CRTSXCA", long, read)
#pragma section({".CRTSXCZ", long, read)

#define _CRTALLOC (x) _ declspec(allocate{x])

TEAXAN LSO, i BE R0 2 W 4% pragma 74 . JEf#pragma section (-4 1EE N
. F:
#pragma section{ "section-name" [, attributes]| )

PEH R 2E A LY obj SCIFRAIEE 4 4 section-name B¢, JFEFT auributes f@tk. [HtiX
B 4% pragma §54 SLBRA obj S HUE IR T 4 0 .CRTSXCA FIL.CRT$XCZ (MM B Rl i
¥ FFE_CRTALLOC XA %, EEME LA __declspec(allocate(x)), XM ERFRHEEH
BRI x B, BTl _xca #4981 .CRT$SXCA H, M_xc_z #isrALeE
Bt.CRT$XCZ H,

LEERATENIE_ xc_a FI__xc_z 5L FRI RSB T, 4w i e — ek
T HIGEAL R B ALV ? R B R, BRI RIS R AL A .CRTSXCU (U
User (IS B, EXTERWPHIFRITESMAE SN RHLEE. MK %,
e s W T MR R R B A, EAEENR: XSRS, FraMANBRIER
EIEFE B, REFRERIGEHORHES . TRAAR S, S4B 5 RS
M 11-11 .

T CRTSXT=X L6 B () b ot £B 42 L i), HUE I FRAUE, BT CLE e g i
AP R, BSEAME DR, KN rdata B 84y, IXFERE O RHLTE AR T 176
B S RVEEAL R BB, L iniverm SEGEF . BAIFEAEREN ! MSVC CRT
14 R e ZE LR |5 Glibe A R—FE, HALENRNAL 7FIgf AR, MSVCCRT
FRX AP B 3 R 5 ctor 1943 M4 CTOR_LIST__f1__CTOR_END__{¥) Hiuhl i 52 fe] £

EFERNERESF——HE,. RUSE
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366 FTNE ETE

ALY X B —UAEH T 2R &N RIERG. JBTE. SRSEM T LOHRE, HRERA
SCBLAOHL ] _EESTR e Al

text

.rdata

_xca——_ L ..

i cinitexe.obj

.CRT$XTA

crt.obj
i .CRT$XTU

‘_—. et
hello.obj
CRT$XTU rsl

_xc_z\ ! cinitexe.obj
~ LCRT$XTZ

.data

EBHCRTHE

HEFNZR
S E

& 11-11  PE3ZHa9Desikats

é [/)3cE]

B T Amands b E 2

#include <iostream>

#define SECNAME " .CRTSXCG"
#pragma section{SECNAME, long, read}
void fool()

{
std::cout << “hello” << std::endl;

1
typedef wvoid {__cdecl *_PVFV) (};
_ declspeciallocate(SECNAME}} _PVFV dummy[] = { foo };

int main()
{

return 0;

}

PEAFAAAEES, TTlIF B4 “hello” &G4, 4 Tk A~ Z 89X A FF A4, &
# T A2 SECNAME, 1% R4 F.CRT$XCA #.CRT$XCZ Z 8], it L RLFFEF
i, P RBELHEOH CRTISXCV (VHFRALEUZSE), R4 foo dBH A main 4
T EIAT.

ESRNSREes—itE. RSk
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MSVC CRT #7443

BERES MSVC 4RI, £MSVC R, AEEELREENE U E L
WE AW, #0TLLE B CRTSXCT R & XM RPGREIN AR AR A
2 —7FF 3 HelloWorld 4 =41 -

#include <lostream>

class HelloWorld

{

public:
HelloWorld() {std::cout << "hi\n";}
~HelloWorld() {std::rcout << "bye\n";}

}:

HelloWorld Hw;

int mainf()

{

return O;

}

X A IR R B b BB R SE AT R I ch T2 5 B BRI T AT BRI 4 1k o
WA

01l1B1B70 mov eax,dword ptr [__imp_std::cout (11B2054h)]

D11R1B75 push offset string "hi\n" (11B2124h}

011B1B7A push eax

011B1B7R call std: :operator<<<std::char_traits<char> > (11B1140h)
011B1B80O push offset “dynamic atexit destructor for 'Hw'' (11B1B90h)
011BLEBES call atexit (11B13E0h)

011B1BBA add esp, 0Ch

011BLIREBD ret

FEIX BT LA DLAX BOREFE B 6 1 T WX JS 1Y) HelloWorld ARSI, RIEM g+
Hlil, U4 A atexit 38— 44 A dynamic atexit destructor for 'Hw" ] ef #3325 BB tH 18 A .
TMIiX 4> dynamic atexit destructor for "Hw" i i) 5 St B R 78 5 1R %1

‘dynamic atexit destructor for ‘Hw'':

011B1EB90 mov eax,dword ptr [__imp_std::cout (11B2054h)]

011B1BY95 push offset string "bye\n" (11B2128h)

011B1BYA push eax

011R1BY9B call std: :operator<<<std::char_tralts<char> > (11B1140h)
011B1BAQO add esp, B

011B1BA3 ret

ATLAE . XA RS A ZE X % Hw A B2 R HEITATR . FRNXE, BH®
B AT RE RO, B RAPE R MR AR LR, BRI A
FEA74E . Glibe Nl cxa_exit()[a] exit()pé % At 42 54T #) 2 30 MSVC CRT i1 atexit()
SIA RN, ENR T B AR R Z AL FRE K.

ESRNSRESn g, BRSE
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ENME ETE

11.

5 fread LI

BANE C BRMBITETMEXN, STHNMENEIHS. 2812, S RWEAINY
XY PPR LA & CRT BMAE KM 4. SR REEE MK —F, MIEH M3
HABKEM R RS SR E S R34y, B 10 #54.

FT TR ) 5245 eh 032 AT PR 04 4002 L RUBS 1), BRI BB 1T BRI & AN T, (HR TR IS
TTHESEIRER R LA A0, BI1ME, 10 Maseh F RETEYRIEELE NS A
M4 — (EG A R Z AT, B AT A0 T 48 C 8 SHRMEME P — A E% T 10 2K fread
PR AEEI, A5 fread B 22l Windows [F1R 4 API:  ReadFile()3R Sc Bl 30441
EHUR, {HAEM fread 3| ReadFile Z I8 988 RE T AR —ARuk. RAIE D@l
fread Ot 4548, RESE T i MIZ 1T HE e 3L fread £ Windows R API f ReadFile() & ¥ 1A1f)
XSl R, XA B TAHETER 10 ME—5 T #.

HSEIHAAKE fread I eR # 1

gire_t fread|
void *buffer,
size_t elementSize,
size_t count,
FILE *stream

TEIXH, size_t RF AW KM, 2 unsigned int. fread 45 4 &8, HIihgk
AR AR stream B IEHL count 4~ A7 elementSize 7T ¥, T 7E buffer B,
IR B I T B I 7

ReadFile PR ATIH 4.

BOOL ReadFile(
HANDLE hFile,
LEVOID lpBuffer,
DWORD nNumberOfBytesToRead,
LPDWORD lpNumberOfBytesRead,
LPOVERLAPPED lpOverlapped

ReadFile [F)5— 24 hFile b Fr8 BN SO AME, RAHEAZMNE —Fgoand
THWPEE R T A4 B4 H QR E, 5EXM MNP R fread L) stream &
¥ BB IpBuffer ZERCAARRIERMND, HXMNE fread Z2H0H buffer; H=4
¥ nNumberOfBytesToRead A EEMR £ P75, fread 5 AR MM %2 8 S H 13k
. HI elementSize * count; 3 J]PZH IpNumberOfBytesRead Xy —-#§ 7] DWORD 3R]
fast, CH FEERER T £ 047, BE—ASEREHN, TLIZKE.

FET#E T fread iR ¥l ReadFile ¥tz )5, ATLARBLENIEDRE EET2ME, T H

EFRNERST—HE. RV5E
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S EILF——Xm, BFrLUmR B ELH — I EE RN fread, LR EHBEH ReadFile
AT AT b 2

size_t fread(
void *buffer,
size_t elementSize,
size_t count,
FILE *stream

)
DWORD bytesRead = 0;
BOOL ret = ReadFile(

stream->_file // FILE ¥
, buffer
, elementSize * count
. kbytesRead
, NULL
b

if{ret)

return bytesRead;
else

return -1;

AR £ ASHARRAE, B fread 7T LUX A R AMSTHL, Hit4 CRT IGEMAFIX 4
HAWe? SemE S, AR TRMSEKE CRT 2 EASLH fread 1, HiHAEEEXAM.

151 &FQ

*tF glibe, fread MSEELLL TA 2y, PLERATX BEHF MSVC () fread SEHL. {O7E 53
fread ACRS2Z BT, HEENH— FEW (Buffer) HIBEE.

ErrRONE N T 10 Rgih, WA T, YFHERARSSERONE, b FEFER
MR, WTHEE L WA printf REL IF HERGANERRGILFR, WSS HRE
BT RRLRH, bR AR, RS TR T, FRRERAIFRE
RKh, BT LT3R, ARSEROE . HH%, mEMERTRENA, ¥aTE
LR R M TERE .

— A ST 55 L BT AT A7 S R ot B £ S S BB — AL, B M
W2 EH R ERARERAEAN, L LR AR IR ICPRR R, 28
FhEIREFECE. BAVRTLIZE CRT 0 PR — A0, G EERER TR, WABHHEEA
SO AR A B, WA R L B P SRR, A CRT Bl
i Bt R — I U — B KRN BRI P. IXFE, RS DU R
THR/NRBEE, AR R K S ER MM RE, WLUE R KRR SERR U .

BT S e ASE, B SRR RIFE RS O, T LS SO GRS AR R AL R,

EFRNEREN s, ®BR5F
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BE EIE

BN M BANELL fwrite [ SCHFSN - BRSBTS S8 AN — 2 4 2L S A B S
W WA ATRERAFAE T SO SR bR AL, S A B SRR G i B AR R MR T, AT
afie FEEIRE K, T CRT UL 7 — R 5 5 ph SRR AT T 3R 328 00 BT HE KA il
M. CilF RS P LA AR B, W& 11-4 PR,

*11-4

int fTlush( flush $§3EH 695 F, 5 A400 NULL, B flush #4746 50
FILE *stream)

HEABELAEF, £ (mode £45) H 3 #:
int setvbuf( RN ’#;"!‘{modc) i
FILE *stream, AKX | _IONBF LA A AT
char *buf, 7% F A | _IOLBF At XAMKATH 0 LA, FTIRAT,
int mode, B R AGH I — A RATH (0 Knw), 3%
. , 454 o flush 4%

.| size_t size )
2R AFHEX _IOFBF 12 %5 4% 4 i i o # 47 flush

void setbuf( | oo ¥ % thaasib, FHF
FILE *stream, .

(void) setvbuf(stream, buf, _IOFBF, BUFSIZ).
char *buf)

BT flush — ANk, RARRSEMNTI S, BN RRRA M EA IR, I
GRVPE S, SRR AT LASRUE SCPRAL FIRFTOPRA . ZBTLARE fush, ALPA% S QB S
BT RO AR A, S L — MO (L2 N T SCAF A SGBR b3 RO AR L
SRR REAMMIE I CRAE SNSRI 02, S48 I M B AT BL 2 BN A
flush A7 LA — S AR |- BE G HE T 0 R 2«

FEIRAFob RAE R B) C ¥ SO BTFROEh, E1{T4E (Line Buffer) F12:4i (Full
Buffer). 24Bn e AL, B T I TR0 fush 5b, BU4GEMIEIN 6, S
A LW EH) flush B TIATEPRILLBATTR, SAGEAAUH T A X, TEMAMIHERE
ABATHET, DRI HE 5 flush, PEtEAT 8o

11.5.2 fread s

ETHRTHENMABABZE, LA E fread M HT. MSVC Y fread 15 X
7F cri/fread.c B, SLEFHNBFERA —1T:

size_t _fread_nolock(
void *buffer,
size_t elementSize,
size_t count,
FILE *stream

EFRNEREF—E. RR5E
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}

{
return fread_s({buffer, SIZE_MAX, elementSize

, count, stream);
}

AT W, fread 44 £ (R TAE#B65848 T _froad_s. fread_s 380 F s
fread -> fread_s:

size_t _ _cdecl fread_s|
void *buffer,
size_t bufferSize,
size_t elementsSize,
size_t count,
FILE *stream

_lock_stri{stream);

retval = _fread_nolock_s({
buffer
., buffersize
, elementSize
, count
, stream);

_unlock_str(stream) ;
return retval;

fread_s 1B %Lk fread £ —* bufferSize, XNSEA T4 E S buffer (/. 7E fread
th, SXASEE B E XN SIZE_MAX, Bl size_t F1 K{H, FW fread FRIXSH. T
B P LA fread s BIRE AT LIS X AS3, LUATIBT LRI H Y (fread_s [ s 4 safe HIE
H), fread_s I RASEHAE, ARG _lock_str X SCHZEATINEE, VAR L2 AR [E] Y
BT S BB X A —8. BATATLAE B fread_s H3 A TAEACE T _fread_nolock _s.

11.5.3 fread nolock_s

fread_nolock_s BFTEEE THEMAY, HTETERE. TRSHBFIH fread_nolock_s
WSCHL, A EFMENSEREMNERNE. FE BEE % o g mRn.

fread -»> fread_s -»> _fread_nolock_s:

size t _ _cdecl _fread nolock_s|
volid *buffer,
size_t buffersSize,
size_t elementsSize,
size_t num,
FILE *stream

EFRNSRIBN—iE. KES5F
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char *data;

slze_t dataSize;

size_t total;

size_C count;

unsigned streambufsize;
unsigned nbytes;
unsigned nread;

int o

data = buffer;
dataSize = bufferSize;

count = total = elementSize * num;
X — B4 fread_nolock_s BTG4y . AEERIREEE ], data #HIEEFE 1) buffer 1!

A S N ERHE 4. ERITRIEE, data 815 buffer B9FF3L. dataSize L% T buffer
AR AT LS AT 8, FEiS L. data + dataSize = buffer + bufferSize. IE 11-12 fie.

bufferSize
dataSize

A A

buffer data

B 11-12 data. buffer, bufferSize ] dataSize

total 0T TR LM EFEHR N Y E, count W50 7E B FE b ARAEAD T HL.
streambufsize I3 T L AEEM AN B T3 4 BEERCAHEG ST TP - —32 5,
7O B B B — T4 FILE 5K i H (R s,

TEMEMPPIMSEET —E TG, I8 — FCMFET FILE £&HM5E X T . FILE 1)
2 AT stdio.h H:

struct _iobuf {
char *_ptr;
int _one;
char *_base;
int _flag;

int _file;
int _charbuf;
int _bufsiz;

char *_tmpfname;
I
typedef struct _icbuf FILE;

EIXHL, _base FEEIR A D FIFEA, BIXACHERLEM, i_bufsiz id g F XN
fIAN. _pr Fil fread_nolock_s [ R & data —#F, $H1 buffer P —NRIEMFY, M

EFRNERESN—itE. RUASHE
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_cnt iBFR R RIEFIAAH. _fag itk T FILE SiHFCERNT A S —ae @y, Hil
BAVEIBIRE: 3 Mk

#define _IOYOQURBUF 0x0100
#define _IOMYBUF Oxoo008
#define _IONEF 0x0004

fEiXH, IOYOURBUF {XFXA A A il setbuf #24LHY) buffer, _IOMYBUF
ARFIXATCAHAE NS, T_IONBF fRZEXANSCHAFH — A~ 5 gk, Wgah X
MK 1A IXAEP LR _charbuf &, HEE, _base TEMME TN . BTkt
4 fread_nolock_s LIS,

if {anybuf{stream})
{
streambufsize = stream->_bufsiz;

14
else
{
streambufsize = _TNTERNAL_BUFSIZ;

}
anybuf B #F)E XA T file2.h:

#define anybuf{s}) \
{({s)-»_flag & (_IOMYBUF|_IONRBF|_IOYOURBUF})

#Hee b oanybuf HARKE, WE—AE, BREXA FILE &0 _flag TEEHFH
HATHEAR SN 3 MEEMRERE D, WX 3 MrECIE_flag PAEEE A, Hmikis
XA T &N

X — B ISR streambufsize BT T IR, WA B O F buffer, L2 streambufsize
FRATIX A buffer (K R CH8H #H buffer, 4 fread_nolock_s BiEFH— A
IRl buffer, X~ buffer F1A /[ 24 _INTERNAL_BUFSIZ, Bl 4096 FH7. Tk
fread_nolock_s J& — T EER:

while {count != 0) {
read data
decrease count

AR P4 (B4 FR DA AR IS 6o, KB RSB R 8 — WA ER 0 A ST A PP 3B — 50 40 Jdie»
IF HAHIR D count GRS, count AFLEA RN T HHO. 2EEBAERN, RIE
SR A A8 A buffer XStHOSIRM £ >0 4 3 Fifit, FREBIT—XKE:

if {anybuf (stream) && stream->_cnt != 0)
{
nbytes = (count < stream->_cnt}) ? count : stream->_cnt;
memcpy_s (data, dataSize, stream->_ptr, nbytes);
count -= nbytes;
stream->_cnt -= nbytes;

EFRNEREN—EE. BUSF
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stream-»>_ptr += nhytes;
data += nbytes;
dataSize -= nbytesg;

7E if (YT 6], anybuf HIET OB P, 1 stream->_cnt '= 0 HIWTE M R A=,
Rt 2 A M oA 2o HA R, IXBRI A ST

BT 1T —IT R B IX BRS04 F . nbytes S RX K EM B o il B LFH. 16
XH, nbytes & T AN EEIE YE (count) SEM PR A£MFE (stream->_cnt) 1§
DA

T AW —ATE H memepy_s 5 301 stream B _ptr 7 48 [ (28 0 P9 72 S 51 ) data 15 71 (4
A E, A 11-13 .

_bufsiz —
ent
& 'y )
w|
_base _ptr g
- bufferSize— é’
dataSize -
& g _
buffer data
_bufsiz
_ent=0
A A
base _pir
bufferSize -
caaSize
i i
burffiar data

B 1113 XHFRPXIRIE

EERNSREN—E. LKH5E
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FEFKM 51T, BRILRE 11-13 B 1E FILE 45 #0135 28 0 54 R .

memcpy_s & memcpy RSk d, HW-FRIEH memepy A, memepy_s EF
— TSNS HICRE SRR, KBS, ERNTHEEF memepy 181,

BLEACIS AR IR T SCAF R b A A S B, T RGP A7, A4 S5 A Ao

(1) R 8 KT &P .

(2) FHEEMMBRARTEPIIRT .

TS (1), fread A — R PEERBUS O] G 2 g 88 28 v i) 000 B B0k ANt i

b, MRG0, MEEEH T KEURE— R, AT

else if {count == bufsize) |

nbytes = ( bufsize ? (unsigned) {count - count % bufsize)
{unsigned)count |;

nread = _read(_fileno({stream}, data, nbytes);

if (nread == 0)
stream->_flag |= _IOEQF;

return (total - count) / size:
}

else if (nread == {unsigned)-1) {
stream->_flag |= _IOERR;
return (total - count) / size;

1

count -= nread;

data += nread;

TEACH T, _read eRECA T3 IE A SCAFIRBCEEE . X BERAVEANTIX N RY, fEM)E

I 2R S0 I eR B AT PR A 4 IR S B A K TR RIR, BANHER

B A & pp R A
else {
if {({(c = _filbuf(stream}}) == EOF! {

}

return {total - count) / size;
}
*data++ = (char) c;
~--count;
bufsize = stream->_bufsiz;

_filbuf B ¥ 6 STHAA B . ek ¥ A LBl R R AT

stream->_cnt = _read{_fileno({stream), stream-> base, stream->_bufsiz);

A LU WA (e R AR 7] 1 _read 2. _read sR¥E B ASIHFEE:
1) S B AR
(2) R SCABERITIFRICHE, HEAT.

BEFRRNSRSF—iE. KU5F

bbs.theithome.conl



http://bbs.theithome.com

376 SENE BITEE

11.5.4 _read
_read (IARFLEL T ert/srefread.c. 7E4ME T —#4r EXEEMAMZE, HNAWT:

fread -»> fread_ s -»> _fread nolock & -> _read:

int _ _cdecl _read {int fh, void *buf, unsigned cnt}

{
int bytes_read; /* number of bytes read */
char *buffer; /* buffer to read to */
int os_read; /* bytes read on 05 call */
char *p, *g: /* pointers into buffer */
char peekchr; /* peek-ahead character */
ULONG filepos; /* file position after seek */
ULONG dosretval; /* o.a. return value */
bytes_read = 0; /* nothing read yet */

buffer = buf;

IXFBS L _read MBS K. JREARRANGLERSY . T HE A AR,

if {{_osfile(fh) & (FPIPE|FDEV})) && _pipechi(fh) != LF)
{

*buffer++ = _pipech(fh);

++bytes_read;

-=cnt;

_pipech(fh) = LF;
}

i H 0 S ) AR BRI OO & FNE T SO N Tl M E S, ioinfo
SERPRAE T — AWM pipech T-BUA T AR — AR BRI S, K _pipech R [FIX — B

#define _pipech{i) { _picinfo(i)->pipech }

pipech FBAFMEXE T LF (B ) MR FRINZE P B, X1 R B & pipech
I SEE AR RS 0 LF. BATSERGHD Bifmititix—ii 8.

_read BRBCLE BRI U T A 8 % HOE M BHR L AUE R A pipech, Bl — A7,
TEARFE XM F TR ZIE, TR M A R S PR R SO B 4 -

if { 'ReadFile{ (HANDLE)_ocsfhnd{(fh), buffer, cnt, (LPDWORD)&os_read, NULL } )
{
if { (dosretval = GetLastError{)) ==
ERROR_ACCESS_DENIED )
{
errng = EBADF;
_doserrno = dosretval;
return -1;

}

else if { dosretval == ERROR_BROKEN_PIPE )
{
return 0;
t
else

EFRNERIER—iE. XUS5EF
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_dosmaperr (dosretwval);
return -1;
}

ReadFile £ —~ Windows API %, 1 Windows B34, {EFHI read 251l A T M
SO R EREE . X B A T4 LIE F) ReadFile % T _read (118 —4\IR#{. 7E ReadFile i&
[Fl.2J5, _read B HIGREE. EFFENE, Windows 18 H KR S0R FIE RS cnt {f
R M RAERAIF K, #180 Windows {8 H| ERROR_INVALID_PARAMETER(87) %~ %
MEIZ K, 10 CRT WH EBADF(9) &-~AHIR K15 B« [H 124 ReadFile &[] T #1R 15 B2 5,
_read EILXAE BBFA ont BFHEH FRA . _dosmaperr 5 & 80X 44 T4 1 66 ¥ 763X ot
AHAMHAT .

11.5.5 XART

&1 K _read T LS ABEAST I W SCHF R B AT . 4 Windows (W34 b,
(A7) HAFRE77 0 0x0D (H CR #71°), 0x0A (] LF £73) XEANEY, LCiE
FHRANE “Wa”. MAERMDE —SRERE S, MEARTHEXR. Hin.

ZE
T

e Linux/Unix: [6%fH\n £,
e  MacOS: [FZEM\w £,
e  Windows: [B]Z=H\in .
M CHEES, MG kRER, KR DS AR RO M a5, ASE 3
ERGEHEHF AMBIERFR A ERN CIESHREA. .

e  Linux/Unix: A%,
e Mac OS: TFBH|\w ¥ H M A,
e  Windows: ¥\r\n M A\n.
T RATPT 3 FI AR Windows 1) crt fUFS, FrLA_read 288 F] — Mo 4% H A\,
T _read ZEFEIX — A5 ACHSAR B A (AR 1717 ), BLMGX B S 3R A — AN b 0 R A Sk 1) 1 «

if (_osfile(fh) & FTEXT)

{
if { {os_read != 0) && {(*(char *)buf == LF) )

_osfile(fh) |= FCRLF;
else
_osfile({fh} &= ~FCRLF;

HARERECHRT R CABRITIF, IRAE, M4t A BELE. _osfile
B—A3, e — a3t M A ioinfo %A osfile “FE GEID# 10 ¥IE LT osfile
57 ), [AREICHEBEINE - DEFE D LR\, B osfile FBn

EFRNEREF—E. RiS5E
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A FCRLF #5id, R — M\ ATREES L T AR L. XAMRCE — 255 skn s TaH1E
H (filtm fell R¥O.
BT RERTERR NS, HREELH—MEHR:
p=d = buf;
while (p < {char *)buf + bytes_read)
{
B HETIE MR

p Mgl
}

p Fl q —FFaR4E M I HU A EER A M T 3k, AR IRIEIF I, BEAT 0T B I RUR4E
(1) *p f& CRTL-Z: RUYLACDELEK, BHTER.

(2) *p & CRONZSMITH: & p M EHE q IRANME, pMqBEHEE
— T (kg = *pH).

(3) *p #& CROD) A*(p+ DA LF(n): [d (2).

(4) *p £ CRONDH*(p+1)& LF(n): p 8 2 F1, ¥ q MMM ESR LRO). q
RB—FT(p +=2; *g++="\")).
p Al q —FFehdhee e AR MO E, iR () BREHILREEERA, HAp 8
B —/Mrn. HEREEIE 11-14 FiR (LLEFS “avdob” HH10).

lp f
a | v [ w b —| —#%#%—» | a | w [ b
X '
! ,,'
]
a — q
wm
.-F"F/_’
./"/
—
T p
| ]
a v | = b | —#%—> [ a | W b | b ]
i . T
. .
q q

B 1114 BITRER

ESRNSRIEBF—8E. KE5F
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Meit g-buf w8 BIAEFRLLJF KT R

JEEA — AR MREEMPARRERT —A CR G ALY HERAGE&E T
—ANEFRERE LF, FrUESRRERTNIZEFIXA CR T/ . X — i) IER = F M
SO BEE L A, B AERE R LF: R fseek R (RAH HIFIZIRER I Aok HO
ERBIRH EF A — DT XBERIERAE T T

MR AFF,
do B A GRS, AL AE CR FHFiEE,
SRR ERT I AFY, RAEHETH LAEAL:

(1) L4, AFFRRZLF: H484548 CR F54, A seck R EEHIR4 1 4
F

(2) @&, BFHZLF: £# CR FHA44LF FH;
(3) ¥k &H, LFHFRLF: £ CR FH 44 LF 45

(4) THEIRELM, AFHRRLF: #44# CRFH, sHeLF 5 AREHHOE
ey P T PN (pipech) E,

AL BIZESE 4 P L BLEH T pipech. ZEZ TR S P RAICLAIERXE — M N EE
B FREORFNEM. B TEERRE LS seck RHELR AR, Rk
— BEE T S R0 —NFH, LSRR . d T HAER pipech KIB{AK 77F LF
HEBRTESL, (A1 bt Ak (k1 A PE— PR % pipech F R CHIRME, Bt pipech HIfEKE A& A
LF. A4% LF W4 LF o] LLRBZS M o= . il s B i e Sl A2 8.

p = g = buf;
while (p < (char *)buf + bytes_read) {
if (*p == CTRLZ) |
/* BB AR, BE
if { !'(_osfile(fh) & FDEV} |}
_osfile(fh) |= FECFLAG;
break;
}
else if (*p != CR) /* K#i&%| CrR, HAEH ~/
*ge+ = Fp4+;
else {
/* BE CR, BET—AFHAETALF */
if (p < (char *)buf + bytes_read - 1} {
/* CR A& THAGIE */
if (*{p+l) == LF} {
p += 2;
*g++ = LF;
}

EFRNaRIn—itE, XRu5E
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alse
*g++ = TR+
}
else {
/* CRATHANHEE, FiR—AFH */
++p,‘
dosretval = 0;
if { !ReadFile({ (HANDLE)_ _osfhnd(fh), &peekchr, 1,
(LPDWORD) &os_read, NULL )} }
dosretval = GetLastError({);

if {dosretval != 0 || os_read == 0) {
*g++ = CR;

'

else {

if (_osfile{fh} & (FDEV|FPIPE))} {

J* EHEBEELMH 2/

if (peekchr == LF)
*gq++ = LF;
else {

/* heo R ERFA LR,
1# /M pipech ST H =/
*g++ = CR;
_pipech(fh) = peekchr;
}
1

else {
JARE S E &L Y
if {g == buf && peekchr == LF) {
*g++ = LF;
}
else {
[t R FHFRE LF,
M seek Gk 54t/
filepos =
_lseek_lk(fh, -1, FILE_CURRENT) ;
if {peekchr != LF}
*g++ = CR;

1
}
bytes_read = (int) (g - {char *}buf);

11.5.6 fread @M

AR EE R — 54 fread MILIE S, WDHERF o, HAE RS &
HEMAYIEALTEM LS. BAIEX BIFX LI X, Fibih B g iomEm.
2 P B A CRT 1Y fread B, "% ReadFile 11 BRI 11-15 FFx.

EFERNERBSF—iE, BR5F
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11

el || R AR IR A
:‘ fread I'
) N/ )memim. g

i fread_s

. S——" HITHG

E _fread _nolock “s E

e 2 /| Windows X#HREIAPI
i _read H

i ReadFile / |

11-15 ReadFile VAL

XA, _fread_nolock_s M B AE B 00N, RhE W REm X (08, S
VRO A, MBRIEA fread SHL—REHE, 5B HETE_fread_nolock_s [T}
1R AR B R AR e B b rp, ST B _read 1 ReadFile [M1¥ 1 REEILE Wi
T, TR EEAGEPE SR IFRN], RS T RE RN AR

6 ARET/ING

X, AT T RIFETEM A JIm, B VEN T T Glibe A1 MSVC CRT
BIREPN CBSE, HEESE Al A BT T MSVC CRT BIAI4ALIfE, S MSVC
[ 10 ¥IERAL.

BN, T CIC+HE T ML G 5w, 6o BRI Sc i, 1297 FEE i
BITHSHRIK R, LARRS C++IE1T PRI A S ME 752 £E A X S I A LR,
P —SLUE L Glibe (RS 4 =B B0 R i, 35 E L MSVC 4L BT BRI AU A B
4] T fread 7F CRT "PIHSEM. 1T Glibe T XE2F &, B 10 o mHEAREE 1+
S ATIMECLEERR, AMETERBP YR, T RSO MSVC [ fread SEIR.

EFRRNERET—EE, RHUSHF
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AREARESAPI

121 REEANE
12.2 RGEARRE

12.3 Windows API
12.4 ARE/NG

EERNSRESN—iHE, BR5EF
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384 F12E ROEEABS AP

WERF SR RS LT, BANINFET el BERE . o fal 4 B2 A7 B BIAE AT HE 1 5
ILE], ERIZHEAEY, BECSS THARISNEEINRR T, BREE RS
@A (System Call). REMAER T GEFTH RN HAFIFN—#9) SREREN
B gD, e TR AR RIS W TCE 0. InF R T RE i,
RIS IT R, B R BIKRERMXANEE L.

Windows #4564 T DLL ALK, ©i8ik DLL HE R4 BT T 038, BT i
R Windows APL. 1% FHFFFTRER FIY) Windows FA4E B 2 982 TR Windows API,
teim b —Aeh i) fread 225 2 F) T ReadFile iX ™ API. T & Windows HIFLIEAH Y TR 4T
VeSS RGP X2 T —L: APL Kb B fnfa, APl R&E it Rl fix—=
B, BN TRARGHMAM AP F% 710, S5 2 LM,

121 REAENE

1211 HARRGER

AR RE R, HFSTHIRAR, A9 2RABFR I Z0REHEN. hTR
ST PRI BEIRA T e 2 MR R R TR P IR T, BRIUE, S SRASINLAMRS, R4 &ANRE
FRL PP A G A vp 5 . B CABRAC A R0 T k7 R ph S8 ) R ZEIRAS (R PR, BHIERY
FHFEF BBV o) o JX 8 R IR AL S S0 1F U8R 1O, S F R 4 25 . 28I T, £ 7E Windows
PR Linux F, B A MRANEM A LU RS X LR, s stas g
R D AHERE PSSRSO, BT A X SR 0 H4 002 by B0 R 07 M0 s (10 7 2R AT
EEANFRATE AT fopen Ze3T 7 — AN B BUBR R SCAF R 2 R AE SR

S5, AT 2T, RSB IR RS R L0 B A A R A BIN . Bidn,
R BT R R — B ], AN B R G ME — I A 1 R AR

int i;
for (i = 0; 1 = 1000000; ++1i);

IEFE SIS R AT LU SRR B H ), {HREF IR S O SR CPU KR, &
ARG REMIR S, BRI B, ERMAE A AR TR R A R e, Hednde
100MHz ] CPU W, XBHCISFHERER 1 £, MI7F 1000MHz (] CPU 1, A[AEHPE 0.1
By PR RX B R S B s I 5 AN 1F 0o A8 B A R G100 52 I 884 & 5 In (8 9%
BAHR, FRAAT T -, ARIAT M acR 2 —FEm.

ARRMVNBIR LS E DOS HRWHRETSREBHRMTEAR? ©

ESTOIEREBR—aE. #H5%
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UL, B RERGENHL, NHBEFAPRIT R SR b TN R RE )
] RABIR, ok T iR R BRI RGO — S B R R IOIT N, ARG R G
Mot —EED, N AR X LR WOk SEE, e Linux {1
0x80 5 Wi ¥E k) R A A L1, Windows KM Ox2E S i fi b REHAIA .

AWM RhHER), TREFEITILRTRO SR, Blne) 8B iR, ¥
BAFEE, A RERIRMTIHE, FInsCrr. Meg, BREEE. MR &RiRE, b
A REFT X P T S AR AR SO 8y, B3 Windows R GUT #1#l,

REWRBRIER—MED, T HEEFEERZED, e 0E -0EE. KAFTE
IR AR T R A, B4, B5c R0 L2047 B & 3, BN (& .
B TAWEEH RS MERE X, KENHER G277 ATLUEMEHEE: B
REBLARIFREMA GRS, QRAERXRETHFBELRAHEORAESE, FORSER
OS2 B ASE R AR, XRLFBRE, KA 068 IE W2 TR F % Tk
Mo FrUSRE RS RS RATETEN — Frife UGB RS, A1 in#r0ai8 H
B0, CUREFRJEH#HA.

AL T Windows K, RERALRKE EFARCSNABEFNRLED, Mk APL
B LA b TN B X 3R 400 A B RE [F RS B T Windows APLL ATt 8 BHaT LUIE API 5 R4
AEFER¥. #H% L Windows FEM Windows 1.0 LI HE B /9 Windows Vista, X 4E
17 APT 80U MBAT 1.0 I 450 N NE] T IRACEE T4, (2R A0 24 1 AP HEFT
4. KA API — B, RENHRIFELEE#iE1T.

12.1.2 Linux REVAR

R i BEAREE Linux RERA MRS, O PHEEMKOEES. 4 x86 T, RH
VR B 0x80 FHiE L, S MEHFAEH THESH, EAX HHF8#H TR ALFAANE
M5, Wi EAX = 1 #RIB R (exit); BAX =2 FR08## (fork): EAX =3 #iRik
BCHER 10 (read); EAX =4 KRG 10 (write) %, M REIRHERNT AR
LR rh R — AR EL IR AL “sys_ " TRk, Bl exic 8RR R AP sys_exit BREL
L RGAHEERIR, EAX 3K U H 25 R0 O] .

Linux PR 2.6.19 S HREE T 319 NERSKEA, BAOMGH P —ar WA R 12-1 .

% 121
EAX | £%F Ci#REX X o B
1 exit void _exit(int status); ik it A2 EBX #ik k& ( Exit Code )
2 fork pid_t fork(void); - EBX &7 8 %44

EERNERESH—itE, RHUSE
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386

F12E RFEEAS AP
SR
27 CEEEX X T

?;z;_t readl ) EBX A =X #24#, ECX AT
3 read s ik L R b3, EDX A FikER

void *buf, F

size_t count); :
ssize_t write(
. int fd, . )

4 write ) BELH Fl sys_read

const void *buf,

size_t count);

int open( EBX A F L3442, ECX A+

const char *pathname, . ATF LS (. 5. iAo
5 open int flags, I ¥ ), EDX ©.A& T4 L4648

mode_t mode); N (ABREGLERZTHE)
6 close int close(int fd); 5 H L EBX £ 7 X4 #4

Pfd_t “fmpld( . .. | EBX i#t#% ID, ECX A= {§éit
7 waitpid ?ld‘t pid, Fhaad A2ik kA4 44, EDX AT F

int *status, H .

int options);

int creat( . B
8 creat const char *pathname, | £ i At Zi: ifi; KB, BCX AT

mode_t mode);

BANEA LE——FHAIXA Linux AR 300 2MREMA, KIN2SHEFEBIRE
(sys_setuid %), EREE (sys_timer_create). {55 (sys_sigaction). M%% (sys_epoll) %.

XU ARG AR AT LA B, B C IEETRA#E XA “usr/include/unistd.h”
th, b4 1554 T ALt glibe Y fopen. fread. fclose 31 FRBCHISCHA SCHF, T EH B H
open()» read()F close()3K LI SCAF LA, AFH] write [ SRS B AT 88 Choisd th i34
K 0):

#include <unistd.h>

int maini{int argc,

{

char buffer{64];

char* error_message =
char* success_message =

int f£d =
if{fd == -1} {
write( 0,

char* argvi(])

"open file errorin";

cpen("readme.txt", 0, 0};

error_message,

EERANORSN s, BRSE

bbs.theithome.conl
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recurn -1;
}

write( 0, success_message, strlen{success_message) );

/f read file
read( fd, buffer, 64 };

close(fd);
return 0;

MR AT LIS f =, PTRAMEA] read RGEIRAICELERELA PN GGRAEERIA R SO G)
Wich 1o A TEET glibe BSCHERIMLE, ATLAFTE G T glibe S, 4T
A F XL BERA T, AR S MR EEE . AR ERNFEREE
SR T AR, HESUT glibe H RSt iE— BT k.

FeAT W BLAE Linux #9 man fy 482 H5 SR AHAED B, 0% E read (man
% 2 RN RHFHFND:

$ man 2 read

12.1.3 RGBT

AYRA e T AR AR T, FbEie R EERAS A S T U —
HEE, B2

BitE, BREERIH.

Yy b, A Linux, KT HRERANRSG RS H M a:

o {FRAATE. BFRLRMMNASRHESEOEEN TR, RERMETREL5HRE
REMERIMY . WREEHEATHT O, FHERA S,

o FBMRERAGLMALAHAFAE. Bk Windows REF Linux BHZ A M RLIAH
REE g2 RF, BREMHHEREEE R, (BE XL A —#., BER
FIRFIF RGN R EFA—8E, Ehin Linux F UNIX 8448 1A .

M TRIGXA BB, 1 SR CTREEN XaTUUREErEE T . ‘Bt EHLe
)BT LB M ISR, FRETERSMY, ARG RASER ZME— 4
BB AT LR IR IR A
o (HHIfIE. RCAETEASREESHMNN, ©— AT L8 AT .

o TR —. ETESTEHIRAE, WAERHEE, FLEITEMEX MrHEREBTERR
M B AN, AEMERE RS MR MNTETmEL.

EERNSHSN—iE, RXR5E
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E12F RONEAS AP

IEHE, [WAVEH S 1T PESR B A B LRI, AN 2 R 28 ] B, %270 0] LLIR K
FEFE b HE i PR F 2R 40 10 1)y Bt i

Bl C EFRM fread, A TFUEHCCH, & Windows FiX MRS LI OTRE R R
ReadFile 3X 4~ APL, 1M$ 4 Linux F, MR alGEHAT read XN REWH . (HARE R4
Fa, FMFEATLUEH C 8 FIEATHEN fread dei L.

IEATE R AT RAN R WA LR S — B EME O, FERREMAALT, R
[FIfIERE RS T 8] LAH v, FHrbE—BE R . X R EAREE LT R,

(HRBIT R AEITEASRE, i C WERIBITEN TRIUEEANTEE 2 RASAHE
BA, FREEARBIEAEEZRIREMASE. Ll Windows FI Linux #5837 #F 0 #igs,
BB AT FERE Al LA SO 5 Y Th g ; (B Windows J5 4= 3745 I8 JE R /2 38 5 & 4, if Linux
HIARRAE X HN GHLl XWindows), M4 CRT @t REERIXEEARes £, Hilh, —HE
FE R EI T HiEE CRT 2808080, BIF BRI TEZARRAEET.

12.2 AAZBHERIE
12.2.1 FR SN

AL CPU & nl LATE £ P 8 A IR L ) T ATTE 2, IR ERSH, &
WA PR ), S50 B R R (User Mode) FIIA#Z#8= (Kernel Mode), 1
IR APSAES. b TH MO NGE, 8BRS H T LHER RIS
AlE R L, DRGSR, e iR et . 3l N EITER P &R
KT, HBRRZRIRE, X (ST I BB P B & . TP b ifT. SOSERp &.

K, B ITTE R AR AR O R R R SOR S VF Y, HRGE SRR
AR O ST E SRR RN L S e TR, TS BERAER A 2L T . 728
R L PR ALy oA R, ZNE A —FhECh ZEM B R, DA IR BUR A
AR AR A b AU AR A RAT

FA R BIT N EESR, h HRRFEARIB TR P . AP &N
BT ARSI AENE? BRIE RS —SREIL R (nterrupt) KM ST BINEE. f
LAETEINE? R, AR R R AR, BOR CPU B MATHI LIER F LB e
MEZEK S, 25007, HUTESH SCASCHFREHR, 848 Ers AR . CPU
WX — a7 —Fp TR ER Ch R (Poll), B CPU &Rg— /hEERSTR) L+ 81U
) L A AR R T, EERAER S RBUTIT 7 5, S KER S AR AT A R EI

REERANSREN—HE. #RS5E
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R CWAEBIEE T MEIN, XFERRERBEIRRE T . A —FhTE R CPU AN E B iR
fit, mr4Es LeRsie Fe, 88 bME R RE— M558 CPU, CPU BElRBE S 2 /5
AR T T, REF LW e SR T R XS RRRhi,
2R 12-1 FiR.

PEIES

B 12-1 BSEPEIPMT

P — R AAEAN R, MR TPETS (A 0 ), — MR h BT AL ER 32 FF (Interrupt
Service Routine, ISR). A A f i BA RE ) hlS, w0 R e —4 W7 b BFE R — — 0
ARETE . FEREY, AR PEiEER (Interrupt Vector Table), X
S on L E THRIASS n SARWTH T BT BRI AR . P ERRRES, CPU 25 4T
TR, REEP W RS, TPl ER P BT R h B, JFERE. P
MbERREF AT e G, CPU £ 8REERAT 2 ATAIALHS . — M A A i B P 12-2 B

Interruption

Next instruction
occured

Interrupt
Vector

> Interrupt Handler
Table '

12-2 CPU OB TE

WEEN L, PEAPRRER, RO R, R o R TR A S R A
HeFRA, e, R TS, 5 MR, RETHAEE—FIRS
(i386 T int), #H#H A BECEPEIS, HHIX &S H P AT LSl A 3 b i b
TH P WAL AR Y . IAn7E 1386 1, int 0x80 X #4525 AL 0x80 S MR HIFE 5.

BEFERNSHREBN—BE, BRS5E
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390 E128 RUHEMAS AP

T SRR ATRAG, Bt RGO A& Ao T B kRt A RS, T
T H—A o LAl Bkt T A IR . Bltn, 386 T Windows B4 KL #
RGP ERI2 1 int Ox2e KARKH, T Linux WA int 0x80 ALK FFH M AL . 11T
A S, B R e TR R — A RS R UR? R0l —RE, RS
ARG, SRS BIERUL BRI A RSB, XA Rl A
BGHERE RS ORE, I Linux B fork RSS2 2. XA REAMEE
AT int AT 2B RCE TSN E MR, 0RO ARG S B RS RS
I B EMAIES . L Linux 8 int 0x80 451, REHFIE R cax FIEAM. HBE
GeiHIHE N eax, #RJE B int 0x80 ISR, HOTARS PP T LLA eax FLEN/S R &M
Fi5, i i S ) e

12.2.2 BT int 89 Linux BV R S5AASTM

AR, ROV THE N BRFE ARG RN, RSB AR RS
PR IR AR R B0 . B 12-3 S LA fork A1 Linux RZERH FIATHRAE .

ol
A
RAL T
— — @/ o
P T
_x/\.-""-:_..«"""-.-

e

Y R — |
/f I AN 0x80 AN £ [ P
/PR FH (0B0) dREEEFx | Amm 23 1GE FW{ean=2) eye.forid

(systern_call) J— % -

B 12-3  Linux REDONFTRE

FPRALBRA 5 — B TREX AL A,

1. ME B
B LA E AR AL BN, 22U RB0EGERE, flmErRH
fork :

int maini()
{i

fork();
1

fork B HUE— M R fork RIS, TR FHIERE X E:

EERNESRIBT—itE, KH5F
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_syscalll(pid_t, fork};

_syscall0 E—NERE, HTFE X1 RESENRGHEANREER. ERNE—12%8%
XA RGP AR A 2R, X B pid_t, & —~ Linux B SR, AARHEFER id._syscall0
MBE A SEERKERHBOLIK, _syscalld B ZIELHM 5 RG 8L 41K
¥, TR 386 M4 syscallo & 3L:

tdefine _syscalll(type, name}
type name (void) i
{
long __res;
__asm__ volatile ("int $0xB0"
;o "=a" {__res)
"0" {_ NR_##name)};
_ _syscall_returni{type,__res);
}

e

%t-T syscallO(pid_t, fork), b ifZ# R A

pid_t fork{wvoid)
{
long __res;
__asm__ wvolatile ("int $0xBO"
i "=a" (__res)
: "0" (__NR_fork));
_ syscall_return{pid_t,__res});

TR ST IXF ATET # UL g AT, 15 S T H AR .

o  Ti__asm__ R gee MIXEET, FoRETRERANILHAME. volatile XTI
GCC x i B AR AN AT T 1L

o _asm_ M —NBEE AT B, REICHAL N A B RILHAHRE —A):
int $0x80, XK E A O0x80 S i,

. “=a” {__res) RaH eax (a F7R eax) iR [PIEIE HFFET_res H.

. “0” (_NR_##name))&7x_ NR_##name NN, “07 {5m MR 8HERA N HAE R
HIFFFERR (Bl eax) kfGESH.

WM A, AT LA B Sl B n] AR
main -> fork:

pid_t fork(void)
{
long __res;
S$eax = _ NR fork
int 20x80
__res = Seax
__syscall_return(pid_t,__res);
}

EFRNERSF—uE. RNS5E
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392 E128F REEES AP

__NR_fork £— 1, R fork REWAINERS, T x86 hR&EW, HEMNEXTT
LLZE Linux/include/asm-x86/unistd_32.h B # 3.

#define _ NR_restart_syscall 0
#define __ NR_exit 1
#define _ NR_fork 2
#define _ NR_read 3
#define __NR_write 4
M__syscall_return & H—%, W F:
#define __syscall_returnitype, res) \
do { Y
if {(unsigned long} (res) >= (unsigned long) (-125)) { !
errno = -lres); %
reg = -1; i
} \
return (type) (res); Y,

} while (0)

ENEHTRERSHAREE, FECHNHESY C BEM ermo kg, 7
Linux B, F&HHMEHREEASE RIS, WRERME G, BakBABEHRK, RE
%A R RS . TIE CIES BN, CETRMNAETHRBELUEFR-1 KR
FHEML, 1% e 5 RFEET — %2k ermo IS RTEE (FFHB&EEYR, emo 7T TLS
) B, _ syscall_return 5% 7 370K REERH MR EI(E B F5CE eomo . IXFE, fork B
U2 )5, ETERE L T fiC a8,
fork:
mov eax, 2
int 0x80
cmp eax, OxFFFFFFE3
ik asyscall_noerror
neg eax
mov errno, eax
mov eax, 0XFFFFFFFF

syscall_noerror:
ret

IR RS A S BB SIE ? R x86 Linux F#) syscalll, T 14
SRS FR:

#define _syscall2i{type, name, typel, argl) 5
type name (typel argl) AY
{ kS
long __res; AN
__asm__ wolatile ("int $0x80" \

: "=a" {_ _res) \

"0 {_NR_##name), "b" ((long)(argl))): \

Ay

__syscall_returni{type,__res};

EFERNSREN—e. RUS5E
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IXBACHS A _syscall0 ARIAR, &£ T —4b” ((long)(arg1)). X — ) f1 2 B £ % argl
RIS A long, SRISFAE EBX (b 1% EBX) BIENMIA. HIFREIE L4 M M AL
TR AR ISR EBX LA BERIN . X B ST LIS A

push ebx

eax = _ NE_##name
ebx = argl

int Ox80

_res = eax

pop ebx

TR, WMARRGHEMA 1 A28 WAL EBX KA. x86 T Linux A&
HRHZHEEH 6 1, rHIMEH 6 M7 8 kikil, ©114512 EBX. ECX. EDX. ESI.
EDI 1 EBP.

SHP AN REGRA R, SEPREHRIT T UL E—BICHAIS. CPU $UTH int
$0x80 B, SORFHLIHLLEWKE, BASKIFRREVIRINEE. RE CPU [E& AP
W7 1] B 2R 58 0x80 ST # .

EA b Linux SCHLRZEMAAORBEE, Aod if R UEE glibe 275 500 A2 Dt
ERGWMAK? BEREGEMN. glibc T B —ERHRE BN T, RAEREE L
PILAEA] 0x80 WM, (HANY EHUR AR b TR0 i G A TR 1 A 48 10 i AR
ERFH, TAEX AN AT .

2. it

5 S Brh AT o BT ) 5 2 P B9 51 0x80 B oG E TN IR 32 BT, CPU ¥ 58 IR BE TR
P, 7€ Linux B, HPSRINZSERBRAFR, AES AR5 ENEEEH, 1
AFHh. BN 0x80 5 Hhlint, #FMIMATRAEMNE PSRN EE, X
TP 24 AR 0 250 th AL Rt IR P B D1 B 1) P A% b . o B Ak 9 o B b [, 8 0 24 T
Foak B M R R D1 B B P 4

AT iRE“ JATEe ", ¥R ESP (MHATE AR 25 W] 5 ESP M{EA T-H P # T X,
IAFE A anrsk st R P de, B2 AR, b, ATERS SS AU (L R ) Y AT AR BT AE T
T PTLL, 45 2907k th BT PR o 1 B RR (T SEBRIT A st -

(1) $#97 4878 ESP. SS A1,

(2) 4§ ESP. SS [ 5 5 4 Py 8k R R A .

Bk K, HE HiEE e A B4R 0 B RSB AT A TS

(1) E IR ESP. SS M{E.

(2) HIP 7/ ESP A0 SS MIME{RTFETEME e ? R ENEM L. X—74 81386 )

EFEANEREN—iE, BR5F

bbs.theithome.conl



http://bbs.theithome.com

394 Fi128 REAAS AP

Wi 4 1 3 b B RE 1 58 Ao
3 0x80 SHHTRAEME R, CPURTVIAAKEZS, B ATHTIILES:
(D LEUATHRENAZE (B MEETH AN ERE.
(2) fEA P ICE A R & % 77 8 SS. ESP. EFLAGS. CS. EIP.

02 ARG PR EI %, B iret 355 R BB H A, iret FH5NE M
A B et A 758 SS. ESP. EFLAGS. CS. EIP {8, {#EEwERHAENRE. X
AR RAUR A 12-4 e FR.

P T R

HintE ZiRFE LAGS
= fRirett & EF
‘ cs

EIP

L « eos
AT (e AAzE

Y
Y

B 12-4 D AFRFAAEELIR

3. RETAERERF

7F int $8 A4S MY T2 EF R DR B T b i = & & hid % 10 0x80 S+
WAL ERFREFR . Linux WEEAY 1386 T RTIRSG MR mME 12-5 fizr.

12-5 Linux i386 DERIR SR

EERNaRER—itE. E5E
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i386 [+ W7 [a) F & 7E Linux J4LTE Y Linux/arch/i386/kemel/traps.c B0 W—#4r. 6%
SAFAR, BAIREHE Bl —A A3 wap_init, R EH TVALH K B&:

vold __init trap_init {void)

set_trap_gate(0,&divide_error);
set_intr_gatell, &debug) ;
set_intr_gate(2,&nmi);
set_system_intr_gate(3, &int3); set_system_gate(d, &overflow);
set_system_gate (5, &bounds) ;
set_trap_gate(6,&invalid_op);
set_trap_gate(?,&device_not_available);
set_task_gate(B,GDT_ENTRY_DOUBLEFAULT_TSS) ;
set_trap_gate(9, &coprocessor_segment_overrun) ;
set_trap_gate(l0,&invalid_TSS) ;
set_trap_.gate(ll,&segment_not_present} ;
set_trap gate({l2,&stack_segment} ;
set_trap_gate(l3,&general_ protection);
set_intr_gate(ld,&page_fault});
set_trap_gate(l5,&spurious_interrupt_bug) ;
set_trap_gate(l6,&Ccoprocessor_error);
set_trap_gate (17, &alignment_check) ;

#ifdef CONFIG_XB86_MCE
set_trap_gate(l8,&machine_check);

tendif
set_trap_gate(l9,&simd_coprocessor_error) ;

set_system gate (SYSCALL_VECTOR, &system_call);

------

EL 4R () R B set_intr_gate/set_trap_gate/set_system_gate/ set_system_intr_gate H{ T
REKXNMPES LR PR EET. ZBUX 44 3 #4287, REN 386 Fi+aE
maBEERSYy, BTRBXERNFEANBT, EHEXR ]G EEIEHS RN F.

MIZBREG R LAE B 0~19 Shratip b Wb Bife e, HhaSsERRE (BT, &
H), WEkR (page fault), EHIESH. £BE—IT:
set_system_gate(SYSCALL_VECTOR, &system_call);
EHXERGHA MK FES, % Linux/include/asm-i386/mach-default/irq_vectors.h B
" LI ) SYSCALL_VECTOR 52 ¥
#define SYSCALL_VECTOR 0x80

AT 386 F Linux [f) RGN R A 5 06T 5 B S0 2 0x80. R, AIFiMAT ine 0x80

ZJE, BMEAPITHIREIE system_call, %EA¥AE Linux/arch/i386/kemnel/entry.S B AT LR B2
o BARB %, XBASR BT M L REE, Rths s — Bt — B bR b ot -

BEANERERF R, BR5E

bbs.theithome.conl



http://bbs.theithome.com

396 F12E REERAS AP

main -> fork -»> int 0x80 -> system call:

ENTRY (system_call)

cmpl S{nr_syscalls), %eax
jae syscall_badsys

KB system_call APk, B &R T —Le 4 K EENMCHE. EXEH — FFHEH Y%
SAVE_ALL #f & Fh&F 478 AR, DIAEIIMERBEERITMNALHER. REE TR
{8 H] empl 45 4 L3 eax il nr_syscalls [F1{H, nr_syscalls &t KA SRS 5 A1 I,
Fit, R eax (HIHFHEAMRAERAY) KT%T or_syscalls, ARG R A
R, RIXFE, Bk S B B IS T syscall_badsys $hT. 005 R S0 SR A 8.
HE A FE P 32 AT T 1R A

syscall_call:
call *svs_call_table(0, %eax, 4}

i RECHAI S BOF HORSE T e85 205, BT R BT R 12 18 FH *sys_call_table
(0.%eax, 4R AL P WIS BT IHIMIT. WITE KRG, {ERZ RESTORE_REGS Kktk& 2
Wi SAVE_ALL fRAFMIA 728 . B ERld54 iret Wb W7 b BFS 7 Hh iR 0],

UE At 4 R *sys_call_table(0,%eax,4)W8 ? FA'I7E Linux/arch/i386/kemel/syscall_table.S B
AER B X

.data
ENTRY (sys_call_table)
.long sys_restart_syscall
.long sys_exitc
.long sys_fork
.long sys_read
.long sys_write

X Linux 1] 1386 R, XAREMHE —A0E Oong, 4 21 #E A F
M R Kt sl . B8 A ARHEHE R *sys_call_table(0,%eax,4)¥5 (1L sys_call_table iR H A
O+%eax * 4 OIS JCEMETE MR B, B %cax FTiC R RG-S P M) R 4¢
WA R (R 12-6). ETFRELMSLAAMNKN RS EHRE. B, WR%eax=2,
FE 4 sys_fork il H

ARBEWERESIHARMEEN sys. M ERGBAREEREGS, i sys_fork.
sys_open ¥,

ERRNSREN —itE. KR5FE
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AR AL R I 12-6 .

]

| pid_tfork() . S
i{nt main() {,,x systern_call: __Lsys_fork() —‘
i | forc 'l i |m 0x80 - _?b}?&— call *sys_call_table{0,%eax,4) ‘-;:H N { ‘

[ | T—liret i‘p

12-6 Linux RELEARTE

Q: WMAZZulsys k652 S5BA B2 TAA P AR R IEF LR

A RANKei W P AR R RA R, R R LEA S REFG TR, RKF SN EBX,
ECX. EDX. ESI. EDI #= EBP i 6 N A8 P H1E. fldo—ASMe) R RAML
A EBX, @ # A~%865 2 4ifl B stk A EBX f ECX, wAS &3,

e AR AR 69 IR F-AE A system_call & 834% , system_call 8 T — A& SAVE_ALL
ARGEEIFTHAE, U THEEARNEIAALALE P F@s 8 SAVE_ALL., Rit
SAVE_ALL %k 5 A iR A AR BRLEM A, ATAALRBAXIR-TF.

SAVE_ ALL kA ARAF A F, AL A ERAKENFABEAKRP . SAVE_ALL
8 KA Fdo T

#define SAVE_ALL \

push %eax

push %ebp

push %edi

push %esi

push %edx

push %ecx

push %ebx

mov S IKERNEL_DS), %adx
mov %edx, %ds
mov %edx, %es

M SAVE_ ALL 89 %5 3 A mov 54 AF (X3 &4 THEAEEEBRE, MR
ol ), AT LM SAVE_ALL #5— % 7| push 35489 B E 6 £ EAEFHF &
Bt A AAFHALCAN AN 6 NFAS, AN —H, ESRTE—A5

&

& = 5] system_call #9485, £ M Tl H A, £ M4 SAVE_ALL 5 #47 call
*sys_call_table{0,%eax,4)Z 18], LA AETR LA B3], F LA A A sys FRaTH
HEHRAMEHNE, RESFAIHGEFE, B 12-7 T,

EERNESRIBT—iE. BR5E
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abp
adi

esi

edx

BCx

ebx

8127 REEANERSH
ST L, A% 6 A4 SAVE_ALL “MA£Maés” WA BEATHALE.
B —A@, BiE A sys FReIP B A %A s, A8A —4 asmlinkage #9#7i%, #4o:
asmlinkage pid_t sys_fork(void);
asmlinkage & —4~%&, & 33 _ attribute__ ((regparm(0)))

EAY R ASFHELAEIASAFHRANALERSH, B A goc 8 & A KA
B, 2ENFHEBREEAR, & SAVE_ALL W AR L4 F FAL, HtLiid
A asmlinkage #BE.EMMHE EHERAM., IH— &, NEL6HE LA EHATIL
EAMEB FIRBGLAHT. AT AE 12-8 AF.

R I

g‘* [ EBX | ECX

| EDX | ESI | \;’
\

~

| EDI | EBP ||

_kL«ﬂ_A_A_,»\J' T

SAVE_ALLIEREFRRFERE

o

BEERE

R — -~

SYSRANABRARAES | o rickage BEM ML E IS Fox

B EBX

12-8 Linux REERAPINETAPRRITESH

ERRNSRBF—iE. KR5F
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122 RELARARE 399

12.2.3 Linux BV EYR ARG

MTHT int ISR IRATEFE 4 REHES LM, Linux 76 2.5 RASEITIR X
PR TR RS VAL R BTN Intel FEFRRE 2 ACALPR ISR R AR SRR LT
I TEFR B SEE F f1F5 4 ——sysenter H sysexit. EATI R, Bl R X F0 8 AR 40 1 ALl ik
T— VIR TR

B A8 A 1dd R FRE— NPT IRAT SOOI IE E R IR UL, e R AT R LR

$ 1dd /bin/ls
linux-gate.so.l => (0xffffe000)
librt.so.l => /lib/tls/i6B6/cmov/librt.so.1 (0xb7£7a000)
lipacl.so.l => flib/libacl.so.l (0xb7£74000)
tibselinux.so.1l =» /lib/libselinux.so.l {0xb7£5e000Q)
libc.se.6 => /lib/tls/i686/cmov/1libc.g80.6 (0xb7e2d000)
libpthread.so.0 => /lib/tls/i686/cmov/libpthread.so.0 (0xb7elb000)
/1lib/ld-linux.so.2 {0xb7£97000)
libattr.so.l =» /lik/libattr.so.l (0xb7el7000})
libdl.so0.2 => /lib/tls/i686/cmov/1libdl.so.2 (0xb7el3000)
libsepol.so.l =» /lib/libsepol.sc.l (0xb7dd2000})

AT ELFE F) linux-gate.so.l #2475 E] 52 bR 0F) SCAEHTE R, 3 65 M AR i Tl 43
Linux JEECEEMEHE B S5 EREE M, HE 4K BHAHEAITE. BAXMERTZ2MT 2
fNE? BEIF R Linux BT X0 R AKRMA “ER JEZHE. linux-gateso.l FHFAHFTE
SRRSO, © R R R SR — R BIEh A £ Z B (Virtual Dynamic Shared Library,
VDSO). iXANEE M RN it Oxffffe000 FIAr & . FRATHT LLE L Linux # proc 3CfF
REREE—ATHRATIFMRNFBUR, B E A GEIRFIX A R

% cat /proc/self/maps

OBD4B000-0804c000 r-xp 0000000C 08:01 13271 /bin/dcat
0804c000-0804d000 rw-p 00003000 08:01 13271 /bin/cat
bfd65000-bfd7a000 rw-p bffeb000 00:00 O [stack]
ffEfe000-fEFF£000 r-xp 00000000 00:00 O [vdso]

#ir4> cat /proc/selffmaps A LAZEF cat dir4 H 2 A 7740 R - RATTAT LB WAL OxfiEfe000
) OxFHFF000 (I A B Wedf T vdso, KR linux-gate.so.l. XA EELCAHIA K 4096 4
SRR IXAS SO TEAT TS R AR TAR R B R, PO AT AR T i e S 8 —1
FLSER SR

sdd if=/proc/self/mem of=linux-gate.dso bs=4096 skip=1048574 count=1

B, linux-gate.dso KA AR vdso FINA. B FREATUHERH TARIHET .
& :H objdump KEBXAN XRG4
S objdump -T linux-gate.dso

linux-gate.dso: LA e1f32-1386

EERNaRSn iR, BRUS5E
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DYNAMIC SYMBOL TABLE:

ffffed(D 1 d .text 00000000 JLext

ffffedvg 1 d .eh_frame_hdr 00000000 .eh_frame_hdr
ffffedsd 1 d .eh_frame 00000000 .eh_frame
ffffecld 1 d .useless 00000000 .uselegs

ffffedl0 g DF .text 00000014 LINUX_ 2.5 __kernel wsyscall
00000000 g DO *ABS* 00000000 LINUX_2.5 LINUX_2.5

ffffeddl g DF .text 00000007 LINUX_2.5 _ kernel_rt_sigreturn
ffffed20 g DF .text 00000008 LINUX 2.5 _ kernel_sigreturn

ALAGEE], vdso P T —RIEH, MRIXHBREB KM E_ kernel_vsyscall B3,
AR EBAT IR RE R A . DL KE B IX AR 0 N A

objdump -d --start-address=0xffffed00 --stop-address=0xffffed0s
linux-gate.dso

AT M Oxfiffed00 &b 85 R 4% 8 745, iERINEELER.

5 objdump -d --start-address=0xffffed00 --stop-address=0xffffedld
linux-gate.dso

linux-gate.dso: LK elfiz-13R6

BUL% text W

fEEfedd0 <__kernel_vsyscalls:

Efffed00: 51 push tecx
ffffed0l: 52 push  %edx
ffffed02: 55 push  %ebp
ffffed(i; 39 eh mowv $esp, $ebp
fEffed(s: 0f 34 sysenter
ffffed0?: 90 nop

R BT — 4N LAT S W (9T 4w 154 sysenter. iX sk 2 Intel £ 2 (X 40 FE 28 77 44
RUEZRHOHHURKFHES. B sysenter 25, RERASHENE I HENSFRIEEN
BT, O8N TR . HEE TR ThRE .

TES H0HE 87 TH , B R R0 AV A i (9 2R 40 38 B 54—, U998 48 B EBX . ECX.
EDX. ESI. EDI fl EBP iX 6 & fioetlith. 7L BT SAVE ALL ik 2 8k
B L. Fik, JAOTLLE 24 kernel_vsyscall R A:

CQ\;S;. [hEE]

AT R AR

int main{) {
int ret;
char msg{] = "Hello\n";
__asm__ volatile (
"call *%%esi”

EERNSREN S, R¥5F
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"=a" (ret)

: rar (4),

"s* (Oxffffed00),

"b" {(long} 1},

"o" {{long) msg),

"d" {(long} sizeof(msgl)};

return 0;

B MNIL L, 7F Linux T fd=1 %75 stdout. kI fd=1 5 AHHE SR T ridh 47
Wi, XPEFEHEXNEMN. BAE man BREHURK kermnel vsyscall B8 %5 Hihk 6 (5 45
esi("S"F N esi). FHAEHES call IMAHX M bE. SIEFR, 7 eax AT REIHH
write (IR H 5(4), £F ebx. ecx. edx RN write FIZH¥, HHMTEWT K REI/H, 7
% F&iH T Hello.

KTATH] sysenter #ELBA WL G2 WMATHATH, TEXREHRALHRIBRIFRAHE T,
TR E A R, FT LB Intel ) CPU 384 F M, IF HE5 G W% Linux MBS X T
sysenter ({JSCELAEAY: farch/fi386/kernel/sysenter.c.

Q: dd if=/proc/selffmem of=linux-gate.dso bs=4096 skip=1048574 count=1 i& A4~ &r4 & o T 1§
#) vdso &9 FpR LA 657

Ac dd e54E B A4 S, if SR AN L, @ of S8 A 69 Ut fproc/self/

mem ¥ R FMNF S AT A SRR, M EH, IALHHA ERA A HHEHE.
AHbs KA dd — KRS EMEN TV H GEMA—AR), skip KAF MLk
sbgkit $F M. count W& T EMIE BV k.
THT dd $HGEN2E, EAFAGERMRAN T KMNFZLH dd &R Fuif
2 3 ak Oxfiffe000 % /5 65 count=1 A~3k (X F 3 X Jv=bs=0x1000=4096), A} 4 st & &5k
it 47 @ Oxffffe000 A3, 43k 2 Oxffffe000/0x1000=FFFFE=1048574 A3, [ i skip
P EH 1048574, ik s S84 b A linux-gate.dso, AT R T ik AR S AR kR,

12.3 Windows API

API (2% A Application Programming Interface, BRI HFEfFgmfesEn. Kk API A
=R, TR RIIBYHERK. HERIDAH A Windows FRE APLE,
S Windows RN H AP D, B Windows APIL.

Windows APl 248 Windows M{ERGERMGNHBFITRAENBRIEER. kEAES
Windows I AT 3 0 . #F Windows ¥4 845 T, CRT JE 8L 7E Windows APT 2 Li). 5

ESTNSREN—iE. $H5E
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ANLAT 1R £ % Windows APT B4R HE, MFEC g2 IR 00— Fh 0L Co+TeaCHEEmE.

RERERFZLUZLZRHENNHBFEKZEN, f Windows BVREEE O R
Windows API. Windows API J£ Windows #mFEf%Eat, /L4 Windows MR ZIRIE TR T4 &
S (Windows XL RARAHIRIERFEIRE (System Service)), {HEH THFIEEHE, &
PR ERGEHA AT, MERLRFFH L, BTN AP1 B, iLBFE
FR AR AP LAAUsR SR, TASRE L Linux — R EESH R, Windows ZEMA APL

JZLUE, — ) fwrite() 8 AL 2 a0 B 12-9 PR,

Application nragam fwrite() fwrite(} program.exe

L ] L ] ] 1 ] 1 ] | L 1 1 ] " N & =B = - = [ ] = » = " = [ 3 L] [ [ ] a "
libc.a o o Libemt.lib
fibe.so write() i write() msver90. dif

CRT 1 +
R
libe.50 Interrupt 0x80

L ] o L 3 [ ] L] | ] L] ] = L} L} | } R ® & » . ] u o v 2= - L} L ] 1 ] -

¥

NtWriteFile() Kernel32.dl

API(Windows) ¢
Interrupt Ox2e NTDLL.dIf

E g " ¥ B B H S| ¥ m 5P R S W & ® W OE B|lF ® EHR @ ® E R E B

. " sys_write() | IoWriteFile()
Kernel /vinuxz yKem eI{ i Kernel NtosKrnl.exe
Linux Windows

& 12-9 Linux ] Windows 81 fwrite #&{=

12.3.1 Windows API| #%i%3

Windows APl ZLLDLL SHEEN B RHFHNHBFEFAEN. SHAFEBEEN
R4 DLL Iy, #&E FEEEA, IAMNSHERAFHE T (LD Windows XP A#)).
FAEIXYE Windows API DLL SRS A e L 3ete. SHEE. A 0MR LR — e it

IR #F, HiLEfY Software Development Kit (SDK).

SDK A LA S Jdh 7F S 1 & 4 M R 8, tRATREHE SRR Visual Studio IXFFHFFR T
R, 334193 T Visual Studio J5. 7 BATE SDK %% B F T B 41 Windows API

EFERNEREf—iE. KRs5%
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403

B, Hpf— kM “Windows.h” £07% T Windows API [FI#% L3 51,

HERANE

BRERmNAEE TE, $oTe#H Windows APT fURLL34 T .

Windows APl iz

Windows AP| BEE Windows MEESFRMEH THILTRE, X Windows T
AFEMEHR, S SIABRAN AP, B&FHIH Windows API 2 Win16, BI 16 fu
Windows ( Windows 3.x 5! ) Fri2 {49 API, Win16 893%.LEF 28 3 4 16 £ DLL
1. kernelexe [ & kernel286.exe = kernel386.exe ). user.exe f gdiexe ( &
MY BER exe, BEXEFLENTSHREE, Bi% DLLFEXE HXRE —CIBH ),

0 32 fif Windows 83 APl 8 Win32, EXE#H 3 %0 DLL. kernel32.dll.user32.dll
F0 gdi32.dll, Windows 3.x A7 ZF—&4 win32 BF, FR#ET7— wWin32 8F
##04 {#t Win32s ( s 4 Subset, BIT% )

64 189 Windows IR T 2 Win32 i) API, ##FRA Winb4, Win-Eid 5 Win32 &%
WO WEE, REFANIEHERENMT 64 i,

HA Win32 2 ARz th2BAME Windows API BRZE, TXPURBIFHS
JE88, MBI Win32,

Windows API LM R ES 4k, EN B iEskla M T JL AR, Wk 12-2

.
F* 122
3| DLL = API iR
CreateProcess €45 Windows #AF % 4R KA
AR £ , e, sk XA R g, R E. AR,
kernel32.d11 ReadFile KA. M. ARALIEE, Reba
HeapAtloe BA BRI £ S ASR RS
CreateDC
. . @A, £8. TPAA e B EE
A& o | gdid2dil Tt?xtOl.lt PRI
BitBlt
- IR D 5 Windows § @ X EARK 6346, R
4 user32. etMessage A, RAEMLRE, RAHE
SendMessage
RegOpenKeyEx Windows MAZIREGHSF R, @45
& B S advapi32.dll CreateService M A . R AW ELE. Windows
LogonUser Service. Fl F k5 FHR
M AR Gt’tt()penFiIeName Windows il Fl #F 16 4E , bedwdTH L 4.
¥ comdlg32.dll PrintDlg TPE . AT, REMESE
ChooseFont

EERNSRen—iE, KE5F
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B R
%3 DLL = API gl
) CreateStatusWindow | Windows S48, #dedk sz, Bt
i A et 132.d1
comet CreateToolbar BH, TR&%,
Extractl
Shell shell32.dl1 xtracticon 5 Windows B # Shell 48 % 69 .4,
ShellExecute
send M #48 X IR % . &3 Winsock .
IR s .
R F ws2_32.dll recy NetDDE. RPC. NetBIOS.

HATTAE MSDN 2HBF— API M) XH5, RE AP ETRURBIERE RS, Hit
MSDN 2% 3 Win32 APl {REEMTH,

# 122 HFTFIY Kernel32.dll A1 User32.dll %% DLL 7E A [ ) Windows “F & F KIS
A=, BRENRESNARFWEENE B0, 4 Windows NT RFIMFH £, xes
DLL 7E5:H - 83 &8t T — N 4 IEZ ) DLL M4 NTDLL.DLL, %85 NTDLL.DLL it
1T &Y. A] JNTDLL.DLL # Windows NT W% [t & 46 R A 43 T2k, & 52k% F & Windows
RER P BmitmIKE, B30 DLL #&iEiH/H NTDLL.DLL, fire#ir R4MMAm.
NTDLL.DLL (5 e Boid-F W R H R & R A AT, B S e AN 1% A
NTDLL.DLL " f{Tfef Gt ek . ATl LLRHE dumpbin 25 THORSAEE K S Mg, thin
Windows XP [ NTDLL.dI} K£YF 1300 M FH R E S HRRE B ELL “N IFk,
L AL APT DLL fiH CASEIL R4 ThRE, b unG st i) o8 e fi NtCreateProcess,
{71 Kernel32.d1l (1] CreateProcess iX-~ API i /21 id NiCreateProcess L) .

th- Windows AP B8R0 8 LU A AR bR LA T, bt & BT ROk 1 o % 40 DG 2
YA 42 socket 2B 50 AGERTE, f0SRH] P E0E APL U5 ) HTTP %58, 75 H s HTTP
Prist, BTCAEHEE T APT SHAT BT IT R AEE MR BYK. Windows REAE AP 2 Ftsr T
LN AIBLEL, XSy FREEUE X Windows API IUZhREMIA R, H bl HTTP/FTP bl
ITHL MY Internet #EEL (wininet.dll) %} WinSocket AP 3T T4 8, IXEEIIF IR & # T2
Bt Internet MEER B B0 ] HTTP/FTP 280, MAFE AW —FEHTTP/FTP thiX. 7T
wininet.dll .2 %, Windows iEH1F 2 B LA Windows API [FE3EHE, LU OPENGL #
H. ODBC (& —M¥dRPER: ). WIA (HTFEGER&ED %,

12.3.2 R4 2{FH Windows API

R -HWE -, O ARE IFIF M RSOEHAH, XEE CRT HIRGHAK.2
[ In— )2 Windows API JZ1E?

PR A FFRGER A o s 2 FEHH Windows APL f 0 FRF#E LI BB AR A o, JLSTiE

EETNSREF—8E. KU5%
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R ERM B B INZE R I EEN . Windows fER - R iR 1 R 4,
B I R A e S AR P LA B AT, 3X— M Windows XP X M B i) Windows
R A AT AR S FE 20 2IERTHY DOS F2F+/Windows 3.1/Windows 95 (R FA] LI k. HR
THRHEANBNERE, HERINEMHE Windows BEAMEREFIHIIS NI E
Windows £ 4 BT 1 67K P sk Lk

TG B L AR MR T B R R (1 — b 1, S B R B, bt R A
MUOECE . WHAR I SELR, DS, MRS, SRR, R R
WORA SR, KEMNHFE ol G502 o 80 RS2 ARes by CRT Bk R,
W2 FLHAE ) R G R W BB DT R B, & I R B R PP EAS R A 7 6 ) ) e 7l
TR A ) R

a5 R R CEBRE LI, FTEEJVERE |- JLEA SR A -, bim 16 f1 CPU T+
A 32, 32 AEFERE 64 1, SR H Sysenter/Sysexit {UE BT, {02 — B R4S,
BT A A i R R B A

T I B SR A5 R (R AS [ 1T SO R AR P 1), Windows R G0 R 40 i FH {0 %
THE¥, HH DLL SH AN AR HE—rT A ERER . XLk
AR A (1 e R0, HLEAE APL AR, B P Reresk ol bl sg S RIS 1T
EHmR% L.

B3 T B 2 Bt 5 ) AR IR 2 41, Windows AR SR 4T AT AE(E A Rl R AR A%, Lh ik 4
Windows 2000 2 jij 2 [0 45" 4 Windows 7= 5h2E: Windows 9x il Windows NT &%, &
TSRS SR MK Windows W%, BT CLRZ R M O HARERA PR, oSN H
P M RS HA, Ak Windows 9x Fl Windows NT XF &M E IR
Windows 2000 £ 558 ffi i+ A 2 45 AT X 4 A .

Windows API LA DLL 5l s 8B A7 A0t A AR /K B IR s, Bef1%1iE DLL 14
Windows RS0 ekt A R S 58, EH B REFRVER M e SOMA B 4577 L. DLL
A F R Windows R4 LR E &EBEOMBIFEE0OREA, GRS BT,
COM. OLE. ActiveX F#H{EILT DLL £AH.

O Higt
R & BHE AR PRI B A R E W D RIE DU S 3R A M o) 2 69 f50E X 0 i
"SR, LEABE, DHIBHE(siver bulle) A REFRFEE L, EA, SRAONEY, B
IRA, ERMARKETENER (AAMNE) P, fEETIERER AT 2R
BEEXRZEHARY, BEFHER, SERRIEBMERFERATE, MERR
XA, BT BYA P MERE, ENR 2% LEREZREEN "ARA",

ERRNSRIB—iE, RHS5E
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SETRHRTEDERERL, HERFSZBXENS —HTDAEH, —
EIERIT, Windows APl RRLEIZHFH—1 "fR#

Windows AP| B93C6)

RATENE Windows NT AR5 Windows 9x RIZH AR E LA RMRERS, ©)
SR TRAARE) Windows =5k, A& M HINEE AR NE, EfARUREERX
FR A RUKERZRAN NN BAR, FEARNABRFRRENE GOF DOS #F)
L AR RE -

) Windows RRATHRE 2000 B, HEKHRHE IE Windows 9x R F1~5, T4 Windows
G —EHLERATREM NT B2 b JXEHERE &7 5 28 & 3 ple [ — 4> Windows fiiZ, Ef
Windows 2000. Windows 2000 #2470 A& H A2 G 4% 7] 5 3K 2% Windows 9x F122 Bl Window NT
IR AR M4T55. T Windows 2000 {ERIF2 NT (N (AERA 500, FTLAER/ME
A2 AT Windows NT (NT 4.0 K2 BT MR HIFE A ROZAS R 1R Ak 1) B A . {8 R Bk
Windows 9x AR — M55 %, BAEKAES NT £4A80H, B4 EHAPES
WAk, NT AEAEA R INT 0x2E, 1M1 9x PIREMMEA] INT 0x20, FBFLL, QR34 ox
I R — B TR R LR, A E R LA Windows 2000 Fia1T.

Bx TEMMAZ TS AR, BER—-MEO, GaRkESEBAR.

Windows 9x F& 4t 4 N #4242 3 AR 4 S ¥ unicode ), IR ERIRLEH B R AFETE5
J& ANSI ‘745, BISEHEMR char {5 E R, b5 CreateFile X4 API #HX R (¥ &
G BEEN DS, WA P BB EAGIE A N R %R ANST £/ 5.
ifil Windows NT 4% & L 2E ¥ unicode [, BT RS AW KW F15 B MS B E
unicode FFH, HIBME wehar_t*FHH (wehar_t £ —FXUFWRFRRED). MARH
WAL, FRHENTHREYNAR . X th iy A v .

HEIZM A, Windows API ZFHIF T XM HELEE. KXDRERNIE, SEED
Windows FHTH B FHBENSHRN API ST HMEE, — M ANSI FRERAE, 5
Hh-—4 B unicode FAFEEA. #liM, 5 Windows APT [ CreateFile #H%H 5 #4 5 AN AR 4= 43 51
A CreateFileA 1 CreateFileW, “A” 78 ANSI &, “W” R RREFF (Wide character), Efl
unicode HZ, kernel32.dll 3Ef5 EFH TIXH %, i CreateFile (U R2—AZEX. Till
LIS HY B Windows SDK ) “winbase.h™:

WINBASEAPI

HANDLE

WINAPT

CreateFiled(
IN LPCSTR 1pFileName,
IN DWORD dwDesiredAccess,
IN DWORD dwShareMode,

EERNSRESn—iE. ¥R5F
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IN LPSECURITY_ATTRIBUTES lpSecurityAttributes,
IN DWORD dwCreationDisposition,
IN DWORD dwFlagsAndAttributes,
IN HANDLE hTemplateFile
)i
WINBASEAPT
HANDLE
WINAPT
CreateFileW|
IN LPCWSTR lpFileName,

N
IN
IN
N
IN
IN
) -

DWORD dwDesiredAccess,

DWORD dwShareMode,

LESECURITY_ATTRIBUTES lpSecurityAttributes,
DWORD dwCreationDisposition,

DWORD dwFlagsAndAttributes,

HANDLE hTemplateFile

#ifdef UNICODE
#define CreateFile CreateFilew

#else

#define CreateFile CreateFilea

#endif

A AR 4 7 AN % 2 5 2 L UNICODE XM, CreateFile 2 ¥ & FF 4 CreateFileW &
CreateFileA, MiX# M EREME —HIKMNRESE — 2% |pFileName RIERIAN[E, 40504
LPCWSTR Fit LPCSTR, Bl const wchar_t*# const char*. CreateFileA/CreateFileW X~ API
A REIEN Windows API SR El, EAEARIMERE RSN A LM EH AN,

FHn7E Windows 2000 F, 5T NT A# R 3 ¥ unicode IR RZEA A, BTLL CreateFileW
M RREEN, EREEERBEAKZIT . T CreateFileA NZELM EFEME—15
B ANSI 75 52 56 3% 1% unicode E7F B (Windows 3£t T MultiByteToWideChar iX#Ef) API
T8 AR %M H), RIS AH CreateFileW. Windows 2000 [#] kernel32.d1l H i)
CreateFileA [f) 5530 A0 F i FARES BT <

HANDLE STDCALL CreateFileA (
LPCSTR 1pFileName,
DWORD dwDesiredAccess,
DWORD dwShareMode,
LPSECURITY_ATTRIBUTES lpSecurityattributes,
DWORD dwCreationDisposition,
DWORD dwFlagsAndAttributes,
HANDLE hTemplateFile)

FWCHAR FileNameW;
HANDLE FileHandle:;

/I

ANSI to UNICODE

FileNameW = MultiByteToWideChar{ lpFileName );

FileHandle = CreateFileW (FileNameW,

dwDesiredAccess,
dwShareMode,

EERNSRISN—iE. RU5KF

bbs.theithome.conl



http://bbs.theithome.com

408 F12E RAEWEAS API

lpSecurityvaAttributes,
dwCreaticnDisposition,
dwFlagsaAndattributes,
hTemplateFile};

return FileHandle;

Xf bR AT T ik, HERERENEAAS SRR B TR,
7. Windows 9x [¥] kernel32.d1l BTaE{T @154 £ R 538, CreateFileW BEUPINE FH/H
i i WideCharToMultiByte(#5 4% Wt 1% T ANST 77§53, #R)5 8 CreateFileA. APl JE{EiX—
LR R I A aT LU 12-10 FroR.

CreateFile | CreateFile |
ANSI UNICODE
[ CreateFieA | UNICODE [ CreateFieW ANSI
MultiByte ToUnicode UnicodeToMultiByte
API . ]
| CreateFileW | Kernetsz.di | CreateFieA | Kerneiaz.di
NiCreateFile NTDLLdi
Interrupt | """"_l}iiénﬁm
int 2gh, unicode | int 20h, ansi
Kermel
[ ] NT Kemel ||
Windows 2000/XP Windows 9x

12-10 Windows NT H] Windows 9x 89 AP| EZRESFINHE

FRLARS W TS B O, WU APL 2T AGHE 1S, B LT R
ER R E 4R AR 0 LA I ST, Xt Windows AP FE7E N B EH .

12.3.3 API 5Z &%
i — AR R S, N EFEEY R I RE R T S S IR EENIEFZ
S —HHMWHFAMAES, MR- ELREREHEETHERLHNEREF, 2402
HNEREA: MNHBFMITFEAMES, A TE RO OENHEFE L, wiEds
RE A Frix sy H R, ERLM T RENSE AN, M B¥IE Tk Windows NT B

EFPRNEREF—itE, KH5E
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{RER T % B 5 A2 4 (HEHARA Windows), TBEEP| T A Windows 2 S
BERY.

ATRIERANHENE, MEGAELL Windows NT BB T fH MRS ERN R
. TEBE Windows NT [iiH, 5 — i #1081 R4 & F UNIX (posix Fi#E). IBM
) 08/2. ¥ B XK DOS Fl Windows 3.x . Ti Windows NT #£ i FHRLE (Subsystem)
M, A HIROESFBRIE RAMIATEE, ARATIIHMNHAEF.

T RS LKA Windows ¥ F R4 (Evironment Subsystem), &% F &%

(Subsystem). F A1, K4 H) Windows #2)¥ J&iliif CreateProcess X4~ API R g i 2

[, T UNIX IR N2 E L fork()REYEEM), F REEZIXF— AP JE, S H Windows
19 APIRARSL fork QX FERI AL, AN HEFEEX S UNIX B X5

FRHKES 130 Windows BB AL APLAIR H R 5.2 W) i) 53— AR (812 - BT 51 API
AR T B MR G0A R Z R A2 S BUH S 7 R 200 2 2 ki n e, T
TR TR A B FAFE € KR QIR 5 IR A iE TR B .

IR, T RGUESLIL T HESI GO AR Ty AR, TR AR R AL 5
MFA. B RN TRELICH D IRBRERENFTAE D, LW Windows NT E @
—ABERSIZAT UNIX AP T RE, EUAEH UNIX MFTH RERAMAE C 1B 5HNK
B 2 i .

£ Windows B, B IFUA £ 3 FhF R4E: Win32 F R4, POSIX FES A 082 FE%,
i 082 F RS TE Windows 2000 B 424 2% . DOS FFM 16 £ Windows 8 5t il i
LT T RGP SCHTE 32 ff Windows FIZf7H. 16 fIf) Windows FRIFIEITE 32 f
Windows F##% WoW (Windows On Windows), X F{1BAHFIBLLZE 32 A7 Windows
FRZ1T T 64 fLlt) Windows #:{E R %, tEFE wWow BRI,

MW EZEITSGER AT Win32 RS, BRI T RED Posix TR 0812 FRH
# 2 FLHOK T K RIS Win32 T REAM . Win32 FREERBIZIT R L ZIETH,
i A 1 R GE N 2 7E 75 B IR A FE 3.

JERHMiAE Windows MG EFHARE, EX TFTREXCBRERZN LN
DOS/Windows 3.1 & Windows 9x I HFEFHIH K D&M A Hmss, HAEETT Windows
R FNAHRGEA FEEMEH wind2 FRESNET, BLFRENES DStk
94k, BT Wind2 FR&EZS, HAMrRAHEE LHRAER. BINEXEPRET RS
TS, MOCRN T HEBLE TR LR, LUE T Windows RE FREBHLAE
RAETFRE, BHFATERERANHE, BEH Windows FREELRF LCAEMFAT .

EFRNERIEBN—E. #R5%F
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12.4 KRENG

EX—gP, TATEHPE TR SEERETTHEP®RE: REEBM APL. 44
RERANTY P, FENMATHENE. PHFSRAARHANCIERE, RETIEHANHT
Linux 2 8518 Rl 0 0 & s Bl g 1y .

FEAred AP (idfEdr, FAIEET API M S, API FIAS TR . SEHRRE.
FIRHEIRE T 5 APLEEERN RS, AT FRENFERN., ALBA%.

EFRNERsn i, BHS5E
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={TREESEI
13.1 CiBSiaiJFE

13.2 AP Mini CRT
13.3 C++iEfTEESEI

13.4 I Mini CRT++
13.5 AXBNG

EFRNSREN—E,. RU5F
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TEABHIE 4 7, A T RSB/ ATIAT SO RE, #RIR T Glibe BIKHE, Lk EE&
SEELT —ANEB/EK CRT, REXA CRT RAHFEMWABE: exitOF print)), #HIHTBH
HFEEMBEH —ANEFE, BERUMERBANER T —M5E, BBE CRT AR A
WL, ATTEN. X — RSG5, OV SIESE — 5L — MR
CRT.

MERFIE YA M CRT ZHE KB RILAE— 2 WS S I k), BT LU IX — B AT
S CRT JLANE89554r . BARE AR CRT (UM T MBI £, DREOEA
#% T CRT [FCEIhEE: ALIRE. ¥k, HERHE., B4 10, HFIRELIE C++/H)
new/delete. stream 1 string (K37 ¥,

AT LAy AN, B A — U S C i S RIEAT IR, BME S E S £ CRT.
HWK, ¥ IEA CRT A 8857 LA FF C++il 55 B TPt

13.1 CiBSiziTHE

A TFEEE Mini CRT 287, ¥ AEMEdHTRANBE . “BER DAL BR

Mini CRT R/, {H'EMiZE % CRT [KHATHHE LA RGEHE JL KA w vt [, XSRS,

R JLAN i

e T’k Mini CRT R i% L ANIS C (st A0 BoR, R MRS 3% DA — 2.

e HAHACMACOAE (mini_crt_entry).

o  RAMBFEHIIRE (exitd.

o CEFMEER{E (malloc. free).

o  FEREAMCHEMN (fopen. fread. fwrite. fclose. fseek).

o  FHEHREAM PP (strepy. strlen. stremp).

o RS S TR R R R ERE Cprintf. sprintf).

o  WH atexitOEE ¥

e I%/5,Mini CRT MZAE T & [ A 13RIk Mini CRT BE8% 5] i 32 #F Windows Hl Linux
B R A )

e  Mini CRT HISZELNViZR &%, LUBR CRT MsEEy B, FFABRIhEERPERE,
A bR R B E”
4 T4 CRT RE95 [RlH S FF Linux f1 Windows AT, 200X B HE R ER5E

(IR RIEAT 4 F 4% . 7 Mini CRT 1, JRAT{E A % WIN32 Abnik g & Windows it

EFRNEREeT—8E. RES5HE

bbs.theithome.conl



http://bbs.theithome.com

13.1 CIiEEG{IfEF 413

Linux. [KIESE R HOACHS 7 2 BLEHE M 250

#ifdef WIN32

//Windows 4% A
#elge

//Linux 4R RAAL
#endif

TERE P, #ifdef-#elseHendif TN HFHRFESEINEETR, UAIEREX S

Windows #0 Linux §31¢83,

B A4S0 CRT 251 o8 B K 75 BH B AN ) ) 3k S0, B an 10 A5 2 4% T stdio.h:
I B A S I AE stdlibh . O TR UL, #F Mini CRT  FTFT o8 30 75 W #B e

minicri.h .

13.1.1 FIB

A4 Mini CRT 50 1Z ML LA TFIR? AR, M T BB BT ER T DY iZ 2 N AN () 2 £
FEAHHE 10 &, 2X Glibe #l MSVC CRT A DI EHGHEAT T 247, TERIMNEMAD
PR LA SC 1 P AT S .

o  FEFZITHEVIA DA main B, 2 HESTENEEMADRE. EXEH0

T8 1 AE: SESEIR B TH B AR L IEAT#, (M main B 3EATRF 4,

B R AT i B ST g .

o EITENTTREAFRMMA L REN AN, BRI AR A O R B4 .

FEAZET R, ¥h Mini CRTHRE AL B, A THRIEETERREMN, CRT A
1 BR o) FF L0 20 L AT BA 4
ADER¥

B, MEMEADRBAEKESY, OFEHA. MASEFORRE. £XEB, A0
B M AR mnicrtentry. b THRERL, EREHASE, FANBHEREREME. HE
mini_crt_entry R PMEEATE X, _ B EAEAEERE, 7SR M) 5k 2 18 A R i
R R . XA, ANORERG U FELA:
vold mini_crt_entry{veoid)

S TR LR BN = 89 T, BUFARR A — DA HER,

void mini_crt_entry(void)
{
/7 kR

EFRNSREBH—HE. KN5F
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int ret = main()
/1 R

exiti{ret);

IR RIAG A B G i s AP R IETT R, S HE % main BRI S B, ¥IiRikis
i, (dhME, 10 55, S B RGP RFIS TR Ll PR, RGNk
AHERE, FATHGIE B4 e #h FEA 1 R 2L

main S
FATVENIE main @ HOTER Y .

int main{int argc, char* argvil};

Horp arge Al argy 93 & main pAEA P 280 B 1100 R aR12 7T B 1) 2 504 BORHR )
SO TP . 5 6 A CER AT Linux R4 F, gAY, Em
i H 5 e b AR A F AT BRI A ORI E 85 main SR B8 IRANTT LA L ESP 2y £7 453K 191X
B SE W — HBEA mini_ert_entry 25, ESP A7 £r2% 22 Bl 47 ok BRI il B0, il
RLA 9 S0 O TR B TRt &0 iR, tTLL%niE EBP [N AL UEN R BUS ESP + 4 (4
R RHE B R4 AL push ebp). HB2 0] LLHERTH EBP — 4 455 ) (R P4 B0V %8 1 arge.
ii EBP - 8 i X argv. MR 20400 o] LLAE 13-1 fias.

High Address
0
0OxBF801FDE argv[1]
OXBFBOIFD8 | arguiu]
. ) [ srge
Esp before mini_art _entry -> |

Low Address

Process Stack

131 main RYSH

AP Windows KB, CHEUIE T HINM APL B FHESERA G172, XD API
M GetCommandLine, &<riR[E#A AT S8 77 T main & BT8R 28
ST BHANE, LRI A G S PR3 FA S8, LU arge Ml argy 18
%

EFROSHEn e, RU5E
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EXEHETFHHTMARE, EETHREIEF HIX—FAHA Mini CRT &R
B, USRS Mini CRT SCIRHE % 60 B P &R s A X — M m,

CRT 8884k

SERK T 3REL main RS HOIE, MM EN DRYEX CRT #irddEAK. BT
Mini CRT A7 el fEEe D, BT LAATER AL 56 40 1 4 W B o T BE40 a0 1 T B HERD 1O 3845
TEME W BR 1L 2 8T, malloc/free B B 8047 70 kA0 B A0 . FRATT s SUHE R 4] 46 16 88 BCh
mini_crt_heap_init(); 10 ¥ 4 #2546 A A mini_crt_io_init(). 3X P eR B3R [0 50 5 B
FeKRI, BEE 0 BIRRATaA LS, 750 3R M. SX P A o 30 SEBLHE AL 1 A 1 HE
SCHLRI 1O LB P40 A 41

BRED

Mini CRT £5 AU iF4H R 1A 4, S BRI S: — &R A B atexitOFEA AR tH 91
BB BRI R R . XA exitO R BrERE, XNREAE Linux #93
BLESIES 4 B REBRE T, B Linux #9115 RE RS RLR, ebx RoniEFERE
. 17 Windows W3R it 7 —~0U % ExitProcess () API, TIHER A% API B o] 45 4t 2.

AL ERAT RE WA B AP 267, exitOEH —MES AT atexit()FE M IR Hi 2]
A%, XA A mini_crt_exit_routine()SEI. AR 10 EHLE T, atexit()
W IED R R P R B BL A R R R, B — R AT AL Mini
CRT 3 C+, H7TLLEFI#538 F mini_crt_exit_routine()iX /> iR ¥ (¥ HRATARR 2: 4,

5 #% Mini CRT A O &3 mini_crt_entry RS0 8 13-1 Fior.

;&8 131 entryc

//entry.c
#include "minicrt.h"

#ifdef WIN32
#include <Windows.hx
#endif

extern int main({int argc, char* argv([]}):
vold exici{int);

static void crt_fatal_error{const char* mag)
{
// printf("fatal error: %s", msg};
exit(l});
}

void mini_crt_entry(void)

EFRNERSBN o, RRSE
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int ret;

#ifdef WIN32
int flag = 0;
int arge = 0;
char* argv(16l; // &% 16 A&

char* cl = GetCommandLined();

[ EHTEAIT
argv[0] = cl;
argo++;
while{*cl) {
if(*cl == '\
if(flag == 0) flag = 1;
else flag = 0O;

else if(*cl == ' * && flag == 0}
if(*(cl+l)) {
argv[argc] = cl + 1;
argc++;
1
*cl = '"\0';
}
cl++:
}
#else
int argc;

char** argv;

char* ebp_reg = 0;
// ebp_reg = %ebp
asm{"movl %%¥ebp,%0 \n":"=r"(ebp_reg));

argec = *(int*) (ebp_reqg + 4);
argv = [(char**}{ebp_reg + 8);

#endif

if {!'mini_crt_heap_init())
crt_fatal error("heap initialize failed");

if ('mini_crt_io_init(})
crt_fatal_error("IQ initialize failed");

ret = main{argc,argv);
exit(ret);
}

vold exit (int exitCode)

{
//mini_crt_call _exit_routine();

#ifdef WIN3Z
ExitProcess (exitCode) ;

#else
asm{ "movl %0, %%ebx \n\t"

EFERNSREN 8. RUS5E
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"movl 31, %%eax \ni\t"
"int $0x80 \onhg"
“hlc AnhE" s "m® (exitCode) ) ;

#endif

}

£ EHXANSEI S, Mini CRT A D BB A 58 i 5 BB RE. 'EXK Windows Wi

AT SHORAT T B XA EI RN ISR AT R, RS EE b 2SR
PR AR 2 FRIK O ] AN 2 6 R AT T EE AR Mini CRT MY L eR 800 =4

13.1.2  HERYSEIR

AT CRT MALEE. exitOEE.ZE, F—H0HEE R EE, B malloc)

BRHAN freeOR ¥ . MMMMLMITLEARE, EFFRMNBIERETS LA R ETLUERE
B A3, 76305 Mini CRT (R F, FATH Mini CRT ¥ s BLRS H Tl jL4&.

IR — A LA R B R Sk A BE R P E A () S AL B k.

AT ERER, MR ANESE A 32MB, ¥R B A BY REGE .

7E Windows £ & F AN ¥ HeapAlloc %5#E 7+ BCE %, R A VirwalAlloc 4] A48 EL#E i
32MB £, hRATA CHIHE D BCHIESEHR malloc.

ZE Linux F& T, {8 F brk KR8 Brgh st bl i f5 8 32MB, KR Hes [a) 15 4 HE 45 1]

brk RGARA TS B EANEIBERHR, I sbrk TRB I HENEIBERDR. B4,
WRGHIRELAREH, BESTHRT —EENHRE,

£ brk/sbrk 43 A2 64 A FFF0 VirtualAlioe B2 — %, BEIMNNES R T ELLSE, X&
DE—FEEFSEZN (ASEYENT ), HBEXEhE— ik sedE,
RIERFSENTHOFE, HEAE ORI FrEAT S ERHE .
EREAL "RIE B, B (tample ) —HLAFIENELESRRAFNT—TF
H, brk IS RNEMIREREERB G SHRERFEsID A REXFNE.
ErI R ERERTIER B (Page Demand Allocation) X 3R 4iREE K4 E (Alloc
On Trample. AOT) ©.

TAVER 9 S MG HE 2 BEFIE MR, 109080 bt A — B, e ] i I

REW S HT#E SR THETAZM (Free) RAIGHA (Used) 1R, 'EN1ZA X R #EE
Bk

M P B YA AR, M ADoK R R R, BB B aE R R,

SR AN BRI RIGE S FRTEE M N, B4 XA TR ERC O R, RS

EFRNERIEn iR, RR5E
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‘ERHAER P12 s AP RN K T BT R E R B2 0Z AN 2 K 4 B B,
Horp BN HE R AN, BRcCh AL A O IR

S PR B, HES RO STIA S R B MO TBOR AT SR PR T B B, R

B WEEE IR AR R,

B R FIEAEEL A, A 100 TS, HEAEE T Linux #
brk ALIAAHMIEI. Mini CRT [FIME5 A Bk BT 0 B 13-2 BTk,

H$® 132 malloc.c

// malloc.c
#include "minicrt.h"

typedef struct _heap_header

{
enum {
HEAP_BLOCK_FREE = 0xABABABABE,
HEAP_BLOCK_USED = 0xCDCDCDCD, /7

} type;

unsigned size;

struct _heap_header* next;

struct _heap_header* prewv;
} heap_header;

#define ADDR_ADD{a,o) ({{char*)ia)} + o)
#define HEADER_SIZE (sizeof (heap_header})

static heap_header* list_head NULL;

void free{void* ptr)
{

heap_header* header =
if (header->type '= HEAP_BLOCK_USED)

return;

header->type HEAP_BLOCK_FREE;

if (header->prev
/4 merge
header->prev-=next = header-=next:

if (header-=next != NULL)

// block

{heap_header* ) ADDR_ADD (ptr,

!'= NULL && header-zprev->type

// magic number of free block

magic number of used block
/f block type FREE/USED

size including header

~HEADER_SIZE) ;

HEAP BLOCK_FREE) {

header->next-=prev = header-=prev;
header->prev-»size += header-=size;

header header->prev;

}

if (header->next
ff merge

!= NULL && header-»next->type == HEAP_BLOCK_FREE} {

header-»>size += header->next-»size;

header->next header->next->next;

ETRNSRIn—iE. BRRS5F
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void* malloc{ unsigned size )

}

{

heap_header *header;

if{ size == ]
return NULL;

header = list_head;
while(header != 0} {

if {header->type == HEAP_BLOCK_USED) {
header = header->next:
continue;

}

if {header-»size > size + HEADER_SIZE &&

header-»size <= size + HEADER_SIZE * 2}

header->type = HEAF_BLOCK_USED;

1
if (header->size > cize + HEADER_SIZE * 2
// split
heap_header* next = (heap_header*)ADDR_ADD(header,size +

HEADER_SIZE) ;
next->prev = header;
next->next = header-=next;
next ->type = HEAP_ BLOCK_FREE;

next->size = header->size - (size - HEADER_SIZE);

header->next = next;
header->size = size + HEADER_SIZE;
header-s>type = HEAP_BLOCK_USED;
return ADDR_ADD(header , HEADER_SIZE) ;
}
header = header-=next;
}

return NULL;

#ifndef WIN32
// Linux brk system call
static int brk{void* end_data_segment) {

}

int ret = 0;

// brk system call number: 45

// in /usr/include/fasm-i386/unistd.h:
// #define _ NR_brk 45

asm({ "movl 545, %%eax AE AN
"movl %1, %%ebx wohe
*int $0x80 AS-AN

"mov] %%eax, %0 \nA\E"
“=r"(ret): "m"{end_data_segment) };

#endif

#ifdef WIN3Z2
#include <Windows.h>
#endif

ESRNSRsn—iE. RUSE
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int mini_crt_heap_init{)
{
vold* base = NULL;
heap header *header = NULL;
// 32 MB heap size
unsigned heap_size = 1024 * 1024 * 32;

#ifdef WIN3Z

base = VirtualAlloc(0,heap_size, MEM_COMMIT |
MEM_RESERVE, PAGE_READWRITE) ;

if (base == NULL)

return 9Q;

#else

base = (void*}brk{0);

void* end = ADDR_ADD (base, heap_size};

end = {(void*lbrki{end):;

if{!end)
recurn 0;
#endif
header = (heap_header*)base;

header->size = heap_size;
header->type = HEAP BLOCK_FREE;
header-=next WNULL;
header->prev NULL;

list_head = header;
return 1;

BAAE malloc.c FSEELT 3 abSAE O RS, 2 3002 mini_crt_init_heap. malloc 1
free. ANELIXMHEM)SHLIE LB MR : & RHERETER Om)A) (n &3P 2 RCMIER I EED):
HEF 22 (B [ 52 A 32MB, AT IR EEATIEI reallocy calloc BR¥G EHRH R HIHE
R TR 1 PR B oo 4 e T g T

BARE IR TR, (B eIt T HE B B (R A TR LA E, HoAb 5 ik 1 %
WA, VRN SRR LAt T OO, A TRERER, BIERAET
el EmR A MNE, LB O A FE6E Mini CRT, AE 5N ks,

13.1.3 10 5XZH1RE

TE2h Mini CRT #5001 T malloc #I free ZJ5, AR AEMIEHR 10 #15. 10 #oEEM
AR R e oA ARG, £E CRT R AEI4h. fE4E4E M C ¥ F M UNIX Bili, 10 f3cd 2
Fl—A-8EE, A w10 ALl 2 S s s Blng . B, REESCElT SOf-r Ak
#f (fopen. fread. fwrite. fclose fil fseek), HIMFSERLT Mini CRT ) 10 &4r. SHEMSLH
—#f, A TH E Mini CRT 1 10 #5008 H— 2o S0 B0 56 A st )

EERNEREN . ¥R5E
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o  {USEMEAMSCEEIE, 193 fopen. fread. fwrite. fclose B fseek.

o ATHIMAEN, AEIEM (Buffer) HLEl.

e ¥ Windows FHEHRITHLEHE TS, B “v\n” 5 “\n” ZI0AHITHHE.

o TEF T NERMERYE K stdin. stdout Fl stderr.

e 7F Windows F, 3441 n] LL{# Fi] API: CreateFile.ReadFile. WriteFile.CloseHandle
F SetFilePointer F .

e  Linux A& Windows BFEAT APE 8201, FATLZUE FH A T 985530 open. read. write.
close Fl seek X JLREFRH .

e fopen R4 “r”, “w” 1 “+” B JLARA R ETINHEE, AR SCAGK R — 2
BT 2y, AFBmER “a™.
Mini CRT f 10 #B5 sk BLIRAChS Wi & 13-3 o

i#% 13-3 stdio.c

// stdio.c
#include "minicrt.h"

int mini_crt_io_init ()
{

return 1;
1

#ifdef WIN3Z2
#include <Windows.h=

FILE* fopen{ const char *filename,const char *mode )
{

HANDLE hFile = 0;

int access = 0;

int creation = 0;

if (strcmp{mode, "w") == 0} {
access |= GENERIC_WRITE;
creation |I= CREATE_ALWAYS;
1
ifi{strcmp{mode, "w+") == 0} {
access |= GENERIC_WRITE | GEMERIC_READ;
creation |= CREATE_ALWAYS:
1
if (stremp (mode, "r") == 0} {
access |= GENERIC_READ;

creation += OPEN_EXISTING;
H

if (stremp (mode, "r+")} == 0) {
access |= OGENERIC_WRITE | GENERIC_READ;

EERNSREBRF—iE. BHS5E
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creation |= TRUNCATE_EXISTING:

hFile = CreateFileA(filename, access, 0, 0, creation, 0, 0);
if (hFile == INVALID_HANDLE_VALUE)
return 0;

return (FILE*)hFile:
}

int fread({void* buffer, int size, int count, FILE *stream}
{
int read = 0;
if (!ReadFile( (HANDLE)stream, buffer, size * count, &read, 0))
return 0;
return read;
}

int fwrite{const wvoid* buffer, int size, int count, FILE *stream}
{
int written = 0;
if {!WriteFile{ (HANDLE)stream, buffer, size * count, &written, 0))
return 0;
return written;

}

int fclose(FILE* fp)
{

return CloseHandle( (HANDLE) fp);
H

int fseek(FILE* fp, int offset, int set)
{
return SetFilePointer( (HANDLE) fp, offset, 0, set);

}
#else // #ifdef WIN32

static int open{const char *pathname, int flags, int mode)
{
int fd = 0;
asm{"movl 55, %%eax \niwe
"movl %1,%%ebx \nAt"
"movl %2,%%ecx A\n\t"
‘movl %3, $%edx \nihe
"int $0x80 \n\te "
"movl %%eax, %0 woht "
"=m" {fd) : "m" {pathname) , "m"* (flags), "m" (mode) ) ;
]

static int read( int fd, void* buffer, unsigned size)
{
int ret = 0;
asm({"movl $3, %teax \ohe
"movl %1,%%ebx YA

EFRNSRIEN s, RUSFE
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"movl %2, %%ecx A\n\t"
"movl %3, %%edx \mAE"
"int $0x80 \nie®
"movl]l %$%eax, %0 "n\t":
"-m" (ret):"m" (£d), *'m" (buffer}), "m" (size));
return ret;
}

static int write( int fd, const void* buffer, unsigned size)
{
int ret = 0;
asm|"mov]l $4,%%eax \nhe"
"movl %1, %%ebx wahe "
"mov] 32, %%ecx \n\t"
"mov]l %3,%%edx \o\E"
“int S0x80 \nhwe"
"movl %%eax, %0 “nhE"
"omt (ret):"m"{fd), "m" (buffer), "'m" (size));
return ret;

}

static int close{int £fd)

{
int ret = 0;

asm{"movl $6,%%eax AnhE"
"movl %1,%%ebx LY RN
"int SO0xBO \nhE™
"mov] %%eax, %20 wohE":

"e=m" (ret):"m" (fd));
return ret;

b

static int seek{int fd, int offset, int mode)

{
int ret = 0;
asm{"movl $19,%%eax hnhve
"mov] %1,%%ebx woLe"
"movl %2,%%ecx A\n\t"
*movl %3,%%edx wnit"
"int S0xB0 AEAN
"movl %%eax, 30 Ynheg':
*=m* (ret):"m" (£d), *m" {off=set}, "m" (mode} ) ;
return ret;
}

FILE *fopen{ const char *filename,const char *mode }
{

int fd = -1;

int flags = 0;

int access = 00700; s/ #)ELIFe)aLrk

// A F/usrsinclude/bits/fontl.h
£F R v 0 FEE e HF A H

#define O_RDONLY 00
#define O_WRONLY 01
#define O_RDWR 0z

ESANSREen s, RASE
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#define O_CREAT 0100
#define O_TRUNC 01000
#define ©_APPEND 02000
if (scrcmp (mode, "w") == Q)
flags |= O_WRONLY | O_CREAT | O_TRUNC;
if{strcmp (mode, "w+") == ()
flags i= O_RDWR | O_CREAT | O_TRUNC;
if{strempimode, "r") == 0)
flags |= O_RDONLY;
if(stremp (mode, "r+") == 0)
flags |= O_RDWR | O_CREAT;

fd = open(filename, flags, access);
return (FILE*) fd;
}

int fread{void* buffer, int size, int count, FILE* stream)

{
return read{{int)stream, buffer, size * count);

}

int fwrite(const vold* buffer, int size, int count, FILE* stream)

{
return write({int)stream, buffer, size * count);

}

int fclose(FILE* fp)

{
return close{(int)fp);

}

int fseek[FILE* fp, int offset, int set)

{
return seek!( (int)fp, cffset, set);

}

#endif

AINEH B SO R 1 A B AU AE minicrth B -

typedef int FILE;
#define EOF (-1)

#ifdef WIN32

#define stdin {{FILE*) {GetStdHandle (STD_INPUT_HANDLE) ))
#define stdout {{FILE*} {(GetStdHandle (STD_OUTPUT_HANDLE) ) )
#define stderr {({FILE*) {GetStdHandle {STD _ERROR_HANDLE} )} )
#telse

#define stdin ((FILE*)0)

#define stdout [[FILE*)1)

#define stderr [IFILE*)2}

#endif

EFETNBRENR—8E. RUS5EF
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{E_ LI A Mini CRT 10 S5 3CHHRERISEIRD, RATE8E 7HSE CRT PIREAE, BIF
AT PF R SCHFEEME . th T8 88 TIX 2 A%, 4 Mini CRT 424 TR R 48 A
¢ Windows API [t —/ME H{U3E, 1] FILE 454 th ] LAYk 49 8%, & 7€ Mini CRT 24 2%
i), FILE*X-ZERYAE Windows F 3 Br L2 P AHE, M7E Linux FRRSCMHR, ©F
AEF510 FILE £S04kt .

fHB—RIE. 1€ Windows T, fRHESIAME AR CHREF 0. 1 f12, MAER
1LY 44 GetStdHandle [ API 3k15.

B4 T EsLIMAZ, Bl CRT 10 84 KR LA EREAEL, FREON
VG A mini_crt_init_io (L ERE S, MR TR,

13.1.4 5B ERBE

FRFR MR CRT M—34, UHUTEZHBREKE. LB RS, BH
S8 2 MRS . B X ThRE LMW AT 5 W AS |, Raif il P asnit &,
BT LU AT TR SEBR AR L4 19 4 . B TT7E Mini CRT YRt il 5 ni % 13-4 JLAF 2R R A 1Y
Bk,

B8 13-4 string.c
char* itcoa(int n, char* str, int radix)
{
char digit[] = "01234567B9ABCDEFGHIJELMNOPQRSTUVWXYZ" ;
char* p = str;
char* head = str;
if {(Ip || radix < 2 || radix > 38}
return p;
if (radix != 10 && n < Q)
return p;
if (n == 0}

*D+r+y = 0
*po= 0;
return p;

if {radix == 10 && n < 0)

*¥pes = -0
n = -n;
}
while (n}
{
*p++ = digit[n % radix];
n /= radix;
1
*p = 0;

EERNSRET s, RH5F
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for (--p: head < p; ++head, --p)
{
char temp = *head;
*head = *p;
*p o= temp;
1
return str;

}

int stremp (const char * src, const char * dst)
{
int ret = 0 ;

unsigned char* pl = {unsigned char*}src;
unsigned char* p2 = {unsigned char*)dst;
while{ ! (ret = *pl - *p2) && *p2)

++pl, ++p2;

if ( ret < 0 )

ret = -1 ;

else if ( ret > 0 )
rec = 1 ;

return{ ret J;

}

char *strcpyi{char *dest, const char *src)
{
char* ret = dest;
while (*=src)
*dest++ = *Sro++;
*dest = '\O';
return ret;

}

unsigned strlen{const char *str)
{
int ent = 0;
1f {(!str)
return 0;
for (; *str != 'A\0'; ++str)
++cnt
recurn cnt;

13.1.5 BILFHTH

BLZE(K) Mini CRT B2 HAT T, S8 THEEHE., SOHRE. BATHREE, #
FokAg B MR CRT P — AN R EK AN, HEE printf. prinf BE—TRUNTERES
HEs, NSEEEAHE, oI K SN RBAES 10 TR Engid. S
i—FE, BATHEIX BB C N BV T .

o  printf LI H%d. %s, HALRFE A PH (Hhinw08d).
o SCH fprintf I viprintf, $F5_b printf £ fprintf F4FEKTE, B H bR SCH A ERER Y fprint

EFERNBREBF—HE. BR5F
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o LHEXFRFB R EE, fputc A fputs.
printf 43¢ T LEARED I0E 3 13-5 i
& 135

tinclude "minicrt.h"

int fpute{int ¢,FILE *stream )
{
if {fwrite(ac, 1, 1, stream} !'= 1)
return EOF;
else
return c;
}
int fputs{ const char *str, FILE *gstream)
{
int lem = strlen(str};
if {fwrite{str, 1, len, stream) != len)
return EQOF;
else
return len;
1

#ifndef WIN32

#define va_list char*

#define va_start(ap,arg) (ap=(va_list}sarg+sizeof(arg))
#define va_arg{ap,t) (*(t*){({ap+=sizeof(t))-sizeof(t)})}}
#define va_end(ap) (ap=(va_list}0)

#else

#include <Windows.h>

fendif

int vfprintf(FILE *stream, const char *format, va_list arglist)
{
int translating = 0;
int ret = 0;
const char* p = 0;
for (p = format; *p != '\0'; +4p)
{
switch (*p)
{
case '$':
if {!translating)
translating = 1;
else
{
if (fputc{'%', stream) < 0)
return EOQOF;
++ret;
translating = 0;
}
break;
case 'd':
if {(translating) //%d
{

EFRNNESReN 8. ¥RS5E
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char buf[1l6];
translating = 0;
itoa{va_arg{arglist, int), buf, 10);
if (fputs({buf, stream) < 0}
return EOF;
ret += strlen{buf};
1
else if (fputc{'d’', stream) < 0)
return EQF;
else
++ret;
break;
case 's':
if (translating} /%=
{
const char* str = va_arg(arglist, const char*);
translating = 0;
if (fputs{str, stream) < 0)
return EOF;
ret += strlenistr);
}
else if (fputc('s', stream) < 0)
return EOF;
else
++ret;
break;
default:
if (translating)
translating = 0;
if {(fputc(*p, stream) = 0}
return EOF;
else
++ret;
break;
}
}
return ret;
}

int printf (const char *fermat, ...)
{
va_list(arglist);
va_start(arglist, format};
return viEprintf(stdout, format, arglist);

}

int fprintf (FILE *stream, const char *format, ...)
{

va_list(arglist);

va_start (arglisc, format);

return vfprintf{stream, format, arglist);

AL $) viprintf fIXLE R B H K IEL TR RAMHER, SMEM EEH R
BT L E R R EREAER T P RS-

ESRNSHEen—itE, BR5F
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(1) 2 HEt: BERE R A
(2) EHEANHXTITS,

a) WMHRBE%.
i TREARR FEABIEREL
i, BEER: W%, BB,
b) nRIBE|I% )5 I AVFHBUIER TR (W d M sd.
i EERGL: ARESEPERE—NSE T, B B,
i, WiEE HESHXTE.
o) WNFBBHATRF: TR HBIFRA NN FR.

7€ Mini CRT {4 vfprintf LI, HALRAREBRAEIERIT, Blinfrd. HEHEHE,
N H%d 5%s X R PR, BIERK viprind 267 Bl B 4y, HohELE
W ‘e’ “%x” CHEFEN. M. BAREHNE, EXEFARAEREN L0, §
B IXAAE, Mini CRT ) printf 2 R85 FE 4 BN printf i SEI0 IR BRI & ) SCBEHE TS, i
2 th AT AR $% Mini CRT printf ] 55 8135 B MK A 447 Glibe 5L MSVC CRT fIAHRACH .

13.2 WTJ{EH Mini CRT

it EieES, BOCHEARLI T —4 0T BUEH K Mini CRT, & BA/MERZAREE
A A4 E FA) CRT B¥, AT LIRS Glibc M1 MSVC CRT, {UKHET Mini CRT 3
@ LliE1T. M H Mini CRT EH —MEAKSFHER L2 CREFEN, € UEiTEMmMRF
R Fill. H T EmEdhpascBl fE AR G, X —dul 4 f#H Mini CRT.

—f—> CRT R {th B4 M Pt EERBRE S, —¥ 42 CRT MEXHES, ATS
F P RERR AT AR, 0 Glibe 2408 TR AMRA NI EESCHF: #aZ Glibe FE libe.a MzhZ Glibe
libc.so; MSVC CRT thifit T #SMaAMR A, libcmtlib 5 msvert90.dll. CRT A 4L—#
SRR THRIHE, A THA% CRT IRENFTE RN, T2 XREHAY. &%
CRT #i&H R EA L.

Mini CRT 4 LUE S0k 3o e 4R A L P . B e AT S, — 1 minierth 73k
S, RIEHBTERXAEEE L. FEX, LK Mini CRT B 5 3L R30S S BEE kL
R, M /EFEA Mini CRT B, X% E#include “minicrt.h”BIA], I IEAUERERAERY
CRT —#f, BEMIHASHRAIMH, i “stdioh”. “stdlib.h” 4. minicrth f PR A
B 13-6 FTR.

EERNERET 8%, KRSk
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%% 13-6 minicrt.h

#ifndef _ MINI_CRT_H___
#define __MINI_CRT_H___

#ifdef __ _cplusplus
extern "C" {
#endif

// malloc
#ifndef NULL
#define NULL (0)
#endif

void free(void* ptr);

void* malloc{ unsigned size };

static int brk({void* end_data_segment) ;
int mini_crt_init_heap();

/I FHE

char* itoa{int n, char* str, int radix);

int strcmp (const char * src, const char * dst);
char *strcpy(char *dest, const char *src};
unsigned strlen(const char *str);

/S 10
typedef int FILE;

#define EOF (-1)

#ifdef WIN32

#define stdin {({FILE*) (GetStdHandle (STD_INPUT_HANDLE)))
#define stdout ((FILE*) (GetStdHandle(STD_OUTPUT_HANDLE)))
#define stderr ((FILE*) {GetStdHandle (STD_ERROR_HANDLE)))
telse

#define stdin ({FILE*)0)

#define stdout ((FILE*)1)

#define stderr {(FILE*)2)

#endif

int mini_crt_init_io(};

FILE* fopen{ const char *filename,const char *mode };

int fread(void* buffer, int size, int count, FILE *stream);

int fwrite(const woid* buffer, int size, int count, FILE *stream):;
int fclose(FILE* fp};

int fseek{FILE* fp, int offset, int set);

/¢ printf

int fputec{int ¢,FILE *stream };

int fputs( const char *str, FILE *stream);

int printf (const char *format, ...);

int fprintf (FILE *stream, const char *format, ...};

// internal

EERNESRSH—E. BRSkE
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volid do_global ctors();
void mini_crt_call_exit_routine();

// atexit
typedef void {*atexit_func_t }{ void );
int atexit{atexit_func_t func};

#ifdef __cplusplus
}
#endif

#endif // __MINI_CRT_H__

T SR (1 ol R G A G i S B S T . TR AR EEM SN L B AR AR E A Y, FrLh Mini
CRT {1 LARR A (e 2 AR (IS B 24l P, 7F Windows B /2 minicrtlib: 7E Linux FE£
minicrt.a. £ FE & T 4R MEEE SR B T AR, Linux F RIS AT A:

$gcec -¢ -fno-builtin -nostdlid -fno-stack-protector entry.c malloc.c stdio.e
string.c printf.c
Sar -r8 minicrt.a malloc.o printf.o stdio.o string.o

e X {-fno-builtin ZHR XA GCC M N HeRBINGE, BIAMES T GCC &L strien.
stremp SE1X0 R H o MR T e A B SE .

o -nostdlib TRAHHATM K [ Glibe. GCC BT FE B304, €& T -nostartfiles
R

e -fno-stack-protector FEF5% IR IR IIRE, BITA K GCC &1E viprintf XK
SR P HAMERAT R, WBRAKH, BIEMA Mini CRT e kE

“__ stack_chk_fail” ¥k e XHHR.

1E Windows F, Mini CRT MZgiEHiEMT:

>cl /c /DWIN32 /GS- entry.c malloc.c printf.c stdio.c string.c
»>1ib entry.obj malloc.obj printf.obj stdio.obj string.obj /0UT:minicrt.lib

e /DWIN32 75 X WIN32 ix A%, XMiERAERBESHTESFERE.

e /GS- FRLMMEMILIPTIEE, MSVC M1 GCC —H L &R ES HPmAMER LT I
B, FEXNDIELSTRLSERFHEN KL “_ security_cookie” FII “__security_check_
cookie” FF& A E LR,

% T #i& Mini CRT 2 EAESS E #6247, RATEHE T —REIRAE, F TR Mini

CRT [ILhAg, i 5 13-7 Fra.

B8 13-7 tesl.c

#include "minicrt.h*

int main{int argc, char* argv/[])
{

ESRNSRISN—HE. RNSE
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int i;

FILE* fp;

char** v = malloc{argc*sizeof (char+*));
for{i = 0; 1 < argec; ++i} {

v[i] = malloc(strlen({argvi{il} + 1);
strepy (v[il, argvlil);
1

fp = fopen("test.txt","w");

for{i = 0; I <« argc; ++1i) {
int len = strlen{v[il);
fwrite (&len, 1, sizeof(int), fp);
fwritelv(i],1, len, fp);

}

fclose(fp);

fp = fopen("test.txt","r");

for{i = 0; i <« argec; ++i) ¢{
int len;
char* buf;
fread(&len, 1, sizeof(int), fp);
buf = malloc{len + 1};
fread{buf, 1, len, fp);

bufi{len] = '"30';
printf("%d %$s\n", len, buf);
free{buf);

free{v(i]);
}
foclose(fp);

XEACVYHE] T Mini CRT 4 K543 ek 3, {UFE malloc. free. fopen. fclose. fread.
le'l.tG\ prinl.'f, #ﬁ.f’ﬂq"ﬁtT main §ﬁn Emﬁﬁﬂﬁ%% main Hﬁgﬁ?%%aﬂ{%ﬁﬁui{**s
R HEH Sk, B oprintf Bk, £ Linux F, 0 UH T § ik HEEAT test.c:
$gcc -¢ ~-ggdb -fno-builtin -nostdlib -fno-stack-protector teat.c
$14 -static -e mini_crt_entry entryv.o teat.o miniecrt.a -o teast
$ 18 -1 test
-rwxr-xr-x 1 yujiazi yujiazi 5083 2008-08-19 21:59 test
$ ./test argl arg2 123
6 ./test
4 argl

4 arg2
3 123

e e mini_crt_entry Fl FHREA D E .

AT LUE BIFRAHEE: Mini CRT BE 41 H MAT$h47T X R4 5083 717, XIESIIHT
Mini CRT [f) “R&{7” 2 &b, TR Glibe B, BEAHAT IO ME%4 538KB.
Windows F, ZRFFEEAT test.c B BINTF .

>»¢l fc /DWIN32 test.c
>link test.obj miniert.1ib kernel32.1ib /NODEFAULTLIB /entry:mini_ crt_entry
»dir test.exe

EFRNESRET—H8E. KREE
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2008-08B-19 22:05 5,120 test.exe

>dumpbin /IMPORTS teat.exe
Microsoft (R) COFF/PE Dumper Version 9.00.21022.08
‘Copyright (C) Microsoft Ceorporation. All rights reserwved.

Dump of file test.exe
File Type: EXECUTABLE IMAGE
Section containg the following imports:

KERNEL32.d1l1l
402000 Import Address Table
402050 Import Name Table
0 time date stamp
0 Index of first forwarder reference

16F GetCommandLined
104 ExitProcess

454 VirtualAlloc
23B GetStdHandle

78 CreateFilehd

368 ReadFile

48D WriteFile

43 CloseHandle

3DF SetFilePointer

summary
1000 .data
1000 .rdata
1000 .text

~test.exe argl arg2 123
8 test.exe
4 argl
4 arg?
3 123

55 Linux 26461, Windows F{# A] Mini CRT ##2 1) Al $4T S AEH D, RA 5120 75,
SR A EA dumpbin HEHETHFAREATLURI, B OHE T Kemel32.DLL, it

TR SET T MSVC CRT MEFTEE msver90.dll (E{ msver90d.dil).

13.3 C++I&{TEESEI]

#I7F Mini CRT zﬂ&ﬁ“%iﬁiﬁ%’édﬁl&‘] CEBERFEITT. Co+EAMBECIETHT R
B, CHETEOTRIEHARER, EX—FPEAGWFAH Mini CRT HIMA C++E
= — 2R R .

EFRNSRERT—8E BU5F
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WH C++RBATHEMEIT T C EFEBITHEMN, i Linux F C EEETEHR
libc.so/libc.a, 1l C++iE1TFEA (libstdc++.so/libstde++.a); Windows 1 C B FBITHE A
libemt.lib/msver90.dll, 1) C++iE4T 34 libcpmt.lib/msvep90.dll. —fFIX4E C++AIE1TRE&F &
T CIETER, EMMUEFH Cr+—teirth (3R, tEW new/delete, STL., R4
B (stream) . EEETBFAUSIEOA D RE, HEF R, JEA ORI 25 1,
XS i CH+IZ T BT TR, LEan C M fUR SR T C 24T A L%
i, FrLlE s T C g,

AATPEATRTE Mini CRT (36 L SEIR — A 328 CH+IIEEATHE, SR FRSER,
XA C++HZATHEMEHLS Mini CRT A3 3]- 2, A& s — M, et
£ —1 % Mini CRT B ZhiE S, B# 4% 1% H 31 minicrt.a/minicrt.lib K 3CEF C++1i
EZ 5 i

R, BB CHRET R RN 0, CrrrERRE STL 88T
W, A FE. TS, MEBOVE . HTEORKIHE A, AR Cr+bRAERE
BEATRIL, 62 H PRSI — A REE BLZ AT W F G+ R UG IIE AT I -

/i test.cpp

#include <iostream>
#include <strings

using namespace std;

int main(int argec, char* argvl(])

{
string* msg = new string(“Hellc World®);
cout << *msg << endl;

delete msg;
return 0;

FHEXBREFELE S, LR EERAT CHBTEMN B IEE, BT H R
FIEEW T
e  string KL,
o stream EAYSEH, AR (Manupilator) (endl).
o AR REGEFIHTE (cout)d.

[} new/delete .

FETFEE A 2 87, b2 AT Mini CRT STBRATIG#:: fEMEAR 4B 1512
B EL A B . £F SZER Mini CRT X C++)SEFRE,  Fefl 13808 fn 1+ BRI

e  HelloWorld #2/F AU BIMTHEEMA L, LS.

EFRNSRIT 88, BRS5E
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REMB T, KBRS C+hreEREN M.
X F T BLAARAE S SO SR B I B US B AR SK S P e, DL R K. S b

e AR, AETEE.

e  SATHEIM Mini CRT SEHL—+F, Z7EEACRY BT T LLZE Windows Fl Linux - [ff &
T, B PP GHXHS B &9 F 0 9. BR C+HBTENLERA S E
SN (ERHETHIERSL), CIEFEDSE AT BYMH X435
PEHERER: O, C++HiZ4THE B 21 B8 A i a3 i my,

o  AAMHA MR, EHREAFEETEIEN, ERSNIKR TSR R MR,
XIBATERA EREER,

13.3.1 new 5 delete

FIC M ELETE BB BT, 42 J5 new/delete Hfi: (195 B R i% 1 J65 18 1038 40 . 3RA1 740
18, new $RAEAITIRER MHE b XBL— B R AN 1), SR IGISAT 0 % AV AL B Bofx A
A HALIR L [ delete WAL 5 new MR MIBRAE, S AIEITH RMFTHIRE, RIF BB

).

A4 new F delete FTRAE C++F 2 —MHARERTHLAIIR ? S0 R4 R 28 NS piRfing ?
EARIEITERMAXFER? N 7R XSEE, 555 kE M.

class C {
bi

int main()

{

C* ¢ = new C();

return
}

0;

A GCC HRiFXBAUHEI HRILS, ¥2F P new BAEM LB

$g++ -c hello.c

Sobjdump -dr hello.o

hellc.o:

Disassembly of section

00000000 <mains:

[ H] 8d
4: 83
7: ff
a: 55
by B9
d: 51
a: 83

ic
ed
71
es

ac

24
f0
fc

14

04

file format elf32-i3B6

.Cexc:

lea Oxd {%esp) , $ecx
and SOxfEfff££0, Yesp
pushl -0x4(%ecx)

push $ebp

mov $esp, $ebp

push $ecx

sub 50x14, %esp

EFTRNSREes 8, BR5%
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11: c7 04 24 01 Q0 00 00 movl S0x1, (%esp)

18: eB fc £ff ff f£f call 19 <main+0x19>
19: R_3B6_PC3i2 _Znwj

1d: 89 45 £8 mov $eax, -0x8B (%ebp)

20: b8 00 00 00 00 mov 50x0, %eax

25: 83 cd 14 add 50x14, %esp

28: 59 pop - %ecx

29: 5d pop %ebp

2a: Bd 61 fc lea -0x4 {%ecx) , %esp

2d: <3 ret

A AE S, new BRAEMLELLER FR2EA T — UM _Znw) BB, WHA c+fil 351X
NS RIEN (Demangle), T LIEF'EMIE E

Sc++filt _Znwj
operator new(unsigned int}

Al LU #]_Zowj S r L2 — i operator new B, Xt RBNILE Cr+h BB
ErFeA % . 16 C++, BRIETFERs DR — s BRAIR A, nHER R, —M new #R1E
void* operator new{unsigned int size);

BT new. delete iXCHEMIIRIERTLASR, +. - *. %HETT LA R EIETE, IXUeRiE
FYERA IR DY R 1E 1 . ¥1T operator new ERE KR, ERSH size RIGME RGNS
R/, —Bogds new MBI A N, MHRBEI{EZ B iE L. delete BYETF R BT S ¥R
MR M HLE, ERARRE.

BE#A new/delete [FISCHLRAM NI BRI TFEASL, M4, WRELI new/delete, HHIE
SLIRIX A R B AT LA T X A R B Eh B PRI R O, X B A S ALT,
B4 TE Mini CRT S 28580 T HE 25 (A] (¥ i AR JACBR 3 malloc M free. T2 new/delete
s AR RO R, e S PRI i 5 13-8 Fiw.

&8 13-8 new_delete.cpp

/ /new_delete.cpp
extern "C" void* malloc{unsigned int);
extern "C" void free{void*);

void* operator new{unsigned int size)

{
return malloc(size});
}

void operator delete{void* p)
{

free{p};
}

vold* operator newl[] {(unsigned int size)
{

EFRNEREeF—HE, RR5F
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return mallec{size};

}

vold operator deletel] (void* p)
{

free(p);
}

E_ LTS FER T new/delete 2 4b, IRA{1AEE BT new[|H delete[], T1114> Fil- FH H e
MR RO RN, EIXR -3 FLAKH. BT PurmmE = w2z 5, WEEIUE
Ay f S kbt AT ORI, X S FHE AT R TE new/delete 2 R/ /5 HERIF 2 AT
FEAE AR (R ACRDRE AT I T (K, new/delete X £ 5 HE 2% [8) () H0 7 FORE S, AR A SRR 44

EEEM C++IBITED, new/delete FISCHEL FEME I —4, EMNBRTMHA
malloc/free R 25 (0] 2 8b, 35S FF new_handler 7F B i S BT 25 TIE R RT3 b ROIML 22
E A BEL 4 tH bad_alloc F%2%, 1T Mini CRT HFAEHF %, FTLURERS TIiXNA.

FIAMER IR, EEREEN Cr+oEiTER, BT UAFH EimiX B AR E Ll
new/delete, IXFERLLRE 5 5 C++BATHEM new/delete B &, H18H HLLTE new/delete FHE %
MRV M BRI, AT — BRI TR, W ERFEEH AFME . X
AR A £ /8 new/delete I{ERFES] (Global new/delete operator overloading). B
T EH A new/delete $EFF .50, AT LIE B AKE) new/delete, X AT RASEHY —4L4F
FRiwsk, LLnisEMRPiFHL (Replacement new), B{E {4 H B O3RN K
A0 BN AR RMGEAT ML, AR SR FEAMERS, XAHMMAITeE C++ DS IER
WAT, ERERIA BT .

13.3.2 C++=St&E 5414

C++4 BiE S iar LR A2k, ES%IFaE. SHERNXRELREE. EW
AR 10 TP ARG —F, S0 IREHE THF8E. FERERNEITE=FLRN
T ERIER. Mini CRT X T 2 /@%0 S8iE ST A H 22 T 38 10 9 #HiRH Glibe
I MSVC CRT 1, AR ERALRKHXEA, NOUEKENMIBEEERE, KA X
[ 5110k iR e

LA 10 FFE AR AE N, Cr+2RWiERHTHEsEIE Glibc fl MSVC CRT
R RS AL, RS o 3 R AR R A SRR I B S T RN b i BR MR, WO AT
NWHEBT atexitQFE . X —F P EEXFELRHEN LI, W atexitOK SRR 2 F—
e, _

LRHERF MSVC i, FEEAHME “.CRTSXCA” f “.CRTSXCZ”, RIFE
AR AR MR MEd]: X T GCC ¥in, FEE SN “.ctor” BRI IEIES LR

EsRfERsn—iE. fU8S5E
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Ay, RIS SUFA B BRI BT SUERIE S W A - MRECREE A R
Bt R BT A R HOE R —sE .

MSVC CRT 5 Glibe 755 FRI#H A RIFAL, MSVC CRT B E—A Hbr3U##k Al 2L
G4 RS, MRS S E AT AR M Glibe TWEM AL crbegin.o
i crtend.o, XN ICAETE SR FE T SR T A SCIF T ER RIS R4, BTG e A
Z SRS ¢ ctor” BUR AN 241 1E Bt & 3F . 4 R R BT M S B IS g R 13-9
Bi7Re
B8 13-9 ctors.cpp

ff ctors.cpp

typedef void (*init_func) (void};
#ifdef WIN32

#pragma section(".CRTSXCA", long, read)
#pragma section(".CRT$XCZ",long, read)

__declspec{allocate(".CRTSXCA")) init_func ctors_begin(]

0 1;
__declspec(allocate(".CRTSXC2")) init_func ctors_end(] Vi

= {
{0

extern "C" void do_global_ctorsi{)
{
init_func* p = ctors_begin;
while ( p < ctors_end )
{
if (*p 1= 0)
(**p) ();
++07
}
}
#else

void run_hooks(};
extern "C" void do_global_ctorsi()
{

run_hooks () ;

}
#endif

fE.ctors.cpp & T Windows 12 RHEMFTA LM, {2 Linux WERHEEEH
3 crtbegin # crtend BTN E4. NN OR R 13-10. FH 13-11 .

%% 13-10 crtbegin.cpp

///crtbegin.cpp
#ifndef WIN32
typedef void (*ctor_func) {void);

ctor_func ctors_begin[l] __attribute__ ({section(".ctors"))) =
{

{ctor_func) -1
}:

EFERNSHEN—8E. KUS5F
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void run_hooks ()
{
const ctor_func* list = ctors_begin;
while ((int)*++list != -1)
(**1ist) ()
b
ffendif

&8 13-11  crtend.cpp

//ertend. cpp
#ifndef WIN32
typedef void {(*ctor_func) (void);
ctor_func crt_end[1l] __atcribute_ ((section{".ctors"})) =
{
(ctor_func) -1
i
#tendif

13.3.3 atexit SLE

atexitQF 4RI, B EVE T A eR M S e FRIR AT, 75 exitQeREPHOAM .
atexitOf exitQFFCE R FIHFARE T C++BTHEN—84%, ek CiETBITERN M.
CERT 923 Mini CRT B RATE exitQRR BT P B T4 atexit( B3 HFF .

A T] LA SR atexitOf), BEEE AR EH EEM CRT # ¥, HEEXEAEGALI
atexit FIREE: B Rt S 8T #) s 8 AR Linux i85 Windows—# il i
atexit TR0l ¥k MY . BUARITEFR B B HITHI E#.

SEVE A B AT o, AL BE AT M B B ML, B exit)
Ky B 6388 ) — i, AT ICCh BT AR . Windows RRHY atexit [ RT LU FX S8 B
.

Linux iR atexit B 2% —8%, S HEXAY )8 H IR B R GCC LA /xSt 2
VB atexit, T JEUMATAY_ cxa_atexit. 1A B ¥ AT T B9 A R MRS RO ) BT, &
AfL C il SHMERE RS, TR GCC LI —#45. % T#% GCC, Mini CRT N{§RLH
T EHE XS atexitOF AN R, _ cxa_atexit FTEER 118 HERAUA atexit A[FH:

tvpedef void (*exa_func_t ) ( void* };

typedef void (*atexit_func_t ) { woid };

int __cxa_atexit(cxa_func_t func, veoid* arg, void¥*);
int atexit{atexic_func_t func);

__cxa_atexit F7HESE AR # AR 4T A0 — A void*BUFR M 0 S8, IF H I A _cxa_atexit
fat R, XS H(void* arg) A 03 T R, SR EHITHR EEE BT, K2,

BERNERESF 88, RUSE
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__cxa_atexitOiF A o [01 o BOR W 28, BRABAHEERA 2L T k.

__cxa_atexit MBS — 1 SETTRIAKE, EXEFASHE,

FRASTHENELRBIX—&, SREAVTSLHEER R ERE atexit() 5F ¥
_ cxa_atexitOIEM AR H, WRE_ cxa_atexitOiF M AR E, LERLLOFARFHSEERET
Ko Alw LERWAMEHWT:

typedef struct _func_node
{
atexit_func_t func;
volid* arg;
int is_cxa;
struct _func_node* next;
} func_node;

HF is_cxa BREMERAA 0, MIRARIX A & H__cxa_atexitQOIEAHHI AR B8, arg R
KA E . atexit B AEIE L 13-12 Fis.
HE 13-12 atexitc

/i atexit.c
#include “minicrt.h"

typedef struct _func_node
{
atexit_func_t func;
void* arg:
int is_cxa;
struct _func_node* next;
} func_node;

static func_node* atexit_list = 0;

int register_atexit (atexit_func_t func, void* arg, int is_cxa)
{

funec_node* node:

1f (!func) return -1;

nede = (func_node*)malloc(sizeof (func_node));
if{node == 0) return -1;

node->func = func;
node->arg = ardgj;
node->is_cxa = is_cxa;
node->next = atexit_list;
atexit_list = node;
return 0;

}

#ifndef WIN32

EFRnER:Sn—E. RE5E
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typedef void {*cxa_func_t ) { wvoid* };
int _ cxa_atexiti{cxa_func_t func, wvolid* arg, volid* unused)
{
return register_atexit({atexit_func_t)func, arg, 1};
}
#endif

int atexit{atexit_ func_t func)
{

return register_atexit{func, 0, 0);
t

vold mini_crt_call exit_routine()
{
func_node* p = atexit_list;
for(; p '= 0; p = p-=next)
{
#ifdef WIN32
p->func(};
#else
if (p-»>is_cxa)
{ {cxa_func_t)p->func) {(p->arg) ;
else
p->func();
#endif
freeip);
}
atexitc_list = 0;

HE—BYE, EFMREet, BEMNRAEBARNTIRLEBHN, A5
mini_crt_call_exit_routine()Z ML FEF B, T&H atexitQEi__cxa_atexit) i M #1 R %L
RIRMACHEM G R, XA R, BRI R RX R NI ERTR .

13.3.4 AOREBH

B T80 T 4 S M s FbTH B S FE, B84 7 B Mini CRT BN DR HH exit() ot BOXAT
#, X do_global_ctors()F! mini_crt_call_exit_routineQH T A F entry(F exit()p& 3L
. BHNEM entry.c I1F (HBE—HHRESBIAE):

//entry.c
void mini_crt_entry{void)
{
if (!mini_crt_heap_init(})

crt_fatal error("heap initialize failed");

if (!mini_ecrt_io_init()}
crt_fatal_error{("I0 initialize failed");

do_global_ctors():

ESTANSHER s, RRS5E
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ret = main(argc.argv);
exit (ret);

}

vold exit (int exitCodel}

{

mini_crt_call exit routine{);
#ifdef WIN32
ExitProcess{exitCode) ;
#else
asmi{ "mowvl %0, %%ebx \n\t"
"movl 51,%%eax \n\c"
"int $0x80- wrahe
"hlt \nA\E"::"m" (exitCode) ) ;
#endif
t

13.3.5 stream 5 string

C++(¥) Hello World B [ —#t#8 2 H £l cout 1 string, AR C++AEME. RS 5 2
C++ STL M AP, BATFEIX —45 %24 Mini CRT #4110 string #1 stream ()58,
{EA T MM 8 2 /5, Mini CRT 3§ 28 & 58 i, BT LA IR 2 4y 44 9 Mini CRT++ ©.

R, FEEIEM STL S, string K stream [RSCI+ 20 2%, AN{RAT 58 A KB 2 1
e, Z&ar, RKMHRERE —RIIGEIR. BRATESSIN TR LR RDFH o RERN
B, fae—NAEES (LAY . string F stream (K) 5B REOE F 51 0.

o AHEREBUES], BIKEE RO E char PRAARR, AEHFAEXORRE, BF
basic_string £ K.
o WX BALLI ofstream, H¥ATHEIER, HI¥H ios_base, stream. ostream. fstream
FERAA A KA _
o MANBERAAEMENPIIGE, EIRA stream_buffer 3T H.
e cout £ ofstream BI— NS, K HH SCPRRARHER .
stream Fll string AL B T AL C+iBF 04t CE&—eBE LRl T A BT E
FaR 0 £, PRRAE SO0 2 A 1RSI RE 5, 1T ANHCE 2 (R4 4T . A RN
A[LA& % C++ STL WA TR, WX C++E S A G A%, maTblpkilix—7,
XA WA Mini CRT ¥45 LB EEAR . string F7 iostream (IS BLINGE 52 13-13.75 58 13-14.
HB 13-15 Fim.
&S 1313 string

J/ string

namespace std {

ERRNSREBT—E. RKUSHE

bbs.theithome.conl



http://bbs.theithome.com

13.3 C++HE{TREXH 443

class string

{
unsigned len;
char* pbuf;

public:
explicit string{const char* str);
string{const string&);
~string();
string& coperator={const stringk);
string& operator={const char* s);
const charg& operator([] (unsigned idx) const:
char& operator(] (unsigned idx):
const char* c_stri() const;
unsigned length() const;
unsigned size() const;

bi

string::string{const char* str)
len (0), pbuf(0)

{
*this = str;

}

string;::string{const string& s)
len(0), pbuf{0)
{
*this = s;
}
string::~string()
{
if(pbuf 1= 0} {
delete[] pbuf;
pbuf = 0;

}

string& string::operator=(const string& s)
{
if (&s == this}
return *this;
this->~stringl};
len = s.len;
pbuf = strcpy(new char[len + 1], s.pbuf)};
return *this;

stringk string::operator=({const char* s}

{
this-=~string();
len = strlen(s);
'pbuf = strcpy(new char[len + 1], s);

return *this;

EERNERS—itE. TR5FF
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const charé string::operator(] (unsigned idx) const
: return pbuf[idx];

ihar& string::operator[] (unsigned idx)

{ recurn pbuf[idx];

ionst char* gtring::c_str() const

{ return pbuf;

insigned string::length(} const

{ return len;

insigned string::size() const

{ recurn len;

éfstream& 9perator<<tof5tream& o, const stringk s)
{ return o << S.C_sStr();

}

i®& 13-14 iostream

// iostream
¥include "minicrt.h"

namespace std {

class ofstream
{

protected:
FILE* fp;
ofstream({const ofstream&):
public:
enum openmode{in = 1, ocut = 2, binary = 4, trunc = B};

ofstream() ;

explicit ofstream{const char *filename, ofstream::openmode md =
ofstream: :out};

~ofstream();

ofstream§& operator<<(char c};

ofstream& operator<<{int n):

ofstreamé& operator<<(const char* str);

ofstream& operator<<(ofstream& (*) (ofstream&));

volid open{const char *filename, ofstream::openmode md =
ofstream: :out) ;

void close();

ofstream& write(const char *buf, unsigned size);
}i

BEFERNSREN—iE. ¥R5F
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inline ofstreams& endl (ofstream& o)
{

return o << '\n';

}

class stdout_stream : public ofstream {
public:

stdout_stream();
}:

extern stdout_stream cout;
1

% 13-15 iostream.cpp

// iostream.cpp
#include "miniecrt.h"
#include "iostream"

#ifdef WINZ2
#include <Windows.h>
#endif

namespace std {

stdout_stream: :stdout_stream() : ofstream()
{

fp = stdout;
t

stdout_stream cout;

ofstream: :ofstream() : fp(0)
{
1

ofstream: :ofstream{const char *filename, ofstream::openmode md) : fp(0)

{
open(filename, md);

1
ofstream: :~ofstream()
{
close();
}
ofstream& ofstream::operator<<|(char c)
{
fputclc, fp);
return *this;
}
ofstream& ofstream::operater<<{int n)
{
fprintf(fp, "%4", n);
return *this;

t
ofstream& ofstream::operator<<{const char* str)

EERNSASBR—tE, K85
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fprintf(fp, "%s", str};
raturn *this;
}

cfstreamé ofstream::operator<<{ofstream& (*manip) (ofstream&))
{

return manipi{*chis}:
1

void ofstream::openiconst char *filename, ofstream::openmode md)
{
char mode[4];
closel];
switch (md)
{
case out | trunc:
strcpy (mode, “w*});
break;
case oubt | in | trunc:
strepy (made, "w+");

case out | trunc | binary:
stropy (mode, "wh");
break;

case out | in | trunc | binary:

strcpy (mode, “"wb+");
H

fp = fopen(filename, mode):

}

void ofstream::closel)

{

if {fp}

{
fclose{fp);
fp = 0

}

ofstreams ofstream::write{const char *buf, unsigned size)
{

fwrite{buf, 1, size, fp);

recturn *this;

13.4 {I{EA Mini CRT++

FA1H) Mini CRT T 588 T % C++H13H, FMEHRAEN T Mini CRT++. 5 12.3
T—F, XA A A CHEFPERE. HEBRE Windows F
4 PRI

BEFEROBRESH—E. $HlsE
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$el /c /DWIN32 /GS- entry.c malloc.c printf.c stdic.c string.c atexit.c
$cl /c /DWIN32 /GS- /GR- crtbegin.cpp crtend.cpp ctor.cpp new delete.cpp

iostream.cpp
$1ib entry.obj malloc.obj printf.obj stdio.obj string.obj ctor.obj
new_delete.obj atexit.obj iostream.obj /OUT:minicrt.lib

XEFRAO— T RESEAH/GR-, ENRBEXMF RTTI hie, FUHIREAER
ERE B4 RTTI H3EREE, ZERARHENESET "const type_info: vitable” &S
RIE X IR

M Mini CRT++25 T 885 4E Linux FIEIZ4T, B — N F 0SS T oo 4y
sysdep.cpp, FH T 5 X Linux “F& HI€H—MREL:
extern "C" {

void* __dso_handle = 0;
}

ETEABRATABERZENS B KL SHEN, BRINOELFELTNAES
xR, RENRAXZERFEODEN SR ERDRGERE, mEtEsaT
BETrit PR BUE#E, tbanfE A dlopen/diclose B TTEESERXFE R, o —1
PR ET, WAESBTFREIMEEENEBRRITHRBESL ZERINBNET
IE? GCC MBUARM_cxa_atexit) @ — P 8¥, XTMSHATIRRX MR EE
FHTHZEN R, RIEFNE LT _cxa_atexit) I ZBETE =15, SBrLxE=
T BERRBTIRIEZX RN, E#2__dso_handle XMFS . B3F 7 Mini CRT++
PHAEFEMEZTENTR, TERMNRRNEXMFESH 0, MUEHIEEEN HN
FeRENHR,

Mini CRT++7E Linux “F& FéiFm ik .

$gcc -¢ -fno-builtin -nostdlib -fno-stack-protector entry.c malloc.c stdio.c

string.c printf.c atexit.c
$g++ =-c -nostdinc++ -fno-rtti -fno-exceptions -fno-builtin -noatdlib

-fno-stack-protector crtbegin.cpp crtend.cpp c tor.cpp new_delete.cpp

sysdep.cpp iostream.cpp sysdep.cpp
$ar -rs minicrt.a malloc.o printf.o stdic.o string.o ctor.o atexit.o

jostream.o new_delete.o sysdep.o

~fno-rtti BI1EA 5 o BY/GR-fEB—, BFXEHFRTT,

-fno-exceptions KIfEA M T XA BT X, &N GCCE£~4REXHRN, TS
WHEER,

7E Windows T {# Bl Mini CRT++ &I F

EFRNSREBRF—HR. RBS5E
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$cl /c /DWIN32 /GR- test.cpp
$link test.obj minicrt.lib kernel32.1ib /NODEFAULTLIB /entry:mini_crt_entry

{E Linux F{# ] Mini CRT4++{f 5 501 F :

Sg++ -c -nostdinc++ -fno-rtti -fno-exceptions -fno-builtin -nostdlib

-fno-stack-protector test.cpp
£1d -static =-e mini_crt_entry entry.o crtbegin.o test.o minicrt.a ecrtend.o

-0 test

s crtbegin.o #0 crtend.o % Id SEEEH TP BARX H ORI IEFIBRGEH, DUR
B IrsEENIESHM,

13.5 ARZBNG

frix—a, BATEAEWRLIMT —43Z#F CiB8irifE 5 CRT: Mini CRT. HH A
EMNLET M CiE FRERI SR, JF LA ERR A Mini CRT++. TR CiF 5 BTN
%, fr# T AR entry. HE 4P Be 8 ¥ malloc/free. 10 FI L4 #1E fopen/fread/fwrite/fclose
55 R B stlen/stremp/atoi IR A0 P printf/fprintf. 75 S0 C++iZfTFER, FHIR T
I C++HLAFFYE: newsdelete. 4 JAHTIEFINTHY . stream 1 string 2.

R HTE B Mini CRT++d#2 e, B/ LA T8 B8 A sh FLBUETEM &1
#45, BB NURIESITRESETERE. MK, Mini CRTHITEFHUERIER
BATEMR—MRDTFE, EHNERTEE, BATETHERE LRRE, EUE— CRT
ST, BB, {HAEWE L Mini CRT++SILECIE A CRT A1 C++E1THEM SR, a5
. 3 - R =I1FJE Mini CRT++{1 H 1.

EFERNSRER—8E. X858
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A1 FPE (Byte Order)
A2 ELFERER
A3 BERARIAEGSTSE

EERNSREen i, RSk
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Fis® A

FTF (Byte Order)

“endian” iZ A998 B Jonathan Swift f£ 1726 S5 &3040 350 (4% 5| #5552
( Gulliver's Travels ). > A Bl 45 A B 3h R F L R A4 38 Fof 5 3 & M K %
( Big-Endian ) 3%F3:£Z AL )s3% (Little-Endian ) 857, % % 41t 6 RIRL,
HF—IrEHFETH, H—ANET I,
FEARITEHE RS, PRI (LR, 795, 99 SR RAELRE PrAs
[, Rifg gl & T -5 — AN 7E (0 2 AR S8 fa) 88, BPGE (5 U4 3t i R o
LT 2 FF (M AT AR o SR AR - B, o VLA 5 5 A6 S 0k T
H i 7E & Fpia R i S OB R A TR S BT KN (Big-endian) FlZh
i (Little-endian ).

B AR RAT TR E XA A&

MSB /& Most Significant BitByte [ F 84S, 8 5 1F e EEMT HE BTN FW.
EHE KRR HE— bit 41 (l—4 byte & 8 4~ bit ZHK M —NFH]) 58— byte ¥4
(40 word JEH > byte ZHREI— A1) % 84N 51 AR 56 w6 B KA FR A bivbyte.

LSB #& Least Significant Bit/Byte () FEHEES, W& W08 A EEF 7 Bl A ETM
T BB R FRME—A bit FF# (W1 byte & 8 4~ bit ZHREH —NFF)) 5 — 4~ byte
41 (i word P4 byte LA —FF ) hoxt s Fr 3 B 3 W B IR bivbyte.

bt — AN b At HE BT 0x 12345678 HLIH:

Ox12 | Ox34 | Ox56 | Ox78

0x12 #i# MSB (Most Significant Byte), 0x78 32 LSB (Least Significant Byte). M X T 0x78
EATHME, EMTHEA 01111000, BaBEEHMAA 0 HL MSB (Most Significant
Bit), HALAHA 0 HiE LSB (Least Significant).

Big-endian F1 little-cndian (5 3%/ bit-endian M MSB ZE7RART MIZE (R I0AL, 715
iRt MSB M7ER R FF 55 LSB TRidBTME S itit, FEEWB AR A KRE . little-endian M
HR. Flin: 0x12345678h XM EA FHLSEF W FEER AR, WRA-1 i,

F A1 .

Big-Endian Little-Endian

0FH 0x12 0x78
] 0x34 0x56

EFERNSREN—itE, BH5E
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EF 3
Big-Endian Little-Endian
2FF 0x56 0x34
3IFY 0x78 0x21

Little-Endian ¥ ZEA] T RATIAEM PC ) CPU , Bl Intel ] x86 R 513 A H1; Big-Endian
W) 2R AE B AT Mac HLEg R, 36 PowerPC R4 EREE. HAMESE —IR0Z, HA
i) TCP/P M&% K Java MEfLHLAYSE Y7 FP8E2E Big-endian (¥). 375 M 0 510 15 Y 2R 4646
0x12345678 X NMEE AR, HABAGRIMIRZE 0x12, BEH K 0x34, RIG & 0x56, BIGR2
Ox78. P LAZRAT VAR 7 7 db TR P48 3 (R B 1%, 0 2005 2871 e Ay i) 7

big-endian I little-endian ff)Frits K LA, T EHLIF A PR 5 MR B HAT T KW
i, FRVUTHEANZE (BATAESZ ). Danny Cohen T 1980 4T (¥ —F5 4404 “On
Holy Wars and a Plea for Peace” 3 #4 (Wi SCHE R 3K AT LU RS % Sl dieicy /D AE B 1E
M . M LURIXPARIEFRRITH L —HEHATES .

A2 ELFZERE

ELF # W42 W& A-2 BT,

F A2
B L]
: A2 RRAT SR T AR 6. KA LR e) g, &4
bss BEBRAMEATN, EAGPLHEFE. AAEAS R EMAA T,
© &9 B4 & SHT_NOBITS. HkifkAMB 33 %
.comment BAROASRIFERAEL
HABY OIS Pindbhei s, T 22 Ltk HEF.
«data BALE
datal 5 data £
.debug EAERTOSHARARREE
.dynamic HAEMERE. #RLTIS2Y
.dynstr HAEMENGFASR, L2 EHELTHNFTE, HFLT53F
.dynsym PHEEETOHTA, TEATRAHSREBHGHS. HFRLTSIF
i A2 iR E!i‘#‘hﬁ'éfl*f.{&%, AL AR AL F main BEPIT, F MG A E K
W C++ 2B AH. L1145
fini_array 14—y A2 5 N F ot R B AR E PUT Y B AL 4
.hash HERMeFA, TERAThRETER

EEANSRERF 8. ¥RN5F
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452 PR A
8
BE R
. AL AT I 6 A4 LA, X bR AT T main RAAIAT, % 4otk
it AFERCr+o Bk, HA114F
.init_array 8,4 — 442 5 3 h ot §R T 48 Ands AL i BT AR B AT AY RS ds 4t

.interp

B4 THIMBEABREZE, #LISIF

Jdine

EaTRRHAGTTEE, ZEATNERGL RRLT T4

.note

FIME LK, HiIFS. HESIRURET A TREELZORAHLA
ARG FIMEL, AT EEMRY

.preinit_array

PRA G RT T AL BT o7 R AAG4H 4040, 140 FH B4 inic_
array &9 S 304844040 2 AT HLIAT

.rodata AR AR
todatal [} .rodat
shstriab BLTHEL
strtab FHER, BFRNTRENFTEATENYTHE
symtab HER, EAEFRAVLHBHAEEGHTHE, HLIST
K AEARA 0 R AAL B A A0 A Ands L ddE . BOAWA T, Bkt
1bss 2 B AT RAZRT, RS T £ —1abss &) KA BLHE M T indbib
HE
HEA-BR G R AR ENGH e ds. BAKALT, R34
data BAMOBATH . A F A — ) rdaa 8K
lext RELEL, HHAFHTIAITRE, #3317
ctors AR A6 R B B4, AL 14T
data.rel.ro ii"l\ﬁtf%#%ﬁ ﬁ.#iﬁﬁﬁﬁiﬁéﬂ?% . 5 .m(.iata £, R—REHRCE
T FTEEHSMAT, RSH2#HEH Rk
drors EABRA R E LRSS, FRL 1145
.ch_frame BEARBANHAL C+RFREALGAL

.eh_frame_hdr

EAMERANEL CH+RFAEMXINET

.gcc_except_table

AR iR

.gnu.version

FEmAAX, FLE2F

.gn.version_d

HEpmAAL, 82T

.gnu.version_r

HEmAdak, 0825

WAKBIRAGAPLTIESE, 749

.got.plt

Jjer Java FEA-AB X
.note.ABI-iag A T8 a 4254 ABI
stab WiKAE &

.stabstr

stab F A3 AFH &

EERNEREF—E. KES5E
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A3

A.3.1

BREAXTRGSTSE

gce, GCC Fmixds

-E: FUHEIT Al B I P AL FE 45 L4 H .

o HmiFAaEeE. _

-0 <filename>: FEEHH L% .

-S: R ERIR S I AR S0 1.

I ¥EE SR .

-e name: H§ 3 name JFEF A DAL,

~ffreestanding: AEFMOLHFEF, A& AINEE CBITE. BaXHE.
-finline-functions,-fno-inline-functions: J& F/3 M P 6 R 3.

-g: TEHIFSS BB MARRE R, -gedb BEEMA GDB iR AW IR R MR K.
-L «directory>: {REH M AT, £ BRZ A E SR,
-nostartfiles: AEHERE BN, i crtbegino. crtend.o.
-nostdlib: ANEFERARMEAESCIF, FER CIBITHE.

-00: KHAFTHNALEDE,

-shared: P=4EILEN R .

-static: ¥ AR,

-Wall: S#ACE DS M iF B AT R

-fPIC: A bl S AR AT i i o

-fPIE: A F itk S S A AR g ik T AT S04

-XLinker <option>: it option {&if%5 FEHEHS

-Wl <option>: 1t option #5iH 45 BERERE, 5 LI MIEIIRLL.
-fomit-frame-pointer: 3% 1k {# Al EBP 1§ 9 i i a4t
-fno-builtin:  #% 1k GCC HPFAE N B

-fno-stack-protector: 27X HIHER (RETThER.

-ffunction-sections: ¥4~ 5 Hodw R BT L HIACIDEL.
-fdata-sections: 4 R/FFEE R IF DI P BB .

EFRNSREN—BE. RU5F
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A.3.2 Id, GNU 5&Ess

e -gtatics MAREERE.

e -I<libname>: fii BB,

e -ename: #E name HFEF XKLL,

o r: GHHRUY, AR AR

e -L<directory>: f@BEEN BT, SMRIBZAHE SHEIT.
o -M: MEHERERT YT S AHLAE S b A — R S
o -o: fEEHNH T

o s HBREIH AR SER.

o -S: JERBRAH AP IR S

o -T<scriptfile>: 5 & BEHEM 4% 30 1.

e  -version-script <file>: 155 fF S A BIA 0.

e -soname <name>: fHiEHiHIL R SONAME.

e -export-dynamic: £ RFFEHFH.

e -verbose: EIEEIHHIEME R

e  —rpath <path>: {55E#HRNTE A IR,

A.3.3 objdump, GNU BfXXHTRITNHESE

e -a: FEEa R ETE A BRI

e b bfdname: f55E BFD 4.

o -C: HTF Cr+FFoREHITREMN (Demangle).
o g EBREIRER.

o -d: MHEEHLEERSMBET RIC K.

e -D: XA REBGEHT RIL S

o B AR S 3k .

e -h: BREZE,

s BT eER.

o -p: SREALEGEE, BAEAAEIGRT M.
v R EERE R

-R: RSB EEEMHER.

L

|
i
.

L ]
—_—

EERNSRERF—ME. RB5EF
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-s: WIRICHERTAT 2.

-S: BRI G (WA -d 280,

W BRSO A A DWARFE iR 5 B RS U B .
-t SRS R,

-T: BREhEHEFSE.

-x: SRR k.

A.3.4 cl, MSVC #mix3s

fer RUmiZAgERE,

iZa: BILESTRE.

Mink: GEFEFE E I B BE R B8 6 5 8.
/0d: ZE iRt

102: LUaird st Bhriik.

f01: BLEATH 2 ) h B frikth.

/GR BU/GR-: FFRRE3CH] RTTI.

IGy: T IH R B H

/GS B/GS-: TP

[Falfile]: it L4 31

/E: FUEATHIRLPEI BAC 45 Rt .

M fgE ks as HR.

1Zi: RHERER.

/LD: #%i#¥Er=4 DLL 3.

/LDd: %43¥7/74 DLL 30 GRRARD.

MD: 551 £ LRRAIE1THE MSVCRTLIB ##.

MDd: 5 iR Eh A& £ LR 4247 FE MSVCRTD.LIB 4§85,

MT: 5B AGEITHE LIBCMT.LIB .

/MTd: 5ifi{EE S L MRAIZETE LIBCMTD.LIB %#.

link, MSVC %38

/BASE:address: 5 5 # H S0 Rt

ERRNERER s, BRSHF
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/DEBUG: %! iR R4
/DEF:filename: fi 7€ # s L . DEF.
/DEFAULTLIB:library: J& &3 INIZT .
/DLL: 7 DLL.

/ENTRY:symbol: fEERIFAM.
/EXPORT:symbol: & EMHFSHFHME.
/HEAP: EEERHEA N,

/LIBPATH:dir: 53E SR FEM R IR 12,
/MAP[:filename]: F=4 58 MAP %,
/NODEFAULTLIB[:library]: 4% 1-BRIABAT .
/OUT:filename: & x4ith 3CiF 4.
/RELEASE: LIk i it A<= 4 i th ST F .
/STACK: FEBRIAEE D,

/SUBSYSTEM: & T R4,

dumpbin, MSVC By COFF/PE XHEE8

/ALL: BRFAE R

/ARCHIVEMEMBERS: [75.LIB X+ i B ARSCIF 51 .
/DEPENDENTS: 753U (%) 8h & SR R
/DIRECTIVES: R,

/DISASM: B8Rl .

/EXPORTS: WS HEHE.

fHEADERS: 7~ k.

/IMPORTS: RS AH#E.
/LINENUMBERS: 11755 8.
/RELOCATIONS: 57 & 5 5 fo
/SECTION:name : ZHA Bt

/SECTION: &R PHREE S B.

/SYMBOLS: 7R 5%,

TLS: ERefi s ffr ik TLS /5 8.

EERNSRER . ®R5F
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ABI1 (Application Binary Interface) [ F F2/5 i 380,
115, 230

Activate Record 1&&)id#, 287

Address and Storage Allocation Hyh- 177 (6] 4-Ac, 51

API (Application Programming Interface) [ F 2 Fimfe s
H, 9,117

ANST ( American National Standard Institute > 3% [E[H 5 bzt
Fe 336

Anonymous Virtual Memory Area [E & B3 F7 X 3K, 166

Assembly L, 38

Atomic FT#Y, 25

AWE ( Address Windowing Extensions) Hihl % Q1§ &, 152

Base Address # bl 175

Base [ndex Scale Addressing #EhtLb Al F 4k, 47

BFD ¢ Binary File Descriptor Library ) i | 30 {48 R FF R,
131

Big-endian K3, 66

Binary Semaphore —Ji{% 5 i, 26

Bootstrap 45, 214

BSS (Block Started by Symbol) |, 59

Built-in Function 9 # & 4$L, 126

Bus H#K, 6

Byte Order F¥5FF, 66

Calling Convention T FI8 {7, 294

Code Generator {45745 3§, 47

Code Section fUT3EL 58

COFF (Common Object File Format) R & TP,
134

= 5l

COM (Component Object Model > 41 {471 54518, 275

Common Block, Comman £, 111

Compilation #ii¥, 38

Cendition Variable #ff% i, 27

Context-free Grammar = F LR IEE, 43

Core Dump File #% R0, 57

COW (Copy-on-Write) St &, 23

CPU Bound, CPU 4/, 22

Critical Section 15 5+[%, 26

Data Section $iH5 Bt, 58

Decorated Name #5117 /5 # F%, 88

Delayed Load (EIR# A, 264

Dependency Ordering HE#T ¥, 224

Device Driver f#{85h, 12

Disk Page B{#1TL 17

DLL Binding, DLL #£52, 271

DLL Hell, DLL B #¥, 276

DSO (Dynamic Shared Object ) ):&3LR TG, 183

DWARF ( Debug With Arbitrary Record Format ) i A il i,
R, 95

Dynamic Linker %88, 203

Dynamic Linking Bh#&5#, 181

Dynamic Linking Library 5):&8E% #, 56, 183

Dynarmic Semantic &7 ¥, 44

Dynamic Symbel Table #1753, 206

ELF {Executable Linkable Format) o 8177 ] & 4% 5(, 56

ELF Header, ELF 3 {3, 69

Entry Point A HEH A O, 319

BEERONSHRER—EE, BES5F
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E]l

Environment Subsystem 1% T £ 4, 409

EXE (Executable} a[$#7 XL fF, 56
Executable File T[0T 2L {4, 57

Execution View 417 ¥E, 164

Exit Code iR, 126

Explicit Run-time Linking 2 {24709 8, 221
Export Function % M i 81, 206

EAT {(Export Address Table) ‘FHiHuhk3%, 258
Export Forwarding 5t #0527, 261

Export Table 5%, 146

Expression #ik3(, 43

FHS (File Hierarchy Standard) 3 2085 S EHE, 241
File Descriptor Uil 7, 328

Finite State Machine # RAK:AH] 42,

Frame Pointer  Mii${7%t, 288

Free List “FH 83, 312

Function Level Linking 8 %048 98545, 114
Function Signature R $(% %, 88

Global Symbol Interposition RS A, 192
GOT (Global Offset Table) “=Jai {53, 194
Grammar Parser 534147 8%, 43

Handle f#, 328

Hardware Specification BEfHEHE, 10

Heap . 166

Heap Manager HETFEESS, 310

Hook 47,293

Image File B0, 136

Image Header BR{S 3%, 136

Import SN, 206

Import Address Table S5 A Mkt ¥4 263
Import Function 7 A6 £, 206

Import Library 5 AFE, 254

Interface 01,9

Intermediate Code (W53, 46

Interrupt I, 388

/O Bound, /O FHEK), 22

ISR (Interrupt Service Routine ) M A FEF2 Iy, 389
TVT (Interrupt Vector Table) B [i] %, 389
Kernel Mode A HEBI, 388

Lazy Binding FLIR#EE, 184

LBA (Logical Block Address) iZBMEX S, 13
LWP (Lightweight Process) # BHERIHRE, 19

ERRNEREBR—E. ¥RS5E

Library %, 51

Link Name §E# 45, 235

Link Time Relocation #8885 7, 190

Linking #E#&, 38, 50, 51

Linking View HE{EHLIE, 164

LSB {Linux Standard Base ) Linux K:atbanE, 117

Little-endian )i, 66

Load Time Relocation #4504 H 527, 190

Load Ordering 33EF 9|, 224

Lock #i, 26

LSB (Leuast Significant BivByte ) B2 &t s (6579, 450

Manifest, Manifest 2, 277

Manupilator H#TF, 434

Minor-revision Rendezvous Problem (%A 547 & (9] B,
236

MMU (Memory Manager Unit) N {Z5F 8 #og, 18

Module Definition File #Uthag 3L, 124

MSB {Most Significant Bit/Byte ) 05 K P/ F45, 450

Multiprogramming % i ¥, 10

Multi-tasking 7% R4, 11

Mutex H fFH, 26

Name Decoration 75 %1%, 87

Name Mangling 75 243, 87

Name-Ordinal Table 7R S #H1i%&, 258

Namespace £ %72, 87

Northbridge JEHF, 6

Object File H #5301, 51

Ordinal Number FF5F, 270

Overlay 3N, 153

Package {1, 50

PAE (Physical Address Extension } H#/FEHtAEY™ /R, 152

Page Fault JCEFIR. 17, 159

Paging 73 71, 17

P-Cade, P-f{#8, 46

PE (Portable Executable} w BSH ol 477 301, 134

Physical Page #1311, 17

PIC {Position-independent Code ) #7655 {E5%, 190

PIE (Position-Independent Executable ) Mtk 2o ul$h 4730
, 197

PLT (Procedure Linkage Table) i1#E#E4E%, 200

Precompiled Header File Fi#iF %k {4, 140

Preemption 147, 22
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Preemptive 478, 11

Preprocessing Ti4h#E, 38

Priority Schedule £ %% 4, 21

Process ¥, 11

Program Header #2/%:3k, 163

Program Header Table F£FF3k#, 164
Read-Write Lock £S5 H, 27

Rebasing H:hE 8%, 190, 210

Reentrant o] # A, 27

Reference 3(H, 81

Relocatable File A 5E fif W, 56
Relocation FE 17, 49, 51

Relocation Entry 3 {E AL, 53,107
Relocation Table 35 {7 %, 79,106
Replacement New 52l 4% B it i t, 437
Round Robin $2%4i%, 21

Runtime Library 21T I, 52, 335

RVA (Relative Virtual Address ) 833 @i HhAL, 175,251
Scanner {313, 42

Scoping JEHEHLH. 237

Section 7, 58

Section Descriptor EFfii T, 75

Section Table B3, 59

Section Header Table B, 69, 74

Segmem [, 58

Segmentation EE 15

Semantic Analyzer i ¥ 43 #7 2%, 44
Semaphore {55 &, 26

Shared Library LEFE, 230

Shared Object File %% H 53 f, 57

SMP (Symmetrical Mutil-Processing) 31#7 £ 4 FE38, 7
SDK (Software Development Kit) $ - % 58, 402
Software Interrupt %+ I, 10

Source Code Optimizer JE{CIBZELILER. 45
Southbridge BIHF, 6

Stack #£, 166

Stack Frame Etgm, 287

Starvation H#, 22

Static Linking Library ###48HEM, 56
Static Semantic #f#iH ¥, 44

Static Shared Library §&535 5%, 189

String Table 7% 3, 80

Strong Reference 07| H], 93

Strong Symbol 3RS, 62

Subsystem 1 R, 409

Symbol 7§45, 49, 81

Symbol Link H##E, 233

Symbol Resolution 5 #tid, 51

Symbol Table 75 %, 66, 81

Symbol Versioning K T-# -2 KR £ L0, 236

Synchronization [v] 2, 26

Syntax Tree {54, 43

System Call FZEiRMT, 384

System Call Interface FZEEIFARELL 9

System Service REM %, 402

Target Code Optimizer H b {13 {8 (L35, 47

Task fE%, 23

Time-Sharing System 4-HF R, 11

Time Slice I [a] )y, 21

Thread ¥, 19

TEB (Thread Environment Block ) £ FEEBIHR, 354

Thread Priority £ 58, 21

Three-address Code = Hii1#3, 46

TLS (Thread Local Storage ) k#8158 4. 353

Token id 4, 42

Thread Schedule # 7 iEH, 21

User Mode FfI /' #d3t, 388

VDSO ( Virwal Dynamic Shared Library ) Hg4lal A 36 5%,
399

Versioning R A=A, 237

Virtual Address MELLEBAL, 15

Virtual Address Space IR R, 150

Virual Page BEHITTL, 17

Virtual Section BEHLEL. 159

VMA (Virtual Memory Address) 4004 fE#uRE, 102

VMA ( Virtual Memory Area) #EFL{FE I, 159

Weak Reference 395, 93

Weak Symbol §97F 4, 92

WoW {Windows On Windows) | 409

XMS (eXtended Memory Specification ) & N FE b, 153

EFRNERBH—EE. RUS5HE
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FEFF 51 1Y H FefB 55

A1 1 A A E R PR ds 1 r BLIRLS, 25 )% - Windaws Rl
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