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INRIEST

CBF AFTFMEFA —KEMMATEOCHEHARZIEMR, ELRIF M.
FREE CIES LT, hiRME TRXKOWREE. BEADEAFIERE TE
ZoF, SREAF TEREMRX, HRRBMREMARFPHIRERE TEL
I,

—HLk, {REHREY] CIEEMRKRER. MENEFBMSREEL, RE—1TF
BN AER &, AT, IO BN AR REM L EEERL S AN IRTER
ELEYFF SR, fREFAAE/RERT .. EFIHIESR, RN E ERIH
IRATF, ITAFLERERE, APa BB HY & F R H A

HRRH N CRETER C EFNAERAT. HREKE, HE2SRENTFI
Wb, AEBALSMERNFRL N, RERERBREOIELG N, Sk, RBTHE
BRaFEEAERD, RIMAKFEANFHARS X, FEEETANFRXARNR
N, BREHRESETHRE

AEEETEIEE . BHBRERUEREH A SNFHEEER. 1.1 iR mfA S
ek, EAHBERF null AIBEA . C ZHFLFIILFHAREERA null, BrLMF
P null EXENEBRBX.

1.2 RSB B AR AN FRE, L8R, RMNEERACHIRPEE
KB EFAFEY, FERFSMREAL THAFRIESRWiEERIER TG,
BATI LR AR 0 RR R BT AN R T A ey LRk E 2R A,

b




L3 TEEARITIRERIET, BRBHNERSTMELE., 1.4 THEEE BN
. mEZRIF A AR A E T ARG AT ik,

fielre CBF AFHTFLEETF, RABAaER B IREA R BIEE, EA RIS
PHIZER., EF TUSERIGEBII T8, # T2kt At .

1.1 BEFINRTF

CEFEHRFER, SUA=MERXERNT.,

. BE/EBAAA
HESFEHNEESREXE, £2RESMEMXHsNF., X828 ERFITLR
st rEl, ERIRTF&IEAHE., A RKE R R 2 TR, fATENE
RN & PR AR e R RN,

i R A
XL BB, BB R A G, EARIE RS RIR T &
BoNER, W B A ay R HPR HI7E e B T R N,

« HEAHF
N EEE b, TLMRIER RN, M HEFIBRA Hk. faErs|HaoiRrin
7, EHBREMRT S| ARG, X258 2 EIE L,

7 1-1 B45 1 X S N A X srb FA 2 19 28 ) 1 A SR A:= i FR
z®1-1: AEAAGPEENIEREAEHERM

£ A &= &£ AR
RN 2 s R FRPE P A i R 30
WA 7 SR R BN R bz AR P A A= i ] 4
AadNTF (EEbifr) F B R R B PR PR i 7E £ b Ik 18] P
AN 5 UHIZ N R R HE A AR

B F X NG R B LA R A B a5 . Ko a8t HRRIENF AR EERE, Bk
BB % N A 19 4 DCRNAR 2R 05 30 B T HATSRIE B ARt an (R E N 17

R ERAESANFRANAER, SHREABAIMAE, MR NFE RS (Hbin
malloc) ZrECHINAE. $aEhl AR I eI R Rk, M RATLLZEN C £
AR, mBH. FH. FHEELE, Am, A HFEERE I HEE
HIRBIEE, faet A Rakit,
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1.1.1

o OHRRERIR £ R METE P T ERIE R

At L EFBIES
fEHE LR, B4
o BB R D,

o XHFEIEAFTAL
o [EXRIKRAZEFREMRGE;
o RO TR E 5% BRSSO R RE A 245 K HE R HIIFHH
o« RIPEASBE B L5 ek BV R

FREN AT LS H o i AR RS 2 R A fa e BRI, WU, RiFSFFILIE

7 ST R BT . FR A
REBIREHIEH ET SR, thansER T LAHBA LI, Hn]

I B — A AN R AR BRVETF

SRR

LA REFSEEL.

PRI, 1EEFEASEN, WREAHEMMRE T A3 L/ . AEAXIATEA

FIEH T, AEM, WEFIEH RIE,

B 1-1 bR R R T R e S8l A TRERM RIS, Brh 2o T84,
head TR XML N THRERA TR I0NLE, BN BATEBLEE
AR TR 1, SR next FERRFR T —1 A LEBEHFRI Fr. KIKRITT

FronAE .
{ER&14H {FH a5t
Head | 10 Miller Head
10 next| 13 ll
Miller Donner Smith Moore

1 next "I next next [‘ next | |""1'Ir
Smith

R next| 15 II
Donner |«

13

15

next

ﬂ

Moore

next

23

v

1-1. BROMAPARNEHN
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A ERTHIBHEIRNENTER. head BEFHIGRE /0 TH AN . &
A AR LRAEfifs M aE R T — /- A HI4E .

R A A E RN, WERE, W QR EAN FEMERARKE, RS
RAIERFTREEA TREE. EREEERAZAMRE], FAHH R TR TER 2

CHIZIENF AL Ll Eik 2 g s BlE). malloc 1 free &6 %24 5 H
S BB ENE. hEANTFLE AT LB 2 KA MRS (ansEF FnbA
7)o Ait, #FEICL FrifEth TR EA T,

HENFARARBVIELGE D, HHRLEEE, RARLEF QIR R
et Rk, BENREA N IZHRBEFFENTE, mALA 7@ migEdE, kb
i, THEMARE TEDSARERN printf &8 H KITED names I A TTER
F=AFH, RIS X R & BB A, ARG, RIS 1.1.6 TTHiF
AT 5 M# S| (dereference) FY LIEREE, REMMH LIS L rTEn, HEEA
E e

char *names[] = {"Miller","Jones", "Anderson"};

printf("%c\n",*(*(names+1)+2));
printf("%c\n",names[1][2]);

fEt 2 S FnsR B AR R TR, AR 2 NE @ At B al e S X AR %
|E.|EE t] Hﬂﬁﬂ:

o« LhlRI B AR Ath B v A5 A T ek -
 HIZERFHKEHSIH;

« HEESEREONTFREEEHSIA;
« NHFDBECZAT#S | 1RE .

BINEER 7 ERAPIIXJLERE,

IREFAVIE B fniE L CHLJe (http://www.open-std.org/jtc1/sc22/WG14/www/docs/
n1256.pdf) HiHERIERE T, HEEA —L 0 T HEEA WIlE IREF 1T A,
XEEHT, FMENITAENL AT Z2—,

o FIEL
ARAEREH, HHA R, EIE AT AN TR Y R B AR
VEBT anfal b FEAF 5 1L
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. RHAZL
AEMEI, HEERXHEMAE. RAETAHN—AGF2= malloc & HHY
Z 8 A 0 i B 4> BRI N 77 K /. 7E CERT Secure Coding Appendix DD F — 4
KWE T AMAFE (= W hitps://www.securecoding.cert.org/confluence/display/
seccode/DD.+Unspecified+Behavior) ,

o RANL
BAEME, EEEEE TR E, X7 AN —A6F2# free REEKAE
##J{H. CERT Secure Coding Appendix CC f —/KE AT AHRIFIZE (&N hitps://
www.securecoding. -::f.:rt.Drg/cnnﬂuence!displayfseccndef(f{:*+Undeﬁned+Behavinr) é

AREEZFIBESHARARITH, FETAH—RHERFS ARICHEEH. K
B SR EMTARB AZRIFZEEERE SRR AE L%,

1.1.2 =HA#E
B EFIERR FHIRA S, B iR EEMNLAFAILIERfE . TEMNFTF
E!HT""T"Eﬁ:FU_"?"%ﬁ*EH

int num;
int *pi;

ESMIANZATERER, THNFWHAESFIR.

int* pi;
int * pi;
int *pi;
int*pi;

A -a

=B FPHE R R AN E.

ESHRRFUNE. IE—TERINFTS, FABCLHEREIMS #HEr L.

FLAEA, B -2 W T RPN FSERT AN, A HTERR=AAE
BIC, BAHEALDNEFEIE, BitFOMNATFRFEAX AN ER, XH
Wik 100 S 20 TIRBIREE ., BLXAS Rk, faehsiE a2k RRYKhithkE
WRRME, mAERHSOMARFY, XMEBEH 2, EARRTFRDH
fLRINr.
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num 100
pi 104
108

1-2: AGER

R AR AIBCHI N FFRIFEE AT RES T A M, AR AT AP REH S|, FREFRINZE AT

REH D E— S ERhL, AL SE&al, A -kt fere i L& S E&RIdE.

BFEARGRA A&, BNEKRTS & LaElATFEIE, SBR™E
R, KER—ARIRE, B 7 FZRH X RS,

A5 & num 0 pi 3 BIAE T HbhE 100 0104, RiXXHEANEEAHLE 4 FH2Z0H, 5%
1.2 Erin, ShEMKERRTRAGEE . BRAEFF IS, KB A A6+ &
fEH 4 FHRAVEH

W A 100 SORERIMb AL K BB SR ol T, kARG, MRiE
| RGICRSE & P EURFRIBAL 1 L S b 465 (o] — A B3 7 JLiK
" AR ER AT AR T
B JL A

» pil BYNAEBRZ R IZBIE A — 4B E0E SRyl

X BRI, FLVR SRR
%ﬁﬂ%ﬂ¢ﬁﬁmmﬁﬁﬁmﬁEFM%EHA%TM&%&%W%%%%%;
. , TREFARE, mHREA EWEH, d9WiFa SR,

-F

1 BFIbrR, FATRAE 7 BCHIN b ol RERL S (LB . 2N 17 Wl 55 BB A
_ SWEE, ZAlMAZAETRER AT AR, R Z AN HE N ERR,

VOB M ARG 2. BB RS TS, WA KRR
WK, LA P A BIR

REAZ MG TLE A, HRAFMEELGE, A S EW TE,

1.1.3 4T3 = AR
BLEET 48— FhRRIRE AR i, ENHESILIRITEASEM, . #id
Kik, REHRNMBEHBHE R EAHRE, B LAEEAECHIFH.

const int *pci;

Bl R i T LALE R A — R R B X A = (WL 1-3),
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I pci 2—A T const int *pci;
2. pei —AMEE R const int *pcij
3. pci BT ERBHEIIEH TR const int *pci;
4. pci E—MERBEF RMISEH TR const int *pci;

1-3: EILKEIA0E
REEBFQEREA B KIZEFARENLERT.

rr 11

BFI 2R FOA R, E—ikE, TATERZ G+ Rt X .

1.1.4 HiHEER
b4 VE7F & 23R FHRE S b AE . T i1 RT DA RX AN R R S w45 1E pi 454+, 4o
TR

num = 0;
pi = &num;

num 2B EiIZXE A 0, M pl X EALER num AUEbhE, 0@ 1-4 Brs,

num 1001 O
pi 104 | 100
108

1-4. AGME
AILAEF B & pi MIEIFHE ERMEATESA num FIBAE, 4N FRIR.

int num;
int *pi = &num;

A TLAEFM, THEATEDTERERS %1k S P AR S RITE IR

num = 0;
pi = num;

£ IR B AR AT RE R X R

error: invalid conversion from 'int' to 'int*’

pi A BARBZEREWE, Mnum R EBE. XTHIRHEHELZUERAEER

INRIESH | 7



Ae R BB BINITE

A

ERHBHS Rt — Rl FBE SR,

REtNBEA K. EXREVLE L, AIRMEFSEFMAMEFTHEIESF, H
BIA—8, Ak, el DHERE 18 R B BRI a5

pi = (int *)num;

EXEASTHIBEEEIR. Adsfrieka, BFEARESEANKERS | #ik 0 2b/I{E
MmIEE®HBRE, AR BERSP, EEFPEMRBI O ZEAGERN. BRITSHE
1.1.8 W EFEMTHEX ) [RE.

r-r'l

R A& — A 21, an TR
_,n

W oA int num;
LISy int *pi;
pi = &num;

1.1.5 ITEPRESHRYME
A 1EbR{E A EJLFATRER 100 5% 104 X FERIHbHE, A, B EAIHAE T LA
SEIHTEI MR, WTFH%

int num = 0;
int *pi = &num;

printf("Address of num: %d Value: %d\n",&num, num);
printf("Address of pi: »d Value: %d\n",&pi, pi);

EithE, B3 TEMEE, EXAFFRRNE 7T ELAal, Rkt ATES
A—1:

Address of num: 4520836 Value: 0

Address of pi: 4520824 Value: 4520836

printf BREOEH H A JLF#EIN U AR ESTENFREHRUERT LA, 403K 1-2 B,
F1-2:. B RAT

IR -1 X

%X FHE R o8 1752t i 4

%0 FHE B4/ %

%p FHAR OB E R, Ol 8 R 53t

8 | F1&



XL BT & T

printf("Address of pi: %d Value: %d\n",&pi, pi);
printf("Address of pi: %x Value: %x\n",&pi, pil);
printf("Address of pi: %o Value: %o\n",&pi, pi);
printf("Address of pi: %p Value: %p\n",&pi, pi);

XAEER S o pi MUMLBEFINE, T AR, XA, pl 568 num Byt .

Address of pi: 4520824 Value: 4520836
Address of pi: 44fb78 Value: 44fb84
Address of pi: 21175578 Value: 21175684
Address of pi: 0044FB78 Value: 0044FB84

%p AN %x HIARE 2T %p —RSHHFRARATREFKE . MRERFHIVE
B, FAT1A %p (E DB aERI PR

ERREES EHA—-SH RN REHWELRERE, —h &R HREA
void $8%t, A5 H %p MR ER, WF:

printf("Value of pi: %p\n", (void*)pi);

void 5SS /E 1.1.8 i) “void F8%H” R, A THRIERGIE R, RMZH %p
VEATF, mAiE#hhEFE4R A void $8%T

RN

LEATEN#hBE B 1R 0 & iU, £ R MR 4F & 4 b BoRHIREH L — A 2 R SERY
WEAFRLE. BLUREAKARITFE T AV SpEBILZE . MRARFS
FT (Bell) , XERMRAANFHAIKR. MARFRI#SEEARRN (T2
HHARRY) WA B, mEARRARRBMLTAFEH. InRRBIERAATE S ASE
—TI BN, ATLUR X N Fr 2 B — Rl b, ik TEMFREHN
firh (N — MRS 5 ZBTHIARE ) o X FPEE I BIERIE RS E B AR T
R RHIRIE M,

BARFERE B QBRI GHBRNYEANGFZR, Kb EHAE, BFEM
ot AL . #iE R RS A TFERHTE ISR AL S A B A ik

X 0k T A BB R P TR AT REAL T ARIRV B AL E . M AR FRIE
LA &%, REBRIMNEEBRHNEHFI ML, BEAESTHRNGEHL
bk St o Sk

BRIERGLCE DRSS, BF ALEEZEHRATERD, B XLE R M aE
ARIE R Gz THIVER PR B ik

iNiRgEst | 9



1.1.6 HiEEs| BigERr#s| 5t

B4 FERIER (*) BREIEH B ERRAVE, —BRAMSII5EH . FHEAGFE
FRFnf 454 7 num F0 pi.

int num = 5;
int *pi = &num;

PRJE T ERIIE AL A S | AR EF R Bon 5, it num (A .

printf("%p\n",*pi); // @®m5

FANW AT LATERE S | BB R 244, RiE “"lH” SRBIERIER A DR
Ve%, FRERIAEELI eI LAMES, FAEiawiiE.

T A AR AE 200 K45 pi fR M AV BB ROH'EFR M num & &, 200 & KA S
num, & 1-5 BB X AR AE N 77 .

*pi = 200;
printf("%d\n", num); // ‘i 200

num 100 | 200
pi 104 | 100
1081 ..

1-5: FIRARSIBEREATRE

117 fEmERHESH
e ATLAR Wb e i 8, AR SER fMEIL, T m iy A U8 B 4n ] 7= B — /> 48
R BHIIEE . WBURAZHWEAREE. 52T 2 foo:

void (*foo)();

fER B BRIIRH AR ZESRTHERIT, 1FE 3 T,

1.1.8 nullB9EES

null REEE, HAMKEZWBIRE. ZLAZERERZ, EEAFRNSER JLF2A
(BX A —HRI8EE, 1.

e null B2

e null 55 ¥ &,
» NULL %=,
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e ASCII =%F NUL;
. null $ﬂ:$ 3
 nullifm,

NULL B (A5 st @R HFIRE AR MM AE. null BESE2BHHES T 1
Fesk I, FBIE4REEA—F, BERARREMAFR IS, A null 55 E2H
2y, REAEN, B8 MR (nFEfHesmEdsst) T LAR X AR
null fEEF2E%,

null B4 RE T nulL 55t E Bk LHN—RHER., SN ERFATREE B FTREN R
20, CEFATNEZERLLFERINHER,

NULL 25 5 2R R4 4 void IRV BT R 0, HEREEPELT

#define NULL ((void *)0)

X REA T D nulUREFA RIS . XA L — R AT LAFE % Rk SO R3],
4% stddef.h. stdblib.h F1 stdio.h,

MERIEFSH - MHEEMLE R FR null, IBARIFRMA TICERE LT 0him
NULL 3% 0 24 ff null $5%F, LBrAY null WEPFETH LI E XL, {#H NULL = 0 &
FiEEEHEZR nulL RS S .

ASCII FFFNUL & L A2 ORI+, R, X nulliEHA—H, CHFFERX
RAUOEERENFFFI, 7l FHEREFEHEHE, NOESEMER. BfE,
null iRk RE — 12 SHIiER],

% PRBEMNEZFE, nullIaE TR 2 BRI LIR A RAE HrvRE,
iR 2% M null IR RR R ERE R,

IR E null AR pi, A8 T mAFHE A NULL:

pl = NULL;

- a

T nulUSRERIR AR R, R AR A E I, T
E & NULL A B 2 31 P 72 o RO i it

AR, JROTUAHRHR O, (HEAERBREMNNELKE, F—T THABIE
#R1E:

piL = 0;
pi = NULL;

AIRTEST | 1



pi = 100; // iG&EIR
pi = num; // &E&ERR
et FTLAMEAZ BRIANAIME — R IES. Lbanik, FAT=TLLH T mAav ek mhiLis
HETIKE KT NULL,
if(pi) {
// AviE NULL

} else {
// #& NULL

TEHARNREEBAR, BEEATTR. XHETRRENH, H2ELERX
- 4. HiER NULL fiitbiR.

X B pi #EK T NULLE, APk & s b bl 0. /& C hixFEmR, P2 i
# pi A& NULL BIiE, else sr Xt & hAT.

if(pi == NULL) ...
if(pi != NULL) ...

-rr'l

| {F (I BB ER AN R 1% 4 nuLL 45 5F T IRS], A EHFARE & kibhE,
H | TR S SER L L.

1. AAHANULL

{#F el —Fh I E 47, NULLEZ 07 TitMl—FhElsc 2% A8, &FEWRp R
ETANEH., AEFARESEWAHNILL, HAXHESIERA CETEHEH. 7—2%A
M ur 842, FA NULL HSEEERE 0,

SR, NULL ARCZHEFRH 2 E T Xvh, AtEaTEAH, EARIZXZH,
IRARE ASCHI THNUILIEBEESERE, XN FFEA E XTERER C L3
H, BETFERHF '\0', HEST ¥ o,

0 HU& BiE LT XryRfbimAe L, Al ErTeREE 0, AHEXATFERE null 5
%+3 :E?——’W:iéiﬁ“fﬁfﬁi=

int num;

int *pi = 0; // XEM 0 FT null F4EE NULL
pi = &num;

*pi = 0; [/ XHEE 0 X TENRO

AR T EHBAERER, LB STUAR R ER$EH . WoI45H S& Bk, 0

12 | 1 #&



W ER T, FTMNTEwEAETIR, BEADRE R BEHRERIER.
2. void¥g§t

void #REH2E AT E, ARAFBUEMEEXTASIAH. TrarglFRe—1 void
ikt

void *pv,
AR A ERE TR

« void 5+ BAH 5 char fREHHEERITE R 0N AE 3 75 A3
o void f5EFFNBIAIIEE KT A S, Ah, WABIEA NULL Y void 55 24
ZMm.

(4S5 ER PT LA BE R 25 void 46, Bl LAB ik m FoRTREH KA, XHEMIER
HrE MR ME RSN, £ TmAREA, int FHHEES void IREAR)G

int num;

int *pi = &num;

printf("Value of pi: %p\n", pi);
void* pv = pi;

pi = (int*) pv;

printf("Value of pi: %p\n", pi);

T B, faEHibhkE— R

Value of pi: 160
Value of pi: 100

void #i4 S AMEIR IR, mAREAMEEIEH . £8.42H, RITHBFKRHR
anfal A void $a%EH R MR 2 /YR,

of .

YT M void fREHORIRE L. IRIEERIEE BN void HEH, TBBEA
W g M AREHLIE PR B R R A 8 T

sizeof #IEFAILAHTE void 8% E, A B EZEXANBRIEFHE void L,
N Ers

size t size = sizeof(void*); // &
size t size = sizeof(void); // A&k

size t RHXRFERKEMEIEEL, 7 1.2.2 Fdhitie.
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3. 2 EMEBTIEs

RHEAERAL BEHE, RESEERT R BEMELA NULL, THE2 /NS
YRR -
int *globalpi;

void foo() {
static int *staticpi;

}

int main() {

}

B 1-6 B TRTEA R, i Atd, HER kBB NTE, HE iRy X g H
KGHRER/BEATE, IREFER, BEMLS LT & RESKRmHER LR
AR A R BB, ARFnHEE7E 3.1 TiiHE,

e — L —_— - —— e ——

g A | globalpi HIJ[LI
staticpi | NULL

H

foo

main | | F

1-6: ERNBRTHEHNAFIE

1.2 IEFTRIIKEFZER

MR FEM AR FRSRAEM AT BEYE, R KERE -, E£REFsIARFE
&k, BIREHKEAERE MR, SRR, char fRtSaERE
B, RE CAri A M By ol K AR EHC BEARE, (HE 8 % K he il Dk
EiXFE, ik, RBUREK B FTHE S AR AREHR AN

REHCER R T(E RV MgmiFESS ., tbin, EB Windows b, &2 32 {iisk
64 (i . *TF DOS F1 Windows 3.1 3, &2 16 sk 32 fi k.

1.21 RAFERE
64 fir L2 K HBL S BOH R R R KW RN FEKE FERBEME, TR

14 | 1 &



PLAS FNGRiF a¥ (E28 C RUE AR R R s Al =2 0] EA A RREE . FRfER A R iR
B —MEARREEEWT

I In L Ln LL LLn P Pn

BAOREFRX B, RERSIREH, NEFRRIRAZBBEL BRI E.
< 1-3 B& XA, Kol

x®1-3: NBAGERE

CHiEER LP64 ILP64 LLP64 ILP32 LP32
char 8 8 8 8 8
short 16 16 16 16 16
_int32 32

int 32 64 32 32 16
Long 64 64 32 32 32
long long 64

pointer 64 B 64 32 32

WERR T RIEAGMNGiIFSG, —MRIEAG TR Z MR, Xl 2 AmiE
i B TR A% | Y

1.2.2 FESTHEHXBTE N ER
F HIFEF 2 E HBILL T EFh e AR,

e size t

AT &2ERRKE.

e ptrdiff t
AT e EABE,
 intptr_t#Heuintptr_t
T 17 il et H ik
TR GRENH A, ptrdiff t BRSN, ROESE 131 00 “WARE4E
B Pitiee.
1. Bf#size t
size t KM ER/RC HEMMRATEREFINBERKE. BELHSEY, BANEK

EXEEARNL., ERHRERE -FATBEN G ERFEHE R TR IAMAE
I —BMIKE, size_t Ml sizeof MIEFFANEREEREE, RN H21REL &M

INRTEET | 15



ZHR, BFE malloc 1 strlen.

2 75 WY A B S R KA M size t AT,
| ESRATEA S BES], A R B A L.

size t WFEHRLE AR, BHIAE -2 M PridE kX, k4o stdio.h #
stblib.h, HAEIFIFE LT -
#ifndef SIZE T

#define  SIZE T

typedef unsigned int size t;
#endif

define $§ 4 MR E R E L —ik. LhryKERG T, @ ENRMLELE EE
M EERE 32 6, ME 64 i R4 LML 64 i, —ftki, size t AlREMIE KIEE
SIZE MAX.

B size t AJLAHIRAFBIREN, (H@fE size t MEEH —HKAE4
_@ LR, fHER "M sizeof #IEFFAERE" ZUFH, intptr t & E4F

FTEN size t BAVWEM /0, XELETSE, Bk mCHEMHT, "B
B A RS, AT E %zu, A, FEEEN TAGER XA UHBESF,
EAEA, WTLAZSJE %u 5 %Lu,

TEEAPlFR— AR RE LA size t, 2RFa HF R AR A& XU I FF R ATED .

size t sizet = -5;
printf("%d\n",sizet);
printf("%zu\n",sizet);

B4 size t AKeHTRAIERBAR, RHRIRNERES BRI, RAE
B—- 0%, RJaH %d F1 %zu ¥ HATHTED, s Ean T &R .

-5
4294967291

%d 2 size t UMAEFSBE, BTN -SHATRPHFRIIHLE -5, %zu it
size t HEH S 8. X -SHEMITAHAT SN, BEN 1, RARXNELE
s, YEWRITALHSER, S8 1 #2482 TR, FrLIEH %zu #&XiR
B FFi A S B B AR K5
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EHEERRR, WFH7R:

sizet = 5;
printf("%d\n",sizet); // B~ 5
printf("%zu\n",sizet); // B-5

Hh size t BEMFSH, —TEL/XFPRUATRBIER.
2. XIEHER sizeo FIR1ERT
sizeof HRVEFFRILLH R FIMT a4 &, TS TR char 88 IR E :

printf("size of *char: %d\n",sizeof(char*));

HiHAn T .

Size of *char: 4

A

W AR ER, —EEH sizeof #IETT.

REIRHAIKER R, @E, M THENRIERGEMERIESRAS, TLEER,
R amiFEes LR eIE 32 fiifn 64 (i p R, FTLA FRI—ABRFKIR, A FER %
FEk T ] e PR E A RIS .

{F Harvard 2849 b, ISR GFMEEA R NF ., o Intel B MCS-51
(8051) [AbEE 255k Harvard 2849, R Intel A EAZXMEH, HIAELER
R I AMATAE MM A, Small Device C Complier (SDCC) k37 X 34k
& (2 W htp://sdcc.sourceforge.net/doc/sdccman.pdf) , X 4L 23 B9 48 &< B 7] BE
N 12845 20A, HLEHKENZEFEMNBHE, KEEEXMAEFE
HAEE .

3. M intptr t#luintptr t

intptr t#luintptr t KA HRFRIEH ik, EMHRE T —F#E LL2/
F i FERE, ARG ERNEEKEHER, T EE R LB BUE 0k
HRA H.

uintptr t & intptr t W EHFSEE. X T RKEo#EE, A intptr_t LLEREF.
uintptr t A intptr t BBHERE. FHEAVEF B E A intptr_t.
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int num;
intptr_t *pi = &num;

ARAR T EARAE IR E R Hb i BU4S vintptr t RKARIRE, KNS/ —AMEE
PR :

uintptr t *pu = &num,;
R AR Y

error: invalid conversion from 'int*' to
‘uintptr t* {aka unsigned int*}' [-fpermissive]

Ak, F 9% il 2 R A 46 I {EL A T LARY

intptr_t *pi = &num;
uintptr_t *pu = (uintptr_t*)&num;

INRAFEHR R, AN uintptr t H T H b2 A,

char c;
uintptr t *pc = (uintptr_t*)é&c;

B BHBENL SRR ERMN, BMAMIZEHZERA, A, ARieEhl, &
HIBiF A2 ER,

ke BRI AR AR 64 (7, SR 4 TR A TR,

) R Intel SbTI S R 16 (L f 4 B A, IE 45 E A dE AR
W 4. AROEINT R LR R SR T, AR R R C AR R,
Rk % H R Intel RbFR B A4y B AEH, TS E — ik RAE T4k 64 KB Y
MAF. G £ AT AL 1| MB 75, (LR HITIEEE, BEi54 2H7E

{eit (O AE et (3R T RERG AL

1.3 IESHEIERF

EEAJLEBRIERT. BAiliC e il i s | Flusb iR TR, AT FaE B
REHEARZELLE, & 1-4 84 TIREERIER.
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R1-4: BHERIEF

B’ 1E N % W g X

' FA Sk 75 WA

* 75| FkE MRS 4%t

-> 1Ra] MG REE S | IS+ B
+ n FAFxifaE-fonak

- 23 FATF AR EHEk

==!= A%, AF tLE AR

>>=<<= KF. KFEF. MF. DFETF ELER AT

(Frimdn) ¥l SR e YR T

1.3.1 BHEREZHE
BB T LABATEL FILFME AR Z R
o ZRiRENIN L EEHL

2 AUk?EﬁH'ﬁiiﬁigggﬁh

‘ ﬁﬁfFiﬁ%"$Eﬁi;

« HLBRARE .
R AR WA —E .,
1. R IN_ LB

XFERERE B BERA M. SigE i E—/8Ekh BB XA BBiE
2 SRy JUAS SR EE 4 OF: 20

ENFRGEEARR AT K FETREAR, 40 1.2.1 TR, ¥ 1-5 B4 T KETA
iR E WA, BRAERFDIFEE, ABRIRGISERZ ERE,

&/1-5: HEEEKE

MiRAkR *E (F7)
byte J
char 1
short 2
int 4
long 8
float 4
double &

A TIRHE R M EBEBE, BRINSER—12EEYH, mnTFhxr, BKpi
1, Hehkgghn 4, xeenE BRI EINE 1-7 Bin. feetR SRR R =AY,
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DMEShfTE AT, ZF A shAEIEHHEN I BB 1 & 2 LA RE, AR et 2 andE
AR RRIFI KN,

int vector[] = {28, 41, 7};
int *pi = vector; f// pi: 100

printf("%d\n",*pi); // W28

pi += 1; // pi: 104
printf("%d\n",*pi); /] B4l
pi += 1; // pi: 108
printf("%d\n",*pi); A Y
A

fndfx B ARAN LT, BEM D SR, hikERAS— I TE
 Hadshk.

vector[0] 100 | 28
vector[1] 104 | 47
vector[2] 108 | 7

pi112 | 100

1-7: vector HEARNAGEIEBR
£ FEAIREAF, ML M3, pi RSB EHHE 112, 38 pi A HRIH0HE.

pli = vector;
pi += 3;

fREHRm T A, XSG LM, HLRW TAEMRE R RzTE N Z/hO, k&
HBEATCE N RGR, MIZBER, EAMTZERIEEGRINTFEEAER,
BT T A e ik s OLAR A 5 & AE

FEE’JﬁﬁQiﬁﬁ%T short #0 char ZE RS EHEY TNk H 1

short s5;

short *ps = &s;
char c;

char *pc = &c;

BAMRIZANF B E 1-8 Fron, X BHABAMNELL 4 75005 . HERyHhE T 6E
5 B A 6] ) F 15 BONA R A+ .

s120] ...
ps124 | 120
c128] ..
pcid2| 128

1-8: short #0 char 5%t

20 | 1 E



TEARBS S5 1 ARETRAZ

printf("Content of ps before: %d\n",ps);
ps = ps + 1,
printf("Content of ps after: %d\n",ps);

printf(“Content of pc before: %d\n",pc);
pc = pc + 1;
printf("Content of pc after: %d\n",pc);

BTG, TRROZREMR B an THISS R

Content of ps before: 120
Content of ps after: 122
Content of pc before: 128
Address of pc after: 129

ps ¥EHH N 7 2, KA short KERZ 2+, pcfREHH¥mT 1, EAECHEESE
R 1Y, KLt rgEaRSaHNGEE.

2. voidfgst#nmmix
EAY B, Ko RESEDILTS void B MERZR, X BHRIMEIE void 154+

MKER 4, Aid, KEZH void 1840 | FTRESBOEEEIR. ETHMARBRER
f, BAABTEEHFABESEM 1

int num = 5;

void *pv = &num;
printf("%p\n",pv);

pv = pv+l; R 25 35

THEELHEE:

warning: pointer of type 'void *' used in arithmetic [-Wpointerarith]

SR RARE C RN, FLARES R TSE, A, pv Q&MMLHEMT 4
F4.

3. NisstmE B

AR BB TUARNIREH AR In—4E, AR MIREI - B E. WA, iHESEE
BRI EMBERERNER, A THEHAMNEHBEBEWRE, B/IMEADT
Friosdd, X BRIANGFoEBME 1-7 Frx.

int vector([] = {28, 41, 7};
int *pi = vector + 2; // pi: 108

printf("%d\n",*pi); /] BT
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pi--; /f pi: 104
printf("%d\n", *pi); // B 41
pi--; // pi: 100
printf("%d\n", *pi); // ik 28

pi kiR 1, HULERS IR 4.
4. 155THHEIRL

— MR E D AR SRR AL EE. KT EEEFERIFAM, HALL
1| by B 20 I ST R Y

it ZAMEE LN ZEMHEER “BA B, EMNF SRR TRIERWINF. X
¥ et ik 2 —#ay, mPlFes ER2EGEERE., IRITHE “84r” SR IER.
£ B, BiTEH— R MEBEH T AIIRER, PRI HH

int vector([] = {28, 41, T7};

int *p0 = vector;

int *pl = vector+l;
int *p2 = vector+2;

printf("p2-p0: %d\n",p2-p0); // p2-p0: 2
printf("p2-pl: %d\n",p2-pl); // p2-pl: 1
printf("p0-pl: %d\n",p0-pl); // pO-pl: -1

EH—/printf B, HRNFABHNEKRE —PME P ENCEMEE 2,
Pt EAIRIESIHEME 2, kG — 1 printf i, EEZ -1, F# - po
plarmm, MEENEESE, B 1-9 5 FAGH N BT,

vector[0] 100 | 28

vector[1] 104 | 41

vector[2] 108 | 7
p0112 | 100
pl 116 | 104
p2120 | 108

B8 1-9: B5HOE

ptrdiff t &AL R EEH ZEMATBE G £ EFld, FREMREE SR L
ptrdiff t 28AGEE, FHAUREKERMRRAR, XA XYWE L MR EENES.

AREXFEARFNF M| SRER BB FHBRER. £ T6F, RMNAREEBE
BrPE—ITTLENE A TEPFERERZE,

printf("*p0-*pl: %d\n",*p0-*pl); // *p@-*pl: -13

22 | &



1.3.2 HE&IEST

15 AT UL RARER ELAIR TETT R LR . W, EEBAREHET 2 M. A, SEEEr
B e EAAELRT, ERAREE F RT LA K 1 5040 JT 3= AR I

FABAA R AT “FEEHAERRT P EHE vector HA K IZMAEH LR, XERE
TILFELBERIETF, &RA 1 ZonKH, A0 Fnk:

int vector[] = {28, 41, 7};
int *pb = vector;

int *pl = vector+l;

int *p2 = vector+2,

printf{"p2=p0: %d\n",p2=po}; // p2>p0: 1
printf("p2<p0: %d\n",p2<p0); // p2<pO: ©
printf("pO=pl: %d\n",pO=pl); // pO=>pl: B

1.4 $BETHENRE
bR Z ., £, JONFEITIFEWAR RS, B

« ZEIR$ESIH;
 HRIGE.

1.41 ZEE#E5|H

et ATLL A RIRI A5 | B9, {8728 & A AR R HALDR, FRERE
AR EI54, — M IRGEIF] k2 FHIESERY argv T arge Z80€4E main K BE
BEFZ2E, B 5 Z2RIEEHE,

THIERT =A%, B/ BR R R A5 4 5 R A 1 & B

char *titles[] = {"A Tale of Two Cities",
"Wuthering Heights","Don Quixote",
"Odyssey", "Moby-Dick", "Hamlet",
"Gulliver's Travels"};

DA PN KA B REY— “HHE" FIRM—DRIXBIIR. IWIBARK
PR titles BUEAH BB AMMAL, MAEBLEMEE. WIOBABFHAFHE
Hidast. BATESRAF titles AP T RAMbaL, X B AT LB % B4 45 4
BEOENE, BRENSBANLERE ., MRFTEESBL, RB—A#GRA
LAT .

BIEABEAFHNT . B BATRERLE 1817 char #REHIIRE .
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char **bestBooks([3];
char **englishBooks([4];

T RMIGICXAA A, REITENHA—4cE, wTFw, EREEDH, A
DA el FARFE S IRV RIESRRIAY . Lhanii s A~ o4 titles
AP E 4 NS EFIHAETKE bestBooks IS 2 1~ o -

bestBooks[0] = &titles[0];

bestBooks[1l] = &titles[3];
bestBooks[2] = &titles[5];

englishBooks[@] = &titles[0];
englishBooks[1] = &titles[1];
englishBooks[2] = &titles[5];

englishBooks[3] = &titles([6];

printf("%s\n",*englishBooks([1]); // Wuthering Heights

AEIINF 4B anE 1-10 FiR,

bestBooks[0] | 100 _.,' title[0] 100 | 200 p—— 200 | “ATale of Two Cities”
bestBooks[1] | 112 |~ title[1] 104 | 300 —— 300 | “"Wuthering Heights”
bestBooks[2] | 120 ~[ title[2] 108 | 400 p—— 400 | “Don Quixote”

title[3] 112 | 500 f— 500 | "Odyssey”

lishBook —— title[4] 116 | 600 |— 600 | “Moby Dick”
englishBooks(0] | 100 I L yii1e(5) 120 [700 — 700 [Hamler
englishBooks[1] | 104

, ‘ title[6] 124 | 800 F—— BOO | “Gulliver's Travels”
englishBooks[2] | 120 |
englishBooks[3] | 124

B 1-10; 1BiHNNEH

W% BRI HAT LA 4 B FfE MM E 2 RiadE, SUHSRESIE
RESHMHE—LE, FEAFH, aRBARIE T, B2 ATHEEK titles F4H]
A, AREBIC A .

BlEE5 | HEA BEORE], 228, ERAMESE 21k NE, REfS,

1.42 EESE:

CiEEHIHRER K=FEE, BRINE const X T HIRHMEAER L. M ARRI
A, ERERAEARRIRT . FAlsR KA AR F RAEE. 58 3 EME
5F, IATRF B An{al X Fhoc A K PR (1 bR BRI & 12 R BRI S8

1. IEEEBRITEsT
AT LR S E M ODfR R H &, XEW A Aedd fa ek e s e, T =B
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T AR AR, AR T — SRR R — A R R R
353 B 1L %) RO R

int num = 5;
const int limit = 500;

int *pi; // e B
const int *pci; // TR BEE
pi = &num;

pci = &limit;

& 1-11 el A T B,

num100| 5
limit 104 | 500
pi 108 | 100
pci112 | 104

B1-11:. EoByEENEH
T A TR & AT 10X 2228 S 1y bk FE -

printf(" num - Address: %p value: %¥d\n",&num, num);
printf("limit - Address: %p wvalue: %d\n",&limit, limit);
printf(" pi - Address: %p wvalue: %p\n",&pi, pi);
printf(" pci - Address: %p value: %p\n",&pci, pci);

BT S 7 A 2L T Y -
num - Address: 100 wvalue: 5
limit - Address: 104 wvalue: 500

pl - Address: 108 value: 100
pci - Address: 112 value: 104

IR AR IERBEHAE, BAsI AR TR RES, EREXLA4EN, T
B2 L ZWIIIHE, T HR.

printf(“"%d\n", *pci);

BANAHEME S |10 H B AR e H SR fa 5 B S HAVME, {BeTUAScEfa%t. faEHAYE
AeEHE., IREATLARASI AS -1 F R, A TaEE. IHRBASFRE.
7 B LR PR A A 1A il et g e (& 5 5 | AL,

XERE N EBRIERE A ER:

pci = &num;

BATATLARRS| pei KR E, HAGEMSIERBRE.,
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ZE T mBRIEER .
*pci = 200;
XS T8 MRS

'pci' : you cannot assign to a variable that is const

FREHA A B IRy 2 B &, FrULA CiF HE e ki 0ax -8 5., 1L &
POl &R &k numZE, REPGEH pcl #1202k,

B Fkin, ¥EAIEHLTLLE 1-12 IREERT (L, Ed HIER TR, AL H
lEXREE. pcl i8MVHRZ HHEAREN pci K&k, EekFE s ol LS| HAYE
WEER, £ LB, peitgm limit,

int num;

int *pi; e o |int

const int limit = 100;| 100

const int *pci; | e » | int & const int

1-12. EOEENEH
2 pci FUHIE M B E BAVIEE B & -

« pci AfLAREE SR R AN [R Y B 8H &

o pci a[LABE(E 2 4R R AN [ ERE B0 b,
« ALA#S| pci LLIBUEE

o AREMES| pci MifE S =18 BT E AR

o A

B K RIFD const KB T HF AL, Flid/ M iEhR %0,
;' const int *pci;

int const *pci;

2. fEmdEE R E RIS

AT AR B — AR R # R W B A5, X 2 MOEnk &R A ol 22, (B E45 [ /Y
BARAIAE . TR X R I

int num;
int *const cpi = &num;

A TXAFEH.
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o cpiAAMmtARMIEFTELE,;
o cpiAREMEE;
o cpi {EMBVEIE ATLARE B k.

MIRER B, XREEATLAHE 1-13 k5 H,

int num;
int * const cpi = &num; f——p | int

B1-13:. EOFEEENFEEEH
it cpi 5IUH T4, #RAILU#S| cpi ARK—1#E. THEMRFGEHERRERER:

*cpli = limit;
*cpl = 25;

A, RBATKETE cpi ML AFRFIF & Limit, 40 FE7R.

const int limit = 500;
int *const cpi = &limit;

WLk — 184S
warning: initialization discards qualifiers from pointer target type

MEXE cpi SIATHE limit, IPFERAIUER T, XIEAT, BAFTEEAD
AEHE By,

EAEHIERE cpi 2 )5, MARER T EXHEERAE—AFET

int num;

int age;

int *const cpi = &num;
cpi = &age;

IRRAX MBS EMTEHIRE R
‘cpi' : you cannot assign to a variable that is const
3. BRI BME RIS

fa W R HE BIEHRAVIR LAY, XA A S AREE Sk, EHRRAEE LR
i Bk B, TR R e RIS —A 6

const int * const cpci = &limit;

e W B AE REEEATLARE 1-14 15 EA,
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int num;

const int limit = 100; 100

const int * const cpci = &limit; —> |int 8¢ const int

B1-14. EORENEEEH
Higm & &R EL, A—E R s EhERLS cpci. an MR, IATESE
1 7] LAFE num AU AEE 4 cpei:

int num;
const int * const cpci = &num;

AR T B AR T AE L. 2 RB T X FEAEITMLEIL

const int * const cpci;

AT T IE IR -

‘cpci’ : const object must be initialized if not extern
X451 BRYE BigE, BAIARE:
o Btk

« EHEREHERREIE,
HEFWEE cpei —/~Fribik

cpci = &num;
SFBUNTIBREIR:

‘epci' : you cannot assign to a variable that is const
fo T X A A S | 4 BB

*cpei = 25;

KTEEI TR IR -

‘cpci' : you cannot assign to a variable that is const
expression must be a modifiable lvalue

A, BRI R BEREEROAEL
4. 160 "FEEFROFEEH" BfEst
A RARERATUA ZBEES IR, £ T6H, BASEH—/ME0 L—TRE
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W cpci fREHHIFEEE . AT LT AT AT Bh IRATTEE AFX /1~ 7= B -

const int * const cpcli = &limit;
const int * const * pcpci;

fem “fEREEAE R RIEETLARE 1-15 H U6,

const int limit = 500, 500
const int * const cpci = &limit; —
const int * const * pcpci = &cpci; — —> I

B 1-15: {50 “BOFENEEEH" NSt
THEIZHTNEEM. X B AR M iZ 2™ 500:
printf({"%d\n" , *cpci);

pcpci = &cpci;
printf("%d\n",**pcpci);

TREE [ A HTHERIATYFFRE

fEstam M R E A BRI SRR E TR
terdE ¥ RIS £ 2

Her RIS B &

ser ik B A RIS s 2

far e RO B & P

1.5 ING

AR THREMESRE, B4 mf= a5, mem%ﬂ¢mﬁﬁﬁﬁﬁ
BATHARE] T null ARSI ER LR, L/ —RIIREHRIER.

HAEE THREWKERATER, BRRTARAGEMERIES XFHFHAFERE, W
TBLEFE T const XEFIFEE—EARIIRIE.

BTk, T—FRAUENERHTURESFHGRT . XL
BEERHFARES ], WBEIRBES W, URBHEDEANTFIEFRIMA,
Ao, BITLEFIRE ML ARFERZ,
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H2T

CHESAFER

SR KR ARE LR TENfREERDERMNANTE, dEdfFer kBB XN
FRMLEBENEM, BE—SHRCEE MBIREWINERE. BE2F HXERE
N, WEEM CHIZ)ENFEEEEL BT,

C BFEEATH R RIAT, Xl H S HRIERERMBAVIFEE, IR R
IR FF1T A,

NEEEMPIARFRRBRER, AREAFRSITR AKRXHBEE, iy
B RENAF. EXFFRT, RO EAECHEHRERD L. mR2R
SdLRTE, NMELTEFOEER, 2WAzET. BaRBRE— TR T
i RSz 1R 2 G0 B B A K b BB R P A7 X

ML e B R e B, B HEFATLAE RIEHBREERNT, THEA
& PSR ESH rTRER e K K BESr BN FF , R B BCKBrFRERINAFRIAL,

tbdn, 78 C99 AR B E KER . mRBATERFH AIZHBEAITE, AR LT
ie%, PIAERR4 20 B — AN 2 08 KAV BCH R T Al RERY B ok B T8, ARV
TEAME, bk A reEFGwiE N R TSR RABNNE, REfh T, BRI RR
ZE (6], BhAST BLN A7 RIHE D WX E FH 8522 BBA A1 36 nl AR B BT R BR S A 7 B .

C99 5| A TN (VLA), A KEESTHMARRIENHE. F
: ﬂﬁ.ﬁﬂ—ﬂﬂﬂm%ﬁmﬁﬁ&&EﬁT.
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ff CEXRIESHXFHENTFEE, MRt M Lo HRBIANGT, X2 Mo
R R B F2) KR, T TREFRADEAFETE,

AE - EFATEER an{a s BO BN AF . £ T RIFBA R ECEE. 2 malloc
1 realloc, BEitTit free e, 45 NULL AY(E FH AN E & Bifux 2 (n)#,

%375 iR w o U UL B8 (W E i BURZ S R R i (- RV N s B BT S E =R W 98 (32 P
FRR @A, RE—THFEAFEERNLBEAR, f55HEHA S S E AR
HIiTA, XARNBEBEEFAIRTAETLTAEG R, MAdRSEZILERF.

2.1 BERNEFSE

FE CHE) B RENFRIEARTESR .

(1) A malloc ZEiJ kB 5 BENAT
(2) Aix e N1 K FE M T
(3) H free ERE BN

XA B EBEEBRERIE ErlREFE—Le/ 2, Ak BAHAE & W, £ T F
, FM1H malloc AR BN, I ofcINFRIE A 5, AENF
i free BB,

int *pi = (int*) malloc(sizeof(int));
*pl = 5;

printf("*pi: ®d\n", *pi);

free(pi);

HX BRI ATH SITEN ST 5. B 2-1 B T /& free REIIT ZRINFF2n{r] 53 BL.
AFEEAZEEARE, BRIERFEL, FERE ARG HIAE main B8,

HE

500 5

main | | pi100 ] 500 37

2-1; BYNAGIE

malloc RS HIFEESEMNETH., mELDT, EESREINME BN TE
FIf5Er. InR LM NI&R B 2484, Mo BN FRIEH 2T HRE 2.2.1 Fid
e, sizeof BIEMENHARBRFESSBHE, LEMTEEFE RGP N iZso R
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IEFRYF T8
ARG, RINAEAREIERZBEHANTF, REKER 4, RITTUXLE:

int *pi = (int*) malloc(4));

Rifi, REBITRZEFANNGFES, BEORKETRIRATR. IBHENG &R
(#H sizeof #IEFF, XHAERFEWE I TH SR B IEFHAKE.

I

T RBRS R AR W R R

*pi = (int*) malloc(sizeof(int));

A ERR (AT S e, FAERES 55, X HZE malloc BB6E E
Mt B4 pi b 7 A bHE FR EEMI N AR oC, InRX R 5 — ko e B it
T (EERlE, IB4RE PR &AL FTRETCR ., IEWERY 5 E4n T BiR:

pi = (int*) malloc(sizeof(int));

R LT AS B i F RES R BT

HIEHESEAHE free B, ©Ef malloc R TiE, AEHEENFRFEEBRR,

W) i malloc (S (Les), BAEL A LAUA H I Free BB
{ . LA 1L O R

—BNFHBRR, AR EBHRIET. ¥ RIMNAZERBNFEREES VR,
ik, #iR 2.4 HHATRP, WA TREIRE. EXFNEL T RENTAHRK
WL B, R SR R R O R EBUE S NULL, 2.3.1 TR ITIRX— K.

SyEANAFR, HERSEFHERSOPIRETIIMGER. XEFERBEFBERRAD
MEM—LRE, ¥ REERERIANME. MRMHEBFHBEAREBH T
XA, BRI TRESHEIR, XAl gE&E R BRI ARE SRR, B
7T BEEERHEEX R,

ZEMTRGE, RITAFTFESENT, LLETUFBES S FHIMNNESER
NUL F7F. for TEAESBINIEBAOQ, HEEEEBA6FETRELL., foriEaH
EREZUHEREARFEY. EAHI 0 Zi#HH 0 mAE ASCII F7F 0 HI{E.

char *pc = (char*) malloc(6);

for(int i=0; i<8; i++) {
*pcli] = 0;

}
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EE 22, 6 FHMNFEFHRFIESE THINIANG, X EHETE R AKICx
N B, RN E FRENGEALFEA, @MIMNIAFHRIEES .
EAGIH, BN FRAEFHEFET, Ak, LM EMEGE BRI TS
e o

#IrN A | HE
e00{o]ojofo]ofofo]o
;

main I pc| 600

Ttk

2-2; HERIATNIMINAE

R ittt s
AR FEEH E 5 BRI A A7 205 AR R Rk & R AE N itttk & BN £ ik O A 1
ULl REAN T -

- %Eﬂ#&ﬁﬁi?ﬂﬂhhi;
o MiZIFH free REAEAIRM (I AR ARk ) .

PN At s B9 — 1~ [R] A To ik [ o A JF R AT, HERTEREE l RN TE 22 b, 4o
RNFAWE D BCH E R, 2SR E LN malloc X AGE S ALl B FF ]
RERZ 1L, FABRET N, (ERuwIGIL T, #R1EFR YT HEm .

T X /1 1R] B B 431 - R DA U6 BH X A (] i

char *chunk;

while (1) {
chunk = (char*) malloc(1000000):
printf("Allocating\n”);

}

chunk ZZ & 15 ERIANAE. R, FERE S —RAGTZAIGABEBOX RN,
%, BFaHEAFRRIEEWZIL, HERAG%1E, £20NFRIFIRARRED
X;Eﬂ

1. F5cHitt

TERICH B 5 pi (A2 — A Fitb bbby 2 KW A7 Sb ik Bl -, =4 pi 4w
RIS R BHIAFRT, F— RN FRIBIEEES £ K.
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int *pi = (int*) malloc(sizeof(int));
*pi = 5;

pi = (int*) malloc(sizeof(int));

B 23 TX—A, ‘GBI 1 “f57° 43R R-EHITE _ikmalloc ZEIFIZEHY
FEFRE., BTFEABEBEMLE 500 CHINGF, BFELEAh A X/ bk,

5000 5 ﬁﬂﬂl -
A

main | | pi100| 500 . main pilﬂﬂl 600 s

2-3: EXMIL
THEXANEFEAFFRE BN, RGN, HFESFRTE TS

char *name = (char*)malloc(strlen("Susan")+1);
strcpy(name, "Susan") ;
while(*name '= 0) {

printf("%c",*name) ;

name++;

}

SRR LR name BRS8N 1, £J5 name &35 EH R L RA NUL £1%, nE 2-4
s, 5B NTERARGEbhE T,

600|S|uls|a n[;]

main | | name | 605

B

B 2-4. EXRDTHENAFEIMIIL
2. RXAFtRE

AR RLZBE RN KR ARERR, haRAENTFRE, IRBINIABFE
MR EHRREERE L, RERERKXAFME, —BXREF RBUHE.
X KM/ EZRBRMNREFAONFRLCLATET, NiZAEHRE, BE
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HITE L, MEEG TRRLERTEIRENTE, FEFFARALIL, BAEFHIFLE
TAE T ALEHNTE,

R struct X F OB sE R ENfFHKR. nREQELETs
B &4 B NFERIEE, A TTReT EEB SR 2 ar e B X Bi5Et, &6
B2 R,

2.2 THhSNTFESELEEY

BILTNFEREFTUL AR EEIENF, BARE IR IRRT 24, H
KI5y ZGERT stdlib.h K0 ERE 0 T B %L -

* malloc
* realloc
* calloc
» free

7 2-1 BEE T XL B,
F®2-1: MTSAGHEREREH

B W # R

malloc MHE | BLA AT

realloc o [ oy AL DN EES=3:0F 10 I A IO R A %< (550 W & U N Y I\ O 155
calloc MHE EsrBENTEHFEE

free N A7 B [m] H

HENTFNE LB, 2T ESNFECIAT, REEADRIUENTF I F15f 5r Bd
NFRESE, ik, RN SIRIERE T8 K5, b, 4 7958
RSy ACAEREM 4 BERAVHLILD B b HEETEE 651K 1] (Y b ik f e AR = I bk

fEE 2-3 1, malloc EIEFERBAL 500 RbsrAC 1 4 F %R, o ik ZR BT
sk 600 b4 B2 T NAF. BATERRET 4 Fakbhbil 5 L, i B AR MAHSBHY A L B
E5rBLRY.

221 {EAmallocHE

malloc R HE Eor Bl —3hNTE, Aoy BCEI £ B HRIZE B -2 EiEE, &
BIEZ void #5¢t, EANFALE, SASEF NULL, HEEAZEEEBEEN
7, BTLATRITDAAFT o BN FE S bR iR, RERE AT .
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void* malloc(size t);

ENEBRE A%, EWR size t, HMNESL 1 EFTR TR, FESH
BIX N EREEENG, HAMESEEMESRES I X8, EEEREF, 52
&R | NULL,

nE malloc ISHE 0, HiTASLHAEEHY: "TaEiR [E NULL $5%, eI FEIR [E
— A EE4r AL T 0 = HE EAVIEEE. i malloc RIS ERE NULL, IR —BxS
ol — 8GR EIRE 0 F77, -

LA A& malloc eA £y 8e % A% .

int *pi = (int*) malloc(sizeof(int));

1T malloc e B ZHETLL F#R(E:

(1) MHE F 2 BENTT
2) NEA A SRS EE
(3) IR EH F At

B4 malloc & BRI &R E NULL, 7E{E R BB BRI Z Al
W 4. B NULL R AR, TR
‘ int *pi = (int*) malloc(sizeof(int));
if(pi !'= NULL) {
/] fREHEA R
} else {

/] FoRWHEE
}

1. ERERH A% R

C5lA void #5452, ERM O FARIEH AR ZRIREFZX malloc EFHE
AR ERI B e B AR void 35EFRIESL K EMISE KT, B
UBMABEETARVERT, AEFAFNARRNRVELEAEAMEE, BA:

o XFERTLAER] malloc MBI E s
o REGATLAFN C++ (BN C RiER) KA, FREFTERNAIRTEH#,

#3451 malloc MUk SCfF, HAMERTRASARE, REBTHREFETE,
C BRIA A BOR 15 868, 40 R4 51 malloc FIELE, %1% % &Rk AR int
R{E L4,
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2. FEEATFERM
mRF T —MaE, BERAAERZaAERRRAEEy ARG, IBARNFRE
SBEHR, XEESFE—TLBNFSIHEIR, BEM TR

int *pi;

printf ("%d\n", *pi);

N5 BLanEl 2-5 Fios. XANRIBIZES 7 BEIEMITIE,

main pil .. Fe

B 2-5: RBENEAE
PATXBRAR A RS SE— 1Tt R . TR PX SR FE R, aTR:
char *name;

printf("Enter a name: ");
scanft("%s",name) :

iX BAEHEIAZ name BT | HRIN G, E&ELCLFEATULEBTT, £br L XBRPNTEL
A E. T 2-5 1) pi % name E AT ELE X 4 (=) 8,

3. BFBmnalloc B ERNISH

malloc MBI B =T B EHEMSEITEN, EHX R B EHET
B2/t EEANIE DD 10 S BEF S 8B =sinl, IRskEZE 80 1, #id THE
FIFCRD w] LA {8 2 -

double *pd = (double*)malloc(NUMBER OF DOUBLES * sizeof(double));

as | ORIy RS RO SRR sizeof BETT

TOIZRh 10 B BEVE m 850 BN A7

const int NUMBER OF DOUBLES = 10;
double *pd = (double*)malloc(NUMBER OF DOUBLES);
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XA sEhr R4rBe T 10 F75,
4. AT BRI N TFH

BARMER T LA RE HE B BERINTF S8, AdHERIFSF AR TR,
BAb, WA SRAERY T & aT LA GE HEE HL 25 o BL YN AR B R/

tbantd, RIOTA—AFHHESE 64 F77, HEHEE S HEMIMINTRERX
M, i BENFFRIE R/, DARHEE MRS ABIMANGFER, 2RER, B 2-2
A,

malloc Rl eV ik K2R AG AT, FREE XN K/NH size t R, At
X A B ffill AT /e A2 AT FH AP EE A f- e 1 2 e 09 2L b PR 1l By 52 i)

AT malloc b BLZ A BCATIG R B BRAIAF ARG R BIAF#AL, IRBRIERGEKH
“UEHEIAIL” RIS E T DR AFEA HIESBRIEREH? XBHED —&H 2 BN
fFHEECE 2 A IRIE, ZRERR Tt mRERSE, FRZF —RATELEX
AR, R A X P aG R B AE T W

5. B7%. £8#E¢tHmalloc

it S R ARiAAEE., TmHREEE-IMHFETE, HiAEH
malloc 51t .

static int *pi = malloc(sizeof(int));

XERTE—TREMNERHELE, 2REaEh—&F, X THRELRR, JLLESER
I FH — /1~ B SR A 15 ) 25 48 B 43 B A A7 SR8 X A (Rl B 2 JR) 28 AN HE FH B R Y
WIEIER), FOh2m%E &7 R B T RSN F R, BUETE xR R4
A BLTE R B

static int *pi;
pi = malloc(sizeof(int));

ay | EREBFR, (ERMABLBRIETEN = Rl HRE RN = T,

2.2.2 {FHcallocR#
calloc ZESEHIRIMEENTF ., ZBRERIERINT .

void *calloc(size t numElements, size t elementSize);
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.-I'-I

f EA BRI E S i 0,

calloc A % £ 1% numElements 1 elementSize S ¥ MIER £ BENTE, H
B E—MERANFRE —NF AR . R AES AN, W& 1RE NULL, P
BB ) Sk H Bh 4 BE B N A7 .

N5 numElements & elementSize % 0, I 4 calloc "W HER Bl 2 5 5. nf
calloc Lo ENTFHREREZHE, mME2 B/ & errno &% & 4 ENOMEM (A
GAR), & POSIX RS, AMIAS LaliEEA.

TG4 pi 8B 7 20 71, 2805 0:.
int *pi = calloc(5,sizeof(int));
A H calloc BiFE, H malloc EREH memset A ATLAGBI[RIEERISEE S, N TFEi:

int *pi = malloc(5 * sizeof(int));
memset(pi, O, 5* sizeof(int));

" memset IS R EHA N L, A5 M 4 ) T 7 (2 o X Y
E | HRE, BOABRRMABMENIE, RF AL B AN .
MENGFEEBFEAMLEM calloc, A ukihiT calloc aI gtk iT malloc &,

& 2

cfree B LERHT. FHM C H cfree kB calloc 2 EHINFE.

2.2.3 {FHreallocth#y

AR RE T A b naScmi L A48 5 BCIINFE, anf T — 28 K S0 X Rl
B EARH, F4T2HEX—5,. realloc BB ESEHRANT, TEETHER,

void *realloc(void *ptr, size t size);

realloc EAEOR EI4R M N FERHIIEE . ZHEBEESZMN28, E—1N2EEENE
NFERBRE, £ - BiIFRB K/, EHoERAR/NINE 285 HRB A
/N, IR BE 2 17 | 4 BRI N E RS

i RAI R /NAT EARL 24 A0 57 BCRY F 0 BUNSGE Ko AR EL YRI5 BLRY /S, HBA B R1Y
NIFEDEHE, PRERIEZRIMATFIHIEEZ ., WRILSHATERK, B2 ATHERY
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i%, BMESRENHENFHX RS EHBAE, &0k R b X 55 A
FEHE 1 o8 7 5L 121 38 X3

R /DE 0 msEHES, L2k BRANE. mRLEEZE, PLIERKRBIATF
et R A, AR EIRIEE & 2158, H errno &% E A ENOMEM,

%A B T AR E R 2-2 .,

#*2-2: reallocE¥BTR

F—188 E_1 8 T A

(2] yi [ malloc

=] 0 JR N T S 1 B

E| 2] ELIR AR ER /) FIF X4 A A B 4y RO E /Ay SR

{E%E EEIRN AR K ELEYNA{I B ELERK AL E 9 B E KRR

ETES, RMNERARNTSEAETFESRENE, —HhoBi 16 71, BRHEAIT
ATERY 13 7 (12 4+ AEREFE S nulL &R/KFEFF (0)) -

char *stringl;

char *string2;

stringl = (char*) malloc(16);
strcpy(stringl, "0123456789AB") ;

#%, M realloc AEEHRE—TEEHE/NMIANFXE. RETEXRZEERA AL
FINZ
string2 = realloc(stringl, 8);

printf("stringl Value: %p [%s]\n", stringl, stringl);
printf("string2 Value: %p [%s]\n", string2, string2);

AT

stringl Value: 0x500 [0123456789AB]
string2 Value: 0x500 [0123456789AB]

& 2-6 W T NAFanfalsrac.,

HE
5mn12345”allnnu
[ 2Bl BETARO T

string1| | 500
main | |string2] 500 +

2-6: realloc il
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HEEHE S FTLLERREMANGER, EASEREAR., PidEFakad AN T
o THAriE KA 8 =41, Hmtaid, BIMEFBRTIFELUECiRESN 8 THHINTF
Berp, TEAGR, BOAMIZABRETEARKEU(ECRELER BN 8 FT.
SCHLIX — A3 B (A) PR Ih A NUL CEE b ik 507, sE P fE RN 788 H 2 BRI N 77
AR, FizBs, B 7 ESEMFRX — A,

BT 57 BL ARSI PR A

EZETRIGIFH, WIEE

stringl = (char*) malloc(16);
strcpy(stringl, "012345678SAB");
string2 = realloc(stringl, 64);
printf("stringl Value: %p [%s]\n", stringl, stringl);
printf("string2 Value: %p [%s]\n", string2, string2);

PATLL RIS E 3] KU T impygs xR

stringl Value: 0x500 [0123456789AB]
string2 Value: Ox600 [0123456789AB]

EAGIF, realloc L5 — 1 HHINFH. K 2-7 5 M AFRIEL.

main

so0(0]1{2]3]4[5 9|A[B]0
Tﬁnnuﬂz 6({7]8]9]A[B0

| t

stringl| 500

string2| 600 55

2-7: PEHIAE

2.2.4 allocalR#MTKEA

alloca % (Gi% A malloca) fEEHREAIAEN oM FE. BEGRR S B3E
BANF. EEEMZITH ZSLARE T, alloca RHESRMELE, FrLLX AR S

EAPRIERT, AnR PR F 7R v BT &

R (E .

CI95IATRKREA (VLA), FVF ek BN &R BF0 6 d H < B i ek @ FI B
ETBIF, HAoE T —ATERENMEHT char H4

void compute(int size) {
char* buffer[size];
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XERENFEESITI TR, BEHAFIEARBIR—Eo ko8, B, R
BEHMF sizeof IERF, LEEZITHI AR % IFEM T,

XLMREH —A/NVMNIETR . MB—BREBGRY, SFENERAGF. BA
FA1EA Hmalloc XL REECNBEEA, FUANMIZH frece BB KBEKE.
alloca e th A PLiZoR Bl 45 [ BEA BT E N AFRIAREE . XA IREES 5 BT,

& -

| VLA I RKEANRESRE, —LoiEKKERBEE [ MRRTERE -1 KERE
E . BEREANEA, MLTFEEMEL realloc RVES, 2.2.3 THER

YOERX R .

2.3 HfreeHBEBHMATF

AThENFTE, BFATUBARERNANFRLS 2%, SHEAILUEBRANF
HIEMA . @ H free RE LI X — 5, ZEREHIERMNT .

void free(void *ptr);

RErZ B i8R H malloc KK M BERIAFRIMLAE, IRATF S BRDS .
RERHUIARIERX RO, 2NN IZFEERIERNREE. Hie T EEH
SECX R, R R A R I EE

ETHXAFE RG]+, pifEFEHINT, XBNFRE SRR

int *pi = (int*) malloc(sizeof(int));
free(pi):
B 2-8 B T free BREIATAIGEREIAFHI 2 BC g . Hhhk SO0 AL E £k ER R

NFCLER, BNAFTRESRE, pi ZBRMRIE R 500, XFF KA
REfRE, S1E 2.4 HiEMitE.

0[5 ~CE]
main pi| 500 |||#&%  main ‘ pil 500 i

5 | 29 A

B 2-8: A free BHAE
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MELBE free ABMSHE SR, B EMHLE8HA M. nREANIEH
AN TEA & H malloc KW E 7B, IBAIZEBIIIT A ERE X, T 6
H, 4rBe4s pi AV num BHBAE, XA EERHERbLE .

int num;

int *pi = &num;

free(pi); // REXITHA

& -a

' FLZTER — BEMANGAR BB, i, mEEERKENIENE,
E . PBARRR AL A BRI

2.3.1 RKEBHBIEFHHEANULL
B EIFRE YA AT REE B IR . an R AL E S| —/- BRI deE . HiTAhH
EAENH, FFUAVAEERF RS BRHATRHR NULL KR - IZIREH CR, asH
fE FXFhia st & & Oz TR 7% .
T &G AR R

int *pi = (int*) malloc(sizeof(int)),;

free(pi);
pi = NULL;

NTF4r B 2-9 Fii.

main pi | NULL 25

B 2-9: i free L8155 MWMI{E NULL

XFEARR EH R RO R 4 2K R, AL, B A A0 ER & X 3 [R] Y 4%
RECH R HAZIRE — I UIEF, EOER T MaELrINE L, #BAGER NULL R4
faEt.

2.3.2 EERMN
T A HRIGTRBEBR — b fF, TR —/ AT
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int *pi = (int*) malloc(sizeof(int));

free(pi);

A% 4 free BB ERBETHEE . 1T 0FAML2HE, ¥RiERE—
BAGFRIFRA e, TR, aRIEOTIKEE kBB R —RNF & & R
BT R

pl = (int*) malloc(sizeof(int));
int *p2 = pl;

free(pl);

free(p2);

MAF5rBLaniE 2-10 Brow,

I 500§ 5
pl 500 p1 || 500
main p2| 500 ke main pl| 500 e
ik Bz Al F—kBRkZE

2-10; ESBM

A HREF S ABR— A BbhEFRA B &, XSRS 8 FEitie,
S

AERE, HEHEFRAEAN -TRETCLETR, AeENFtaREZENL
EREKBER T R—RANTF. XA FBOEMATERFZIL, IEBRFERLLL,
EEREEFEHARAFERE, R—RAFEAEHBEERNK,

B AR free ERABIZTEIR BIFHE NULL s b /MR ERS B SIS, 18354
EEER, FE free RAETCE: DA ERIE NULL, 3.2.7 TS EFEMTFHEX /MR8,

2.3.3 HWHMEZATF

H—RFAHREALANDEREERNGF., XN TRERFEUREREEAET,
WATREATLA K., AEHEREA —EXEAM free BEFHAFELLRIER
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i, BEHINGFEREWVEMNABRFEESMER. BILL, REFEs BN FARERR,
MBERGENAER, BREOINFEE AR RLEN RN EER L.

2.3.4 BERFERIWBEHNAF

BRIEFAGENATAEF HBEFOER, SFEANGF. YN HERFE RN, BRERKER
REH s ERXRAFLAENN N AR FER. CE LR ARTFHRNFREAER
HMAE T RER, FL b, AFEHA TR ERNMHEFZIERERE, SHEZIER
BF Al RECE ME LA, kA B AR FL L ZarB i iR RN AE

WEEAnkt, fTREXN A —2REZRENERFE ERERNT. RRERF R AT §e
KRB F IR ETEPR, BIEN AR IEEZ L, AHERNTREHIERS
AL . 2R H LRGN it e Soe RIURE, BLABERANEFESIEXET
ARyt & T @Ry, EAEEYEENBRIEAL L, RIEAGASFTHEASHZE
Behfr, mMedmERFEXLAIEKNG, BF, FRE R HRTRIRAERTE
REINARD,  aniR Z /i B9 N A7 A Bk T fE 1918,

R, BORER P28 1L AR A N AT -

. EREATRE L,

« A[RERFENRT, BEHCE At Lb s RR A
«  ATRESEINR R FF K0

o HIMSIAE Z R IRAIIBEE,

& T B P2 R R BE R N A B ke T B Y B AR T

2.4 FixIEF
MARNGECLER, Mgt AEsI RIREIERNT, XIS EBFFRAR G, %
TREHEA R A5, AR ELIR ST R,

fE AR ELREE 2E R — AR, 4

o WRGRATE, WATAAR
o WRWNFEARTER], NEEAE,
« BENL2RE,

FEOX LEFBRIE L AT REAn T -
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o THRIEBEREINF;
o REIEEERIE BXEBARBR BsER (£ 3.2.5 THETHE).

2.4.1 RIS =HE
76 F i % A 165 26 B0 5 7R 2 118 malloc B%h— /%oy RNs, BTk, A
free BREFE RN FF .

int *pi = (int*) malloc(sizeof(int));

]l = §i

ﬂﬁintf[“*pi: %d\n", *pl);

free(pi);
pi 75 H A WM Mk, (M 38 AT LA TE & R R S AR, L3 o A HOH 7T R
EAER S R, B 2-11 BT free IFPITRIEMEFRE, RiZpi ZERT

main BRI %, iz TFHbAE 100, malloc R ¥4 BLRYNFELL T HhE 500,

00 z 5“ﬂguun¥“““§
- S
main ‘pilﬂi}l 500 K main | | pi100] 500 ” Fe
=y 4] BBja

B 2-11. KEiSt

AT free R OB Btk 500 eI NTF, WEMAMIZBERAXBRAFT. BX
WsriziTht REA SRR G ERT TR BBk, TR AR XL 85 AR,
TP iR, XSS5 A el R,

free(pi);
*pi = 10;

DA —Fk BRI R EAEITE. — /LA EiRE S I AR —AFX EmE R —4
e, T AR, plfnp2 #SIHE —SRNF X (FRARENE), A~
pl.ﬂﬁiﬁtﬁtir:

int *pl = (int*) malloc(sizeof(int));
*pl = 5;

int *p2,;
p2 = pl;

free(pl);
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*p2 = 10; // KgiREH

B 2-12 B TS EIER, BEERERBERPINL,

N |
00: 5 |
A4 ;

p1[] 500

main p2 | 500 i

2-12 X@FiBHAEH IS

{3 FA S 1B A T AT e Y B — 25 N e @, an F o, X B pi K {E O tmp AU HR AL,
TEpivEeeRLE, WrlfedmE LR, MdMes tmp WRHEkZE, H#
hEsEAS A 2K

int *pi,;

{
int tmp = 5;
pi = &tmp;
}
// XB pi WAL T KR tEE
foo();

K ERSy G 1 o APHEIRIE 1) 24l — /e, tmp 2 & X AC/EMetil b, Z /5 EBE AR
it & Ak, pl 85 ILTESE Ml —He et Al RE#E oMb ki % (Eban foo B%) A&
RN, B 2-13 3B X FiE .

tmp 5 foo m
S A

main pi l 600 ¥ main pi| 600 "
Beik 4R H Al it R IG

2-13: RIEQBY[a)EA

2.4.2 HMEXKIFIEET
ARHERRIGE I FE R RS S RAMERG, AT Aol HkA A KB i55 .
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o FHIFHBEBRANULL, EEERXMEHSLIEMARF. Aid, MRFES
MEHIEE A S RE ., FARERSLZW—/-15%, 2.3.2 T HEHKEHA,

o BE—/NEEGRIIEEAE free i (= 3.277),

 FEZRYG (2HSAKXESL) SEBREESHE (tkin 0xDEADBEEF, H
BT B AY A %, Visual Studio £ B 0xCC, 0xCD #¢# 0xDD), ZEAH R
EHHRT, R AEM 2 b F FRLXEE, AILANARERF /I GEED
A I HI N A .

o FAE =77 T EAS MK &R e 0 H ik R R

EiAR K EIRENHTENM S H A E TRES A RS, HEEFEITHAN AN, 1157
225 tigat nfr 3TENIS 6 AVE . Bt — B 5 3TED, M8 & bL AR EF AV (E
FEEEE M, assert ZWAlReF H, 7.1.3 T &,

2.4.3 ARSI A F it RE S HF
AR M TR IS BENFHESTINGFHERER, XFHEERKREFER
A TR®RAGFEREA.

. EHEI RN
. BN
o HUUHEN G R OBROTE L

AR AR i FH — PR SR ISR 5 B BN T o BO R B X — AR, XFhE 4
FIARGELE, tbtnmalloc A AR LTS, 2R ELRIIAGFS B ZAI
MzaoBig i kAN LRNFHEES, XTEXMERNEZFEEITLUSS
Microsoft Developer Network (http://msdn.microsoft.com/en-us/library/x98tx3cf.aspx) .

Mudflap % (http://gce.fyxm.net/summit/2003/mudflap.pdf) A GCC 4RiFas$# 4t T 2K
{UBIZhRE, EREfTR E X FX A F R RS A AL ThEE, XAl @
e e RS | BRIE AR LBLHY,

2.5 HMBAFSEEAR

BarA Lk, JRAMNE2HE T anf{E AgEERS o EMERATF. A, AFRNHEE
EE AL FARAR., Ko EH R B BB IE AN R, XMh &
R R G B, T BT REANER P AR RS . RE sk, Bl RIHEHH A
Hik.

MERESTECHERLNE, iR GETHEM () KBS R, MR #
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AZE2Bd,

HWe & P 28 F A 2, & #5 OpenBSD HJ malloc, Hoard fJ malloc #1 Google 7 & HJ
TCMalloc, GNU C FERY 47 B 85 2 T 18 H 57 B2 2% dlmalloc (http://dmalloc.com), B

RAVRIRILE], FEEERN AN . dimalloc B9 H EFeM AT LLEER N G NN
1%, DR —-EHMIDHE.

6.3 TEHE FHEBREWEANFIIEAR,

2.5.1 CRIBLIK [T

malloc 1 free EEIEHE T Fahr B ABERNFNI S . Pl TREZRE, HE
ZEMEHCHTFIHNGEEHE, thinttse. BRI s HESME. KB RE, LR
T IEE N,

A PR AE R B AR AT LA S AR O B84y 1R, AR U b — BB Bk, X EER
MXxBEFEETEIRERNSF. AFARERHZEaREEERU&EEER, B
BHEIRGFIRALLR, FHit, Sk EBGRERX O R,

S TUUTEE, hrkBIWOERfHEr

o ATREREF RRT.OERE B BB
o LB REENREFA SRR,

Boehm-Weiser Collector (http://www.hpl.hp.com/personal/Hans_Boehm/gc/) =] LA {E
AFFHNFERAIERSL S, AL EARTIESHI 7.

2.5.2 HWiRKEBEI#IEL

TrIRIR BB 451t (Resource Acquisition Is Initialization, RAII) #& Bjarne Stroustrup
KURIE A, sTLAHEMOE C++ IR B MR, BIERRERE, IFHER
B RIE R R MBILAE SRR . 2ECHRIRREA BEXH AR,

B4 LR B AT LAZE C {8 ] RAIL, GNU ZaiF s 124t T ARbruEfId Rok Hx A
e, AT MME R PRANFREREATUIREA XMy R, — BT
A 1EREE B3BBG,

GNU f9¥ R Z A #| RAII VARIABLE %, EFH -4 &, REHATREXBWMT
JEE

" —“‘T‘#é@l
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o PR BT A0 R B
o A AR M R AT (O B

XAZEAN R

#define RAII_VARIABLE(vartype,varname,initval,dtor) \
void dtor ## varname (vartype * v) { dtor(*v); } \
vartype varname attribute ((cleanup( _dtor_## varname))) = (1nitval)

T EI, FATE name TR A A FHIEE., Sl B ST malloc K%, A
H4rEe 32 £, YL K, name BHIEREESHIT free B

void raiiExample() {
RAII VARIABLE(char*, name, (char*)malloc(32), free);
strcpy(name, "RAII Example");
printf("%s\n",name) ;

}

oA BTG & 4TEN "RAII Example" ¥,
A GNU ¥ & tb, =] LAk FI 35 8L 89 & & (http://en.wikipedia.org/wiki/Resource_

Acquisition_Is_ Initialization#Ad-hoc_mechanisms) ,

2.5.3 (FRAREAIBRE

B—RBENGFRERN G EZEF AR E LR (http://www.adomas.orglexce/) , RRE
SEACEARE ThEC, BMREFAUERHEEAEZEBHERE, e2RAH. TH
7 BAFI Bl Microsoft Visua Studio itfY CiE=HIH k.

X B try R SEM A REES TR FERNIER., AEREARERY, #s
AT finally B, BEilth—EXhIT free k.

void exceptionExample() {
int *pi = NULL;
_try {
pi = (int*)malloc(sizeof(int));
*p1 = 5;
printf("%d\n",*pi);
}
__fimally {
free(pi);
}
}

AT LR BRI 4 C Bl W AabHE

CHEEATER | 5



2.6 NG

NENEIEECIESNEERNE., FEFEFEREH malloc fl free RE LI F
A ERNTF. TOBER THRX AN REAI—ZR50% W@, 545N F 50 A LB
KB IRE

A, BF —LedEfrER A e AL H C I ENTFEH, TRt il T JLApEE
BIMcE A, 1% RAI Fima bR,
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HIE

& $THIER 2N

T X BB RERI TR K. BIREB R RS R, H B AW R EBoS Bl
frigd. JATTLEE R ER & a4t m N 4 B R BOR B, 0%
TR AP A B hE, e BEHIRFRIPITR. EFES, RINESEFZFEHS
RS S EMRIRED, F 21 anfal Ffa MR £ KL FERRE,

ZHEBAKRIMEHNEAEN, FEEREF &R, KESIARNREWIES,
tban C, #HE 72 F Ak IR BT, A R BT, &80 R BRI niH-#3H
R L., RBOREIR, HAMMEFR LM,

EGEH R T, AMMEREHRAEH. BLedmstTaaRe, X R
fEstast ol ARSEE, WALl &8 E kKRG R,

KRR FHEBIRE . AR L, BB TFEREIRE R TS, BRATET
REZEAEBRIL, REEESHESWERLAEH. RINBZFD, B8R
AEHIREFRIBATIRIR B T AR EE,

T X 1R A B R AN R B A B AR BT AR R A, E T RBNigEr s RER,
HXA R A VRB R KA B,

3.1 EFHIFHE

BRI AMRE C RRISTHICE., EFTH, RITFARREFRMENSE
MU RE, &F— Mg, EHTRTERTER,
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&

R R, e Bl k.

3.1.1 EF&
BIFRE I RBRTHAER S, @Ffgtsy, HRR2EKR, EItER %K
X, B o Sk B OB T3, i e R A 2 5.

B &fF A& (stack frame), Febilfi & FRA F L2k (activation record) =k
A% (activation frame), W GFEHABEZEMEH TR, HEERDENEF, 42
2.1 iR T,

B 3-1 AREE EUiBH M RIS A, XA E T LA MUS R k.

void function2() {

Object *varl = ...

int var2;

printf("Program Stack Example\n");
}

void functionl() {
Object *var3 = ...;
functionl();

}

int main() {
int var4d;
functionl();

Object1
A
Object2
7 Y
varl HE
function?2
var?
function1 vard
main vard
Bt

3-1: #AE
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I R B, R BRIl HER B b, A b RHT — A Rml. SRS ERT,
HARWUAR PR L, wirEARAFEASHERE, BERAATESBEHRIERF
e EHY B — i .

HESRBIANTRAHE, R T “EK. MENFOREMBER, HEbhSHRRE
Fro REHERZR FEKR, EXRAEANKREGRF, s LA gEESE ERERA
B

3.1.2 TmAIAHLH

Aol LA T JLFR TR AL

e AEMAE
BR £ 5E B fe BB Bl )RR N S b ALk .

. By ECIE A
R B BN

o BAAHE
MBS BEINTE.

o HIG4H A RIFA
BT 7 G0 ok B E AR IR

Tl CEFAA S KOst fat. ©~d, EEENIBiSfHEEL
VR ORI R Fr e

Reda et W AR A TED . EAaet (Wifash) 8% IR Bl HRY 3k ak, than
B E L, FR B UG RIARMINEIRI TR .. XM EEH A E C 88, BIIEEZET
f Z SR B E AR, RS TRIARGA C L3, XEiRHFERR C17E

TATLA P E XA R BOH B T iR el , XA T® T — TR HEBAN—/ 3R
AEAAKERRY . = printf &8 FRATENZ 8005328 & A3kt .

float average(int *arr, int size) {
int sum;
printf("arr: %p\n",&arr);
printf("size: %p\n",&size);
printf("sum: %»p\n",&sum),;

for(int i=0; i<size; i++) {
sum += arr[i];

}

return (sum * 1.0f) / size;

ISR E | S5



AT bk RS 45 3 0L T T RS L -

arr: 0x500
size: Ox504
sum: O0x480

ZHGhaLFRE R &AL Z BIRZ=H, RENEZITH AR EERTTEEN R ik
Wit
RYAL CUER IR, BB ULRR = WIRT AR R B HER i L, mfGEAREBER,

mE 3-2 . XA Fh, sizefEarr ZJa#HEA . BF, B TRSHEARK
AHFLR R b EE, SREEREE R, ATV R E AR b F1] AR .

sum 480 | | Pt st
Return Address
average < : 1
J arrSﬂﬂl | HAat
size 504 | |
main
FEIrHk

3-2: KMnpl

MIREE B, AERRE "L K, Ak Ml fy 2800 R BB & DL BB e il 4%
Bl TARAF AL . BB SEhE AR T W BR SCELAR G .

foriZm MBI AEE i ARSERN T, CHERIETD Y “ME” B, &
BB W LR A AR OM AR P . TEAGIh, SeiBafE it s 2 8 Fik
average i Em, PhITefa o,

Rk TRES L, A yFr—&AZ, X—AREZE, BAETURESHK
A RN BLRIAHXT IR . ERIRIE RSN X — S RA H. anRIRA s
mian{a] 5B, XERbHETERB R e LE L.

R ikl R R i L, RERTRESHERANAF, XIFFRKR ARG, &% 3%
BEFEEE#IE, 2FIlB8TEBAFEHAA O R . — T2/ EETR
AFHFRIR— R ATRES B2, AV 8.3.1 Vit iHiEXA e/,
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3.2 BidiEFHRIEFR O & HE
AT E (63 4 B BCRU B BGE FIAE B, (65 E FTDALL 54 8 D R

Frsl AR, mARERERA2FEAER, XERERATFRHRZXNTITR
IR BCA A R BR, i B WA FRE 5 R,

EEEAN RSP SR, SERBEREE. adFd - THEREENRH,
AT LAE R e G st B IR 2R (b B, TE4n 3.2.3 W BrRonmy il aE . SfE e
T BBk AUFEENRE, ORI s AHRE, ZXAMEETE 3.2.7 TH TR,

teit =8 (RIERE) M, HEMLENNE. bk, feaRBrLsRiE
B—AEA, Y RKRERESON, FESHERHSERR, Lk -1
R RR SRtk , aRBAHCE b Fds R, aFmEE IS9P
B, SHASEREFzTEE, Riibs5HE2AE, FEXRIEHER
ENEEREGNR, (ETLLELRE TR R,

3.2.1 HIEsHRiBEE

FRE R E S 8RN EZRE 2 R BT LA iR, TarRBERER T4
R ERE, UK SR HE. R ZAFRETRIE HiRlE, |AE
X AR EARE, @S ENDREIA .,

void swapWithPointers(int* pnuml, int* pnum2) {
int tmp;
tmp = *pnuml;
*pnuml = *pnum;
*pnum2 = tmp;

}
T ERICHD BRI T XA bR BT 2

int main() {
int nl = 5;
int n2 = 10;
swapwWithPointers(&nl, &n2);
return 0;

}

54t pnuml F0 pnum2 FEARCH R EP MRS, SR EBR T n1F1n2 BUE, E 3-3
BB T A an{n A0, A B #R swap R EOTT 1A B AR A, A B W& R &
AT OE T

EHRE | 57



pnum1488 | 500 pnum1488 [ 500
swap swap
pnum2492 | 504 pnum2 492 | 504
_ n1so0| 5 _ n1s00| 10
main main
n2504 | 10 n2 504 ;

24t 7 A PE A M 2 SRR A%

3-3: AIBHEMTR

3.2.2 HEFEBHE
il TS BUR AR o O\ Pk Y =y 42 s N 1) O v T BOR R 33 VO -2

vold swap(int numl, int num2) {
int tmp;
tmp = numl;
numl = num2;
num2 = tmp;

}
T R AR PR - BB A 2 eR B

int main() {
int nl = 5;
int n2 = 16;

swap(nl, n2);
return 0;

}
R, XHH A LI, FABYEE @ EMmA LN kFiE., numl F
num2 PFRAFFAZEELSHEIE, B numl, K& nl AEZEE. BRIEERAEE
Lz, B 3-4 5B TIEZSHIAF0 L.

num1488| 5 num1488 [ 10
swap swap
num2492| 10 num2 492 5
, nse| 5 1 n1s00| S
main main
n2504| 10 n2504| 10
A8 2 RITRIRE Fr ik A 2 e IR A

B 3-4. BIYEREHIE
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3.2.3 fRiEFEEERETT

b 48 15 RIOHRER C o I AOER, R, BhTRA1 R T IR L,
ARG LM I TR IR RN, Ait, MR RRIERIES, MiBmaEEEL,
RAA BB S, BB a0 % B ATIRE

EAFIF, FlFE RS SR — R EEIEH . ERHN,
AT GEME SOl L 45 7] 7 BRI EH &R AV{E -
vold passingAddressOfConstants(const int* numl, int* num2) {

*num2 = *numl;

}

int main() {
const int limit = 100;
int result = 5;
passingAddressOfConstants(&limit, &result);
return @;

}

XHEAESTHEIEZEIR, RBESIE 100 K4 result B &, £ T EXIRAH E
W, IR EE A S| R B

void passingAddressOfConstants(const int* numl, int* num2) {
*numl = 100;
*num2 = 200;

}

R FATHE Limit HRLELS R BHIR TS ER S FBRE -

const int limit = 100;
passingAddressOfConstants(&limit, &limit);

EHZTE-TIEGEER, BEE AN ESNLSAHABALE, kb, BEE
BEMABESCE - "SHH5 I ANEE.

R O — B Bda g, (BREEEkm AR M B ECE RAfEE. BITARERE—
NEECEH REMIL RS - NMEm H RAEH, AAXHESATFELTER, 1427
AiFHTE.

& T XA R 5 — A B R A & 7 A TR R -

passingAddressOfConstants(&23, &23);

XML IR E BSRHPUBHRIETNRIESFENR -1 LAE. EENRAE
1.1.6 ipitieid T,
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3.2.4 iR[O$5%t

B EHRERA S, KR BRI B LA E AN AT, A ef BOR 18153 R
2w AEILL TR AR .

o M malloc 7EeR BN BN AR Bl K sthht . A& MTTRHOR BRI A7,
o (HE-NIRGREOFLEREESE, XHS BB RPN EE A AERITIE.

B, AT BH malloc X 2 eR Bk 40 AL IR | I A 4+, Bl fo Y 7= 61 AP 30 iR 1| —
NI RIIgE, AHEFERE—FAE. FEAIHAE —FEARTE 3.2.6 T iEH.

ETEAFF, BATEXL—AEE, AHZE BB KEM— 1 EX%h
LR, RECHBEEEA P RNTE, REARNERITIIGRE, ARRRESEA Bt

int* allocateArray(int size, int value) {
int* arr = (int*)malloc(size * sizeof(int));
for(int i=0; i<size; i++) {
arr[i] = value;

}
return arr;
}
T i i BH an{e] 5 A X A eR AL

int* vector = allocateArray(5,45);

for(int i=0; i<5: 1++) {
printf("%d\n", vector[i]);

}

B3-S T XNRBPINGFEE. EEESR return B iTaifIBFRES, B
BAREBOR B EHRFIRE. vector TERAE THRENSEANFRIRNEE, 2R
bt arr TEMWSHES, BRI SIHAMAGFLE, XN FELAFERK,

500|45]45[45]45]45| 500 | 45 [ 45]45] 45| 45
size || 5
allocateArray value | | 45
arr [ 500
main vector | ... main vector | 500 |
iR [ 2 Al B E 2 f5

3-5: ROIEtt
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RAE EBIRTLAEM TAE, (MR EOR Bl 4a5H Al EFE L/ ERY R, RL4E .

o REIRBBICHIFEE

o JR[EI4E R TR EL S
o IR mERAE EAIFEE

« BEFEHEREABERANRE.

B — AR R A F 2 allocateArray . M EOR Bl sh &4 BB N T
BERERBEMVARZAREERNGFE., B— FXA6IF:

int* vector = allocateArray(5,45);

free(vector);

B FAT LA IR BB, &SN,

3.2.5 BB IEEE

IR PRAER R AR anfel TR, MR BILIR E45 M R E R IERTEE RIEIR, T
mAG o, FRMNES T 3.2.4 T HAFIR allocateArray B, XRBEAIADHE
Hah & BN, mal T—1 A .

int* allocateArray(int size, int value) {
int arr[size];
for(int i=0; i<size; 1i++) {
arr[i] = value;

}

return arr;

}

AEMRE, —BERBORE, REINEAMIEhERTTRE T, B4 R BAT R+
HT. RESIMBHATEDATRLE 45, HRIAHS &, RAEEEX
Wild, TEARDEX M TR, BEIFAM printf A& SFBEART -

int* vector = allocateArray(5,45);

for(int i=0; i<5; i++) {
printf("%d\n", vector[i]);

}

E3-6 M TRAEXHEENANENPERE, BRIERXFEL AN (Ekin
printf EREHBIMN), ATRESWHETRFEL, NHHATFEHAFENNE. LAY
LR A 2 Bk T LB,
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size600| S printf ftkin

----------------------------------------------------

allocateArray | | value 604 | 45

“a620 [45]45]45]45]45] [T 7]7]
R R —— |
main vector | .. vector | 620
i 8] i iR [6] > &

3-6: ROFEHIBNIETH

DA —M A arr TREAHA static. XS0 8 1E B R Sl 78 & BN
W, {(BRsrAcfEARmishmE, BeH bR EST R(E,

int* allocateArray(int size, int value) {
static int arr[5];

}

AidxfFEHEA 8 &AM, BKiIHH allocateArray H 5 &2 B S FI HX
ANEE , XY T B RENE E RS RS SN, b, RS LA
FEER R, 122 PRI A B4k PR A K B I RE

R R A R B — A A RERE, mEXEXEEL AT ARE, BAETLL
B — X BEMIER, REREGERE, RETNFEZEREREXTEHHE,
A R AT RE 1B VR IR T, X AR RA M. 54 TR A ER L R ESERN
(7

3.2.6 f{FETHE

THEXAKAR allocateArray R iEd T — /NS4 8. HA R B HE
b B e EME, BRI RZATHE., I MMRANERAS2ENTE, HE
IR A& 5 B .
int* allocateArray(int *arr, int size, int value) {
if(arr !'= NULL) {

for(int i=0; i<size; i++) {
arr[i] = value;

}
}

return arr;

}
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BiREHH R A RN, ERZareR et AZTENTFIM.
IZER BT LABOX AR -

int* vector = (int*)malloc(5 * sizeof(int));
allocateArray(vector,5,45);

MERE R NULL, IRAft 28R A, BF#HENT, AREEFZIE.

3.2.7 fRiEFEETRIFEET

WS A B, FEmEE. nRBIMNEESIREHmMASREEIE, )
FELHBIRHER. ET6F, FTIEE T —TBEBAENES, AR SA
AGFEHBEEmtAL, BEBRESHAE - 1TSEERENANTF. TERET, Ei1ksE
W1, REmiht. o RN FbaE N iZERES — 1B 8. A TERHER
FE XA e, RINFEEARFERIHAE, L, SEWEF A int 5ERVES
. EIRHEES, RINEEEERE AL
void allocateArray(int **arr, int size, int value) {
*arr = (int*)malloc(size * sizeof(int));
if(*arr !'= NULL) {
for(int 1=0; i<size; 1++) {
¥(*arr+i) = value;
}

}
}

XA R BT LU T w89 RS MR -

int *vector = NULL;
allocateArray(&vector,5,45);

allocateArray 8 — 12K UABRBIEHBEHE S, YRONOAAXA B
B, FEGBIFEBAE, X£ETLER vector HulkEBIRY. malloc & ERIHE
HE#ER LS arr, S| BEESHAIEH BRI E R EIEH . FHAHXE vector Futbil,
FRLARAT 2% T vector, |

MF B 3-7 s, ZBERR malloc iR F B B HARNERRE, £
U, 4B w7 ek BOR Bl e IR .
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6004545 as]a5]45 600 [45 4545 as]45]

size )
allocateArray value [| 45 |
arr [ | 500 |
main| | vector500| 600 | main | | vector500 [ 600 ||
PR B0 (8] A FAHOR [B S
3-7: REBHNEH
A 3
s T E E B AR X A ], LA ok N 1 S AL

THEXARARREEI T AL AfFE 1A =ielfE .

void allocateArray{int *arr, int size, int value) {
arr = (int*)malloc(size * sizeof(int));
if(arr != NULL) {
for(int i=0; i<size; i++) {
arr[i] = value;
}
}
}

T E RIS B 15 B 1 an Al {8 X - ef 4

int *vector = NULL;
allocateArray(&vector,5,45);
printf(“%p\n",vector);

BT ESBINRFITEIN 0x0, F h# vector Fih 5 e Sit, CROMEEERIZ T
2 arr i, Bdarr Xt vector AWM. HRBORME, ZARHFMHEE arr
MEE HIZ vector ., E 3-8 VA TN BLEN: A EER arr EHTE Z A0
BRNFERE:; PEER allocateArray H £ /) malloc B iT B ta L4
FRHINFFRE, arr BREMESCHIRREPRRENBLE, FEERREGER FRE
AR AR, B, XBEANFE, EARINTEE R AL 600 SCHIRNEFDET .
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600 45!45 45[45]45] 600 | 45] 45| 45]45] 45

sie| 5 sie || S
allocate value 45 allocate value | | 45
Arra Amra
d arr| 500 d ar| 600
main| | vector500 | NULL main| | vector500 | NULL ‘ main | vector 500 | NULL
malloc Z i malloc Zf5 ER¥ORE 2 fa

3-8: fRiBIBH
THMBECH freei#

HT free HBAFE— L@, AMmAELEFACUERE T HAR free A, free A
EASKAESE AT &S & NULL, hASTEIR B Fiiefsst & A NULL, BEidsE
ZJa R E h NULL 2482110,

A 32 Eaimifl, TG H THXD free MBI LH, RILARIFEH K
NULL, BAETREIRANISE EEE —TIRE IR -
vold saferFree(void **pp) {
if (pp !'= NULL &S& *pp '= NULL) {
free(*pp);
*pp = NULL;

}
}

saferFree B HLIRBEBRATER free A, BIEMSHEFW AL void 1Y
155, (ERIREMIRE RIF A E I ARIREE, mfE A void FER M =T LAE A BT
AAETPREEH. Ak, RFAFAXA BEEER BRI R R ERA void &
FEES, PTERNEMRASFE RS,

TH:XA safeFree 8 saferFree ik, $hiTRBiLin, H(EH THHLHRIE
F, XHBEE T REUE S MR ERE S IgE At

#define safeFree(p) saferFree((void**)&(p))

TEARR R BRI XA ZR k.
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int main() {
int *pi;
pi = (int*) malloc(sizeof(int));
*pi = 5;
printf("Before: %p\n",pi);
safeFree(pi);
printf("After: %p\n",pi);
safeFree(pi):
return (EXIT SUCCESS);

}

Ri% malloc i B FIA AL THAE 1000, AP 20X B RO AIH H A 1000 F10, ik
M safeFree ZH B NULL [EA S SEEFZ 1, A4 saferFree £+ Ml
B X FhiE 0L 205 T X R 1E.

3.3 HREIFEST

R BAR B A R B LRI TR EE . FREFRESE SR T el Boxr T C ki@ 1R B Zh R A H
RIS, X AFRATLAGR CERT R B AN P AT R B 16 1 5 — Rk e, AR
M &HF1ER).

ANATE FH R B e — AU X FiE T RE & B Triz 7212, JCREEs RIRETT
BB i 7K £ 1805 ST . 40 S b PR 2% F o i 090 Bk A6 2 B ph AT RV R R
L7k 24 W B TR FH AL BB 2% P RERVRE - Fe A, ik | F 45 A AT R LI, 7EIXFh
BLEI T, PSS B BIAHRERATRYZr 5, AR FMEW, ARAsE TR EF S
A LR PR S .

R B4 £ X PERE R W ZAL R G Ui . FEREIE S sob (8 H eR B 455 AT LASR
MRYEREIRIRET, 7EArp, FRATEF A an{er /= B R Boda et anfel o 11 ef Bedia o ok S H
HARIITE S, DEEREB Ty RIERBIRHHRREREL A

3.3.1 EHAREEIFEST

B—Ik BE EIR R IR IE MR e S B R K, AR C R £ Hfm—4E,
— HERIX PR, BEEKMINBEAE 7, TmIiIAH— 1l Iigs, %K
BEETEZR, REZHE,

void (*foo)();

XAFEHR SRS R E, mEERE -GS, HFEEMRER AL foo IER,
‘BH#% void, REl void fiEt. Ak, fESiEXAFHER T ~1~44 foo HIR
febt. BEFKmix A/ 455, B 3-9 B T RBAEE H A &4 54r .
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E3

l

void (*foo)();

EE R AR R
A& F

8 3-9. BHEHER

4 3

(EH AR M —E 20, B CASRESHITEE T IET.

T & 7 B R S AR B R fth— 25 5]
int (*f1)(double): // {5 A double, iE[El int

void (*f2)(char*); // &N char i8¢, BHEE(A
double* (*f3)(int, int); // &M ¥%, BE double #5¢

ri‘l-.

el 1A R Bfi e Ean 22972 RV VGE A fptr fitarSR.

AEHR B R R R R RIE. THEA f4 2—/1E%, BRE—/28%E
£, M f5 22— 1R B RER REIREH, RE fo &2 — R EIBEIREIEEIREH .

int *f4();
int  (*f5)();
int* (*f6) (),

A[LAR R X EFRBKNPRZAR, W TFHR:

int* f4();
int (*f5)();

REE, f4 27 EEIEEEHAVER, M 5 B SN HFRIERR "B NE
SHERB LA EE—E, FILLELT RBIRE

3.3.2 {EHEEFEET

T A R B et ) — AR BRG], b R B — B SEORE R — 5.
BAMLE X [ square A%, M—ABEBCKFHHBEE. HTHEAGF, RER
BASHL.
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int (*fptrl)(int);

int square(int num) {
return num*num;

}

E A HH square B %, 7 E4E square & B A b aE T 25 0 B35, n
THim. iR LFE—4, BNAME2AEAGH LT, TR0 R ek,
FADEFH T — B EABS R .

int n = 5;

fptrl = square;
printf("%d squared is %d\n",n, fptrl(n));

ATRIB/EE 78 "5 square is 25.7, FATHL o] AR T i AR AT F St snk 2 1R 7 X e £
AT RME, BEEVBEZI AWM. AEXF LT IOMNET %iF s = 2 BUB IR ETRT .

fptrl = &square;

B 3-10 5B T A BRI F 4B, Fel 140 square BEORIERE TR T & . 1X H &%
+, Lhr PR S BCERE A FHES AN R B b, bR B )55 br b Ak 8 5 X 3%
&

main fptr1 | 1000

A |

llllllllllllllllllllllllllllllllllllllllllllllllllllll

3-10; BHHNE

AR AEE FE AR LA E, T m W Tz Al A R R B B R
ZELM. XUELFERAATE, @, XUEUNMATREFUNERE A
TLHF .

typedef int (*funcptr)(int);
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funcptr fptr2;
fptr2 = square;
printf("%d squared is %d\n",n, fptr2(n));

5.5 MR T A AEBOEF, PEAYR M R BRI T T & R HEF 5 5.

3.3.3 fRiGLHAIEST
& R BRI B, RERBARE A HEARBES KA., RMNSATERXA
5|+ add. sub 1 compute £& %3k ik AR dnfa] (£33 oA B fe 5t -

int add(int numl, int num2) {
return numl + num2;

}

int subtract(int numl, int num2) {
return numl - num?;

}
typedef int (*fptrOperation)(int,int);
int compute(fptrOperation operation, int numl, int num2) {

return operation{numl, num2);

}
T B9 ACRD F B 1 B an n] {3 A axX 25 eh 4

printf("%d\n",compute(add,5,6));
printf("%d\n", compute(sub,5,6));

It 11 A1 -1, add 1 sub BRI AE #5545 compute B, /58 (EHXEH
bk VR LR E . AR B T O A R B R AT LALE R E R ERTE.

3.3.4 iB[ElekETEST

i 5] eR $ 48 5 5 A0 R B0 R B 3 7Y 7S B A s iR EE, A TR sEElx— A,
AU 3.3.3 Fidh 1Y add F1 sub R, DARERIE L,

FATH THEM select AEE T M AMFERRIE B —/ 48 W X R ER BB E .
BT & AR IERS, BE2KE add HE, E418E sub Rk,

fptrOperation select(char opcode) {
switch(opcode) {
case '+': return add;
case '-': return subtract;
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evaluate B X LM B AR E &, ZRBBEEZASTBEN 175, FAK
HEMPIRIE, BSH opcode 151845 select Bk, fo# R B EHATHI & EIGE.
iR B iEA)H, evaluate EREFIAITRIA IR 8] ) eh £ FF 1R Bl 45 R .
int evaluate(char opcode, int numl, int num2) {
fptrOperation operation = select(opcode),

return operation(numl, num2);

}

evaluate ER% & printf BRI TR

printf("%d\n",evaluate('+', 5, 6));
printf("%d\n",evaluate('-"', 5, 6));

AR 11 -1,

3.3.5 {EHR&FEETEIA

R BHREE B PTUA R TR R R PR ATRI RS, AULE PR R, AR
R BARE F A SR RN, 20T PR, XA BN A TR ER S AR TE Y
NULL, nRBEHRMIBKERL—TiEmR, AR FRPNERS ESH AT
#Fo AFFRA—-1ME, WA MMERMGICEANTA T,

typedef int (*operation)(int, int);
operation operations[128] = {NULL};

WAl LAAH typedef KA XA %4, an T

int (*operations([128])(int, int) = {NULL};

EABAMEBRTUH - FHESIESEX AR ECE T, tban, InRFE *
FRkR AT E RS, RIMNTURAFHEARSIRERAAFHFmE LS8, 128
A TCFE X FLAT 128 4~ ASCIL F 7, HA &L XA & X HTE 3.3.4 14 L BLAY add.
sub A% .

BAR AL A NULL J5, FRA3 add 0 sub R BRSNS Fnik 5% B R T2

void initializeOperationsArray() {
operations(['+'] = add;
operations['-'] = subtract;

}

MBI evaluate H 3k S 4 evaluateArray, 1% Tk 1HEREFTEAES
*{# fl operations, MAZIAMH select kTR AR Bdatl .
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int evaluateArray(char opcode, int numl, int num2) {
fptrOperation operation;
operation = operations[opcode];
return operation(numl, num2);

}
AT i A ARSI X £ bR

initializeOperationsArray();
printf("%d\n",evaluateArray('+', 5, 6));
printf("%d\n",evaluateArray('-"', 5, 6));

PITEERE 11 /1 -1, EEHA evaluateArray BB AFEEZEERITRE ZATE
HEZIRE

3.3.6 LB ARFEST

AV UL AR A SR (E PP R e B85, T I AR T fptrOperator 2%
EMFN13.3.3 P add B, add REHERL fptrl R EdaEr, 2RJ/5H0 add R
Ay bk L &

fptrOperation fptrl = add;

if(fptrl == add) {
printf("fptrl points to add function\n");
} else {
printf("fptrl does not point to add function\n");

}
AT B RE, #@iki e TLAE R EHALHE T add K.

AT LA B LU el B4R A A CRY — AN E BRI B 7 &, A RBEREH B R T — RIME
FHAEMER. tetnid, EATRRESE —RINRBEP -1 EFEGEA. TR
—HRIERIHAHEF, tREE, ABITHHEAMEH, Hr —HBRFEITHR
A, LIASEFTMEELNHE, RAREREN. FHRERTLIRERE A RB®
A RE R, HERETRRMNUAE LARARES . EBILEEMAIT R
it JMFATLLEEMBREANERE (LR E) kzhEBESERE, REMFIERPE
) H-Bhl B oeF Bz 7Y R B Aa £HBN AT

3.3.7 HBATIEE

FAMIFTLUFIE R ENRENEHER VR R VAR, AL ZEEER, EA=s
T EAEASEIFABEFITHNSEEE S EVH. el i —FEEEEHERAS
— R, BRMLREMBEIREHEE, BREEHOKESRA—EHE. TH

stHEE | 7



RIS BB T X A~ A -

typedef int (*fptrToSinglelnt)(int);
typedef int (*fptrToTwoInts)(int,int);
int add(int, int);

fptrToTwoInts fptrFirst = add;

fptrToSingleInt fptrSecond = (fptrToSinglelnt)fptrFirst;
fptrFirst = (fptrToTwoInts)fptrSecond;

printf("%d\n", fptrFirst(5,6});

X BRI AT fE i 11,

@ TC i AR R S B AR £ A B e )5 IE TR,

void* 355t A —E e FIE A B 455t |, st & T 1A B iz % T X BEHE ol S0 45 5
W45 void* 5%t

void* pv = add;

At A ek B AR eI, B E S WE 0 F AR AT mEdREER, x B
2 fptrBase 75 B 435 M A 52 2 5 th 43 R [o] 5 5 07 ef B 1) v BUR 5

typedef void (*fptrBase)();

THEAVRE R BRI TAEREHAHEG, B E— 0 —HRECR

fptrBase basePointer;

fptrFirst = add;

basePointer = (fptrToSinglelInt)fptrFirst;
fptrFirst = (fptrToTwoInts)basePointer;
printf("%d\n",fptrFirst(5,6));

AR RS AR, Rk BineraviE.

ﬁ —E LRSS B EEREHE R EHRIZ R, TS ERAFERFTA,

3.4 NG

B AR A B T R A R B R R B9 TR A NLA Rt miTh, fEAE
R, BATEE Ak, MEFNRRM, iX ZE 3 MR R £ 1% 128 45 R BP0 A\ R U B 45
FRUPLEIR B .
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b, R ERERHERAIEHRERN, FREASHERSENNFRER
ZRRBARTHEER. TEfEREREBEREERER, & TLAB kR B 5%
AR, (B8 RRE T LALL S BAREHE A R RN b hl, BAnERTLAREBY
A REREX L ThRE.

BATLAT BNV T A B G, ZRBEHAFMLHABRFREFTEDTA RS,
x4 il B B FF RIS AT R PR A .
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R4E

fEsr A

HAAZ CNEMEARIESS, UIREBEAH R AERITR &S HEFIE
i, o FECH TN B HE 2 G BORELIE IR R, B FRYPERE L HELLE B 5
. BEAMIEH T RERERK, £4ER L FXHTLIE#,

— P LRI IR A B e i & e 2 v AL #p), REBHAFHRMEATLLE
fRE XM, BHEARLF AR . SAFREM TR —efEM, HMRE
B Afm], WA—EREh i, BFRMEXFPZE BRI LA BY Vol % o5 1R it (o FH X Lo 3R Rk
tbanii, REBEHER A SFRIAF I LLR BB AN, (BEALAFHFAREFARE
BRIER B AR,

BAFEMHEF PR ATR, Taet—4, Wil L%E, E4ES, BINSHRE
BOAMRTE AR MR AIR, LMEREAZE RS UL B fE AR R ME BEARI & Fh 5
. FAPHHMETE X R E & RAIFASE E AR .

AEERLEBARA, REMAKAR EIRHERENHEBE AMAEA, ATLAH
malloc K EF A EEH, X EREREERENEAFHE RBRING ., TI11&
EF2nfAlH realloc HBERNZE CLH— N HA S BEINFE KR/,

ABA T ENF AT AR R R ARAISZE, il R0HE R R RBEAHNE
o, BB HRERL B s BN R ESERY

BT EER LR BB AN TR R AR B, KEIHERT, LAEARARK
BUMER BOECHEEA ., BRANNRRTIAFERERE, MRBINAEERE,
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R B ARER S AR AR A, BMEFAER, BT ESHR in{f{E C
IS, AN BEHE S, B —17allREE & A RHIFIEL

Ei X e, FEMERMEMERE, MiE R —-%0d, RERER _EK4,
fm EFAERE )2, BERED S . KBRS RIS H.

4.1 ZEHBLR

BARBRAERSIVIRMRR TR ESRES. XEMENESSREANTRENT
FORARRET, PRIAFEZR, MERSHETHFHLEHR LR, SHFYHMHNE
HESEA, TURAS T4,

“HBARTE N, BT RFABHCENLE, RN E S ERIRA
ARMBEN, PEIREMARFSAS ., AEEE FBEMEHEE, EMR
R, HETAFEAEN, WINSTE 4.6 THUFE,

CO9 HrifES | A TR B, . Zar, X352 KB MR EH realloc A LE
#, AIESTE 4.4 i realloc A%,

SR ERBEN, YROFVEAN, SEhTZECAEE K. W
it £ EMSBEIE, miigEit oIt £ A REIRE LB TR
" g, realloc H¥ANAS KBALERME T At K EHE BT LM BEANEA, R
T/ N, Bl IphAE R B KR, D5 A E RN,

4.1.1 —4#H

—HBAHELEWEE N, A—rFmslBRE R, TS EHT—4 5 TR
BB

int vector[5];

BAAFESIN 0L, BIFBHAKEMR &K, vector FAMESIMN 015, F4
R, Ak, CHEABGINEDF, HIEBHIZES| W B & & & A o TR 17
KA. BE4-1 HEHATHRANNFNME, B xHd4F K, LIRAEOGRLE. 3K
1.2.1 TR, MRETARIMAFER, BEAMKETTRRAEAE.

BANNBERARLEHTRBEENGEE, BALAFRARSIAT AT, X4
fit sizeof IEXMRE NV ZBA B FH, EMmELEIEE, REHEAK
BERLLTTRKE, TR, FTENERE S:
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printf("%d\n", sizeof(vector)/sizeof(int));

vector[0] 100 | ...
vector[1]104 | ...
vector[2].108
vector(3] 112
vector(4] 116

4-1. HANAFIE

A LLA— AR ta it —4e 5], T Rnie A FrIcEDBILAM 1 T4
iPE-28

int vector([5] = {1, 2, 3, 4, 5};

4.1.2 —H¥AE

— R BT RIA AT S T B, X RS B E R N T I — S b hEZS ],
5 Chix BBt T - RSB, AN E RN, BERE .
B=17, HIARE—.

THEFBHT 125370 454, HBiEnxEd 7 T7Tmnit. B 4-2 584
TRABAMNTES R, EERETNTE TS, 48T RaEma T,

int matrix[2][3] = {{1,2,3},{4,5,6}};

matrix[0]{0] 100 | 1 |
matrix[0](1] 104 [ 2] 0 1 2
matrix[0]2] 108 [ 3 | $?u 1 | 2 I 3 I
matrix[1][0] 112 | 4 141576
matrix(1][1] 116 ] 5

matrix[1][2] 120 | 6

B4-2:. _HHA

BATI A 2 BUH MBI, ki, mREMA—1TiriERIEEA, &
BIRVE X M ATHIFES . FHEAMRREIEE TX8EE, EESTEHE TR K .
for (int i =0; 1 < 2; i++) {
printf(“&matrix[%d]: %p sizeof(matrix[%d]): %d\n",

1, &matrix[1i], 1, sizeof(matrix[i]));

}

TEm s RBA LT AL 100, BAEGTAIASATR, BITRIFHR, A
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DA ER 12:

&matrix[0]: 100 sizeof(matrix[0]): 12
&matrix[1l]: 112 sizeof(matrix[1l]): 12

4.7 T RIS EAB T XFITA .

4.1.3 ZHEA

LHRFCA BB BRATUL 4R, T2 H5A, FELZAL S RE AR
RIFCEE, TEABIFP, BIMELT—THBA 317, 27, 4RI =484, B8
W RRARIRE =4I EH.
int arr3d([3][2][4] = {
{{1, 2, 3, 4}, {5, 6, 7, 8}}.
{{9, 10, 11, 12}, {13, 14, 15, 16}},

{{17, 18, 19, 20}, {21, 22, 23, 24}}
}:

TLEZEBIT - P - A FESE 5 B0, nE 4-3 ok,

arr3d[0][0](0] 100
arr3d[0][0][1] 104
arr3d[0][0]{2] 108
arr3d[0][0](3] 112
arr3d[0][1]10] 116
arr3d[0][1](1] 120

ﬂ‘i'-ﬂ"l‘-f-‘-l-ﬂ'h—i—'

arr3d(2][1][3] 192 | 24

B4-3. =4HHA
A2 7E T 1 B Bl - v B X L A

4.2 TEFTRTEIEE

R KA RA R, BAOTTUARIEERR CAHOEKA, el LA RN
FRRIEZRAF M — T BAER . BEAFRENRH FREELFE L LT
B, Ak, DA T2MR, Jampy “BE s mEn" MK,

PR E B A 2R B B sk . FAT ol DA HB LR ES fa 5, 20 T B

int vector[5] = {1, 2, 3, 4, 5};
int *pv = vector;
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pv EREFRRAKAET - cEMAZHENEAEX G . & pv REZTEARN
F— N EHIHARE pv.

FATATLL RS 4, AT AR AL R0 — A T AU HHRIERE, dnFFiw.
KBTS ok R, #64EE vector RUMbAE, FABUEAHBIETTE BB —2, it
5

printf(“%p\n",vector);
printf("%p\n",&vector[08]);

B ED A #H &vector XA FR R EA ML, ARTHMRRE, XA/
& B2 BRI, Kby R R R EdEs . MR AESAE 4.8
TREE.

AT AR ThrAESRE L, Ehr Lk, pv[i] EFMRSEFHT:

*(pv + 1)

pv iEEHELE — ANV AE, HIESFRARESEU pv FREEAMAL, AEHE
RizRIEFES 1L, REEsFIbRERANZE.

BRIRFAE 131 Wit R AbEE, S4astin L — /B E ST EHAbal ¥ inx
MTEEMBEEXYRENRA, I-adTHEHLAF M EERBER. TEAT
I TF T

*(pv + 1)
*(vector + i)

Bi% vector fii THbatk 100, pv fiZ THhaL 96, F 4-1 F1EE 4-4 U4 BH T anfa] £ 54
THAEHERZE S JINEA 2 FEH AR ARRIE,

R®4-1:. HA/BHRTA

& FhrFiEX

92 &vector[-2] vector - 2 &pv([-2] pv - 2
100 vector vector + © &pv([O] pv

166 &vector[8] vector + 0 &pv([0] pv

104 &vector([1l] vector + 1 &pv[1] pv + 1
140 >&vector[10] vector + 10 &pv[10] pv + 18
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921 ... | &vector[-2) vector-2  &pv[-2] pv-2
pv 96
vector[0] 100
vector[1] 104
vector[2] 108
vector[3] 112
vector[4] 116
120

&vector vector +0  &pv[0] pv
&vector[1]  vector+1 &pv[1] pv+1

—

140 [ ... | &vector[10] vector+ 10 &pv[10] pv+ 10

4-4. WA/ BHRNE

SBCAMALIN 1 Khrm T 4, WEEREWIKE, HAZE -TREHE., T8
— A E— B E, AT r BB R, XA, AT iR BEFAT7E A
F5IFndaEH Ui al B e R =i

WA R ik T AR R A “ImFE MRS ™ #1E. vector([2] £k EAM vector FF
W, MARBHEANLE, AEESIIPNVERIUL(E, 2+ vector 2R EAHE
WAL B HIAEEE . A0SR B R R E FF N BCA Forik, #E{% &vector[-2], HLptg
F4 T RS e, aTUAMRRE A M) 2 I FE i A~ 07 B 28 15 R Inl il

THEACR L T AR R AR ER SC R AR, X1 EEZT—1TER RS
vector HIE T HEE FiXAH

pv = vector;

int value = 3;

for(int i=0; i<5; i++) {
*pv++ *= value;

}

PAMIEFTRIZE T
A FBERARE R A L 5, A {E A vector 4070 pv 185 E AT -

int vector[5] = {1, 2, 3, 4, 5}:
int *pv = vector;

vector[i] A KAVRFEFN * (vector+i) I —#E, vector[i] #aath KA
WL A B vector 18R, #zhi MiE, MHAZE. M *(vector+i) Xk
A BHIPLESEENIZ M vector FF4G, fERbhE BN i, ARAEREX /M HAEHHINE.
REGER R, ERMYLEBEA—F, TR0 AR, XFHENILFEL
ERHE,
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sizeof RIETF M EFAME — M HANIEHBEELEAR M. X vector HH
sizeof IEFFESIEE 20, #AXNHAENFTH., X pv AH sizeof HRIEF
&R El 4, BRI KE.

pv 2— A, AERTFHREREFLZONFS, ZEHLMAFERS. & vector X
BB AT AREE, ERGEMES., RINARRZEHEAMFRAIE, BT
BFEH R — - FE T 5 HARIBI N B

pv = pv + 1;
vector = vector + 1; // iBikHiR

F1 L& ES vector, REEBRERANE. AL, vector+l XA XA F &AM,
T R7R

pv = vector + 1;

4.3 HmalloctliE—%#4H

R MHE b oy BE N A7 FHIE b AL BREE — /N5, BBERH E AT CAXHa St (8 A T indF
X BRNAF YR — B . £ TEARSS, BOEH 28 A4 vector #
HI %

int *pv = (int*) malloc(5 * sizeof(int));
for(int i=0; i<5; i++) {

pvii] = i+1;
}

Al A& T mX R TR Rk, Al B RoRE W R

for(int i=0; i<5; i++) {

*(pv+i) = i+1;
}
B 4-5 B T A FIRAFoEC.
HE

500(1]2]3]4]5|
L __

[pv100 [Cs00_]|
B

4-5. WELEDBHA
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XA E—RAFHEES R, K REE=TRE, A, ®IFIEHF
AR Z e BB

B EABI T BATRIR * (pv+i) TR *pv+i, [0SR FE FFHO D1 2
O LRI, RIS A AR, A EIEEHT S A, A
EELEA R E L, X RENENZCR, M, WERiHEx %
BRIEDEM, BEBLRE. FLl, HTIRDERTE, RNEESR
WISEBOS AR ARS HR 1

4.4 HreallocilAZE#BKE

F malloc Bl CAEBAMNKERTLLEIT realloc K% . realloc ERERHY
EAACSHES 2 mifaE T T, C99 frif L H K840, A e i T X F iR
P ERRELLEH realloc BEE 4, anF & A EH C99, Absk RREA realloc,
HeAh, BKBA RREAER B NSRS, R EBUAE A BRI tL B, iR
#EH realloc,

AT realloc BB$, FA1S LI — MbmdE S A 32 BUF 57 3 A 8& i [X /Y B
B, ZNXSESBRERFENBI EFEHF ZIMNIRAE T, RINEERMAPSEAZ
DR, Rt ok anE g oh X f %A £k, &A1& M realloc ol —4 %€
KMk B Bz, S IZ R B AR an T B

char* getLine(void) {
const size t sizelncrement = 10;
char* buffer = malloc(sizeIncrement):
char* currentPosition = buffer;
size t maximumLength = sizelncrement;
size_t length = 0;
int character;

if(currentPosition == NULL) { return NULL; }

while(1l) {
character = fgetc(stdin);
if(character == '\n') { break; }

if(++length >= maximumLength) {
char *newBuffer = realloc(buffer, maximumLength += sizeIncrement);

if(newBuffer == NULL) {
free(buffer):
return NULL:
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currentPosition = newBuffer + (currentPosition - buffer);
buffer = newBuffer;

}

*currentPosition++ = character:

}

*currentPosition = '\0"';
return buffer;

}
BHEFBNMFHT -RAEE, BEHEE 442,

R4-2: getLineRHNLS

sizeIncrement £ 0h X @ f0Eh /N B R A
buffer fale kA F IR faE

currentPosition fRmE X T E AL BRI E
maximumLength Al LA %2 4 Hh 7 ALk b X 0 B K F T
length A 1

character Lok ik A TR

—

22 oh X OB AY K/ sizeIncrement, @R malloc ML ENE, F—1
if iIB4H)& %% getline IBOR Al NULL, & & — kOB — 4RI ERIEHR, T8
FBRHEE, FHEXERSEME NUL, R51R EZE X bbbk,

£ while BN, BFEKIEA—ITFMF, MRAEEER, BHFRH., 85, if
IETFIWRATEEFEBHEM R/, aREFBEY, FRRERMBIZ XA,

R TENPE K/, realloc BEZ 0Bl —SRFNF, XBNFELIBAFX
sizeIncrement ¥, MRLESENT, RMNEBEEAFHE2>ENT, RiblER
£OR [E] NULL; 40 currentPosition &1 AR BCHIZRMIX ., realloc
KA —Z&51itEANGERFERMAGE, BrLl4 5 H iR B R34 ke A%
& KNI E

newBuffer B & A o BN F1bhE, FMNFZRNPERmMALE buffer, X
FH — realloc L& BENTE, Fofi T ml DAHE M3 i I ok T b 3R

I realloc B hid, A TERIK buffer, FEH realloc &SRR 0
XEHIEFAZMX A, FRIEORR, ik EEHK buffer, THEA\LBFE
21k, RARMNREESBRE —SRNE.

P 4-6 i B T getLine ef % [ X} Once upon a time there was a giant pumpkin iX
MIANFTHERMANF S BEER. JANTEL T RF4&, 488 TER buffer f1

currentPosition Z4M M &, RIBERESFMFERIHENRSE, buffer KT
q
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500 |Oinicie: wipon: |a: t:iime thie|rie ‘was a qgliant _pu'_m_p:hli_n;

4 4

buffer | 500

getLine

currentPosition | 542

main

@ 4-6: getLine BHNAFTHES

realloc A%t " TUL H B /LIS EHEIMAINTE . 2 TiRx L, TR
trim eR S0 5 7 8 A T SRR 2 7 4

char* trim(char* phrase) {
char* old = phrase;
char* new = phrase;

while(*old == " ') {
old++:

}

while(*old) {
*(new++) = *(old++);

}
*new = 0;
return (char*) realloc(phrase,strlien(phrase)+l);

int main() {
char* buffer = (char*)malloc(strlen(" cat")+1l);
strcpy(buffer,” cat");
printf("%s\n",trim(buffer));

}

F—Twhile HFHABE AL ZEARF, £ - while BRI FEIFHh R THOFEH
BHIEFRFFERFL, BRVFIE &G —E200, EFEF NLFTF, TR,
BEFHERESHEMO, RERNMNSBEBETEMIKERH realloc HEARANTE
K/,

B 4-7 O TIZEREESZ " cat" FIFEEASHEERIMITER . FIFELE trim A
B TR RS E R R, dEHENBNAGFELEIBRNTE, A%,
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[ |c|a]t]o}je—— #hirai
500 cfaft]oft|0o}e—— T/

1"

trim |phrase 500

main ‘ word | 500

FEFFAE

4-7. realloc 7l

4.5 {RiE—4HEA

Fr— 8B A EAS B E 5 ABCEn 2 dd (e S rhhl, XHE B St E
A, FARMNAFTEGERNIEE, NtSATEER LoENE. 8%, X
EREEHERARE, TNEREER, RINMAAEABIET A MERRE.

BRAFBA AT A E B S IFRNBARDL S, SIEFEEAMMORTREERERE.
R BN F AR F A, AT LAR B NUL 5 55 R PN (T i {5 (b BRS04
BISEZEAKEVXIONE, — KR, mRAMERAKE, BELERT
%, RASRBWERTRLSLCEIITTEKRD, WrlRERIEEA LT LA 2B
BEAAR—a0sr, MiXHLH 2 EREFIEER &L,

BATTET LAGE F T 1 R s i A Y — R EE BB B0 B v A B0 . B oA RN dR B
TRk

451 BHAERTE
T B T4 — A M OB A e e BE 48 B, JHTEN RNz .

void displayArray(int arr[], int size) {
for (int 1 = 0; i < size; i++) {
printf("%d\n", arr[i]);
}
}

int vector[5] = {1, 2, 3, 4, 5);
displayArray(vector, 5);

XA RS T 135, BNLERHEED S ERABAKE, healllfERE
BEH, A"EXITKERGEMR, AKMERXEITENHAMEERENTE. S8 H
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P rFa T REE FEREFL L, APIRNEFTACINE 4-8 PR,

arr 200 100
size 204 5

displayArray

main | [vector 1001213145

4-8. FREMARTA

A ESAM CER B HHE sizeof R IEMFE M WATERIR, fn
ﬁ THrR, 411 TR afEd [, EHRPUCE & A, fTEX g
T, A48 R %2 20,

displayArray(arr, sizeof(arr));

BH—FF R N i cHa =t BA PR s, XERTLAAL
BB —sr. teanid, BRIREANEA—RVIEL BB, 1BRA &S,
Bt an R 1AM sort BRBORHER, FAHE R A& FEEETHET, mA A
WA L.

4.5.2 HIE$tERT=E
FIEENSHSZEA A —EEH B STk, el LUVHREHR S, I TFi R

vold displayArray(int* arr, int size) {
for (int 1 = 0; 1 < size; i++) {
printf("%d\n", arr[i]);
}
}

ERBNIRIRADRE BT R, WRATE, el LAAREFRRE:

void displayArray(int* arr, int size) {
for (int 1 = 0; i < size; i++) {
printf("%d\n", *(arr+i));
}
}

GnRTEFS W R Bt T B FoRE, TR R Bk b 2 mT LA EEH R ik -
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void displayArray(int arr[], int size) {
for (int 1 = 0; i < size; i++) {
printf("%d\n", *(arr+i));
}
}

4.6 (EHETTRI—4RAE

EATT P, HA o AR B R R R R R AR R R R E4A
Rt L BL7E T JLAL

o 335 FHIAMEN T EREFEERIEA
« 6170 “SHEBAFIA A" PIRNGER TEBEE4E,
o 534 [ REAEET argv A,

A THY H BRI AT AR, R OAEE TR JLA G AT AT 2l . T m ARG
FEAR—REARTOEA, AB I TRIRANT, REIENTFHAFTMBRILA
JLRMIFESIE:

int* arr[5];
for(int i=0; i<5; i++) {
arr[i] = (int*)malloc(sizeof(int));
*arr[i] = 1;
}
ARARBCERATEN L &, HRMESH T 03 4, FMM arr[i] 51 HEE, A *arr[i])
EEMA RS I HOME, MNEBAR RERBE T, Eharr SHLEEH4A,

arr[i] IREIFE—/ Hbhl, 43018 *arr[i] o485, B3R x/MbaEIANE.
AT AT LAETE R R A fs T X Fh I RUFR BT /eom s

*(arr+i) = (int*)malloc(sizeof(int));
**(arr+i) = i;

XN AR, (R EMLLEREINGRIREY C Hiat. £ —/MEAPRRINAT
MERES IR, FEiExrRaEfibrinmd C BFREAFRRRE 5.

FRIENX (arr+i) FRBARE i MR, ROFTEBIOXAHALH RN
&, UM T FREKX *(arr+i) . R —-RIEDH NG EENFRE XA
frE. X (arr+i) FFREXMBMKRMES| (E _KiIERHR), FBRERSFEANF
ML E, AGEENME i RS E. B 4-9 B TNFRS LR L.
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500
504
508
512
516

arr(0] 100 | 500
arr[1] 104 | 504
arr(2] 108 508
arr[3] 112 | 512
arr[4)116 | 516

0
1

L 2
3
[

biyyd

arr —»100

arr+ 1 —» 104

*larr + 1) —» 504
“*larr + 1) —» 1

4-9. fS5H#4A

tbfniss, arr[i] G2 FHblE 104, FiR: (arr+i) A& 1R\ 104, H *(arr+1) N
itFMNEBHEANE, EAGD, sEE2IEEH 504, BH **(arr+l) WMol Est B3 T
504 INE, Hixe 1.

X 43HFIHT —RFl#E AR, MEFIAIRBHELASHAZZIRES, XHES
EASEMBEETIEAK,

®4-3: BHHATIEN
Rk &

*arr[0]

0
**arr 0
**(arr+l) 1
arr[@][0] 0
arr[3][0] 3

Al A RERFATEBENEALZ, mERATNERAR., HfseriEERnikae
LEBATmE EEC R AR E B, KB BN RPIR S T, aRBF—T
& 4-9, ik arr WEANTREIER —TKED | WA, BakEMRAIFREXRE
Bl T, WOFANRE—TF S T oENEHEA, IERFfHER—RAF 11T
I,

FixX arr(3][0]) sl HarrWIE 44 LHE, RheX T LEERNAEAHRE 1
NeE. #aXarr[3]1[1] FEAHR, Iﬂﬁﬁdﬁmiﬁﬁ%lﬂ]ﬁ’]ﬁ?ﬂnﬁ NMEE,

XA FIRERMNTUACIEAR M S A, IMLiTEdE, 4.10 TS E XA
T,
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4.7 IESTAZYERE

AT 2 BBCHR — s BB, thanik, BRI G —TER AT LA i —2E

B, ZRIT AR AT L 2 EBAHH B,

AT RBX A, RIOCE - ZHBEHF ML, mThx:

int matrix([2]([5] = {{1,2,3,4,5}.{6,7,8,9,10}};

PRIEATEN L =AY HE hEFOTE -

for(int i=0; i<2; i++) {
for(int j=0; j<5; j++) {

printf("matrix[%d][%d] Address: %p Value: X»d\n",
j, Gmatrix[i][j], matrix[i][j]);

}
}

Hi A0 T s

matrix[0][0]
matrix[0][1]
matrix[0][2]
matrix[0][3]
matrix[0][4]
matrix[1][0]
matrix[1l][1]
matrix[1][2]
matrix[1][3]
matrix[1][4]

BEAARAT - FIRFAF6E, ke, BB —TERFFEANT,
NAF5rBLan A 4-10 Fiiw.

1,

Address:
Address:
Address:
Address:
Address:
Address:
Address:
Address:
Address:
Address:

100
104
108
112
116
120
124
128
132
136

Value:
Value:
Value:
Value:
Value:
Value:
Value:
Value:
Value:
Value:

H WO o U & w2

0

Ja BB S AT,

matrix[0][0] 100
matrix[0](1] 104
matrix[0][2] 108
matrix[0][3] 112
matrix[0][4] 116
matrix[1][0] 120
matrix[1](1] 124
matrix[1][2] 128
matrix[1][3] 132
matrix[1][4] 136

Elm‘m‘--ilm‘m -n-‘u.r‘h.a ﬂ‘

B 4-10. —HHANATIR
BATT LA B — R AL B X -84, an TR

et EEa

89



int (*pmatrix)[5] = matrix;

(*pmatrix) XA FHT — A RE, EmmryEE &S 0HIEDR pnatrix & XA
— B ZEBEHRRE, X AR ERNEEE, BAA S LE. mR
BAIHEE S HZERER T SN CEMEA, KA cEMERE B, mEEH
HIFIEARE 5, FiZieHUhla) B0y &5 02 A o] B ey

IR ERRH R REURE A x e 2), Fhpy SR ila .

printf("%p\n”, matrix);
printf("%p\n", matrix + 1);

15 %0 o 5 A2

160
120

matrix+1 & Byt A2 M BCEA FF L mFE 1 4, MRS TE —{THIKE, 20F
M. Hmatrix A5 R EHEHE N cxmtbhl, A SEANEA, LA
MEEE—1HA 5 T EEEEEAA AL, ERRKER 20, F(TATLLH T mEAY
EASIEX —A, BEITEIH 20.

printf("%d\n",sizeof(matrix[0])); // w20

ZRBAHNBE AR, WEASEAHE -1k 1, (fiXFf: *(matrix[0] + 1),
FKirA matrix[0] BEIBAHFE — 178 — oo sk, X Hehbg& /- H A m
wak, F2&, &eml ShEmEmg—1r8EmKE, SRS -4 E. st
R 104 F01 2,

printf("%p %d\n", matrix[0] + 1, *(matrix[0] + 1));

FATAT AR B SCRIEZOR I8, i 4-11 Fior,

matrix[0] —p ] 2 3 4 5
matrix[1] —»| 6 7 8 9 | 10
B 4-11. “HHARR
B 4-12 aTLAMREE 4 Bil Fenik,

—_— e - e

are[i][]]

address of arr + (i * size of mw] + (j * size of element)

4-12. Z“HBARTIE
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4.8 feibB4ERAH

HHRBITE L RBARE S IEARRE, RHEEMEHRTENFELT., FE25%
BAR, RMNBREMAABRESL  PEABARRETREHFRE. & —HE
ZREMBEFZSMAFESEANES, XERRNESSRBEANER S —ERIKX
N BIRERBAEME B R RY:, LABRESHANES, &N, FRiFSFHEL
{&& FH T 45,

(B matrix, AILLXAE .

void display2DArray(int arr[][5], int rows) {
HEXLE:

void display2DArray(int (*arr)[5], int rows) {

XS AR T HANTIE, XBRALE, HARFZEEMESTHILAT
. WREAHEEINTELE, RIFSHILEHEITE 4.7 TR arr[0]1[3] XHEERIE
B,

ERF—ME5Hd, RiENarr[] 2EHIBEHH—1BRRNAEWH, ME _FFSEPH
(*arr) ZxNNEFRE B — BN EH,

T A R TR Y

.-@ void displayZ2DArray(int *arr[5], int rows) {

RENETHIEHREIR, E2RESIANHEARNBEARRE 5 MBS,
4.6 TiHE TN,

X /1 BR B A ] S SCBUANA R 7 k20 T

void display2DArray(int arr[]1[5], int rows) {
for (int 1 = 0; i<rows; i++) {
for (int j = 0; j<5; j++) {
printf("%d", arr[i][j]);
}
printf("\n");
}
}

void main() {
int matrix([2][5] = {

1 RPEARBABHAYAY, —iF&E

FEEFIEE | 9



{1, 2, 3, 4, 5},

{6, 7, 8, 9, 10}
}i
display2DArray(matrix, 2);
}

BEASAXNBAEANE, Fidr Rghl, AR FERE A 4-13
PR,

arr] 100

display2DArray

TowWs .

main | | matrix 100{1]2[3]4|5]6]7]8]9 m|‘

B 4-13: a4 A
el RESIBTE THEXHEAI RS, XS 8E— e mir ol .

void display2DArrayUnknownSize(int *arr, int rows, int cols) {
for(int i=0; i<rows; i++) {
for(int j=0; j<cols; j++) {
printf("%d ", *(arr + (i*cols) + j));
}
printf{"\n");
}
}

printf &A@ 4 arr MM EATEAITRI T HE S (i*cols) LAR R R HATFIAY § Hit

Hg /Rt ERAX AR TLLXAS .,
displayZ2DArrayUnknownSize(&matrix[0][©], 2, 5);

E RPN T E X AEE A T 4%

printf("»d ", arr[il[j]);

FREZEAFRE FHAN 48 A. ~id, FETLMRTEIHEERHSARRE.
BAVTLARH—AThr, IS REMBEABHNTNREZ R, FEHNDS TREHE
A G 18 2% A FNE — 4RV B

printf("®%d ", (arr+i)[j]);
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X BEERZE Gmatrix[0][0] M4 = matrix, BREH matrix iz, BES
FEd gL ERERHERTAER., Smatrix[0][0] BEARAE - EBEISE,

m matrix & — 8 EEAMRE.

TEfEi — %L FRVKCAR, BRTE DS, FEREXBEENKE, TEHXA

ERBATEN— =54, FHFEE | B e 4,

void display3DArray(int (*arr)[2][4], int rows) {

for(int i=0; i<rows; i++) {
for(int j=0; j<2; j++) {
printf("{");
for(int k=0; k<4; k++) {

printf("%d ", arr[1][j][k]);

}
printf(*}");
}
printf("\n");
}
}
T T B an AT TR A X A ER AL

int arr3d([3][2][4] = {
{{1, 2, 3, 4}, {5, 6, 7, 8}},
{{9, 10, 11, 12}, {13, 14, 15, 16}},
{{17, 18, 19, 20}, {21, 22, 23, 24}}

}i

display3DArray(arr3d,3);
1 a0 T B

{1234}{5678}

{9 16 11 12 }{13 14 15 16 }
{17 18 19 20 }{21 22 23 24 }

AN Bk 4-14 B,

arr3d[0][0][0] 100
arr3d[0](0][1] 104

arr3d[0][0][2] 108
arr3d[0][0][3] 112

arr3d[0][1][0] 116
a3d[0][1][1] 120

: |m‘u—- -h-‘l..u r-...r‘_.

a3d(2)[1][3] 192

24

B4-14. = HA

B RIS
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arr3d[1] ARSI AEANE —f7, BE—"T27450) — 4 EHDIEEH.
arr3d[1][0] 51 AEAHRIE 78 —F], E—1TKEA S H—4BAHRFRE.

4.9 IO _4EEH

A A B B A BN A B JLA )R

s B CERLLTEEE:

o HAHELHM,

— /BN T R e B B s BRI N A2 1B 22 1Y -

int matrix[2][5] = {{1,2,3,4,5},{6,7,8,9,10}};

Ak, BIATH malloc XY e BB 4 BT, TENfFoBd E&A JUREEE.
BT FATAT AR 4 80H M A IR, i "N ET B AR —E %2
SR . ANARA X FR B L TR, BRI AR R 7 bl 2 & Y.

& -a

ESEL Z W E SN FFHAMBRIE, N ESRE T RETREZRE .,

491 SEATEREENNTF

T EHACES{EOR [ Anf] G — 4 N AT REAVESR 4 8. B il “HMET B
H, a5 5Hmalloc iEA)A®H 110,

int rows = 2;
int columns = 5;

int **matrix = (int **) malloc(rows * sizeof(int *)):
for (int i = 0; i < rows; i++) {

matrix[i] = (int *) malloc(columns * sizeof(int));

}

BEA4r %M T malloc, FRLANGFA—E & ELER, nE 4-15 Fis,
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main

500 600
5ﬂ4| 700

matrix 100

500 |

600

700

B 4-15. A EEDREC

EBREY 5y BetE UL B G T HEE B SR AMERR A, B AT RE IR EERY,

492 HSHEEZNTF
RIS RTAH HEA S RESENEOFHR %, B—FHEEsR “SE” $a,

Rla e & ITIHNARNTF. £ - F—&kEoEANT.

TEHAORBHFERERTE —FMEAR, F—1 malloc ol T —1BEHRTHIRA,
— N EHEAE TR, Xk E 4-16 R EHHE 500 b BRI B, B
—/~malloc fEHbhE 600 X AFFBERI TR BN, £ for A, TINWFSE A

malloc Frér BCRIM AR — B0y MIE LS 5 — 1 BRI B L3R,

int rows = 2;
int columns = 5;

int **matrix = (int **) malloc(rows * sizeof(int *));
matrix[0] = (int *) malloc(rows * columns * sizeof(int));

for (int 1 = 1; 1 < rows; 1++)
matrix[i] = matrix[@] + i * columns;

e —

500
504

600

620

main ‘ matrix 100| 500

4-16: BEX malloc FENRESEAE
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MER B, B ATEARINFRTLEA " fINAfroTF, A%AE “F o8
WNFREELSER,

THERR _FAR, MARTFRIANFE— kM ACHY

int *matrix = (int *)malloc(rows * columns * sizeof(int)):

SrECHIIE LA 4-17 Froks,

e

main | | matrix 100 600 |

B 4-17. B—X malloc BANRIEENTE

fEE AR A ELX S EEAR AGEE R Fox, Y FshitE 20!, n FRIE AR,
B EKMGE ARSI,
for (int i = 0; 1 < rows; i++) {
for (int j = 0; j < columns; j++) {
*(matrix + (1*columns) + j) = 1*j;

}
}

PR RS TARREARMNE L T AR R EA FHARN HE" F8. X
AEATE 4.8 WL T .

SERRI B rhRAME X R G B, (B R B iRB T R S RN AR — S A R 1
KA. EEN_HEBAFRELLXFHRHEREVRESRSEM.

BINELER T A ZHERH S BESENTFRIMF L, BRAERNRERNARF
MFTEE. AEE _FAHERD "B B E—RAF,

410 AHNMEBFNFEE

KNS H 2 B — TR FIB A — FERY 4 e, JCIREEAnE] 4-18 By, B RIS
R 31T, BITAARETIL.
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511

=
Thil o o
| | =

4-18. A#NI&A

E TR e AN E A 2771, iLRNEF-THELSGFOZ ORI _HHA.
EaTHEE M CHE, aTHFERBRIEHRRE, FHRELESHEERD
mEafeyIFR, THEHLSBEEEMELEEANGT, HITEEXEDSH—#5D -

(const int) {100}
(int[3]) {10, 20, 30}

FER) EESAFEI AR KRN EYSE, REAEe4FmEFaRHTmiGt,
HILEIE T84 arrl.

int (*(arrl[])) = {
(int[]) {0, 1, 2},
(int[]) {3, 4, 5},
(int[]) {6, 7, 8}};

EABEAA 31735, HEATTERET 03 8 %17 - FlFmiaft. & 4-19 Bi8A
TEANNFN R,

arr1[0][0] 100 | 0
arr1[0](1] 104 | 1
arr1[0][2] 108 | 2
arr1[1][0] 112 | 3
arr1[1][1] 116 | 4
arr1[1][2]) 120 §
arr1[2][0] 124 | 6
arr1(2][1]128] 7
arr1[2][2] 132 | 8

4-19. ¥R
T E RIS A B AT BN~ B e ERVHBEFNIE -

for(int j=0; j<3; j++) {
for(int i=0; i<3; i++) {
printf("arrl[®%d][%d] Address: %p Value: %d\n",
j. 1, &arrl[j]l[i], arrl[j][i]);
}
printf("\n");
}
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PITRSREMTHIL

arrl[0][0] Address: 0x100 Value: ©
arrl[0][1] Address: 0x104 Value:
arrl[0][2] Address: 0x108 Value: 2

=

(]

arrl[1]1[0] Address: 0x112 Value:
arrl[1][1] Address: Ox116 Value:
arrl[1][2] Address: 0x120 Value: 5

B

arrl[2][0] Address: 0x124 Value: 6
arrl[2]1[1] Address: 0x128 Value:
arrl[2][2] Address: B0x132 Value: B

=l

S — T EBHB T AR B — AN B, wha & 4-18 hRHIARAS, B s
BHanF .

int (*(arr2[])) = {
(int[]) {0, 1, 2, 3},
(int[]) {4, 5},
(int[]) {6, 7, 8}};

BIMHAT3IANEAFIEFHATMEL, AEMN 0 FFE% T - 700 -G b id
TLHF. PEBREFEBESITENSA LI EE G IEW, FoAZTRIYIEAIE, B
L1%¥3 ’1\' fﬂl"‘iﬁ%:

int row = 0;
for(int 1=0; i<4; 1++) {
printf("layerl[®d][%d] Address: %p Value: %d\n",
row, i, &arr2[row][i], arr2[row][1i]);
}
printf("\n");

row = 1;
for(int i=0; i<2; i++) {
printf(“layerl[%d][¥%d] Address: %p Value: %d\n",
row, 1, &arr2[row][1i], arr2[row][i]);

}
printf("\n");

row = 2;
for(int i=0; i<3; i++) {
printf(“layerl[®d] [%d] Address: %p Value: %d\n",
row, i, &arr2[row][i], arr2[row][i]);

}
printf("\n");

fHAnT

arr2[0][0] Address: Ox000100 Value: ©
arr2[0][1] Address: 0x000104 Value:

=
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arr2[0][2] Address: 0x000108 Value: 2
arr2[0][3] Address: 6x000112 Value: 3

arr2[1][0] Address: 8x000116 Value: 4
arr2[1][1] Address: 6x000120 Value: 5

arr2[2][0] Address: 0x000124 Value: 6

arr2[2][1] Address: 8x000128 Value: 7
arr2[2][2] Address: 6x000132 Value. 8

B 4-20 il T XN BEHBIN TR A,

arr2[0]{0] 100
arr2[0][1] 104
arr2[0][2] 108
arr2[0][3] 112
arr2[1][0] 116
am2[1][1] 120
arr2(2][0] 124
arr2[2](1] 128
arr2[2](2] 132

mw‘mm.n-wm_an:

4-20: AMNHANAFIE

EX G, FNTGFERANTR ARESHAR REMARIRE Rk, THE
5%, W, A, WealLVREsERE,

RermEE 2 AHNEBAHMNRAEH, AdimRARNSHAR TTRILERH, Lk
mAIEFEA T 34 for 8%, RA N HEBPBEREFBTHRKE, B2
ABl-FwE el LARI{E. 1R eTLATE C eI AMNBA, AdRFEH EREERTEMZ
S ER L RAB LRI T

4.11 NG

FEELEE THA, REHE TEHAFR REMEHEIZENRRE., TMTLAMEH
malloc KR E Gl B, XEHERME THESAHAFHE KR REE., Fi1b
2] TanffH realloc AR EANINT.

ABADETENF RSB, T -HRBHEH, BRINEB/DORREAS
BETEESRINTF L.

BT RE TS AR B BAR rT e AERRE, BEFFESRNEERAKE
UME R AEECEE R . RATEMZ T 4nfr 78 C AR AN S
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BO]

fEsr T

FHE MU RENFIARXR, &% ERIEHRHFFHBERE, REXHED
SoRFHFEMFFHEEASHEELERE. EABRBRHEREETFHRES
HI & Al CALE R R 9F & L AR 2o B 8 B 2 T .

FHEEREMHABEFOE LARH S, WE—AEROTE. £FEH, K&
EEZFUMMRBREFHENARGE, R CEFPFREMAER KW, 1
oh, AL EFBRILE. EHlfBEFHEFE LFHRRE.

FHEETUFFREHOE 28R BN RBUR R, RATTLAR FREE %2
FHE, WALUAFFERENREEEFNE, FETLARLEFH AR ES.
FEMIINRLHFREFFHIENAE 3 ZEFRIAVERE, FRZLETFENHF
EEFRKEGBELRE.

BATR AT LA R BOR B F7F s, MmN ER, aTLLRX A F 5 8 WS 55
B R R ek, WATLIERBARSER, BTLLERFE> RNFHS, 8
SR —HITXEG L,

BATL S W70 R Bda s AV B LA B an (] F R S e S 40 Bh HE PR 1E . BERBX EF LT
Rl TIER A M E AL

5.1 FfFHEM

FIFRRLLASCIH =T NUL & RFIFFFF]. ASCH =8 NUL £FR=A \0. =S
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BEFHESASENE LoEINGh., A, HHERAN AL TS,
FRBEA T REIR A NUL F5F ., FA8EH MR e Znm RIEE/ N8BT, LIYE
WAFEZE ],

C HAMMERPFITH,

. BEFFHE
1 char B8 2 BRI T 71

« RFAE
H wchar t $iE 28 sy,

wchar t BUERE B AR R RTEFH, BELAZ 16 L%, B L2, EHHEF
BARLL NUL &5 2. PTLATE string.h p B 7 F TP A &2, 11 7F wehar.h 3 F]
TWEITR RS, BRIFSFHIHE, ATEHIMELR TN, ORETHFEH
KX FFERL T T1F8E, XTZFI/MERN HFFIRA M.

FTHENKEETFREPEE T NIL EF 2T, hTTFRaoRNER, Zid
BAMANFHFEIINE NUL R o2 RY2EE),

icfE, NULL FaNUL AS[E]. NULL FASeZernfpkmfasl, e A ((void*)0),
‘@ il NUL &2 —~~ char, X A\0, MEARER.

§+$ﬁ,mm%£$ﬁnﬁc¢,aMMiimlm,m?Wﬁ=

printf(“%d\n",sizeof(char));
printf("%d\n",6sizeof('a'));

AT LRI R LLESR char (VK EL 1, MTHFFRRAKELS 4, XNELURE
MR TGIEZSIEHBFEEANZ.

5.1.1 ZFHrHREH
FHEFHEMARAE =M. FmE. FHEAMFEIE. FrrEFmE L ANG]

SERKMEHRF, KRG, TN TFER TRk, ROAE
Tt

AEEFETEFEmEMES| SoRENFIBRE—EELFTrmE, ERFEMN
ZENERMNEEBR, {FFrmE L8 5 ma S HRE,
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TEE—1TFHEANEF, ®&IMNFBET —/ header B, HZFILAFA IINF
. BAFHFRTELNILE R, UL RFZNMEH-ANKEAHA 32 40F7/, B
LRGN AN TTERRELFEFFEAE, FHRENFHRILERR T FHR
I8, RIS S5.1.3 HhERX/ A,

char header([32];

FgEH I T RR, ATRA ML, LREASIHFRE, YALRARETH
RHKERALE.

char *header;

5.1.2 FHRIEFHEE

EXFEEMES S B RETRRLSR, INMNERREE TARFEHEHFEN
o, 2kAER—ATEEN, FHELPEERE—0alE, XESRLNRAE
Bk FEATE. BEASTEERATEN, HERE—BalEraAataREE, &
i, NERE—BEIAKETHBESATESR —FiFlE, KBOREREXAFTE
BbMET, — B, FERTREKZAEIZE, G4 EI4EME A CHbLL.

A a2
GCC Al -fwritable-strings &5k X A FfF & fth. {E Microsoft Visual
E . Studio #, /GF EMEITHF Tt

B 5-1 58 7 i & aHI N B T K.

"Media Player” FHBEFmED

HE

Btk

5-1: FHASFERL

FHRFmE-RoRERRANTFS, FURATER, FHETHREBELEH,
HECRLR. BEIRTHNBLXEE, NXTAEH, FRBFEIEAFERE
PSR 2
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FHRFEAEARERAIBR

ARy gmESP, BRIMEFFRFTOEEMRTE, LEBEAFHE. I3, £F
gk (Eban GCC), FMHEFmEE &M, F T EX/6F:
char *tabHeader = "Sound";

*tabHeader = 'L';
printf("%s\n",6 tabHeader); // 4TEl "Lound"

XESEFmESK "Lound"”, Xl T e RATMIEMS R, B IR IZE %X A
i, RTEXHEEEREWAEEATCARRR 8o, ERESF 7 HaE R
S AR R IR -

const char *tabHeader = "Sound";

5.1.3 FHEMEL

Bt SR PR 7 DAL T2 B W 7 W PR RO R FE AR, BB
FIHIAN T B 2R B B 2 RAREH R IR — YN 77 o B ol LA BB B e —
RINFROBILTRE, SEMBMMY (RaBbERA) BE7F, B TFRR
&Ik e F5 %

1. ME chard

AL @R LB E T I aA 1L char B, 7E FId, header A B MtA LA T
MHRFEmETRSR TR

char header[] = "Media Player",

FE&E "Media Player" WUEHD 12 NERF, #ARXNFHEEEE 1359, AT
LA SE T BEVERSAFESR, PHECEBESIExETHEHIBIEAS, L
NUL &2, & 5-2 Fros, X BRIZAE main & = IR EH.

600 (Mle|d]ifal [P[I]afy]e|r|\o] | FF & F ik

e

main | |header 100 [M|e|d|i|a| [P]I]a]y]e r‘\ﬂl‘

5-2. #B1E char 4
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HATATUAH strepy REMIATL A, 5.2.2 T &iFMITHE strepy. T ERMIKR
FEB¥FamEa filE THaT.

char header[13];
strcpy(header, "Media Player");

ERMPERILFHFENTREBATTE, MW THHR.

header[@] = 'M';
header[1l] = 'e';

header[12] = '\0"';

| TEHARERAGEN, RIMARIEFFSFmEAMIERAEEA LT,

char header2[];
header2 = "Media Player";

2. MM%a{tchartast

HENFIEAUREELHREE, SAMLTERSLEAFFEREAN. THNFE
B FH A U B X Fh e A

char *header;

MEa X S F BN A2 A malloc 1 strepy B4 BENGFHEFEE
BHIBFRRA, TR

char *header = (char*) malloc(strlen("Media Player”)+1);
strcpy(header, "Media Player");

RiX B ARSTE main R, B 5-3 B T EBFRIRE.

6oo(Mfeld]i]a] [P]I]a]y]e rﬁ:l FRHAFmED

EUI}\TE d[i[a] [P]1]a[yJe]r\o] | #

main ‘header 100[ 200

Btk

5-3: #)IG1E char %t

AI T FHE malloc REAIME S, BN FITEFIMEMEHT strien F¥, hATLA
PR E KK

BEFFRFE | 105



char *header = (char*) malloc(13):;

fEPE malloc BRELE HBEIMFFF B K &R, EikELL T30,

P —

e AEH sizeof HMEM, MEH strlen ke OB EZTFBMEKE,
sizeof H{EFF &R BIBA FFE AV E, mA L FFEAKE,

WMRAHFFF SR FHHEM strepy REMGEIEL TS, FA T AT DX 248

*(header + 0) = 'M';
*(header + 1) = 'e"';
*(header + 12) = '\0"';

AT AN 7 s i R A b B A TR REE, T AR, A, XHEAS™
EFREEIA, mE 5-4 Fik.,

char *header = "Media Player"”;

‘ 6oofMfeld]ifa| |P]t|afy|e]r[\of |77 ¥ misib
uia _

H:

main headerlﬂﬂ| 600 ”

Bk

5-4: EHFFETEENMILRBHP

W R T R IR L char BREH R SR IR, B b P R
~E®Y  int 2, TR RE RS TR, KA A R R
FE MRS 14 EH 26 I

char* prefix = '+': [/ 4 &ik

IE R A2 % T X A Al malloc B %L

prefix = (char*)malloc(2);
*prefix = "+';
*(prefix+l) = 0;

3. MR IR (L F T
W RTLAHbRMER A SF MBI A b TR eh . A, 78 A bofk i A I3 A 777 & I T R

R

106 | E5F



SeE, TEHENFT. SRESHEELEHEARNEEM command & ZATER A
K BENTF

char *command:
printf("Enter a Command: ");
scanf("%s",command) ;

BRI AETFEEEEARE2ENT, AFHEREARE R, A2, AP
WMAREIE ATRELLIRMTAMEER THIE S, B 4 ESTHEERERG &,

4. FREUENG

Rl R IR A RO ZE LTS, T OURREE T LR T ARR A ML, B 5-5 BABA Tx
S T B 15 A5 T A6 R

char* globalHeader = "Chapter";
char globalArrayHeader[] = "Chapter";

void displayHeader() {
static char* staticHeader = "Chapter";
char* localHeader = "Chapter";
static char staticArrayHeader[] = "Chapter”;
char localArrayHeader[] = "Chapter";
char* heapHeader = (char*)malloc(strlen("Chapter")+1);
strcpy(heapHeader, "Chapter");

1

L 2
1000{C|h]a]p|t|e|r]\0 FHHEFmEL
'Yy

globalHeader | 1000
glubalArrayHeaderll'.]h a plt e|r[\0
staticHeader 1000

staticArrayHeader |( |h ajpltle|r|\0

2RNF

800|C[h]a]p|t]e]r|\] e
+

localHeader | 1

displayHeader localArrayHeader [ C[h{a|p]t]e|r]\0
heapHeader 800

main | |

Btk

B 5-5: FRBOIATIE

wEFEFE | 107



S03E F FF R A g L B B R AR ) TR R LA R R e G M T R G B, 1
R EREERELESZA, LIREFHIWRLEE 5T AR E. thanii, 2EEL
RNFRFR S —HFE, Wl i, #SFFEb—EFE,
i RABEENMNNRBAFEDIR, SEEEN ENATFERRZAIZ—EFE, 0l
AW A~ eR g ihln) . BERARX SE AR PR RELE IRt BE4F YT

5.2 REFFTHRIBIE

AT, RONSWRIEE AT L FFRREPRMER, aEtbi, Ehlfndrs.

5.2.1 LE&=FHFaE
FRF BB AN ARFA T 80—, FMNSEAPTRE MR ERFS, BA
ANIEMRILEE & IR BT RES R, B 5 & B ELACRE B Bh U B - A4S 1F WA #2
YE., EXFINIRGELEIRE e,

ELE R R fObriE H ik H stremp %, JRE N T,

int strcmp(const char *sl, const char *s2);

ZELBRHIRA-F R B ELAE R char # BERIFEE TG, X RO LUBLO R
ERAZA RS, AR OEARFR B HES X RPOREILL T =MEZz—.

.« i
RFEF M (F8F) s1 b s2 /hkiR lal 8.

¢ 0
RPN FIF R R [ 0,

o EH
nREFHT s1 kb 52 KghiR B EH,

IEBCFI A BOR EME X T8 w3 B T HE IR A H L (833X /) 2 5007 48 2
PRI TR, B PR ATERELE command ', RERFHFHRTEHEELE.

char command[16];

printf("Enter a Command: ");
scanf("%s", command);
if (strcmp(command, "Quit") == 0) {
printf("The command was Quit");
} else {
printf(“The command was not Quit");
}
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A Bl P74 BL L 5-6.

600 |Qfui|t[\0 F A R T R

HE

main | [ command 300 |Q|ufi[t[\0] |.

5-6: strcmp I

R FHEA LA EBAN S, Ml EAREREFELRE, T

char command|[16]:

printf("Enter a Command: ");
scanf("%s",command) ;
if({command = "Quit") {

B, XARIELRE, ik, XESSECRMAHENIEHEIR, BINAREIEFEH
RyrmEthntMEHA sy, EAGF, BMNKEREFEFmEADIE (Lt
600) WK% command. command 2 %4, AHAKATIRRE - TEBRAXNTERE
AW RERT .

F—R R ARSFRIEDT

char command[16];

printf("Enter a Command: ");
scanf("%s",command) ;
if(command == "Quit") {

XHEESHRAER, BEARNELEAZ command ylbaE (300) Fn%F & i B A Hhak
(600), HHFRIEFFELE AN, MARMEE PN, AEHALFREFTH
F I Bk 2R Bl bk

522 EHIFHFEH
SRR TLAOMRAE, SEH R stropy RBCKEL, RN

char* strcpy(char *sl, const char *s2);

iestfFsrE | 109



AN EARE IR RN, RixE/F -1 CHBFR S E 33K
SECHIE M CH (WA LA FIF8 )

A—RERHMRABRFIEA—RIITHE, BITFEALERVNFHORA., EX
Blix—m, ATLAGIE— AN KEZLEMHP AR AM K FIFaEE, HAE
FRHBRAXNEA., A TEANTRHES, RABE A CEN N 2R
X FERY

(1) A—1~1BEH) char BEEHIEA T & ;
(2) F malloc & B 4F B F 5 86 & & N 17
(3) H strepy 8RR EHIBIzh A BN T,

TEAKEEE T XK, names FH S A B IEAN L FHI4EE, M count
TERMIEET - HMEATE. name UL HI R HIZEAN TS, BIIEA
H&FHE I LLE & FIH B, malloc Ry Bl dg A 717 8 Fr N 7 3 05 4
names  F— AW HRITCE. 2R 4T EHIFE o BN £

char name[32];
char *names[30];
size t count = 0;

printf("Enter a name: ");
scanf("%s" ,name):

names[count] = (char*)malloc(strlen{name)+1);
strcpy(names[count],name) ;
count++;

BAVTAE—NERFEREE XNEE, BrOEREEI count (A, B 5-7 78 TXTF
AN AT Sam, XEFEPNERE.

6005 |a[m]\o] | Ak
'y
name 200 [STa[m[\0 [
names[0]| 600
names[1]
main names|2]
names|29]
count| 1
Btk

B 5-7: EFFHS

110 | ®s5FE



B EE FTLAS I AR — A+ &8, mAIRE S AR — Ak #RA A 2, INMEES
EE S EHI, FEAFHAETEIA AL, HEDE, £-1THEBRES S -1
TBEHASERIFr e, REEH T FIFaHuit.

ATHHAX—&, TEHFHATRERENEA. BMNEFFEFTRENHR
Wt 25 T &SI H 12/ T 0, % &, T pageHeaders[12] # HJ ¥§ & & il 2l
pageHeaders[13]., BAEX AR ERRE —AFH R FEHE. XBEHOZHE
AR TR .

char *pageHeaders[300];

pageHeaders[12] = "Amorphous Compounds”;
pageHeaders[13] = pageHeaders[12];

& 5-8 e T X Selk (415,

600 | Amorphous Compounds [~ F ¥ e o T R,

pageHeaders|0]
pageHeaders[1]
pageHeaders[2]
pageHeaders|3]

main

pageHeaders[12] | 600
pageHeaders[13] | 600 |

pageHeaders[29]
Btk

B 5-8: ERliEtOINR

5.2.3 PHEFHE
FIRFRPY NN TFHEANS I, strcat L2 E BT XFERE, X/ HE
KEZAR IR EAZSH, RGIEAEBHEE R R P RO . X
NERBERRTT .

char *strcat(char *sl1, const char *s2);

PR BAEE A F R DR -GS RE, BEAFHERLUIER char #54H8Y
EXfFEH . RBAZ0RNTF, SBREL - FHRLARBK, BEHDHE

EHHFEFE |



WIS R, DNRKEFTERSERABEA, SFEATHMAITA. #EHHER B {ERbIE
BE R hE— M, XTERLERFI FELETTE, thanX A~ RBEA printf

BR B 2 BT

A THHAXNREREE, FMNESAERIMHIRHEETTS., B—1 28R, £
MREEEPVEIREE. i PR, BIOTEXEEZ P P AR FRE o E L BRN
7, REEEB—ITFHERERRNEPEX, KEHESE _FIFE S .

char* error = "ERROR: ";

char* errorMessage = "Not enough memory";

char* buffer = (char*)malloc(strlen(error)+strlen(errorMessage)+1);
strcpy(buffer,error);

strcat(buffer, errorMessage);

printf{"%s\n", buffer);
printf("%s\n", error);

printf("%s\n", errorMessage);

A28 malloc MBI Z 80N 1 204 T EHINIL FH. Rixd — T FmEENFF
WAL BB ESR A FmEarm, XERAMPEHS % Tmx A, B S5-9 W 7 NfF

S BLtF UL

ERROR: Not enough memory

ERROR:
Not enough memory

500 (E|R[R[O]R]:

\0|N
F 3

le[nfofu]gfh] [mfe|m]ofr]y]\of | 5%Fe i kit

300{E[R|R]O]R]

e[n]ofulg|h| |m|e|m[o]r|y|0] [

A

error
main | | errorMessage
buffer

500

508

300

BRItk

B 5-9: IERNHFERIE

MEBRNNERABERWFHRERBIANG, RATEIBESE A FHE, T
X AEERBZ X6 FERAX—R, RINDBARBREE -1 FEREENTFS
RGBSR /- F B aim:
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char* error = "ERRDR: "
char* errorMessage = "Not enough memory";

strcat(error, errorMessage);
printf("%s\n", error);
printf("%s\n", errorMessage);

X B ARG R 4 L 4n T

ERROR: Not enough memory
ot enough memory

errorMessage FHRESLEB—FF, FEEEHHEENEREE T errorMessage.
FHE "Not enough memory" BEREF—-AFTHEZE, FKHEES T4/ F0E
B, BS5-10ETX—A, TEHEBNREDRELES, FOREHRERIRE.

500 (E|R[R[O]R]:[ o[Nfo]t]| [e|n]ofufq]h| [m]|e|mfo]r]y[\0f | F%F& i Bits
Tawigea T sos

we |SOO[E[RTRIOIRT:T INJo[ t] Te[nJoJulo]h] m[eJmfo]rfy]\0]\0
5 hligiES 508

main error| 500
errorMessage | 508 -

5-10: RERNFRIBHHEERIF
INRFA MR T HEXHM char BEAMA 2 e RFEFFH, MA—ERELIET -

char error[] = "ERROR: "“;
char errorMessage([] = "Not enough memory";

R A T XA strepy WA R B —MEEE R, X2 B o8B ATH B 18 B Bk [
MiRs A A LT, IRBESSE:

error = strcat(error, errorMessage);

AR TEEXAFEEBRE, AR AAFTRNER, EAEHRESE SR
H—Hs. XBRIEEREANTFFHEL, mE 5-11 Fn. TRIEFHFERFHEE
FHEFmELPLLENY, BALZARAEFRDIREENER, —EET]
APFHEER > BLNTF "

strcat(error, errorMessage);
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500 |E[RJRJO[R]:]| [\o[N]oft] |e[n]o]ufa]h]| [m|e|m|ofr]y|\0] | 7Fe 5 m itk
508

error [E|R|R[O[R]:] [\0]
errorMessage [NJo|t]| [e[n]o|ufa|h]| |m[e|m]o]r |y \0]

main

B 5-11. EB&IN

HRETHENAEZILEN S — A REHTH TRRmMAETHETmE, £T
filsp, AT FHEHER MR EFTERE, XHE/EME TIEMD.
char* path = "C:";

char* currentPath = (char*) malloc(strlen(path)+2);
currentPath = strcat(currentPath, "\\"):;

RABSMIFFFA NUL FRFREZ N, FI1E malloc AAPEFHFERKEMT 2,
RAEFFRFEmEFH TECFH, FrLlx BHHER & — 4 RFRALF 1.

Ak, R ERHFETFFERRE, W Tin, BAaESHGH s R, FERES
AR IR RS char RV BRI AE .

currentPath = strcat(path, '\\');

5.3 {RiBEFFF&E

e F R REE, ARBEAMAGS, AN HRERE char 2R R R b bE IR E
NHNRT, ESEIIRS, BEEFWA char 185, A ERRYFHE & £ 78 e BN
AFfral, RMNEESESIITMS32 THAENMELELFEHR, RFHE
5.3.3 IR MAEFETEMRLNFHE., BFHRIEAZREEAEARTE
£ 5.3.4 TH Y.

5.3.1 {EiGHEREFH

BRTFAFROFHEFERL X, BILFBETUETHEABI SR aK. EF
T, BINSFA TR strien R BEX L E AR, %A BAYKH TR

1 RS, MR char*, BTLARERH Yak 7ibhl, — ik &
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Fim. FAVAHE S HEEHFEM B ERERENST, E8REH M1, &0 1 A
2 string SIRAMERFT, EAZRKRNMNBEZNEGR.
size t stringLength(char* string) {

size t length = O;
while(*(string++)) {

length++;
}
return length;
}
o | FRREN LR char B RORHOBRGE, 532 HRMIRE—A.
")
LEFAIN T E A BT 45
char simpleArray[] = "simple string";

char *simplePtr = (char*)malloc(strlen("simple string”)+1);
strcpy(simplePtr, "simple string");

FXX A FREH A b A, RER TR AT AL

printf("%d\n",stringLength(simplePtr));

iR H RS, WA =MERE, mTFFR, EE-NESS, ROATH
A4y, XEBEFEMLE, £ N EmT, BXER TRORIRIERT, A X
HEESRIUK, BALE, MASTERE, EE=AEDP, BRITHHAE 1T
FH THRUHEERIERF, SHERTLLTAE, Adf A58
printf("%d\n",stringLength(simpleArray));

printf("%d\n",stringLength(&simpleArray));
printf(“%d\n",stringLength(&simpleArray([0]));

B 5-12 588 T stringLength eREHIN T4 Bc il .

tringLength
stringLeng string

main | | simpleArray 100 [s i [m[p] Te] s{tfr]i]nfg|\0

B5-12: £RFTHS

gftfaefFs [ 115



REUERIMMEER RIS AR L. fEA7Mf stringlength AYSEHLH,
FAESHF A char 185, Akt el UM T imax B 5 ik

size t stringlLength(char string[]) { ... }

R RIT & —FE, XA 2% ek By iR 5 X R B AT 2 165 i R2 A .

532 REBEFHEEREH
UFHHERENEXAZEFFEHRE SR DL ERAREA, XHEATLL
FAfsE e Fre, RMWEHGILE SN F B &gk, T s53.1 5
stringlLength A% E 4FRISEBLE 2 FI M T X Fp =01 .
size t stringLength(const char* string) {
size t length = 0;

while(*(string++)) {
length++;

}

return length;

}
MR FAREG FTERXEEXLIEFFFE, PRS- RIEMNEIRAEL

size t stringlLength(const char* string) {

*string = 'A';

5.3.3 {FEEEVMBRLNFERH
B g T FHNABLLREOR B — A HiZR B =8, RixFENEEE—14
HErE 8, tbkingsmEE, REiEREOR B R XS BB AILFEFHE, &
AR A A PR R A R B N D, FeT ] Rl LAEFR I AN [a) 5520 3 X A~ ek 3,

i, BANRRELGEBEE T ZRMXILERTH R R, &Eibd Bz TS
ALk X R El

Rl EIPX

o WL LR I X AT RE RO E
o HHERTBERZEPIX,
o BRBOEE IR BIZp XI55 .

XFR T AT AR BER oh X TUERR RS TIRAE . BARALE, BEZHKX
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FeEHRE W, strepy SE{IEREGE 2 XFMEN. THAY format RSB TXF A .

char* format(char *buffer, size t size,
const char* name, size t quantity, size t weight) ({
snprintf(buffer, size, "Item: %s Quantity: %u Weight: %u",
name, quantity, weight);
return buffer;

}

XEBET snprintf BEEELFFEHL, ZRESAB IS HIERBIZ M)
X . B ABEIEEEGIXIKE, BEASBTEMXEA, HitbhmEm, X1 H
¥ printf M7 AH—FE,

T i AR X A eR BT i

printf("%s\n",format(buffer,sizeof(buffer), "Axle",625,45));

BT
Item: Axle Quantity: 25 Weight: 45
iR B2 o X RIFREE, FRATATLLU A BUEA printf ABIIZ K.

LA — R 158 NULL fEAS X sk, xFnAREABEREMX, =&
EAMEE P PZR 2K, XHEAEBCCBSIET T, EHERKER, 10 + 10
FREXNFRYEMER ATREMBRTE, M1 MR NUL AEFFE TZ M .

char* format(char *buffer, size t size,
const char* name, size t quantity, size t weight) {

char *formatString = "Item: %s Quantity: %u Weight: %u";
size t formatStringLength = strlen(formatString)-6;
size t namelLength = strlen(name);
size t length = formatStringlLength + namelLength +

10 + 10 + 1;

if(buffer == NULL) {
buffer = (char*)malloc(length);
size = length;
}
snprintf(buffer, size, formatString, name, quantity, weight);
return buffer;

}

B ERAMEERRTEABEFNEE, F-MTENEERSETAREAER
MRBH RGN, AREEESREMERLET mis%, SNTRRES™
He N A R

wEtiFEgR | 17



534 {NAERFEZESH

main BECGE R R FE — A HATI AR, XHET @A RIS, @it b3
38 13 BIRAT IF SERDT RO TF X SR ISE RN 17 0 1R W . T LA X B B Bk H o B
SEER SO SRR B R A FRI . Henii, Linux 19 1s A4S FRKEINS
BB 24 B T RSP

C R{£4cY argc fll argv 2 X FnL 11728, £ 128 arge, &2—MEEHS
PIZHEENEYE. ZHE2VPEEE -T2, NS RETIT AT, £
N argy, BEHEEMEFBIEEH 484, B I H -4 785,

T main B R AR HAHTHE T ENEK, w7 1. EX AP, argv #
B A —A~ char 5545 %t .

int main(int argc, char*#* argv) {
for(int 1=0; i<argc; i++) {
printf("argv[®d] %s\n",1,argv[1i]);
}

}
B2 ol AR T ) i 4 AT

process.exe -f names.txt limit=12 -verbose

WA

argv[@] c:/process.exe
argv[l] -f

argv[2] names.txt
argv[3] limit=12
argv[4] -verbose

{FHEEBE NS TEE T, INMBFNINToECE 5-13 Fim,

v

arqv(0] 300 | 400 —400 t:fpm-ceza.exel
arqv[1) 304 [ 450 f—-450 [ F |

arqv(2] 308 | 500 F— 500 [ names.txt
arqv(3]312 | 550 — 550 | limit=12
arqv(4] 316 | 600 F—» 600 | -verbose

. argc| 5
main E
! argv] 300

Bl e — e e S = e W= T

5-13: {€H argc/argv
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argv HIE B =] LA {Ean T -

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

X char** argv 2208, 1.4.1 ViR TXFFERE,

5.4 R[EFHF &

R HOR B F TR R, 2R | B Sk bR A R AL . X BV IZ SR R Y 3 B R 4N
frliR | & it al, ZMELX—mA, ATLLREILLT =fX R Z—rI5 M.

o SFHE,
o ZESEHINTF
o AHFFFHRLE,

5.4.1 REFHE=R/)HLE
R B FEmERFHFT s, FIH— BN CE G OEE— . X ERER
B AL B UL A e R ] fEA G, &R E T At -

char* returnALiteral{(int code) {
switch(code) {
case 100:
return "Boston Processing Center";
case 200:
return "Denver Processing Center";
case 300:
return "Atlanta Processing Center";
case 400:
return "San Jose Processing Center”;
}
}

ZERGE THEARRE. B—FE2ILEN—RER(IMHFEERBFHRFHER
R, s12P R —R. WAL THIFEFHBESFTE, RO\ MT
subCode FBREFENRIHIH L, X ABAVFALRTFEA R ERR—4F
mE, g AZEAITEFmSIABRT -

char* returnAStaticLiteral(int code, int subCode) {
static char* bpCenter = "Boston Processing Center";
static char* dpCenter = "Denver Processing Center";
static char* apCenter = "Atlanta Processing Center";
static char* sjpCenter = "San Jose Processing Center”;

switch(code) {
case 100:

maMFEFR | 119



return bpCenter;
case 135:
if(subCode <35) {
return dpCenter,
} else {
return bpCenter;

}
case 200:

return dpCenter;
case 300:

return apCenter;
case 400:

return sjpCenter;

}

a2 A AR BER E R —/-f ST AR e A R, % E T mav s,
XAFAE 533 TR RR format BRELAIZ A, B 1 EHEMNGEEHRELSEE, A
1R [ — A~ F X A~ 5 g UL R e
char* staticFormat(const char* name, size t quantity, size t weight) {
static char buffer[64]; // RIZEZEPKERK
sprintf(buffer, "Item: %s Quantity: %u Weight: %u",

name, quantity, weight);
return buffer;

}

AR X 4y B 64 FHRIRENS, AlREANE, MAGIRBEImMS . &S ZIEXAE
WA, X R 0 = E R T ARS R B i

char* partl = staticFormat("Axle",25,45);

char* part2 = staticFormat("Piston",55,5);

printf("%s\n",partl);
printf(“%s\n",partl);

PATIERE T

Item: Piston Quantity: 55 Weight: 5
Item: Piston Quantity: 55 Weight: 5

staticFormat FIRIAREMERARE - TEEWE, F—RIHHA&EESs—X&iAH
FOESE

5.4.2 REIFHESERNFRIHELE

MR EEMNEBR B TR, BMNTUAEN FoRTFHEAANTERGERBR Kb,
RATEF L —/ blanks BB BXFEA, X4 B LEER M &—AFIR
= “HIER IZANFERS, WThn. BEEY - M ERHFRTFEYNKERE
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BEH-

char* blanks(int number) {
char* spaces = (char*) malloc(number + 1);

int 1i;

for (i = 0; i<number; i++) ({
spaces[i] = ' ';

}

spaces[number] = '\0@';

return spaces;

char *tmp = blanks(5);

B NUL 45 TFR 4 i number RSB AMNERF—/1TE, B S5-14 WA T EHHA
fr5r8e, BiE s T blanks sREGR [E #iJ5 MR FFRE.

600( | [ ][]0 600 [ 19]
F {‘E. Y i’&
number| 5
blanks spaces | 600
main tmp main ‘ tmp r 600
HEOR B R E R bR H0R [l e VR Ak

5-14; ROSHENFHES

BRHGR R NFREEARZENTRE, MR FEEAFEERBEABRRSERN
frittic. TEHE—AWNFHERNEF, printf &BFERTFHSHE, ELEEE
HilhtstE R T, BHAERINEA RS

printf("[%s]\n",blanks(5));

— AN ER2MHENTFR:

char *tmp = blanks(5);
printf("[%s]\n",tmp);
free(tmp);

iE O] /F &0 747 SR R MLk
B R R UL FTRE S A R, AnRANFEAHARME SRS N, Fixe
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RERXRTTE, ZBEEMESER T EERE IR & mE LR,

BN ESHIMEAY blanks %, TR, EERBNEFH—-T8H, mAemhE
STEENTE, EXABEA G TARW L. ERBOR 18] S L

#define MAX_TAB_LENGTH 32

char* blanks(int number) {
char spaces[MAX TAB LENGTH];
int i;
for (i = 0; 1 < number && 1 < MAX TAB LENGTH; i++) {
spaces[i] = ' °
}
spaces[1] = '\0';
return spaces,
}

PATHRE S SR B BEAMAE, B2 2 T kBN S8 S XN FX IS, #
3R FiZN G AL A fTREC. L0k, B S5-15 W TFETF RS,

Hi
Heap I

blanks spaces 300 I:I
A

main tmp| 300

Pl
Program Stack

5-15: ROGEIFR BBV

5.5 HREIETTHFFTH

BINELE 33 THEAM R RBEAEH 1, el Fiiri—FiEE RIS
Wk, AT, A2 R b ek BT 43 HErr el BokR B FhRE D . HEFF
W Bl i LB BA R TR R P SR M B TR, LR E T RAREA LR
BErr (B A e Rng) Hevl. d@d e R BORIZHIE, HFRBa%R
E R, T A RRYECE R 8o LALE Rl — A4 HF R e BUA AN R 9 75 X A,

FAE AL R B AR IEBAM T HE KNS REHEF Y. T i) compare #1
compareIgnoreCase &M AK/NGLLE T H, FEH stremp AL TR 2
A, compareIgnoreCase M & R FTFE MK /NS, 521 T &itied
strcmp Bt 7. stringToLower ER$0R Bl Zh & BN AF IR, XEHE—BR
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e LR 1R R

int compare(const char* sl, const char* s2) {
return strcmp(sl,s2);

}

int comparelgnoreCase(const char* sl, const char* s2) {
char* t1l = stringTolLower(sl);
char* t2 = stringToLower(s2);
int result = strcmp(tl, t2);
free(tl);
free(t2);
return result;

}
stringToLower B an T Fion, EEiEdE 58 /NS B E .

char* stringToLower(const char* string) {
char *tmp = (char*) malloc(strlen(string) + 1);
char *start = tmp;
while (*string != 0) {
*tmp++ = tolower(*string++);
}
*tmp = 0,
return start;

}
{52 FAn T RO 26 AL SO W BT 122 ok Y ek Bt

typedef int (fptrOperation)(const char*, const char*);

THEH sort MWK ETHRFFRE, RIS, A REUR—
BHIHE TR AR Rt e, £ iFIED, AR R RO S
PITLE, BRAIBXRTITELE TR ERH#H,

void sort(char *array([], int size, fptrOperation operation) {
int swap = 1;
while(swap) {
swap = 0;
for(int i=0; i<size-1; i++) {
if(operation(array([i],array[i+l]) = 0){
swap = 1;
char *tmp = arrayl[i];
array[i] = array[i+l];
array[i+l] = tmp;

}

THI R B & B BARIN A
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void displayNames(char* names[], int size) {
for(int i=0: i<size; i++) {
printf("%s ",names[1i]);

}
printf("\n");

}

HMATUAHAAN AP HIEE - EAZEARM sort A%, T campare
R BT X > KNS I HERT -
char* names[] = {"Bob", "Ted", "Carol", "Alice", "alice"};

sort(names,5, compare) ;
displayNames(names,5);

AN .

Alice Bob Carol Ted alice

I {# Fl compareIgnoreCase R %, %t W& ixFf.

Alice alice Bob Carol Ted

X sort REGRRIGERZ T, ATk A D EAITE SR B 80E 201
RIERZHIHET, MATZED A RIRHET KRS A B HIHET R 2

5.6 NG

ATE LU T FABRENRHOER, FHSNERMENFHPRLE SR
HAEA., R THREFTRORFE TR, H2thrTfEikkiz ¥ FE,

TS T FmERFMFm R AZG, BMFnRGY FRIMNEMEESF
TFeE A B VB I A 12 B TR R, X ERFIF SR mia L ®E VIR, X— R
ST TRATTE. WADEHR T —2eprdEmy T B R1E, 15 THERTES
th 1]

45 6 0 538 2 0 R RN BRSO [ S 0 4 WL EO R, Bl ML i T 26 ok
B VR I T IR, A4 R 0 R B e e B B L S, BRI T
P B S i

Bcfa, BAVARBSREH RS T LHHEF R BAIR K G &, XFH & /R T HEFF &
£, tATLL R 2] oAb B
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F6E

fEsr iS4

FATTLAE F C M th sk R B A5 ML, thandERSMAIN A, fFREF2EX
ST B A F R, B R RBOE S 2 M RER TR AT LAA e &
R E R, AT, KINSHESE C hEMENTEoBRERIZERNFILF 5 W
P8 &5 ARSI

Gtk g 7 ECEAF R AR AP, ZOEKEEEA (Lbind 24 TRImMER
B, aRTHEHERNE, REABTFREA-I8Y, REIEESTFRNERK
G MEANE 1RSI T. A, A 7T8E, RONTURFH-4%4A, K+
WA TTHEE— T a5 ERIEH,

A TG R AT E AT ERIREHI S, BREWENRARRE, SRENNTFIE,
RN E R B AR AR R B e k.

BN MNEWERINGFI BTG, BN EITUMRERZBIENITIERE, #
EF A= B HEE B HAE R

B Ja— M ant] s e Q18 — RV BHRE ., BEERR, MREKbILAEER
it R, BEREMBIRES N, Eixh HBEIRE.

6.1 48

FHHCE&WEMAXAZ. N RFHIBM, BABRNEERTRESHERR
BEHMEAER, EE —fELED, BATH struct XBFEHEH—/ &k, %8
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C TR G, BOMERERE L., ETRAFIY, SEraFaimm Tk,
XA BT, D@ EEAWALIE. person Gk ETE [ 4F, RIIMFER
E—A$&ﬂ

struct _person {
char* firstName;
char* lastName,
char* title;
unsigned int age;
};

LR R ALE A typedef kBT R{CZENEM. THiZHaFX person
ZHyth FH typedef X8 F.

typedef struct person {
char* firstName;
char* lastName;
char* title;
unsigned int age;

} Person;

person AJSE| = RA4ANT .

Person person;

Fe el FEBH—1 Person 35885 H A EoBENT, an TR

Person *ptrPerson;
ptrPerson = (Person*) malloc(sizeof(Person));

nEEHEMERIREAEN (R person AEFE), AL gk M ForiER iR HER,
ETFHIFR, 114 firstName 1 age FERME T4

Person person;

person.firstName = (char*)malloc(strlen("Emily")+1);
strcpy(person.firstName, "Emily");

person.age = 23;

Ak, mREREEES, RFERSTCARIET, WTR, XTREFH—A
&R — IR TSHK:

Person *ptrPerson;

ptrPerson = (Person*)malloc(sizeof(Person));
ptrPerson->firstName = (char*)malloc(strlen("Emily")+1);
strcpy(ptrPerson->firstName, "Emily");

ptrPerson->age = 23;

BANA—EAER HATABRIER, AL S e A5 AR IETT, T PR, oA
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Person *ptrPerson;

ptrPerson = (Person*)malloc(sizeof(Person));

(*ptrPerson) .firstName = (char*)malloc(strlen("Emily")+1);
strcpy( (*ptrPerson).firstName, "Emily");

(*ptrPerson) .age = 23;

X R EAEEM, AERERLERRA AMERHE.

AEHESBERNTF

AR RN, DEANTFRNEPRENTFROKEM, Ad, EhRKE
EBHARIRKTEAN, AAGHERNEFRZAMEREFAEHT, XEHERYTEX
KEIFEL T AT, thanii, BREGAEFXFINGESH 2 BERAVMAE |, W
8 HOH T B RE R 4 BERAUHbHE 1

X L6300 SN 17 B 4 BL R B JL A 19) -

» EFHEMEREHERER,
» EHRBUEARIITE Z A AT REFE NI N

bbdnist, b F—Fdh HIA Person E &AM LB > BRANTF, S8 16F
H—BALEI4FN., TEAXTHERAL Person HEBEERELTSEBEEN
age MUY, XD EMINGFRK/NTEE—F, HAZSHWEREREETT 2 57

typedef struct _alternatePerson {
char* firstName;
char* lastName;
char* title;
short age;
} AlternatePerson;

FETEARSEES, FNAB T Person f1 AlternatePerson & #4415 ],
REITENSG A E, EfMMKEMER, & 16 F:

Person person;
AlternatePerson otherPerson:

printf("%d\n",sizeof (Person)): J/ ¥TED 16
printf("%d\n",sizeof (AlternatePerson)); // {TED 16

RN E—/ AlternatePerson ¥4 (AnTFFiR), IBABANEATLEZNR
SAEE, mAE 6-1 Fiir. PAIRKSEREYH TEZRIIZEPM,

AlternatePerson people(30];
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people[0] 100
104
108
12 |
people[1] 116
120
124
128
people2] 132
136
140
144

6-1: AlternatePerson B9%4A

MR BAIE age FEBBNGWEAIMAFEBAE, P2zl TERERNT. R
iR St RY 0, XAlRERRE R,

6.2 ZEHIRTERY (o)

EAGHEEANFR, BITHREA S BIAGRENTREE 7ERAF. K1
Mo, HEEEIEKR, TR RGBS B SHERE RIS 5 R B NTE,

FIean &

typedef struct person {
char* firstName;
char* lastName;
char* title;
uint age;

} Person;

YBRMFRHXAN RN ESEAXNT LD ESENFR, =T RS 8HhR
¥, ETEmARS RS, ®INFBT Person, XNFoBWAE 6-2 i, =4
REBEARNIBHHINTE .

void processPerson() {
Person person;
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person

processPerson

main

Bt

6-2: KB Person i3k

EXNE RGN R, AT FRBE—1E, X THEFE, RINISME

Loy BN HHE b AL R 25 B4 a5t -

void initializePerson(Person *person, const char* fn,

const char* 1ln, const char* title, uint age) {

person->firstName = (char*) malloc(strlen(fn) + 1);

strcpy(person->firstName, fn);

person->lastName = (char*) malloc(strlen(ln) + 1);

strcpy(person->lastName, 1n);

person->title = (char*) malloc(strlen(title) + 1):

strcpy(person->title, title);

person->age = age;

}

ATLAAN T X e XA R g, B 6-3 B T N fF 5 BLii I -

vold processPerson() {
Person person;
initializePerson(&person, "Peter", "Underwood", “"Manager", 36);

}

int main() {
processPerson();

Rkl S
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b | Peter

—»| Underwood

Manager e

T

person

processPerson 36

main

R A

6-3: #R{LEY Person LK

B 43X /4~ 75 B A& R BT — 04y, ¥R M5 person BINTES Mk, it, &9
BN GEASEER, MARARGEAESE L, TEME, JXNEL TP, Bk
TR, MmSE 7 AEitE.

AT KO RFERERNAF. TRy e 82 B 2 A 618 <L FIi o BRI N T -

void deallocatePerson(Person *person) {
free(person->firstName) ;
free(person->lastName) ;
free(person-=title);

}
FA T ZAE R B R AT R 3

void processPerson() {

Person person;
initializePerson(&person, "Peter", "Underwood", "Manager", 36);

deallocatePerson(&person);

}
B, IV EICHIFAM initialize f1 deallocate %L, {HiZan C++ X S A
MRAGREIES S B3 RIAH X R,
WA Person {54, SN T s person:

void processPerson() {
Person *ptrPerson;
ptrPerson = (Person*) malloc(sizeof(Person));
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initializePerson(ptrPerson, "Peter", "Underwood", "Manager", 36);

deallocatePerson(ptrPerson);
free(ptrPerson);

}
B 6-4 BLHA T A7 BLIF L.
500 p| Peter
$ L—»| Underwood |
36 —> Managerl e
|
processPerson person| 500
main

FEFF ik

6-4: 35[0 person EFINEEH

6.3 EE%malloc/freeFFis

BERpRAGEEREGHES TSR, TEFRERNEREMRA. IR
B — Rk R Ay B ISERMEF—1R, SHPAEREENSELH)
B, RHERE Skt SERMNFRENLOIR, NEBERHRE—TXR,
R A AT HRCE, RN EFE—1KE. IFHGESREF 15
ki, RREFEEHMEEZERNE.

A TR R &, WINSHZAIE X Person &k, AEAEPES K,

WATLAFsERFER &M%, 641 THHXEM, AT RFIESR, ROB TR
ﬁﬁ! ﬁﬂﬂﬁﬂ—ﬁ-:

#define LIST SIZE 10
Person *Llist[LIST SIZE];

EHRZAIFEZEEMGEL. THRARBHEA S/ JLFRBIE NULL:

void initializelist() {
for(int i=8; i<LIST SIZE; i++) {
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list[i] = NULL;
¥

AT A R BRI IFnER Sk, B — 1~ getPerson ¥, TR, ani
AWK, XA RBENERP R —1, AR THER NULL EbER, R [E
F—THEZRTE, AEEEE List PRI BEWE A NULL, 3% A 7T AR S
A, APELCIE & [ —~FHY Person S5 (3], X A5k o | ik 5 ZE &R Al gD
SoBRANFRIFTE, TONBEMbh S A BN, IR B SLE mia e Rl LLER
Bl Z AT wkfceT, el LA B iR R 3B Sk, Eiik?ﬁj}-ﬁ&ﬁ-ﬁ’aﬁﬁn

Person *getPerson() {
for(int i=0; i<LIST SIZE; 1++} {
if(Llist[i] !'= NULL) {
Person *ptr = list[i];
list[i] = NULL;
return ptr;
}
}

Person *person = (Person*)malloc(sizeof(Person));
return person;

}

£ A HREE returnPerson, X E 2B BRI K, B ERRK
M, BIMNEEERACEEFEBFTAEANILLE, G154 person & nE BB it
B, RiGERETEE. tnF LM 17, #5tH deallocatePerson s ¥ person HY
fa&t, AR5 person, HJ5iR [ NULL,

Person *returnPerson(Person *person) {
for(int i=0; i<LIST SIZE; i++) {
1f(list[1i] == NULL) {
list[i] = person;
return person;
}
}

deallocatePerson(person);
free(person);
return NULL;

}
T EEES U TRAVFIGEIE, LA An{aliE — A S5kt s ns F v .

initializelList();
Person *ptrPerson;

ptrPerson = getPerson();

initializePerson(ptrPerson, "Ralph","Fitsgerald","Mr.",b35);
displayPerson(*ptrPerson);

returnPerson(ptrPerson);
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X EAEANRE, RERMKE. mREBRE, 2T EEME o B
WTF. IRERKKmMEAEEREME, BLRSRBERENANTF, WAGRRHAERM
#b 7. ATUARE B MM RE RO TR RKE,

6.4 HiEstZHFHIEEN

FeEt AT LA A 1A s el 2 IR A A PR AL B £ R RIGME . X L RIEPE AT RER B 2h BN
fror e, teTRESR B U)daEt o HAVERIY. NEFELHFRBABFEESH, AR
BRINFF KD R ATLL,

FEAT G, BMNESTRIURTLARES SR T RIS H, RE C EiSRthx
HRBIM IR, W ESIREEIZA R, A, BRIl EHEES W
T LA BRI R A B, EXETFE LR EAERXEE, FRE
TRLIH A CHRA,

FATEHEFELL T L Fh A [6] B B iR 455 44

. 4k
BRER
¢ 7]
18] 24 Fr) St 5 HHBA A

.
1] B P A
. #f
— Xt
BANS 8 A A BERE FLX e IR A R B e B A& B keE b, BR
EAEE A MBS, BINSEelEALIAT|Fntkiy E .,

ATSFIH— e R X e E e, thaniil, MRADAREZENTREA
B, BTNASFAERPREMEIE, BASHEM TR, unsigned char #i&
KRB RFTFR, BREBETALNERT.

typedef struct employee{
char name[32];
unsigned char age;

} Employee;
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BNATFH—TNEARTR, M TEXANFER, char {88 lRERE REMRELR, 1
AL, ISR EET char 4.,

KNS HEAITEEBRER, £ 1THERTEAARGRER —/18%, E&EGT
stremp EREY, BREME 0 BRAMAN R ASLWEMEE, -1 BRF-1TRALLE /M E
A/, 1RRE—ATREALLE A RAK., A AKN FHAATENE 57 -

int compareEmployee(Employee *el, Employee *e2) {
return strcmp(el->name, e2-=name);

}

void displayEmployee(Employee* employee) {
printf("%s\t%d\n", employee->name, employee->age);

}

AN, FATDSHBIPRA R BEE, & X . DISPLAY A K455 For — M HE%
void 2% H& [H] void AVeA %, HAVE W n8dR. &£ /1 ef 8455 COMPARE Lb%:
ATREFS I AR B, BRERER 0., —1 & 1, F{1{E/r43 compareEmployee
BR S I fp e T

typedef void(*DISPLAY) (void*);
typedef int(*COMPARE) (void*, void*);

6.4.1 EHFER

R B — R I AREREO i LR BAR S . H 2 A TR W A,
ST BT BRAE Sk AUGTE , BT D VAR R T E L AT ATLU R SRR SR
B R RS, BT s Bt .

EFP GG LT R BT, (B REE Rt & 6 B R A, T AE KRR
T =LA, R ZIAIRE R B T =M o Sc By, (8 AV BCH A anfE A sh &N
75 BECAdREF RiE .

tbanie, AR FAVEZSBEA STHEBINY, ELZEGMAILE, mMELETE
ATHEIR K. Mesh, X FEcinsibrocsE, AR A ooHE 2 im0 Mk CH T
#, EPRTHETR BB B — K5,

MRAGFILARTY, REBMERER, DUART MHARA kR, &
MK AT AG, BB AE R, BAMREARY A, BERMEE A1 RS
FLYim. WERMATHAMER, — P RANERE, — MR EEE, EROTLIERA
HEEEN R, XRBERERT, HEHLERELIH, 65 MBI LR TIXLE
RAHIER.
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| 1

Data Data Data
next |—- next » next NULLl

e R
3+
Data Data Data

next Bl next ¥ next I——l
&

TEMaE e
&% 4
Data Data Data

| NULL | previous | previous < Ipreviuus
next |-—h next » next NULLI

W pEF

6-5: pEFRER

X—THRNMRERE MR TER LR, TRHORGERT AR XHEBENED
&, Node &k E L —ANT R, EAMAIEE, B—/1& void 154, HAEEER
R, D2 T~ AiEs. LinkedList kR HR, A
18K AR B Er, 2 ATHEE FH Sk il Bh il o B -

typedef struct node {
vold *data;
struct node *next;
} Node;

typedef struct linkedList {
Node *head;
Node *tail;
Node *current;

} LinkedList;

BANI2 T 2 LA i X o6 ) (s S - ik e Th RERY R 4 .
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void initializelist(LinkedList*) Mmisitet

void addHead(LinkedList*, void*) SRR R AL Sk e i
void addTail(LinkedList*, void*) EYRE R R r s huddE
void delete(LinkedList*, Node*) Mo e B B

Node *getNode(LinkedList*, COMPARE, void*) iE B & 450 B i AR E
void displaylLinkedList(LinkedList*, DISPLAY) AITE[f&

FHER ZATBLmiaft, an FARAY initializeList BREIATIXES, ¥
LinkedList X &R AIFREHF LS AE, REGESE Mk BRIHEEE 7 NULL:
void initializelist(LinkedList *1list) {
list-=head = NULL;
list->tail = NULL;

list-=current = NULL;

}

addHead Fl addTail e& %4y Bl In) SEF WL Fn R iR g e, X8RN EB
add 0 delete R it BN M EE R T A HBIRI N, EEMRAEEZSFZAHR,
T,

AT 7R addHead B #t P, B4A T A BN, A0 EL L R SRR 24
ZEHIAN) data £, BT data LA void 5568, BERFEEEREE A,
R 2R AIBAE T .

ZTFHk, RIMNMEEHERLSDTANZE, WRAHAZE, OEHFRHERN YA, REEYAN
next FEME{E N NULL; anf A A%, LB AR next iR & L. it
WEAPIE O, Bk L ARG M5 A .

void addHead(LinkedList *1list, void* data) {
Node *node = (Node*) malloc(sizeof(Node));
node->data = data;
if (list->head == NULL) {

list->tail = node:
node-=next = NULL,;

} else {
node->next = list-=head;

}

list->head = node;

}

THERARKEFERBETRT initializeList i addHead HE M A, BB RAE
tEEmEIgERA, B6-6 B THhiTXEEMENANFEIENEN. 5T RLE,
Bl 1 T —8E-k%, Wi, BE{L T Employee &5+ HY name #4H .

LinkedList linkedList;

Employee *samuel = (Employee*) malloc(sizeof(Employee)):
strcpy(samuel ->name, "Samuel");
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samuel->age = 32;

Employee *sally = (Employee*)
strcpy(sally-=name, "Sally");
sally->age = 28,

malloc(sizeof (Employee));

Employee *susan = (Employee*) malloc(sizeof(Employee));

strcpy(susan->name, "Susan");
susan-=age = 45;

initializelList(&linkedL1ist);
addHead (&linkedList, samuel);

addHead (&linkedList, sally);
addHead (&1inkedL1ist, susan);

main

100 200 300
name | Susan name | Sally name | Samuel |
age |45 | age 28 | age
a0 T s00 1 600 T
1
data| 100 data| 200 data] 300
next| 500 »| next| 600 next| NULL
A r
700
head| 400
tail| 600
current | NULL —

susan
sally
samuel
linkedList

100

200

300

700

6-6: addHead H_Tuﬁ“

% TRE addTail ¥, EEAIFHRAIENF, RETEED
ARG Al mBIERRE, FLLZY AR next FE#ERIE A NULL, ZnRbiE
HZE, A4 head FEFFER NULL, #ERT AR AIRE head; TRAAZE, 4
SH R AR next {FHBAFT A, L], RNSBERD tail IR AIZ

TR

e MG ME

2 R4S data FER.



void addTail(LinkedlList *1ist, void* data) {
Node *node = (Node*) malloc(sizeof(Node));
node->data = data;
node->next = NULL;
if (list->head == NULL) {
list->head = node;
} else {
list->tail->next = node;

}

list->tail = node;

}

TR BULH T addTail sy k. X Hgk 4 &% 51 618 ke A3 REV
5T, addTail eRECRF R G LARR b A8 s /I8 hndt 25, X AE N A 4 B 1 O ik BR
E 6-6 _‘ﬁn

initializelist(&linkedList);

addTail(&linkedList, susan);
addTail(&linkedList, sally);
addTail(&linkedList, samuel);

delete B F M BERMIBR — 1~ ri, 24 TRITEX ek e, FEMER Y AR EHEAE
FRRZH. BB P RER BRI, kA FHa 8RR arfeer, A
THBEMT A, FAHRME T — 4Bk % getNode * & I 5 FHYF5 8. getNode
HBHER =12

» IR BERIIRE
o FRA LB R BRI S
o TR BERNBARITRE .

T A& getNode EEE IS, T E node —FFiRdsmbiE Lk, REHRITEHNEFRH
FIFRB AR A A B AR AE, 1A compare & EOK FIW 24 a5 A&
LK. HRAIBEBER, E&i1RH 0,

Node *getNode(LinkedList *1ist, COMPARE compare , void* data) {

Node *node = list->head:
while (node != NULL) {

if (compare(node->data, data) == 0) {

return node;

}

node = node->next;
}
return NULL;

}

compare BRI [ anfel iz TR FH e 845 51k e 2 HWB A~ e B AT EL B R 1, X
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R AMRALIE MR RIGEE, FARNATFEEE getNode A3 B IS EL
BEBHI AT,

THE&Z delete AL, A TRFFEBE R, BEASRERRNOZHEMEART A,
F—A AT B EMER KT RAEOL, R AT R EME R R, LR A
MR RENZE: BN, FRTARBREAFLTHT RN T—1TTA.

else iEAH tmp IRE- M LB ERBIDEER, AW tmp BIE B NULL (R E4R
W RAEREERT), L& tmp T AT 2 A TZEHRT A, while THHRED
SEER, XARFER, FTLARNTEEmE ZRERG BARY ARa— T R 2, &4
T X — A A BRI — AT AN next FBRBEAERST AN T AN A, &
delete REHIEKE, HHRBE. AAMEERT delete A% 2 ArMiER R F81m
I B .

vold delete(LinkedList *1list, Node *node) {
if (node == list-=head) {
if (list-=head->next == NULL) {
list->head = list->tail = NULL;
} else {
list-=head = list->head->next;
}
} else {
Node *tmp = list-=head;
while (tmp != NULL && tmp-=next != node) {
tmp = tmp->next;
}
if (tmp !'= NULL) {
tmp->next = node->next;

}

}
free(node):

}

THERRSAFBREH T RBRIER L. =18 REna5EL L, BIH
6.4 T2 ZFIH compareEmployee R EE 34T LR IE
addHead (&linkedList, samuel):

addHead (&linkedList, sally):
addHead (&linkedList, susan);

Node *node = getNode(&linkedList,

(int (*)(void*, void*))compareEmployee, sally);
delete(&linkedList, node);

ATIX B AR Ja B P e A R R & 4an B 6-7 B,
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100 200 300 i

name | Susan name | Sally name | Samuel
age |45 age [ 28 age [ 32
'y A Y
400 600
data| 100 data| 300
next ﬁﬂﬂl i-nixt NULL |
HE
700
head| 400
tail| 600
current | NULL —
susan| 100
e sally | 200
samuel | 300
linkedList| 700

6-7: MIFRTHI

I F B /RAY displayLinkedList eR¥in Bl il I pE %, ML T A FEE, HEZ
NEBEANERBITEH S —11E. ¥ next TEMBEWRS Y A58, TEHEE—
T HREEER:

void displaylLinkedList(LinkedList *list, DISPLAY display) {
printf("\nLinked List\n");
Node *current = list->head;
while (current !'= NULL) {
display(current->data);
current = current->next;

}
THEEBHX A R 6.4 T A1) displayEmployee bR $4TENBEZ

addHead (&linkedList, samuel);
addHead (&linkedList, sally);
addHead (&linkedList, susan);:

displayLinkedList{(&linkedList, (DISPLAY)displayEmployee);
X BRI R an T

Linked List
Susan 45
Sally 28
Samuel 32
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6.4.2 HIEFZHHRT

BAFIE —FPeR th BOR 454, 1T ARMUHBN . Bl X R E B8 IE: ABAFIHEA,
ABBIEIE T FA MBI F, HEASRIEMBAFIFBER TR . — R, BT
HNEIBAF I FE AR S — B AFBAFIRITE, XMfTASERALEH#EH (FIFO),

KHBA S 2% A aER . APRIEMER T Rl el sE&Rk, LPARERRZMNER
FMBRT m. AT U BBAS, A& HE 6.4.1 T HFRKRIBER.

Se PR E LB E LA, BE TR, W Fr. BUERTLAH Queue K IEHT
AN ENERAT

typedef LinkedList Queue;

LB MaiRiE, EMAVEZFA initializelist A, FRNASERHFHX
MRS, MM FTHEAY initializeQueue k.
void initializeQueue(Queue *gqueue) {

initializelist(queue);

}
dAUifh, TS A addHead R R BAF HR i In—4~5 A .

vold enqueue({Queue *queue, void *node) {
addHead (queue, node);

}

ZAI LA RERE A MERZ AR RS, T AT dequeue BRI BUMIER B fa— A9 K,
X BT LT =FE L

« ZEIF]
1R [8] NULL

o B3 5T
i else if iBAJAbHEE

o %% EPAF
i else 43 A0 HE

ERJa—FfF e, TATH tmp FEEH K- R RMATEE, EEERART
RETRT— T R, RIGHRBUFAT T =R E .

(1) B i AE A Tmp;
(2) B tmp R AN P A Mt D=
(3) MR AN next FBREHNILL, R-BHEHEELAT,

RstElE | 14



WA ROX A IR MRk BER A SE R, B 6-8 1P T RER, 4 E BRI T R E
1] e 2 R =

void *dequeue(Queue *queue) {

Node *tmp = queue->head;

void *data;

if (queue->head == NULL) {
data = NULL;

} else if (queue->head == queue->tail) {

queue->head = queue->tail = NULL;

data = tmp-=data;
free(tmp);
} else {

while (tmp-=next != queue-=tail) {

tmp = tmp-=next;
}
queue->tail = tmp;
tmp = tmp->next;

queue->tail->next = NULL;

data = tmp->data;
free(tmp),;
}

return data;

LA

l

next |

tmp

 next

KA

next

}-——————h next

»| next MR

R K
|

kR

et nex

 next % 1 lﬁZfﬁ'EﬁJﬁﬁ

Fo et
|

KR

l

net[ |- next

» ne:’[ T2 2 EMRE
RAT A
|

— next
tmp
» next
tmp
|
v v
P nexl
tmp
|
v v
! next| NULL

next FILZENRE

6-8: HARERHI
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B [ 45 A IR e T AR, T A ACRS B A R T €I R RS B U B IX
£ e B F R s

Queue queue,
initializeQueue(&queue) ;

enqueue (&queue, samuel);
enqueue(&queue, sally);
enqueue (&queue, susan);

void *data = dequeue(&queue);

printf("Dequeued %s\n", ((Employee*) data)->name);
data = dequeue(&queue);

printf("Dequeued %s\n", ((Employee*) data)->name);
data = dequeue(&queue);

printf("Dequeued %s\n", ((Employee*) data)->name);

BT .

Dequeued Samuel
Dequeued Sally
Dequeued Susan

6.4.3 HIEfTZFx
MR B —Fhbi . 3 T, TEMAKT, RIEEMH, YL TEN
WA FNos HE, T A REHEH (FILO), F—1 AR TEERE -1,

IR BAFIRSE B, FRATAT LA SR K et 1E . B WAV RMRIE B AR A% .
F 17 addHead B & SC B AR, AR R E TS 2 14 n— /> % eh B0k B B 3515
A2 S Ak

typedef LinkedList Stack;
W iaibAs, EEHEM initializeStack B, XA ABIHH initializelist
BRI 3L

void initializeStack(Stack *stack) {

initializelist(stack);

}

AR AIEAN addHead e, Zn T FiR:

void push(Stack *stack, void* data) {
addHead(stack, data):

}

THER HAERERIERL, FATERRAELT ARG — AT AR, XBEBR=FEI.
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BRI #0R [B] NULL,

« RYA—ATE
mENAEBREY A, LT AMET AR —1E, BLTAaMmETAE
7 NULL, 2R)5I1R [l $HE .,

s RFPASAALE
EXFER T, FONVELTAREAERFIT s, REEEKE.

ERMFEOL T, TRSHER.

void *pop(Stack *stack) {

Node *node = stack-=head;

if (node == NULL) {
return NULL;

} else if (node == stack->tail) {
stack->head = stack->tail = NULL;
void *data = node-=data;
free(node) ;
return data;

} else {
stack-=>head = stack-=head-=next;
vold *data = node->data;
free(node);
return data;

}

BMZEZF A 6.4.1 T GUEM AR L BRI RN A%, TEORIEFRSEC
=/ AR Ak

Stack stack;
initializeStack(&stack):

push(&stack, samuel);
push(&stack, sally);
push(&stack, susan);

Employee *employee;

for(int 1=0; 1<4; 1++) {
employee = (Employee*) pop(&stack);
printf("Popped %s\n", employee-=name);

}
PATERE N T . EoATANTAR Tk 8, m/5—KkK&iE B NULL:

Popped Susan
Popped Sally
Popped Samuel
Popped (null)

ARHEAA HADRAIRIE, EFRTUCE, BERREARRIICE, EAREEEH.
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6.4.4 RAmEITZEFH

RHERARAEIRLSW, ERNATFRTTRERZANXR. @F, FHRERBXLT
B, B ERSIR—BE RBR, R AR BRI RITE.

BRI EESHENFYA, Ak, —XHELEEN, ERNS8STAREBEOI. 1
ARRELANATFNAE, FHTABELRETFTA, BE4RA TR, BETFTTARANTA
FRAH A, gtIRRIH—8 . A7 R4 B R,

fEEHRIE T —F g = AN a2 AMER, ERMAX. BRITTLASES B
A, BHREFESEAR S, xBEHTENSWEEST A, F8) void 55 7L
HIEANHEAEERYRIEAR
typedef struct tree {
void *data;
struct tree *left;

struct tree *right;
} TreeNode;

HBAFE TR P RA T ERAEXN, ZHEALILRES#E (Lbinig%R) £R
By, THMIBFREIL: MAFGAE, X407 R0IE LZ 5 AR EER T
R/, B AT RRIEABEL S mBIE R, EAFRIRFRD XA

THEZXA insertNode B S AT alA X EERK, A, EHEATA, B
REEEHDAMEA N S 2R ELE.. FA1H COMPARE ek %% L R &
b ik, eRERIE 505 AN Ao BNAHIEEIERS A, BAH T AEAR
fa SR T A, BTLAKRE 2137 RfnAA 71 LB A NULL

void insertNode(TreeNode **root, COMPARE compare, void* data) {
TreeNode *node = (TreeNode*) malloc(sizeof(TreeNode));
node->data = data;
node->left = NULL;
node->right = NULL;

if (*root == NULL) {
*root = node;
return;

}

while (1) {
if (compare((*root)->data, data) > 0) {
if ((*root)-=left != NULL) {
*root = (*root)->left;
} else {
(*root)-=left = node;
break;
}
} else {
if ((*root)-=right != NULL) {
*root = (*root)->right;
} else {
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}

B, B AR AE GRS AZE.
¥R B, MY A ELL TreeNode R EFRIFREFVIE A F ST, X242/, FEAFKAN
TEEREARERIRRE, MAZIREERAAN R, RNTCLE 141 P iFET
it ZEimBESIHT,

mERAEZ, BFMIEA—T LRGSR, AR AHAR PSR, BRTERE
RESELEFH T A a1, BB R, KR root I8 E AL 71 A 5K
FAFHA, E1 root fest 22BN N A, R A FVARAEFTRA
25, BB RN A AR AL, TERREE A

A Ti5%BH insertNode BRI #, FMEEMH 6.4 b el R R =e®, TR kq
B IR 1L —/ 2/ TreeNode, ZRJGHEA =N REAK, BIFARNL EANHEAR
SaE 6-9 Fin. A THRMXAE, HANAEAR T g e Rk, HiRg

(*root)->right = node;

break;

}

R A=,

TUREHEPRIGLE , DL 45 £ B i 7 -

TreeNode *tree = NULL;

insertNode(&tree, (COMPARE) compareEmployee, samuel);

insertNode (&tree, (COMPARE) compareEmployee, sally);
insertNode(&tree, (COMPARE) compareEmployee, susan);

main

A 2R #T T AR IR T A, R

300

Samuel

32

500
data| 300
left{ 600
—y| right| 700
v 200
data| 200 % name | Sally
left| NULL age | 28
right| NULL
tree| 500
samuel | 300
sally| 200
susan| 100

100

NULL
NULL

Susan

45

6-9: insertNode BRI
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Bl 6-10 U7 T X R HNZ S5 14,

Samuel
E%-‘ﬁ‘iﬁ‘ |E%di5,%1

Sally Susan

B 6-10. BN IFALR

“XREILAE R 2R, B X AEXA =M difF. PEMERF. =FE&
AZTAR, BIRFAR, =42

o 7| L
AbFE T A,

« BA
BB AR

e 14

AL TR
MENEB, R ANBRZTEHRAZ, R AN =TT PR,

. P
%EET -tiﬁl‘ﬂ:?iﬁi EEEH

o W
iRl R, B, BEL.

. B
SR, BEA, EEURTA.

R BRI, A R ek B 2 BoER 2 RHRFNPE HATEN ef ey — A~ R B g, B
atgam. REEANRTAEZRZARNA S, ARRRETHIT=F8RE
I FF- -

void inOrder(TreeNode *root, DISPLAY display) {
if (root !'= NULL) {
inOrder(root->left, display);
display(root->data):
inOrder(root->right, display);

}
}

void postOrder(TreeNode *root, DISPLAY display) {
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if (root != NULL) {

postOrder(root->left, display);
postOrder(root->right, display);

display(root-=data);
}
}

void preOrder(TreeNode *root, DISPLAY display) {

if (root != NULL) {
display(root->data);

preOrder(root->left, display);
pre0Order(root-=right, display);

}
}

THEARES B A X 2R3

preOrder(tree, (DISPLAY) displayEmployee);
inOrder(tree, (DISPLAY) displayEmployee);
postOrder(tree, (DISPLAY) displayEmployee);

7< 6-1 BRI T R a1 Fstag o ek B0 RO 46 .

&®6-1: mWHEA

Al  Samuel 32 Sally 28 Susan 45
- Sally 28 Samuel 32 Susan 45
f[GF  Sally 28 Susan 45 Samuel 32

R e I 2R (B R A HE R P13

BAFTIAK,

6.5 NG

Al P 0 e ok 1 BR AR FNBA F1| A2 & 5 A AT AT B

¥ £ #Y 98 K FN RTE 75 G158 A 3 5 5

A AR R RIS IS S B, R RIS

BLa NS &, TR TEIES W EIEX A FRIE A&, AT MEE, ik

2P HE FFRIFE K

AT —JHRTHR T BEHENNTE, FEEENE, SRR FR ZAMESH
WA Z R REFFEIRTE . BEAF o EMBERRIFH T ER A, AW 7 —H
2 47 25 A 1 e O B AR R TR R I S A/

AR T LA HEIRZ Rk, KA LR AR . @il EisfT
BB LU R BT EN R e, R Bda et Bx LB B R RS,
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RIS

X & o) g H

RO ABRFATRERER 2R TR, A ENZ2RFERSEAEFK
FES R XFXE, AEMNARFLZLUENREEFFETARES L. BFESP,
BATEWEFLL R AR R4 ] SR RY KBk,

A2 C LR, HCEXa2NyAEFRALXMESAAAR., tknii, CA
SPRIERFF AT HHADFEAN, IHSZIFBAFRR, WE5IRELRE., 1k,
iR AR EHE T LR TR 2 2 R EHAR A R E

gniR BB R T AFAA —, XFEARK2ME, FRBAELEX
MRl A, ARHERZFMITAATESYWFIH, NineBEREBARS ., &infeF A
BIF. AR SENERBTACLESBRMEBLWL T, FELIWIAES
HITRErIRH.

CERT A4 (http://www.cert.org/) & T ff C FIHALIE S %&£ A8 2 T MR 5 BHY
AR, INHAAMALERMZ2KR, RMNEBZRERBEHHEAXRHRLZRE,
CERT A AW 7t IR £ L2 B AR RE B RWPIR B fa st 0iR A . E@fa st e AR
MY ERFRRSVRNMABRFNEELR, KMo FBELEMENE
THRELT 7, ATREA RN K2 AR N G SE B Ry A B R Y

BIERZ (OS) EL5IA T —E%edd, FEIGERMREAFHNERNG L. &
BRXEYGEE TN TARZEMEHEE, HEENRAKEEMERF. BEFXEH
AR BT REBE R AR F AT A . BASIER AP 7ER b 2 18 A B BEAULAGFN 238
TP L,
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yb bt 77 [8) A By M ALAY. (Address Space Layout Randomization, ASLR) iitfE£&40 5 H
EFmgaE X SPEL R EENF Y, XEEEX BSEHEAN ., k., MILEEX
WSS EGEEEETMMAGCRHMZE, MNmEAEFIH TN, AL d (ke
Znif, return-to-libc i), SW/ERRI—E0, RFHREHIFEZI XA K, X/ XK
2RI C JE libe, ANRAFN libc WILLE Z RN, X KIHRI B Ih e S MR,

MRS FRFRA AT X I, &4 474% 47 (Data Execution Prevention,
DEP) i RS IEPITXERN, £FEEUNLLEF, EERNSBSNFNE
X, REBEHIFERRXAKER, mRX X (Ebintsligi) B A T
AT, IBAEBBRESEEIIT T . IREA TR GSCH, el AR ESEHEL,

AEZMLLUT LA B & 2 ) -

« FERFGBILIRE
o IRHIEE
« BeE,

7.1 IRETRIEEFNEE L

EF A ibra st AT RE S AL, Wit i, fREFmialbil, w4,
P& W78 H BLX JE ] B R O .

711 AR EAIEETEEH
ZRANT A,

int* ptrl, ptr2;

FEIA R, A, aAlREiRIRMNAAEEAR, B8 ptrl AHABEIRE, it
ptr2 FEA LS. ITHEESAEERRERERTY, Wptrlatmllinr =k, X
P R o BB X 0 2 % R UL A DX 3, BRI T IRACES A AR, ATRERE 7R3 ptrl A0
ptr2 #0R B EfeE. A, RA ptrl 2454t

fE R — AT B M A~ 22 B AR W D R EHIY IE 8 5 40 T B

int *ptrl, *ptr2;

BEAREFARARL —TELH,




FARRE CRBEE RS AR, 2T LA REFEEEMSEN, mm
FEEXD—EZ.
FMATLAMERZRLCHB AR, MTHxn. HiXE, defineff S BETEBH
fakt, FHERFUIZER.

#define PINT int*
PINT ptrl, ptr2;

Ak, GRFEERATEPTILH ., EHRHEER TEAERE L.

typedef int* PINT;
PINT ptrl, ptrZ;

P~ I 7S W] O B RGR

7.1.2 {ERBESTRIRNGL
1E IR 2 B [ 384 2 SROS (TR, RS X RS AR B Y 5 4541,
T XA TR T /R, (R AR AR

int *pi;
printf("%d\n",6 *p1);

B 7-1 B 1 AN FF 5 Be .

pitoo| ..
04| ..

B7-1. Bt

XBEEAMGRLpl TR, NS ERE (EEPHERSERSR). R pi
FRIAfF At TR AR A S =R, XERERAIEEERNTIETA
1k, AWFTENH At A2 18 0L TR a9 R (A EREAEEt4), MASRSR
AR, MEHRNMHAMEFTFBIEH, H2ESFITENHAFENFET (AFE3
KEH) 0 A1Z1E),

7.1.3 EARMIBUIEST

R A G IHAREGFRIMEREAR, UL, TREREEEREHNAZRAMNER
DA, Dk, A=k ATLARRALBE R MG (LRIHRE

REE@MAEFHRA | 151



« JH assert ER%L;
- HE=FHTH,

R BIE A NULL ER SR ARG EHIEM. BIExH, A {EbbR KM,
P s :
int *pi = NULL;
i%ipi == NULL) {
/! BEZE#S] pi
} else {

[/ FTLMEM pi
}

FAVATLAH assert HECERMIRIEE &4 AZEE, FEMIA [ pi BEE G AZ(E.
MRAREIXAE, Watto&BAra&kE, WREREXNE, BF&&1k. EF, 18
BErAZMIERFR AL,

assert(pi !'= NULL);
TN ARFRIERR A, X A& T S, i esd, W3l
T

Assertion failed: pi != NULL

A 17E assert.h K fEh 7Bl assert A%,

RS = TRERIBy @A K8, i, AoegmidsEmbtbia M, 747
ikl

7.2 FEETRI(EH o] &

EATH, RMSPEMSIBRIFMBA THIRA, haUIRBRFEFS, S
BRI BHR A R IR]

MER2RBRENZZGX IS, BEXZLFLUIIANFRE FBE M
X#iH, XSRNFrAIREE AR FRItat = n, helaed Kbk By, mRERFib

Z R LASMINTE, K BRIEARZ R —BRERARELERF. HAXTERE
TSI KWL A Gt BB R 5 Brdi, X KB E A RPN TR, (BAIK
BH55s B R 3 22 55 4%

an SRR o Xt % A FE R R PRI Stk 2 RN, R 2 T BON BOR 8 R 2 RS (R FR
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() ZHIEBFLMbRDE, TERATRKRERES., LLEEA PR ETHARF
BEEmE/G,

T JLFE O T RE 7 B Sk i X fia o -

o iR Ed cEREAERERSIE,

o XHECEATRE R B AR S BET AR /D

« J gets XM R BNRHER A IR FF &
« %M strcpy fll strcat XHRJEREL.

gn R 4% o X ik & A TEARMTRY L FE b, ek o] GEEAR MUY IR B b hk F 4y BB AT [E
— i} i) G B ARSI, £F 3.1 TORREK TAMAIFMREE. REOR
o S HI R BRI EE R, RS TUSITEMERE, RZRT 6 H /Y
R FR,

7.2.1  NULL

A malloc XEREN —EEREREE, SNARESBEFIEER&IE. TH
T BH— M O & -
float *vector = malloc(20 * sizeof(float));
if(vector == NULL) {
// malloc 4 &P IR

} else {
// AHER vector

}

7.2.2 $Bi{EHBS|RE
mEREEtiEEHIE H A& T -

int num;
int *pi = &num;

ToEZ—FEUFIRI AT &

int num;

int *pi;

*pl = &num;
Ak, XHEZEIRN, EEBRE—TRMSI#RIE. BATKXERE num BVBAERE pi
g fEbht (AR pi). 84 pi BRB WAL, BITICT —A- R RAIE
i, A THESIHME, EMBISEWMT:

ReEEMIEEHRA | 153



int num;
int *pi;
pi = &num;

EJRFE int *pi = &numH, ESIEEREFVIONIEE, mAEBoIE.

7.2.3 ZKiEIEST

Bt ert B H MR ES I HIRERBIANTGF, St EXEEH, X/ REELE 24T
it 7., R Z2EREHRXBENTE, EANEEC &k, XNt
TEREVRSHIATT, MiZERIEN alfER B LA EAE, XA E AL Al GE S 2L
BEF&IE,

BIF &L, XAHINAZE—TL2hdE, Fakiziger (hups://www.blackhat.com/
presentations/bh-usa-07/Afek/Whitepaper/bh-usa-07-afek-WP.pdf) 1 EriFRIANEE, 1+
EFI AR e AT REME . Ao, X AP ik L AE R C+t P Y VTable (FEZR)
IR T . MR RBETE L, MR XFF C++ WIE ik, BRARME R e Bds
HEIEMGE, BME C RX M IZASARE,

7.2.4 #ITEABID RG] AEF
B 27T CABR IR B2 - 15 m) A B 2R 4 Bl B9 22 RILA S N TR . EAS (IR, JRATA AR 3
EEL T =A BRI T A, R e SN fFILE,

char firstName[8] = "1234567";

char middleName[8] = "1234567";
char lastName[8] = "1234567";

middleName[-2] = 'X';
middleName[0] = 'X';
middleName[10] = 'X';

printf("%p %s\n",firstName,firstName) ;
printf("%p %s\n",middleName,middleName) ;
printf("%p %s\n",lastName, lastName);

ATHBMABSAE, B=1EAMBEARARNE T, BFNiTASMERFE
ML mA, HEXEAWLNIZGETE{THAETS firstName f1 LastName #
W=D, mtanT. B 7-2 5880 T ARG BN,

116 12X4567

108 X234567
100 123456X
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lastName 100 | 1234
104 [ 56X0 | ¢— middleName[-2]
middleName 108 | X234 |«— middleName[0]
112 | 5670

firstName 116 | 12X4 |4— middleName[10]
120 [ 5670

7-2: AT ARS
% 4 Tk, A TR EAIEA S ERSIE, IRE T RERZRPXHH,

7.25 S#ERITERAKE

WAL SE RN, —EERMESEHAKE. X5 BB R0 sk 54
W, £ FHM replace ¥, B fFaEnibhlfES R AN R RE X K
E—R{EA, @ERERZIEFM S P ITANFEFABERAFARNER, B NUL
FF. KEZSHEPH IR T S X B A .

vold replace(char buffer[], char replacement, size t size) {
size t count = 0;
while(*buffer != NUL && count++<size) {
*buffer = replacement;
buffer++;

}
}

ETmrIKSF, name A &£ RAeE 74 F A EMENIL /. AT, &INTA
B SRS A KL replace EREU TIEIREL, (14 replace h#if5id
T name ﬁ]%ﬁ#ﬂ +:

char name[8];

strcpy(name, "Alexander");
replace(name, '+',sizeof(name));
printf("%s\n", name);

PATAHD fo 7 2 40 T 4

+4 4T

REMBAFERMT 845, strepy RBARFRMXEEH, HE replace BEA
tiF, AIELERIZEEANKEEERS. BiSEMEH strcpy IEAEBRMPX
KERIR ., (55 X K EREIR MM %2 2 R,

e @MIEEHRA | 155



7.2.6 $EiR{FEMsizeofRIERF

IR sizeof HIEFAI—1 0 F 2B EAREHL BTk . TP HIAER
BEH S RENTF, RIS TR G 0.

int buffer[20];

int *pbuffer = buffer;

for(int i=0; i<sizeof(buffer); i++) {
*(pbuffer++) = 0;

].

Ak, sizeof(buffer) F#iEAEE T 80, HAZih[X KELLFHiTH2 80 (20 3
LL4 FH®LE), for TEHAIT T 80 KM A4 20 ik, X1R el RES SFEUNFF 1 ]
Fw, AL BT, ATLAME for ZZA XML& A+ H sizeof (buffer)/
sizeof (int) &4 iX A4~ a]E,

727 —EERBisstIERY
ERAAENEHER R ERIERE N T EE., ATIHWHTGEFENRB, HETH
HIFRRD . 45— SRR (A 2 — AN S REE

int num = 2147483647,
int *pi = &num;
short *ps = (short*)pi;
printf(“"pi: %p Value(1l6): %x Value(lO): %d\n", pi, *pi, *pl),
printf("ps: %p Value(16): %hx Value(10): %hd\n",
ps, (unsigned short)*ps, (unsigned short)*ps);

i B AR g H 4n T -

pi: 100 Value(1l6): 7fffffff Value(1l0): 2147483647
ps: 100 Value(16): ffff Value(10): -1

EE, ARk 100 CRIE — 1 RNRlE TR T, Boagf, ZRRTEER
DAEEGL M8 H TR, XMTHBMFELLENTHIFILE LafrRIBHER. BH
7-3 4B 1 Hbhk 100 SLRYE BRINAEA R .

ft | ff | /| 7f
100 101 102 103

7-3: AICEHEEHAE

mABNHECHBEEH, Bk AHTMRA T, TRRGT TEE8E -1, R
BAMEE MRS, M 4457, TRGH 2 147 483 647, X RFHOHIRIBIE
&8 C fFREr bR A,
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7.2.8 BRIEH

A R4 R AR R MR FIE R AR 8N, teanih, BER—1 32 41 THER
B, AR b x XA B (R AR D ) S AT i B R E T R AE

C & FHX RAFEHR I A hr . Ak, B AW LR b fRX A~ REIR LAST
an T~ BR -

#define SIZE 32

char name[SIZE];
char *p = name;
if(name != NULL) {
if(p »= name && p < name+SIZE) {
/] BAGEE, 46k
} else {
/) ToRRE, iR X
}
}

X FP T AR, AT, 7.4 DHITIBRIE S P ATRER LA H.
— Fpf Y L A2 I — R B A 5E R B (https://www.securecoding.cert.org/

confluence/display/seccode/MEM 10-C .+Define+and+use+a+pointer+validation+function) ,

EX 2, O ENE )RR BNVE

B—F L EFI A ANSICHIC++ I R R & T B (CBMC, http://www.
cprover.org/cbme/), XN AT & C BIF—S&2REEE, AFERAHKA
5% TSR ip [X i i HY 9]

.-fl

T R R EHR (8 T — RSO B S AR R R N i, Y
E R CBARERE

7.2.9 ZFRIBHIRZE(OM
A e 2 B — A A e TR R R B AN, e, R
3 1 T A X RN AR

S strepy fll strcat IR FFBES, HMAMHMMASIXEHRXEH, B
28 AR — 25 kB, HERRARBIIZIA, strncpy f1 strncat E#k
AT LARHZ PR R M — 25 30 HE, B size t 2EEEEZEEFIAFEHN R,
Ak, mEFFEEITEAER, BRABDE S HE,

]!

i
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Cll # (Annex K) B A T strcat s fl strcpy s oA %, R % 4 2 vp X i
H, B4R EEEIR, BAiRA Microsoft Visual C++ % 4§, THEIXAFIFiEH T
strepy s EREIMIER, BEZ =128, B, BFRE XA ELLRIE
X, MR BEEEZ R REAEIRRE. A TEAGITSERIRELE, B
BEMXAKRT, BREMXERT.

char firstName [8];

int result:
result = strcpy s(firstName,sizeof(firstName), "Alexander");

LA scanf s fil wscanf s eRErT LA AP 1 2% b X i

gets R MAriER A IER —/F 0/ 8, R FETHRIFEHRZ G B, B iESHE
TEMEPIERKESA, MEFETFRERRKMIE, smEkEZhXiEH,

FY Linux 2432 stricpy fl stricat A%, {H GNU C JEALALZIF., BALND
X A~ BRI B Y R) S EE R o 138 %, ol BSOS AS 4

{3 B B Le s BT S R e F RS AL F 45 S s F M RN, fExXkdidh,
B PR AR AL F= T (T rs) $TEE LA N, EEGEMBE AN,
EXARBENEFS, TATVEE ST 28EN printf HETIE 1S4

int main(int argc, char** argv) {
printf(argv[l1]);

}
XAERIT AT LA R AT T i i fir & A7

main.exe "User Supplied Input"

i 200 T

User Supplied Input

EFASEE, HEFIDBGE ANATLLERME . XEASHXAIEHARIF,
i, Anf SEELX FERY Bk Al LATE hackerproof.org F4%H,

printf, fprintf, snprintf 1 syslog iX 4t & KA L F TR IEL S|,
B 6,3 A B ok ) — T 18] B0 0 ARG AN T AR AR e T SR A X e iR

7.210 BHEREZENSHME
RARL % R B AR B ARG, DR & 5 B (EE N AR |, et

158 | F7&



BARZHEALGIAZNRER, T, FREFENRESHERN, BASHE
HIF B el HEZ BLE N EZRINAF X IR

THEHXNEAEBIHTX—m., A name TER4E 10FT, ZE2—1TB%. A&
M, BEEMNFE 4 FHLRG, UBEANTRZESEZER. XAZREG6L T
W “ERtkRI N Fanfr s B AP RREEL T,
typedef struct employee {
char name[10];

int age;
} Employee;

T ARSI E 5 & e 1510 Z5 49tk 1) age “FEX -

Employee employee;

// #ia{t employee

char *ptr = employee.name,
ptr += sizeof(employee.name);

e SN 110, XEMAFEZRIP 2 FHdybht, RS54 S0HaE 110 40
f) 4 =248, wE 7-4 Fik.

name 100

104 |
108

age 112

B 7-4: SHERFTA

R G0 VE 2 75 B A RS ML 23 D SR AD A 1A 1R 7Y, B ekt Uh 1Al ]
AEETS.

‘ IR AXF AR TRES S BEFAEE ¥ 2 L B B iR EUE . BeSh,

A S5 Mg R NI N A7 R SR, TR B AR H R TR S5k r F B A R AT .
TG EE X TH = BAHRE Item, @WSE =B TEBoREESR
WHOALE, AdthA—E:
typedef struct item {
int partNumber;
int quantity;

int binNumber:
Htem;

TS EFEW T -1, AERRERERE RS FER:
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Item part = {12345, 35, 107};
int *pi = &part.partNumber;
printf("Part number: %d\n", *pi);
pi++;

printf{"Quantity: %d\n",*pi);
pi++;

printf("Bin number: %d\n",6*pi);

B, R APCNZERANE, [BaaEI5r. EirrirEEtea 7RIS pi:

int *pi = &part.partNumber;
printf("Part number: %d\n",*pi);
pl = &part.quantity;
printf("Quantity: %d\n",*pi);

pi = &part.binNumber;
printf("Bin number: %d\n",*pi);

EAF R DNERRA A RIS, 0T FoR:

printf({“Part number: %d\n",part.partNumber);
printf("Quantity: %d\n",part.quantity);
printf("Bin number: %d\n",part.binNumber);

7.2.11 FREFEETHI )
R B AN R B AR B H i R B R T im I+, B2 EN]rlgE S ir H, 58 o] T
HiTh. ZE T HAE getSystemStatus BRERIER, ‘EiR IR RSB E .

int getSystemStatus() {
int status;

return status;

}
T FIE AGRERL S A 0 HIERL 5.

if(getSystemStatus() == 0) {
printf("Status is O\n");

} else {
printf("Status is not O\n");

}
BT REXNBIFH, Kid TS, XBRAEA S IERHIT

if(getSystemStatus == 0} {
printf("Status is 0\n"};
} else {
printf("Status is not O\n");
,

AAER—HIIT else 3¢, EEMFAENA, RIER BAIHALFO 0 fEELEE, T
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A2 R L BGR EHEF 0, ictE, RUHRE A 5 iR B R 2 B B ht .

— AL IREEEERABCREE, A ENERMEbEHTHER, X
BE£2iR o) M AR TR, T R 3RO AR K PTRE AL 0, 45 SRk 1K B Mo it i
BWAE, RACIE0HAMEMNE:

if(getSystemStatus) {

// AGEAHE
}

AVRZER TS R R FIM R EZ S A 0:
if(getSystemStatus()) {

IR BANERBERH N E AAE, AERRERA REIRH . XIHESRBORE T
A, =T IRRAMEFOTER:

int (*fptrCompute)(int,int);

int add(int nl, int n2, int n3) {

return nl+n2+n3;

}

fptrCompute = add;
fptrCompute(2,5);

FANKE R AR EIH add B, MiZRBHERR =155, KBEREF,
(B2 S it & A TERY

R BAR T ATUABA T A IR e 3, X HRIR Ty iR BRIHbAE. Ludnid, FATATREARS
— IR IEGE ] printf sy, [HRABEA TITENRE B E 7% 2 8 BI 0 8,
AR 2 AT LASRCTS i iX A5 75 B {6 H ek B A e

int (*fptrIndirect)(const char *, ...) = printf;
fptrindirect("Executing printf indirectly");

Y& T RE MR 0 X G tH ok B 5 R BUIR B Ik, R AR A X KT, EHlATRES
HRBENGFHIHERILAE.

7.3 RNFERER D)

BIEC 2Bk rNfr, RIMNMUA—ZZHAZRHRERRRAT. A —1TREE:
IR KR —RNEBREBRARREREN 2, S, —BERANT, RATTERERF
& THIBIE T . A0 JLA .,
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7.3.1 EBEEBEM
PR — NI PR RAEER, 232 508 T, T Mt BA = Fhia) S
e & A .

char *name = (char*)malloc(...);
free(name) ; // B ER

free(name) ; S/ TR

£ zlib 48 FE /) B R A HP gk o] RE A /& B B B i By 4 46 il 55 de s sl 2 AU RS i
Ao AidxfERBRLELE, MANKRACEERE Tk, < TENRERMNE LG
B[LA#F cert.org,

IBE 05X 2L IR TR (o] B o s R B R B R BB FF L E D NULL, KMo SRS 2
B fo S 22 FR B HOBE L

char *name = (char*)malloc(...);

free(name) ;
name = NULL;

f£3.2.7 1, BIVFR T — 1 R8Ok EIX FECR

7.3.2 BRRBUEEE

—HAFEFZEAGFTRBELE, SLAETRSEN T EE., YMABRFL LS,
R BRIEARRAA ZATHBEIBINF BT S AT HIERIE. R AT RES B Z A1
IR BLZ B, BB BRLEETI RN NS . S BUSEUE fa IR B
HEFBAELUN Z AT H A X o BRI N R IE G E. THHRSAEE
FFAH R BUR B IR IR -

char name[32];
int userlD;
char *securityQuestion;

// Rk

// B R

memset(name,0,sizeof (name));

userID = 0;
memset(securityQuestion,®,strlen(securityQuestion));

IR name Afakt, BABATIERLLEERIR A F 2=, TFAR:
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char *name = (char*)malloc(...);

memset(name,0,s1zeof (name));
free(name) ;

7.4 {FHBSTHIA

ARZFEsF CETUG ERERIRA, b, Ko 4% [ A0A LIk T4
HRIMRLZMAE. tLinik, GCC HiFaFT -Wall EIM e LA HHRIFFES

THEHARER LRI EMd 2N ES, SERNSICERNHRENS E1F

=571
if(getSystemStatus == 0) {

GRETEMTES:

warning: the address of 'getSystemStatus' will never be NULL
TE— AR e —HFREIR:

if(getSystemStatus) {

Aid, BHEEZAAR .

warning: the address of 'getSystemStatus' will always evaluate as 'true’

ERARENRET R BELA T ERTS:

int (*fptrCompute) (int,int);
int addNumbers(int nl, int n2, int n3) {
return nl+n2+n3;

}
fptrCompute = addNumbers;
THEELEE:

warning: assignment from incompatible pointer type

A A ILEE E 2 1)

char *securityQuestion;
strcpy(securityQuestion, "Name of your home town");

FrEESEBHSERD:
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warning: 'securityQuestion' is used uninitialized in this function

HRLFESWIREAH, AR%R%, Ak, Bl RS EFESE
RACWIThARE. BAKEE SR, S TAPAER, XERAFHEET.

7.5 NG

AEWIE T FREH ARl R0 B AR FrRY & PRI a] 50, X L [n] B AR AS Bl S8 7 B AN 48
{Liaer, SERfREFEIRANFAELAR . thanid, EEMAET ZanatREE, HE
FHEZREEZNFRRERE, a5 A NULL 2R 21500 FRIA MR 75 .

AALVRREHA TS, EPEHEREFHRLAEANST, E-REMNX
H—FEX. RABHZFBORE A RMIARE LXIThH, SIEHREREARETAE
R H AR EH,

FRATI A T B G X BRI — e AR, Horp— o AT R R a0 (a3 R 45 R 4
B BERENRE . FRATIAb 3k T A0 {n] PR 2R 13 =% AN 25 0 A L H R E (E i R RY [R]
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H8=

AERNE

JUFAEAER G E, 854 CEHEXRER, HPREBNECLHBMIFE T, bk
AR AEFRA-EAREEFHENAENEHRERIEE, XEFBHFTE
prxfyast TIERER R B %

AT FILA T LA ERFEEHAH Ry 8

o FREFHIIERIEE ML,

o T5ln] 1R A

o TR 4

o {EM restrict X,
« LR

o MHFMREA,

RTERE, WOV EBEAER: —ERAEHESRE Z A ER XA AR,
il g X E RS, — T RIETRSIAAERECRHIITES, ImRXKEF
WA R BOR A TR, BATARZAE RS, tbanss 5 EAZIA sort B
gL — 1~ B R R B, BAT AT LAGE FH 1 1 el B AE R R Z IALE A

EESIVEINFE C PFFEMAXMNREYN G E: F—FEAEREE, XFH:
AT PRl T BB SSFar LA s 3B R EE AR U BAAnfr[ 7E C LBl B AR KT,
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8.1 RISt

KRR —Fh A A lE, RIFEHESERARRA M, HidRE RN E B,
SR R L4 -

« ThlRA Rk B ARt
o SrEE—AHbAERFR R N
« FEHLESHIF T

BT S E—ER 8.2.1 17 R JE TR SR 40 S AH SC 1 32,
o VLB F A — R R EEE AT T . MR LA F N FE/D
,, FHRFMRTNF, DFHFEBERE TN EEEMCRAEh, fRFT

YRS TSR

FATAT LA B 805 i o B B 4a ¥, A TR

int num = 8;

int *pi = (int*)num;
Ak, —BREZXA AR EE, HATCRFRT TS, BiEREAS TIFEREF
Vil &, & 8-1 Bl TaxXx— s, Hohk 8 A MEFAEZE A, ksl
HEr, — RS SBENHBRFZIE.

0
4
8
u"_'
mmmﬁ 8 §+_EEEEMﬁﬂ
pi 1004i[ 8 =
1008 .

B 8-1. BRI FERAIEENEUE

AL T, BT EZI LA AL 0, BvTRER B e ER, R
BB, XEZRNNARE LR E R, KR KEMEEKEMRR, T,
ARHRXFEARGEER TIE, Tl MiX M5, HithERscalAex .
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p1 = &num,;

printf("Before: %p\n",pi);
int tmp = (int)pi;

pl = (int*)tmp;
printf("After: %p\n",pi);

IR IO R R B R RIRE MR A R T 24 ek, IRBILIFEX LM, *
ERKAE, 8.2.1 T&itieixA~ .

inEEE S8 5 2 a kb i fnfEigH 5 void 55 2Rk RIFEZ ANE, 1.1.8 1
) “void 356" A .
AR B 4 RS, AR AR IERE R, R E
W g SUWEIL. A, OB R SRR AR, REIEE TR
AL

8.1.1 ifcl4F%k H iR At

DI vk &b hE Tk — i R EEBANERSG L, kARG M HABRFRIIT
AR, bR, ERALKERIERSZENZF, PC By EFHbhl& 0xB8000, iX/-Hb
R FHE A FERE—1TE —FIRER, FTAOVTLHE XA Hht BEA 3EA-18
H, REPESFHRES X/ at, RSk, B 8-2 B THNEMR.

#define VIDEO BASE 0xBB0OOO

int *video = (int *) VIDEO BASE,;
*video = 'A';

100 -
video 104 | OxB800O
108
112

oxB3000 ;| A — B
0xB8004 | 5

0xBB00S :
oxB800C

L

®8-2:. £ PCLIEHE
EESHHOL T, ATLARBUZ M kAR, Ad—BRA SN RAFALX 206 .
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LR TREFhbibhl 0 FINTFIT, FH R % TE S S E AW NULL feEHE. KENE
B EREHRIE 0, HIJLFFER sl LAREHE X G 0L -

o BIFHEHO (A—ERELIE) ;

o EEEEDNO, HILXNBEELMATTE
o H8.2.1 T RBEIAVEL A 7

« i memset HHEICHREIE N O,

T & —{#H memset A I, X BB ptr s|HPIANGFEE A O:

memset((void*)&ptr, 0, sizeof(ptr));

ERETAL 0 kNI RS b, T i — R S A R RIE bk,

8.1.2 ijlalimO

B T, MR 25 28 TR 1) T B R 8 5K AL
B L., TP TR R N ER T L & R A R, R
st 1 5 W 5 1 T UL A5 BRI 4

Vi la)m 1RV — R 2 1R 1E ALY 865y, T ilnis W anfe] 47 U5 n) e 1

#define PORT 0xBOOOGOOGO
unsigned int volatile * const port = (unsigned int *) PORT;

VLS 7Sk milb bz mm O, G BARITEA LT SR WM, volatile KB T2
W FE R AT LAEERFLL M s B, Lhanisd, SMEix & alfe S g 0B ASE, A
ATASR ST FiH- R LR S thir X A S #E. (P IREH®Y, 4Rk A E SR
EREEREFFEREFANGEPOE, mEIMPAREEE rXIANENE, &
HHARME|EFRFTFET.

Fl volatile k¥ al APH 1Lz A7 I A G008 35 17 &6 8 o DV{E, &K1 [R] e O &
FREAGERSWA, MARMNFFEDIER -T2 E. FATARIZE
A EAFA A volatile, KIAXHES LA IEEs UL A 2 mIL{L.

ZEMHABFATLGES ol DFRE RIESm O, W FHRws. AFEM R R E S8-3,
A LA i 0xB0000000 b HI PR 7% B SN 1% & -

*port = Ox0BF4; // B A#mH
value = *port; // MimH iR
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100 "
port 104 | OxB0O00000O
108
112

0xB0000000 [ 0x0BF4 |Je—»| shEsidz |
0xB0000004

8-3: iHix0

HiE volatile &L & ijjln] volatile NFEA BN HEE, X2aWMEFEFE

| _
“@ 2 LT,

8.1.3 HDMAiFaATE

HiFEAFUA (Direct Memory Access, DMA) & —f#iB RS ENFMELIZE
] & %61 B 4 1) S 2 # 1 bTEﬂ: ANSI C #l7t, {H2ElE &R GE ¥R X Fhig
{ERISCFF. DMA #{E—# 5 CPU Hiret T, XFEFTLAK CPU MRS Kdh AT H AthfE
%, J:kﬁ‘ﬁ?%ﬂﬁﬂﬁ’-]‘lﬁkﬁ

B 5L DMA 8, REFRHRIFTKR. B, BFRSRE—EHREK,
ARIEEASG, RIERGESTAMERA%, BIHRE b I E, 832H4&
AT,

8.1.4 FIMHNBHFETFF

BRI LAE R B B (F R AT 2RI 1 . 55 AR IENTF ST F 1R
Fo FHRF—RIADFHAMXFTA, ik, RANFHRRRBHRT 44
F 1 R A Ik A e 756 B B AL

E B, WAHERBATH AL NIRE #4008 char, RBITENEA T

int num = 0x12345678;
char* pc = (char*) &num;
for (int 1 = 0; i < 4; i++) {
printf("%p: %02x \n", pc, (unsigned char) *pc++);

}

XA A BRAE Intel PC ERYSIHHANT, RMLTXE/DFHFLEH., E8-416AT
X LA LE N A7 P anfe] 53 i
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100: 78
101: 56
102: 34
103: 12

num| /8 | 56 | 34 | 12
100 101 102 103

B 8-4:. FHN/FRH

8.2 A, BAlBZAFrestrictXxEF

wmARMAREF S HIBl—WAR#bhE, AT — 11582 5 — 11 &. BEHA
ZW, A5k —mE., TmmRESERTHRARE, B el rE
‘_fﬂﬂiﬂi:

int num = 5;

int* pl = &num;
int* p2 = &num;

S iEa AR RASE, BrAEFFRIEE, B4R TRES FAEN &, 5
B R gRIEF MDA BRG], RAAIRESIHE (LA, IBAtE A —/ERR]
REBBOX AL H ., A4S ENIEE XA BB, EmrERdieERASF
frae kb Eme. X TaksI M, ERERITILS I MBI MBI RAFRIE. MER
I/ RTF AR, FERERIT, iEaad 400000 ERITIIIRFT .

BA LD TG, ENRTF—FEMPIRE KA D — MR A, T
HERAIEY, —APBEGEHE - NFABEREHMIB A, X T BN, X
BACRDFIEY — /508 & o8 8k, HHILE BRI 5ER 0 FbEC R FIKNE L, X5 &
TR BE SR

float number = 3.25f;

unsigned int *ptrValue = (unsigned int *)&number;
unsigned int result = (*ptrValue & OxBOOOOOOO) == O;

35 9 A B s AR E R, TA R AR 4.
F
"W

- int num;
- const int *ptrl = &num;
int *ptr2 = &num;

int volatile ptr3 = &num;

A, AERET, MRFERASERHAFRNRIEDEHHE, A 78554
], ATLAR X JLFRE A -
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. 'ﬁEfﬁlﬁé%?f$::
o KHIEBA;
« {#HH char #5%t.

P e B 2 R B A 1 mT LURESF 98 B 2 B[R, 8.2.1 TR THRXA M, R
F8 AR BN AHET, BATLAXAIE. GCC $i¥aEA an T RIGRIFS LI :

« -fno-strict-aliasing "ILL3 58 54 ;
« -fstrict-aliasing rIUAFT 58 314
+ -Wstrict-aliasing AILA{THFERIR SIS XHIEEEE.

5 3 ]38 B 4 1 AL T FT BE KAk B E A TR D) SRR, A wTREROIE , 76 L6t i
RHLX A, AR AR 4.
W R R AR B AR HREAIR, AMESE
W g R BT B R B B

WiFdEOERE char {85 2 EEXMRAVEAEN A, AL, KEOBFRTALLLL
Mol . A, fEH A BOE 2R AR B e B char $/EF, FHE char fa e ipk R
ftb e B8 K TIAEREE, WIS FBORE LAITH, MiZEELiX A,

8.2.1 ABSUHMUEHARNEKRTE

CREMIEE, EFNERHRADIEERY, TUFERRXLHEA TR,
IR, oTRER B — R IR 5 — R, X — R M R TY,
it AT LA FIRE A . 7 U R ARX e TP A RSO EE R

QAR FEAR Y R te s, FTRESTEAETERE, A TiHHXFHER, BRIMNISHEI=Z4A
FIHI R B, ZERBRFIM— T FRBERNIE.

F—THBERTEFRABMERSBRNKEE, TR, REBGEER RBURE Bk
s, PRJEERIUE BRI TR

typedef union conversion {
float fNum;
unsigned int uiNum;

} Conversion;

int isPositivel(float number) {
Conversion conversion = { .fNum =number};
return (conversion.uiNum & OxB0OQOEOOO) == 0,
}
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XFERTLAEM LAE, AW ka2, H AR X AR 1R
R R TR A&, 7 SRS 55— N 4EE, AREHS I R BEEE Sk
AT . X AR T 5 B HL ]

typedef union conversion2 {
float *fNum;
unsigned int *uiNum;

} Conversion2;

int isPositive2(float number) {
ConversionZ2 conversion H
conversion. fNum =&number:

return (*conversion.ulNum & Ox80000000) == 0;
}

TEXA g A HER A, i BaA 7sasl 280, K4 ptrvalue +5%H#1 number
FHZT R —A-Hdk .

int isPositive3(float number) {
unsigned int *ptrValue = (unsigned int *)&number;
return (*ptrValue & OxBOOOOEOR) == 0;

}
X =~ R B R 50T an R ik

o FRTFEABANI R IEEE-754 {7 A BknifE
o LIKFE S A RIFE A
o IEBAXTFT T BEANTE S BARE

A, ZERXA—ERE. OB ETLARLHERE, BA—Z TBE., mRBH
BAERER, HATERBELEGE EAF k.

8.2.2 &l
MERTLBGIEARINA, AR ERE, RIFSRRMNLESTRLRL
et AT A KSR — 3R, X EHERR 4T oM AR R 2 M . A
THRIA, HiFHTLMEERDORL, mREARZAEH, B4R TH
WAIZE R

HIER SRR FRE2 B, BIRAFARMIE, XFAMEEEDIRERA
FLiZSI R R —X %, £ FEIFF+, FKN{RIZ person Fl employee 5§ 7&K A
%ﬁggLHQEﬂ‘—f*fgkz

typedef struct person {
char* firstName:
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char* lastName;
unsigned int age,;
} Person;

typedef struct employee {
char* firstName;
char* lastName;
unsigned int age;

} Employee;

Person* person,
Employee* employee;

Ak, RENXLTE—-TEWENRDSETY, Bafgm AR AFRIEE TSI HE
_‘R¢§EJ

typedef struct person {
char* firstName;
char* lastName,
unsigned int age;

} Person;

typedef Person Employee;

Person* person;
Employee* employee;

8.2.3 {#HrestrictXEF

CHIFSBMINRIZIBEH BN L, Hrestrict XBEFILATESRIFH M EFRIES
XA A A, IHERAFRIFSTEESUMRDE, REHLTZIEELE
R R, AERICEXARTRIN, &iFSHLATLLEEARLRE. mRH
T4, BLATIRIBES FBOREXATH, AiFsE D EABARI AR NEH
fEME SRR

rr'\ll

| TR AR LR RAHRE A {E restrict BT, XHATEE
, B, mEkEARMNTERFARIET.

-il'

THXAE B Y] restrict XBFHELFER, ZRBEAERN R EAMM, HHF
GRFEL T RES.

void add(int size, double * restrict arrl, const double * restrict arr2) {
for (int 1 = 0; 1 < size; i++) {
arrl[i] += arr2[i];
}
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PMATRE S8 T restrict X+, HE2ENAMIZSIHE—RAF, THE
BRI 5 IE B L -

double wvectorl[]
double vector2|]

{1.1, 2.2, 3.3, 4.4};
{1 2.2, 3.3, 4.4};
add(4,vectorl,vector2);

ETEARES, WASEH TE—A1 M, ZHERRHE AR, £ —17T1HAH
BT 54, mE A TAAENER TR m .

double vectorl[] = {1.1, 2.2, 3.3, 4.4}:
double *vector3 = vectorl;

add(4,vectorl,vector3):
add(4,vectorl,vectorl);

R LA FHERE IE M L4E, (H2 08 H R B r0as B2 4 nl fefY,
—SEbsiE C B T restrict XEtF, 4%

* void *memcpy(void * restrict sl, const void * restrict s2, size t n);

char *strcpy(char * restrict sl, const char * restrict s2);

« char *strncpy(char * restrict sl, const char * restrict s2, size t n);

* int printf(const char * restrict format, ... );

« int sprintf(char * restrict s, const char * restrict format, ... );

 int snprintf(char * restrict s, size t n, const char * restrict format,
¥

* int scanf(const char * restrict format, ...);

restrict XEFRE TMES Y.

(1) X FomiFaskid, XEWEETLABRITEERML,
(2) X TRF AR, XEREXLEREAGERMA, CNHRIERZ RS R ZLH,

8.3 ZizFNFsFT

gz P EHEIE S5 K — LR, W RAREE BN, KBTS ANR,
{BRTRERT AR gk, SBNRUETA—BHIRE, 2R BT EBTRAES
— /" SRBEEES AN ZANERN R, B2 A Sefiek & H S8 S AR e .

WEFRIE D — B s HEHRATE W, IR MR % 20Fe bz R A A
FIRCH I —22 A8, IENFATRERTRIB T BRI RIIREE, R 2R A B R
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PR B

Cll prifEscBl T&E, BB ARA) {ZxFfF. AMRLEALIL C Xk
B, HI1&H POSIX &, WAXNECLLTH, MERT4E, XERRRIZRA
AbE H .

BATAEH X FLEBEFMEIAE S, XBEPRERXANF8, FERIZRRA
EEANSEMSIAIE, Ll RIOASEATIE POSIX &R T/ERE,
iz & W L & & O’Reilly B9 Pthreads Programming (http://shop.oreilly.com/product/
9781565921153.do) FREL I TiX A~ LB IFMITIE,

8.3.1 ZIZ|XEZEIESt
A 2RISR ol BB SR, 2 TR N8, EMNSEIL—T1HRE
AR R AP SRR, 2R ESFEMIGRIANRER—)NTEER., 3578
s, MFEERESFAaE ATRE.

PR A ) B 1 Bl o R A W R A T B R BRI EAAE MR, &INE
AEIEANEBE XN 81E, £/ VectorInfo, & X THBEERED
=8, EAMARERNEH. sum FB (FAAH), LAk length FB (fFE AR
R ERAR EERKE), length TRFEREELCEBI MBS, A28 W
BV B .

typedef struct {
double *vectorA;
double *vectorB;
double sum;
int length;

} VectorInfo;

B TABAREE IR Product, B.& —/> VectorInfo 54t fnit B SRR EMIERE
5l. MESHARRBBERESIABNTERECRINSAERIEE .
typedef struct {
VectorInfo *info;

int beginningIndex;
} Product;

P A 28 S e [a] — B (B X R A~ m B3 AT R, B2 S R HY 2 m BB A B34
FIUAZA MR, BIMERESHTR A CNTANIRLm &R, Ao, X/MTFER
m#E| VectorInfo A9k sum FB L, ZANKEFTREEFNTER sum FB, BrLA
HEHZFBRVEHE, THEEHLRY. B—MBEEZ KRR DGE—DKBUIR
TRPAIZR, THAVANLRARE sun T &, RMNELBEXBEHELALKFZ
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AR A] -
pthread mutex t mutexSum;

JaE =%t dotProduct %, GIRLEMZIAME. FINTHRE POSIX, FALLFE
EEAXANRBERREEAZ, 28—/ void #5E. X NIEEATLAS REE @
BFE, XBEEERZ— Product &5 AL,

ERB N, FNFHTERERFAEIEES G KZES]|, for {HAITLPRAITE
2, H1E total TRPRAFEZHR SN, ARG oS8 H KRB, 1€ total
mE sum b, REEA KRS, 9ifFEFIE, KSR iR sum & &,

void dotProduct(void *prod) {
Product *product = (Product*)prod;
VectorInfo *vectorInfo = Product->info;
int beginninglndex = Product-=beginninglndex;
int endingIndex = beginninglIndex + vectorInfo-=length;
double total = 0;

for (int i = beginningIndex; i < endingIndex; i++) {
total += (vectorInfo-=>vectorA[i] * vectorInfo->vectorB[i]);

}

pthread mutex lock(&mutexSum);
vectorInfo->sum += total;
pthread mutex unlock(&mutexSum);

pthread exit((void*) 0);
}

Gl EBEMARBIM TR, RO THAREEE, &F—/ VectorInfo %
Bil, BAFMEA 16 1~TH, length FEIXEA 4.

#define NUM_THREADS 4

void threadExample() {
VectorInfo vectorInfo;
double vectorA[] = {1.6, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0,
9.0, 10.0, 11.0, 12.0, 13.0, 14.0, 15.0, 16.0};
double vectorB[] = {1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0,
9.0, 10.6, 11.0, 12.0, 13.0, 14.0, 15.0, 16.0};

double sum;
vectorInfo.vectorA = vectorA:
vectorInfo.vectorB = vectorB;

vectorInfo.length = 4;

THEET 1 4 MU ENIBERA, TA MBI L REFS R R 7R ARD.
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pthread_t threads[NUM_THREADS];

vold *status;
pthread attr t attr;

pthread mutex init(&mutexSum, NULL);
pthread attr init(&attr);
pthread attr setdetachstate(&attr, PTHREAD CREATE_JOINABLE);

int returnValue;
int threadNumber;

w kL ER S Bl — /N #TH) Product 356, F1&4 vectorInfo HysbhtFn—/~%
T threadNumber fFEIFIME—FESIKLA'E, AROUIBREE.

for (threadMumber = 0; threadNumber < NUM THREADS; threadNumber++) {
Product *product = (Product*) malloc(sizeof(Product));
product-=beginningIndex = threadNumber * 4;
product-=info = &vectorInfo;
returnValue = pthread create(&threads|[threadNumber], &attr,
dotProduct, (void *) (void*) (product));
1f (returnValue) {
printf("ERROR; Unable to create thread: %d\n", returnValue);
exit(-1);

}

Loop A G KA, HEEERMAMLFY, for HARRREFFE 4 M REE T
JRATEN SR, X T EmpmE, S22 1496.

pthread attr destroy(&attr);

for (int 1 = 0; i1 < NUM THREADS; i++) {
pthread join(threads[i], &status):
}

pthread mutex destroy(&mutexSum);
printf("Dot Product sum: %¥1f\n", vectorInfo.sum);
pthread exit(NULL);

}

X FERE AT LAGRH7 sum £ EX,

8.3.2 HHRAIESTZ#F 0]

AT FAIES S EHIF LA sort MR T EIRE L. BEAHFREIEAE AR £
SR, AEBEFNAXALETHE. KEEENTHECEINR—/EBENH
RS- T ERBNEEOAMA, mARAEIE, BFEFHRENIEHERASE, K
BN T2 500 BIRR AR, X5 EE GUI ARFRLER &R
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HHRAH.

HKMEH-THEEMRBERXF L, IR SETEZNEERIAS =
NERB., XTI RS BE 2T FactorialData Z5 9tk , FH-1E AR B 2 A 1%
. XA R B AN T A, BAREAEN TS, 45 EiEH 8 R R E
factorial B H X IR E, S5 RREFH result FE, AHMEAE
¥, RS HRERE.

typedef struct factorialData {

int number;

int result;

void (*callBack)(struct factorialData*);
} FactorialData;

volid factorial(void *args) {
FactorialData *factorialData = (FactorialData*) args;
void (*callBack)(FactorialData*): // efln®

int number = factorialData-=>number;
callBack = factorialData->callBack;

int num = 1;
for(int i = 1; i<=number; i++) {
num *= i;

}

factorialData->result = num;
callBack(factorialData);

pthread exit(NULL);
}

F AT startThread R P Gl Bt — P& B, W VAR, T & E ST
factorial %, %4 EfEElrEAE .

void startThread(FactorialData *data) {
pthread t thread id;
int thread = pthread create(&thread id, NULL, factorial, (void *) data);

}

] V] B 280 A TR S AT EN oy SRR

void callBackFunction(FactorialData *factorialData) {
printf("Factorial is %d\n", factorialData->result);
}

IR ILH R E AR FNIAH startThread A% AICES4n [ AT . Sleep eABCHFT A £
FEIE % &5 AR (L 2 0B I 1] .
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FactorialData *data =
(FactorialData*) malloc(sizeof (FactorialData));

if(!data) {
printf("Failed to allocate memory\n");
return;

}

data-=number = 5;
data->callBack = callBackFunction;

startThread(data);
Sleep(2000),;

AT RS e an T

Factorial is 120

Bt T LT Kb E S mAKRIR, B FFERETCH.

8.4 MMEIXIRFAR

CAXFrmm M REmE, Ak, GBI EVHE, RAMMATLUER CHERBELIR
XEFEMBRENZETH, WOTURREIRS KB MZFES, APERAL
FE B B A A S B AR, X S B T k FT AR R M R PRI B R,
b, XHEMAZSIER P ERBIEESRONEAY, mRAPERT, ZRBEE
R SEIL R R E LR & TR

£ BT A ATLAR B3 & I R PRI eI 4P . 2 R B T A B T ESATHY B s
AR, X B BA T DL 2 B 3k A i R B R N RE

8.4.1 EIEFEHAERIEST

A ERFRE FRE C H LB BARE S, — P ERMELX P FHARZEM LI
MR, ARRAELI b E L EHEEN R KA (EAReRs. &
AR A P T LAR 2 A SR8, (AR LSRR (1€ o/ obj XHH).

AEEHBIRSHIENE R AT, mRARKEHANRGEEATN, APTRES
{E X5 B, A= EE# . —BNEESREEZNR, HPRREATRERS K.

TSIk ALk IRARERIRERI A . APPSR BRI R,
PR T RX A~ FR Lok W 58 2R IS B LA BN BERERE B . TERRIA SRS AR T F13C
FreR 8Os A P A AL o XA G5 g W ME— AT RUER Sl Sk 3O3R 6L, an AR .
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//1link.h

typedef void *Data;
typedef struct 1linkedList LinkedList;

LinkedList* getLinkedListInstance();

vold removelLinkedListInstance(LinkedList* list);
void addNode(LinkedList*, Data);

Data removeNode(LinkedList*);

Data A A void 8%, XA T IF LI AP 2RI % #E ., LinkedList By RY
EMHAT 4k linkedList & #IA, XA ENE LAELH X HEF, FHP

A HREE T VAFR L Sk HBE%R . H P —JF4hH getLinkedListInstance e £k IRER
—~ LinkedList &6, —BEAHBEESFRMIIZIMH removeLinkedListInstance
R, it FRpERIFE FTLALE R BB — el Rk k.

EBABE B8R, FEH addNode A%, G CEEERFIERMBIGEFRD
$AEIEEr. removeNode 75251k Bl Bt Fe K P 48 .

HERMISLBAE A A link.c B3O, KBRS —8 5y, TR, FERFFAH
PRBEMT /AR ANEHAE, BELE linkedList &ifkivE X, EXA
BARRER T, BAVRHB T/ k4845

[/ link.c

#include <stdlib.h>
#include "link.h"

typedef struct node {
Data* data;
struct node* next;
} Node,

struct _linkedList ({
Node* head;

}i

KA XHRIE o SRR BRI, £ -1 HRBCRE -/ R
LB -

LinkedList* getlLinkedListInstance() {
LinkedList* 1ist = (LinkedList*)malloc(sizeof(LinkedList)):
list->head = NULL;
return list;
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&7 removelLinkedListInstance HERISCEL, PA T ARE, EEEREH
EZHPIMAS A, REBEEHRA S, BN ASIHNEBREIEE, XL
REa Tt NTRittE ., — Rt )5 2 15— BECBE B 51 eR 3

void removelLinkedListInstance(LinkedList* 1list) {
Node *tmp = list-=head;
while(tmp != NULL) {
free(tmp->data); // #{EAATFHE !
Node *current = tmp;
tmp = tmp->next;
free(current);

}
free(list);

,

addNode 28 NS HEAMBIEHFNEE IS8R/ ENRERT. REEAH

AT RS ERNT, REHEMHPREXKER, XTSRS, SR
ORTPRGAYIIEEI D

vold addNode(LinkedList* list, Data data) {

Node *node = (Node*)malloc(sizeof(Node));
node->data = data;

if(list->head == NULL) {
list-=head = node;
node->next = NULL;

} else {

node->next = list->head;
list-=>head = node;

}

removeNode EREGR BIIR R P FE -/~ xR, NS AR LTEEH, 1K
fRmpERP TP A, HEREEE, BREYS A, BEERREHES,

-' bt |

| M FERX RS TSR B ERY A, NimEd TAFRR. 2R

Data removeNode(LinkedList* 1list) {
if(list-=head == NULL) {
return NULL;
} else {
Node* tmp = list->head;
Data* data;
list->head = list->head->next;
data = tmp->data;
free(tmp);
return data;
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ATIHHX AN BBBSHWAIERG &, NS EM 61 7 H JF & A7 Person &
Rk EEE, TOWRESZEMISABNBIERA, AEMNER., g% 1AH
getLinkedListInstance HRIECREBER. %45, M initializePerson %L €l
#—1~ Person 3% 5| Jf | addNode ef #05 H s InFl B % b . displayPerson ef %
S 4TENH removeNode FREGR BTN . & fe BEJHCEE = -

#include "link.h";
LinkedList* list = getlLinkedListInstance();

Person *person = (Person*) malloc(sizeof(Person)),;
initializePerson(person, "Peter", "Underwood", "Manager", 36);
addNode (1ist, person);

person = (Person*) malloc(sizeof(Person));
initializePerson(person, "Sue", "Stevenson", "Developer", 28B});
addNode(list, person);

person = removeNode(list);
displayPerson(*person);

person = removeNode(list);
displayPerson(*person) ;

removeLinkedListInstance(list);
XA H A LA G EEH . A HGETE liste XPErhGlH linkedList &5HfARY

LB, XaE A ERENE LA E A sizeof #R1EMF, Hoanik,
ARRIAETE main RE P AX AR SBINTT, WTFR, 2R3 - NEEHER.

LinkedList* list = (LinkedList*)malloc(sizeof(LinkedList));
P R R R 2L T T X A
error: invalid application of 'sizeof' to incomplete type 'LinkedList'

REIAGERAE R A a8 B AF liste XHFFRIEEE L., 'ERGERS _linkedList
SR IR E X, MR A FI G5+ AL BLAR T

BRI PBRIERAIBEELL L E R R NS, HH 3 P RES
HHIEM 2L

RAWA 5 R B2 A% P2 el Wiy, &0, APk 7o s Fl A s & e ScBLan i .
Pl 1B T aEZE R oS hv ekdle, Mmnie 7 H P 6de.,

8.42 CHHZTE
C++ XA MMM RIESHEZEEEE THEELA LIRS 7RG A EZEM FAY, C

—————
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X Fpge K, FLARNMERIEHE Z R4 K, TEE CERBAEHE
i L2 A7 A, Shape &9 FK i “2”, M Rectangle &k R ME%E
Shape JRAERIZ,

25 e A O 28 B 4y B MR X X PR B R TAE IR B MR K, HEMNBE A TRAEZR/
SRR LFIRy, SfeomiAEX/ SMnnER, REoRIREZR SHEEER,
BAMLTERFEATR A SRR E

Jfl

T ERARM A BI(L SRR RE R a0 fT 5 B R AR M R A AR S
E . TARRMMKE . R C P FEFHEAR, X—KREM.

LEFRATSE M Shape & RIE LFFEE, TR, 5%, RNoBE—1SwEkA
Shape S+ A REEARE, HEHERFR A x Fl y LFrry B

typedef struct shape {
vFunctions functions;
[/ BEATRE
int x;
int y;

} Shape;

AR vFunctions MR M L XFRB A HE X T, 3N —1E/ EHERIT
R, HAThE BT EMERIREMN 4, tbinid, X Shape 18 AT EN & #osk
&£ L.~— Shape, X Rectangle iR F4TEl ed %5t & {7~ Rectangle, 7E i [A] X
RAPBESHhEFE L AT IEFR (3F VTable) LAY, vFunctions &HHERE
FA S SE B FrIh RERY -

typedef void (*fptrSet)(void*,int);

typedef int (*fptrGet) (void*);
typedef void (*fptrDisplay)();

typedef struct functions {
/! B
fptrSet setX;
fptrGet getX;
fptrSet setY;
fptrGet gety,
fptrDisplay display;

} vFunctions;

XAEERR R — RV R BFEEH A R, fptrSet 1 fptrGet E B4 H BB KK
o T A getter fl setter . EXFMHR T, EMNARIERMEE
Shape 8 Rectangle i x f1 y . fptrDisplay 4 EXL T /128 A%,
BIEHEAZERI RS, RITSHAXMITENREREZETA,
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Shape &#EAMNNAKM chE TE, TR, BNRKIEREMR, A Tik
AR, fFEdisplay s, HATEESTENL T F4F & "Shape", FH1&H
Shape SEBIEAE N SHIF GG X LR, XA LLLEX L e BUb B £ 1~ Shape
5B

void shapeDisplay(Shape *shape) { printf("Shape\n");}

void shapeSetX(Shape *shape, int x) {shape->x = x;}

void shapeSetY(Shape *shape, int y) {shape->y = y;}

int shapeGetX(Shape *shape) { return shape->x;}
int shapeGetY(Shape *shape) { return shape->y;}

A T # B eI 8 Shape LB, FA 142t T getShapeInstance H %, EAX R AL

Shape* getShapelnstance() {
Shape *shape = (Shape*)malloc(sizeof(Shape));
shape->functions.display = shapeDisplay;

shape->functions.setX = shapeSetX;
shape->functions.getX = shapeGetX;
shape->functions.setY = shapeSetY,
shape->functions.getY = shapeGetY;
shape->x = 100;

shape->y = 100,

return shape;

}
T T ARS8 BR T 3 2 ek B 85 OB 2

Shape *sptr = getShapelnstance();
sptr->functions.setX(sptr,35);
sptr->functions.display();

printf("%d\n", sptr->functions.getX(sptr));

fHan T

Shape
35

A HK A T L Shape 9 X 4 A B kTR BFE, HE — B3 IM Shape IR
H—/~ Rectangle &9k, st FBFX 2 MAT%E KRE D .. XAEHENM TR

typedef struct rectangle {
Shape base;
int width;
int height;

} Rectangle;

Rectangle £ — /N FEAINTE 4> BoFl Shape &tk —FE, 40/ 8-5 firm. Beoh,
ITEIA T B F B width #0 height, RFE K HEREME,
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Shape

vFunctions

setX
setY
getX
getY
display

-

Rectangle

base

width
height

vFunctions

setX
setY
getX
getY
display

=

8-5: Shape ] Rectangle BIPIFEC

gk Shape 2], Rectangle & clc—Leh%, FHAWNT,
() base FE:, AR Shape &5 #1& XCIErT ch ¥ —FE.

void rectangleSetX(Rectangle *rectangle, int x) {

rectangle-=base

}

X = X,

volid rectangleSetY(Rectangle *rectangle, int y) {

rectangle->base
}

¥

int rectangleGetX(Rectangle *rectangle) {
return rectangle-=base.x;

int rectangleGetY(Rectangle *rectangle) ({
return rectangle->base.y;

}

void rectangleDisplay() {

printf("Rectang
}

getRectangleInstance &R El—/~ Rectangle & aIsEFl, anTF Fiis:

Rectangle* getRectanglelnstance() {

le\n");

k% T HRJ & Rectangle

Rectangle *rectangle = (Rectangle*)malloc(sizeof(Rectangle));
.functions.display = rectangleDisplay;
rectangleSetX;
rectangleGetX;
rectangleSetY;
rectangleGetY;

rectangle->base
rectangle->base
rectangle->base
rectangle->base
rectangle->base
rectangle->base
rectangle->base

.functions.setX
.functions.getX
.functions.setY
.functions.getY
X = 200;
Yy = 200;

AEEAR
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rectangle->height = 300;
rectangle->width = 500;
return rectangle;

}
T A G A R R -

Rectangle *rptr = getRectanglelnstance();
rptr->base.functions.setX(rptr,35);

rptr->base. functions.display();

printf("®%d\n", rptr->base.functions.getX(rptr));

it an T -

Rectangle
35

BL7E Bl — Shape 88 VB, 2AE1R Ml FEM L. HILT4E Rectangle
W45 shapes([1] B, HELEA M EIERIE e (Shape *), (EE A X A&
FEHEE .

Shape *shapes[3];

shapes[0] = getShapelnstance();
shapes[0]->functions.setX(shapes[0],35);
shapes[1l] = getRectangleInstance();
shapes[1l]->functions.setX(shapes[1],45);
shapes[2] = getShapelnstance();
shapes[2]->functions.setX(shapes[2],55);

for(int i=0; i<3; i++) {

shapes[i] ->functions.display();

printf("%d\n", shapes[i]->functions.getX(shapes[i]));
}

iTXBRBEEAEI M.

Shape

35
Rectangle
45

Shape

55

£l Shape feEFAV A L FEH, FRMTEIE T —1° Rectangle 5L il K H 6 25 $e 4l
BE A E. HTAE for TEAHRITENLEN, 'EA M Rectangle MR E T A
MAA& Shape B9, XtE—FZETH. display BT AR T ERPITRIA R,

AT B Z B Shape K ihAIHT, B A R ZIAE H shapes (1] % 15 7] 3 58 B o
HE, HEZLXANTEAGESIH—1 Rectangle, alfEAgE, MBIRNX 2,
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gt 7] RE1)i [A] shapes LA, BEAFHARERRLENHERFE, SFBALT
PIHARIEE R

MEFA T AT LA M Shape R IR — /5890, tban Circle, #EMAEYA,
AEEREESRE, HRMLFEEAXNE7E IR AL

IR FA145 K 589K Shape ¥ in— /1~ ed %, Ebin getArea, BERTLAGEE—AN2KE
Bl — /"M —f) getArea . (ETEHRA, FA19TLLR 5 HWAB & Shape #1 Shape
IRAEMZEHENEBREM, mARERFERMGERAE A 4 KBA Shape, IR
Shape #J getArea SEHLE W T, LN ATEZE AL EWEE B T, XH
RAESHEF Y R—/1 M HERF.

8.5 ING

ABBANVTEE THREFJLAHm, BT TREray R, SERRORBAT
gnfel FEEH UG RN AR om0, DR T Anfal F4E EHFIBL R Y F 75 7.

BA 48 TR & restrict X887, MAMEHSIHAR—I M ERRESTENE.
e S RIEIEHFEENL, id, XS SEERKEBNRD, restrict X@F
T gRiF et B 4F Ll

BMNEFD T & EAEHMERE, THTREBEHLZNEBETFERDY . 1,
BANBEWEZ | R B s E LR Z A SL B | A,

8.4 W T AEMIREH AL 170, A EWHREHLE C /U R P REEBIE, R
HZSHEFER 5%,
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X TEENHE

X< HEE

it 3% 29 43, Richard Reese S0/ MRS F LU BAIE AR, L £k sAmE- BT A
B 10 4R AR TF % S, IBBTREIF & T — AT C Ml SR IR, i i
S ZERISMALEI, h Tk SR B, Richard FU7E R HS AREIN 37 K22 BIEIE

X TEHME

AW Hm RIS Iea5, ScERINER (%4 Cracticus tibicen), A~EPRENEE
EATAIEGERE, BMNEERANESE, CR&197 SRR, B A T3
HSHJLAE, RNERSS A =/ Arfgih, (B 2GR A28 882 5 7 —/ 4%,

RN AT L A S A R AR, . WRMED AR AHEREE. BTR
MERSEE R L 2 FERAMAE, Emt oA ®ISHY . Mo, RNEEN
EREEE, MEEEREAYBMEFHEDY, efaskith, — 1T HELxE
i 24 R, FrAREERIECA —i A0 H Dt e it k. AEEFER, —
HEHEERNESSRPECHER, TRl rhdi 2 ) AR B,

XFESEE S, RESwbatid i A KBRS Rm AR ey, Eik, &
AR THfEF . FE=AEELEA FR, BEERKFIE, EREMRE I
ShkpFhH EESRAI B R, HEBRE S IARKFNENM 6 KE, AE5Y
NBRTHEEREY. Ad, BEYNESSS TS HEEL, BFELER, AR
R ESESRRI AR, X FEREERET A BRI, MR A AR ESRA /A
AH BRI RS, # B G B R

i FAVE /3% B Wood HY Animate Creation,

188 | XTFEEMHE



	深入理解c指针1-50
	深入理解c指针51-100
	深入理解C指针101-150
	深入理解c指针151-188

