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FPreface to the Chinese Edition

This is a book about programming in C++. In particular, it is first a book about
programming and then a book about C++. In that sense, it is very different from most
books about C++, which concentrate on what the language is rather than on how to use
it.

Is the best author the one who knows the most words? Is the best musician the
one who can play the most notes? Is the best painting the one with the most brush
strokes? Of course not--these very ideas are absurd. Yet too often, we think that the

best programmers are the ones who know the most language features. This idea is

equally absurd; The hard part of programming is not learning the details of language

features it is understanding how to solve problems.

This book doesn't talk much about language features. Instead, it talks about
programming techniqucs. Just as a writer must learn how to tell a story, a programmer
must learn how to analyze a problem. Accordingly, this book is full of problems and

their solutions. Studying them is one way to become a better programmer.

Most of the solutions in this book share the idea of abstraction——concenirating
one's attention on just the parts of a problem that are important in the current
context. It is impossible to write computer programs without using abstraction in one
way or another, a fact that makes abstraction the most important single idea in
programming. C++ supporis abstraction in several forms, the best known of which are

abstract data types, object-oriented programming, and generic programming.

Generic programming was not a widely known idea when we published this
book. The idea became popular only a few years later, when the STL (Standard
Template Library), a library designed to support generic programming, became part of
the C++ standard library. As a result, the ideas in this book have become more

important with time.
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We hope that you can use these ideas to understand the difference between a pile
of code and an abstraction——a difference that is as important as the difference
between a pile of words and a story, or a pile of notes and a song, or a pile of brush

strokes and a painting.

Andrew Koenig

Barbara Moo

Gillette, New Jersey, USA
October, 2002
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BIEEEE T oo s s st R
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254 BRIRZEIN ...ooveeerreereriveneesiess st veens e essms st sessssensssstsas s s samro e
25.5 BRI RE oottt e
256  HARBERAE oot sttt e e es s
PR A o = E OO NN

25.8 B v,

Bhie B A

DT BT EREEZE o ooeeeertcr st s s be b b b et s
7.2 BT I oo e ee e eee s eere st onesese e bt a A b e s ent s

e 315

274 BTF B BRITH oo sissssesisisssmarenens
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=
=

F =B

H—K TBR -, MBRLHAHEFSARRF, MEHE CH Cr.
iR T— Ao R “MREWRREESRN C++ MAE CE? 7, ZAHEEEILE
BT —=il. REFTEZANRT Cr, TERARPERMEHZLZ CREFR
5. SR ZnARMERT CHARE CIB?

TR, RECAMEASHAS C HEMES. YA Ad HETKER
F——EXNRILHEL, BATH Ada. TEFH5NE Pascal, RMFIE. T£
BATHAERNMAZAARHOE S22 ERE— T

THEEFRZMAEMEET AEER Cr+ T LM C AT,

0.1 HFRE

C++ OS2, FUR—FHRBREXNT —1E. RES -1 TEH
RKeE X, CERE/, BEWHBRE, MBERH. M4 BEBERTTE
Rk R (data hiding), FEHFHBEEH AH HE(public data)FAFHIE (private
data). 2L JLA4EER, RS TR

4 include <stdio.h>

class Trace {
public:
void printi{char* s) { printfi~ss", s); }

HF
 OBRMR T XBACIE R AT E X — B0 Trace BFE, LLEMMIA Trace X
S oRFTEN R E B

' Ada B REZEENBALFT 20 #4L 70 ERAFRNETHEMREET, SHETRATRE. LH
M KAHR AR RAYM . 7 1998 £2 iR EEHE e -BIFRNFARAARES, THRRRERNFEA
REPAFRET. — FHE

1




C++iLRE R

int main{)

{
Trace t;
t.print{"begin main{i\n*);
/7 main BMEEE

c.print{*end main{)\n");

}

B HHAE, FATBE—THERHEAEFEAL. L, WER Cr+, B
BAEH printf LRBEREN, XFEEXE, RARURENNER, BEXITHRLE
MEARFE, MESERIE. Riv, HWGEMBEL Trace & XA LIEF AN,
HENP, AMERMMMANEAT, CELMANELEENEE, EEXER
EEE C++Inksm KM R

0.1.1 mi#

Fltn, —EBFEHE Trace £, MK, nFRAEB LN K AREE
t (trace output), XWL&EAHH TG, DEE, HREHR— FROEIRT:

#include <stdio. h=

class Trace |
public:
Trace() {noisy = 0; }
void printi{char* s} ( 1f (noisy) printf{-3%s-, s): )
void on{() { noisy = 1; }
volid of £{} [ noisy = 0; }

private:
int noisy;

bi
A E AE THRAAE R AR on A off, EATEWAERSE noisy i)
HA. F# noisy bon (CEE) ATk, B,

t.off(};

L6 ¢ R AN, BRI TEMEDEE R EES:

t.on();

BASEH, d TR 5 R TE Trace £ B & 12 XA, CH-& W Ek(inline)
FREN, FNRERNEERSTRENHAT, ERFHRY Trace MRE
T . BT 285, REL print REAMAFAES, REEHHF
T, BRATCLE R MFTH Trace X SLIIHIL .




Fo#& FH¥

0.1.2 H—#oiiE

UREAD “MEAPBEBSXRNE, BT ", BEBTER
A

AP B RERENRE . 8%, REESE—REN, flin “HaeiteiEn
FMNG? 7 B “UREELEE T BT RIARHER iR & LU AR LG R E&
FlETE - RE. BTRETHRBEZARE, BERENZREE C++EA
CAFETT B s HafEwe, T7E C BARANZT XK.

321 48 ] LA I AR R AR — Fh R Y Trace 36, BE, BILEHEREILT
pife s, WA EHRES. Brel, RBHRT Trace X, A—MRABIENRIFME
SRR, R TS RE, LR PR T

#include «<gtdio.h>

class Trace {

public:
Trace{) { noisy = 0; f = stdout; }
Trace (FILE* ff} | nolsy = 0; f = ££; }
void print{char* s)
I if (noisy) fprintf(f, +«%s~, s); }
void ont} { neisy = 1: 1}
void off() { noisy = 0: 1}
private:
int noisy;
FILE* f;

}i
EEYE, ET—FE
printf {args);

FH T

fprintf{stdout, args);

Gl — MY AR ERD Trace 35, WHNSIRE {4 stdout. E, WH
fprintf BT TAE 5 A T — A LA printf 2 —HEH.

2 Trace EHAMHERY: —PEESHEBE, B LEF—HHH 2 sdout:
B— AR AT SR SoE. Bk, EEBAMERT Trace REKRE)
TR LASkE T4, {HtanT LU 52 B b 8t stderr




C++LAR

int main{)
{
Trace t(stderr}:;
t.print {("begin main(}i\n"};
// main BHH T/
t.print{"end main()\n+*);
}
BmsZ, RIEH C++AEREFH%RAN, FANEFANHEERMES, ™

BAL g fE RiX 840

02 FAIOKLH

dbEr, WXIFFEER, W TXARE, AEKN CHEATRSREFN. Bk
S M—NRUUT R trace() (TR BIRFHE:

#tinclude <atdio.h>
vold tracei{char *s)
{

printf{~¥s\n*, s):;
)
BB ETRE IR LA TR A Bl
#include «<stdic.h>
static inkt noisy = 1;
void trace{char *s=)
{

if{noisvy}

printfi~%s\n", s5);

}
void trace_cn{) { noisy = 1; }
void trace_off{) { neoisy = 0; 1}

XAFEREHN, B C++ELERRA 3 BRI,
B, B trace TR NBEN, BULENE LRERAN, ERRFEREEH
FFFes'. RS CHTHRS, XAMFIAETRTEERN,

! Dag Brick 8, HAXMEREE, B OCHITLE “HE" . RETRAXFN, FhAZHAALHER
B, o LERIChN REERE SR

4




RFO¥E FE

B, CASIAT 3 1M2F44%: trace. trace_on F trace_off, T C4++H 3|
AT 14 )

F=, WERREFEN— &, BAVEAEBXIEF ML, F2 BR8]
A ERISCAE . A alE? FE—TRNTSEFEHIZXA race BRHL:

int maint}

{
trace{rbegin main)\n+j;
// main B FH

trare{ end main{i\n"};

}
KA C++, BILLAZEAIRE Trace X&i — kMG ECfF L. W C RAEH,

WML, BFSEMNEREH4E. — B E RNIMNERZ S RS trace
W—A 5%, BRFERDFES tace AFHEA, HBAXNTHEMSE.
S —FpAri R 3 AN A trace_out 1155 4 BB, RIS ERIR S H e B FL AR SCIF -
3L SR 78 BRI D RIS R AT R R XM . HE T, %W, main A
H—A R IFFIA T trace_out 1A 5 — 30t ST DT 8 S IR PSR
AR? B, BAEFLRTHTEEERMLEH.

03 AfH2R C++EHER

B ATECHETFHTY RESMILERIR? ARERH — M EENALER
R HBER A B—— A B R R AL “noisy” Frid. TEXE, A HE
FEIEARK EAERRHELTRARABTEREEE, REBERAME
FHEFERE.

B RERY X EERAE BT RRNIXRAE N RERN. £ CH, B
% QRO MOE R RIS B ERER, MRRXEFA “noisy” Fic—H#. HE
EF ARG D ARSI, MR M DRSO R, SR B
T. C++EAEMEEE, AR CrBRRAEREABUTHURFD, TR
SR T — AR BRBERERE.

gEE, CERTAEHREFE BREFLCEMUEL. Eit, CEF
REan TR R R FEMIERE, BT RIIRE
RLFPRE. WERE—ARER—RE, SHELZEBELTHE. AR, RHEHE
AR A BESARER—E AR, JHSIREBXERRA.




CriEF

04 —PERIFT

EHENAREI M FRARRD. hER, HERFRIREE SR RER
FINRE S — P ATE—THEN AW B R8RSR B0

M ITFAZEAFTSLERSE,: BFEELETFEEFERNEFRER, —#HA
FABTERRRT . AMIIETHRAR, RRMWAEHTEHEEE, 5%, £HBE®EORE
PHIRFR, &P BRI o R R BRBATRMER,

EHENAE RN . SNEFEEAF T AMEREGHH, HBRsniE
“BRE” AWM EANAES. XU EEEEREREE AT “FHE” K
g, FEWREAISEAER CERNSIES T AR,

MR, XEOHES o B AR B0 T 8 F o8 B RS B B0 & (hidden  state) ] —
Fo H, WERE Cr+RAFBEIXLENHEFILE CHETERS, BALEA
#T. FEBEMUNERANTRAEAEFE S, HIXNREFRELATEE
t, EREENEITERPEMENRENE—H,

0.5 #Hhik

RATAMANRENGEMLES? XBET, —AHEAREEAMRE
— SRR BATEEK, WmAREERBERBRARE. L B iHHE
KRB R, XS T 8 T xS AR, #R— M ERM

AEIF BUHETE N X s R BB, (BIE KRR P E TR
BRSO AR RO . R BT B TR LA

push (X} ;
pushi{vi;
add(};

z=pop () ;

ST R RO W 0 B 4 2 B2 R W i (functional programming).2 (8] 4% 5 T XA R T RE R T K
ﬁﬂ:Eﬁﬁﬁﬁﬁﬁﬁﬁ@-%ﬁﬂﬂﬂ%iﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁ:WE@&ﬁEWﬂﬁW.%ﬁWﬁu

&

[ —— -



FOoE AR

BAVET LU B SMHF A7 — DR E RO HERR, PR z A x Foy A,
(B BANE D RAE MY 2B b £ X i, R, RRITEE

5.push{x) ;

s.pushiy);

s.add ()

z=s.popf{);

AR TR R s AEGAL . BSE, EM¥FTE C o, HfTHRATRESE

pushis, =}

pushis, vi:

add (s);

Z=popi{s):

B C B RO X RS IEE R LA R, LETEZERFRORAX
AR ——RIETIRELTTEE S HER. FERE C+H+RAERENS)
FEZE—R, 11 C WIAR. C RERR LbB A — Ml FR S, X EER iz
fTHER, BB R push. add il pop ZSMASME X —4> s R, CHHRMLT B
A FREARFEXERT, RUFAEAEHRHALXEN. BEAXANSE
W Rk, RO FENAENRH CHRFEECHRE.
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Rz, ZFL. EhER. FRANERZENERSS; BAR
BLKBEREATZEE, B4A—LBIRS TREFR

Sk, HREhKGT—FEE, EFRMITANTHZHE. i, &K=
B ELRTHRRABBLBEMNEEAFFAERNEE. C++RER, EArR#
TERRHERS R, C++ERINEZHERFREENKNES, BERETH
R R B ORMHER TS,

C++Z LA BHEANERR, ERITRHEET HHEAFENTER. FFES
WRITRTERBENERRE, CHYREOITENNE ARHE, C++AR, Sk
B AT —FEHEARERRE, SitEH, RRET C FHREEANNELR
AADHHEE B, C++RBTARD C Bk, (hRERTERR. THEMSE,
STE4NHR4RENEOEREE.

C++EABEEETATXNEREASEN, C # CrEFRBRAELER
LMK OE; B BEBRAXLRNTR, BMXAFNERMER L&
M7 C++EEREAFRENREN. 0, C+BFRERATHRENENRER
SEEMMR: s TREFEDER I —MULMOE, RAEFRX LI ERHE
RERPRBRAE . NRXAXKBAT, WITT U IBERRNARE DI
HTAN. HRELT, RENFTRABEARNBEARTRE

BR, TAFXMEHERARIN. RARTEE C++EFEERIENER,
BEHTRE C++REERONS AR RFHREG, FRESHERZENERS
HRFHRE.

?E REBEFARE, LLMREER—WAE, ERXSARNSTEHFRE




C ﬁ E‘ i

EHEFUBNBLE LD : TRAHR. EX—BFBRNIFHHRT G+
FXEREE, FANERRER CrATRIMERNES BRI

10




%
I
o

IHLER Crr

FBEAB LN AET: BSRIBUFERB—UOHMER Cr=EXBRE
LK% R RO EE S, Bk, BRASEREELERER CH+REREERHT,
MRSV HRE DR TR T Crr i,

FEEREEER EACNEEENAE. BUHBTRETAUTEE.
TEHAM A RAS CREE AN ROEE", TRRT-RERTE; AMIBYH
TS SRR ex a8, BXEH C kM. RABAREFS AFEGHE L
BAMIET, B AMOHNRARMEILE, CELWTE, DHEAs
BT RE K,

1.1 [ajeR

BAEIEE R, (FIEFF FLTAE B 1 A a8 TR AR AR B BT oA
SEoh o R TR, BB O A - R R RGIALE SR RE C
AT A T IR i AL AR AR, C 24 R R k. ROE —TITRER
A5, BRI R4 ANTE, FEREAEARFE %SRBI RE.

Pl AR N, A T8I A, BT RN EFEAT KRE BT
BT. BEEBRFELBERT, BERTITHENE, XERIEEHE, MALRA
CHEFRT REAET, REELHEAE.

FERFEZRA CraF gt T SREBIHN: EEF%ﬁ$ﬁz%
BRAERE LA T NIRRT, R T L RITHN. RE CH+EFREAS
@EEWCEWﬂ*ﬁmcﬁﬁﬁmﬁéam%ﬁ%&%ﬁﬁﬁﬁm HREiEn
BAR, TR, H CREMXEHARRERET .

11




CHILEF

B C+R5E, RABEE ERdTEREMS, TWAREMNRERE. C+r
ST REXEREHN RN, EARRAERXEHELS AR, el B
BF" . XN C SBERERAETS. MH, HaEsSHARIN%
iR E L SR, RFEATRMHETHRLE (WA,

12 DhEHR

1980 5F, MU RIEHR: AT&T N/RER ZiHHREHR LK —BKRA. B
i3 R SR B U S BB 1T, B T A 2R E R AT SR XA EcoR.
HTEFPXA B, BAFIER I 5 & P8R, S T RAIA PSR B RS,
A, REEETEARERE, BINBEESTHEEH2M0NE (KL, b
TSRO R REIEE 50  EG RS, XX, BIEAEARN gL
5| & KR R Y M.

WP S LR KR E RS L. 5. BUTRERHNXEERFE
WAL, XEREFTEFMRE, MEFRgE Rra s SR,
R SR aEHE. MH, RITPRETETOMNMESL: AR
SR (o PR A AL R A R R . Bk, — M ERTFEREBITREIS —aha8 L,
ME—p R EH A BEARETHE L. S8, BERFNRIrEERREARE
BOXPER, BT, FATEE-EBERNTERE AR &,

Mike Lesk £AERTREIRE T XAAE, HH—D LM vucp FEF o~
MR, XAMRFLERALS. B “#a”, RED Mike HEHE (&
AP, B4, wep —IREAWEB A, TEREELEREENES
.

1.3 BT HERN

WL EITE Mike H LSS FE. BFH wep EAFBTHE, BEHE
— A4z ASD(Automatic Software Distribution, B ik R SR AR
R — AR, 1SR A QRSB ENS L, RERMEZ
e MRS RREAIFEER. RivE REFM A KIBE wep: EFHTEM
EEEERY, RFRNERRERMAE R0k

12
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F1E HFT28MCH

RETREE L LA RMEE, B T el S MEAE B XA TR AT
5, PrElsCHERIF A . HAELRESREEHEITXM AN ASD. B TiX4
B, WAZKE SHhE A INER, WEREEMAEREE. Bk, BAE
XSRS SO KN — AT BrRE AR R B0 SO H S R BT 1T PR A
M H—B2 ASD BHILT bug, FHE RSB RS, Btk ASDHIEH,
BRI =BEHA K=,

13.1 "IR45ERE

CRAABRMAERKEA: RiENESHARNRE—TERAS I ER
o KNk, WAAEBTMRY, fABAIERENENFT A B LKL
H e, F4 AERMOATREN. F10, FESH ASD PR T HRE IR

s EBAHRGXHE v/
param = getfield{tf)
mode = cvlong(param, str_.eniparam). 8}):

i ENRPE </
uid = numuid(getfield(cf});

P AT vy
gid = numgidi{getfield{tf]};

r BAXES (BE) +/
path = transname{getfield(tf)):

/v BEATE */
geteol {tE):

KBNS o FRRE— T REL TR . X T B — &, BERE
EE T JLIK getfield, R4 BB B AR M SERFT.

RIGEFEBEER, AEMZAEREE: XMITFERT I EENA
45, ARATEID? TRARATAR petfield (AR EIRM R 4 . BT getfield MERRHIR
BOEH T4, U ERMEE AN ERR. HR CRHEFRE: BBIEN
vk L. TRE A B, %A BB R -4 F7 R A
1

C Bl BT AN, ERFLREE. —HIEREL getild
R EGRE — A1k, XA TEEHE M ERE A EH AT RH& A EERN

i3



CHBX

7E. BTRAGIEFASS 4 WRAT getfield, FUIREERE 4 KEELH SR
Al free. RAMBRMAXMBR %, BRAZHABERRITR, REES
R —H1

B, BE—E, BURRASRE -HMABANER, BRGEAIRS
FERANER. FAR Mk iNiExeTRER NS, SRIAMAN, ik
getfield HEHAF, R AEARY. RIREEZXFTE, BAHELSBAR
Wi, TR b, R FA T SR A OB A N AR A R A

BRI R getfield BTIE B M FEHR A AR R T XA H getfield
Fo XEE, Bk, RARZRUEEEMW getfeld FEIKIATRE. 1ERA
BOFIRE, RITEE getfield HFMERRETR, MaSXIAMARBRKLMN
Bk B s —fy GfE B ERE R FAREHERBRAT. B3R, 3T L
RREE R, AT AT RS, FE B, XTRA ASD REERR, &
BAEN. AERRATEERNEIERMLL, ERXMHEREERTEERN
SRR, SR, B0 TR XHRRIENA RS, KD
WA T IR TR b, AR REFEENRFL, b TEE
THHEHRT T AENT THE, REFHELXHHMHERSE ASD NMER .

1.32 At4BC

HE, PRAETEES AT “fit 2B CokME? 7. Ee B R AT A K #id
T A B S R EL AR B, B Smalltalk, Lisp B Snobol, EII1#H
Er i E YL E R R IR A .

HERR S Smalltalk 2B ALS 19 B4 E F RerE BAi 1M LEE LIE4T ILisp F Snobol
WAIXA RS, RAERRAr-E: RERE ASD B4 ) LRALER R TR, B
TR DS UM e R, RRR L, ERONINFEF, C RME—HERH
HERES.

B, FEHERESTH, REUBE—ABRORERLED. ASD
EXHRE M TRETH, MiXETAELRARRXIEE. MISFMZERE
R, TEREEERAET. S RRER AR, il B — KBTI .
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F1E X¥TL8EACH

133 REfTHRESRK

BHEGIFR ASD BIFHE, BITWPEERARIMRE: FRESKRE, A6kS
BEPBRTER. O wep (R T R-—RJEER. AW, —BHEE,
iR E— R A ERERE, RERCA T AT BREER . BHEMSKISE, {£H ASD
IR AR%T B BER M. 2T X 25 §VLEHE{R, wep CREMBTLEEE RS
XA T. ERET, BATLHEE vucp, FIRERFAHME,

T8 AR W ST B R, B DT ER: BATULE—1 spooler K HHA
B & H1I8% L RAT TE. XA spooler & B —AERIE L ABEE 2R IR B 5 L
SRR IhHLIE O 22 TSR, LU ANTAEBRAE RN 7] AR B 4R B3 0 . 31X
AR a4, TUAETATRNEL T RNEEZTT,

AT, BRIREET IF—BE, ASD BAUARA IR E 2 BT RO BEH TES
B TR, RESEERA SRS, (BREAH RLEEDBRE R &4 RIET5R
F, MEZWAH CRBHRXERE. —MEIIE spooler &7

- HEREZHNRERZLAMNED.

o B A EEIRE.

- A P ORELIE RS A R R .

« ARERAR NI R

T DR AT S, B T 85—, B— spooler A B BtIRHE, B—
AATHE 6] spooler BEEHE. —1~ spooler DA REE S T & R RERIAT R R, T E
YEEE R GRFF T LUK R R

F7EHEBR uucp FFEY bug FETET HENTIR, AMRARIA, W TREN
spooler i, EAREL, ML KB IEN bugfree.

14 kA C+t

LRMIERT, RAEREERTH CH+RBRBRNFE. RERCEIER
MR C++ T, (BEEHAE T EREAKTE. Al Bjame Stroustrup 17324
FHEFE, € CHELNER, RITSEE BTk,

SE, A CHH XA LA R B T B

B ARBHSEEETANA. D, ROERFERRELHEILE
il R ERAT AR, REAMSRBERER NS RIFER, B
EEDENRRRGER, ESNESENRERERRE, HFRERABEFAR

15




Cr+ILBF

SHER. X —VHERREAGRITRENSRE: REGHPNBIRESE
B, F—H0RENE LRRIT A fa4erEE, TxEERhEEREEN
ER.

H—AKFR Jonathan Shopiro BIL S —MH4E, A-TABFRF BRI
. XTHAAFBRAESHETEENEETENS, MALEFCRENHT £
Gedk A E. XA EEINEXFEA RN R ERERE, FTE., B8
FEXT—MHREFEAE, By machine_status, FHAT LA EFH] Shopiro H)
AR E X — A ——H machine_status X RAMMEEE.

A TR HREE Bk —g, FEAIE M C++IR ASD spooler HU% H
KRG B . X BEAE m 28R machine_status: |

struct machine_status f

Sgring p; s/ REE
List<String> d; /7 BT B
String s; /il BREE, WERAAE

}
L

m.s = domachi{m.p, dfile, m.qgl; /S 2% THE

1f (m.s.lengtn{) == 0} | Al TEERE?
sendfile = 1; i RH——RET, BINEELE 1N
if (m.g.length{) == 0) s/ BRERHEE?
mli.remove (}; JfEE, RENBHERCEHE
else _
mli.replace{m): 7 AL BRIEEE
} else {
keepfile = 1; S0 KM, RAEE, MERER
deadmach += m.p; s/ E KW HLEE AP
mli.replace(m); s/ BERARBE K

}

ARG F o FRAUEE SO S & BB ERIT —8. S94% m K
B R RITE RREE AT 3 AN, p £ String, RIEVLIZA
% q & Sting #R, FEWATHIATBERIHI; s £—1 String, 2K
AA, R FRE R E .

eE & domach RENGEE ZXRAB—ENE L, EEREFHANE —AMRERX
. H—AEEAN, Bl E=SIS4ER. RARA domachk ZfF, ms
ERTREESARTRNOMEL, T mq WEE TR,

| R EE TS AR EIR R A Rk public, FRUENGT. REMBEIFML: machine stats IR
Mk, WERMERED. HFmkMANICRE, BERRTN privae B FERAEFL, AN MR
DRSSV ERENSE, AR TERREAFRETAREIN, RLARANEHN—REHE . .

16
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18 HHTLEH C+

RiE, BALELH mslength(ls 0 HBRKBE ms BT AT . 108 ms s
R4, ARGV sendfile B 1, BRBATEDRIHIC CHRIEH T ~ 4028 L,
REBIREFREGEN 2WH. WREE, BLBIMITUEXGIANTEL
BHHSHRTHE. WETHH, WERESHFEMA List . T8 mi 2
¥8F1% List AT ENIBE (m)i £8& “machine listiterator”, PLESEEFIEMARD.

R LR RN, KA B SN, A RITE keepfile BH 1, &
RERR1 AR B iR o, DMETRER, REE45REES List 3.

XA B ARENEREN. XEE TGS E A ML EE
WS, RANY CRBAR, XERATARSNELIE. E_ENER
L. B RS TSR UITE R RmER, BA—K, REWEREW. BF
3L A28 4 BT LASE R 1 R s B ) B

EANERAREBIIN. ASD SEE A S0 L8 LHAT 4000 KK EH .
BB TOETEHRESEE, EERBEREARES. B2 C Crif
BAUMBRE EEEF Y FEHR BN EE.

KACEEINT —4 C RIETUKEI T, EBrRT — SRR, I
T, WS —TF, Bftsa C BREEXEARART, HFRE—F CHEFR
EfEATRBEEN.

C PIREMEE

RECHTHIFE, AL LERAENZFREE. FHREEXRE
R RALHTHFRENRE (WRFRERBRNET IR RER), BFR
R A AT A B e 2, K, BT, RE T RAGERRESER:

ckar hello[] = "hello";
B XFERAT T

char hello[5];
hello = *hello";

H% C ¥ ERRAnARTE, B BFPAHATEFRT — TR
#oE, TEMVESRE D, ‘e, UL T, o7 M (CAETFERD. BT
A TFRASER, BACRANANRE, BEENTEER:

chayr *hello;
hello = *hello";

17




C+il Bl &

KRR E hello B— MR, MAREM: ERMEBET FHEE “hello” HIH
F

BB SHEI T WA/ “ B

char hellal[]
char worldl]

rhalla-:
" oworlde;

FEAFREIERRER. RAOFEETLRME A concatenate BRI, X
WL A] LAS X

char helloworldl(]; /1 5ER
concatenate (helloworld, helleo, world);

R, XEIEFAEWN, BEABIAEHE helloworld MARN &5 HF KK,
i B

char helloworld[172]; /IR
concatenate (helloworld, helleo, world);

o LB IEERE R, BRBITEETHFNFIEZHTIN M. 58, &
T HEEER), AT DAL B A F.
char hellowerld[1000]; ¢ /R T DA A
concatenate (helloworld, helle, world);
(BEBEZOABH? RERNOATEHEZFEARRNIER, BITHE
BT S I E S,
BRI — SRR R E S B . B, BT E ] LUK

&

char *helloworld;
helloworld = concatenatethello, world); rE--T

il concatenate H¥ A H AT EEEE hello £ world FIEBETFANTER D &
ARSI A TERGEE DL RIR B — A4 ) N AR RS S R X s AR,
iR b, XERRA ASD HBIN C RAPAHENEE: RAT -1,
Bl S B LI B 2 R A K N R BN IRE N, FERR TR R A B S ECHY.
SRTTA T A IR TR PN F e 2

T C B EREEEEANEFRANAEE-ESE T FHit, FORELLE
R fmd e R A —BXERT, RITREFRENERA CEAS
AE,

T ASD, BRHT 34 M4E, BHAECEFPRBREREN, B=TNHA
piX

18




BL1E AFLARE Crer

1. BEA—MEREHE 2HARTRER,

2. BRGSRH—IM2FRHRH.

3. EREHRBOPHER TXEROENENGE. A, FRRYRE
B RS XA, XEBEREMRERFIXSREN T —KER: mHE
R B NEE R A EBREN AR, XERRFRETELRXLE
AHFEIRE M AN, BELENIHRER free RERABRTEN R, EEFER
ER R AE R KU 7 SR AR &

L “hello” WFHREBIEMAPRBEHRGIMG, Hik, 5.

char *hello:;
hello = '"hello-;

BRAVHEINEE hello. RIFH concatenate FREHIRE—THRAFLKE, BL
BT R MERAFEA S SEMAFK, BV RE NiZS e

Big, HFLR0 getfield FRBOE R —EFRLEE O E XHHER T RE)
. BEEAN R getfield ME, ERNRAEBEREAMERE—RRK
RITE), H AN E B BN RS AR X

Sttt A B 3 HARIMNEHEY? BESERBETHRER: ENHEXRCH
— 85y, BARENE. (BRI LE A HARKFAF f R EGE E — R R RS
R TR . BABRRALAEERAEFROXFRET : FAEERER
PR A0 AT RN

BFLFA XSS E RENESRAANMRFNTREIERER, B
HEERNEFESER. I, BREFESIMMTHRXEES CEFABE (L
1.3.1 %% ):

o OERARBXHE +/

param = getfield{tf);

made = cvlong({param, strlen {param), 8);
free (param) ;

BN S */

s = getfield(tf);
uid = numuid(s);
free(s);

/rOENNRE %/

s = getfield(tf);
gld = numgid(s);
free(s);

19




C'Hﬁu@t‘i

iFEAXHE (BB =+
s = getfield(tf);
path = trangname(s);
free{s}):

/v HEfTRY/
getenl (tf};

B R MILZH — R MR LR BT EREFRIR.

i C++120L ASD 5] C izt tbss, waMRRIBRRF R, 1uprish
FIEME L, EAFF, iEEMNEB C++ ASD BEFF. ZEFRFE —HREA ms
Wi -

m.3 = dorachi{m.p, cfile, m.qg):

28R, ms BREWE m M— DT E, ms AT DR KR4 WIS KE R AT,
%%, WRRLAECRAERE ms BT, SORANHEFHETRINOE
HE, F— RAS—KEHBIFTEREE: BHERITE bug FEREETF K
2R, B, BN EHHEEN RN EE E 2 EFTR bug.

BEIEH CHRAVEROHTFRLEHT. EfHFELE, B/AS C++ ASD I,
BAH BRI -5 N EEH RHHIR.

1.5 JREAFHMEH

B# ASD It C RABRAHLARLMEFHFSMEYR, RANEFHEIELD
T A 1B B PR L TR AR A P X o SRR A SEAE R KBRS
A, BEESEMTENEPITOENSR, RAET —H#F, Bk EEH
RITEREN, MEFEAAREFRNMIBTAERY, KEPANZRFEE, KR
MTSRERMRL L. CTUMIFREHN, ETMERRESENFIH.

C++FRAH ASD spooler tFH ¥ H—FHBEH, CETFATLRLEERN,
FABRARET. MRSV ES C FHSMNLER, ASRERKHAERR
TR A AR AE XIS CH+F PR IR, BUSMATEM P ic &b i e .
BIRERD, Toid i B B A S B AEAEREA SR AT 12 R i 8 58 A0SR AL,
T 3% 5 2 S A He R SR R T A 9 LA

HE R CH+REN, THLRRBNET. RBERAENERZT 4,
BE L — A HRIMEXD RS, HEARA R T, REEBAFIX

20
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FLE AT 48M Crr

AEFRFEEN R ERXANE. SANTNE, REhEiyE LRs¥E ki
TAHET .

BH Cr+RFZ AT 5, REAREE X Cr+RizHEM LA C 4
MEHNRELRL . RERENLH, BRAREHERES EHTEASEEAE.
Blit, HIAH Cr+ R BT BEEFOA RN MR TN H .

L6 FRid

REAFET -REENE, NREERXBERNACETZRELET. &
KB R, RBRHEER —RE CH+EERHERT . C ERLEHE, EER,
qLUEEBEALBRA REH ¢ EHE —E A E. M CHU#HR, 2iekBlRIER
A H I, WX EENRF R EERATG 7O E2H Tt

JETE R Z T

21
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£
.

AHH4BC++T.

TR 1B, REET C++RIITRMH S, UFATAEEREFERE.
AREHA X — TR R, EEW 10 R, REBET TR CHREL
B, BB EAEREN, REER CHIERL UABHMAN CrHrES TAEL.
C+HA i iR mEe ? A& d, IGHHRE. XERENEBEEX,
BB HE LHARHRTEZ FNZE. t

21 /hEBRIED)

ROVBEGRZTED: BEBRIN. BHANTGEVIRHPEAFAR
HR K. XA R R T AR A, R, SARRENRFERENRFIL
M ESMAR Y. UNIX #BERARRBITNHT, C REESHE. BibKdl
T fadE: BFEE. Basic M FORTRAN # %1% 5 . MS-DOS 1 IBM [ VM/370
ERL . VMAT0 LHAE, EAERERE IBM EMAF82 SRR EKN .
R IBM B4ER—HARES P vMR70, HiZBRERFANEF H1E BM X
DICEVIR: U o) a8

FRES AWRIE, REANEPRLLERHRIT L. REEARBELEL
HiHSETME, EEBBRE O IZaEEE D X BHFTR.

R RAT A AR B Rl RThie ? Bl REETHRETLREmRED
T R—EE, SRS MM AT R B AR, SBREHFFIRMER BT
—BPRAESE— 100 /TR, MEARBHEFSMMEF ISR THR
5 1047405,




C++ilBX

211 FFHy

FEAERNESFRREE T EARAZ ML EERERTB. —BR
B AR £ B AR A — R B R, TR EMFFRRERAALTET. &
Tix— /M, sUBETEMNERNHE, ST E RN T H i AT A
TG EEERE, XNARBRFAHETBRERHE . EmE KT X,
EHMHAH SRS AESREE, S8 ABTHRNARBRES.

BAIIARER—THBARARZWANAMEN, KxKREEFHESA
R SRR SEERE T, REREETERRE; SNl SEBHRE
DA B i R g 142 S RO AL AT R4

212 EESEI

m T AR 5 AR, FrUlfE A EFI REDENRE. BE2H
Bk, BAEEHNAAERNFTE. KR MRE, RIOTREEE HERR.
LI HiAE A, REETAEREN, FRR-IHRERE . B
g A AN “PhEEE S " MR WIICRZS TR TER .

e N AH KT TR AN . SHEENSRREFETHEEY
UMM EARSE. BT, ERRMELR, XERBHNETESEMIES
— ARG AN T, TTRIEE, HERMBETENE THERERT, Eik
WA FEMA. A ATE TR, 002 BRMmRA N, REGERA "L
¥ — R REH AR LRI AR R. BR, R —
THSERAFRENY, BLESHEBRNHULRZERN. BEE, &1
AR TR RIR B3 R mEyl, SR T ElET ke —H.

RAVXE AT, LRSS T SRNBEE M. B
A BB TIRE AR R — AN E AHLB -85, CRET EH ), ARRENE. E
Rix i s R e SRR AT RO RS TENES.

sz, BV XA RRRE. L BUT HENE
P (A AR IK B, T A5 ARAR GREEAARD SRR, BUk
A, EEPRPRAFAT 4 L. BiE, ENERCEERTE
ZAMBANSH. MK, BEFEEESEEFLAMAEDHN, el
R AGER S, X BT REER £ A EMM, BRMBAMEL, FFRIERR

24




#2& N4 CeeLiE

BTHMMERITET, S ARFRETER. Fik, KE4TRNBEETIEN
BZART, MERNMER —AME, BRENEARTATUNBFLSIR
o] H BRE R TR R R T BE AR B AR

Shr b, AEERERTEEN, FFR (GREFRTKD a2 FRikiag
TIPS AE B el TR KA TIE. 38, 3K TEREE L
AR B = R T2

REAE T H A R, Bk LR, IXMHHEREFRERET T2 AN
WA ALHI M LA ST T B, 3% 22 R BRI — T B A (RS ]
Y E—RFENT. HEHSTRREREEE. hTHEE--m, BiELe
FAL KRG PSP E Z ETEE N X R BIN, FREXARDLREEHERE.
HEZ, ENBEMHZEEED, &, §MUENREILFAFERCED
ZAMRRT . X ORI B TR MRS R mER — RO
RART RSP EEARMS .

22 fR

AAM 25 SERTFFERELLK, R—EmR TSR REFRAEINTA.
e T AW L RRAE S RIERA, HERTLURRTHA ] R B .
RMIEHE — RIS RM RS, X SR RARIT i RA T R
f— A IniE, BARMBEAT.

REME R T HAE ML, BB GHS. SRELE KRR,
XEEH TR H R AT B ol i AR KT RS, SFRERIREA T 0L,
HERL, R R AR H AR, EERS AR,

Flan, WEREGHT GBS —MER, ROJTEHEHEORE. &
AR T AR FES. W UABTTREHFSE. AFLMNES. 2
ST TS BT ] — 1 S, BT R 4 i) B P X e S R R K

B R SES A S T eGSR, TERRSNEFENLEIITL
AR T . XL GIE S SREANERENS ESRFHEN. EHELL
B, AT R “HTEET KBLSA SRR NBERHHX B R
o BT R % A A2 PP A T A B PR A R B8 P T 1T B PR AN B
IR E LS EEEE, RTUBIRNZMNETEEBRNOHER.

25




C+L B X

HEESRETEERNMR. BEERREARBR LR AMHNBERKRLSH
ek, WRIEFRERKN. XHEET 20 1L 50 FRAEXRER AN ESEARAN
M, LLE T E# A T FORTRAN fir 4 (¥ 5 ti: Formula Transtation. #i% MiH H.,
EHREERNASZAGEZ. FREHIBINESFT. §RILVEFEFEE
MREFHEHPRET —EMR.

221 BYEHKAZIEEH—EBS

HE— T MEES . HE EERIERGE LR U CH R R P T
. 840 EFRENEIHRA. B, EXSHEERT, XHREARYHE
N XA RAAKEEMNEIRN —F R, FaRFNEEGHNRS
PSR R SEIIX .

FAE RS R - B R B, B R AEREFRET A AV
S, DR BB ARGERIS. W TRERRERGRN, HAHRREY
FEEERWEFEIAMNNARER, MARERRASS B HESCE T RA
Mith. kb, BAANEBRERKCLR—ENERT IR, KAEELHZHE
Wt “BikEE7, LMER AR AR T BREERRRE.

222 hEFAHTE

BIERGRET —CREMEPEE, THELESEETRTE. BEREIN
MRS HARERHNERR, EEAGTRER ACEZBTREESHAL
IR, XA AN EETE SRR, B R AR R 5 I AR

#itm, M malloc RESCMMBARFERBSRE C BREEFHRME. i1
L — A AR S 5k B malloc, SREEEALERSETR, HigH ik,
SRR EETRM AN, SARX M ESECRAR free B3, KRNFHR
Bl RAE BV

RN, ZASEABSEMLYER. TeMEX D, RELRR—1
SERH C R malloc ¥ free. {BR:, BERSHMERAMS, WIEE L
mit. ERTEAsENT BT RS




E28 HHLEC++LTE

» HEESRE KAE.

- AMEREN2EHNEEE AN,

+ MEEEHBERAE.

- AEAHETEN, TREAE.

« AR ENALET.

s Phik g aEk, DLsiRAT.

BiREMARTERE, iE—-FRERfadE. BAHZ DA B3 %
B2 i C /G, WAED. MBREERE - M TIEATNREF, RHE
SE YRR BRI T E AT RN, BENTFHSEENRR
HRIERK—E7.

22.3 IMRINAGTER

#H3E =R I R (garbage collection) RAFHX AR, XE—F=N
A ARHEER AR ERATERER. e e S REF N B T E X
FIFERR K], B RRKEBITHEY . FiFRRSITHN ARG RIS
e, Hoh. RIREERBEKAE, FEREARE, CHRAT AN —HE
FRSEN S NREEMEREATESSHRRE, NER SRR BTE DT
VA7 M3 S 2RV R B R A 5 S SR B R 5 R BT 0 R K SR

TR R R B IR R TR RS, (EREEERT, EEWE L.
wak, Lk R R EEE — A BHAR S, REMARERERS: NF—
BAET RSB, MARSHRREIEI R FA RN .

UK EE A, BEL LTSS AR E, SRR I IE
dy. (BRI SRR MRS e A T A R R R RIS AR IR
EERRER, BITHTEHEXTOHLAL YIS, MARRERASE
BT, B, — MRRE O RE AL AR B, RER
PR 6T ST PR BT o o P 0 R R 7 — S A RUAEL 2 B 43 7y e
Tl = bug B A RIEERR. RREE. AYSEL MRS, BHIF
EA R BT T — bug!! 78 Ce+th, L8 H SO #F S 5 SLUAALTE— 1
FECE T FATH e 8. SEBER A BB T . SRR EREN T

RIE, Co+RREMTTEMAETHENED. EHMXERRERBEN
FAME S S A S I AN, X N R I A R, TR X

g AT, WSEESNR—KEE C Traps and Pifalis(Addison Wesley 1989). EZRPLEDHARE
A HER, BN (C BRI EEME) .
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C++0 iE" i

FXT R o SR TR SR A RBR Aol R 0. AT RN, MlerD EUR | dgm i
WML R FALIERY tHER R P R 2 i R

23 BRSO AR

A ARBERIEES A7 ARSI BRI
FRM, BATREMLIEE, BRARLY, BAGES, afF G EES—1T
HEKEOIM H AR X ATA X . (B2, B RIRARIRBILIR (bR R b
WEER A, ARSI SR TREMEE. ARRTHBRNMER. RITLAH
TRHYEAN, MAREAEMAE.
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=
=

EREWSLERT

FAAER T, BEHEANTELES CHELRANERH. THAEN.

W — AR H S HITERIE T —WIER B R PEEZEERE, GRE
—AAHHENEAFTHE, hhiFZETFRESERS) . BB nkitE
VAT HIRE R HI A, “HHA? C BRGEEERDT. “HREEEYE
FEABRSRERRT? 7,

EHEERTES, ESEATIMEANARNEEK, ENILCRERERES,
Wb AT AT I R R R R T . BRI LA R R =R
£, HEFERITETRERERIRIAEAMKARESBEE N ILEEEN I

T 1967 ‘4R ) APL,

APL B— JERRFBWES. ©RAFHEERY —F A —m3
MR RRIE R, TENESABERRHEE XK. APLEFANTH
RTE SRR, PUTTRERERANRE, Pl APL F2F R R AEED) APL M{H
FIfEF-

APL RN ER—IEE—EMNE—ILIRAEAET T — B RRE
FiE . IMIIZEMRRERE, XD RERERY Mk AFR: TSR CPU I)
SRR A R S E B0 A A M HLER 1, T LA SR 30 i
B,

#) TRk B AE A APL B, BRI, BRAETEZMEEN, HOKERAD
(A B A3 3iE % (3 FORTRAN F1 PL/D FIEHERK Y 2 —. K&HKE
BB N EEDTRE B B, BRI APL #BIF T K E B R R—FF, TARIRIR

LGRS KRR, B AL 02MIPS, HEREH 20 THES, KBRS 1988 KB E AR
iF, ABHATRLFESH-NEE, HFE—H.
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Cr+ilE %

., XtEM APL B ALRAMENMEERRENZF. HIANIE APL B
—[IA MBS H AL HE, XRAETREN APL I EEET .

20 tited 70 FAAEW, TR EMELT KER—2BF4E. FRBRA T LE
TR KRB ETELERIEE, REHTHELEBEETEER, KikRE.
fREPERESFHE—h BERARE TSR, wlEREEaE T WEds
FETT A0 R 100 000 4T, 4 FF4T HIES B B8R LA 30
kR 6 MRD. TENHEPPRLHEITEN 900 17, ESEREER T NEHT
ENALAT SRAT NGB 2 .

RIERIEEN', SURABITEH A SRR, TETNURBMA ZMNRER
BTG, SRREESHE. Bk, REET -BHE, FREHREEEBER
BAREREBE APL. BI\AAZTEXRREBRRAB ST 2R ERmAMIT T X
Sk ] D HIEM SR AR, AT —P R TEREERFEFRWLN
HEiE, (UMEETK TS FPREA IR ERPHENF R RRE .

HE, XAWEEEETE, AT T XL .

o MBEHABEHTEFIE, T APL ZZE X down # T, XHZEAL?

o WERFEFH T HREN AT

- BATMBRRERATR APL, A8 E. BARRMAI?

o E4ABRA{E APL 3R BAEE?

. ERAFEEHK COBOL (PLA, THIES) BF?

R ABEGEFRIANEXHHENSAFENER. B, RAEEH
EREE R, # AR APLESTRAMRE, BARTER
Fith Ane 2 BEFT AT AR

AT HB BANEWRH ARSI, B - BEEFERAF RN ERE
F, FATRENLERE L FfEBESEOER. EESRELPE—
AR, EAMRIFE RS MR REE TR N E R — R, THARRSR
S B A ER AR D E .

Bk, T APL FATE#E APL BFE AR TR, MBBIREL: EXM
HEF APL AE4ER, B dE APL B AL TR T th B ¥ R AP M BT COBOL
B,

U BERER], Mupby'slaw, 28 T 20 HEMEE— M BEQHEE, HER AR R EA AR,
B oM. Win S ERTHTmaN BRG T REN—DER, SERIENNA D RBETE. —
EEH
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3% LFERLURH

AR, RBOEATLLE XA ME LRSS TR, mRSESGE R, B
BRESENEA LT A, DRE—-MESSHNERPEERSE B R,
BREXETAH.

FRHGEESHLETH, ENuUEERAZR®S, E2E5F L FERTHETR,
WIBET ESEFN TE, Bk in @y TR, @w R4 88 A%
EMTERIEESENRE, LRI EEANRT, RIOHAEE—FBEAR
BT, A MERERE, RHEAHE. RITRLENES %, FiE,
MBLAS CEFENKERZRT, TR THEHBECH TAMESFHTH
K18, k2, BALAEFRE 2R REFRBTN LA

WY BREERENE. |

KEFR I REE LI FIENASLIR . RIEEONERTEHRIFERSE,
SR TR SO Y AL BE AR A — D 30 . E AR EUX LA, XYL A8 TE
AFHFFHFE DR EHESE SRR, BAS X4, BEITIXA X
S5, BAERGMIESHFIRANG, JFABR RS &R S,

HUuEREELALRFRE L -ERPE, ZEEFRISHRRET. TF
IR ZR 50 fe v [EI AT JLANRR . AR TER Y B EN . ERXFE
SRR IR AT ARUL A R RE L E,

HEGE TR EHEE TN A CHNREERE. APL 2XHRIES; Lisp.
Basic #! Smalltalk t 2. 7 — SR A0 5 LA 5 HIF B4 B ITK £ Smalltalk
t, EEEBREARST, WEERANK.

Basic F2NH 5, HritANESERFIANSRIFRALS. RERER
Basic SCILERR AT B 2, WA T LIRE S T #E Basic £ WHTE LRI HTETH,
FIw) el LUK 2 5 3 Basic B M OCME, SR EFIAT 2 Mt RIE 2 ) 7.

Lisp fE 45— RE1, %A —FEr iR # S-expressions, IR I v
R N EEHD S-experession HYSEFl. PRATLAFESCHFF G LM S-expression, %M
ERIA R, R AT LLE TR S A ST LLEER X FRFRER, BEEF
HIRFRIE S-expression, MARIXEFRA. R, JLBEBLERRRELTS
S-expression & ¥ I, Lisp BFRABMEARE. RS AR R i
M gp, a8 & 20T R M E IR SR R I VO W% %S Lisp /P
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C++ILB X

HEIER L Lisp BIF R, BNIRNX SRR NS NG, f1E R
o R R I e B P M — MR R i i R AR B A Lisp IX—FE S | it A 184
LHERE L (HEBFA: (FAHE Lisp BRAE—4K F, BEOEERRSUER
B,

A HFR)F R Lisp LR A HARBEESOAEN L. EeiLmT
B, Z—ME&EFHREEX—R, mBRR-REERH, RS —#.

FRCHEFHEIERT.

BAMRT C++FNE N, WRIERTE WA Bz —%E: Mt4 CriF (18
5% B A0 A M4 TR IR S U A I 8E) 2 Bl40, Lisp. Basic FIEALE SH% %
WAF g HEVUREN I RIE AT RE, FITORER. A4 CH+A X
E

R ERRGEERRE: “EHDEARERESESFH T, LR
Fih) C++REEF XM, BERATHANCREZLMIE.” C++R—
PMHBES, HESHPE—FREFE. MBARAEE R T RRE SR
HBHETIB R ERSETIET CHER, TEETSRTRM. HE, XHee T C++
M FE EE MR BRI IR

—OHHBMETEC, BAEYH CHRTASHBXEME, BB Crl
P UL ZEART T BAT. C++RAN EMMEERGM R, SWAFEN LR
W SEAN BB A AT H T B 1 ST

Hab, BT C++ATLUEMFE T B EN R E T T —FPFREE, Bl
T RVFANIIER BT AET T RE R L WES . XIS/ AY o
M AE C++ 2R A LA /LR SR M R A e T, SRR RFTITH
A, N TRERE iR RS AEEEF—FRES

C++REZET M BB A I PialT. BEBAMITULEAES (HEFAH
EHE) CEENER TREHEZEEFAXEOH DB CKHY, HEANIEMH C—
B BRI RS

XL K 4 CH+EFEE AT AN AN B TR EPEITR 4,

KRR A4 D & A ) AT RS A B A N R AT CH+EEF

Xt RNt BEFER C B ARGIETR H EFE RS TER Crr, THX
HESHAEAN.

| REEERET — bR, B R A R R T R R RER DT R SRR BN
FUL I T SRR R R R A T He R LN TR, — AT
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E3F =dAdEuRy

X R A2 T BRI F ol LUZEMA TR SR I T ARl e, B
[E] AR R B A AT AR A RFE T RSB EE AR B oH R Bz

BEE C++HRBFT, MRBEMATEMEZR CH+IFETRANIHE, &
B— H2 W — P ERHEN C++ 305, R4 KFIFRAE APL 31 b —FE. R, C++
EESLMOEAKLETERES, 18 Cr+aiFE iR 2 mka
AH]

CH+REAERASHIEP RBIL A RRN, 2EFERERADTR.




ENT)




FRAEREAFPRENEARFSEARN RN F AECFARERHL
—ME R B EN . EFAEBIMICERB R, MNHEXE

iR “EW, KBAFRIE!T

BE—HF2 OCP, ERERE, KNBREREREARRNNTSHENREN
X LAEZMREERAIZ L &N, ERRBERAAN—AHEELEA AN
X BEARREENERS, HAE-FHBR, EATERFAEREREZRAEW
HREPEF, XEHMEERAAZEER

C++37 OCP EEM—HE A, ABBXHES BRHERRNNTHE,
LERFEEERE, Fit, XEEFHLATEFETRERAARM (TR ) 1
AEAAB RS, Co+UERBEFRARFENHRABLEANZ "AUN", BHit
TN ERE L RTRENSHENRYARN TR, RARMHENEENT
o, ERAY C+EHDTHENRBRBAREERALE, TNt C++BFREN
ZHBHEE, R ERFBIIEREENRIEHRERLENRSI HRHEERHK
B, AR EEFHNSSNE. WETRE SSENRFORBELITRIMAEN.

EKAMERANE X TRERATE. FHRAMEZNEBNENARETHEEN, X
—EEEMENT X008, L, B —TRRENTRARBEMEHNRE
BEEZAFOQEXNBRE—RERBSHENEARENNIRE. MRF AL
AFESERER, YRNEEE. EHHGEMRTER, IXEMRABNAXRRFE
ETR A ERERT, MXFGRENMNSERTR—ERT,

B, AR EEA RSN R EE, 5 CEE RS RIURAR
HETMXAFERE, IHHLEBECARERNOHABERABLR, EEMT]e

Z: FHAEXREETRER (OOP ) BHATEHNEXFAHE. FANDIE
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C+4+3 A

MEENFEE—XITE—TRBETKMARRBIERNTIE, C++RAT—HMES
RETTE, RREX - MEREIGTERBE N MEER.

B BEE MMM handle ) 2, RN TFZELHERSRUEERIMRA
AMERARERNER, TR -XBONR S-S ERWSERRALRN
ERE AN RBBER, FrRl, ARTRUELENZREALENTRIVEREE,
Bl i R A R AE ST R X T B IR, & 5 ENXMELNAMEETT IR
B, FEN—TENARREEIREALENEFRNMARTER. £ 6 HEWR
FREARINLL T #k . 8 7 BRI —HEALFHOTMER, XMRAESITER
R OE B EREEGENR,

BTRNIEABTRTT AR 6 EPRINABEARMGIT . 8 MEFRX
THRBOERAN, BRRERREERS, FORGUT —IEEROHT, 7
RAEGHARMUBRR, E5ES 10 BEPEXAKXFNVREBR B FRIEE,
AEHARELT, Rk B ARTRMERTNERRATREN ARIRES, EY
MAREECHEF. BilEAaR, BATNES2RNEFEENRMET, A0,
BALET AR T —MR b AR ORES .

EFEBRETHRAGAZE, IMA Cr+BIBFANMREREER, &
MBS E 4 EPITIENXA T RENRTRTBX—RARF. A5, Fd
— e RANSE TR, BOBESE 1 EPRERRBTEBRER A TECRIER,
FiRE N AR H TN,
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;’”:_;ﬂ
=

RITENBRER

MAE KT R — AR, REMRENEX A TRLTREE: &
BEATE U AN R RS TR BA R B, 2K T RSN,
S LRI SRRSO, BR%EEA D, UF—R/
T S skt WIELH T I AT AT ST NG S, B BINF 3R
SR, PRSI I T, AR, RIS,
O£ i BRI | |

BEREARESEE. ©NARRREEETRLGROTN, A
RS, MRRLE F RS RN E RS ERTEL, FIAR TSR
SRR MR AR, R FET R KR E R A ) — AP
R AR AR, SRR TR REA T, FRAGTHENBER
B F AR BEE, TR BREE.

FREATE-MEENE? WREERE R, TUERBEIE—%.
HRAN R, CIMEHRECINED, FURESmERY. B, BRI
ETRDMATEE R E 2%, CEEHEE SRRk L
A

MR R ERE N2 ER A ARSI R AT R 4%, Bh%
it BT AR R R Pl BETE--AERTERRRNE

template<class T» class Vector {
public:

int length; SIAEEEAR BRPMEITAAREE
A
Y
BRI EEEEWRENE— I RATE, BodihE e RERE
B AR R AT A R MR E R SRR B, BEARE INESERN
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C++EE

AEM AR RSEGRIXMER. A—FH, NRKEERRPERXESIA.
terplate«class T= clagss Vector {
public:

int length{: const; PR T ¥ 4:0k8;
Pl

s
R4 B 3E R 8 B3 length, B2 Vector A LHHKE.

i, FRREMALTER, FEELFEERDR PN IRESRESMH LS
AHiE . 2 Vector FIEE —MRAPHABF RSB KEREE! RN L
length AT LLZ—" const int, {RJEWR Vecior MR BEEFTERLZRKE, #A
BRIXEEMR T . FRATTAT LA ) ok PR VR P HEAT U ) -

template<class T> class Vector {

public:

const int& length;: BN EBEEE length HE
/{8 true_length b
L N

}i

pr.vate:
int true length;

bi
KRR ST Ul LA E UL R AS, R PR — T 2hEEH R BB length R

HfE 3 Vector BT 2 A8 L VPR 438 Vector HHCE, KB HE—T A3
YR R 5 R R A T A . R ) Vector BME—FF, MEKEXE I HREE
AR ER AT, WEKEE—MHA HERNENES, MAHED TR
PR R I B, BB, R A IR R RS G, SR T B TEREIKH Vector
TR fTA RN R AR E N ERE. MR ERRARE, HFR
Ge 1o U PR R Ok dS Vector BUACEE, IXRELURH P BB, RITELOA
RLER .,

AT AR RTINS W s E R R . i, REH
B R BN R, ENRZFE LR set_length A1 get_length HATFEE?
SETHINZE ARG length, FUETEBEARAHHSEREHG? £
K R R BN KR T void BE—AMES? WRERE—AME, NIZRRERET—T




#4858 FTEHHER

{3 2RI EFE? HEMZREENTEARPRE, BB 7 AEEEK
ETERINT AP, —BUREE, HFRCERRERKRRE.

FHERE— M ASHMERRG? MR- MEOLH THIERE, iR
75 B2 el LA 6 B ARG 4R 1), MR R 'S — 1 TE S I R
—wm:

class Polnt |

public:

Point{int F, int gi: ={p), ¥wig) { 1
J o

private:
int x, v;

b
R, BAESLT - ME—AHERHNK. BIEXAEE AR ESRI
ks, ENTFEAETEEIEER:

pPoint p; /R EH TN
R 5 B B R A & po AR, P BRIE AR T Wt R, (B
BEEEAN. WAMEER, WE—AAFE-ERESRE, Wl Point
He— A, WA AL RS R AR AR
Point pal100]; /IR

BRI SR PRI K B S I, R RETA R IR, R EER Y
IEAE LR BB,

2R A R N ATA L T A MR R R Y Hi o B A A P A
%ﬁﬁl%ﬁﬁ%ﬁﬁﬁ%oﬁ%%%ﬁm%%%ﬁﬁﬁﬁﬁﬁﬁ%u@%f%
A KR AR £ 2 BT R BOR R R R A H E AME. INRAER IS
HHFEX—, RIRATREREURIR.

%%.EW%&&%%E%I%%oﬁM,%%ﬁ—ﬁﬁﬁﬂﬁsEMEE
EWWH%@ET—ﬁWﬁimjﬁﬁﬁuﬁﬁﬁ,Eﬁ%ﬁﬁ%$%%§%%
FekgE, RARAVRSEEIRETEE.

%%iﬁﬁﬁﬁ%?$%Wﬁﬁﬂ%%ﬁ%%ﬁ%§ﬁm%ﬁo%m,ﬁﬁ
Eﬁ%%%ﬁ%ﬁﬁmﬁ&ﬂ%ﬁ%%ﬁm%ﬁuW%ﬁﬁ%ﬁ—¢%%ﬁﬁﬁ
ﬁ,ﬂéﬁ%%@%ﬁﬁ%%ﬁ%@ﬂﬁ+ﬁ%ﬁT¢Eﬁﬁ—ﬁﬁ%%ﬁﬁm
Tﬁﬁ,WE&%%R%%mﬁﬁﬁﬁﬁﬂﬁﬂ,EﬁE%Toﬁ%%%%Wﬁ

| L T



CH++iLE XK

RMERET new RIEAMK, BHEETHRIET I LHEH delete RIET,
BT E M HiEE.

AFBR—TEFTHERND? FEXTESTHRBERRAL T EWENNN

PIEERERN. SR, ARASRAFERNRETTEENHREN. MR

RESKEAREL T A HH. B2, FEE—T, RS T B B3, i AM

BRET —1KD, B4 B AMBE-EFTHRE? REH TSN EIFH

] D KBS B BHREEHRAT delete FIAIN, FETES B InL—MEFTHRE.
Bl B #I D B RAY, XtRFEN—AF .

struct B {
String s;

T

gstruct D: B {

String t;

i

int maint)

{
B* bp = new D; /X BEARE, BE..
delete bp; (/BRE B A -AENWAR

74 TR R 4 R B T A R 4

}
XE, HME B RCHERY, SR LERRRERER, W B FTEFW
@ﬁl EE‘Q\ delete %Hj%'

struct B {
String s;
virtual -B({) { }

i :

FE Ky 4 R HOH B 2 55

FHEREFHEERRG? RENBEEEHL ‘A7 EANBRERERE
“R7, REETEHVEEHWNERET ALY TESREFEARAMELNR. WR
HAMY, RFEETER.

BRI G R A IR E, NeTRedE B E BlHERECk
EEEE, BAAERE (BT TREERESN 12E R R R R EoREE
W EE SRR ER, SRR REHEE—ARGER%. — M RENE
% String:

¢lass String {
public:
String () ;
String (const char* s);

/7 B B B o ¥
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Fa¥ RuHAaHER

private:
char *data;

Yi
BEALREETRME L BNEERHEHEMHEER, B ERHEE
AR AR R T PO R R A SR I AN S LA I T RARRIN, Bl
TEA-BANERERE. BHME BH Suing WERSUERIER data
AR e A X BRIl AR data AR IR RSFHAT: 3
XHEAN BB, MR RBRRRIK.

QIR AAEF P ESE E B B, RS R A e (RTEEE AR TE
) ARHL: |

class Thing {
puhlic:
Hoo..

private:
Thing {const Thing&l;
Thing& operator={cconst Thing&);

¥

IR AN B R AL FiX e R R, M LEEUERMEYT. BRALETX
=1, HABRANSEAET: RAg. PR,

HHATE— NREREFE? NRFEEFHELR, RBEZFEETHE
—AEREST. MRETERAESRBEETHNR, HEREREFRT L.

# X {IRE fi X operator=2RE Y. B, operator=Ri%EE— X&, FH
H

return *this;
SR DMRIE S B SR AR — B

R AR e ERie S M SR A ARG ? BRI F iR
ME, METALE—& Cr+ B EHeT. RELZAFERN BT RNIBE.
IR E A SR BT R ER 4, MRNXET “CERUHE BEH” Hirs
AR HS AR T RETE SR SO B 2 TR R R IR T . il FE% 2 Swing:

c_ase String {

public:
Strings& operator={const String& s);

/¢ BT ] B ot BE B
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C++il A&

private:
char* data;

}i
HIVRE 5 A VKRR
/AR RAET E A

SLrings
{

}

String::operator=[(const String& s}

delete '] cata;
data = new char[strlenis.datal+1];

streopy {data, s.data);
return *this;

—AHBHHE—A Suing M REWBLEER, XPHERESPRER. BA s
*this HH F BN . BEAIX R R Akt 2 B U hin e Fpy .
/LB ERFTE 1

Stringé
i

}

String::operator=(const String& s}

if {&s != this) {
delete [] data;
data = new char[strien{s.datal+1];
stropy {data, s.data);

}

return *this;

B AT AR RS A B SRR R, HEREBFREHREK:
//FBE SR E 2

Stringk
{

cttring::operator=(congt String& s}

char* newdata = new char(strien{s.data)+1];
streopy (newdata, =.data)l;

delete ] data;

data = newdata;

return *this;

th'ﬁ?é%%if{;@ﬁﬁ‘f’ﬁﬁﬂ?}? T CH+30 FFBUR, B LUE RLE B BB F 6
@.ﬁﬁ%ﬂ%]’o RECREM T R TR R, SNBSS EEX.
AREEHTTIFASTRHTELNNRE. BEERSREEA NN MR
?ﬁ’ﬁ% EEEEEASAFHAN - AMEREATEEDFA—MENEES.
ik, WERGEEE F R ERSERE, 43R0 operator==H operator!=7
MEE AR A AT, B, RREBNEE EMEFRR, R RS ERH
S FHERBER. WERAAEASHBEAXRRER, HAERREIEXR
WA, NEEIAAEANERNERES, FRUARFRRTRER.
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Fak XPuFhbEx

ER BB {RICIET A delete[jia? [ X MTFRAEEZFUELE, 2EY
CHREARIFES C FEMMFEMNERE. C BFRIFBAAEMNNS KB4
Al malloc 5YEEATF, RFIERFS CH+EE. 2F, IHFE CH+RER®EH
delete KB PELEATF. CHEREAESHIE C RER malloc K%L, ELWHA
FIUH Bk X malloc BRI new, AR RBEFH . B, Cr+EEREE
AR A —EEREREARK . BF malloc BEEEFERIFENMMIE L, CrlE
WEEERIE AT BRI IR NME. Bk, FA—MIhT R, C+E
KA P EMEERRAORARHE. WHRE, ELMETESRES xR
FRKEE, BySHAMFERATTERN. EMERNFHEzME.

VS £ C+ 3B A4+ 0 S REER I TR s B0 A BRI 8, 7E
TR AT 25 B A B Y A AT pe DR B —FP B AR > R

RS EHIAE B R IR R RS HE R h ik const TIE? HLERLS
() CH+EFEIEE X B SHGE REVAZA XoX(X&). EMEEENERN:
B FI o B TR AR XX (const X&)IXHE, HREHMNBETSHERGR! K
R b, FAF2E—F const 5| B —MEREIN REIFER, ER X:XX&)TE
FE RIS SRS AT R SHTMRRRIEARN G R,

R EEdEH F®AA: & H X:operator=(const X&), 1 &
X:operator=(X&).

R EES S| HE%, TiRi% 2 const 3| AMG? RH YMEERESLN,
A Ri%A AF const FHARITI HB ¥, FRLL #lm, TREH

Complex operatr+{Complexé x, Complexik y);

T i% & A

Complex operator+(const Complex& X, const Complex& v});

AR PN A Complex SYEKAEEAIMME! EM, AT x4y PRE
&, Agedise— 3k const 3HEIA S, FUELT x+y+z BFERREBRAH
BT .
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C++EFE

ICHRIA St A AR AL 51 ER A const RITIE? MNRBBE — M RARRAHEY
BRI E, HATLAABEN const, XHBMIETHT const WET . BT, MERK
{1 I4% A0 B 1 b AR AR R T H R 4K

template<class T> class Vector |

public:
int length(:; / BEEE (84E)
int length(:nt}; /BEKE, EERN-—1
iho..

};
B, T B 5 7 A o A 128 P o M R AR 7 B A const:

template<class T»> class Vector |

pubklic:
int length{) const; /¢ BEIKE (F#)
int lengthi{int}); /0 RBKE, EEW—4
P B

T
BN, AT EB)FEALT R o R
/* WEnfovHEEFHANH-A *;
template<class T=
int padded_lengthi{const Vector<T>& v, int n)

{
int k = v.length(); /foops!
return k>n7? k: n;

}
kR length FY 7S B o BB T 80 BT B const, FARAET oops! FIATH A
¥, [EX v & const 31 H.

EAMEFEERLSIEARBEE: C+ATA4TAAHERFRESERF? X
BRERATEMAEE, FRRRTERIEMEN T,

SR FTEHATH THH, A EX REEREE T WK, iE
EEMHRETADMFEEEE #. AR RERAatod, ERRGRER.
) fH A T AT S, HLBRME SUX B BRI R BTLL ERFPRITAT
BRAEBRERKITRE “W FREEE” MT, ABRERBATHA. S8,
AR AL R TR AR XA A B, (BRI R SnEis ey .

XA EHE RS T HEE S MR, Fln, B ErRaRb L
mMAFE. WERXAEBA, MHBHE HrD BR¥E, DX FHRSRY

amcinn




Fa4® Kp-tdnugEd

. #AEMNRAEEsE T BITAERSEE Cw “FURH MR B
FIES: XHREEEE -ESMEERMRT.

AR TR EREUM AN ERENZF - ETERE. TaBRE
BB EETHIRE. Aot A FERHE ST 4 X B ek 8. R
EXATE, BrnfBHires. SHEERAE, dAu—Fiwe LB
Ei] g8

BEZ, C++HERTHREEREENEFR. A CH+SFRABMEY T
Birk BERERS.

| o, rrr—poomp—
RNraRPPRPR B



L e et
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7
5
=

BATEREA G- Cr+ B 8%, FERERAE FHE A W] {5 A7 < 8%
RIE? AREAYRBESMERMNR, LA ERRTEENRES. 17
fER AT 2 RIRE, EAREMARAHERARFIRE, E2EHNTA
FAECERS .

IXB, WA TR, HidE LA KRB (surrogate) BN R AR HRZ R
5., ABEBETREMEARENNEESHEE, HEATPBEMRERXEHSTE
— AR &M, F MRt BT BB RAIAEEE, surogate & handle K
iR —F. BEETEELTENEREM EHTT R,

5.1 S

BRAH RS RIPENZE T RARRER R
class Vehicle {
public:
virtual decuble weight{) const = 0;
virtual veoid start() = 0;
flo.
b

class RoadVehicle: public Vehicle { /* .. */ };
class AutoVehicle: public ReoadVehicle { /* . */ };
c.ase Aircraft: public Vehicle { /* .. */ };

class Helicopter: public Adircraft { /* . */ 13

Fi A Vehicle ## —$:2& Vehicle S gk 7 B W1 UL H R (B2, B Vehicle
HA—E H Al Vehicle BT SA BB, #iin, R Aircraft 8278, #R4 Helicopter
Beft e -
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C++iL B %

TR RN ZREALE — RPN FMIEN Vehicle, £, EATTEES
FERREMAERLE AT, ATERBER, ROEFARARSEI. XA,
it —ik

Vehicle parking lot [1000];

BAEF=AMPEBTE, AfTA?

Fi FER T Vehicle B—MhFEL, FHE AR weight 1 stant FE
HREH. Eidfr AT G0, ATHSEA T XEREATLITEREN. Hik, R
H M Vehicle JEE HREIEA e LBk, 2 Vehicle KRG AREMHE. B
Vehicle M EATE, JREHATHREHNZEHAT .

HBOWERAFTBRERNER. WRBEAEE—T, HEFESR Vehicle
RO B2 M AR S, BRSSE NS B, BI85 T K Vehicle
PRE AR R, MEBRNFEVUTTEAER, SEHALERE?

dutomobile x = /% L */
Parking_ leot [num_vehicles++] = x;

Moz B 4 x WREY parking lot [A7CE, &40 x FH#—A vehicle X%, [
A2 2 5 B4 7F Vehicle ZEr i34 B R L IR E B RS RX M E IR TS
5 %% parking_lot £ H %

ix#E, T )5k JLEE X parking _lot /& Vehicles W& &, T AR BT F4k7 B Vehicle
RIR R KRS .

52 BHBRRHAIE

XFERM T, LR SR WAGE R~ E3%E (indirection). BtE
K& B SRR R E IR, AR EAS:
vehicle* parking_lot[1200]; /7 AR

RIiG, WAL
Automobile x = /% .. ¥/,
Farking_lot |num_wvehiclas++1 = &X;

(i a). R ARG TIAVIR R, (B AR TR M ET R RE.
B, A4 parking lot TATRETR R x KHESE, TEABIRR TREE
&, i, —BAERx®A T, paking lot RAFERMAAKAT .




BS5E REX

BA T AR A3l —T, T parkint_lot FHME, DR H 5T F 684
MR As E EATHR AR IEs . BiE, TUXA—14E, SRAIRNER
parkint_lot Bf, RBHILA IR SRS, Bk, of SUESERS -

Automobile x = /* L ¥/
Parking_lot[num_vehicles++]l = new Autcmobile(x);

KRR AT U AR rEfRm A S 1464, BRsRTIEATFER
F 730, A4, BEBBA1E0E E 2 pakint_tot PRI RARBLRRE, X
FrfriE A gel R, WMEARE L AER? i, BEIAARLL parkint_lot{p]E
6] — 532 Vehicle, XM Vehicle fJZEBRYIFIMH T & parkint_lot{q] &A1 B4 8AH
FL, ERSEER? BITT e HEERER)
if (p 1= q) |
alete parking_ lotlpl;
arkng_lot[p] = parking.lotigl;

}
Bl T3k parkint_lot[p)F0 parkint lot[q)¥§3eE [ fH IR B B2 AT A BEAE
FXFERTE A
iZ (p '= g |
delete parking_lotipl;
arking_lot[p] = new Vehicle(parking_lotigl):

)
B iR L &R AR TR 2 & ¥ Vehicle HRNA%, BIEH, &
TRBATEER!

53 SRR

IERAAE A IERE SIGEN R BR AN R FAEE, CPLER
BB HEENTERETHERR. XHREH A EMNE LNEFRE
copy, clone AT LL, RuIR#H m LMk,

P F R AT ABRE W B T 135 §4 Vehicle, BT UARAKIT Vehicle 80—

GBI AR A %
class Vehlcle !
public:
virtual double weight {) const = 0;
virtual wvoid start{} = 0;
virrual Vehicle* copy() const = 0;
LA




C++ilE %

BTX, fE8EMUREDB Vehicle FZETR M — A7 B copy. HRE
e, MR vp BRI AT Vehicle AT EREFZR, W vp>copyORFK
B— AR EREHR RS RN EIA. S, R Truck #4748 (H
i E a2 Vehicle. W'ER) copy ERBEEAL T

vehicle* Truck::copy{) const

{

return new Truck{*this):

}
MAR, HES—ANRE, BEBERENS. BERIX—, RO iRds
Vehicle & — ™ B HT# B 5L

class Vehicle {

public:
virtral double weight{) conat = 0;
virtval void start{} = 0;
virtual Vehicle* copy{) const = Q;
virtual ~Vehicle() ( 1}
LT

i

54 ENHER

BIICZER TRIEZEEHN SN E. BE, REENEIE. ARH
— Ty B R B B M A A TE 4R, AR RIS Vehicie TEIBTT R4
K e hiE?

WA MEGLREEERBRF TS, RECHTRBRELN. RBE
3% — A SR SEA N CHEnt BN, ZER IR S AT A2tz XA se vt )R I,
PR Y —ANT AT Vehicle B, T X HZEM R T A 4K S Vehicle 28
RURT BB 4R TG . BAVEX PPN & A AL (surrogate ).

£/ Vehicle fEIBERFR A LEN KR 3 Vehicle KRR, REZAE KL X
At BHEMEEEE. B, ERAEESEHHEYRANR, WEAE
B (2 R IAN . MEENR. | FENR, BA17ER Vehicle F o2
BT BRY copy KEAIXLEHITH. Rl RATLITHE XA SMRET

'Duﬁmmﬁw.ﬂﬁﬁﬂﬁi%ﬁﬂﬁﬁ%mﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ-ﬁhﬁﬁﬁﬂﬁ&?&ﬂ%ﬁﬁ&iﬁ
FREHI AT B AIAREL
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Fi¥E AFE

class VehicelSurrogate |

public:
VehicleSurrogate(l;
VehicleSurrogate{const Vehicles):
~YehicleSurrogate()
VehicleSurrogate (const VehicleSurrogatek}:
VehicleSurrogate& operator={(const VehicleSurrogatek);
Private:

Vehizle* wvp:

Y

iR AR IBEFH — L const Vehicle& S ¥ A& R KL, XFER A LR 407K
[ Vehicle FI2EAI0 R A1 2E T . Frf, REREE —MRERERE, LR
II1gEE A1 5 VehicleSurrogate HF 44 .

RTT, SREMERKRARIIERT WE: MR Vehicle R MHBRER, K
NI i EHE VebicleSurrogate FHEIRME? THFIFR AN RMERET 4?7
ATTHER: Vehicle, BIAHRAFEA Vehicle X .

HTEI—AEFHTE RMNEBEIIAGTAHEUTZRINSEKE (empty
surrogate) NS, AERSEIEE. BYSUMEBIXHE AL, HEBATHMREHRN
poRiik:= P

FAF AL, FEEELMLMKEET, SREBRNGENRAZ NS MR

mRE

VehicleSurrogata: :VehicleSurrogate(): vp{l0) { }

VYeniclesurrogate:: VehicleSurrogate{const vehicle& vz
vplv.copy{})) { }

VehicleSurrogata:: -VehicleSurrogate()

{
delete vp;

1

VehicleSurrogate: :VehicleSurrogate
{const VehicleSurrogate& v):
vpliv.vp? v.vp-»copy(i: C} ()

vehicleBurrogatek
vehicleSurrogate: :operators=(const VehicleSurrogate& V)
i
1f (this != &V} {
de’ete vp;
vp = {(v.vp ? v.vp->copy () : U);
}
raturn *this;
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C++iL B

XEA 3 AESEARITER.

B, ERTRA copy KIRAHR — ™ RBUAA. ARk ERm,
B R, B 42 Vehicle FIX S AT BME R TE AR REBEW — const Vehicle&
SROEHHAERET, CHHETH veopy WHEBE —YERIAR, BAv 22—
eI A AR— P EEN R

HW, EEXTHEAMRERINBERERTR vvp IEZRRI. X000
KT, FREAR vvp->copy BT S .

B, EENRARFASTHRN, fHARTHEAERESERS.

TEHFTHLERRSEREEFE Vehicle FrEdipmBRET. &
RTAIIBI T, 5 weight 7 start, FTRAZIEEATIAZ)Z VehicleSurrogate 5

class VehicelSurrogate [

puzlic:
VehicleSurrogate(; ;
YvehicleSurrogate(const Vehicles);
~VehicleSurrogate () ;
VehirclefSurrogate{const VehicleSurrogatek):
vehirleSurrogate& eoperator=(const VehicleSurrogateé&);
/7 RH#% vehicle B
double weicht{) const;
void start ()
L -

Frivate:
Vehicle* wvp;

b

TRIE A E E AR BB RAVX BRI R AR VehicleSurrogate
RS, BATHE QZENN SR, HR, RS LIAAIER Vehicle X % Y
R, BTN ZRERE vp A NE:

double VehicleSurrogate: :welght (} const

{

if (vp == 0}
throw *empty VehicleSurrogate.weight({)";

return vp-=weight{)};
i

wveld VehicleSurrogate:sstart(}
i
Lf vp == 0)
throw ~empty VehicleSurrogate.start{)";
vp-»start (] ;
}
—BRNERT FEXETE, RBEESELBINEE (paking_lot)

T:
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EsE® KEX

VehicleSurrogate parking_lot [1000];
Zutomobile x;

Parking_lot [num_vehicles++] = x;
BE—&EAENT
parking lot [num_wvehicles++] = VehicleSurrogateix);

RAEREE T — MR THE x FI8A, 34 VehicleSurrogate X R I E 2%
B, RGBXANHEEMALS parking_lot 11— P EE. UEFH parking_lot ¥
ME, FAXER AT,

5.5 7S

B RMARRLA, EMARNZELERNRE: ZHRF2ERmEARRE
[ BN R — R . R AN Cr+ER, HZERETHE, WANATLIFE
N FERUX AN L. X AR, RAHR - EMAEENE, R
MG R E A —DINR, RO URL T — M RBHAZ KT TR
(x5, BEEESTHAESZAIARMRASHTR, R T RIIERZ.
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AR B0

55 BEAAT M EAERNE, ZIMREBULRIE P ESPFRIEA
FEME XIS . ZRFETEISIMNREE MU, HFEBNIRFR
EREHD. MRS EHMNENYR. SHEREHAE—FF.

AR, WRAEREXEEE ZEAME? AEREEF—EE WM AW
(handle) #I2E, BARFARSARMEIT ARV, da] U RBETT A LR :
. j

6.1 [A}RR

WP RL K, BT HIHTRREEIFEMN. FHREMERHEA,
THERHEFERR., BETRSMNEAE -FARESEEHNREE, i
. BHE TR HARNRIREN e fril DY RN, ERIRKH L HA R
Fruesrim P A SRR A, BRERATNTE. EFARENN RAXEMLT
W R A i R BE, WS BT, ROTTELT SR
FEF, EXAFED, BOESAENRAERMNEL, BRFIFEN RS S
P2 o E B R E IR R R R .

F—FH, BE B TSEARERSEEEH A fdn, il CHR%
LIRS B HuEE T B . SR AR SO LUE S e T AL, BELAEN0
f, 2Hfl, EREEEREHFRLAES.

IRE, AT AR A A ettt R B BB, bk, fatr (BETIHD HTF Ct
HERMRREY S LB, BRXEENWE, RMORLAFFLEBRGERZH
B, MARESHEAE. ME. FRANSEH EEREANRERA.
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CHﬁn E‘i

AR RIRH BAER SR, HREEEEHARENINETLIG, 23X
B C+ KR, FURIIEAERIRET SO S Bl M w2 B B9 3

void £(3

{
int* p; /A AT
int* g = p; * E3 € 1

¥

FIEHFSHP, BENEVEGLEERESMMERNIRE, FElE
FREIEN THREFEYRARNENE L. Bk, 8§l p &SFHEMME.

Ry, Libfr, REGLAMESERE IR, KOS EEET AN
EMEEX IS . AUREMBRA KR, AefEMIRIER iR FES. B
HXAEE AT R R XAT R, MRS, & 54RO U
e Rl RESE, P, MBEZERA, KTREREE —TERZTEN
fedt, UETERELHEERHENHET .

EE—FEE, ERMNER GRS CnEZ Tt KE RS HRETE
et s, REERBERSFLEENITRT8EERNRNMAY . C++il
MRk R E N — M ENAE. BT IR RE F S F A TR
e b, FTLUR I E B handle 3 (handle classe). FEAXE handle
g4 A S, BT BAAATE RE I & 1B RETE 8t (smart pointer). #R1T. handle
YW ffett AR A K, R R AE R AT R O T A R AR R

GAST, BISFE—AMHEEN. EREFSBHORE. BT
2, WINEER — AU FARE SR, BRIOEE B RN KR
SIS E RS S R R E B E L.

6.2 —AHERMR

HTHERMNMIHAT Bk, DABARBEINZLE, KERENXEN
BREN IR, ATHERESAFE BN RATEAEERE. AR TRAE
LA H R NEL AE - HERENETBAE—FR, AR THE.
wH R RAIFEEANRAR G —ERERRARE, FURMNEE—TEEAT
HHHIR
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FoH AF E—-#n

XEERMRHRZRMAV? IEREAHBAMSENE LEARBIE. B
BEHOh Point 28, ' BRIRAAE TSI, THRMEER G —4.

class Point f
public:

point(): xval{(0}, yvali(C) { }

Point (int =, int vi: xval(x), wvvaliy) { }

int x{) const { return xval; }

int y{) conat { return yval; 1}

Points x{int =v) { xval = xv; return *this; }

Point& yiint wv) { wyval = yv; return *this; }

Erivate;
int xval, yval;

bi

H-AESRYHMERY, ATAREAHERLFRGEATORE T
Point. XEMEEN, B TEQE— Point HIBARY. RITTHERRXH
TGRS SEOMERY, AR B R 5

point (int x = 0, int v = 0}): xvalix), yvaliy) { }

M, TR Z U A28 (BB EHE HZ) RIGiE—1 Point,
TIIX FEE L) LLE B R 2R

BN, AR SR R AR E B R s R R AN A
PREEAT, Ek, R BHE LT B R R R B IR .

Lk RATEE A I FIEIRIK Point HEMTENRR. RAIIEEL
EEIT AR S T E— AT R EROARE S O R AR ER TR
Hrhsk, XA TFLHBIERTERT x My RASE, SFKRHE WRpRE—

- AEE W

int x = p.x(};

# p B x AARE BB x F, T

p.x{42});
Hop ) x ABRRYEN 42, IXBeLs LA B EA1K RIS A, Bl
pX(42).y(2AV K E p W x A543 42, BH p M)y b8 24, BRBARTEN
HeE W AR — T B SR,

1RWEEEE.WE%H#ﬁEM%ﬂAEﬁﬁﬁiﬁ,ﬂuﬁﬁ¢%ﬁCWMﬁ(Eﬁﬁ),$ﬂEﬂﬁﬂ
EEHERR.
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6.3 SN
M Point ¥ 2 3451k handle F7iZ52 Lt 24F %2
Point p;
Handle hi(p); JIEREE LAY

HEaE, BOTRAE L BABEaE ) BERIEENEZp £, HE
HNELRINRSEEXEASKRERN. HEETHNR p RERLTH AR
2 FH. —HBEPME p, handle X2ERE? B4R, BBk p FMNi&E handle 1
%, {88 handle T A 62403 p $EMIER TIR? FIFE, ROZFRHENER handle [5?
R, WmEp 2N RAEE, B4 p RS WMBRE : handle & ITH—K,
p B HEMER —KR. MR

Handle hip);
¥ handle BIIEGEDR THE p £, MZRNH handle B 4TS5 p A FHEREEE
3. MEXEEMETTN, BaRNESameERBHEEsHE, TRENLE
flE—4 i,

handle 1% “E3%1” EHHEROF R, FEIXFLTRAERRZB LR,
{3k B handle BEZ AR St . B, sRATRATRERIERE: TBRIEAC
(¥ Point % 23 HUETRE -~/ handle 34T E #, B 7T LUEE A T8I Point M
B 545 XA handle , B AT TEE AV IX PR ik, BT LAABAL handle 28 I3 B 270 Point
FkE g . REZ, RIVEH

Hanadle hO(123, 456};

Sk ) B 40 5F B R AR BR R 123 R 456 K) Point /7 handle, TIH]

Handle hip};
fE—A p FBIZ<, FH45 handle #7E Bz A, JXFF, handle AT LA k% B2
FERE, MR E, handle iR —FHEEFRNHRIIFE.

64 KIS

BRI —4- 4 7 Point %1% () Handle, B 24404 2 V7 [F)iX 1 Point JE?
35 5/ handle TEAT N _F AL — ¥4, WIATLLER] operator->¥F Handle HIFTH
PR 5 3 5 A8 R 1) Point #1E BT
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Re¥ A8 F—-8y

class Handle {
pablic:
Point* operator->{);

LT
}:

Hix AR TEER LR EAE T— A X078 20 handle R
Yedt SE ML T . SBFTE N Point BRAEELE T operator>$5 R T, WA BT
Ak F e, W REERSE BB,

Fihn, ATEBRIIFE handle BEEE 3T R FIEIARA ST 2 BRI, 1
B IFARAEFHIE ) P E A IR S sE bRk, RAEKRE RIS S B R T
RS ISR, ¥k — AEEN T EEE R T L. (B2 NRRA]
(11 handle 2575 operator->$&4F, R(7T LM THEHXFEERH operator->:

Point* addr = h.operator-=i(};

M FRBER Point X Z BIHLLE .
BiLL, R AREE A ST R E ok, B U S fE A operator->, T ELAR
B A Ho 2 FE E 3T handle 2837 FRUFLS Point B2 {E

6.5 [HIRAEH

MERNTET BT EBHARTE, TelFFHEIE 2K handle K7 . pif S
EEH operator->(), FLAAA handle 4L H oL x #ly #4E, BEAMERIEREHE
54 B it (WRUTSHLER, B4R Handle& (HRLBSHXIFAD. R
TIBAEAE—IMREHIERE, FHHE Point — AN RS R B —FE: A
T S A AR A S 4N Handle. FAE T x f y #B1FZJE, 1] S LUEA HY
Handle I KBEFE T

rlase Handle {
public:
Handle{);
Handle(int, int):
Handle (const Polnt&):;
Handle (const Handle*);
Handle& operators{cont llandle&);
~Handlef{)

int x() congt;
Handle& x{ink};
int vy () const:
Handle& y(int);

Private:

L S
T
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C++it B &

P T HEMAOFERRRE X private BB AL 2 R H, T M 77 187 7T L
LI AR

6.6 SIAHERNR

ZBUEFERAW, REZ —REATERASLENEREH,. LHLH,
B riFrL PMmEE R R ANE L, TREMEBZDFTIE—AUREISEEA
H¥, FARBEREHOWRTAEHNE. BOURTHEES DRI EER
—AH L REZSEARBEN ST MNMEN R, WEEEHSIHTE (use
count) RiEFXH K.

WK, XS AR . WREAT, BAE AR
DHARIEFR Y —EESESR - M RN EMATT IR E, mE RS RE
BRI ARSI SR . R, BARREIESIHEBAMEN 0, B
LR ERBNESDSFENN R, B, BITLARX—THTHEREN
—ABHIF— Point B, BATKZ A UPoint. XARAUER N T LM
Wirp, FURIHEEFRER AR EN private, I BBERINMOWESEH K
Too BATER—4 UPoint ST EM, HIIEHEHBEN 1, BAZHNEMEEKS
WO FEAEE—A Handle W&, ' MES—HH, RAOTHEEELIEIE Point H
A3 75 S UPoint 358, FrLLERAT3E Point H#AE B BCRRIT R

class UPcoint {
/1 FE R R BRAAS
friend class Handle;
Point p:
int w;

Upoint (3: u{l} { 1}
UPoint (int x, int v): Pi{x, v}, u{l) {1}
UPoint {(const Point& pl): pip0), ui{l} { }

}:
ke T X Mg ey &b, BeAi T8 BB Upoint 315 5 77 303 E UPoint
.
BLZE A LA F) Handle 28, #4k&RF2 R FTEIA AR -

rlass Handle {

public:
4 FULH —AE
Handlef{};
Handle{int, int;;
Handle {const Pointk);
Handle {const Handle&);

1m$Umw%mmﬂﬁEmmmmtﬁmmﬂﬁ—¢mMmHﬁﬁiﬂ.Mﬁﬁﬂﬁﬁﬁﬁ%Hm&Z?ﬁ
TikZ, BEULATLLEE, % UPcint MhibiS L E¥H Hndle N RERT. —BEE
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Handle& coperator={cont Handleg};
~Handle();

int x{) const:
Handle& x{int);
int y{) const;
Handle& v({int};

Private:
S Wiy
Upolnt * up;

};
FE AR REEH AR e — LS EN BB — UPoint:

Handle; ;Handle(): up{new UPoint] { }
Handle: :Handle{int =, int v!: upinew UPoint{x,v)} { }

Handle: :Handlefconst Point& p): upi{new UPoint{(p}]) { 1}
ViR R R RS T, R AT AR EEER T 0,
B UPoint 3%
Handle: :~Handle(}
{

if t--p-=u == 0)
delete up:

1

EE M RECLE R R EER, 08, RAR-A3I R, ogR s
% 41 Point :

Handle: :Handle(const Handle& h) : upth.up) { ++up->u; }

X B EEMAR LS CEE AR HIFEE 1, XA RE AR
HE A ERE M HHRR UPoint X 22

WHEE (PR e — 5, BCh EMAHIFTTE | K B S8Es, Brelt
A ZE QAR T Hi 1] ) UPoint ) BB L FHHHEOR 1. XAk p i T — B
FM B ARER ARG SR S — At 8. B, SISV 1 2
B, IX— RN A A E A ORE AR —4 UPoint 335 K R AEIER T .

h TR, RERAEREY RN WA RNRNSI BT
B, ARG EIBERA N RITE RS0 T

Handles Handle::operator={const Handle& h)
{
++h.up-=u;
f (--up-»u == 0)
delete up;
up = h.up;
return *this;
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C++ ﬁi%‘s?{

FERLER B R ) B B T 1

int Handle::x{] const { return up-=p.x{); 1
int Handle::y{) const { return up->p.y{); }

R, HEIREEA R ERLEE, FHEILZRERTRT. FEE, &
HpaE e, BRI AR T B EE LR TREHE X

6.7 Bt

MBI AES, #4148 Handle K84 A% “TLFEX Point M BT EH” 1Y
TER, TTeHRn AT A ROAEER P IEE AT AR, .

Handle hi{3, 41:

Handle h2 = h; // B # Handle
hZ2.x(5); : // B Point
Int n = h.x{); /i 3iEE 57

WA BANAEEN, WEXMTR, BOSE o BT 3, BEARRE
hEHIFT b2, BABNE 2 WASRAMIZEMhFET . W24, m68
% handle FIARIGH HRHESIH, BRES b B h2 REFFE IR L, &
T—PREEBT . PRI, ERRITLMELER.

0SSR A HEEHE S, M AGE AN B ) UPoint X%, IXFEKE B0
ARIHET:

Handles Handle::x{int x=0)

{ up->p.x(x0} ;

return *this;
}

Handle& Handle::y{int y0}
{
up->p.y (y0);
return *this;

}

WG, MBEEMEEN, HOARE RSB UPoint ¥ R ARE R #4T
(T ABK Handle Fi5|H . XEA%E, REEESIATRUAT. WRE1, Wik
Handle £M——Mi% UPcint S A0 AH, EMBH T, HLMEH UPoint
&, HE5I AT EER L




Fe& a¥: By

Handle& Handle::x{int =x0)
{
1f fup-»-u = 1) {
--up->u;
up = new UPoint up->p);
}
up-=p.-x{x0) ;
return *thisg;
}
Handle:y S5t E% Handle:x 2 /5B A1& R
if fup-=u !'= 1} {
——lp==1;
up = new UPoint (up-»p);

}
g fp 4 — AN UPoint MEMBRARKGER, XBOR THNNSHET—
private /% 5 A, LURIE&A R Handle 5+ %05 1. XA THERE KX MWA
(G Xiap LY
E— AR ETN copy on write (SR EHD. HRARAFHEEN LENA
HTEE, AFBRT ALENER, TESMTRHBRE—T ML EFRI)
aWimEED, E—HARE WAL

68 it

T B ERE T CRER AR, MR A XNEEEL. B
., ¢ SRS A i ABERHEENEXTERERTER. C M
FORTRAN F2FF R 25 F WS B F R . MAMATghE fId &, WX
STE R T A R, AN S TR X AR E, BB
AR K A BRTE S iR R N MRS R PR S — R DVEE
o
A B2 B 0830 L ST AT R 8 BRI Ty v, T AN 6 FE BRI AR
FS AR R S BB IR — AR R SR E R R T LA
B R, weAEy MgEHEER i A Bk, BaiEk, REH
AU MR RATER M. WERART, TRLAMRERRM: Ed
Sl R p AR A B L, BB RIRT SR TR I {Eix H R4
MR, REUE U, WERAELAR RS 2 WA . KRR A
EAMAFRAT




C+i X

EON AT AR X B ERIERLITE, FrUS R S5 KR m 286 R —Fi
Ty, FHXHRERFEILAGE: NRKEFFEEA, WKZARES
RS XS AR TR ERERE LY, B TRAERENEREE
g, MARES. WREEH, BOXWr=kWHIE, K1 5HERRHEE
ff) Point XIS FF, M EFHED k FHER Point R L. X—REREHEN
WPEAT, T Point MBREMETEATES. ERMT—TELHL. WER
EAE T Point P AMAMARE, Brilis —TRMRBE R D T HFF HE Point
MR, REHERFH Point HRLZ L.

HABR U ERAE (Fln x F y R EED ol BURZMIEY Ty k. Fw:

p.x(42];
MAT

p = Point (42, p.¥(}});

EMET, BERGHANERE. A, ERELES p AERE (& TH
AR LFEN R R BEE AR, R p FRERKR, NIXF A
LEH. RAAEFRMIRREH Point MFFERRA, KRBT —ITHE. &
o, R EXF TS THIE, BRFAFERARFEA U LW E Bl
Rontg b, A EREIERIIeR.

BRATCE NN T OWRAFERHAESE, #EHTHTE. —MEIERE
HSCB TEEN, B9 THENEX, & EARRTIES RTFE.

FIneE s 5 =h, BATWE T —Faia, 59 surogate), 522 R
ot g, —AMEARENRER LS Ty RARFRENS, AR
BB R TA, BHT 9 RWRATRNERSN Z R, WH, mRARHFA
AEMEERRERE, NFESTHE T ERARBASRE.

B — ] G577 RRBATM AL RN, RAOFFENRER BRI “Hrig”
iR, AT E ], SN S R TR E R R
F. BiEL, R h 2N EEENgRE 2R R LR, U

hi - h;
BepiEngAEH n b W5 b RE.

R EE DR — AR R EATEEFE T - MORBETH E, X—
RiFEES AT AR . ABE LE, BR—ANZRERBEH 4
G LR, WAFHEE BT ROFAAE, E ISR
M, KT, FRXMHORTESAEARERE, BARNTHEERFTERIN




FoE 4@ F-Bp

TR AR R X R _ BT
B, ATLLESIA RS RNRA G2, REROH PN L —&ER
HIWT. IXIERS 7 SR LA,
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£

o o
=

A BED

e HBRE T —M TR AT RNEAR, et REaE|
RS mi “BH” ZXNNR. ZHERT -THEAGNE: ATHE
PRSI T S b, P8I X —MEERMA T HRAREHE. XPEK
SERELARMRR, SERASFENTRE—MORKE TR (85D R
KRB, XNMRARERALT .

A - E ARSI A o] BLSRAME M £ . OB Bjarne Stroustrup & The
C++ Programming Language(Addison-Wesley, 1991)F IR Bid X FpH AR, {BREIXFh
FATEREF B 2. ek, TERRSESTAAENERDTE
¥k, A FRAT g ERNRY, AR EPRE TR

hand]e / use count

—_____,...-""
data
MR 3 MR, WTE R
handle UsS Couni
— /

—_——

T ——— data

B—WEELRBEENAT AN 3 MEIREHRAR MRS REH. i,
R TR SN T B E R A S e k. XRHTHRE
DEHEEIN A EHEGTARAT . AERTHOFHATHENSA.
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CHLEFR

7.1 [

BWEATE PR BB EFE A ARRRRIR, XA AT BRI

class Point |

public:
Point(): xval{0}, yval{0) { }
Pointiint x, int v}: xval(x}, yval(y) { 1}
int =x{} const {return xval;
int v(} const {return yval; 1}
Pointé xiint xv) { xval = xv; return *this; }
Point& yiint yvi { yval = yv; return *this; }
Private:
int xval, wvval;
¥

86 ERRBHERE RAEQE - MLE— Point F1— 5| HHHHEIH

class TPoint {
/i BTERABERFTS
friend class Handle;
Point p:
nt u;
Upoint {}: wil) { 1}
UPoint {(int x, int y): B(x, ¥}, u{l) {1}
Upoint {(const Pointg pl): pi{pl0), ufl) { }
};
EERITENLT 8 &1 A UPoint X SHT5EHAIAIFZE, LEMKCHIHE

e O I

class Handle {
public:
Handle{):
Handle {int, int);
Handle {consk Pointk);
Handle (const Handle&);:
Handle& operator=(const Handle&}:
~Handle();
int x(} const;
Handle& x{int);
int ¥ () const;
Handle& v (int):
private:
UPoint* up;
bi




¥ uF B-#4

7.2 @SR

XAREE 6 HNHATEUR —MRBT Point KHF % . SHETTE

MERMATIE BRI, ERAERIVEREIHSRE Point IREXN S

b BT SRATE ARRMON R, TEE TS AR,
SRS A Point S4M SR, B EER SOMIZ KA.

class Handle {
public:
/¢ FOWHE -

private:
Point* o;

int* u: £ %*Er‘-ﬂ%‘l)ﬁﬁ'#;ﬁﬁ?'é’%’r

bi

X B, & F Handle 2517 Public A EI 5L A E AR S AP EFBEM
25, B2, % UPoint £ T: AEATE R UPoint By#g4t T, FATHIEM Point
ekt e —4 int BOREEE RS AW, TR S AR A, TR
8 X NEESURLEI R S =i R 111 1JE

£8 ] Point* T A< 2 UPoint* &R EE [, BN IE /& Point*ERAN AN B —
A Handle £352 8| — 4> Point, ibHENH405E B~ MR H Point FIEHIN 2.

B T RGP EUEERE S 2R, ERAKE B T EIR T HIE
2y, BEMERE DS LR ERET . eS| A SR AT,
H# bR E S BN 1

Handle; ;Handie{) :
ulnew int(l)}, pi{new Point} { }

Handle: :Handlei{int x, int ¥):
Linew int (1)}, pinew Pointi{x, y)} { }

Handle: :Handlie (const Point& p0}:
ulnew iat{1))}, pinew Point{p0)} { }

B ERN AR AR, Mt PRRES TR, EY
42 TE R R PR 8 I 5 3, RATTSEBR T A HRAE:

Handle: :Handle {const Handleg& h):
ufh.u), plh.py { ++*u; 1}
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Handle& operator=(const handle& h)
{
++*h . 1;
if (--*u == 0)
delete u;
delete p;

}
u
|2

h.ou:

h.p;
return *this;

}

B F R A A

Handle: :~Handle!]
{
if {(--*u == 0} {
delete u;
delete p;
}

}

FrE X LN B ESS A HER Point B EAERRBE R I,
HEE, X new F delete 16 BRI, —MEHESIHTH, 54
B, WRIEQWRPAR, SEEEMLETERESERAR. FEE —MHEE
FBALRATRT 5 A0 TAEWE?

7.3 AR EARS

BATLRAE BRA N3 A EROW S T AN TN — M ER
fEsRy, ATRAABFRKREES, RINMNEBEETX, HMEREHE
R, KHR, RINME/ERSIATEER R ERE RT3 RN
FrdE— R, XA IER T, BAIRREET AT

b, WMBBEAINEAEEEFHETILRFME, 25 HA RS RN X
fa—AMEE int B34, TE, BEEEREMERYE. MR, RERE
FER R R i o B

class UseCount |
ptblic:
UseCount { ) ;
UseCournt {(const UseCounté&} ;
UseCount& operator=(const UseCount&];
~UgeCount (};

1/ REREREHAE
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privace:
int* p;
1
TN REARIR? ROCDALES AAHETM L M. X8iE VrIA1ER

BHERBNAZA:
UseCount: ;UseCount{}: pinew intil}y) { }

Fii, RATHEEMN—T UseCount HJigH—ASERE AL AR E A1)
A, R RS

UseCount: :UseCount {const UseCounts& ul: plu.pl [ ++*p; }
48— A UseCount £# 3 M8 F5ME 1, MIRIHEBNLEEF:
UceCount: :-UgseCount{(} {if {(--*p == 0) delete p; }

e, EAIATRFFIAEE Handle K7 -

class Handle {
public:

() ARl EE -4

private:
Toint?* pi
UseCount u;

H
B TF 4325 o BT LUK TR UseCount 83 BB MIT 0, BT LIARR E R

Handle: :Handlet}: pi{new Point) { }

Handle::Handleiint x, int y): pinew Point(x,v)) { }
Handle: :Handle const Points pl): pilnew Point{pdi] [ }
Handle: :Handleiconst Handle& h): u(h.u}, plh.p} { }

A sl 3 O O R A R 78k AP SR ERE R B 4 Handle MAM, KRR
4A] VAN E R ME R T .

WM RS AT ARTFR? EiEE SI0E: ERENES A HRSEER 0,
P i B A SRR R HEEIRFEGR, 2 UseCount FREZNFE.
LEFR AT I —A B only AR, MR HHRIXMERRE) UseCount XU
WE— 35 A SRR R

class Uselount {

/7 FowTE
public:
bool onlyl};
b:
bool UseCount::only{} {return *p == 1; }
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B7E, BATE LIS — 181 Handle e R ¥
Handle: :~Fandle({!
{

if (u.only ()}

delete p;:
H

Handle BEEERFHE R L MAR? ©FE L UseCount NEBEILIFH)
AR AR, R —AES L, TR ERMBR — R B
g, BAIDETERERAMNE CREMSE. HAHREEEDRIE L E0 g
T 4 BTRAM IZ7ES UseCount FI8 N5 —FideiE. B FiXFrigiEsEm
KSR, FASBI—EENSL T, reattach RFL—. HTRIRXE, A
P FAT A3 UseCount X BRHIRE . HE, BATKR L EHN UseCount MBI Z
XT:

class UseCount {

/7 FRTE H—

public:
bool reattach{const UseCounté) ;

private:
UseCount& operator={const UgeCountk);

bi :
R reattach F)5E 3
bool UseCount::reattach({const UseCounté& u)
{
++*U.p;
if (--*p == 0} {
delate p;
P = u.p;
return true;
1
p = u.p
return false;

}
HLZE, BRATRTLL5E R A IR :
Handle& Eandle::operator=f{const Handle& h)
{

if {u.reattach(h.ujl

delete p;
p = h.p;
return *this;
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74 TP RIS

FIT H =R Point WEMPLMTEHZEHANEANT. FE 6 =+, R
KR SR SRR EE X, XE, Rt Point A AT, EEE ERIRIW
BL 4 TRt — {8 B %55 5E Point 378 1 AJ88 . B 5 UseCount::only FBhEIEHFEA
R B A aiE— AR IRA RN, (HR2EAEERE R R ER]

B SR MR ME— I — A ATl BE S —A UseCount % AR B FI
reattach AL, B00) 8 | A BHTE S G, FRE - MW ERERHIXN R A
SRR

class UseCount

/ / FO B By — 3

public:
bool makeonly ()
bi
27" makeonly B E SR E W
bcol UsgeCount: :makeonly{) {
1f {*p == 1)
return falsge:

--*p;
o = new int{l;);
retLurn true;

)

WMEE, BATTUSHENERT. XY AHEXT x HENRE. XTy WF
By of £ 5 2R

int Handle::x{) const {

return pe=x{):

}

Handle& Handle::x{int x0) {
If {u.makeonly(}))
P = new Polint{*p);
p-=x(x0):
return *this;

7.5 il

A TR TR 4 T RANE L2 T RS, EFLHERT, &
Handle #FifK3 UseCount RIHF LD, ﬂi}ﬁﬂiﬂéﬁﬁﬁ_ﬂﬁﬁkﬁwﬁmﬂiﬁ =gl
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&, 24-FF, Handle:x 77 E XS makeonly M {731 B it F(use count)ly
1, MEFHBEEH (B makeonly JE M true), MWEHIEEM Point WH. E
—F R FIXBOLE B Z A L AH, mHESER L& ERSFRNN T a7
R — L,

BN XK FEEEH — M EEX LB UseCount ZRTLITEART B HAEH
BAEMEERENBER TS8R4, XE—%, O LHRX A2 2 aaRss
M —& 45y, 5% AR GISE L v hE LE.

UseCount 25840 T — L F M4 € F R : '© AT H A% 5 7 (end user)
FiH. UseCount BT A 00 . HBEOKEHBET “HAs5 A HEO8
IR K. PR ERRERE, —MHLAERN RSN R BEE
Wi RAET . Béh, BERE N Handle HIRFFLLIfE G F A M BRKRHHLE—
HAESEH, FEFIMRE.
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#

—_r
&

— N HENREFEH

ERIAR, MEAMNRREET I ER: YRME. SRUENEHE. X8
H—AEF, BARD, BREFTEMBELRTZIMER.

REFREARTFFHEAEREY. FHRENEX BRSSP EL
. WX RCE R R RIER UHRCIERT, FTDAR&M T —A “IA” #F.
EARRR TN —R 245, BHEREBLEM. AEWRBSF Mk,

8.1 (PlBEE

WA B N BRI R REARFERNIW. 0, FERGEHCHRTE
IR A -

—AFERMOERRER. —CEHEN TR YR XN
PIE S A A E AR P R AT RE A 2

HAA EE T A R Sk DR IR I, BRI KBS
. flim, BAIHE

5




CHILB R

#include <iostream.h>
int main()
{
Expr © = Expri{+*-, Expr{:-*, 5), Bxpri-+, 3, 4});
cout << t << endl;
t = Expr("*-, £, ti;
coul << o< endl;
!

TET

({-5)*(3+4})

(-5 ) M {344 A -0 % (344} 1))

YRR, A, BATAE X SRR R W TR L, EABROEREN
WS ECHIE I E .

EAEAREF SRS BEAEE RN R R IBER
By, BlUgNiRES. GBS, CAD/CAM R4%. HARFTEREERBEANE
AR ITRA . BRI ER . RIE R T R E AT B R A
AR, RIEMMRRZ KM, BEx AT IR EE R, AT
R4 Ja B g — R F A b 2 R AR PR o A H A & AN B4 BE 2 O R
7,

8.2 WmEERNRR AR

$.17% (75 ) WEPERMERRANXE. Wi (AEEZRR) fuig (A
#LFR). BOEARSEN S, BEEREERAHER.

AW EAES —AME—— MRERERE MR — AT R X
HEEA, —MERANFHE. BNATUA— I BERFARMKE H—1 List
KETT YA, UEEEESE (union) Fl List FHICRF TR PERMERITE
FERE M EI TR REN T ANAR, HFERB—ARE TR
&, #ETk, ZEmREN-RFIE, AARANRE, REAUEARRE
I B

BB BRI E BB T £, B —BIF A B RIMBEFE
—AMEUR— BT A, SROAERDOTEL, RIETFEMENERRE, 75
SE . SEREHRITT RIS A, TSRS &N A MREE
FIRG 4y, PR LR RIS MR IF LA 2 B0 R T .

MRRADE— SEBXMER, SABXER 3BT A MR RBHE
ki, Ae—MEEM, BFWE. BAFRSFRRA—AREAM - TREN,
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8% —NHEARERF N

BE—MRIES, 2AF-ARFTTFTR. BNFEITPERHT L, BARAK
HAFENEITENY SHURAME, KHESSHENHRZ T BATTL 2
X—A virual BFCRAE N SEET IS M R SIS ERcATIETHA
FATEN s i S PR 28 B Bl TE#f Y R 3

AR 2 X R Z A AR R W ? 88— S CUFARE ALY m B
. HEERE, —PMRETHANT AR “—M A FHalTR, RZ
B, B, BNFES —ABERTF UR" EAMEE, HRZASEFAR
AR AL AT TS R R 2R P IR TR

FATEHX A A F A S A & 4 Expr_node, XA L RIH

class Expr_node {

friend ostream operator<<
{ostream&, const Expr_nodek);

protected:
vwirtual void print(ostream&) const = 0;
virtual ~Expr_nad=(} { }

i

HA1E2EFTERN R WRAIMEIRAEH Expr_node, FTLLEMT &
Hit PR, XTI LR ZE IR (i — A Expr_node* TRET Al FRIXT B A BEAE 1A F 2 1E
AR IR A KA g BB

RAVME T EMASALS KA print #fE, HEBRNOFTEFA <@
R RITNFERR. SSETHATRARYE, FUBIMEXT T RS
$ print, 8BRS A DURE R MBI M. BRARMNAER S ER T
IERF, TiAA print 680, FE4 4T print B A protected B, IE operator<<
WA AT,

MAFIE print R O[LIE Y, TRE—EERE, XHMEH Bxpr_node A
MEEX, KRR T RINOEE: FEAEPTEA Expr_node XH, HFMLS
P ey B LR % . Expr_node BHFERLEATRBLHED,

B, ®A1ECHHEBRES, BERHA/EN prine &3

cebreamé
operator<< {ostreama o, const Expr_nodes e,

1
a.printi{o):
retiurn o;

}
PL7E A TRT LU R 2k ke A AT RO R AR T . R TFRERER M RE
EHR, MR X SO MELERE S NERTIEREAAN. BRRITIERT




C++3 Bk

ZREAFSnMMEl XM ER, ERAEBEER—T, SLIAE Expr
RN iZEEREER. FUl, BTN Expr B4 BARB AT,
i B AR PR AN KRR MEY, BHTH AR A:

clazs Int_node: public Expr_node {
friend class Expr:

int n;

Int_nodef(int k): ni{k) { 1}
Void print (ostreamé o) const { 0 << n; }

}s

HAKR g G4 KPR BFEE—MRER (ZEFR), B2
AIAETH AIR? BN, RIFFET T ANRBEEML 4, TR
MR Bt TR T A, WO EEE. BRRNE —HERAM String FORAR
BRVERF, XEE—RBAIN — TR W R R T BTR:

class Unary_node: public Expr_node {
friend class ExXpr:
String op:
Expr_node* opnd;
Unary node {conat Stringé a, Expr_node* bh):
opilal, opnd{b! { 1}
Void print (ostream& o©) const
{ 0 << “{" << op << *opnd << "}"; }
bi
class Binary_node: public Expr_ncde {
friend class Expr;
String op:
Expr_node* left;
Expr_node* right;
Binary_ncde{const Stringk a,
Expr_node* b, Expr_node* ¢};
op{a), left(b), rightte} { }
void print{ostream& ¢) const
[ o << "{" << *left << 2p << *right << "}"; }

Y
ﬂ¢ﬁﬁﬁ%ﬂuﬁ,ﬁﬁﬁ*ﬁﬁ@DﬁFEﬁﬂﬂ$%ﬁ,ﬁ%ﬁﬁ,
LR IO R . BN, BITFERAWBEERH.

Expr t = Expr{r*r, Expr{"-". 3], Expr{*+, 3, 4)};




F8E —MEEMERF A

AXASER—E i T n R AN E R E G, AR
FH. TRBENTLEIEY R

Binary_node* t = new Binary_node(-*+,
new Unary_node{*--, new Int_nocde{5)),
new Binary_ node{~+*,
new Int_node(3), new Int_node{4})]};
ek, BAIGAREERBIXES A, TEXERTIEN! BOAFEERH
[N 2 new 185 ETHIE KX 20364 T | &#A145 2 Binary_node 1 Unary_node I
FrH R BB R e 1 0B VR R, BRI B REEART .. W RITHEBER T a4,
AEESERMEER R, ENTEHEARLE— Expr_node 8 R —N FERRIEN
% '

33 AR

FER AR T« BAIMUBRAGFEEZAICERES TH,, mEANH
PR A A E AR R . RANBFITFEAT .

kPR ES M, WRBMIERES—TF 8.1 (75 510 pIE, #A
LI TE, 7 Bxprnode ¥, X HERRTETHERB, TscH LB,
BT FUABA RS, ERENXEFEGLHARE AR R, RONVEERIERX
M PO AR B R AR, I HERAEMESR, XS EEERIES 5
EEE 6 ERIOT R B R, ARERATA A ARACRERIR . XA
HREE, XA RN RER LT EnR.

AR TIXEERE, RATEAHE], 2 Expr MRR—HWEIRE, Rr—1TE,
R A SRR T — . BRSO RN (TR, AR D
[ BLANT 5, SERTLAR Expr K Expr_node 8k# 21K, BEAA P B BEAZRRIN
mmﬁﬁﬁﬁmmMmﬁﬂﬁﬁ%ﬁmWﬁ%ﬁﬁ%ﬁﬁﬁﬁSWEmJMm
4??mmMﬁ%ﬁ%%MEEmumm%%i%W—¢%ﬁﬁﬁJ#H%ﬁ?ﬁ
%Wﬂﬂﬁ%&ﬁﬁ%@*%EMmﬁ%¢o&m%mﬁFKQEﬁEﬂ
Fixpr_node ST % .

class Expr {
friend ostreams& operator<<{ostrezm&, const Expré);

Expr_node™ p;




C++ILE

public:
Expr(int); if 88 — Int_node
Expr {const String&, Expr); Il 4] # —A Unary_node;
EXpr (const String&, Expr, Expr) i ]2 —/ Binary_node

Expri{const Expr&i:
Expré& operator={const Expr&);
~Expr{} { delete p: 1}

}
AR o B B 2248 M A Expr_node, JF B H BOUEERETE p T
Expr: :Expriint n)
{
p = new Int_node(n);
}

Expr: :Expriconst Stringk op, Expr t}

p

. p = new Unary_nedel{op, T);

;xpr::Expr{const Stringk op. Expr left., Expr right)
{ p = new Binary_node{ocp, left, righti:

}

W RN BB SRR DN S XRRITRSKR, FHET
N H TR T .

H-F Expr M35 B304 Expr_node SYA0 T A7F, RAIFE LR EHIHE RN
Wt (B8R HE 7 & B T 2 1Y Expr_node. it 5 Expr VT IR BRI T p B AN £,
4 FHIRBIE— A Expr IR FEA RS RH0—MEIA. EWNRMNES3
(49 TU) BiW., T ELF Expr_node Y& Bk imA — 4B EH copy, 7 Expr A%
FulLLEHE.

Rt e B LR, HAMiEsERNEGTENFEETHERME, 122, Expr
W4 VE 3 A 45 T 200 Expr_node. W15 B8 % 8 %I T 5 Expr_node, F§ER

B4 HigE Bk RS — Expr_node 85— 5IBE L, ARG
% /b Expr 15 A [F—4* Expr_node. Expr #5F1 Expr_node ¥ ¥ [F B IR 3L,
% HAY 2% -4 Expr_node #13 HHEET 0B, & LA EMER.

AT ETE Expr_node EHMASIH I, B“—F® Expr_node A3
& AR, A EEEiL A 1. Expr R EBVE S| AIVHEL BTLLS A
A K TG

class Expr_node {

frierd ostreams operator<<{ostream&, const Expré);
Frierd <¢lass Expr;

int use;

T e



F8F —ANEHHBEEFNY

protected:
Expr_noce{): usel(l) { 1}
virtual veoid print{ostream& )} const = 0;

virtual ~Expr_node{} { }
}

2 Expr 28 “B#|” —4 Expr_node ¥, % Expr & H3|FH%0% 1, X518
# 1 0 B IR JZ #) Expr_node:

class Expr |

/f FofrE A — 4

public:
Expri{const Expr& t) { p = t.p; ++p->use; }
Expr« operator=({const Expr& t);

bi

BHIWER R B3I A, 4 p MR BRHERKRE -4
Expr_node. T#EEisms A4, WwRILSIA R Z Expr_node f1& /5 — 14|
W, MIESS%% Expr_node. WEEIRIEFT A4 B5H 8RB A LA LD HR 1 5]
it %, nRaE e A R RS AT, M LAMRIEE B RIBERIFR
TR ER:

Expr&
Expr::operator={const Expr& rhs}

{

rhs.p->use++;

if {--p-»use == 0)
delete p;
p = rhs.p;

return *this;

}
AT VR 18 2 SUH BT, BAEE £ § X Expr G A~ 24X Expr_node #1EHI.
FE ARSI T BN T T =

ostreamk
operatore<< {ostreamg o, const EXpr& t}

{
t.p-=print{o);
return o;

}
B, RERXE A E Expr_node 035, S HBIFARA, # Expr X5
8% & G, TEAE Expr 0 A2 7E4%1E A Expr_node H1REH. #il0: -

c_ase Binary_node: public Expr_node {
friend class EXpr;
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String op;
Expr left;
Expr right:

Binarxy_node(const Strings a, Expr b, Expr ¢):
Op{a), left(b), right{c) { }

vold print {oetream& o) const {
O << "i" << leff << Op << right << *)*;

}

bi

BT X, RIOBEOND main BEATUI/FT, HAoETRIE BB
Expr KBS FENS %, FH B, P LS EERERnREN, FHFHITE
TA, MABHAENFEERLRE.

84 VB 1. Friglk

HifRIIMEL e R+ aR—— RSB ATEIERAL. —BEXPAR
L, RINEFTRSERTERAANE. BERNEFHBME:
int mainf() _

{
Expr t = Expr{**', Expr(‘-*, 5}, Expr(*+", 3, 4}};

cout << b << " = " << t,eval() <« endl;
t = ExXpr{**, t, t};
cut €< L << " = * << t.evall) << endl;
}
BT MR A
{((-51*(3+4)) = =35

{({=-51*(2+4))* ((=5)*(3+4}))) =1225

o T35 A4 1 B 1A B o T BRANAT S eh R B W E - Expr K977
% SITEFE MR, A4 % L Expr ] eval; eval FTLUKSEBRHI TAERFLS
#H R¥ Expr OREIN

FRUAZAT T Bxpr 2840°T .

class Expr {

friend class Expr_node;
friend ostream& operator<< (ostream&, const EXpr&);

Expr_node* p:




F8¥E —TEAMRBSFES

public:
Expri{int);
Expri{const String&, Expr):
Expr{const String&, Expr, Expr):
Expriconst Expr& t) [ p =t.p; ++p->use; }
~Expri{} { if (--p-»ugse == 0) delete p: }
Expr& operator={const Exprg t);
int eval() const { return p-»evali}; } // &t
}i
Hrft eval IR EMK, MAENREIAWKEFTREELELEBERHN
Expr_node.

iX#¥, Expr_node FHLGHR L — ok & ¥

c¢lass Expr_node |
protacted:

virtual int eval{) const = 0;

J/FORTE A —HF
b
430 ] Expr_node B — RS IN— R BCREIMSREIZH . Int_node
FikEERR R, REAZRPIEER,

class Int_node: public Expr_node {
friend class Expr;
String op:

int n;

Int_node{int k}: nik} { }
int eval(} const { return n; } I3 1

¥

JEM |, Unary_node FIR{ERZ HERES: T0)LH e BRERREHRTER.

BRI Z, A THE Expr_node B HFEFHBREFEMERD. ATt
wRikat, IRAH PR T A A AE R S T SR ERAE ST . BT R ENZ
fREBEFRGRILIM R — MBAERWHYN -~ T-F% X F Unary_nodes,
iﬁﬂ]fﬁﬁfﬁi£%:

class Unary_node: public Expr_node |

friend clage Expr;

String op;
Expr opnd;




C++iT B &

Unary_node {const String& a, Expr bl:
Cpia), opndib) { }
void print{cstream& o} const

[ 0 << "{" =< op << opnd << "}*; }
int eval() const; §fimiy
b
int
Unary_node::eval(} const
1
it (op == *-*
return -opnd.eval({};
throw rerror, bad op " + op - * int UnaryNoder;
}
X B

opnd.eval [}

(1R 52 B Bxpr 21 eval R, REFAREAE A Expr_node BIE B
eval, IXFLHA{R T ATLLAR#E 1 Unary_node 2 Expr_node # {F ¥ kBB 2]
FH) eval 128 .

)ik, BRATEMAE ST Binary_node B IR R (BRSTAERD. X
B A& Binary_node ¥ eval -

int
Binary_node::eval {} const
{
int opl = left.evall();
int op2 = right.ewvali{);
if (op == *-=) return opl - opZ;
if {op == "+") return opl + opZ;
if {op == "**) return opl * opZ;
if (op == "/* && op2 != () return opl / ©p2;

tarow 'error, bad op " + op + " in BinaryNode";

}

AL AT oF LR S oot AR FIE A RE 1

ERE--TROuAEt 4, B8, BFEEENR, Puitta. @n-
A BRI B O (R BRI, BRI EARE T T
BB, FiLY BRI EEREN, FIREFRENNARLZER IS, W
FTEN 25 A SR, B)ASYE MU A A SERA SN I R e (0 B H /i o
BEAY AR, REETH RGBT LR EFRA eval .

e e m——————




FyE P EAMNERREN

8.5 ¥R 2: MINERTTIARE

RNEELEFH, FEMBRAIEHEHBETREDNINFHRFELERETE
5. BT 35 B3R P AL o] {6 75 B4 T mT LA s 1) 5 SRR, Mise Ak
A5 {3 F 3T A AR

BERNIFEBEM—F Ternary_node REIRFR =0 ET, W (HWH2
if-then-else B AEFF ), E 2, AT Temary_node, I HiE XHBIEN:

clags Ternary nede: public Expr_node {
friend class Expr;

String op;
Expr left;
Expr middle;
Expr right;

Ternary node(¢ongt Stringé a, Expr b, Expr c, Expr d):
opla), left{k), middle{c), righti{d} { }

void print{ostream& o) const;

int zva. () const;

bi
void
Ternary_node: :print {ostream& o) const
{
o << "(" << left << " 7 " <<
middle <« " : " << right << "}";
1
int Ternary_node::eval() const
{

if {lef-.evali))

return middle.eval{);
else

return right.evali{};

ki
X7 B 5 Binary_node [£175 B0, ez b, B2 5 5658 L — {1 Binary_node
HRES, RESHSXAEFN. FE, BA1EA Temary_node 5EX—1 Expr
e i
Expr::BExpr
{const String& op, Expr left, Expr middle, Expr right)

{
p = new Ternary_node(op, left, middle, right);

!
H A1 Expr 265 A HENIZX AR B BRI TR B
class Expr -
friend class Expr_node:
friend ostream& operator<<{ostream&, const Zxpri) ;
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Expr_node* p;

public:
Expriint};
Expri{const Stringk, Expr);
Expri{const String&, Expr, Expr};
Expr{const Expr& t) { p =t.p; ++p->use; )
~Expr{} { if {(--p-»ucse == {0} delete p: 1}
Expr& operator={const Expr& t);
int aval{) const { return p-weval(): } //&Eney
i
fRE 1!
H—uBEtd C RiFESNTEFSIAXMITZE, B “ SR80
| T CESHRIFRERMBIEM RARMBET, WERERTLIERE
ENAA—mRERAAREK 18 TAERME T 17 BRREESRLEMITE
EREE, ERFRXBFSHTaPE. TR RATENSFNENRE, C2
CHRMBATRE TR ARz, REBEECEFENERGEN—PFR. K5,
RAMER B, XAMESUS MRS 8 R4 1ERT Bl EFNEIT, XPERTE C++ M
FooRRR A ALH T REHE LAK.
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HACLE BT H WX 52 T (R R M E RN . BRI
LA EESFEBRANTERSEP RN STEE. 1AM dREH
B ARG, TR RS ok o AT . SR RATIET
&RV R R 2 AR A, TUBhELR R EATN A R S E R E,
BBk AR EHEET MW AN RN RY. X8, $iEmEm b3
el bR PR % R R RN T ARSI, AL RO EHMMN RS,

RITELFR, R RETHEBENERENFARETZMmES. £
PR BENCFERBRAMELNERA, Ak:

o ¥RMI Ternary_node Zf5, BAIREERINXRER. XBER: AFE
48 Binary_nodereval B3, FETRRRBESTHI.

o BITEEERNBEEER. XREAEGT .. REFRENHFRAL
BRI — M RRR . ROTTRN— I FERRRAT 2T REENR




$8E —AEEAREFLY

T, WTBREIIEHNFTSR. SR, RFEEXAIMFHRERE. —
ARIATE, —PNEERE.

« REXWIREGH, HEBERAFENFEBRK. TAI0TLUREEF DT iEa)
FIEEME, Wil — TR B R,

KEET, BRI LIRS R TS . BT RLM MR BT TR 4G,
Wib— M ERTE, FRZR, REEERAEITER. SROTEEL,
O] LLREE A ML IS I8 B R (E R RO R B, LIy R N A R A A 1 AR I A o
BT B SN RILYW. 88— M & EME T/FRR S0 n H 8 2 AR
7.

EHNREEHNSHT, B PREAMSRE A B!
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z
ra

—MNMEEE SN ( E)

1992 % 8 B, AR AP BT, RITAARIBEERS
R T O — RN C++FRE. B ANIRE, WARHE - I EnIRES
DR, ARHERITA R, BESSHK. RBFATK, 7 CHERETE
3G, ERMERTZE.

Stroustrup & The C++ Programming Language 3 _ i (Addison Wesley 1991
EED b, BB T MINEERRNSG Y. SREMRES ML, X1EE
R AETOMeE  HERE - TRACERGHNEER. RiENK

TEEEEN L, ZEEFRAALERSERRARNERET . Wi XTEE
(o Jy 58 2T LR R TR ERYE: FARBIET CHEFrtRELL
BHARE WoR . B9 ERERA A KRR .

FERHERZE, FALH - EEERNBERTE. B 10 BHAER
X B R XA R

9.1 [RIRSHIE

XN iR A ERE —RAA LY, “FRER” KENEN. rH
“LRFEMET, WA — N OTT RN AR T IR

HMNEBHME -4 ENERE. ZORER. RBMMERBARE
@i, H—NEENDE, R HER TR AN — Y HERR
GBI, 25, RANFSTCORRERITE, ME CHEFRARTFRREIRS
SHE—ERG (bR AXEF R Ihe — M RESH).
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C++ IR &

XHE—K, BT UREFGRNEFSR TIHE T

$include <iostream.h>
#include rPicture.h-
char* init[] = {"Paris*, "in the-, "Spring-}:
int mainf}
{
Picture pi{init, 3};
Cout << p << endl;

}
fTENEG L

Maris
in the
Spring

KRR ANEREMS N, Powre % p A init FIREED, EHIF
BREEENSRS, RERIENTLUERE XA ERITHEER operator<<RKTH
AL |

REAGWE, EMFIAELEE. HLRTHEIREERRME,
BT Hent B S PUT & FhRER A, RITXERH 3 Fkfe: EE, BN
PRI A

REAMEIT R, MR p ERNIGHER, Hp MBRIEZE, TEHKRRZRN
_Fﬁﬁﬁ-:\-:

|Paris |
lin thel
| Springl
et +

FIskRTQREN ZRTLLRIFRR. BHRENMRAHRHMKN, BT —\E
BAE—METBEET], BiLMRHERAE BB M AL, RERNER, XEWAE
Paris ) s J5 TS Z0E L — N . ERELRENER T, RITAaFERIHF
AL B RO .

HATIZE O£ T WIEE—— M RHEN, —METEN, #EHEE
Mg, LESwEEEL, FOEEESR, FRETWT:

Parig +-~---- +
in the|Paris |
Springlin thel
| Springl
po—m = +

X EEM N - MR WS REARREAS B RERRER? &AM
EAMBRG ERFIREGUTLN S, mEEFR.

B S —ABERER A i, BRATSAR R — R mEFANA
A EREEE—B? RINWERKEULRHRF. B, WREA RN




oK —NRELTHGA (L)

Bk ERA AR, TLARN TER:

|Paris |
|in thel

| Springl

in thefParis |
Springlin thel
| Spring |
o +

Fit—d, & LmiXmEn ik, fRX R,

| 1in the)

|
| |IParis | |
|
| | Springl

|

| Paris +------— +1
|in the|Paris ||
|Springlin thel |
I | Springl

fr———————————— =

Mg OEEE (ol UZEERE F R G nENERER, 4k
HZEFENER.

9.2 ORI

LR A BT, WRAEIE A BRI PRI E AW RE, AR
JLA): “BRADHEHARNRAE, OFTREXEERE? 7, BaRRE L.
H5E A S AR SRR HEE T L@ RE, RATDEKIE L0
ATENER, L3R ARA4E%R. BRAERGIFEFSTFRITZERENS
AHERMER. &%, NTRFHETHEEBERTRERTRN IR,

AR v AABRIERO R, BN, REREERXERE. WEA
HIF TS MR s R OB R E AL E R R IS RERSRE. &
RAVGE T E, T EHE EATA R, e EEE, AW
FREOW RN BIETERLER?E: |

#include =lostream.h>
#include ~Picture.h*

char *init[} = { *Paris~, ~in the*, -Spring" };

1




C+iL B 5

int maini)

{
Picture pf{init, 3);
cout << p << endl;

} |

R TELER T HERTTEN 4 MEIE, X 4 MHEEARESS KT
KT A, THNANFHERERN. HE, X7 K Picture
¥FrEG—ERREEERNFFRARMER. HIR, Picre EHEXBRE
BEAEILM Pictureh . B=, RINEARNSECRATRHERE—T Picure
E¥H: —NMSPREH BOSEVNRARNFHETEH: 51T B5UEE
¥, REZEAPREENEER. BE, RIMEA operator<RITEIELR.

E T BRI ER, BATHT LUXHE A RSRS Pictureh RIALHS T

#include <iostream.h>

class Picture {
public:
Picture (const char* const*, int);

1:

nstream& operator<<{ostream&, ccnst Plcture&];

BOVSHTRESHTRENAN, BENMS, XEABCLRFHREFN TR
TR R L.

T— AR R v I F2 O0 BMR AO FL b B 1 MIBAERFE AN 7 1) B M R
B, #0, B p B— Picture ST%, P SUMBRHE R ER?

AJ LR p.frame, tHTTULE frame(p). BREE? EXEMHEN L, ZWMEER
FRAEMMELESRER, FRAEZES 4 -1FHER. WRMELAEIEE,
p.frame() 658 B T HMR . A — 5, WRE(ISFEHAERHREARAE Picure
$t%, N frame(p)2 ik pframe(FE 5 THH, BIHRY p FEHR—NEFHES
B H ik R BT .

B i) FohE BREA S HEEE. XEAMEAERREAIREESE.
Bhh, ERERDFHEEMRERR, FARUFFHPEE, NZEL D
MERE R, LR MTSHENTE, RITNZER frame(p)iIEzL. HR
BoRRR AR, HESE-TERIXNES.

MAREFHIHE—AFNRBAEAANARREET . # p M q £ Picture
&, FTATATLBFIEGHE hea(p, @R veat(p, qiX PR S, ] LIAMEE E 2R
HE%., ATREASNENEHER, RINNREHESNRER, FUAE
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R AEERIER.

BRHRERT AR BAAKRES . ++R&/. TiIEREXR, &FIZ K
KRBT HF IR m AR, FEURIMNEEREX . “plq” &
LEEE “pFEqFEAHT, FULENEA “1” FEABRER, H “&” fERmE
.

ol —A Ko, #iE “plq” B heat(p, QE A FHEMEE? FEME,
FERREFEZEMIAKXTLARE hcat T

Picture heat{const Picture& p, const Pictures gl

i

return p | q;

}
5%,

BEFRAR] LR B kR E, RATTLUW T 4% Picure h:

#include <iostream.h>
class Picture {
public:
Pictureiconst char* const*, int);
1;:
cstreami operator<<{ogtreams, const Picture&);
picture frame{const Picture&)};

Picture cperator&{const Picture&, const Picture&];

Picture gperator!| {const Picture&, const Picture&;:

93 ik

e TR ke pe S B R LY WY, L 243 A — e S A A E A 0T ) R LR i
sk, —4 Picture ANENB R FE—MEH, UEAATERASHHEINGF. X
MEEEE XL TE— P ERMERE, — MR, YR —ABERIER.
BAh, % THeE X Picre WREH, RATGETHE—MUEMERYE, TIXLER
Finidske, AT TEH Pictureh:




C++ilB %

#include <iostream.in>

class Picture {

public:
Picturel);
Picturei{const char* ¢onst*, int);
~7icture{);

Picture& opsrator={const Picture&);
1:

ostream& operator<<(ostream&, const Picture&};
Picture frame{const Pictureé&);

Picture operator& (const Picturek, const Pictures):
Picture operatorl (const Picture&, const Picturek)};

94 MWifEN

T

Wz, FATATLU$EH Picture.h SEHETE 9.1 7% (P90 T PESHI A main F2FF
WERT, BAREHTERE, TUEEESHRM “RAREN.

Picture::Picture{caonst char* const¥*, int)
operator<< (ostream&, const Pilctureg)
Picture: :~Picture{)

BN LA A RE (BARRREIT) EARERE, BERITEE 9.1 THRx

I ARE &

#include <iostream.h>
¢include "Picture.h-

char *init[] = { *Paris-, *in ther, *Spring- };

int maini}

{
Picture plinit, 3);
cout << p << endl;

Picture ¢g = frameip);
cout << g << endl;

Picture r = p | 4:
cout << r << endl;

Picture s = ¢ & r;
sout << 8 << endl << frame{s) << endl;

ARy TR L A e R ML LR e L f ata e

T —r— = ———————



Fo® —MREEINLH (L)

RATT LB BT ik,

Picture pl{init, 3):

Picture q = frameip};

coutt <« framei{g & {(p 1 q}) << endl;

EFER AT LA BN B AR IR SRR T
BATEBH X DMEEAS KRR T EREATH, T FREE LR
PSR RRET

9.5 SRRE

AL HATAT TS AEFET o S RIERINTMEMEEMET, 8T
(e ER, SR A R I R — 4 Picture. 4 Picture X F SEhr LA — P4
FHRA, BTULEE Piewre KR E R, BER AT FEEEHRAT.
—UHEIRET, RBE—ADER, CHFAERR EEUR. BAIRREINE
PR A GER—TEN —ERANEY. MRKETRAERAGK D, &
LIXA “EOUE T BIEE, ARIBREAN K REEEITHR A NE,
YR FEIX AN T R A TR IE B AN

ek, RHEEHEENS HFERREEX—MHEARE, FRFEHHRE
WHERT YNER TR, AEBRERGENTR. BT RIRIEEE TR,
3 AT XX 1 A R ARYE S R A B O ] L b th — RT3

ERBATFE W AR & — s, BAREEMAE. uR—RERNRE
Hh, SR w, —RANR hrw NFRER— AR T LR AT A R . R
BN RS B A R, W B ST TS FRRREGMER], XFFIL
FIEaTLLB I, 15 0 TS n MERE T BEANSE n MLR T AARERGT
2 BRFREATR? 179 w AT, FEME 0TI o PSR RIR k ATHH
n E, REARARBENGT kw MEF. UL B kKT o MEFONER
ktwn. T FIXA S, BRATATRASE X — R 5 R

class Picture {

private:
int height, width;
char?* data;

charg position({int row, irt col) |

return data[row * width + col];
}
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char position{int row, int col) const f{
return datalrow * widcth + coll;

1

XA position R B R ¥ RIMX H R, —AN7E const Picture HHUTHRAE, &
MR EEFN—EE, SR HEBERSSETHNAERE.

9.6 HE

EROAERIHR LIERER, T —HHEE X Picre RHRARHT .
HRIEERA TR R, SRR RS, #0—T BarEM ok
RARTHEBTEE.

R R W R e RURTE T IEE S PR R AR iR A

Picture p;

SRR B R BN M R A height FT width #4E. 4 data FI{H
BAAW?T R AERE, RERMIANEMERE, HA daa 6725720 LS R
AT L A, A EE AR, BIFEER data FRETRAF. —K,
(B AT LIRS 6 5 HI36E o 5L

Picture: :Picture(): height {0}, widthi{0}, data(0) { }

MAERMNKERFE A “BT AEH" NHERL

Picture({const char* const *, int};

EAMEERNSHEEE A IR —MEE TS HBTHA RS
HIEL ¥R Bl AT — T B —MERS R b 2. BHEE—R, B
BRI BR SR NTE, IR P 7 SR AR R AR 1T BOR UL R AT
.

FRLL R R T R R BUTIRE . AEmE T 2L,
AR AR ST EGHNE DS FFH RS IR A RECCET, 3R]
B SRR BRI B T 8 A R A, B DR SR X — MU R B
FR SRaf i P A B 2 TR R

int Picture::max{int m, int 11)
{

return m > n ¢ m; n;

}
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BRHEA A RARERITEAT, REHXEATEN LS data KR

vald Picture::initi{int h, int wj
{
height = h;
width = w;
data = new char[height * width];

}
B D EWER AR T .
Picture: :Pic-ure{const char* const* array., int n)
{
int w = O;
int i;

for {1 = 0; 1 < n; i++)
w = Picture::max{w, strlen(array[I])};

initin, wil;

BT 2], height, width # data SEIRTS T & 289 1H ?‘JTH‘JFJE%J’E??%‘&%
BRI, BT, 1M position IEFH AFERE FIF] data B F—AT
b, ATHATHEKERR, MACEEES—TTRTUAER ETR.

for (I = 0; I < n: I++ 3 |
const char* src = arraylll;

int len = strlen{src);
int 7 = 9;

while {j < len) {
position(i, 3}
++]

sra(jl: 1

}
while (] <« width) {
position{(i, 3}

433

}
}

TEREE M FBARERER. XENRA TR SEIEERLL.
LFgeE L — R B, EEFEADRARALERE, XEENEME. XL,
DRSS R, ST LMK BE TR RAERRE R

BAE IR R A Picture XK P2 B HIB IELE AR Picture KT
o T8 f 3 e IR (E PR VR A SR, PR B MR A /N R AR ]
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BN A ERAERIE T, ROTBEATUARERREBRBGELSFEER—H
K, FABEEERIERT R B EEER TR

B AR B T HE L IR R A, Bagizad BEEHEFR—M A A
53 1A T e 40 e 4 g R B DU AU pE IR T . B AR R R BT SR Z AT
LRI AR IR TAE. T2, RATAT BMER — AR T i s #E 3l

class Picture {
private:

void copyblock(int, int, censt Picture&);
f..

I
EXAEREWFF, Picwre 82 HIHE KB RKEHR T
Picture: :Picture{const Picture& p):
height {r.height), width(p.width),
datalnew char[p.height * p.widthl)

{

copyblock {0, 0, p};
}
BT #) eR B B B

Picture::~Picture{) { delete [] data: }

BATREERERES. AFE, RONTEEMEBRRE ST SRR
W GEFR, TAMET) REMNESRENEE. 5TE—H ZEF K
Ui, SR UAF R B AR R

picturef Picturae::operators={const Picture& pl

{
if (Lhis != &p) {
delete[] data;
init {p.height, p.width;;
copyblock(0, 0, p};
return *this;
3

XB copyblock H¥GEMT HOAE: RAT EEfERA TR e, H#
WA g RIEERIRE, HSBRMEH T position REFISIFE, RE MR, XE
By, bR YRexE— A B B EITIR R row T col BEAT RS-




FOX —AREZINSH (L)

vold Picture::copyblock(int row, int col, conslL Picture& p)
{
for (int 1 = 0; i < p.height; ++ii {
for {int j = 0; j < p.width; ++7)
position{i + row, 3 + col) =
p.posizion{i, 3):

} '

}
T i R AR E R
ostréambk operator«<{ostream& o, const Picture& p)
{
for (int 1 = 0; 1 <« p.height; ++1) {
for {int j = 0; j < p.width; ++3})
o << p.position{i, Jj};
o << endl;
}

return o;

)
Wi, #IIC£FABARET, Wil —NhER:

#include "Picture.h*

char *init[] = {"Paris-, r*in ther~, 'Spring" }:
int mainf}
{

Picture plinit, 3};
cout << p << endl;
Picture q = g;
cout << g << endl;
1
AERMNA=AE frame SUERER Y, XNMERRITLUZT, EHWERLS

EEEXEN. EHbRS R ERZ, Kib—-hRRFETEXR, Zablik
AT E AR EHNE L.

9.7 PERHA

WMAEREIR frame B3N ZRBMN S — M BEREEAE IBHEE, HHE

In— BSOS B HRBLA 3 HEE HEAR, ERELETR, BIRER
Bk, WHR--KIT, SRR AR R BRI AR .

BUHAAE A TR — A E R R S ER B R LR E R REEAE

FREFHNFER. FLl, frame BEKIHE—HFIE LEREFM:
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Picture framelconst Pictureg p)
{

Picture r;

r.init(p.height + 2, p.width + 2);
WEIAFER)RIER R, HAAEREMAREY. 55X, EFERRNE
ARAEE “1” F45
for {int i = 1; 1 < r.height - 1; ++i} {
r.positionf{i, 0} = *|*;
r.position{i, r.width - 1} = *[*;
}
KRG, L TRER “-" 257
for {nt § = 1; j < r.width -~ 1; ++j} {
r.position({d, j} = ‘[*;
r.pesitionf{r.height - 1, Jj) = '-’;
}
BiE, WA “+" 219

r.position(0, 01 = “+';

r.position{0, r.width - 1) = "+7;

r.position{r.height - 1, 3} = "+';
r.position{r.height - 1, r.width - 1) = ‘+7;

XK, RANREHME T HE. THREE TREBGEIGENLE L,
HAEAHMEA (LD:

r.copyblock{l, 1, p):
return r;

}

EEREEET. BF 35 HERTRHRT, BRI AFIERTRE
7F, FRRAESGRITHE.

EBHNEEE, B height RN IREEN height 2, width Z#1
FEE width PRELE. FURNE-FPHE:

Picturq.operator&{const Pictures p, const Picture& q)

{

Picture r;

r.init {p.height + g.height,
Picture::;max{p.width, g.width));

AT LU P copyblock JAEYRRENG & %1% B 4% Picture 1, {ER ELLMT data
bR ARNRMAT LS. BLEFE-AFRECKIETANETRENE
. BEE BERRIIE — D&Y clear, W44 int BB . XESWTHA
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X, AR T RHBEASHEETHREHFEAA:

r.clear{Q, p.width, p.weight, p.height, r.width);
r.clear{p.height, g.width, r.height., r.width):

XA clear TR HHEHE MR ESERBR. XH MR DR —4
HERANTKHEE T, BARDMERRTEDPE PN EEETEHRERNERE.
®fA. BKAE copyblock, BHIEESG:

r.copyblock(d, 0, pl;
r.copyblock({p.height, 0, q);

return r;

1
B ERS AN, BRSNS R R EFREE R, HRNE T maRea,
S R AT AE A EE . IR EET— A, BRRIA A clear £FH—BUEREF AKX

Picture operator| (const Pictures p, const Picture& gq)
{

Pic-ure r;

r.init{Picture: max{p.height, q.height),

p.width + g.width};

r.clear(p.height, 0, r.height, g.height},.
r.clear{g.height, p.width, r.height, r.width};

r.copyblock(D, 0, p):
r.copyblock (0, p.width, q);

return r;

}
&b, BOIEFZE clear F15E X

vaid Picture::clear{int rl, int c¢l, int r2, int c2)

for {int r = rl; ¥ < r2; ++r)
for (int ¢ = cl; ¢ « ¢2; ++¢C)
positioni{r, ¢} = * *;

}
BT mEFE N, X BERFH Picture KFHH, G T EREMEFAE.

=lass Picture |

friend cstreami operatore<<{ostream&, const Picture&);
friend Picture frame{const Pictures):

friend Picture operator&(const Picture&, const Picture&};
friend Picture operator|{const Picture&, const Picture&);
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public:
Picture!);
Picture{const char* const¥®, int};
Picture{const Picturek};
~Picture();
Picture& operator=(const Picture%};
private:
int height, width;:
char* data;
void copyblock{int, int, const Pictureg);
chars position(int, int};
char position{int, int] const;
void clear{int ,int, int, int};
void init(int, int);
statie int max{int, int};
};

9.8 &5ib

EARBHT LR, BARRE. TRARREEE, BHER. 5
it — LA,

Wk, BHEERESHTE, TAEEEAERFEXEREEIRET,
HEFHARER. B, XMERT RO BRELRA DR TETH,
inERE G E T R MR ITRAS, BLAX—FHATEELT. &5,
HHRE T BEAENEERENT . WENRRNEE T RY, €72
B EIERRE, XM HERE, RIBFTEX G HIERIERRLT
BREIER T, FLMRBAT AR

R R Y SRR RATEHT Pictre ZORTEHE— M ERM “RR”
IR AT TERE LN . A8 LU A A A B B 1) R AN R B I RABAF AR AT,
WA ME R R AR,

TEREHTESR WO
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EE 9 FE, BITUEEEINEAE —MNERE C++R Ei#T T4, 3
HEI—AEHEATHHER, RFfEEERRE. X1 FEZFRERN, FEHE
RWAEEN, TWHARLFEERRSE.

WA RATE R PR SR, mier#g LhREmEERErHEX? XE,
BANGEGPE R, HRXEE BHAEQEHES, BRERIEHTLUR
BRI EIERAIMER R T 2.

FWMRITEEERN, FHEATESE 8 BRI RTRERERRIEE AR
ERE N P R BHETITRIEN B B 051, IS RE T RURSEFRA.
A, BALLIRAET —Aa02E, - IR LU B8 kAR SEER 40 W R R
— AT LA4 3 B P AR TR AT T ER B

10.1 RRE

FIOBETMARZBAMN, ETEGNR—BER, HEMERMARE
T, BmBARARELG R, SURRBEEANER SREEAFT R
MZEAMR? R Aairit?

FAghig, LERBEEER, RERRIYTUFHIAFRMER. BR-
BEGREMESTREEAITRAREMETR: RERAFHSEATER
Hopk, ERIMER R, TR B R I RREY .

U pitm, —fEE A RE B ERESTENEC, —BER K A RBBRBERNA HEAERREN
T, —dEHE
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F—MEFien BEARKER. B2 HtALEHERAET . i, Buk
T EE x MEEREER y, RRERET S x, XFHEE, y T EERE
x MEREHHNE.

HTRERAERKRR 4 MARELMER, RAERIEH. B, £ C+T,
RER3EH, BeEddNEMCHRER. BERARINOSRE THA GBS
PEOHEL, BANEEATFARNEERE L RGIE, . RNFERDE
(SF =Rl N

XEBEHRESRAES & Th WIHHE. RIOIFFENRE 4 handle
25, H#RZ A Picture, TATIFE KRB TR Y BB S U IRER K.
— B 414 T handle 25, sERTUASEHLS AT BB N BEORRE, A e f P
A HI L E R B E 5 .

AT S B SRRS, BT P B E Picture BT . Picture K
R & — AR MR SR e e ZW BN EEH KA B &S, FRd
ERAAME T EHER, HSEREEEMER: Picure BEE—1 (BAD
fest, 1RE—MRIIFEZA P_Node HZK, XR—IHEER, FLUTIRESR:

+ String_Pic, H#Em1F A ERHEE.

« Framed_Pic, %3 B S INLAE TR E&.

« HCat_Pic, WGBS mEERIEREE.

+ VCat_Pic, FIEERMNELEZEFFHER.

Picture 1 P_Node 2545 fip[A] f# e 4 77 - BCHY (R R .

10.1.1 HE
NAEECSHENFRES T #, Picure & ORI ERERT T

class Picture {

public:
Zicturef) ;
Picture(const char* const?*, int);
Picture(const Picturek);
~Picturef);

Picturee& operator={const Picture&);

}:
AALAZE, BATBAEE A E X —ER .

class P_Node { }:
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class String_Pic: public P _Node { }:
class Frame_Pic: public P Node { };
class VCat_Pic: public P _Node { };

class HCat_Pic: public P _Node { }:

BTCAERFERRAT I AT Bk R Se 4l 3T .

BATE 55K 7580 P_Node MUF5%t, £ — Picture X1 A M ZE —MXEF
Kifa¥lt, F45 Picture B E—H R TTREN B, EXHIXERETE T # Picure
[ &5 440

class P_Hode;
class Picture {
friend ostream& operaotr<< (ostream&, const Picturek);
friend Picture frame(cornst Picture&);
friend Picture opsrators
{const Picture&, const Pictures);
friend Picture operator|
{const Picture&, const Pictures);

publicz:
Picture(const char* const*, int);
FPicture(const Picture&};
~Picture{);
Picturek operator={const Picture&);
Private:
F_Node* p;
i
Ip=azEL]

class P_Node;

EVRGRIES P Node ZE—PRNELF: RIMNEFHARLETL, HARNESH
3 P_Node 75 2§ B 56 A B — A~ P_Node KR .

10.1.2 AESE

f5—4 Picture F ISR —1 P_Node, {B&4 Picture W[ LS [H R —4
P Node, ffIa0:

Picture pl = /* XEKBEA */

Picture p2 = pl;

ExBGEiTh, BEEMEES pl HSBRNE, TRMZLSE 1 P_Node
ME—A s, DI{EREH £ /04 Picure FRAF—A P_Node. iR, WH
AT EAE A XS | A, AU AHR{E A Picure A ST EAT. W ELET]
FRH ¥ private, 4 Picture £ P_Node BT, MWF B
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class P_HNode {
friend class Ficture;

protected:
int use;

b

MASHNE, EREIICLT EBHEERREE Picure 2K HHIER
. IR RS T . BMNME, 84 Picure $§0—1 P_Node, i
UL s 3 o MR 1% 4 i Y Picture 15 H R Picture BT8R A9 P_Node. 3tH.
IR RTHEG

Picture::Picturel{const Picture& crig): plorig.p)
{

CTig.p->USe++;

}i
57 #1l, Picture BINTHI i S ms | AW, R EXEAT KX Picture
X% BT P_Node ST % Hi%G —1 Picture, JNIAER X P_Node X{%.
Picturs: :~FPicture!(}
{
if {--p-»>uge == 0}
delete p;

}

B, BEREFRASERFESRAME. D, ENZENFEKSIA
W, RPN R . AKX IR TR BRIV, #{R Picture
Xt EEIRE I RS R ERIRIE R

Picture& Picture::operator=(const Picture& orig)

{

orig.p->use++;

if (——p—buse == O)
delete p:
p = orig.p;

return *this;

}

BRI E Y T R R, THRE orig Ri*this 7 [/ — 3.

IRZE, b 3R A 1KEH P_Node S i i SR s 3. BATTHAE AT P_Node
TR RN G BT AE, TIAEAE R4 P_Node MR, XERRIHE—TIE
V. Bitn, 8T HE Picture HTHI R P HIE AL

delete p;
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B p £— P_Node*, HEHE LIEAEMRERNNR. XFRAIER
REAT R RN A ) e AR D . SRAERATY & P_Node 2:

c¢lass P_HNode |
friend class Picture;

protected:
virtual ~P_Noda();

private:
int use;
b
H: 58 SCATT 44 PR L
P_Node: :~P_Nade() { ]
BA 2 M R B T . FAIIPAFE P_Node X 5 /12 KX & FIEH Ak T
Ay, TIARBEHAE. REWHE, §—4 P_Node XHEHE 5 HAHE, A
IIRAT T A0 7E — I RR
R RNVEA KE R A4 P_Node, 7T AFIEEMFN, 22—
A P_Node JEAEF 20, 238K IFETERA Picture 2% . B Ti% P_Node
BEHRIEN, FLUNZRE A Picwre THAE, BRI S FHEKATH
BB A 1. 1XFFE P_Node £:
class P_Node {
friend class Ficture;
protected:

P_MNode():
virtual ~P_Node{);

private:
it use:
AT AR, SEX T
P_Node::?_Nodei{) : use{l) { }
10.1.3 &ifiE
7 L2 1 A 2 AT R R T AN FI B 5 9 Picture 3R AIRB 7. B L AMIE
PR BTG,

Pieture::Picture {const char* coast¥, 1int}

HA1E Bk, HiERKNEEH— Sring Pic ¥R, FHFHMaTFAEE
Picture 1. BATRAE X String Pic, AT, B HBEEET - AHR HTHIE A
¥, AT RATREGE A BRI Picmre B HIHIE R
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Pi¢ture::Picture(const char* const* str, int n):

pinew String Pic{gszr, n})) { }

B8, XM EXRRIEREIERR]: 7 Stuing Pic EPFEHEH L7 BRITE
EREZNRRNEELE -6, BRSHRRRPRE. BN EEREM
REHPEFRE, BABFUGETREMEESHERINLSFA . String_Pic
R I RE B R BN AR AT LR private #): AR FE] Picture R A KT, #4h, H
fth 97 B T ] AT R Rl I R BRI AT . BT DAERAITAR

class String_Pic: public P_Node {

friend class Picture;

String Pic{const char* const*, int);
~String Pic();

char** data;

int size;

bi

i i bR BORIHT ¥ bR 35 1R SR L A R -

String_Pic::String_Pic(const char* const* p, int n}:
Data(new char* [n]), size(n)

{
for{(int 1 = 0; 1 < n; 1++) {
datalil = new char{strlen{pl[il}+1];
strepy (datalil, plil};
}
}

String Pic::~Stying Pic(}
{

for iint I = 0; I « size; I++}

delete|] datalIl;

delete[] data;
1
YE&, String_Pic K RIHTHI R BRETF L (nontrivial) B, Bril P_Node

¥k B B 2R B

4R — A MR B R R A, RATE BB AHERIMMERT] Frame Pic

=EA ST Picture:

¢lass Frame Pic: public P_Mode {
friend Picture frame{const Picture&) ;
Frame_FPic (const Pictureé&):
Picture p;

XARERINEEEHHREERFR. R, —MIMEERRZHEE
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Picture [ iMER/ME BB R . Frame Pic B4 T iXEMIMEE. ETHIEAD
HENAE 2 Picture 28 7R,
iXFE—3k, #3& Frame Pic K THERKEE T

Frame_Pic::Frame_FPic (const Picture& pic): pipic) { }

FI TR TAESEE T frame BT, AFFFEAI I RECRABNEER.
ol B 721X B ERAVB R — A/ BRI .
Picture frame(const Picturek pic)
{
Frame_Pic* p = new Frame_Pic(pic);
/1 BAE 02
}
FENE T 154 p. B EEEN Frame_Pic X%, N UK 354N
A~ Picture &, DAMEHEX A Picture X &R BISS A P TE?
HiEr —RELBH. 28 Picture 2B n— M RAEMERE, HKANET:

class Picture {

¢/ RO Ty — 4

private:
Picture(P_Node*); /R
P_Node* p;

}

LIRS0 e X R eR B
Picture::Picture(P_Node* p_nodel: pip_ncde) { }
HAETUEWH frame B T

Picture frame{const Plcture& pic)

{

return new Frame_Pic{pic};

} -
ix B R ATTHHE Picture Jr i X i MEAE A R A B .
XE AR AT LU R . AT P_Node P BIREM I
class Veat_Pic: public P_Node
friend Picture operatoré
{const Picture&, const Picturek);
Veat_Pic({const Picture&, const Picture&};
Picture top, bottom;
Ti
class Heat_Pic: public P_Node {
friend Picture operator|
{const Picture&, const Picture&);
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Heat Pic({const Picture&, const Picture&);
icture left, right;
}:

WREFE XN RS, operator&Hl operatorl, f& P4 BR ¥R A&
ik |

Veat_ Pic::veoat Pic{conet Picture& t, const Picture& b}:
tepl{t), bottomib} { 1}

Picture operatoré{const Picture& t, const Picturek b)
{
return new Veat_Picl{t, b):

}

Heat_Pic::Hcat Plc(const Pictures 1, const Picture& r}:
left (1), righti{r} { }

Picture operator| (const Picturek 1, const Picturek ri

{
return new Hcat_Pic(l, ri:

}

10.1.4 RTHESE

MERNTE T—1EER, oA TR D e B R KRR
KRR, BE—AEEEN. LA TEREER.

H— LT, AHERE—F. BAVRAT R~ T
Picture 25#0 (0B T ENi% Picture. {1 H] String_Pic i SR 3 B T AT EN R
&, MAERERITKITHIXAT, nK—EF B THRERRITHENER. &
RS F, RATIR X I B R Frame_Pie B EME? R, BARIE
70 % B B R — AT AT ENAE R 4, KR, H 5 SRR R A BT X

MERNIFBREBEHS—ITHEREES, 05 S B R ST EN e B BRI S —
1T (RERATRD, AR T B RIR. REERE M —E, IER
wERIR AT . WARTEITIE, ARENTERNE T, JTERAAHE, Rk
B g, B RGHE. BE, BIETHRE.

{8 A #E HNENEERE —BEGHERENRE. #ill, 2
I E M R, RNFETHREER (TREED IR, 4R THERE
HEMITRAE . 170/ P U B B B0 1 AT BT HAT 3
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TR LHEAW! RigHRIEER—1 Sring_Pic. BINFEB—ITEFRT
EEVART, RETLEARSEARLZANER. BRLETEET —H
String_Pic [{) Frame_Pic I, W70 B (£ i% String_Pic FI8—TREAFEME BT,
MHILKESERMB—ATHRE, IHAFREBEIINGERF, FETEEAF.

FRF, BrRAeRERI 2. TETONTENRINEE. 8782
A D ER S D E R D RERER, SRINERRNAE, NEhF 12
¥ WA ERoE,

P Node [53E £ 2454 A1 3 RATFH B height, width I display ¥ R,
A DR E BB N private, XPEESERAPFSAAT B, EMEER BLRAF
Picture KB OFEFRA Y, BRONTEMUALHS, RNSHIEFHEN
P_Node B4 H 3k #I B2 M4 Picture )& R . IEE, Picture AT Fion:

class Picture |

private:

}

J R E o

friend class String_pic;
friend class Frame Pic;
friend clags HCat_pic:
friend class vVcat_pic:

Picture (P Nod=*);

int height(} const; IZEF i
int width() const; I8 5. -1
void display (ostream&, int, int) const; I8 5. X
P_Node* p;

3 Ffi*ﬁﬁﬁ i %1 height, width 30 display R 2K H S H#E%E45 P_Node P41

REG R B R %, XS RS HTE P_Node HiE#E, BIHEIILAFINEN:

int Picture::height{] const

{

}

return p->height{);

int Picture::;width{) const

{

¥

roturn p->widthi) ;

void Picture::display{cstream& o, int x, int y) const

{

)

p->display (o, %, ¥}

m
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A5 B4R operator<<. B NIZ{FH display R—RITHVEB Y —1T (R
HERETHE): |
ostream& operator<<{ostream& cs, const Picturei picture)
{
int ht = picture.height{);
for {(int 1 = 0; 1 < ht; i++) {
picture.display{os. i, 0}
o8 << endl;

}

reture 6s;

}

7E P_Node 27, BAIEFEE X height, width 1 display sR#. &, RAH
W4 P Node %%, FRLXERB KNSR, MzEiXERHE XN
iR, WA, P Node ERENMNT:

class P_Node {
friend c.asc Picture;
protected:
P_Node(}:
virtual ~P_Nede():
virtual int height() const = 0; /T
virtual int width{() const = 3J; s k- Lsi
virtual veid display
{ostream&, int, int) const = 0; JITR
private:
int use;
}:
BT EEL 4 MER4 KD E X height, width 1 display A%, 23R, H
TER T SRR ., PSRN E R, AERITRE LFARE.
HTRERER, BATEESH 4 MRELRNEREENH:

class String Pic: public P_Node
friend class Picture;

string_Pic (const char* const*, 1lnt};
~String_Pic();

int keight{] const; 7/ Hi i i
int width() const; 4% ¢ 15
void display (ostreamk, inL, int) censt /ey

char** data;:
int size;

}:

clase Frame_Pic¢: public P_Node {
friend Picture frame{const Picturek)};

ne

o et g e AR Tor S AR Tt R Faitia e 4L
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Frame Pic{const Picture&): Y
int height{) const; g g1
int widthi{) const; s ¥ &
vold display lostreamk, int, int) const; / /¥ 1E Hy

picture p;

}i
class Veat_pic: publlc P_Node {
‘riend FPicture operatork
{const Plctures, const Picture&);

Veat Pic{conat Picturef, const Ploturek):

int height() const; // E
int width{) const; I¥E ¢ Xl
void display (estyeamk, int, inkt] const; 7 E N

FPicture top, bottom;
}i
class Heat_Plc: public P _Node {
friend Picture coperator|
fcongt Picture&, const Picture&);

Hcat_Pic{(const Picture&, const Picture&};

int height{) const; //HT
"int width{} const; /1 HHE
void display (ostreams, int, int) const; /7 R

Ficture left, right;
};:
String_Pic {IB B R R EFRNEER, XERICELER . BEKEZRKHN
MAFHEERE. HTHEXNMEKE, BIEEXREX— I LREERYE, KRH
AR R E

int P _neode::maxfint x, int vy)
{
return X >y ?* Xt ¥;
: .
¥ f5, ATLLSEY String_Pic 259 ) height, width 51 display SRR HRET
int String_Pic::heaight(} const

{
returrn size;

int 8tring_Pic::width() const

{
int n = 0;
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for (int 1 = 0; 1 « gizgze; i++) |

i1 = maxi{n, strleni{datalil));
}
return I;

}

B 5E Y. String_Pic::display, B4FHEE XL —TMM pad HISEB AL X1ER
¥H 3 ANSH: P, BAEE x My, MR x<y, RERBERSEIHPIT
EN y-x -4

static void padicstream& os, int x, int y}

{

for {(int 1 = X; 1 < v; 1+4+)

}
% F Siring_Pic::display & &, BAMEITEIEEMIT, LERFRAAZBHT
B ER/AES. GBS N SN BEANT, TERBRRAERANIT
R TAT, X4 ey LA A 1m AR A
vold
String Pis::display{ostream& os, int row, int width) const
{
int start = 0;
if (row »= 0 && row < height{}} {
08 << datalrow];
start = strlen{datalrow]):

}
padics, start, width};

)

HEUMER GRS EERARASNSE.: EENBENSENER LS
in 2 BET

ins Frame_Pic::height{] const

{

return p-height () + 2;
}

ing Frame Pic::width{}) const

{
return p.width(} + 2;

I

FTER—AIEE G RIRETi, EFFEAE. XEE 3 MR TRV
FEEGY I, RETMERNRE, REBERZA.

void Trame_FPic::display({ostreams os, int row, int wd) const

{
if (row « 0 || row »= height ()} {
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/o OBR
padiosz, 0, wd);
t else |

if (row == 0 || row == height () - 1} {
/s TAE Fu & A
DS << "47;
int 1 = p.width{);
while {(--1 == )
05 =g "-n;
OS5 =< "4n;

} else {
/A RET
Qs << "
p.displaytos, row — 1, p.widthi));
08 << "N

}

pad{os, width(}, wd);
}

)

B, RITRITEEEREHER. BmEANTESS. i mEsnEEn
BERRELETTERRNEEIN, MEENSRFENTFEGEEMRR. Mk
B AR R 40 A B i 5 LR L,

int VCODt_Pic::height{} const
{
return top.height({} + bottom.height{};

}

int VCat_Pic::width{} const
{

return max{top.width(}, bottom.width()};

!

int HCat_Pic::height () const

{
return max(left. height{), righl.helght{});

}

int dCat_Pic: :width{} const

{
refturn left.width{} + right.width{);

)

RAEREGNMEE -, SONAR AR Bt EEEELE
B E, Aoy 3 RMESL. BATEATEHVRTEE ERE 2 40 (B, HERT L
BER. BERTTERR. FEBRER, RIOIMVELHINEFIEES display
A8
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vold Veat_Pic::displayiostrear& oz, int row, int wd) const
{
if (vow »= 0 && row « top.height(})
top.display{cs, row, wd);
elgse if trow « Zop.height() + bottom.height ()}

)
bottom.displayies, row - tap.height(}, wd);
else

padios, 0, wd);
}

AE, 4RMNEsTEEGN, —SEFERTRITSE2LmEAMEEM
LEATETHEGTHTS.

FE., RAEFOEEEEN S, XM REE—RE e, HEsSE
R, RITESETINELBGNIET, RRERALBRIONNT. &h, BE
AL BRI TR AE R EN R

void HCat_Pic::display[os;ream& os, int row, int wd} const

{ left.display{os, row, left.width{()):

right.display (08, row, right.widthi{}):
pad{os, width{}, wd);

1

3R A e [ R 4R ) Y ) B R Y A

102 HBERRGHE

BRAIIZFUEEFREH—IHTE, BRHZ —HEREERARERMARE. 3]
BLI0 ) R B N MR RR T — T XA R, XA IR R B R E RO

B EE S RN AR A R R AR REE, THERRAE T
MIBA, W% T AR X4 Pictre F 85 M BTE IHE R R BLET R £ H0E.
Flim: 3 pic IF (L 9.1 WHEE):

|
i |lParis ! |
|11 the| I
| | Springl |

|

|Pparis +------ +]
|in the|Parisz ||
|Springlin thell
| {Spring! |
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VA reframe(pic, ¥, “°, * ) B H G5 B %2

ek hwkk hd

* A hode vk i *
**Parig * *
*iin the* »
**Spring* ¥
rHk ki kw '

*Paris LRGN A& & &
*in the*Parig *+*
*Spring*in the**
* *Spring**
+* LA R R K]

LB EE R ERZ X —ThREZ W, BEAREETRIEH
GIATEERE T, X AR E AL, EiZith, AT HEANE 5
HEHRALERE S Picture FI—H9ERBELHX A Pictare L1 —F 4y HEL &
APRERH HRIRAAE, EFREAEREDERTERERT . EIATHR
HAZET, —4 Picture (5 HIIFH B P_Node 288 ik BAMADL . B
W, IXPERIEEVIR IR AL reframe R AEBT TR M RIIH .

Bk, BATEED), ¥ Picre EFR R S AN ERE—FF, BRIERRAEL.
EEREBN BT ERE—F, 7L Picmre FHIN—AMFHWATT, RELSEF
TR EE R P_Node 17 . TR 14 S # Picure 2K:

class Picture {
friend ostrcam& operator<<{ostream&, congt Picturek);
friend Picture frame{const Picrure&);
friend Picture reframe S B gy
{const Picture&, char, char, char};
Fro.

b
HATE XA S reframe ¥
Picture reframe (const Picture& pic, char ¢, char s, char t)

{
raturn pic.p-»reframeic, s, t};

}
HAPEEES P_Node HIN—MHEMERY, HHSEFREE reframe
POy N1 8
class P_Node {
friend Pic-ure reframe{char, char, char};

virtual Picture reframe!char, char, char) = 0;
Flo.
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—> P_Node Kyt R HMN %5E L H 2 reframe #R1F. 07 E RERITA
BEFREXEHSHKT.

WAL RATRE B WA R RSB LI reframe. MWEFIHK) String_Pic F7H4h
—EAEARFUETE. FUXNMRIER no-op, MEMER—1HRA
String_Pic ffa¢r, fEAEERIRN:

Picture String_Pic::reframe{char, char, char)

{

use++;

return this; PEAFE Ploture B

}
TR, AN T I RETEARHES R —H P EFEREEZR Sting Pic,
(@ Fl P_Node* % BI4E/F A this # 4 sl —MHT Y Picture.
FEE 4% HCat_Pic ¥ VCat_Pic, tHZBR B, REESAEH Picures E
Bk, MmoelE— 13K Picture BIT .
Picture Veat Pic::reframe(char ¢, char s, char t)
{
return new Veat_ Pizd
srreframe{top, ©, s, £,
s :reframe (bottom, <, s, U}
H
}
Picture HCat_Pic::reframe({char ¢, char s, char t)

{
return new HCat_Pic|
i:reframe{left, ¢, s, ti,
.:reframe{right, ¢, s, t)

}i

}

B, LRI A M Pictures B, EM T - BETERIF A £/F reframe &K
B, RN e R, RAFTAR N EEEH T —HERRE A
JEHR R AR A B, FILUXAREREREZEGE, BAER reframe B #HIX
A reframe i AR EE—NEH.

TiREE Frame_Pic. 7L7% B reframe ${E2 8, EAKHE—T, Frif
“EF AT BAFARE. AHENRITE, Frame_Pic:display BREAERN A2
HEMERE D, MR, XMEENE. HiLl, RI1EZAE Frame Pic KA TF
5 E R MR IARRE, REED display ¥ BRIRIXEE. XEREES
Frame_Pic S8hnak R B, 3F BLL Sy E O IRHE i) P (R 77 2 Frame_Pic M5
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. IRTE, BATIRR K Frame_Pic 25

class Frame_Pic: public P_Node |
friend Picture frame(const Picturea!

Frame_Pic{const Picture&,

Char = '+*, char = *|*, char = '-"'};
int height{} const;
int width{} const;
void displayi{ostream&, int, int} const;
Picture reframe{char, char, char};

Picture p:
char corner;
char sideborder;
char topbhorder;
1
XM, HATCEEHT Frame_Pic FIHERE, {2 R IREUH MRIIHER T
. AT 5CEEENRRENES, RINGRESH— I REE, 254 display
BR3¢ P RE A 1) 7R ILER.
Frame_Pic::Frame Pic
{const Picture& pic, char ¢, char s, char ti:
plpic), corneric), sideborder(s}, topborderit) { }

H TGRS, MET L BEAME reframe R T . B, BEE
$35 % — Frame_Pic, 93B3 R4 Picture L HFEER T, A EHEAN
Fi 4 Picture F 5 FIAAEME R AR — M F A Frame_Pic:

Picture Frame Pig::reframe{char ¢, char s, char t}

{
return new Frame_Zici{::reframeip, <, s, t}, ¢, s, t);

}
BE, RIVHEEET display B3, FH LI EERKNIMAEFRF . X4 THE
BAENER], B RARTTAIE!

103 it
MR R nE, H—SEERE, PMUEBEIRYRNE LEED
ﬁﬁmﬁﬁaﬁﬂ¢%ﬁmﬁﬂi.%EE%*#%EE,@@%ﬁﬁmm,ﬁ

B — R A% B X e # . T S A PUE RN IR T = E BRI,
[ ziib- VA s e Pt oy
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B— AR, RATATCME AR TERE. BEREFAEAR
By SIATHELL BT NEEETOUNAE, B3 EH B XS,
B B 2 2k K T LA R HE AR SO R R B T AR

—B RN EFRME, Bl HELEENERHAE. Z—IARE
BAF A B EERRERBNT, XK, BRITRRERNLKES, HEMN
KT BT AR

BiE, BIVGRBNEFEEEAER, WLTFENREERNFEN. HK,
BATU—RET 17 WHHTENRTHEFAR “raERFmHE
="

XA ARERIES I ZT RN HEERES, BRYTHER
HEG, ENSEMRTRTE >, FEBENE, XMEHRERS, WLk
305 (1038 18 reframe, TITEZ BTHIVIRR R TS, XRFATHE.

XM RE LIRS TREEEAEEE? BEEW: F—8. m—1TRESk
ki, WRETREEHE, PEEERALENEME. EXRARS, REH
BEREENLY, ANEFRINENERNEERRT—IHEHER. ETHH
HIXFRERATR S N, MRE - IELARERE, RN HSm
A SRIE A, ROLFES, EEE— DR TRZN, DAELTERER
HERRER.
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=

T AREARN S ERERE

580 EE BB REAR T - ML ERERNEE, F 10 TRERT R
B, {EREMATEER. mREER B ETFRERIBRE. e
MAEFRIET, EhEEHEAXR. BRA—HE, BRENTH 10 EHFIFX
YREEREREL.

LEEEAT 8 R PW, AANAEERLEBREERL, T RARH
MGG A, EAHEY, FEABRNSRAREEOTERBERR, A
R LA A R 2R BRERNERCTIERNEIA, EERFARR
L5 29 A o] S 2 R 7E

111 GEHREDR

B, RITMERD, WRAKEERMITY, FABERERSE, BLiRK
REDRESRALEEE. Wik, REFESS, 98 FRSRRRES R
LA BRMIBMAITE N R RRY. RSB RBg AN, THLES
B,

R SAMNERS S, FRTREETE. WREHT BB
R LKEE R RS . ER— MR THR T, BRI ETBEEN
IntArray 3. ! ‘

' EFEMPATUBLEN—SHTR, & THEEXNRE, BRI —TUE SR ERRENRATEN
B, MK, AEES, BEROEESEHEERE P ITEaL. PRI TREFEEETRENH
.
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C++iL B X

clasgs IntaArray {
) public:
LA
unsigned size{) const;
int& operator{] {unsigned n);

};

BATUE - RECEE AN A TERENF:
vold zero{IntArrayvhk x)

{

for {int 1 = 0: 1 < x.siza{};: i++)
®%[n] = 0;

}

R ZBERERT, LRWAINA IntAray:operator[[#] IntrArray::size()
RAZ AR, F, & AR EM IntArray R4 H— % IntFileArray, 2R
HoMAREEENF PR XL, RN R EH IntArray: operator[) 1
IntrArray::sizeQ 2 B E M, T4 zero FRHAF IntFileArray X R P HUAEFHIETT: 40

BAREEAE, W zero RECKATIEFIE.
112 AR

REXADMERESIA, BROSE LR E:

- BEHEMANFRETSES, BESERRTE: EEHENZW,
EYHLEEFY, -l To3ER.

- A T IEE RN ERIETT, TRREINT.

o FEFTHHEERES T BRI,

112.1 =

mE—AEFEASES BB SRR R B, BANFEwNEFR
ARE i AR HA AR N

T x:

®x. E(}:

e e & A W o oweR, N e el — B R |




FINE ALHBTNEEABEE

ATl — B R ST ECE 7| AT RA, MRMARREXNHNT .
void call £ (T* tp)
{
tp-=£();
}

XE, pRETEN AR, HTREFEAD TRRESRKNZ, L, @
BoTof REEE, WG806E B RHENEEATEA. RRENERITHERIN
SeTEND?

XEPERTRE. BEMEEMEFEIXITE LY, BOESENLS
E BT, Aottt Es| B (memory reference) AT HECRIKB — R
{EERATaER. | Ain, iERAIEW— T IntArray:operator{ 158 52 B Y. LW—14>
RN ANFERSENMERETREYRENNE, EZXMERT
operator| | ¥ 2 {LLT T H RUACHS:

int& IntArray::operator(] {unsigned n}

{

if (n »= arraysize)

throw '"subscript cu:z of ranget:
return datalnl];

}

BT RENH N, ZPEEEFR 3 AMAETIH, CESAERS n.
arraysize F data fE . EREREX A FFHS 518 KB R R T AT TR A, B
FER AN TR S IR A AR BR AL 5 R L T 34T i ?

FARINBRITERE R, LSRR AR, Bit, — M RSREE
B Xt & AF S operator[|RHR AR L FINH KIFFH . T ELE TR
operator[]f TP AT REG 3 A~ 73 RIH % — R ASE, B—RNIE
AR RSEIGAL this S840, BB AR TRARRFHN. Bk, H3RA
Bk est R AR A AN R R R, BRI R R A2 R EE AR
AR A R BT B R T B 48 R R — A EER FORE B 3 S I
— A AT REUHGR N SRR RN A, — MR R A, =
AR BN Eh, R AN SHMREE. FEXHREAS, BT EE
A A G ROE E 3 T RATRIE, MR RAREIT B,

lﬁﬁmﬂﬂ#ﬂﬁﬁﬂﬁﬂﬁ-Wﬂﬁ#ﬂﬁﬁ*ﬂﬂﬁi%ﬁﬁﬁ#ﬂﬁ%Iﬁﬂﬁ,kﬁﬁﬁ%ﬂﬂﬁﬁ
ﬁnﬁﬁmﬂm%ﬁkﬁﬁﬁﬁ,@ﬁk!mﬁﬁgﬁkﬁ%%T%E%%ﬁmw%EﬁﬁmmﬁﬁgTﬁﬁ
AN RS, (BXARRERAEDN. BAGNERRNNERE, HalaTRTHR.
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CHﬁu@Pi

XATTHERKES? XTRDRTRAENH. BB, RAREEL, BAR
BRI AR, L, ARMNESEERTARNE: ZRERSHE
REASH 3 MAFETIRTE— FTUBRNA R LR ELE LR T 50%.
fiH, — AR IER T RS EENFRSEES. MRIRRERIEE
KRR, FNEHITHE. T, XHEEMNIITELUHM T ERSEITH
ATREFA S K.

HitfERATEMMBE, RAOTET A BN AFHORR T HRSE
LB R R G FI3, ZR—ARTFMAENEL XK. R CH I FFRH getc
K, BROFHEEHCHER MM get WRARLH, RE— int, REEHE
H—NEHRA EOF. 55, RITEREANMEEMBRITRETIRE B BRI K
THLFE R R B b 3R .

-~ Fp B B BT 4R 5 1UHS

clagss InputBuffer {
public:
L
virtual int get{}:
A

}s
R RRANHRRERABFEEH TR get
BE, XANHENBEFERA. ERETEXMHESEM R TR R

int countlines (InputBuffer& b)

{
int n = 0;
int o;

while {i{c = b.get{}} != EQF] {
1f (¢ == '\n%)

T+4;

return n;
}
MiE AR E T i nputBuffer i IRAE XA RX — SRR, ERBREN.

BR, FAF get MIARIMEEBICRA, FUBREALK 6 MAFSIHE G TR
WA H, LHKPREEEOFR). Bk, EFRRERTHERTELSESM®F
WATH RN EREE.

MBEBATRT, R TP R R E— R R 27T
AR LR InputBuffer KR IHEB T A% . thin, MERINABL FAR:
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c.ass InputBuffer {
public:
o
int geti{} {
if {next == limit)
return refill{);

return *next++;
1

protected:
virtual int refill{};

private:
char* next;
char* limit:

bi

RATFBERAEEFK P E —ERENFRLTHHRE. BERR ext 514
B A XRMER: BIERR imit B BE A F R RN E N RFAE. Eik
B nexeo=limit FIIGRLE T EZELRETHNERT . MBRRETHEFNT,
e 108 B refill Bdk, LMEBEEEMN. MEEARS), X4 BB EHE L
T E next A limit, 35 01 58 — XA R R KR, WER EOF.

BATE G R BRI N AR I, N RAE SR E *nexti+
ERMRE T SR HEET S 8ME.

%%ETgﬂmE%Wﬁ%,ﬁX%EEﬁmam%ﬁEJ¢ﬂﬁ$ﬁsﬁ
PR REE AL 4TRSS AAATHR, —MRUFR BTN RF
next MiFE. MERISHEA efil, BELRELEL, HENOR refil AE
Mg AT LR T RSB RMALER, BLRATATEHRLOKT.

A, X MATE, BT gt EEFBATRIFHEMN 6 ~HFTIAE, L
ﬁﬂgﬂ@ﬁ%ﬁﬂﬁﬁ,H¢ﬂﬂﬁﬁ&4¢ﬁﬁﬂﬁ%ﬁ$“ﬁ%ﬁ%om
B TEYE get H08 FBURAFSE G iR PR A MB L% CAR A AR SR A
BefgfBE /), MATERE LFMSCER{E get BIJFHM 10 AHETI R 4 A
MAES IR, EENNAEE.

1122 BHBEM AREGITH

AR R E R T BEERMT Y., BRREY, BWIRERNSTUES
MOASTEEAT AR T RAENR. HE, A SRR THENEN: EX

AT LAZE IntArray ZE0EEAS b QIEE — M T RSB IA L. B8, 34
WL —TENENR:
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class IntArray {
public:
IntArray (ungignad) ;
int& operatori] (unsigned);
unsigned size{) const;
I S
Y:
BB BT T IntArray 1A/ RIEL S, I H3XR T irEE.
BEMAERITMZAHIEE T~ IntBlock 3, %5 IntArray KL, HE
RIS LR TR AL AE.

class IntBlock: publie IntArray 1

public:
IrtBlockiint 1, int h}: low{l}), high{h},
IrtArrayi{l > h? 0: h - 1 +1y { : N
int& operator[] (iat n} { ’
return IntArray::operator[] (n - low);
}

private;

int low, high;

b

IAHE WA, BEAE—A TN L L5 h # InBlock, B8
HEHE—AE hle] MEENRE, WERENMCIAME S HAE, T AT
Ve R B, BRA1EFE M0 E 5 E R B TR IET

P e % 58—/ IntArray T 89T L R AN AT R H

int sum({IntArrayé& X)
{
int result
for (int i
result += x[i};
return rasult;

Q;
Or 1 < x.size(): 1++)

il H

)
IR XA FR 2R R InBlock T /AE IntArray, HRLXAEHT
sz 2OL4T operator[ 1R IERE SR $, 77T LLERHUK IntBlock FonEHm! X
BT sum EEHSHLE— nAmy, XEERTUREASET R
IntArmray H7 5T . BRI EEE A TRNTHRA O, T AR size ALE
EEITEEMA . BT IntBlock AR IntArray K7™y &, FrBAAH operator(]
FREBEE, XTTAASHRE.
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FNE FTLHBEIELSERERH

1123 AEMERAEEZERK

AERER B R =4 ER A G R R 8 2 K IR G A& R ot
1.
BAVER AR, EEOQMAFEREAR, RREREIABRTAR. o
AR -MERFPTWKTTR, XTUFRMAR: EHERGAFMXAL
IREF AN

BB EL AL, BEXTE—NHPRERITERA, EEEHER
MW A RIFEE A, BAER, FRERENERT RN, S8E
A% BB LA A el B 1 kAR R BT

GIXE, RILBEAMNEERNET, FRREMABHARET. X
gk, RARZAEEEEENHEEN— M mE, XA mAEERTHFREX
M SMEA FRRA &R0, JF BRI TN T A AR R
AU EAY. HEARERE, WRTHENEMTRERRAN, B
SHHAMAEE R, AN IEEADIRE M PR RlE?

B, B RAEMBEERATMN: B4 BE, FIEHRFREEIER
BIE FHIR . TR FSCA GRS Rk E AR, R GRECFT AR T R B
g — A R DL BB RS

Hipith, BATEHSMESEFRARRTE. S, RU/EESFE TR
ANRIAE S 1 BN ASD REM—HIY, XA BB T AR R R
M. TH—HEER —PRARRATERERE 2 TRARBIRNEE
fi— Z R LR RN, MRREN L EIAEAK T RIXAHA0E, AR
5 B AR R iR A BT IR R . B ERE R — T RS R ERE
B, ¥ AR R E XTI KRR

113 HFrRRERRR

R T E R R R, A BV E R AR R, WTREE R
— BT RS

30 FR SR A K R B 2 A X ) LA 2 T TR R S (R FR I R oA & L
HR: s — AR SR AR E A T MRAERX B THRER
A R P -




Cr+TLEF

class Base {
pubiic:
vold f£();
virtual void gf{);

};

¢lass Derived: public Base {
public:

wvoid f():

virtual veid g(};

};
BT ZE FAITAY UL 6% Base KRR F0 Derived Z5MI3 8, WA LIRAGTE W e1]
Wy ¥a%t

Baze by
Derived d;

Base* bp &b;
Base* bg &d;
Derived* dp = &d;

XE, bp & — Base 712, bq M dp 8/ Derived X H. WRBITHRXE
bt B A A B s £ D g S ERfE AT IRE?

nn

bp->£f1{); /* Bage::f */ bp-=»gi{); /* Base::g */
bg->f({}; /* Base:;f */ bg-=gt); /¥ Derived::qg */
dp->gf); /* Derived::g */f dp-=f£(}; f* Derived::I */

R R AE R RSB STHRANIERNRPELTER, JFER
WA g ETREASEHEN. HTEANERERNRERRHR R
FIRRHL T - |

- BHEERHRHENEERE.

- TESEXRE—RLETXT. mE— A ERNRHSESIAEET
EHXE, HHASKH LEEN—MRERHNR.

BT A B S A TR . L R SR R — VR R R —
A delete FiER. | Bk, RS0 G R LRI RBIFRIR X HI XS R E,
EAEEA REREX. BHit, filn:

Bage* bp;
Derived* dp;

bp = new Derived;
dp = new Derived;
delete bp; // Base seBH—A-EITH R

‘E%Eﬂ%ﬁ$%i£ﬁ:ﬂﬂﬂﬂiﬁﬁmﬁﬁﬁﬁ.$ﬁm%$ﬁCHN#EEMEH$$ﬁA1H$E
WA M.
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FUE FLMRTEEFERERHN

delete do; SRRV BRTENAE

BATERZREH bp, —EIERE, KR —MRERN R, B, ATHX
M FREIEH BT, Base BLWIE —PRTHBAL.

BB g XM T EH—EEMNEIEE. HE, RERNERE
HERRE, REEER I BT R,

MBFE—AENHEE, X —1THETHEERET 1

class Base |
public:
L
virtual ~Base!} { }

}i
AR, WR-AERERE - BITHARE, PARXNREFHENRE -
M EHES, BT RA AR RGN T — MEFTOEERERT .

11.4 /pes

AR CHIEAM RS, HREENRMIEMLHE. R, LFEE
—AHRMRA, RABAEZEEEHESERNL.

(FEREIT AT ERER, RITDBMET 3MRA: H—EEREHT
&R R RHIERE, ETRERMRBEREARTNTA, H=RFHERIE
—A i, RTREAAEE BIRAE R .

B—J7if, RAIEEE T —HS AU R SRR — R E
EHemERN R KENEEARELRN RN, RTEETHRI

FAEUWE, SEENENOHEE S CIEERM 4. URER N
RIS EAT HREAER
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ERN—MBRER, ERCHBSE TSHAHER, FEERRRET
SHEATEE, B, WHARIA SR MY EER?

AEE TEM", RECH+FRE—PELET, B0, MKTHEE SRS, B
2, SERNERE, C++EEREEBELM, RINES TMHEEREN, mA
PIBOS B AR BRER NS EERFRAR MR AR, B, SNHETHS
EAEERFRELNEN, FEBNFEER, BIESEREE, Bit, BERE
AR RRAE S BT TS H R R R R,

AR —BARESEREEE, HERTNSEEENAL—XRELSH
FE AR, WEREY D, BREHR SHRERFRENENMAYLITE, &
BHE S (A6 ENE 2% ) BT EMEREROAR. TN (EWEX
t) BRI AEH RS (STL) NENERAENBBAETZ T,

FEH LEEABETMABRNERAE, B8, AH 12 WHP 14FD,
RIBRIT— A SHEMIENESR, ¥ 15 SURA—HTEN. BREHHHE
SRR, I A —Fh list BBATITE, ERINIHRDRRITE Lisp £
1.

B, AEFERHXEENHSISERE A EE M BB,

ﬁ T LRULHAR R T R ERR ARFIBX LR, RERATREE
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WITHRRER

FRE—MRFANESNEREN. CARMARKNES. BAMSHE.
C+HACRTLIREE £ AR, BRRE. MR, CHEHEAPTECHRS
M. XHAN CHBES R AEERN BT RERNRXM R —NEE—K
EME S B R AR NITE.

T — MR AER N TR BATAN.: mRIAYE—ERNTZRMEE
HE, BABAWPEANRIESFET. 2EEMIAXTERRIREHF
g5, BATU— MO FERFIRESXERE, FESGR. ZMTER -
A CHEER) S, BRAFEIR BB B EA SRR . 513 FHD
14 S ESTIE X ME RS EERE b, I R T ECE N ERE T,

121 BEH4

M ABFMAE T REREEEFREBATAFTE, BRLUFHRIAE.
AREMENE, MG? HRE “EEF DR BRI EMAAR?

BT XA REEEAE, BIMRE cl #lc2 BESH, obj BRER. E—P K
BHRINWAR, THTMNRH4A, FE—PRRAEGH insent HFHPHRANR. 7
bh, BEE ob] B — AR H mutate BELUEF XM EHE. MRITHE

¢l.insert{obj});

255, obj RUEEScl “BE" M. WRBRITBARITOT RIE

obj . mutatedl):

o, CEHRBSED ] PR REES? RHE, RIFTEARRE obj 19
— Bl AR ?
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C++itEf

FAks, MRBAIREBEINAEZEDEN obj:

cl.insertiohj);
cZ.insert{ckj);

B2, RBHP—AERARNZNEEE, SASREERS IR EPENR
B 7
SR AIRARY T 53— MEXREE. Flm:

volid f£1f)
{
Container C;
{
Object obj;
c.insert {obi};
)
t/e MELH RS

}

RAVEXBACS QI T — A58, HFEEPEANT MR, 85X
TEARR. WRREMNEAGERRH, MARMEMEA, BAFRELRYE
M R CAFTET TR —RTRMNESR A “REE", FAERERN
FRE VL FMRES SEREENNBMSERE. DRXRERITBENTA,
RARITAT AR EEEER ST RN R A S EAFR T, BELSE
S EETEIFE? -

BNERSBHEN SNURARNZETRERPHMSKBIA, T
BEME AL, BEFHRIFANAF—ERER BESMESTREE—
ARt 8 i F 5 —— AT BB S ) 1300 S RO FE S ION BIA 28 P IXPHIREE M — AL
R, B ARG EFEY. FAMITERNRCLME NIRRT 1.
$hr b, MARFEHE (TTRENS) ERAEHMAKN THER, FLAFS
AR A 2 S BT AR X

122 HEHEBRSRET2A

BEEARYCIER, TASNNTRNABRRERSE. Bk, WTFE
2K T, RATATLAES AT LR ListT>HE Set<T>, EEMRRAFTR
LA MR, F4 AT Contuiner<T>RBFBAHRE A T HMRINE
se  nEEERMMANSEEREHNS, BAEHERRAE BN EEHEY
ERBPHNRYE? Fin, PITSE

Container<T> cl;
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F12FE RrBZB%

. BAVHEEH A
Container<T> c2i{cl);
B
Container«<T> <2;
w2 = cly
MG EMA A SR, P EAR—, BRAITSTARNE 2 PR RS TR0
cl, BERZ, HEEE cl FHMREFR2EW 2. Fl, Rk
cl = ¢2;
/i 2 i —AHHE

c2,insert {socme_new_obi);

/K2 P EENE

cZ.updateisome existing_ob]j, scme_new _value};

EiRixeEm RSt ol FEM, RioREFNZmRE?

MEEE 2 Fcl FL£BH ! M c2 FHFE—NMREMNR, HoH 2 M
BABEE ol T, B—77E, MmBERLENEEEREL 2 BERA 1, N
XNt 2 R A EmE cl T,

W%, THECH i BHXAERNREFAM. s3I B
iy, BAVRIMEHEEHNARES (GRETEE AREREMFA. AKF
R, XREECNERAFROASNRNE TR,

W R RA T T GR ik R T B I E AR, H AR RERLEE SRR
BAl, X

gtruct C {

int 1i;
doukle d;

}yocl, <2

P

cl = <2;
SREBEE R c2. 1 c2.d I E B TR o) BRATD . WRENR
Cljjb:

c2.i = /% RAE */
W cli fREFAE.

WFCRATS, HRREERT. NEMEH L&, BTHENFRLE
N, ENFAPAYRERE, ROBRgEE—TRABRLs 84l

int x[N];
int vI[N] = x; [* B */
int ¥y I[N ;
v = X; ARV -5 I
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C++£’|: iE‘i

HR, E—FFETERAIL “BH” SHr— 002
void fi{inkt[N]};
int x[N];
vold gi)
{
£i{x):

}

XHE, A1 B R E T BUR x MBI ALl f. LRMERZ2 f BE
B E R AR int BRI BAE, 3T £ iR At e | f 1533 x 13—t
Fifbak 7. EXAEERFERNE AR

vold I{int*};

int x[N]:

vold gt)

{

E{ax[C]};

}

MR RETEBRNTER, B4 ABNSRES RIRE x P,

B, CHC+hiARESHEEL T HMARKNEE, HHXTRPMEY
R A LA AR

. GEHMEEIER X FHRRE, ANEREEXMENBSLAEE.

o BATZHMIIFENL: BHlszmE, BAIERRTRR - TMRENR.

WMBRHFRC WEERT XA EE, B EERZNREAE N ERETRT.
R, WREEHASATTEEMERN AR R —MRENS, TAZEH
HRHBTE, BLARERLSRERE. ¥R, KEREHRTRHBANRE
i, B FEXEESAES—MRE LR

vold f{Contalner<T=};

[ihit!

void ffeconst Container«T=&];

REFRE. NELHARRAKESTRHARIRENTE, BLARITHRNY
AR RE R IR R . BEARIRATAT LUB a2 SUAA 5| BB S B Rl ER A B
MO REMAZIEE, G IET AR A1l AR ?

MTTHRRA VRS R L ERIAK SR, 40 BT B REOR
% private, FBHA AN EHEH. MR RGEE RN EESST]
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FRE RHERSE

g — ek, MamBRMITETUBEE—aT

vold f{Container<T=&};
volid f{Container«<T>*);

A5t BRGNS N E SRR e 2R B H R .

TR R AR AT R B A FRATT R iR A AL B X H R T E R P
fH. BEENR, BHESMRREABAPREHZN, RCHEREHER
A= 18]

MTRFBRAPENT &, HF—m 2N BRELEREFHREKHA
THXEHNZE--MFE, ESREEEERE—MEEXNRNSIHNER. #
an, RS A SRR LT LU B RE SO LA — M RSO R T 1
Fl— P EEXAMG RAEAER.

A St A BRI ——B R TS M AR L. Q. £ TEN
FHB, BIPREKR “BHlESSREWERNE" KK, BRIFAERR
AR 77 938 P B IR AR A AL Rl

123 RS RNCE

BINC&TRHF AR R, T IMNRBRANERTY, NEEHENR.
s, B — g G R? BaiEdl, HEAIM Container PRI MR,
FE%AF 8K TR RER TEMATRIB? T2 FREFFRAINITIE,

TS BRI EEE REL R AT AT, TS BT B RS
EHESW, FLl, BARRESD RO FRERTROBSE BHE
B A RPHAR SN ESIR RGPS A HERRS, UNRAL
EMELR, R—EAAEN: BEFAERTRE—OHR, DRER—D
Moy eE, S5, FHAFENMMER, MRS XA LLIRE -
BIE, R U E AR AR EFE TN RETER. KiELE, NRESEHF
LA RN RITRRBEEEDE, BAERELLMRENBESIH, UK
DR P 5y — TR R R A BT AR AR

B—h, ETREMNEERRENNES. DEAFEDIRBIN SR
FEHAREIISENEHR R, Fa— RSB HmER R TR
WEBIEHR—A, KESRERNERAELET. WH, AFRFREERN
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CHiR B F

KRR ET | Ha B M, siRAPRRERESEPRE— i, ¥
RIGERFLEEA— T RRNEMER.

#lin, HEDRUMANER c BH WS, SENTFBEE L i
XFEFTR-AWNEHTHE. RS IHERTHAFENTELFRERE
A ALERRZ TR, AT RS EHESRTHAE CF N TERR
IR EELEN AT . WA, MRHEFHES— AR ), #FF
gRMHE, WER c(i]fME NAERELBENIER

clil = clj]

ML= EF RN R MK c[REIEESTTE | M EBS), BakiF
BRI AR A BB AR R 1!

A F BRI T R AR AT 2 BRI SRR M E R, 5%
brl, SAUTEOMEETE R TR ARAER, AEUERENEYE. Lk
falis, o THEHE KB, LU RRERREXEEN.

124 ERRX9ENS

BESR operator[|TE IR A BHE, AL operator | LA THHL, AsSAE
MR T E, KRS EN. Hlin, BEUA ciIAFLE c TH
HTHRN i L, WA cupdatel, )R IEA 7GR FEBICN x. XNRBEKIERXA
TR E G g AEE, B, SBE—NERNTERE R, KB
FRHERT.

#5ltr, 7 A Discipline of Programming (Prentice-Hall, 1976)—+H ™, Edsger
Dijkstra 32 ! T —FhAS I8 20 25+, 28 30k i iy b 1T DATE 7 a8 ol A B
TE MR R — S T ER AN T ERBU R TR T EF TR,
E®BEE, A T — M SR SN HAEEER AR MBS EFHTE.
TE C++7558 9, Dijkstra F7 HA9E — iR fE—a] 82 3RBUTE M BRERA-BIS
—— BB T P A R R R R SR, TR R IERT

WA update AT BEPE A NERIOG R, BRERFHKNASEFENE
BufrosT AL, EE:
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template <clags T= class Container

Fi

public:
T operator([] (Index] const; BB TR
void update(Index, const T&); JIETTEER
;i

}i
2% B ) Index & —F A T45iHi% Container TR FIZER . Bld, BATLES
FriE%1TE Container T — PN ICER ML, FUBRATRERRBSTE. HR,
1% F update F&A 1 BEM I R R Index FIE, 1L 7 AT operator{ 11 HH{H -
B2 T X FE e
Container< Container<int= = <;
Tndex i, j;

int k = ¢[i]i3]); // M Container[i]1 PIETE 3
SIRANERABER c[1] (F)22?

W F7EF update BE R EEEZ — A Index. FTLLREEREIERITHHEE i
A Eg. BRFEALRITHABIXA Container F1% j ML, Bk, BATAT LI
RIE i E 2 update A RIX 1R AR

void update{Index, const T&l;

vold update{Index, Index, comst T&);

B, BRITESEBREX RE, RRTHEXMIEEFUELET. W
BT T8 B 7T LLAb 3 4 ) Container T, {BRFH4EHH Container 18? HRE
.

5 e SR B R ] operator[[3E N HI 4 i 4~ Container, #R/E XX 4T
E{F H update:

c[i] .updace(j, new_value};

ATHE AT R A cDREINARE T, WAR Té&. Bl ST cli
8 update I, A TERHIRZS 1 4 Containcr B— R A, —BERITEHK,
EABA S EH

R ERE AT cIBEsIH, FHREAP RREQR T
S|Hlz A getEHEANT

125 EFPERSErdc

AR TRE LA R T ERILR. BE, KA R
SR A A B TENERRER B AN, B, mRRIRF
f— AR ORETETTE, BN et a8 E? B - PEFRIRXRERT
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CH+iT Bk

MTEEREETRETRENESR, fin, IRENMERRERULERT
Ay BATERE —ANEFHTENRATRER R/ABRE. 5H—FE, WRAERNIY
AERBA, FOURRE—DRENES, KHERETREELEILENE
M. f'm, W, ¢ BME-MEH, ROUEAR, TRAEHMES, mH
AR LU

cl0) = 1;

c[100000] = 3;

#5 c[0]FN c[ 1000001, 1H & c[113] c[99991F e H £ DIR? WREAI A
XA ARP S EHTE, BARMLIBRE, ERIMAOHAAETER
et H R R E, RIONZSXETERREH AH.

A4, WBERIBIFERNAOTREERBEH, T/ c[iRfFHRE. W
LRSS AR AFEN ciliE, BEXMIRRHBSHERBENNL. K
RI7E T F P A BE & 4n S D

int* ip = &c[1];

A peE & yip WA, NERHEFCEFEN*p (. X5F, B
F c[BMER, HARIIEH P Sk %,

WRKMNBF LN NFEARES TR, Ba, LBRNEEFENAFLE
L EN, FRAXINLSABR Y- —DAEEMNTRERNAR. S8, FEN
FERME T EENNRA ., —RESERNFERFRHAMTFEREA AT
BETE, REAHTACEETENRTENRRGTZTEYNBRMILRE.
AE —F R R AR A — S IRMNE, BUhRaNEREENNE. BT
2, YHASE T HARNAESRT P IEERE, #8583 TONE. FHEER
SRR 3T i R — RO E R H B

WHERESY B AMAESN, F-AREE, REEXBIFIAESRFK
TESRATE, LBAEREER FEEREAZHITE. o, B2 XL
¥AAES, TEGERARBEMNEATTRIEE. SMEMRERR B R
S R A S T B BT AR B R B 2 T T 1B N B B B Y A A TR R
x, U8R, XPEEOEEET, RIE-AEAENETNAHSESRES
Fo BT R X B R ol TR B 5 A 4 ED B R R HE X B (chunk) 3 I 2R T K
A, IXEE, BIMAESEBE— R, XFMERNSITHERAR, ERE
Yo IEIE S B R R SR R, B ERIMEET .
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2% HHERE

ZRA A BRIEATFEESRELERERN. BRAEN—PuRSE R
B —ANmE, XRASHAERREN. H—7E, ERENAY, FTEAN
BRAHANAS. MR, X402 HNHERECHRIEH —FFERL.

12.6 AR STRPRREER(E

MBI RN TR, RINMOPREE L FBLERE. 8%, #FF
HBAEFPESNG 4 RBEEN. fln, AFRFERABLETEHT mEL,
P FHaASHAERKE, LT ARBEGTRFHETB PN RHAEER
FyiiE. BEEH, MBEERATEHITE WARER—MES WEHEES
DABES A E . N TRERGSEERE, XN AREH. PFELTHAT,
(EXRERINGEHR - SERAERACTERNESET. AN, Mgtk
BRRE-AEREMERE, FENATRELE - EFHERA.

BERE—MAE, RENZNE “HFHh” BHERFRNETE. 2
DIEZE “JAEH” ENBIS, REXNNTHRXAHE, RINMEEHHEETER
S I R ML !

DR BEREIAERNERT. XEREHTEBFERNIEAE
(iterator), XTEMREEALT, FAURIEBER 14 EEHTL.

127 EREERSRCRNRE

8 121 T, BAREEHXHENGR. NZEHAERGLE MARR
I AR, EAEEH S XaE:

« BRIATLIEHIEEND T HTE.

- TTEEHIT A BT IERRERE.

MMBERIIREE, ARRHIRER, X THRARFHNATNRE
MRS, B—RRlk R, of TERIHNRERES, RIEAFTIZEREN
FRIFARD

—H R EE LS NRE, RAEEXTRIERE—ARE RN
. i, RIMEEERERTE, BNEERTEZ R R T T(const
T&), TAFE copy B clone E MM ALF. K FREBEESHFE
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CH++ILE &

FHBREN BF, WHERTFRMNERENERBMAS, WRBTE R
copy HHITRIFE D, NENLIAFB N ERFEREPHABELIRE—
copy BR¥. HITHEERERE, WEFTRFEFNIESROVAFTORIEE X, WK
ZERRER, ARRAEGFHH RS H5, FAENER T HFAFENE
K, MMZMAER BN P HAEE, SEAFRERERSEE
FERRET,

REVTR/OMZFESS., WERHEEER N TINS5 EE. BaiX
BEMEREAN, RESFEERRMXEEFARRARASETHENN
. K TREAIERS PN R E A IE. NERES e ALE ¥
WA— BHEKBTHENERE. Bk, BT AR NBESRH IR,
BANABBIMTAI AR, (H2, FARIMENBREFRMS SR,
B HRR TR ER A WER I AR TR — AR MRS .

B MR A T AR AT R B R ? BERRNARE WO AT BB A
TERTHENAES. Blin, — Set A THEHEM A RXANZEEE BRI
PRzl Clal, S TALTESEMBE A T 8 x, x AR Set . BIEXAH
Sy — R ) ST 8B AEH operator==(const T&, const T&)JEE 77T BRIR
£HEMT, REES THRAETREEARE, BRHEBSRE, UBAKTH
EHEAEBLEBRNEAHER. F—MEHAER, BEEE—ENPFFE
EAMTE, HBFE-MATIESZTHAROANEXL, B operator<(const TE,
const T&).

E—F, DEEAETASMANGRIRESRERL. RONBESIHETS
T AR

template «class T»
ostream operator<<|ostream&, const Container<I>&];

B, WERAFAERITHAANERE, SEE082F 5 CRAMY
ET, REHEAHE? BENARF —LEEATRAXRGENEHEF—
A RSV B AT PR, AT HIITRA AR

B 28 1 B P AR O TR B A A, RTINS BT RE 2R R A B E R T XA
K5 HORE L. LR —ARGE KRR, BRR AR 8 A ALEL
SRR P RIS E A AR R . 38 30 ERIREA ML,
BA MG —ZBF R EREL M RED, REOEEAH - MEIT
YE 8 77 ik AL BRI o
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FREFE ORTAEX

N—HE, BEHFEERDGE josream BN A —E R EE R RE, XA
TN iZ R AR RN, AR R XETERRE.

B T X AEALE LM RIS, MR T MBS G R S IR S R
— REZLER THF R AR N T REFJHIZ. REFEH
—AMERNER. Bk, MZREAFSHHEREE T MizEEZH3RIE,

12.8 FAVHEK

B SRR LIRS . REAT C AR ENRTRARZ R I
1. C EAMEFMATE PN RNER, FRFEERERBHRNDA—IIL
PP —E. EHETd 4 RMERBERRRINTEAER, UL 248
ST A B SR Ae A B MR IR AR SRR BRI N R, st NELT .
BITUES, HAQ4ETHAFIOERNN RNFRDFRENRE.

BB —AHE B B—MEEHE D, BRATEEE—4 D HREAS—
A Container<B>H 1, S&4EAERE? ZH L, NRMEZMEH D XNRE B
h—fE, W REB B B F—Fn:

class Vehicle { /* . */ 1;
clagss Airplane: public Vehicle { /* .. */ };

Wi B 34 14—/~ Container<Vehicle>, 3F BARI—> Airplane ¥E 2, RATHR
e BIIRA1ED Airplane T i) Vehicle #55r (IEI A, oA IKIREY I FNETEPT iR
H—Re, NEIBATEITABA Airplane, WUEF —4 Container<Vehicle*>,
RTEFS T Airplane H45%F. # -FBRERE, BRLATTER, —FpEHBHEE
BT R R E AR 5.4 T XA VehicleSurrogate HIF k.

% JUA[BEIA H ik Container<Airplane>M Container<Vehicles ¥k 4 i K BN E
&, R, RPEMST R ALY T MR

Vehicle v;
Contalner<Alrp_ane> Ca;

BT EEAAEEE v A ca H: ca AT Airplane. 55141, BAINZREW
BT ca BTG TCE, JOREN T B FREst Airplane thATRIERE. HinibEq]
. XEE B4 RINELE ) Container<Airplane>lA~f Container<Vehicle>
LA
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CHLAE

B, WA Container<Airplane>%k#& B Container<Vehicle>, FATHAT LA Him
TR

Container<vehiclex& vp = ca;

vp.insert (v}; /E B A RE R

W&, A0 AAS T T HfE Container<Airplane> FPH A —4~ (B 4 ) Vehicle .
FIAXNRFTHHR Vehicle —F CHIRBR, FATERK “HR” T.

Sbr b, MR FHFRICHKAR TEE, B4 Container<Vehicle> #2552k 7k B
Container<Airplane>, TIARAMHIT AT . Container<Vehicle>i 445 4k & B it
4 Container<V>, XA V #7& B Vehicle.

A4S NEEREENZEUFEARR, ARBBHAESTIRZFEKAEL
%: Container<Vehicle>H] Container<Airplane> 1% & 724 7 12,

129 B RUBHIGR

BMNCLMETFL R ABENTEZRNEE. EFENRTHSY, R
eI — P IA R Aray BIRUIBANFIRE, EibEah ERTFRITTXEER
o EER e, RERBTREIE — RO A BB R AR, B4 BT %
RESEMRE L ABREA R,

C BAF A IIBRIEE. RATTLLEIREEA:

T =[N]

Hef, x B— 1 ENILENKE, RELTENRBEEET. X THHE—E
RFEREHR —REMERE. BRIERESHE Z5T T XHWEERERT
FERIE, (Bt FRIEFEAANR . SRR, HHK S QA0 E AL T RHA
ok, Ek, BOTUMNEGEEARNE. —BRET M, SARPK
BT . BINEARY BEARE D — P ARNA.

AT e R U ELUERT AR 24, BAVERNEE.

T i = x[0];
FAHAMNE 0 MnENGL i XM ERERSERS R ABRRTREREN T
ot )& 3

B /N R B e . BT DU B R ) T AR

*x[H + 100]
A AT XK,

FATT LR SR R R T
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FL2E RIARX

T* p = x;
HisatE p BB x I —D T E,

NERS B A R A R RR R ),

FEMR X

FE P EXR A BRKER. TR TRAT Aray B2 8T, R B
Migst 2 MPXER A EEN. ATHIE R, BIERFE-TEFRE
e E A RE . B, BRI x R LERTENMRE. WRRINA
El f R A REHNERE, EWA C BREAAMEARKNITERARERX A EE.
—~ R R A A T A

int i;

for (1 = 0; 1 « MN; 1i++)

fix[i]};
sy R R R

T *p;
for (p = % p < X + N; p=+)
ti*ph:
& & R AL R I JLAT A
T p = &X:
while (p < x + N;)
f(*p++};

MERNE—MAEN CEFR (BRWFEA—PTANELE BHHTIRNX
RN, TRELSBINEEE THRELER MEHIEES. BRBRSACHE
J 2 AR 4R B LE ) T W) ) BE B R B 3

1. EFEHHTH, TREASRAEN, MEEREGHEFRER.

2. fEfEERIBI TR, BFNABNLEATLENERSRNER: B H
SRAETHHLEMNFR.

EHEMEEXETHRERAEERE, ByuiEgmzlit. BFREEH
—AMer A T ER S, RN, fED TR R R
FE R 5] 41 IEFE RO . O, LA B IR RTER Y OB
fEH FAREBRN T L R TR . S5h, BRMAN, SFEAIREH
i, — R RN A TR AR, T ARUPREREER AN

I BRATCOS INER U 158 — A R B, FRDXTREA TS, RS SEE L8R B E T RN
BR R AR A T 2. N RMSUR R BIEHRER BRRAE BEFHILEHT A REN TR,
Fi L RAERAPA Eu.
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CHILE X

W, XA FERSOT BRFEA R R ?

» B4 Array BiRIZEN, %5 Amay FBRITHECT WA, BTELBTRRBREL
R E ] Array TRIMRARELKERLH. HR, Amy A EEEANER, H
HAB e B T Misvsd. e LMESFEMELEPIE: XMERA
PR RR DR IR M A R PR A TIH, BT Tioperator=E X .

« T E SRR A 2R TR, 2.

o {¥F operator] PRIFHUCHE, SIS AEE NI E.

- MBS, WHRSEREME: 2K, ME, & Mg R
ER KBNS RER XA, BaEH, wRBEMEL, RITTUEILE.

« METEA AR M AUX — RN, BT LOAGEAT “HEMER
",

o FFAEMBEIIRATRE TR RN,

BARELSME T 2B EHEIR, WLIFRERIIMEENT

template<class T> class Array {

public:

Arrayi()y: dataf{d), sz{0) {1}

Array {unsigned size):

gzf{gize}, datal(new T[sizel) { 1
~Array () { delete [] data;

const T& cperator([] (unsigned n) const
{

if [n »>= g7 || data == 0}

throw "Array subscript out of range";
return datalnl;

1
Te coperator(] {unsigned ni
£
if {n »= sz || Qata == 0}
throw "Array suzscript ouk of range";
return datalnl;
b
operator const T*{) const
{
return data;
1
operator T*(}
{
return data:
}
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ELHE GitEsE

private: .
T* data;
ungigned sz;
array {const Arraya al;
Arravk operator=(const Arravi]l

AR E X ERE AT, MERETEK T 28NAEXRETNE
4, MR RENNE SRR T, ROIER T — DR SRR E R ER .
ARTIHERER, XH Aray B P REAREXETHITEHERERAT .
BICEETERTH - EE RS, XM new T(size]l &HEX T . XRA
H AR T I PRHILE - B8Y.

oA AR RARSN FhrdRa e, BUATEEEER, &
NERBEFME R, F& & FHEESD, BNAFERE a>=sz; #A1%
40 2R n <0, EHn i unsigned 2R A

BATEE T - DA Array P W R, DA TR

Arraye< Arrav<ints = ai(ii};

Brih, NULLEIE— RN 0 1 Amay, XENREEFEHARR,
XEA AR, BAR data BT MRS ARG IR 7.

Fig, BATRULT M T3 const THIFEHRIERT.

SNEREA RN, AT LUZFRE X RRT R

Arrayv<int> x(N);

int i;

foer(i - 0; i < N; i++}

xfil = 1i;

XBALTIEE A — MG EE A N ) Amay<int>, H3EE 0 B N-1 BB EFTE.
A 5 BT 8 F BN - R AR T AT S R E )

Array<int> x(N};

T A A& T )
int x[Wd];

AT e AT IR T (SR 40 3 ) 4 e 2 BT A B3R AT S I A B B A R K T

RFRAVRAE T F) TR RIS B, FTCURATE o DR AR Array. {2
WA E X T 2, AT

int* p = %;
int* g = x + H;
while (p !'s g}
cout << *pi++ owx YTy
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CHNEF

FATED x FUTER.

HE, RIMWEZRLSERMRE. KD ERRBADESFE: B3 TE
# Array HHRE, ERGCEMAEFAE, W
vaid ()
i
int *p;
{
Array<ints> x (20},
P = &X 101;
}

cout << *p; i B E =R
}

B% Array<T>:operator{JEE— T&, BUURZATGEM P BATIER]
Gt B p HbE. ERTEAEF T, Aray 3B x BIL TERE, i p SHEETEH
— TR

B—MRBERSEY: BEAWHA AR TERAMAE, Aray JEEER
FR AT TIXASRBREE. REiER, ©EREAPRERTERTRENE
A, UE Y ITHEMES. AR xSIEE xEHTELEATE, BAXR
At EmMEATEEENXR. ARBXETEFMEEENATTRF, M5
SRHIHEEILT.

MERIES ERNNOAE, NEFEHFANFE, REHEAESTRENE
T, B, BRRITRE RV Array B E I LIS, BA AT LLE BN
— AT FRAE resize(unsigned) [ R BBCRSEH, A Array B9HCRERIHA XA
R %

XREE S R ERE TN S EAFTEARAE, MATELILEH
BELell, REMBERNARE. BENSIFETRFRESFAESNA
(overlap), BEHEA—E. _

XM ERE EFIE Array 1B SRR T AR T RNIEH R ALl
. 72

Array<int> x(20);
int* p — &x[10];
¥.resize{30);

Z I, REMERRIE p R RWE .
Wk, RATHTAESIA N IX R R R SUARK N BEREM . R, &4
¥ REE—ARARKG HAE: Amy BHE, BHEERMEMER R TR
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®12E WIRER

REH, MHERNERITENFHNABRRT ! Ehht, Bl %8 Aray MG
(A ERR, RATARE B8 00 R0 L4 7.

BIHACE, BAE T RIFE:

« MAEFHAFARHER TRELERE, BAEA MRt EaiEE
RS-0

o {BRAEARLSE NP EA TR SRR SRR RRENT
B A0 E R (R AR S SR [0 2 K nE KR R

A7 BE R R RATBE AR A R A B FE N Bt S LI aRPENE ? 2 R
AEmfFE L EREAF RS R — A ERTPROTERSE 13
R L




T AT Ao

R LI T




Al ERPNITR

S 12 B, BOETHEIRT —IMEHN Aray<T>H28, ZARMAT HE
ol BB 4, B A A 7EB)ER Array B RIRHRTE Array [1X/0 . RATARIESR Array
REZHMIBELLEA RN TEE, RY Aray<>H— &R T ioEiEaprd L]
R IR &

BATRIAERS Amay FUHSE 2 AR A RFEMHAM . FERAANER
R —FE, B PR HESI—AEM Array PIREKITRED, B Amay A5
T, EAEHTREBERE. 2o, Amay FEEHZ MAIZMHRRBEEK
FIAEAREREORBYE. EHRS NI T eER Amay N3, BTUI—H
Array & HENTE R E TR S ER PR XEEE resize AR HIT RIR
fRP B EE,

AT, RIS ERRNTUEARMERE R ARERED, R
GBS IX AR

131 BREdES

CH+BEAME BN A RERBRES. FEHHCRAN R P A
AR, A, MERMTERSE, WRRAE X AR Array FIPH
A MR T, KRR RAE— TR — R K Aray FERER. B
S AR GIAT A KR, BTRLIRATTAT LA IR Rir 34 24 Pointer:

template<class T» class Pointer {

private:

Array«<T=* ap;
unsigned sub:
Fioe.
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C++I0E F

EAEHERTESLHARERSE. BE, W& EEENRESRE
FUERERN, AR EFRLIAAAE. EEHERT, RINGHFERERITHEE
BEWEERNER, REZEBAN S IXEE BIAT R E. AL, #0)
4113E Pointer Z7E Array PHEE—A ($50]) Armay (FI#840) FIXA Amay FH—
AR, WIERNTLHREE 253 Pointer R 1T LR AE.

FEHERE. e, SRR —AMEFEES. ¥ THF
A EEE, DERF—MEXETE XN BHl—1 Pointer )5, R Pointer Al
HEIAEN ZEE R E. BFRITAALRNBERITABT AR,
E 8% Pointer FI B HSI B4R FEEFERE. Fitt, trw. 54l
I R IR RS T LR T, MEREELEERS IRETFEA].

B AMERER? RATFHEEEA A Array BI—A T M Pointer. F3E
BEOXW A E2HEMEED? mERLE, RIS TLIEE A Tt m ML
HEEUE?

BR A B H AL LR T A, R OT AR R A Pointer. #RTM0,
X 22k | 4 Pointer (Y3 (0 Array). B, 1@ X H WIENREEEM
FHERS Arcay, U ETHIEER Pointer B — 4 “AIEMEMAMLE” Wi R—MEN
THIERE ThRE. Bt RAIIBEIT T KEX.

template<class T»> class Pointer |
public;: '
Pointer (Array<Ts>& a, unsigned n = 0);
api&a), subin} {}
Pointer{}: apf{0), subl(0) {}
PR

private:
Array<T>* ap;
unsignedc sub;

}i

B 13 0 AT T — M, R LR H kR ETRE 3 4,
ERBAITEES a —MREM, FOYBAEAETLMEAREE: 5 H L850
BB |

I, BAICSAEmaE, BEFEHl Pointer X% 1. & TR, BAIY
FkE BSR4 Pointer #8189 Aray TTE, X EERETMEGTES .
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13 FEEBPHLE

132 FER

E—F, HAUTBSIAAUE Array TENBEEFEF 2R FHBJLITR
P 3 1 ) B 5 3 operator*() const:

remplate<class T»> class Pointer {
public:
T& operator*{} const {
if (ap == O}
throw ** of unbound Pointerr;
raeturn {*ap) [sub];

}
[ S

¥
(BR IXEE R AT B T BT e L B Ry &L, O BAT T2 BT RAEE € X Pointer 38, iE
RAHEBRRIXFERRE. BT operator* FiXHre X BB T—415|H, X415l
g A BEGRIE RN K Array FRIHBEMH—PTE., XRERELIATHH
KEBLGHPF.
L8R, WMREBAIRIEEE—T operator*QIIEN, HERSREIR K
template<class T» class Pointer {
public:
i, AR T
T operator*(}) const {
if (ap == 0)
throw +* of unbound Pointer*;
return {*ap) [subl;:

Fa

b

WS E, XREESREXHRT —MFRE. RIERXBMNTERRZ
il operator*iE[E — A T, TR T&. FiULBATREEXN SR REHR, R p
B~ Pointer<T>, XFpHAFS AT

t = *p;
HE=EEE

*p o= Ly
KBET, MBRAVF

*p o= Ly
HRLIRHEZE I

T tp = &*pP;

m_LEiXF AR ERRATEER L.
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CHITBZ

B2, BAIGER RMEEF{F A Pointer X EH Amay MM TE. Ha, &
WA B AR RIEAH HIR

B R MR AT AR T — BB 2 01 update RIIRIEE|TATH] Pointer 28
F. BAIAH

*P o= ot
T

p.updateit]) ;

X MBERRMI BN T XA EAE RATH Pointer KB RK
XHET

tamplastecclass T class Pointer {

public:
Pointer (Array<T»& a, unsigned n = 0};
ap{ka), sub(n} {:
Pointer (J: ap{0), sub{(d) {1}
T operator*(] const {
if f{ap == 0]
throw "* of unbound Pointerr;
return {(*ap} [sub];
1
void update{const T& bt} {
if {ap == G}
throw rupdate of unbound Pointer";
{*ap) [sub] = t;
}
1
private:
Array<T>* ap;
unsigned sub;
i

AR NER Array FALA P RRIB TR, AR Pointer PHEA
update HEFBAAKENLT . Bt BAIXT Array 154 H update R¥aE St
HAHUHRAE:

template<class T»> class Pcinter -
public:
T operator(] {unsigned n} const {
if (n »= sz}
throw "Array subscript out of range-;
return datain];
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F13E WEERTHTA

vold updatef{unsigned n, const T& t} {
if {n »>= gz]
throw rArray subscoript out of range-;
dat[n] = t;
)
B
b
TR A, R R T € A S . HIMES 12.4 9, RIBRE,

update Tl 4 & operator[], &K ZEEE Array ] Array HITZIEE.

FiLl, RANEWE L7 EN S et 2 MK E. EidEH
update, BATRILARBRRATR LI A, 3 H AR Ry P AEIE A ELRIFREr T
RS . (AR, XREMNE, BATSKREEAWERL ArraycArray<int>>iX
R AR A RERANS.

RIS ER R FROTHE A CHRSEEREH. dTEEHA
¥ B — P 4T A R, WU AREERUMNZES Amay B
Aray. JB—Pi, REHEET, EIIH Pointer 235, 4 R S 400 0 BB P 1R B
EABEHLEL, AR AR E A RS (TR T2 Pointer WD, XH—K,
RIS FEET FEENARZSE, FHEFRETRANRICRETRER

T E
remplate<class T> class Poincter {
public:
Pointer (Array<T=& a, unsigned n = 0};
api&kal, subin) {}
Pointer(): ap(0), subl(0} {}
7 operator*{) const {
if fap == 0)
throw ~* of unbound Polinterr;
return {(*ap} [subl;
1
private:

Array<T=* api
unsigned sub;
T

133 REERE

| HAE, ARG T —AB L RS 0hEE. B, E Array
AREELET, B0 HEREFE— /M B MR TTE & Pointer. {5 Pointer FH&E

155




CHILB X

A —#, RIEREIL. RNFEFTFEAMBZXANFE, UEFFRIIKE
BRI ERRA - MEAMERBRTE, TEARFRUH T XA 6.

Array<int>* ap = new Array<int> {10};

Pointer<int> p{*ap, s};

delete ap;

*p = 42;

ixH, BINZESET P Aray<int>, BT —MEM p B8R Amay
K—4 5 E S Pointer<int>, MR Array, REFRELEX N TEREME. WXMHR
BiE R AR USSR ? R o g ?

BATH MR — PR RS, FRE MR T ER? nRRAI6E
W R EEE—MEEE Array X5 K Pointer X&, 1% Array X &A=
%R, BRI ER? |

Lk, ITRREMHBRASNSE. URIXFHESBENERIFRSE. X8,
BATERMLT — Aray, ARXERMBR T E. RNEEZHAA EESMER
Array BT AL B IEAE Armay K7

BaiXKHABRAERESHRSERY ‘Bt TEELeE” nEE (R
SEHFRELEMEE): Bids|#—MUMNITRE, BIIEEHREM .
MEIREMBR T Aray NEGHRETHE, RaUEHXMER, Wik Amay
ferFEm ARSI,

X ERERITES 3 AETAEFEA: Aray. Pointer FI—PRITRZA
Array_data {125, 7EF P& % Array F Pointer X ARLLT—H, B R Amay
B ER G ] — 1 Array_data &

Pointer FIMEMMAAIE? BT TR T Amay, Ehl, XHEXA%
4B YR TE— B RRZEE A Pointer A R ERIGH — 4 Array_data X%, WA
B— Array 3%,

B B9 2 R L A th T MR Array_data R B L EZRAUT Nk
AFEWH Array 0% Pointer 15 F1 54 Array_data X%, BAEMERIX A Array_data
M., BRERGTEREBLEXENRNEE, XS Aray_data HRHBRC
A —A3 A XA B B/ B B Array_data Y BB 4 1( AT Array_data
e EmE A G AIR Amay H— S TIBEIRE ), FEABIRIBHIXA Amray_data K
Array B# Pointer BAIEI BN 1, TFETRFI'E R Array B Pointer A 9 Bk BT 4R
1. WESIAHEEN 0T, BARIZHD Array_data HEAFT .
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F13E HREByRTE

ST TS

FNHBIALE, BACEHE THXWAHRSH Array_data 172 %L 515 B
IXAEAIEEFREE . Aray TGRS B U E—3 3. FATFE operator(]
SR BMOE, TEMZEECRSRER, FRESIRWE, FEMERECERR
2], RANBEXTEMAERT 4 Aray_data SR REHE 2 XN, XER
ATTRT LI 3t 75 RH 5 R AA) 6 B P R 4 1 R i AN B B BT 1E R Array_data &
fE SRR, PR EFEESESERASERR, FUAREEMREN. LS
B A THHE Aray F0 Pointer 1F 4 Array_data 1% 7G:

template<class T» class Array_data {

friend class Array«<T>;
friend ¢lasgs Pointer<T>;

Array data(unsigned size = 0):
data{new T[sizel), sz(size}, usell) { }
~Array_datza{) { delete [] data: }

const T& operator!) (unsigned n] const

{
if (n == 82}
throw "Array subscript out of range";
return data(nl;

}

T& operator(] (unsigned n}
{
if (n »>= s8z)
throw "Array subscript out of range®;
return datalnl;:
1

FREEN, T EAeERE
Array_data(const Array_datag);
Array_datak operators{const Array_datak);

T* datar
unsigned sz:
int use;

Y

ME, BALHRES Array KT . WA LW, Amay Eﬁﬁ'ﬁ#“’i‘
Array_data<T>*, TI-A&E T*. Array_data<T>*7] LUE] B 048 K & SR E R 4 I R
(%) Array_data ¥ 3.

template<class T»> clasgs Array |
friend class Fointer<T>;

public:

Array (unsigned sizel:
data (new Array_data«<Ts(size}) { 1}
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~Array (]
if {--data->use == 0}
delete data;
}

const T& operator[] {unsigned n) const {
return {*data) [n};

}

T& operator[] (unsigned ny {
return {*data)[nj;

private:
Array{const Arrayi);
Arrayk operator={const Array&];
Array_data<T=* data;
Y
IEERATFF AR 0% RIDBEE X T — Pointer, 15 [ HE A
Array_data ™%, TIAREIERN—A Ammay WH, HHRNEEEES ERLESIH

HE: &
template<class T> class Pointer: public Ptr_to_const<T> {
pubjic:
Pointer (Array<T>& a, unsigned n = 0}:
ap(a.data), sub(n} { ++ap-»use; }

Fointer(): ap(0), sub(0) {}

Pointer ‘const Pointer<T>& pl: ap(p.apt, sub(p.sub) {
if (ap)
+Hap->use;

}

Pointer& operator={const Pointer<T>& p) {
if (p.ap)
+4D.Ap->1g8e;
if {ap && -—-ap->use == 0]
delete ap;
ap = p.ap;
suk = p.sul;
return *this;

}

Tk operator* () const {
if (ap == O}
throw "* of unbound Ptr_to_const”™;
return [*ap) (sub];
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private:
Array_data<T=* ap;
unsigned sub;

}i

FAET —FE, BATARFAIG AL AL E K Pointer 775, £HRAPFHHIX
M Pointer,

XHE, BNTERER ARG R, WERESHHTEHEI A THN
. &, EH Pointer 58 HFXK) Array_data FITTELR. ZHIEH:
40y Pointer [N %GB 1FEE!

WE, 4 Pointer TEFIE RSN, BESHLEBHREBEEN. F4REN
10, WiGHRENERLET B RRMAE R E.

5 T 7 Array #0 Pointer Hi2 X, BATKRHLTALLITAET:

Array<int»* ap = new Array<int> (10}:
FPointer<int> pi*ap, 5);

Delete ap:

*p = 42;

2T TN ap B, B TiX4 Pointer %1% p E7Z7E, BT AAHRA) Array_data
WEWII AT REES. Fik, #p RS BRETLRER.

13.4 #4lA] const Array It} Pointer

BEKR, WH—AERE, RIIAEEE Pointer 1 const Array HI7GE. A
ATTEEL 3 const Array T2 T4 EF, FiAn LLBREA], 3 B 252X FR PR .
Higg, M —A Array 9 const BIRREEE, BT Amay B—RAMGH 24, BATR
B AR B B R CRBRTH{E-

(AR, BIRATIY const Armay EIFXIRIRD, AP EEEER BRI
Keftif Amay 5. XERKOBEEER const Aray& T, KR RBAR
SRR, SN EENR, XA MILAMIE const HRAZES ]
T. FUE L ERIHRFTE const Array.

MR, BIIEESR—1E L £ Pointer #13%, BREAREHED D
const Array, £ LA operator[Ji&[E-—4- const T&. FH4t, A TR TR T HIAT
3, BAf 1A EALES M Pointer IR EIXAMES, BRALFERMER. BATATLLIE
Y ABE. BAIHK, R Pointer PR — R BEBRFRFLETR. 2
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0, ARk AR IR X P b S R (8] (AR UL s SE R A S

B ATA A B AL M Pointer HEATHFIR, TAR MBI RRAT B, Bl
RAVLGEA BT R A HR,

template<class T» class Ptr_to_const {
public:
/! const Brrayé, M Array&
Ptr_to_const(const Array<T>& a, unsigned n = 0}):
ap(a.datal,
subin} { ++ap-»use; }

Ptr_to_const{}: ap(0), sub{(d) { }
Ptr_to_const{const Ptr_to_const<T>& p):
ap[p.ap). subl(p.sub)

{
if ({ap)
++ap->uge;
}
~Prr_to_const{} {
if (ap && --ap->use == 0}
delete ap;

}

Ptr_to_consts operator=(const Prr_to const<T»&k P
it {p.ap)
++0.ap->use;
if (ap &% --ap->ruse == 0}
delete ap;
ap = p.ap;
sub = p.sub;
return *this;

}
/7818 const T&, MAE T&

const T& operator*({} const {
if (ap == 0}
throw "* of unbound Ptr_to_const®;
return (*ap) [subl;

}

private:
Array_data<T=* ap;
unsigned sub;

}:

EAGRE L BRIBME Pointer KIFI—MEA. REFBHFIHEER,
B B B AL T B ANZE X L R R ap TRARIE T — 4 Array_data<T>, T 452 const
Array_data<T>. BN EA1481E Pointer M Ptr_to_const #/KTIR, BT LR X2
B const 28, HATIEE AT LHEIREHRIELE Array_data T, R R BB 14 4k 1)
Ta
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BATE Pue_to_const PHHREASLA P HEB XL, R4 ap H3E const
{7, WA LL4BE Pointer B{ER IS RUE IR,
2 Pointer WA E R E XL (HREEREFE ) LR Array FIE B
{E:
template<elass T= c¢lass Pointer: public Ptr_to_const<T> {
public:
Pointer (Array«<T»& a, unsigned n = 0):

Ptr_to_const<T={a,n) { 1}
Pointer{) [}

& goperator* () const {
if {ap == 0}
throw "* of unbound Ptr_to_const";
return {*ap) [sub];

i

13.5 A RGN

WME, AT Amay BJLERAERA—HEH, E20F R moet.
BATAT RS Array A/DHB BRI RZE, MEABY Aray {iH
H PR T AR RE., SERERBEEEGFHHRIIKESHRMNGERED L
& IHEF, TIARIEERT| R AR AT,

% T R AUX MM R A RS, RA1ER A3 Pointer 1 4 —FAFIX Array
TENTFE, B Aray BN RAEZEY, 18A Array TLER Pointer 7585 2.
BITEiL A BB EAEF RE Aray AN

B, EB—TFE 125 A TR EHRE Array KK, RATEME
B4 —ik RAEE Array B/ A EEE G /N — 0 RSB

HP T e A BB W R AR KB Amay: TRRTIFIAF0ER
BE R FONEE AL, WREEHRAAS, WEARAPFEHERERTEZ ST
FTE. e, RAISIFER S S ERATHK Aray }l‘IfJ\D
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B2, H—HERRAPAMETEL RN Acay. BREMNBREZERFHN
B, ¥ EHAE Aray PREFSGE. N, BIIRAEREEE—XR N1
REER. — WA B ERA — D RECRMAR Amay AN TFRAME. XA EHET
ik Array fERichunk)i i, AR AWM—NIuR, XKEERRE T RIA
FHIRE.

{H £ — K> — AN LR RS/ Array FEOL X SERENE? RAERER—RH
HRSESEERAT Amay FHR B4R, SRR, RATTLHICKESH A RE
%, YA Array I, APRE— A REROUE. HES Amay B, O A
BeEVI N AR TE. RESAHIMEM, F A LA resize BR1E

XA B T RATTRE A Array TG MEG B 2

resize FEUK LA RIOB O N ZR, LSRR HRHTREHE
EAFER T . MEE -, EHT Amay B EEIEHREES Array_data,

terplate<class T» class Array {
public:
void resizef{unsigned n) {
data-rresize(n);
}
JF -

bi
i Array_data ER 52T, BALLFLERES data Sy 3 25 ) 2T

RAGENTE TEAEERENZEA BTN MRRITIEERD Array,
AT R EHRFRA— RS NTR: R, WREHK Aray 1, HHREE
5 HF R RA R E T E:

template <class T>
vaid Array data<T»::resize{unsigned o)
{
if {n == sz} return;
T mdata = data;
data = new TI[nl;
copy fodata, sz » n 7 n -
dele-e (] odata;
S = Ti;

}

XE, RAMEREE—T TREAE copy:

template <class >

volid aArray_data<T=::copy {TV arr, unsigned n)
{

for {int i = 0; 1 < n; i++)
data[Il = arriil;
1
EEH—MERIEEY T HEA S a) BTEH, copy BNER P B H n
AL EF] data H s
AL S AE Array BERAE D, RERAS -HIRE, HFEHNEZRR
BEREAFHRE “BlE” 2, B CARM 15 XA R Hfy 2 4 reserve.
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FL¥F GHEEFATE

AR MRIFMEE Z A5 B AT S TR Z A R R A AL
BRAFEREfSe, WERE —RE Amy DENETTENASEA
reserve, BEIHEAHERFRIZARBHA P EEHTR Amay KEREHFHNIXET
o FLAEIIRERL T HERAH

Array<«<some_Itvype> aj

i

while { /*EAFME*/ ) |
a.reserve(n+l)

aln] = // ¥/ME

}
AR, ERGEENTE anlER, B Amay BIAPMELDSR nel.
FEREEZ—T, RMNSERERREAFPHRIRE. EHELAFRNREEX

PRI
a.resexvain);
alnl = //¥ME

X B R A TR % ] reserve(n)#fff Array KT n:
template «¢lass T»> class Array {
public:
void reserve(unsigned new_sz) {
if {new_sz »= data-»sz}
data->growi{new _sz};
}
i

¥

MEEER AR ERE, RIVRERA M, fBREERARTE
A I AFE LS |, HBPEROR T HTE R KD

tenplate <alass T»

void array_data<T>::grow{unsigned ncw sz}

{

unsigned nsz = szj

if {nsz == 0)
ngz = 1;
while nsz <= new_sgz)
nsz *= 2;

resizeinsz);
}

— U RATEE THEHRA, BATE TS EiiA A resize RFEHOX LS -

4 - EATEREARMME, BREEARSHIETRE Aray KX/, &
EERANLENTHTE R . EFREEX—A, BERENEE Amay 1K
I TEEEERETE. B4, BRATHE 4 Aray 1 Array B, HA TR
1 Array.

| B MBS, Koenig AAZE JOOP Fik 1998 5F % 9 Wi EX LA R T L. fufEill, S IFREE
4 BEN LS fEEA, DERBRERT. —3EE
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X RORE BATESEILN Array MR HIAMEE 7. EWTESR 12.2 WETEIAIR
#, BATREHMES Aray IERHEMTR. EHAERHNBERENFLESL
A, RETHERLE. BEAERETENEEE:

template <clasgss T» class Array {
public:
Array (cornst Arrays al:
data{new Array_gJdata«<T>{a.data->35=2)
{
data-»copy(a.data-»>data, a.data-»s2};
}
Arrayh operator={const Arrayk}; /f/ 7?77
I S
b
R B %8 E X operator=2K & FH| Array_data::operator=. Mt ff) nl B 5 R 3,
TIAE BRI Array_data W EBRE! MEAFRE, RITEFEERMEHES]
Bits. ik, RO Array_data 1@ X —1 clone H{EREH A data A

MBATERIERE. 5FE—#, EilEREERRA:

template <class T» class Array f

public:
Arravie operators={const Arrayv& a) {
if {this [= &a)
data-»colonei{*a.data , a.data-»data)l;
return *this ;
}
I

s

template <class T
vold Array data<T>::clone(const Array_datas& a, unsigred nl
{

delete []| data:

data = new T[sz = a.sz);

copy {a.data, szl;

}

7 ARBENE, BITWEHRRES T FUTLHEEREITHAIEE
Array fIR/N, EETERIE Array JEE Amay IR . BAERE THRHAR,
et ERET .

HETH —MRERLOEE: RONEBRHETENHBEN R HFER. Nl
BT THRIER AR AR Aray, JFER(E AESSHHIRE TR B S R X
(B RABATFEEAE R Pointer KT Array. WIRAMATTEAEN Amay SLH— LRI
shioste, R EEARRERICNEREER ARG, TR Pointer.
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E13F FHBBPHTE

FI&E, BAITBEFEELLA A Amay PERRE. B, BOTBAEHAEAN
BRI, RTREHFENRERFA—RENEREHBH —AKF, &
W EIEAS: RIS 14 EhiTigx A EE.
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&R ER

5 12 ZFME 135G, AP HFEIMT —F 734 Array<T>. Pointer<T>
F Pr_to_const<T>, M T EAIFEFEREBIETERX:

Arrayv<int>* ap = new Array<int> (10);

Pointer<int> pi{*ap, 5)};

delete ap;

*oo=42;

X, 75 ap B2 A, X p MRS DR BB AT, AR Amay &
HHES ap AHREEIEE TR,

BT MR TSN, BAIFEE P Pointer i Array. {HREMA R
ek, BAIF M IH{E Pointer HEWESTEFIFNA IR AR AL BRIE. LR ELL
Pointer A IS ERILLEERIE, DMER /BT Amay. B5E, WATHSEE
Pointer F3LABSE4HRERATTERRXA L E. R, RITTERSHTE 25
X EHEEE,

14.1  55KE Pointer 3%

hF R BiE RIS, AL A RPIRIGH M AE, RN
GeRE M BB A ARIE, RAIRE R THAER
volid £{)
{
int ai0l;
int* pa = a;s
int end = pa - 10;
whi_e (pa [= end)
*pa++ = O
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KR, BAELT A A LEMIES pa, BR—MenEE RN
%t end. 85, B operator—+RARMA P —R— 1T EKMBII&E pa. Hib,
* pa IREEBNTEHFECIAFR, RITH operator*KFRT(H pa. —H
operator! =17~ pa FIE T end, EATHREE—VIFERT .

M TR LAE N, FEA Pointer A1 Ptr_to_const #2007, &
FRIZER. BAEEERMIEAEZ (B Pir_to_const F Pointer) = #i B iX L4
(T EY, EAEMINERERARFE. Pointer BER1EIFIRESE Pointer,
Ptr_to_const T HHEEEREIFIZ Ptr_to_const, A THMAEN, HRMEEXHESH
TIRAEA,

template <class T= class Pointer: public Ptr_to_const<T> {
public:
Pointer& operator++ ()
{
++sub;
return *this;
}
Pointers opera-or--1{)
{
- -sul;
return *this;

}

Pointeré operator++(int)
{
Point-er ret = *this;
++3ub;
return ret;

}

Poinzer& operator--{int}
{
Pointer ret = *this;
--gub;
return ret;

}

Bointerk operator+={(int n)
{

sk += I}

return *this:

}

Pointer& operator-=(int n}
{

sub -- n;
return *this;
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FlaE HRE

TR X A R i S Hh B o sub B3RS . RIS EE WM
BT B++ LA K- B E R AR B — 5 H, X p FHRIEREREERR TIE T .

ErEL, EARAT AR N 3K C A CH+8 15T, RITHE LG BRERM
—AMHE, MAREM. ATHEERERFINERIERYIEE, FLIRTLGMAE
275 sub 2 Bid F Pointer PR

fetbtE, Fefl1#m XM EARESIER R B ¥ . KU AR S A KIE
BB N B RATHE X . MRS T —1 (B 5 int 5. BEDAERA]
g A AT Pointer $5¥el Ptr_to_const, BT RAIRATTA] RAATIX Eod {E @ X — -4k
TR AR

template =clags T> int operator-
{eonst Ptr_to_const<T=& opl, const Ptr_to_const<T=& opZ)

{ return (int)opl.sub - {int}op2Z.sub;

}

BATTE FEIR(E 2|2 Pr_to_const, F-HA operator- F# G 4N friend .

bt BRSNS/ —FHE . N T ERRERTNESRE
IR, WAL A FFE L Pointer B Pir_to_const AIINERE (BRIEERAF),
M TO R IR B R EH (AR BT, FMET—FF, BATELH Pointer RIRA . AEIXE,
AV SUnERENE . ARSI, EEE E Cg%:

template <class T» Pointer<T:» operatort

{const Eointer<T»& p, int n)
! Pointer<T> ret = D:
return ret += 1n;

}

template <class T» Pointer«T: operator+
{int n, const Pointer«<T>& p)

{
Pointer<T> ret = pj
return ret += 1n;

)

SRR T EEEY, BERRINEFELRRIERN. T EEHER,
BAVAF LR 6 MRIER . BT X EREFH LR S TR T 3RAE
ik, FTARAERR A X ETRAFEMEES. BTALZE Pointer
F1 Ptr_to_const 2 [T IR B, FOAFEEE Al SUX LRI,

EERERBMAB A, ROEEERE. Pointer 23T fEFFE Array
HFeEr B . Bk, XHERFRE Amay # Pointer JE LBRIERT, EARIEH
e B LIER?
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g =—=F=ME, FEAERELN. JENLBEHAREERE— Amy
FIE— G E (EHATERAAM Array) B, ETAAHE. HRNTHA
BRI, BEERABIHET, FABRHINER UARER AR LR E X
Tl BTLL, Z==F=SMAHAR PR AEFT B R T2 Pointer 5AF Array B)7TR
AT, B R

template <class T> int operator==
{const Ptr_to const<T>& opl, const Ptr_te_conat«<T>& opl)

{
if {opl.ap != cp2.ap)
return O;
return (opl.sub == opZ.sub);

}

template <class T> int operators<
{const Ptr_to_const<T=& opl, const Ptr_to_const<T>& op2)

{
if {opl.ap != opl.ap)
throw '« o different Arraysn;
return opl.sub < op2.sub;

}

IX B PR FF IS AR 28 Pr_to_const IR TT.

B, BOITELE A B RV H P Amay #n— M ERSEE B
1) 3E/E—A Pointer. A HIM Array F| Pointer 2 I8 Hud A B DREBIE — &
JE I EE T atl JEIEAT (G a i —4> Array W5, RIFEBDEELRLT
o S5, Pointer %% i -2 Pointer_to_const #5. TREHIXAHEE, A HiH
%4 Array. const Array&H int (4% FA] B4 -5 5E X operator+.

AT R AR — A H R AR EH —1 Pointer 1ILI5 i) Array 1 K 76
%, X5 “Hr ARt R TIRE 07 Ll

BATHIX AT et B o).

142 H2RRERES

HATIRIA B B 12 Pointer & MEA LR RRFIRT I — 7.
BERRT, SAERBHY A ERE BAMRAENRLR. BARMREE
BA AR A LML U 13 AR T .
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FI4E #RE

EFENE, WHASREMERER Aray AR A . 3T Amay, F—FER
MAFEV DA— P TTEBE T 1R 3N 1. 80, EREAIASENR
WAHES| (List 83 Set 220, wWiF RS A FME LB ESIAT LA Eu
String WERBRFFHEED.,

BATT DIERASBERE - TRERYN, AR RERQERRTFRENE
ﬁ,ﬁ%ﬁﬁﬁ%ﬁﬁu%ﬁﬁﬂﬂﬁﬁﬁﬁ¢%%hﬂﬁs#Hﬁ&ﬁﬁﬁﬁ
FRiE, BICBEM—aREudEEtEs, RAarfrA—1aiEBE3T—
ﬁeﬂ%sﬁﬂ%ﬁ%ﬂﬂ%*#%?ﬁﬁ!ﬁﬂ%%mH%%ﬁTﬂiﬁ&
il Amay, FETFFXRIBER. RSB URBERELHE, ALK
b, REE EREAER T RS EITIENE.

143 BERCE

RATB AV ITER B HC A RO N7 . Bin, 72 Pointer F, BAMF
T AEMEA Amay_data R HIEHUR—N TR, ZNMTHREMETER
#Hep fIXA Pointer SR P HIBMH TR, BTRITH Aray KAHRPRR TR
(K115, BTLARRD Pointer SRICHTEATFER AR EM ARKR. BRER R
e, MR LSRR, BIPETEATFENZE AL,

Flin, REBAE—DERD - EZ KBRS

Contziner«T> <;
Iterator<T> 1tiC);

BMARANIE c hEA—ATE, FHASERBIEREITE:

c.inserti{some_cbj);

i ERT R some_ob]

BT SRR E R PRI E:

¢.remove (some_obil;

MERITERBEH R NSRS REMAER? #in, mRBENAEE
fRB/IBET ~PRESEFWR?

AR AT S TS M MIRIAUR, SEd operators-+ 1 £ A IRIE 47T
SEERITER T —UE, BFEESEREREL.
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SEESXA R U k. B, HERE B, BRI
TR

AR R RATIT LA E M A B MR TE . W RENA A SRR
B, ERLMKRENTE, MARABHRNAELRT. B0, RIMER T
FRMR—DFR (dictionary), 1R FIEFRMBT, BRERTAFMES
MR 7, RERAVREMREA A, BARBHIEH A LERMBENTE.

MRUNAF FEATBTHRTE, BLRBIFRII—HTER RN
XA, —M T HERRENA TR R RE MRS RBNBIR, K, X
Rk —TTRES, T LRI 524630 35 HLBRREH AN N B T 2 Y
BN, | RATVET A F BN E AT RRAS AT, ENRER 4T
MG BRIE —MERETENS (BRA— RARER XA ES)
RIEAET ARWSUEAT . BIHEHMEAR SRR — M EIAXBER, RITHE
LB AR XA, Wt R, SO RN ER 0 — 1 2
R, XSRS MR, ER, AL ERRREE, B
JUR O ERT LB RATEI, “ St A" Bk, AT, ENEBENR, XM
A5 AL IR B AR AR AR (B REEN) ALBIH PR

EE— AR EREE AR T TRS TRZENEE L. BOMN
A BRBERE, AT s L PR TR BRI . REL, B
G R, FERERNRRTROEASRLEED. FEEXFRAE
BN R R T R T R P M B 1 Pk £ 28 O T (RS,
BARULKAMRREIRE N TR, RREASRLE, TR T—
ATE, BRW—DTR? S RBRAEA BINEA RSN, KRR
AR T «

144 BERAE
SR AA TCERYMEN BR, WEERAR S AEGE, e

THER (HEMRABED EAR, HAZEANE. ST Amay, BRITFEER
WY Array FIRRIERESS Bl G — M08 (BIES —1 Pointer) tigKEUR.

ek, XEE T RITMEEERSERML. DRAMEEFNS T REN— LK HRLEFR?
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#F14E HKE

R—FaipER, BLUERRIA T IRRR T AR P TENIFE B, #)
an, BATTLEESZTRE N EEARNFIE. K5, FRHrREETL
R FIR R E AR APRFEE N B, AR FRAS K
. FIEBRWIBIARBEAN SR EE W R ERECTHIEARE AR
FEAPMEE. SEENITROERLFEER NI, XS AR ITEN
M EAER IR, HE MRS |

T — MR ) S A A S b TR, BOiLfh AT IA R - BB BR R A
FAEH AR, XM FEREMTENERAE R C R 4E
BHFERBR.

U E SRR S ATTE , T IRE T LAZE 3T 2 884 S (T BIRR - MHER 45281,
HNTT AR BERERE 52 EERERE, NAFRIERE. X 5ERN
T TFE AR — AT RAE N AR TR — SRR, K& T IEASRER
WL H P AR S R . L A IS A delete 324E . MIERR RIS, BH
&b, RIS IX A ERFIE RS TR B,

4.5 HApsH-5E

BRI E AR R, BB EREAIE RS A AR & AR
WER, AELEREENTREBRNEH XK.

BN %R — A B S E I A RKEBR? NN E L)
AR E R THE AR, [OHAFREINE T TRMBARE? ¥ T Aray, 3K
MBS ME “Mig” il “REik”, RAWEA S TS — MBI E
Pointer, %13 fI# 7 Pointer i, BB E A Aray PEARIT M E, FATH
Bk R E B AN RN TE. MERMNATAIEEMAS, TR
R E TR A R E IR AR T B 4B . 7E Array 1, AT
BEERTEAMEREE, HHERMERE.

WAL I 2 AR E 4 E LN R AR S SR A X E.
K R A e R M R TR AR A BN E R AR F R AHEIEN
Sl ol B

SR RT S, SELEEH. WHEMFNeE. wREREARL TR
RERIEH, HEEHEERRERBHREN, R4 PRI o 1R 1B A e UL

173




C++ILE %

AT B, WRIES Pointer —HEEKBT /G HTH SR AE, M
AR B AR B I UK B R R H 5 A T

. RETERNRIEARZFERBRNERKERRE T LR B
&HM Poiner |ALXMAIA. M, BINEFHFREA 1MW Aray BEFH
Pointer, R)5 BERAG WALAR T H THEM 2 A Pointer. E 9l i 2| 742
MU RS IREER, BR— “ERBRHE" NS 2RERER.

14.6 it

MAERET— X FEFEFERAMNIAD: “REBELENTT? 7.

MlsR “EVENEARBEN”, e - MMREERE, ROMHE
TRIAETA. ZERT@EEY. OREEHZEX A, KL ]
A KB ge FAT T HEAT AT

a0 PR A R RS AT A T H AR A ik A AR,
MLABTIMT . MBEBLHCEREARE, RIOTEFH A AHREA TR
FIFE, HEEEAETRIBENTAERML. SEFEREGRIEMEL,
B R T RN AL BN ERGE S . BRE, nREDEXERHN
i BRI B PR R e T 4, IRE DT U ENRA L.

— H IR — MR AR R, MESATEN T —AF A,
PRI M5 XA B[ it B Al S B SR AR AN N L KR B B 4
— B T4, maTUE IS anERTERE.
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FF 3l

fE ERJLTES, CH+ABEDESBHBRT —MEHNER: EHNZE
AR, MERBEMMZIFRERFEE, 012 Z3F 14 ZHR 7 FHEH
IRACHR X =L

7SR R M2 YRR, TR — M E RN . RERE—
Fr2 ok Seq IR fRI e 4R 25 882K, U T 1960 4R 12 Lisp F K51 (list).
R TR IRE Rl SRR AIRSE ST BN E%EH. T,
B RN NEE R .

151 BARIRBE

T LB BRA T A PR 2Rl B AR FEICES2E (Array H Pointer) 25
CHAREMTE—AT08 . BREEERPFHNER: SREHRRARTHOME.

ETHERE SRR S PEAMTEAREM. BALSETE WMl
H—— AW — Al F s — RS R BT E . B, SBNS
LTI C B AREERT:

int a[M]:
int i;

for (i = 0; 1 < N; i++)
ali] =i;
KHa ENER, i EAEAE.
T AR B AR B S ENREE S PHEESH, L C+IEFR
LSIERBERASER. B, BCBRERERNNER LRAKR. fli, &
BARAT R const KE, FILEBNMERBEERMSNSE. —MHHENESR
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BEAT AR, WA FUERER RSEHT R E R . X— R 5HER
—AEROR T KSR, BT T*F const T*,

WFE—FAER BTEERX IR, EENFEEERELHR. #
WENMUERMN “EP LA RAEXNRAEDEE" X% LRtsED, ©
WL BFRERERBESTO S THREW TIE.

w41, USL FRAE4 R (USL Standard Compenents Library') #1524
£ T I A -

« HOA. 1A 24 3AERE 4 AR,

-ﬁﬂﬂﬁﬁ%ﬂﬁMﬁ

- REFIRMKE.

« BEERATIER.

« HEEAFIRERTGHAE

o EFEWHEN. RsERRTE.

o PilEsn PR

o WFIREITHT

o {FHFIFAENE WS HBERITENIE.

%% A — T FIEAEH T H T HIRE:

- B, EH BEREEENAE.

« R S8 ERAEHXEAFIE,

- HBFSEARETAENTIRN K.

- BRETBHEMEMILE.

- BankABRUREANFETH T A EET—) TE.

. PRSI THARARE R (EASBRIcETR) TE.

@“ﬂﬁ'&f’ﬁ&ﬁ?@l& USL (MBI RH#H 70 MR AT — MR, 4304

» List: 27 MR, — T RLEH.

« Const_listiter: 28 M EA .

- Listiter: 15 MR,

USL FI 2RI T 900 1T .

152 EAEMESENS

xR, BRAFRAMISHEBREXAES. RRRNERHETEE
4 ARG AE T EH (RISC) BH, WA N AAEEH — RISC (reduced
instruction set container, IS HEFR) RE? HTHBRR, REF =402

lﬂﬂﬁ¢§ﬁECHﬁ$EHﬂTlﬁLh&ﬂ#ﬁEﬂﬁ$ﬂﬁﬁEﬁmHMWH&A&EHHME%EH
JEXFF & — PR,
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— ML LUAT R AL Lispo

BIREK Lisp BEE B A FHER M T A0 Thes, BEBVEXHNRRE S
MRS

« nil: EHITEMIE.

« cons(ab): FEFIRT, H—InLENa, HENARAIARD FHRTE.

- car(s): s FISE— I LE, M s BARELE T LERFIE.

« cde(s): s WEB—NREZAMEAEITE: Hd s BEDH—NICER
Fl.

o null(s): WMPsWERLENANE, RZAUE: s BARNFIFE.

ERIEMREREREE - ATIRREFIRPOTE. RATATLLA B8]
2YIREIE AN, HE2 IR,

B FE— M EEERNE ML RARIEY LRXSEERFRBHNII
gt MH, WREAE—PREIEMSE, EXFIRFHTEEDLHHAR, NWAE
C++F LR A B SE X B R R . FRMAR, AT AILAE X — 12K Seq<T>, f#
AT T H—RFIE, BIME Seq WA List, &4 T 850 o F0H dhith Jy
[ List 257278 .

BAERAIATL 5 1B Lisp BT . XEERMEE CHPEEREREE
PERINR? B3R ¢ URRLA T, s BN SeqeT>. M4, TEREEETGRAT C++
BAE:

+ Seq<T>(): BIEFHIR[F—IBEHTERIFH

o SeqeT>(t,s): BIHEIFERE—AFF, EFFINE-TTED . HEHT
EWETH s PRI E.

+ s.hd(): BE s HE—TR; s BHMELF I IUHE.

o st RIEIFEE R, ZFEFIEET sPRTE-DTENFF
Hihn#gE, s wMmEbF—TInE.

« (bool)s: MR s BFHLENWIRMN false; FM, RIF aue.

ZFRLAEH hd 7t A BT, RIFKCHIXEEEELE car 1 cdr A5 L3E Lisp
R R EAE. 18 bool RUZSEEBuEZE if 10 while TEA]PE A

e, BATHCFRITEE CEFERRE:

template<class T» class Sedqg |
public:
Seqgl}:
Seqg{const T&, const Seqi);
T hd({} corst;
operator bool() const;

}:

BT, RO EERESR Seq? SR AKE, $F Lin 28X
LRATREER A RENEREE N TEEN - MERFIRTH T
BT, MR, TEXEEE T Seq MR, HEFENMN. RIY
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C+HLE X

LERNAAN—RE, WFRTLIERHE S Seq BUE T/FF], TR Seq E-HIEN
FHEREZREFT. X0t R T ERTELE DGR BTN,
BERREM:

template<clazs T»> class Seg item {
friend class Seg<T>:

int uze;
const T data;
Seq item* next;

Seqg_item{conat Y& t, Seg_item* s);
Seq item(const T& t): use(l), datait), next (4} { }
I

T IX A K —FERITHHY, HRNTRE—ERE—TTHR Seq
BNEE— MBI Seq. EXMRIEZE, EFA Seq T W s Rl BB (i, BT
2 BT R AR N AR —FEE). IR RITLHIEHHIEHT
3ikeg 8

template <class T
Seq item<T>::Seg_item{const T% t, Seq item<T>* s}):
use{l), data{t), next(s)

{
if (=)
} ;
== AR S TR AR EER. Fln, BT TERNEDZE:

Seq item X = Seq item(t, s);

s T —A Seq_item E"J%ifﬁvfﬁ*&tb K, HEx FHE—A Seq_item A
B EWEE N 1. ERENEEME x PRAFAINE TR R VS0 e
B AR AN HE S Al b, e DX A RN ETR, EI—RNEE
PEI R 2

B A AT ARES AT, FUESKUE. HERREFRMAES 7 Seq X
S EEHEHTARE. Fit, RNBESHIHERE. FHRERERERT.
EEIEXFER, FAEEA Seq KFERS—MHABRILFIE - TILEN
Seq_item fIiRE, &AIH

template<class T> class Seq |

public:
Seqil:
Seqiconst Tk, const Seq&);
Seqg(const Seqk); / /B
-Seql) ; /15
Segs operator=(const Segk); /1 E
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FISE FJ

T hd{}) const:
Seqg tl{) const;
operator bool () const;

private:
Seq_item<T>* item; s ¢ i

i

ICRA TSI RS SRR T 0. 3 — RIS
W E item Fg%tA 0:

template<clags T»> Seg<T>::Seg(): item(0) { 1} '

BT T — A B —— M — A T KRB Seq Hata— MLy
Seq—HISEIMIF A, EE—D Seq_item KHAEE, HAIELEM Seq BA
A R R R B

template<class T»

SegeTs::8egiconst T& t, const Seq<T>& X};
item{new Secq itemeT={t, x.item)} : }

R RBRER SRR S 2!

templatecclass T> SeqeT=::operater bool() const

{

return item != 0;

}
el A R EESN, RIMFEMHRREREBSHAH:
template<nlass T> SeqeT:::Seglconst Seq«T»& s): item({s.item)
{
if [item)
item->use++;

}

HT M B B A0 Gk (B VR 2T D655 BT DASR IR Seq_item FIBEAN PR, BT ATE S AR
— o W B Y R B R RS R DK IR RIS e ST TR SE R

g40, hd BfEIEEIE— Seqitem FHINE. ME—H RN EERERE
WE ANREAMN—NEFEFHBUE hd HRIZEFLAHE, RINSHMERE:

template<class T> T Seg<T=::hd{} const
{
if {itecm?)
return item->data:
else
throw rhd of an empty S5ed*;
}
REZEFESTL 0 987 XA B R [E— M X A Seq B REERE B—NHTEY
Sm;ﬁﬂﬁ#ﬁ%ﬂﬁ&ﬁ#-&%ﬁ%%?%%%%%Eﬁ&mﬂamn$,
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CHILBZE

M E&— Seqitem, FFARMTEE 1 Seq RRAE. BHE—RERIMLIFE %
EENA A (BA) WA -

template<class T
SeqeTs>: :5eqi{Saeq itemaT=* s): 1temn(s) '
{

if (s)

E->USE++;

)
B, SATLVRELMER T

template<class T
SeqeT> BegeT>::tl{} const
{
if (item)
return Seg<T>(item->next);
else

“hrow *tl of an empty Seg";

}

5%t hd BALE—F, XEEFFAS O 51ERE.

BFE, iERATME RRENTHRBANEERER. AENABENRERE -
—AMEEEFFIAX R, AR BRERENT 4 R EHBRE NIRRT
FHWHXAFFAE B LS, BB RS RV EoRR R BRRAEMAK. 12
T S A B AT B AE A XA P FIR . XA TRE X %7 Bk IR v
P FFRENITEN IR &b, Flm:

Seqg<T>* ap = new Seg<int:>;
/T sp PR BE

SeqeT> 82 = sp-=tl{};
delcte spi

B, BAFEHALT —4 Seq, IHFHAT —ELH. RERNL 2 Ry
HT sp T8 IR RIS R E . A1 BB ELE delete sp BeEF BFRPEH T RIFAELL
& 2 HHTHe. Eit, MR AFFIRRE, AT ARRRELE TR, iRk
FREENTHRRETE, RETHTRERE, 2T RERNTH
BORIRG Aak . 47 R R0 W (% £ R S 0N AT IE AL 2.

RFEATE X —A R FE E S| T SRR IE A B0 B MBS Seq_itern JUE,
WAt RBefye—i, BREMNCEE TXHFNER (M destroy), & FX
SCHLER I TR R B E S T
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template<class D=
Seq«T>& Seg«T~::operator={(const Seg«T>& &}
{

if (s.item}

g8.ltem-»use++;

destroy{item) ;

item = g.item;

return *this;

}

tenplate<class T»> Seqg<T=::-5Seqi)
{

destroyvi{item};
H

KAVBIHE L operator=" HBr T 31T B REE: BRAITELAERA desvoy
Z B A U B S | R Bk TR 12 ) R A
BAE, WA IME— R B FER R LI destroy:

template<class T
vold Seg<T=::destroy{Seq item=T>%* item
{
while {item && --item-»use == 0} |{
Seq_item«<T>* next = item->next;
delete item;
item = next;

}

15.3  Hhn—SeRRihRME

XARMBESEH. MH, SHLEFFEH. RN, REREEXHHR:
EEEP AN EE I ERRE. XMETBEENALE, AWEMELUFRE
T Lisp F1 C++EFF #UB JHE 1229,

Blan, TEFEFIN LB AT EMN T ERRE EARE—AFRFS, KL, W
B E— AR T G, s MBS SeqeT>, W Seq<T>(t, H—THE—IT LR
K, HRLER s HnENFT.

B T E M, XA AEOE T — 8, BIAET B M A SeqeT>
R B A T——— P IRA AT e A AR A, FRATIWT LAA Lisp ZR75HF thix ki)
BiRR, FHH B2 X—1 cons ¥

template<class T> Seq«Ts> cons{const T& t, const Seg<Tr& £}

{

return Seqg<T>{t, 8};
: .
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C++IL B &

MARLITLELE cons(t, s), TR SeqeT>(t, s), [FBF A A B Hhd 5 Em
TT

Fi— 4B F RESRENHEFIFFITHTRNME . Lisp £2/7 R Al GEa%
(=hrg 2 3iN[E R 8

template<class T» int _ength(const Seg<T>& s)
{
it (s)
return (1+ {length (s.tl{}));
raeturn 0;

}
(B2, C++72FF 5 =Rk XM 7R L3 Length 2%
template=class T»> int length{Seq<T> s)
{
int n = 0;
while {sg} |
g = 2.t1¢{};
T+t

}
return n;

}

P OARA RN RS ARBH, KRG EEEB T e &
B 7 XHIEA TR o s, FRIEEES MRS s BIETRBGE—
ATeE, FETI, HAREHERED s. ZHUEERAM, RE s & length
B

T n BB int, BTRARATAT LUB RN ZM A+ R AETTREN . B4
s X iz nqa] 2 ENE 7

A

s = 8.t1t);
LIFaFERE, $k&

n=1n+1;
] LATE) 5 BX

—F. METH
s = 5.t1{};
T & X

+457

%W%t%ﬁ%%ﬂi@ﬁ%?%if@?ﬁﬁﬁ&,%ﬁ%%?u%ﬁm%ﬁ
i%%%ﬁﬁ%ﬂ%Lﬁ%ﬁﬁ@ﬁHﬁﬁﬁeﬁﬁﬁﬁ%ﬁﬁmﬁﬁﬁﬁ%
ME—XRET, BEEEUREERNERARNTE.

182

[i—

e riem oL 4 en L R— e e s el memmwm an e mae ARoammme i



#2158 57

SEhp b, BATDATT EARK . Lisp #5502 B4 car 1R — A~ B % (B
M hd), HE2 C++FEFREEZEWHA operator* KB ARKTE.

RXRAR BT LU A R T R XA K EE T CHEF R H:

« operator*(), s hd()HFE L.
» operator+H), FEEHBREET s =s.(:.

XA R R AV R C+ B R RBIRENER SR #ln, £&
RN s # Seq P val B, X C++EZF KK, FH

while {s && *s != val)

LLfE A
while (s && s.hd(} !'= wval}
5 = s.t1¢();
B gk,

B4b, BiLERAXTEE Seq_item FIETIA, BHIRASEBIX ER{EERIEL B H
FHOETHNEER. X Erra ol B A B, AR RER
HRIERMNE— e, TIRZARE operator++:

remplate <class T> Seq<T»& Seg«T>::operator++i{)

{
i1f [item) {
Seq_item«<T=* p = item-»next;

if (o)
T->Use+-;
if{-~item->use == {0}
delece iltem;
item = p;

}
return *this;

}
& B HVEFT operator++4g :
template «class T» Seqg<T> Seg<T>: :operator++{int}
{
Seg«T» ret = *thais;
if (item)
--iltem--use;
item = item-»next;
if {item;]
iter->use++;
}
return ret;




C++i A%

G B+ RA T et PRIBENRIAR, REHEEM 1. HIEP ret &, &
TIsEEDIEE MU ret AP EHEFFIDE-ITE. Bt FHRE
FRWEORE R 0, BATHAT LS B Eum) 1.

244X, operator* FE hd B)F) X R4

template<class T» T Seg«T>::operator™ (]

{
retur hdf(}:

}
H—A#HREREFRAEEA—AFHE. ERRE STREFERR

8 = cons{x, ©l;

B b, ST LU 3 T H T (R B e B R

template <class T

Seg<T>»& Seqg«T>::inserti{const T& t)

{
item = new Seq_item{t, item};
return *this;

}

Fit, RAIEEMNT SR EREXAXNT CHEFARREER. X
ik 384 ) B A L L T P B 4R S AR B, BB TR T 28 Seq YA HREH T
Lok, RAVRAEAM 4 6 HE G, BRRINICEMT 282 0FE,
WL T REB N EEFERXTET.

154 {ERITGM

& XA R METT R RAF IR RE T — R B T, RIVMERAT
&R H BT, BEEHA IR FHF -

template<class T»
Seg<T> mergelconst Seg<T>& x, const Seq«T>& Y
{

/R geg AE, MAEEHF—A Seg

1T {(1x} return y:

1f (!y)} return x;

/¢ BHEBLHE, #ABREENNE— L
T xh = x.hd{};
T vh = yv.hd(};
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{r HATRE
if {xh < yh)

return cons({xh, mergci{x.tl{}, y}):
return cons (yh, merge(x, v.ti{));

}
T AT R ROR P S BB, IR AN TAREE b AR . BATTEE

BAFHRBRETH, BARNNEAREAINBERINERECEFERHE LD
TR, TRELBLEP-EREE. ML B

template<class T> void split{Seq<T»> X, Seg<T>& v, Seg<T>& z)
{
while {(x) !
y.inserti{x.hd(}};
1f {+4x)
z.insert{x.hd{));
+4+2;

}

.
i

1
Bja, BATUAR AR RECREE — W RRHF 6
template<class T= Seg<T> sort{const Seg<Tr& x)

{
if {!x || 'x.tcl{))
return x;

Seg«Tr p, ;

split{x, p. 4}
return merge{zort{p), sortiglil:

1

RGBSR FE, HENEARIER T KSR On log mRITERE. HLIFTK
3|~ MEEAR M HMR, Fof MG RT MBS RN i, 2R
Seq M| KR AEHIREFIO R

A S48 P 36 I R R A B LKA 7 A AT & 3+

template<class T» Seqg<T> merge?2 {Seq<T> x, Seg<T> ¥)

{
Seg«<T> r;

while {x && ¥} {
if (x.hd() <« y.hd()} |
r.insert{=x.hd(!};
K+
} else {
r.ingert{y.hd(}};

YVi+;
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while {(x! {

ri.insert{x.hd(});
K+t

}

while{y)} {
r.insert (yv.hd{)};
Vi '

}

r.flip{);
return r;

}

B2 T JRIE, insert F! operator++5t, FIFLIMFEN Seq AT H— MR,
B3R TIRAE LA IR e flip(), B F RS BB ¢ STE BT
 ERTRASAEESERTRENR T REENER. BEATRIIER
B s C+HERHMER, FEARTHTRMEFKE, merge REIFEHR L,
B LG flip Ve R iR BATRMAEN—384, MARERN merge FIHHRIR .

B -HERBRNIFER, WEBIMEAHGAE T — Seq. WX Seq 4K
“ET CASHERRRSEICE. SR, B Seqitem M7 HH AL
FiE 1. —ABAI8CH THFFIKRA, GETRANF R ERATRT T,

Frel, BAERNEE—ARECEFHERA B OFH XA FFIR A SR &
&, EAAGERERAEAY Seq KE AR, BTUIEEAE T owntail.
owntail BRI S —FFER 2R ILFFIFT I ERF 1 E A Seq_item (1
BEME), R, SEBFFIN—AFEE, BIAKHAEEMNRL R R
Seq_item —H TN RN S . BF, owntail ILXFRI A ER CFEM
B4, FARAASERNES, AN EBERENZENT HT&. Kl
owntail JREI—MEEEHERH, ZRrERFREBENREE —THT,

B, BRENWRFFIREN, WEHGATELRE, FTLIRITTEURE.

template<class T> Seq item<T>* Seg<T>:owntail ()

{
if 1item == 0O}
return 0;

}
HL7E S O — S R iRe, WRAFAFREE AR EXT 1 8
Seq_item (WIRFHID). 2R, WMERMBLTIFFINER, B BAREL
BT —RINERFRA BRI
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FI5F K

Seqgq_item<T>* i = item;

Seg_item<T>** p = &izem;

while {i-»use == 1} {
if {i1-»next == )
return 1i:
p = &l-=next;
i = 1-»next:

1
MERANMB TE—F, | TBAE—A usel=1 K0, p &A%, AT
DR EME X MR G TTR N RE . XA IR AT RER A Seq_item [ next
R, R Seq BRM item FRRA . AL XA HEHIBE — DI Seq_item, E
BRNRSHFRANSE I, BMCAERREHRENTI AT
*n = new Seq_litem<T» (i->data}l;

1 = i-»next;

B R ARSI E B RER S, RN A5 iEH N
Seq_item, FEHIHERIB] AWK A. XR, BIMEH 1 SEHIHK
5, HjkiRmEaA.

Seg item<T>* ] = *p;
while (i) {
j-»next = new S=q_ltem<T> (i->data);
i 1-»next;

3

J-»next;
}
return j;
}
MZE, flip MARBRASRE . Bl CHRERARE, ROTEZENH Seq item

4 next $54t, ibEA1E MBT—A Seq_item, AR F—1 Seq_item. XHTHREHR
TI7EFRRURRTE 3 M55 F, B —AME MR 2480 Seq_item, 55— E'E )5 H(behind)
ff] Seq_item, ¥ —¥EN1EHI i (ahead)H Seq_item:

templatecclass T> Seq<Tr& Seq<T>::flipl)
{
if (item) {
Seq item<T>* k = owntailf{);
Seg item<T=>* curr = item;
Seqg_ltem«T>* behind = 0;

do
Seqg_item«T>* ahead = c¢urr->next;
curr-=next = pehind;
behind = curr;
curr = ahead;
} while {curr};
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BT EMAEEREEF R E Seq PR item F7EF, FRE*this (H4 flip i&
(o] )2 51 i >

item = k;
}
return *this;
}

155 PHn—

FIHF R, FOPSMORERELAEAERE (operaor*) At TEHRN
B, EARGTRATERMMEEN. LHMIIE Coperator++F flip), iT
H— R ERR T EAR X, b - RARBEEMTEIR. —BRIHE
| owntail Bi{e T 2005 FRIRA 9 K F RS B, RATR A LS ALK FSY
BERRL. B, AP EEE. ERmiEERE BIFEEL—A
R B B3 operator+=F1-—~1E 51 5 B 47 operator+; BAHEXIN LIER IR

HB-AEE RN RA RN SN (RS RENZE. BAREEN
B, mBAESEAEIXA TR, RN ERM— length #1E. KEAE
MBARFIE EAME. A, mERCIFATERATUESFFEE, fE
HEHEENETHET. BERNGMELE, RS s
B AT 5 (A6 R 5 S A

template<class T=
bocl operator=={const Seg<T>& opl, const Seg«<T>& CpPZ2 )

{
if (opl.length{} '= op2.length{}}
return false;

METATHEEHS, RAIRRL B FA PR ERETHRT . 2R Seq_item
RE—ATE, RORGPEXIHMFFIE—FH. WETATREEAR, 1A
RO —ERET %

Seq_item<T>*p = opl.item;

Seq item<T=*g op2.1ltem;

While (p != ) {
agsert {p = 0 & q != 0);
if (*p++ 1= *get)

return false;
}

return true;
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EE, —BEFHR#EA while fE5F, MEE T HAFAPERMRRE TR,
Assert 7EIX B R R A ELE PN bug /Y, X2 bug AIRES R FRITEERER.

length B ¥ESRBATEE LR EH LB Seq 28, LIFEKBERTFEXR, 7 Seq
BT SRR B B B R e b R0 B KR

& RUEHRAVER P S E R R T B AR R A Seq WRR
FRE, REATA Seq_item (RAFKHE. WEZHRBS, HRERETE Seq F IR
TEE, HAFANTHLE—RIFRT 1, Freli@F /N Seq item Lt Seq 3]
BE.

BRAE Seq MR PN TRE, WALURE S ML length PARUREIXA#iAF
il I .

template<class T> clasg Seqg {
public:
unsigned length{) { return len; }

privatce:
uneignd len;
P

T len, HIERBL. WRERAEG . VAR, BRI . insen A0
fl RS W T E, X BT —E BN R R Seq_item X private 115 H
. HTRINAEEEBIEM Seq item F5A M (F) FHIMHCHE, FRLLHS
AR NS R — 1B

template«<giags T

Saqg<T>::5eg(Seq item<T>* s, unsigned 1):

Item{s), len{l)
{
if (=)

S-S Ew+;

}
FAUEFXAHE R, BHE () FRRKE:

template<c_ass T»
Seq<T> Seqg<T»::tl(} const
{
if {item)
return Seqg<T:>{item-»next, len-1};
else
throw “tl of an empty Seq";
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MR EEBSKFEE Seq RPOHAES, FALERINBREENAE, UERlen
(RIS B LUE S AN Seq B, HRRILHYN B CRGRE.

15.6 HREE

AEETE T BAMRIERRL, FRRERE 16 AR ANHDERR RS,
I E T 200 47, WX FH T G K LUEFT.
FEH e, BTREEMN USL FIRE—HFR.

HEE i, EEMMIESATER RISC FESRER. MTHFIHRE,
EAFERCR BT, B RATE BRI A REE QIR T FRIZ B BBOLR.
R REN T F—BSEEHNE, EEP LRENRT, EEREEE
#2(functional-programming)#+ 8 CLE8 T B T 3t & W1 AL B — MH A K ol
B QAR S o+, R, HREERAEME. XN HEE
HIiER, HEES.
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12 JRE 1S HFEUT TARNS MR BUEa. i, BEGEER
F R — e —HEFREAREM 5.

EAZR, BISEIWAMEHERREGRHZED, SEXEhEEN,
BATTTLLE RS AR - -F LR R A R .

B, S2RIE 199 Eh R EREMZ BN, ST
ML( | JRFNE S, AhZ B R B R RN HHR AL TR 83— 2 L Chris
Reade &[] Elements of Funtional Programming, Addison Wesley, 1989) F1H At b
Jri—ee AR, X R £ BASRRETERR AR FE(STL) PR BB B R
¥, BRAMSES 17 TP 22 FiHE STL. T XMmEmER T H SHE,
BTG L ERESSIX B NE, MEINRRIT X B AR

161 [IE

ER—MEREETEM RS, UREN R TIEMNEE. B8l
AR GEE, UARHER— MRS, 6 SHBEN T HREHE
BB AR

R R MK LIRS FRT ARSI R EFR SR, B
T. MEAERE, BB RIRE L, HmBAIT LS R RERELH SN
Bup g arsy, UMER — A ERNESERERE.

YT ERXENELNE B HE N EREY, RITEE— MR, IF
RO T A B, FRFRUXEARRS N B R e, % R R B RR AT LB
Vv LN T i i
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162 SH—ABT

XR— MR EREA S T EA MR
int sum{int * p, int mn)
{
int result = 0;
for (int 1 = 0r i < n; i+4)
result += plil;
return result;

}
BT EXE DT 10 84 A B ERIA:

#include <iostream.h-

in main{}
{
int x[101;
for {int 1 = 0; 1 < 10; i++)
x[1] = 1i:
cout << sum{x, 10) =< endl:
}
X4~ sum R HIE 3 HE-

1. B —-A¥nE—&.

2. ERINNEEEE, FFH,

3. AR R L RSB E T AE TR

iEBATREE BRI R MR A S — M E S BRI RE S F.
REAE, Sum BEERAE —FFE RESINS EXIREEAERE. BT,
5 EAERRESRA sum R, HEEFTEH KRS SO NS EK,

163 FBERAR

BATEM sum BREPBENE—ARE, RENT “GNHTRERRERED
XA RO . EMEIX — A, RATERFER CrBiR: AZESRMBRIX
Fh s

BEFP 2] DL 3% TR B MR AT AR? KRR BRI
B HR IR AU IR AR, B LA IR A

v RS, RARUEZELBOER.

. —FHERFF DT - TRERNAIE.

o —FhEHRH M R T,

o —ARMEHRAER. — - EAMERBA TR, FIREXR AT
#AAR R E A
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RITEHES 14 TR EILFAXTR, MEENRSR. EARTRARSH,
BATA A B R R AT E A AR .

RIS TEHWCAE THRNE ERBRNER

clagg Int_iterator {

public:

Int_iterator{int*, int}:; M, KE
~Int_ilrterator{};

int validi{) consc;
int next(};

Int iterator (const Int_iterator&};
Int_iterators coperator={const Int_iterator&);

}i
XA Int_iterator, A lterator, B ERAFIE— IR RESERF 7
B . B BRI BT B4, lﬂiﬁﬁﬁiﬁﬁ%ﬁm«ﬁo_
EAKMHERFEERIBH., FANE A LERBEATEREE. I
REFIREETCEREE, NRA valid &E—IEFAE; nexe f0 REORIH S
R T —AEE. RIVESRAECHFFPERENFR F A< next,
RAVEZ Al DAFE T A 2 FEg AT LAY sum REFATHE -
int sum!Int_iterator ir)
{
int result = 0;
while (ir.validi{})
regcult += ir.next(}:
return result;

}

EAMEAFAEEERSE FERMK TRZOARFN. XEMHENE
F£ T Int_iterator ', 3 BASREE sum &R HOHAT U5 A

EERE, XAMEREHALART ntiterator BHMEREAEEER, B
BT S R—A Int_iterator, TiAR—> const Int_iterator& . HTEMBFHE
SR, FILURAFOT RN AR M ERRE. BRI EICSERE
3 const XEH. BAh, MESEHE Int_jterator&, R T HHENSHHRE
1, B REEEAEESSIE const B3I ASHK. AR sum EHEHEH
AR RS IR IERT

XA sum R RAFS T AR
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#include <iocstream.h>
int main{)

{
int =[10];
for (int i = 0; 1 « 10;: i4++)}
x[1] = 1i;
cout << sum{Int_iterator(x, 1l0}) << endl;

)
PfE—RY X B ZE T A TLE AR AR sum(x, 10), 0420 sum(Int_iterator(x,
10)). %8k, AU —PEEN sum BE, HRHEEREREL.

int sum{int* p, 13t n}
{

raturn sum{Int_iteratori{p, n}j:

}

BAE %A B Int_iterator KM X T o EARKBRPRITAREBELD
FH? BRAIMSREEEMBFHIPL F—P R, TREEd T nt*REM,
Wi R YA EE R, @it aEME O RRRFLLBR — 1T
FiFi ik, AT LB EEFITE 4 REE . mRRIBE R EC TR
£/ TEE, Int_iterator BHIFA K AR BL

int* data;
in: len;

Int_iterator AR EREW. BHBEREFARK S2ERYIEN data
Hllen Fi.

B E . BERETHESHEERESEME. hT elln&Em T
R B BIAR R E AR, FTEIATRLEREIX 3 VAR, wiRBRE a3 el
AIESHE .

B, RATLIAE X valid I next. SeRE, AR T XH:

clags Int_jterator |
public:
Int_iterator{imt* p, int c): data(p}, lenic) {(}

irt valid{) const { return len > 0; }
irt next(} {
--len;
return *data++;

}

private:
int* data;
int len;
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164 WHERRY

Int_iterator X8 FR—MEVNKRIRIRE, BIIEZTHITHENINE.
u] LR 2 5 M3 Int_iterator FEEHpY,— i FA Y Iterator AR«

template<class T> class Iterator {
public:

Iterator{T* p, int ¢): data(p), len{c) {}

int valid() const |
return len > 0;

}

T next{}) {
-—lemn;
return *data++;

private:
T* data;
int len;
H
Kkigdt, BRESM-—HHE AWM n_iterator 26 HIHE int B
R T 68, LUREE MR int.
R BAE Int_iterator 25T TF Tterator<int>, M4 RFENR KB TET
PAIG T A3
typedef ITterator<int» Int_iterator;

R E AT G A ZERT S BN Int_iterator PRIy R Iterator<int>4& &
PR i

int sum{Iterator<int> ir)
{
int result = 0;
while (ir.wvalid(})
result += ir.next{);
return result;

}

int main()

{
int x[10];
for (int i = 0; 1 < 10; i++}
x[1] = 1;
cout << sum{Iterator<int>{x, 10)} << endl;
}
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165 R ARRAY

AR LUs [ E R R MHA, AR IXFFR TR R EH
RBOERA ., BURZXA sum REBRARR, EOT RSN Dl efk.

template<class T> T sum{Iterator«<T> ir)
{
T result = 0;
While {ir.valid{})
Regult += ir.next():
Return result;

}
EEESE, RO EEARRAN R A TR T BIRAFLSRA L
We? LT A LT S F 0028 a0 nT LU i B 1
o ATRAE O BRI
ZERIXZE XL T +=81ERF .
X B A RAMERTE S, XA sum 28 ¥ FT LUIEXT S AE R EIR [
H4R, BT A SUE R T R, (ER AR IR S R 2 iR
R IIE

16.6 RFEFREEAMR

F i, sum X T BTN FMER BT ENE M- R, ESHR lerator KXY
(. {842 sum f) XN BB S AR E 4K8F Iterator 3. 2 R {FE valid 1 next #1F.
WA VERR iR A, A B0 sum BEGE RS H T URABREMHNTF
7 ER?

AT BT B R R R A R ¥R SR A FER . BHBE AL, AR
AR, CERIIS AR NE. BRMERITKERTE
ANgEFR B README? REGRTELTPELHIE? ZE R iEd el TR
R ?

8 L 3 A o B BT M M L Tterator SRR — MR EE, FILLRAFE
EIER Hk 22 b AR — 1

template<class T»> class Iterator {

public:

vir-ual int wvalid({)} const = 0;

virtual T next(} = 0;
virtual -~Iterator() {}

}i
T, BAIERILAAK Array_iterator<T> & —H Iterator<T>:
196
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template«<class T» class Array_iterator: public Iterator<T> {

public:
Array_lterator(T* p, int c¢): dataip}, len{c} {}
int valid() const { return len > 0; 1}
T.next () {
--len;
return *Jdata++;
}
private:
T* data;
int len:

1
B, Mo Lk sum BT — 80 Merator B 3IHERSH, LAW
FNAEGEIE «

template<class T> T sun{Ilterator<T=& ir)
{

T result = J;

while (ir.wvalid{))

result 4= 1r.ext():
return result;

}
KRG, b TEMBEKTE, REENE AN Aray_iterator R
A, HADERIRLE sum:

#include <iostream.h>

int main{)

{
int x[10]:
for (int i = 0; 1 < 10; i++)
x[i]l = 1i;
Array_iterateor<int> it (x, 10};
cout =« sumi{it) << endl;

}

XEALEEE 164 H7fY main RAMKHET, RIOABHET 2N it
] Array_iterator<int>¥{ %, LAAZ TN x TEREF. BIAGERRTHUTER

cout << sum{Array_ iterator<int>{x, 10}) << endl;

B % T 145 Amray_iterator<int>(x, 100 RZ{H, Bl b o gk e — A8 E R
b A9 HE const 31H

EER—ARENE S, BINEE TR T B ER AR AME,
R A YGRS sum B3R ) P SR ER I AR 7 B A L R . BEATRTEFI T A
B R, XRSTPRSATELR B R, ST M bn i xd BRSSO B 865 A 0
w2t
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NI LA RHEEI AR E R EZHIT#RE. KEERENRRITERE
MREHE, MANERENNZEAEZNRANER, BEXIRE0RER
CEMFEN A,

RNBEEXASA, MEL sum APFHEMHARRNS 4. BABRBLIKH
s KRE. AENE, MERMEEEEIHEX sum BE, FPEH:

template<class Iter, class T> T sum(Iter it}

{7 ... */}

WAE, BITEX T —MERIRBSSHREEANRE. HRLHR, sumXx)
RIEA T T x KR, XAF CH P RIEER, BB AFRFHEL, F45
BAE RN LT I0EMSE. REAHEHEREANRE.

EZEWR, FMEEFETUERITENRE: €1 sum 2 —ARRH
SR2MEI A, RIS AIES TR, UBEAREREE sum E R
W FURIIRZA sum2:

template<class T, class Iter>
void sum2 (T& result, Iter ir)
{
regullt = 0;
while {ir.valid{})
result += ir.next (};

}
T sum?2 FIXAMRA—REZELT, SRES main BT

int maint)
{
int x[10];
for (int i = 0; 1 < 10; 1i++)
x[1i] = 1i;
int r;
sum? [r, Iterator<int>{x, 10)};
cout << r << endl;
}

MR IR~ 7 BERA sum2, BATLMEERN sum REIX
A0

lGH#&ﬁﬂ%Eﬁﬁ&T“ﬁﬁﬁsﬂﬁﬁ@%ﬂ$ﬁ?&ﬁﬂﬁ#ﬁﬂﬂ.Eﬁ,ﬁﬁﬁﬁﬁﬂi#ﬁﬁ
.
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terplate<class T> 1 sumi{T* p, int n)
{
T r = 0;
sumZ(r, Iterator<T>{p, n});
return r;
1

Mo, EREERFRAULETT:

int main(}
{
int x[10];
for (int i = 0; 1 < 10; i++;
x[1] = 1;
cout << sum{x, 10} << endl;

}

16.7 SiE

T BRI R ERREME, ROIFH sum2 5 — N istream FERAT.
BB TESRFN.

ik, BOEE— )AL AERARNE. AT ERT R ER
Tterator 2XE EM B HZ%, FLRNIRE N Reader. ¥h)iE, Reader<T>HHR
Fe M —A~ istream BRI —AY T A5, HBiix A sum2 7T LAE Reader<T>
L — kAR fER . |

SR — . IERAIE EABM R, SRR E
7 istream B 75 14 SIBETT (A2, X H AR istream () TIEE 2 HIK7F istream
ch R HIE AN A E M istream EIREELLE ERETHK.

I/ Reader R FiEM— N E, HHCEERRES R, BIKHHR
AT BB A HhE B O nexe FG R BR SRR AR AT EEHR A AUAA, i A
A — MRS BE R R R, G4 advance:

template<class T» class Reader |

public:
Reader (istreamé& ig): i{is} { advance(); 1}
int valid () const { return status; }
T next{) {
T result = data;
advance ()}
return result;
}
private:

istream& i;
int status;
T data;
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vold advance() {
i »>» data;
gstatua = 1 1= 0;
)

b

54~ Reader WRHHE T —1-% FHIE RN istream B15]H. Rk,
Reader<double>(cin)& —-M cin RE[E] double {E F*#1|F¥] Reader ¥ % .

T IXA BB E B B 2 sum2, BATIIAERT LU LM B ILEL
H R HF

int maini)

{
cout << *Enter numbers:* << endl;
double © = 0;
cum2 {r, Resder«doubles{cin));
cout << r << endl;

}
BB —PENR, sum? iE 2R TFR¥EAETERMBRA .
168 &

FLTHER AR — AN A R 4 S R A TR R T DAL A B MR
B MR, SSRRAT SRR IR/ MERL (W 2 REMER D

AR T BRI Cr+ 1028 AR D, BED RAE IR IL
ATRNGEER GREED. BEVEIET- A sum BERIFIT, HEEM 3 TH
414y B B HAUREER.

B RARFLRIN AR EEMRE. RIINREFERERREZH
Blix K H P a?

B, RODAREREAREAXIRECRRIOMSED . XENR
BEMAEEIMNHEENTHE O REBIH 4, MAREXHNEORSA
BirA F@ B d.

—HAmE T B, RITEN T —RFIXTHORAMT R, X8
FRH AT EEA T . B TEE A ORGSR PR E
¥z ARNMREE, FUBRNTREFERTRE— M LiERSEONEN
EREEIE O RARENREREET I RE. RITFEHENEFORER




FI6E fEHETHEE

H—MEEREOZE, SR8, XMEEDRFER NI FEMRENF &L
EESBHHEREREN TR,

R T REFEBEERBL, AT 2R RIRE 0 25 B kb 5 %) B4R 2 69 18
H. B, XTI ERENTR: Bk, SN0 EREEE RN

BLAE, FAIA USSRl iXee s D OB FER OS5 MRS T .

template <clagss W, class DB> c¢lass Registration |

public:

/1 HEERE R REARE

}i
¥ Registration PEHEH O AEESEFRERMNHKMETF EOSNE O£
Y, 3% — RNV B A AR AL

BfE, BMNERHEAN EAEANEAEFONERERE LML T —1
Registration %% ;

int main{)

{

Registration<whizzy_window, dazzling DB> r;
-
)j
HE whizzy_window 28 O RAKMNE, H A dazzling DB 2 FIBER

G, —RASHERICIRIIETT.
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R TR %

1994 £ 7 H, EZKBETFHB TN C+irEa{ b, EREFTEA T —
TN i Alex Stepanov AR, BUKHbRIARA [ 417E Hewlett-Packard IR =

TR —RFEREEED—H T IR CHEH .. XS AR EP R
FIE SRR PR HERER E (Standard Template Library, STL). XfT C++ER
B, XERMESA SR ERAFRANNTE. TH, BiRAR R STL R4t 7 —fh
SEZR, RS RERARTNMRT]E R ERSER S M.

CORIFAMBLL STL S TR, mAMETIHETHEARER, LM
HEE, WHT A STL 240k C++BFE R EMA, Bl efml BT
HILRIRERT.

X 3 B i B — R LU S BT A R G SR 5 AT R AT b i R O

RRIEREE, YR, HEEETMEE ERIZA (genercity) FINE S

template«<class T

vold sort(T* ptr, int size)
{
LV S

}
BmE—ASHHFRENRBETANERF (RERAIRE—THFRED H—
PR

HR, BTE—RghBRREENESH MRS, XTEMCERSFEA
fi. BN, CAIGE— P, ARHEENEREGERAD, TRITFME
AR A, AR UAEER S, A LARE RRUETT. WRAARENE
BT RER XM Ha S A TR RS, ERRARERETNE,
RARURERERE? 4 ARNER, Alex MIRIHREFHE TXE,
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RPN R R B TE LLRT I AR B EERE 1B XA EE DR Alex FFRM
BMARUMETY, HAEF - CHEHE (BULETRAMKE Ada &
Schema). BFEMRKBREIIEEBRENE 16 ERNEMN—REXE. B RE
% & Fit F Smalltalk, ML A —ERETREMESHRENIZEE. Alex 1)
FEENHERRNBRTEITREH CHEH5, RN ESNBRRUESBIER
2E, XMEKREETAA STL SMEFKATLEBRSINEET. mH, B
XFh A RS R R, B ER G M F EREREETEE R

BFAZFAITEL TR EFEE Y, BCUR {8 F — BT 58 18 2 4 () LAY
#F. XTmAY BXAHE:, FERBBTERERRNENR, RIEASIBSE
5 e Ko

171 —4FRH

BRBNFERIEHEATOE-MEFTENSEEN LR, RIMNREN
RAESRTF

const int*
findl{const int* array, int n, int x)
{
const int* p = array;
for (int 1 = €; i <« n; i++) {
if {(*p == X)
return g;
++Pi

;

return 0;

}

XLERE—A CIEF: ZHUAE CEBFREN for BAITRTRHER
MBS CEEAR. BNUETREFESMEITK, FrUBMHER findl.

*T findl {EHOBRGEH, BATBRAEFLATHE?

» BANEEBERFEAREN int F{EH.

o BRATEAE—A int HRBAFHTER.

« BAEARSEDETHRAPTRNIEH.

o BRAVAUEE —Oou R AL

B A S AN AP REE T S SE At B TEMFITH, RAME
BT T RE A & B R R A R BRI A BB R

e et e mb FmEmm e A e
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172 ERMETRRN

EEHMARZZRABEN int MEBE. BN RERTE HBBARN
IR ERK, SR, ST .

template<class T
T+ find2({T* array, int n, const T& x)
{
T* p = array;
for {int 1 = 0; i < n; 1++) |
if (*p == %)}
return p;
++D;
}

return {;

}

HARBHEREMNE findl FH const 81 T, XEEAMBRAIH 4551 const
HBIATRE R I find2, A T H7ES LE BRI const HEE MR —H 4
ik, HicthRSa N ERARKE “ DAR const” KFHRERT .

Rtz b, SRAERBE R EERRT int KEE, AN —RTERE
WS x M int FHh const T&. XBANSERIRETHUENEZE: &
B H—1 int BERPFLHEIBDE, EERE I FEB AR I K&K RE
IRBAHRT. BEEENR, MiFRiIREARIHEERH THE. XTTHE—ITRAE
ko EEIME Y. RAKERATERE THACHEEE R AR, RILATEE
AL E 4 T X%, BB GREH XA M REAFHILERERTE
HiRERME _EE.

AN RAFRMNTRET HIRETHRMABZRET L. 31
EEDFMEEBRRE DN AER, BRIERAFERAS-PARBIEF. TR
B, DAEFATRAT LU A find2 AR FRAEST ST HF opertor==HI3E G54 . ERTIAYL,
AT EE, W o RN T, @ RIFEEN const T, M4 ti==2 UIE X
iR [E—A-He B if B &P 2R, R, RITALRE (=2 &FH
BRI, RERTREAT —ARARE, CIARHAMBLEHTT.

173 RN

EBETEROLAMATS, ROGARBSIEFEFENES. BEEHR
BER—ATUERGAREER, EEECHMAR. R, —REREZF—




CHLA X

A RMEAGRERN . B, BIER-F—SHRER,

Bk, WADGE SN AIES £/ mE. HERXMERMN ERIREE
ETF, AFEAERTFOEREH, A TETEN MR DSE. MT
SRR s S, HELTERATRTEHHN—& 0, BEH A R
KB PP E LR

FATEERXA W EFR. MENTTEY, FrEZERE 1T TENR
AT ENTEA RS, 4T, 3E C Traps and Pitfalls (Addison-Wesley, 1989,
chyr b (C REEESEK) D AR E B )G, BOGEEES HEEE
MBS AR RETRMER. WRREREG LEFEREAIME?
SR B BRE AL E T . TEXANERT, BE ‘BE TR W
RIS A TEZT——XE—FMHEHEY, ERESHTREERF

.
| W FiEER, RFEEAGTREE A TEZENTRBIEEL S
2, BIOKF - TRAERELT:

template<class T=
T* find3{T* array., T* beyond, const T& x]
{
T p = array:
while {(p '= bevond) {
if (*p == %)
return mi
++D;
}
return 0;

}

=TI A<k EWETERFABRN. MERMARERE, FHHERHEN:
R find3 MBATES, U p HATF beyond, HFEIHHFAL. BE, MH<
WL A R KRB A e B =T IR, A— A, B T RAILET
ge o S M AR B RISE AR, ST e REHE = AFMEEX<. It
M, SRR —ARSENERT, FURNETE#S.

BT HEE BT R — AR, R BUE 0 # R — M S R A E
AR . REE TR RRRRATE AN, EERAIIERMERNE
o, IR AE R R R RATAT LU SRR AT A LA G
KA. AR EAREIRE), RATBA LU E— beyond TTAE 0. MR
TR B I ERE BN S HERNEESNTE, WA EXREFTHALT -
RAITUA SR ETERTHRIIT .
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tempiate<class T=
T* find(T* array, T* beyond, const T&E x)
{
T* p = array:
while {p != beyond} {
if {(*p == x}
return p;
++P;
}
return beyond;

}

Sbk, HCBRRE A o CRRITT 4o AR LUM R . R SR s L
a2 AT SHFARAT, BATTL AR ROEEFR—WEEY, HREER
FAREAESEN I T R, HERMNBETUERKZEHERE. ELUF R
WA &R

A KA MR IR ELAE . FATERED], SBEHERN, p==beyond,
FRUBRAERRE p M. Bk, BOIRTADATER FHRE:

templatecclass T
T* findS5{T* array, T* beyond, const T& X)
{
T* p = array:
while [p !I= bevond &k *p 1= x)
++D;
return p;

}

174 MWhbRer e

MBERMNBESRNMVER, BLRRBNARKBTHEEROIEE, &iF
S EEROEEN T L, ARNRERIFAE T, SRARMNRAKBTE
)RR B

. W PUREH MESHERESE, HREME AL RIER.

« AJLALEEREHHAAESE

« TLLEERRE| A (dercference) &%, LMEME|—ME: *p BREH—ME.

o ATRLEREESH, LUHER TR

ERE T ! ACFHAT TR TR, RERETFENS LRERREN B
LR EEREEXETR N (W) 8

ﬁﬁﬂﬂﬂ%ﬂﬂ%ﬁﬁﬁ@ﬁsﬁﬁﬂ%?ﬁﬁﬁ%ﬁﬁﬁ,%%%ﬁﬁ
Wg? Ao, REI/H:
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template<clasg P, clasg T>
P findé (P start, P beyond, const T& x!}
{
while {start != beyond && *start {= x)
++start;
raturn start;

}

BRATEEHB TREPRTFRAAEUNGEE. Balth, REARRTERp N
HR (WED $5EFERL. p TAREMHEEEX T IR IFIHE 4 MR FE
B, kbrL, RATAICLER MBI B

template<class 5, class T>

g findéa(S a, 5 b, const T& x)

{

while {(gl= k && *s != X])
return s; '

}

EAEBHECSELEAT, EETLE—MREFAMNE: #RdEn
Mz
wil, WERZEMAREE, ROFEESERS. B HETHE finde B
R T HAEEMEN S, TAR— M A— i, FATRENAER)
B AR, MAR—NZHE . RITET UARXARERERBEHANTE,
X

int x[100];

I,
int* p = finde(x, x + 100, n);

W p IR — AT x TRE—ET o MTEREH (RRFTEHNIR
FEFERRCE 1810 x+100 1184 FRZ AT find6 18 T L EEZAT
B B E&AES, HERNEMERBEARER. REBRTRTERATETE
EATETAREHMESO TS, CREERBMAT.

175 TERAREEH

IR BATH —A X T B8 Sting 0 TR H B R A BIEI L.

struct Node {
String wvalue;
Node* next;




R 17¥E SEpEdiE

B S AR A A, BT DERE TR EE. ZTEEFRP,
BMNTREFEFT S THIREME.
H-FBRERMNBEREXEFNRIHR - FIRLSTEIMFEME. B
2y BRI BUETTRER
Node* listfind(Node* p, const String& x)
{
while (p && *p != X)
P = p->»next;
return p;

}

XAREE LHRE find6, XA A WTHFEN, BACBROERR—AHE;
—ARANREXA—FARANBEEH. REHT finds REME, LU
S RS VAR A, Skl EdEX R, RIMTL
Bl BATEMAKEEH HERP M RER TERER, FAREN— KR
4G B S

class Nodep {
public:
Nodep (Node* p): ptip) { }
String& operator*({) { return pt-»value; }
void operator++{) { pt = pt->next; }
friend int operator==(ccnst Nodep&, const Nodepé&) ;
friend int operator!={const Nodep&, const Nodepé! ;
operator Node*{) { return pt; }
private:
Hode* pt;
bi

irt operator=={const Nodep& p, const Nodep& Q)

{
return p.pt == g.pt:
1

int operator!={const Nodep& p, const Nodepi& Q)
{
return p.pt != g.pt;
}
MERBRALTE X — ML listfind $pfET . W LLEEN Nodep iZF
B4 find6 B3 B p B—MERHEA Node 384, H x B¥A Suing, B

{179 BAUX A A find6:
findé (Nodep(p), Nodep(d), Xx);

MR NERIIESH listfind A AE T, METLAH Nodep M find6 JRE X,
e




C+ilE X

Node* listfind(Node* p, const String& x)
{
return findé (Neodepip), Nodep{0), x);

}

BAEEX B R ——{A [ 3 H S, RS W71 H(dereference)”
pFR[E]— A String&ili A2 —4 Node&. X5 Nodep “IRM” MERFEEIIEE
Fiy oo R A O R R — B

17.6 itig

ENETE R, XTRAFATDEMLRG . HEE#ES listfind SR T,
% X Nodep EE AT, L0 HIRBRIE?

EEZ—EREEY Node 45— Nodep. 5, TATHMLFTLAY find
B 2EA8 ) Nodep, 7 AT LIS 4% 1] ] e 613t A3 B Fl Nodep. 5585 |, Nodep
v F i B TR NS 3 AT BT 3B 04T 0 B B EIE A B EAE (A RO B HER S5
. BB RUEERDIRITE M ML R, EHRESIK. #5Z, W
BHA1E m G R o M, BB LB O(m+n)i% 2R M A &2 O(m*n)
RS SRR S e NMERR RS RERENE— T E. KR
RHLAR !

5 AMEE B R4 1% & ¥ Node 3571 find RECRIRFFANM R, EWRK
1758 12 S3E 14 EhFRK—E, AT T A B RRAELRE FRE T XA
WA Node REEBANE Y. HElt, (EMERFHFAIZRERTH —TRENEN
sE3 QT f—MEABITIS R T i 5 T A0 B Hn AR A5 RERE R &
XA R ) 60T LU ML E A STL FrRftrTITiz RIS L. R STL ER'S
(B B T LSRR T 38 2R R B R 28 AT e

B S EEE, aTREREYERITYEIEMIER MG, FATSIT
W SR TE 4 DR T T RCRAME R AR, EAMBRA ST, il
BATTLEEAESD 12 SHE 14 EFF KK Array 2 ) Pointer 471 find6 R — AL
B, W, XARMMOHESEER -, TXERBRN TR AR R R
MRAETI . EEENE, 5 15 ZFRKADBFIRABRTLIA finde —ig
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BITE B hzREE

5 B o A8~ ZE B B A R A H next 177 AN 2 operator++3K 88 77 71 88 3 A £ T hd sR 3
1IN T operator*[@ X . HEFM T ZH RN REE, XEMENAEE
H LR B M STL Bik—R EH T .

LR, RATZTRSMT. flm, WBRRIFE--IVEEE, KPHEEF
AFHEANEI BN BB R &N B ind REATFEEMA T
T&G, AREAKEETATXFNER. ERE ARG HIL RS
AE RAMIER. B, RATSFEET L EAREEEEEXHERERXAD
H (BEEIRERER T —/ o0t . Alex MAERFEFAITA0HEM T RER
THe, BAERDIPIXLT I EN. RIEAS 18 EREIREIXEAT.
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RS

EF17TE, P RIWRT —RANEHF, BSHEBXAER R

template<class P, class T»
P find{P start, P bevond, const T& x)
{
while { start '= beyond && *start != x)
++atart;
return start;

}

e3R8 16 AR 17 FF, RAEFH TER ARG ELER T FREIES
HASEARTNER . EXMFE, BRIOITLUEXGEBNETRS P, AiTEH
F—" find BRECEXHAH. #R. IS S HbBRESMHITER.

AT A —HARATERLEATR, FRE2EMANERE. XM ERP, &
&R IRE], BAIBTE R 2 HHEA B ol e T — LT A, —ER1
MW S M Z R AR, TR, find XPITFHTHRIRZE P MT —
SRR, TOXEE GRS RSB FHBRERAHT AR,

KT HFEAFTHERBERBFBE R Z LR, BRI T#H— b0 EE,
3 AR EA1E B3 AR R S HCR R R AI9T A

18.1 —AARIMHSRE

RII—BHUREALELEERLHT. DRBATEREES 0L HE—4
FFF R HTERBS, BERARETR? ZRE RERIIFEN:

| BN UK ZRND find6, RENCERNEHNE 6 MEER. XBEFRIANIMRERT BHRTREMLS
5 find 6 RARF K.
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i BN BER—FERER

template<clasa P, clasg T»

void reverze{P start, P beyond}

{

while [start < bhevyond) {

T £t = *start;
-=beyond;
*start = *heyond:
*beyond = t;
++start;

}

}
XAEHLL find PR E R — R FRRERERIFFRRELER: X, W
R x B—ME o MRNEE, W TREA

roverse{x, X + 1)

ot TERF. 5 find REHRE, BRIIBHUFREFIIRE TR
RBE—ITE “ZR” BRI TE (GRTE) A58,

BT AER R 4, XN RBORIBR T A RERERNJL A, ERA)
2 TEHANAREZALFAEREZLNTRE. SRBEEN —ARBHE
reverse B find REENRAE. MBRE PHTRREMAREHRR, I
LETHE. BRUEPXRRHRERFEEHAER, BaeZMRYMAN
g0 Z i T B BAMRER

find B REELE p BEA P MNBEY & X +p-pl=beyond FI*p K2 T .
i reverse BABE FEEE X p<beyond Fl--p, H HEMF*p B—PA{H.

find # reverse 2 [AFHX K HIRBEEK, BATMNSB0RLERIkAER
th iz H] reverse EIEMBAREH . I, BT reverse BEE T *p WAH, FTLA reverse
B LR T BRI  BER ST . XA RN R AEHET
P. HEEBFERRES p<beyond FIEXK.

HEFEAME R TS SHWNRENERRF 2 AFESRETNE. FE
—F, mMBEESENTNEELEEEERERS, AERENAHIEE. B4
RATAT DA LA 20 5 i M N TS E R BARE, BN fR A 1) bl — 25 H i
Btk K, fTFEERD--p M+rp R, RER R TR RS
g ERRE XA S, LR RFnAH.

AR AETEE S T R — BB, AR p MERITHRAE
frE. EEHEANERE? SREEETLRE AN pl=beyond AIE I RE R
%t p<beyond IR, HER:
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template<class P, class T»
vold reverse2 (P start, P beyond)
{
while {start != beyond) {
——heyond; '
if {gtart !'= beyond} {
T £t = *start;
*start = *beyond;
*bayond = t£;
++atart;
}
}

}

FATHFAD () STHRESRT —MRFRE. start 5 beyond BAHEL
B, BAOTl— TR, ATUMITATREH L start 0 beyond IR LAYE I
—— 4R, FTEREAT . HETRRKEEULTPLRRE - REEER, BEL5
AT E NI RN R REEC2H SN T . R4, 3t reverse FIEVIR
A THEMRNEEEY, WREREBNE—MEFENIRATESN, B
BHEPRNTEERIZTEERS. 52, RENERENRIHERERN, B
HEATHRE, THEAERZERRET SR AOEIREHHEH.

FadE A R P AR EER ., WRERAH I, RABATLIS
ix—Esk, —MFERSE MK T ¥E, EEEEHAZ AP, &
FHEEFEEIENEE. B-FHrER_RSE - MK PR, BF R0
BRI TR, HE, FIfXERABTEHWEMEE, KIEEREN
OB S I NRIEE, BT CARESSHEAT B IR A KB AT ) F02E 8.

18.2 FRHAR

#AEEE THEM AR KEE find F reverse, 128 L e 18 BB FF #12R
ERFEMNER. Fik, S5 find AT B SHECRE REEE. S8
reverse AT ISHR L5 H M BT IS I MET RK, WRRITA 50 FHAFEKEE,
BAETFRREH SOEARMERE? AR LEAELLEZZH.

ERBATER AT HER E—Er e e SRNER. NRBRNBEREXR
NEFIMTE, BRITROAREERFEREN. B2, NREIMBEE— AL
S SR ER I SO o R — A S WD . O SEKF operator--#1 B KA B9 A
Wz, A, BOTESHEREMEAR—ERK.
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Coe 1 Ei' %

X B 3 A O T SR HEAT I8 AR R — AT AR — BRI T
BEERITHERATR, URAEESA—IHEENTR, Dbk, mE
BEnE, BYITHRATZELSBITLLAERLERR, RNELEH& &
HRE .

183 WAZERS

find RPWTRELZBRMAR, BRATTLAHABEFHANIE. DF—4%
£ p FESLHEBIEEFEFIFTEE, BRATLAEEEFR p REUHIXAFF KT
£, FpHaFFINT g, FAREHERMNRTIALT &ELE—TLE.
REHE TR p. ++p LR pl=q LIRREH IEHE TIE.

XM TSR NEROITR, BROTLTIEMME N EE: ptfl p==q. EE,
EFEEEHEEAERS SEFENMFRAPHENMBEREY, BARERNY. BE,
AT L RIB LN RE S FH p.

i R I B TR SR B 26 o I RATT AR R IR RN P E I (EARE)
FHFeTE. HTFXMER, ROIMIFEMER (FREXFERKNSR) b
L2 (input iterator).

WRHEMAERBEAEE MGV ERENSRREEN. HR, E-—
A, BRI ESEE R RNEREAREAS TR ERA. £58 13 HE
14 R FF 5 Pointer, FAR B REMAEIEH RAE—FRRER, taTLl{E
h—AEAERER. FEBME, RIVES 15 EHRIRIR/ Seq KA
b, BERADIGHIBRE, NREMASE.

184 WA RS

MBRAITAEE—AFF, ROENZEENEFIHTERE. Bl
W, RS ER R AR DI B B U R AL

WHISARTEMESAR? 24, SARARNEHERELHE—HR
ST Tp BT H. WE p B—MANIERE, Warp ZBATTLLERGE, HE
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F18E FRAARE

A —ERFRNMER. E p R2—DEBENAE, BMARNTZE LG,
HEA—EAFER. ¥R, p EERNEMHFEHTATaEE M AEe
EE AR ERE .

fE B AR EARE, RN US H— MR SR T

template «c_ass In, class Out>

void copy(In start, In beyond, Out result)
{

while {gstart != beyond} |
*regult = *start;
++result;
++starg;

}

}
BR, BREHERF RN C R Cr8 T R HER R XK M-

template <class In, class Out:
volid copyilIn start, In beyond, Out result)

{
while (start = beyond)
krasu_t++ = *start++;

}
Ak, BAMLFHRERIIVEROFESEHBERFRULERNEN.: WOR p
B ER BN AN IENR, pRESRMNZEE p MIBHE.

18.5 AR

FHE ML, RINESETAFENREEAFFICEREART. BRFA
PSRRI ? Blln, BE—EE, RBRHFFIFICE, U
EHFERESNTE, HE-AZEENMTREFFRA AR RE TR, &
AR R R FBE - MR GBS RIS ARNRES S E - EREAS. B
FIR 2 M AT EIEIC & (forward iterator), I LUXAE{ER:

template<class Iter, class Function:>
void apply<Iter start, Iter beyond, Function f)
{

while {start != beyond) {
*start = [(*startc};
++start;
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X, BV Axstart RBTERABEN . AR EERNHEABTAR
BIXAE S, (BRFTREIEFCAER T A BRI

3% Function tBEARE : BRI UL REM RS A — BTN S AEE,
XRBRFN B AFHETR. AEAR LR, BESEHET —TRENEN
B IX AR HE. 7 apply F, REXH f RAREH—NEZNRER
F ¥4 % operator(), ZERIEFFHER — KB K operatortiR I Z 4. B, Xt

f(*start) .
BB E S start 8B4 H [ HENBRIRER.
21, 22 #M 29 THLFHAMBFITRETR.

18.6 kA

BRAIIEEE everse B, B, BT reverse REBHERENEHSHE
B operator--, F7LARD {38 FIAT ISR B R A BHT . BB RAHERN operator-- )T
KEMBOTERBEERES D, BARERNMTRERMNTLHTH? ERAR
AT VS e 4 2

RMERBIIRSHE, FAETSCRNBRESREERETFTRENT
&, R ERIENIE P &0, WAL BT e R R 7 KKK,
HEFEER MR HERNEEBAREEEARNLT . b, BIERNHEE
fER FERERN A BER IR —HEAR WARRF.

T 124 38 FOEYT (B AL 2R ML, 5 T SCREL AR E ST, "B SIHF operator--.
B4R reverse BT E M REHE.

18.7 BHHERGAIRES

B% p BARESML— TR (BRES 0 ), RIOIFEIET A
SEE. KREMEN, FUT+p RULT . MERITBBIEE 1000 MTERLZE
L7 B, HEREBEEET: RATBRHIT 1000 K+ip, ERAEAR
HITi=?

MR p B—MERRATENHES, RNEAFERE: ROT=A p+= 1000
Koz RAT% . R, p THERE— T AEMTFRABFITERNRMA, ZHHHE
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F1eE ZREACR

SLgk R BRI AT 1000 2K++p A BEZEHL p += 1000. BATHABELR FRER

B EmAREE M. B, BAOBRHLL KSR L R+, RE-,
BAEMIHER=. =F1]).

A—AE, BEHERATMRS A EIEEHNEM TR, ke
FEHK:
template <class P, class X»>
F binsearch(P start, P beyond, X x)
{
P low = start, high = heyond;

while (low != high) {
P mid = low + (high - low) / 2Z;
if {x == *mid)
return mid;
if (x < *mid)
hi = mid;
else
low = mid + 1;
}

return beyond;

1

P B RN R fe g R o H e AT R T R AR . KB,
XA R T B R SRR

P mid = low + (high - low) / 2;

MBEXMEHEERATFHAOFELE, FArEEN2HE X T
g1

T AR L EE R A AR _E R BERLTY R B, RAT I R A —
SEACE  RENLLT FEASRIEAGIET R M+, - 4= =B E &AL 3%
£,

M54 Pointer (5 13 FHE 14 F|) ARV HEASE

I 3y TRE—FRERXEFART X HE, HER P mid=(owthighy? FREFAMNRE. &F 2d&5
binsearch, LLEE N 87T K A operatore AR operator—
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18.8 R#E&NM

BATOS 2T 5 MR MERER, GATEHEHEE BT U EIEE
B, {EREAAE A, AUmEALE R BT BUEARMAEH A T s
. e, XA LU AT PEES . MAGERRE AN SRS
T A&, TOBEML U )i ES W AT A Tl H AR B ik A8 — R L. MEE iz A8k
ARSI B R

MAMIBZEXANAE, mEREFTHREIMNEE. AL XBRTKN—H
HiE, HEBAEARTRYUATERE. AR, EMR-FEARDMIZRTREAR
MiEZHRARTERNES, BARBASAREEIWE?

2, R E A R AR AR A B AR TS S AR P . IXE
hEHA? BREBINTESHNTER: BERBLMREE, TARANERE,
Mo ELAZRA — MRS, ik —3k, BAITKAGREIES QFEAHERT.
WAL, XESHHINMFRASHREMAMTA: RIOBTHEIINEETEITE
e, STL FRIERBATE.

U B SENHARGR, QEEEXERE. THRERIMERARES
47K (conceptual inheritance). ©HEABEPLTFR—FEHIITE C+HiET
BE CoefEd: R, EIRWE Cr+EMNBRSIELMN .

189 {HGE

ATH R FRAL R LR AR S S ML B A e R R T
e, HABMBBEMAFEE, WEALERENE, FALEHTNHHEEERE.
(R R AMER Co+RIERZ —. C++8I{HE 1N ZRA BB EXN A
ERRE, Flin, —ANAEARNERIRE o AR SRR 01 AuERE
[B)E 4 £ Om), HBER—ELRaHRY,

SR b, PR RSB N STL T T U8 X B R E K, FE
R AL BB B B MR E R E— A WHITH B AE o). EPEX
BT EE R R B R R E SR B LU EL, i, S reverse BILGTLIFE
—An LEFEFIG K EE MK Om)Z B R R RE.




FIRE ERSMRR

18.10 /&5

Frige Ry, MERHNEE. NTARENSREANATER, R
ANRIEFRER T#. 4%, HHRENRNZERFAITEZIENER, B2
HARZE. EA—#ird, STL RIBREREGHWEELHRIAHRE, BiXEY
WEMBAT K. RE, ST, EeihlZHEEREENEIREAREN .

EARUARESE, WARBEER, ARG HERGHIERT. X
AR R OERE . AR 5B MABRE. MASRE. FER
B, AR IR, MEMAKIXERHRREER; UKL
B RSN, REAXEFRASEHRMRE MARKUERENR.

XA AR TIRA 5 A A B R A TP S 4 e L T4
AL, REHERA T RS, HHA BT DU X MESDR AN R R Z M
FH %
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£z EE R

&R 18 =P, AR TEABWDE, PFHRX E, AT
WG E AR REKIANS. BROBEXERDIREHoH— 0 EF, Bidik
KRR ERAAREREREASE, IR IRNFES, XMEFHIISEE T
WLy ) 40 S5 -

template<class In, class Qut>
Out copyv(In start, In end, Cut dest)
{
while {start != end)
*dest++ = *start++;
return dest;

}

TXA O HrH A A B {E start F end BRIE PP R BB E] — AN LARARER dest AT
AN ERFRR . BT EBIEERS, BB S RIEEIBICL dest FRIT
BT, BAEREREESEINE AR E. IMEERRBHAN,
BRI E RIREL UERIRERHK,

AR wE S (KB 18, BRAITTUEEEER O TR,

int main{)

{
char* hellc = "Hello "
char* world = "world";
char message[l5];
char* p = message;

copy (hello, hello+6, pl:
copy (vorld, world+5, pl:
p o= "0y

cout << message << endl;
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C++IL AR

X8, % copy FIE— KA Hello (FER—1#) H 5B message HIAT
6 NFERALE, X copy W _YGAHHE world 8 HIF| message 3R EK 5 ME
FEOTE, T p W TMHE M BB world B d RN FF. A THEHECHFHT
FRRERERBRLE, ¥p RWEETE d BHERBA T —MTER. BRE, 3/
TiEEBITENE cout 17T

191 ZHRBRAY

FA RS AR 2 828R In 71 Out A HWVE RS AERAR (18.3 75) Fod
BRI (216 T HAAL, SHEASRBEHNSEHENE REREEXR
% (BfE==M=) HELIR«— BMRER (AIENE 8 MRERNE E 88k
B . TR DA RS A REE SE . BE, REFTELEEEPFS,

o A\ BE RO S AR B8 2 A T IR 7 T & B B3 i o) AR LS AR BTk
IR, IXFIR IR AR AU L — TR MRS | A (BRI AIEAS
5L EEAEE —AME, MHHEREARTERBEE. Bk, #4087 RE,
NE in B—MHAENE, out B—MRHENSE, B4

*Hut = *ing;

IR TR TAE, BR

*in = *out;
WAL

A — & A BRG] B R R R E A B AR
HEACSER—AME, TERBR . Eplh, AASHBEARE, RENRE
FERIINFIRES T ¥R RAAE, BAXTEHFRAESRTRT. HER
TS QA AFRERE.

192 RIOFH
SR, KR inefEISHEANENTEN, ZRUBEATURHERAE

o8, SOATLLE MRS SA0EE, ALRITREF EH BH X in () HARRE.
=i, BERIVEEUE - FREEHERAEEERTIRRAENE. 20U
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F1OF FHERRRE
HIEABTTEEH2F R, R ERAR TR M reE:

int x[100];
Constant_iterator ci{0);

copyi{c, c+100, =x};

XE, BATH ¢ R — “BA” B “ig4”, EBAF 100 MET 0
fofl. AL, WIOESERB o TLMRIEFE— MR “3E" 1 “IRE" —H I
BT RAEAE ¢ PIME/ N EECRIEBELN LR

i% fE-—MRE 1E R ST B2 Constant_iterator #7759

class Constant_iterator {

public:
Constant_iterator{int=0];
int operator*(} const;
Constant_iterator& operator++();
Constant_iterator cperator++{(int};
private:

int n;
int count;
friend int operator=={const Constant_iteratork,
const Constant_iteratork;;
friend int operator!=(const Constant_iterator&,
const Constant_iteratoré];
friend Constant_iterator operator+
{const Constant_iterators, int);
friend Constant_iterator operator+
{int, const Constant_iteratoré);

L

% T R B4 0 R M SR R AR T A, REBEREVFTR A £
HT. FEBHE, RRA count HIEEFE AN, XELBIRERRTL
ST B BIE < RF” RRER. T AR B R SR SO B — A

Constant_iterator::Constant_iterator{int k}: n{k} { }

int Constant_iterator::operator*{) const { return n; }

EMBEHG—4E, HiERMCGTHE TR B ERNE, TA#ER 5| M dercference)
BRI AR B ~E

QMR RT R R ET RATRF RN B Mg FAPR—, RAIHA
WA S BARER . FEE— IR REESKEIH.
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CHIER

Congtart_iterators Constant_iterator::operator++{}
{

++Count ;

return *this;

}

Congtant_iterator Constant_iterator::operator++{int)
{

Constant_iterator r = *this;

++count;

return rj;

}
WMARSIODAEERAREEREMRT . XEAEER S —4 Constant_iterator
F—A~ int BHA+SHEIXA int FEEMB RS, FE—AFEREL “KH”

B3 Constant_iterator.

Constant_iterator
operator+(corst Constant_iterator& p, int n)

{
Constant_lterator r = p;
r.count += n;
return r; P
}

Constant__iterator
operator+{int n, const Constant_iterators =}

{

return p + t;

}
s 45 2 A eE AR 25 AE BOE R S B O 18 - L SC B O S, PR MR
A A%,

int coperator==(const Constant_iterator& p.
const Constant_iterator& q)

{

return p.count == g.count && p.N == J.1N4
H

int operator!={const Constant_iteratoré& p,
const Constant_iterators d}

{

return ! (p == dj:

}
WMRFRT XEE X, RERABROIGHAIBIF

int x(100];
Constant _iterator c{0];

copylc, ¢+100, x};

b LB x HEREBRA T F.
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FI9OE FRIZIMBRNKE

HE, RATMAIE T —MEASE, BRT—1TEEHSEN “BASHE" X
e LHALE) . S8R, BAVEE 2B UMEX RS E R AMER T AR, f
W, BATRTCLGIE —NEARFFERE, P PRERSEERE R (FE
FEFD, tEm 1. 3.5, 7 %, XREHERBRHEERETER AP KIENSH.
BE-AERNEY, RAERRERERLXAFT, FERERT int 5
HARE,

193 RHIOERE

MAERNCSENT — M CERERSA SRS, RITFEL e LlE
XLEIT BN B SR A3 H ik 088 . BAIATBATRIX B3R ostream_iterator F1— X %K.

XARBERE TR ? RATATEIRAEIR A — 4 ostream X B 1E A& RIK
f—A 2%, W ostream P “FN” KA B HART A7 EERE A ostream,
R, R our IR FENS

ostream_lterator<int> out{cout);
P&/

*out++ = X;
REZATED x #j cout b, W&, BEHBEALGRS AR —MHRUEENHE. %8
ETHTEN— MBS e ., {5 ostream_iterator [ 211 5 WA HEE:

for (int i = 0; i < 10; i++)
*out++ = i;
R, XENT

for {(int 1 = 0; 1 < 10; 1++)
cout << 1

fa& FTEIH

0123456789

XAHHTT R R RA B ERM LR .

RN, LRIV —MEFFEBEEAZ— ostream KRR,
HWAEZEARAN S 7 B NP . Bk, AT A T ostream_iterator 85K A"
B A R B S —4 ostream X ZHI— const char*F &, Hefr, FHER
FERSMIETRESKFEAS. FEl, BT a4 H2L TN
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astream_iterator<int> outicout, "\na'};
*out++ = 42;

RIATITEN 42,

R B A AT ostream_iterator F fE— P rtH %088, Lo B 23 F L0
S TRIRME. BATFEREERMERF. BRI M(dereference) R 1ER . WMERIEF L
R R

Bl TEAAX BEITRIERESK, B P 48— 200 E M E SRR AT
45 ELH TS H(dereference) R E. WHE out 2—MEHHEMAE, RNH
=2

*out = x;
ERZR P 3B o WHHEELITED x. R B owt N EMRN, BaH
1R R R IR AT 4 SRR TAE AT . AT AT LU outr+F++out SEIR A 1R
e, TRTE, BAINZERETE X rout WB? Bf1EE *out BIMBEFENEKHMR, X4
KIRERIETFITNERARELR, BT XANERS, *out W LLRIERIKRIN.
L, BAOERE —MREAMENAAERT . A B, BATTLUMER
ostream_iterator 257 5 He{#*out F out FAf!

H T xS, BT T € X ostream_iterator:

template<class T=>
class ostream_izerator {

public:
cstream_iterator{ostreamé& oz, const char* g):
strm{&os), stris) { 1
ostream_iterator& operator++{) { return *this; }
ostream_iterator& coperator++{int} { return *this; }
ostream_iterator& operator*(} { return *this; }
ostream_iterators& operator={const T& t)
{
*strm << L <« sLr;
return *thig;
1
private:

ostream* strm;
const char* str;

i

HF# T ostream_iterator, A~ E==E#&1=5 copy B —H LT, FrBl#k
£ 10T LA 36 F==F1 =30 8 SLAE A 45 50 B4 8 2R 56 k.

# TixX83% T ostream_iterator F1 Constant_iterator B5E X, A ATLUEH
copy 1 42 FH 10 KITENEFRMEML £, SHRESR—T, WTFFx:
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F19FE FAIIRRE

int main{}
{

costream iterator<int> cif{cout, " ‘\n™);
Cons-ant iterator c(42);

copy (¢, c+10, o0i);
}

194 RARKNE

D 2R0E, it e SUE %R, RATTLMER copy o —MHERH
EFFIEH— ostream P32, BIE, iEBOIQIE—PMIEA istream HIUE M
AR, XHERIIELEH copy ERFNEIEHS LA E.

BEEN TERALRE. kg LA-FH:

o BIHEAR-BEAEEME . Flh, BIE LA RIERE, W
AT LL7E copy "F{#/ ostream_iterator. #A70, ITHASAE, RILLALIRLE
B4R AW R ERIE T L2

o WERHTERERER, RATRANETCEBEXFRBHT. H
B, EREERERFZREENG, FUAGEAXFEXRMNARRUmHRLZ.

XE AR &SRR FE R BT F#E. & istream_iterator
MEBE P RERH— I TENERRA— M RBEHR BT OHFE. 7
5, 4G4 istream iterator EFH B— MRS REBEHAT XHER. BAR
C2HE THRMEH, Bl VLR

template<class T-
class istream_iterator {
private:
T buffer;
istream* strm;
int full
int ect;
Hoo

s

EA S RARE T RS, FHRITTCURESRERRT . EQ
AR, RETUABEE— AR full R eof BERE RN A tme? XikiN
MES, HEHEEcigs BRSANY buffer §H— A AEN i full 3
true EA S, Xk AR SHEREZ AT B £ R,
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template<class 1>
class istream_iterator {
puklic:
istream iterator(istream& is):
Stm{&iS)J fl.lll(m: EOf{D) { }

istream_iterator():
y strm(0}, full{Q), eof(l) { }

}i:

AN LI L —TF istream_iterator (M B LIRAIH/E. BiICEE LTS
istream_iterator WA —H T, BITERERENS. BR3H
(dereference) ¥AERF . B HG¥RAE FF AUAE B4R T -

WEBRER MR, BOIABBIEL, ol DEA A R ERE.

EX GRS ESE, NORE-BERBRHETT —MEE, RITRASE
kX MET . BATETERY full LI — K-

template<class T»
class istream iterator {
public:
istream_iterator& operator++()

{
full = 0;
return *thisg;

}

istream iterator operator++(int}

{ istream_iterator r = *this;
full = 0;
return ri;

}

. L.

FERF A 5| F (dereference A7 FEHUME SRR FF T, RAIRZH B — T RA
SR M istream PR ERSCHR GG HAE . BT B LR EA TR R A — At T e, X
PR RS B RHEA R, #2553 B (dereference R {E RARB RN E
EXAE. EEERANE, HEREREEZE!

BT HEEX A, RITBEEBAFEA input_iterator A EES L EMT 4.
HTEFTEWEN, RNTBEXA—FASHEREEN.: REIHAD
istream_iterator 2R — A RREHE L TXHRBREN, BM4A8%. BRI
DA PR SE X, B2 SRR o i B Le e n e — AR R AT BA R B BLE 1 30
B, &, BEFTXHMEEEN, RINMCRAZTEEHTEPRENY
istream_iterator {87 HERIRIE—HVEH — 8, BRATLL TR CAE AL & 3
BT SORE. XRERE R R DR EES istream_iterator& R HIZH,
T AR AW H B9 Const istream_iterator& » L3, RO EHETH
(lazy_evaluation) KRS T4 S 21 operator* BB X1 8. 244 const istream_iterator b

BAKES.
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F1o® HRAZYXRE

iz, BERLIMEFEE)LHITIE buffer, XEFER—MREEREK
xR, BROMEHRHERBREAREESTRERNA, FFE, MEREE
Hib L i AR
template<class T»> class istream_iterator {
private:
void £111() {
if {lfull && !eof) {
if {*strm »> buffer)
full = 1;
else
eof = 1;

}
L.

}
BT XA E¥, operator* BB RET
template<class T» clasg istream_ iterator {
public:
T aperator*{) {
£ill{});
assert{full};
return buffer;
]
-

}i
SR assert B FIRFE istream iterator BiE AR EHRER Y BHEREA

B 4
WL R R LR . TIHRERETS LHN—REBRIRANENS
s RSB HENS, I H A 4E istream_iterator 2[R — /N REE LTI/ E

B, X7 istream_iterator 4 FHSE .

template<class T=
int operator=={istrean_iterator<T>&p, istream_iterator<T=>& )

{
1f ip.eof && g.eof}
return 1;
if {!'p.eof && 'g.eof}
regurn &p == &g
p.E2114¢); g.£i11();
return p.ecf == g.eof;
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template«<class T»
int operator!={istream_iterator<T>&p, istream_iterator<T>& q)

1

return [ {p == J}:

}
F T istream_iterator ) ostream_iterator [ X, Siifn] CAEHA copy ¥R
M—PRAXHFEHED — MR csd £,

int maint)

{
catream iterator<int> output{cout, " \n");
igtream iterator<int: inputicin);
istream_iterator«ints> eof;

copy{input, eof, output};
)

195 it

ERE LR GIREMENN, RESGEERBRMUNE—1Ta%. B0, &
AR EAME @ B EAEF BN Te e 1E, RS RILAT DU HoAt O $03E i Bl
a4

ARFAXEHELEHTEEANLE. LU, LHFH, BRIOK
Constant_iterator R A B — N TREFER, —FEa] B AME 51347 3
F. EEEERE, istream_jterator 2550 ostream_iterator &R fERANTGEMIT L4
MAEEFFISRHAT 2.

istream_iterator #$ 1 ostream_iterator REFHHBEN A KT 2. T
Constant_iterator WA, XA 4 FHASFE C HRE. BXBHERT
CLEATRIR B AR aS e e BRI BB &, Wb AR SURE.

b R TR A i L e o e e o M T LD T




1& R AR EC AR

517 FIE 19 THE R AHEERR FESTLH 2R 5 2 M e,
KR, BAPELUEBECHESE (iterator adaptor) —— B SR BIEASE T ER Y
H Al AR A — b E gk a0 Btk R, BITTelyr Bt
5ERERB—ERAMEFRNE. XS e, i —
S B TH| B RA R .

201 —BT

F17EHAET THEHXMZHEE:
Template<class T, clazs X=»
T find(T start, T beyond, congt X& )

{
while (start != heyond && *start != x}
++s5tart;
return start;:

}

RARBE—D CTEa) EENEESHTETERAESR, ZEHEEH
X LAREAR, 28 start 0 beyond F2884 5 B B4 0E . A 1{EA start 0 beyond 1 ¥
NEAZ., 2R, RIFEECITR I ERITEEEROEESHWAAER
T HIRAE

EERH T U RS RS EiL, Snk, ERIEHT

int x[100]

T B IF B x PE M 2 HRE, BITRATLHES

int* p = findi(x, =x+100, 42};
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EkZE, p MfER x PE—AETF 2 ¥TE, NRAFEEZXHENTE, p
MET x+100.

BHRBENMNARERNSEMFEEHASENE - MER, TRERHEE—
O (AR YR

ROBEE-ITHRIFNBEERDPHET x HBE M TE ETMRES
P BA—SF U4 start 0 beyond FISTAEILER 0SSR, B, WRBOILDIT ER
RtE, MAXANRBERESEH. MEERBE? BATRLAUREEA SRR
WM OEME, B ANHELX N FGRER beyond. B, BT ER
R ) AR TE MR M WA TR S F —ME; ENERITHT IZRIIE 6.

—~BRIIRETERGA, RIMAITUFHENRT . BEENTERE—ER
HE BN FEEH:

template<class T, ¢lass X»
T find(T =tart, T beyond, ccnst X& X}

{
T result = bheyond:;
while {start != beyond} |
1if {(*start == xj
resul = start;
++aCart;

}

refurn start;

}

eh b, IR RAT BMER T 2 —MaARRREIE, 3L TRIEERM,
i REESEB find_last. {HEXAREFMENRE: BRRFEERIEEH
FRETE LR, B EARAERESHIER B B,

R FHANTRRBASRETRATENRSE, R EFNATREER. A
BZE R HE ST+ B ST OME R IR, OB ORE RA T LR
FrG e SR g ik T R PR 3):

template<class T, class X»
T r£ind{T start, T beyond, const X& x}

{

if {start != keyond) {
T p = beyond;
do {
if (F--p == x}
refturmn pi;
} while {(p != start)

}
recurn beyvond;
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¥20F FRERER

B 2IEA B IR ) find HIMX A BR? AAMERE, X HERT,
53k SR I BT R 0 A TR 0 1) AT 2 R R B A T

FEEW find o, FATACLIE M start '= beyond fE NTEFFMILE RAM:, i
start OMME, 3 AFETRIRTIRD x, start LELGH THMAIE. 7 rfind 7,
RV REX A, AR, RATHSURFE beyond ({E, LUMETERRE x HINT 2B
B A E. Bobh, AP EABITENAT, KA mREE DT, R
IEIRAETE A Th T8 --beyond HI{H.

202 ARk

BALER THEEMEP 2 EEN— A AROREENFERT AN, 3
A6 B R MR RGN . B dind X%, XHANHFHEERACES
5B LSRR RS E RIS R T ERAERR, EX@HLEKIE
B AR R ORES -

BT FEEHTHRN, ZE—AFAMHER. EMERE—H 10 M TR
A a INFTF TR BON O

int all0!;

for f(int 1 = 0, i < 1C; 1++)

ali]l = D;

XA TERER, | BEBR 10— XM ARFS T EH A5 RE.
MBRNEHE A a MCED 0, BREHH A FE:

far {int i = 9; 1 »= 0; i--)

alil = 0

YGRS ST 1 P - 1—— X T i R RALE R — A I HE.

R, RRAIEARAER, RRAEHTARTR, R RIAXNHRER
T

for (int* p =a; p < & + 10; p++!

tp = 0;

FEEREERY, p BT a+10, M a XA “TR” MEERRESE a+10.
EAER Y FUSETRER, REE N CH Corifm il CHHRRIE) BBEA
@&TEW&%@%ZEW%*¢%%WﬂMoﬁﬁﬁﬁ,ﬁEﬁH&%%EW,
T a+11 RIEiER, a-1 BEIEEN.
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C+70 Er i

XRERE M REOMESXNREMER, LEEHES, RIOIHLOAEE

AN, TEEMIRE 2-1 FIdht. SR B2RNA GRS XHF R
/) XBRELY
for (int* p= a + 9; P >= &a; p--}
*p o= 0y
XEAABTERREAERREIET p < aMRENA I, HEER
EREEREXARE. B, BILAREMEH p>a fihth®, IFHAEER T p
2 RtE*p WA
JfRBREAR
int* p = a + 10;
while {(p » al
*--p = 0

EPERMMAR T p KBASHE IR IEHNE.

203 —EEMANERY:

MERINDE%S T I ERR SR THRNERER, EfF 1%
e HUEEHEEREAFS ARRE. XA R GTRE AR, RHIAR]
] find BE rfind FRFFSHH— 0

B, BILAERETCHEENTERAFECENTE, NWRERIHNE
R — B RN LR. MRSHTAKREEXME, find BERTEM
B E— MR T BN A B g4 . 18 ofind RS BRURHFXAHAE: W
B AE R AT RS, TRIEE R . RERE X MR R —MERE
8, ERTRIEEETERER, FUEORESEEN MM ER. X
K BATES RN BAE SRR M —#E. FTXFERBA R 2
e 2

E—F, TBRSHBRERE. —F n MUEROBREEN RS b1 5
RS, 50 n A TENEF—MaRE. BENERIEE TELZN
CRBERER 1, BRAXAER? mEAEEEREABNE TEEREME
fem e IR M ERE RN E RN TR BEENAE, HREE?

BT, RIMSEAGRERENAHNER —AE, L—MImEE—
AR ARE—ATEN T —ATE, k. ZIRROERIERE
- ATEMIGE, HEESE— TR,

X — ML R TR S . THEXA MM mfind (B reverse neighbor find)
HE S LB RER P RESEN, FRE—MERERAEERN RS

o R TLISAL e AL e



FHF FNBREH

ME% (WEBERAAEEZERTNTE) MEAR. mMEETRIEERE
B, BREH—MERFE - TRENERE (BRREBE A EFERE L AT TR
Lo -E
Template<class T, c¢lass ¥»
T rnfind{T star-, T beyond, const X& x)
{
while (beyond != start && beyond[-1] != x)
--heyond:;
return beyvond:

}

MR, BN REEFHERY beyond[-111EA*(beyond- DMEEE, FEAHE —A
PEERE, K29 beyond 4G 1A mfind EFRA x fELLRMTEBNTE. FEA
—x T2 beyond[-11EHE T A7 £ — REHLITEUELEE, A RIS — A
i ek AL - ET beyond[-1], ARXFSBHE—TEEN
MA: B EE mfind EELIRHTAT- -4 R A KRR AT E A find.

EERE BT A i mfind IXEEE RGN Sk L, BRETRE
TR GERZIEE, T, FAEEEENZRERRITEIERER
FTEENMTENAE, BATEREA LR EEN 7 .

204 AHEW

HETHIXMAR T ERR T AR, RESEEERD T, Rk
T B—PRMAENEE. BA, %:'Eﬁ]ﬁiﬁﬂ&&ﬁﬁﬂ&%—-ﬁ‘%??@ﬂ—%ﬁuﬂﬂﬁ TR
(B T reversed) — 47 A% T R4, HEFWHRK.

A “AREERART Al T BN TR BDABEH 4R, XMEREN
T FifsmEmERE-A (RHEF—N? RIVBIR&FHEE) TR, T H++H--
T, EMEES. WA, ERREET| A (dereference) #R /F th A RERAEH -

G5 — A MR SR s LA X /R g B, EATRAUN. #ER5IA
BEMSE—ANERHEE. dlin, RREAIHE

template<class T> class Reval»

{
P
77?7 operator*{);




CH++E X

BAIREABERNIE operator* R [P RHARE T, Wi, BTERBRRY
HIERAZESN, BT E - MRIMRE 2 HOR R ISR LRI R KR,
REXTMELER, BATAT LI SR

template<class It, class T> class Rev {

public:

friend bool operator==
{const Rev«It, T», const Rev«It,
frierd bool operator!s

{const Rev<It, T», const Rev<It,

Rev(};

Revi{It, i);

operator It(};

Rev<It, T=&k cperator++({};
Rev<_t, T=& operator—(};
Rev<It, T>& operator++{int};
Rev<It, Tx& cperator—{inz);
T& operator*{);

T>;

=)

}:

XEREH 2SR EENER. RNREERHTHTRAENRHRTE
Mo dE, Hoih. RS H(dereference). () HEUEANIGEBEM AR, HA
W BB, SRAMREEE, BIBMAMGCEZHET B BERARERR
B4 4R A B 1 R (R T o 5 AR IX SE R 1R

STEL R EMA . B R RS T AR R R A R R AL
RAFtEm T EG—AoE. THROEIERET SRR UL EENEX:

template<class It, class T> class Rev [

public:

2538

friend ool operatorss

{const Rev<It, T», Cconst Rev«It,

friend bool operator!=

(const Rev<It, T», const Rev<It,
Revi{) { }
Revi{It, 1): it{iy { }
operator Iz() { return it;}

/7 ¥BHHERBRE

T>;

T=);

Rev<It, T»& operator++{} { --it; return *this; ]}
Rev<It, Tx& operztor—{) { ++it; return *this; )

ReveIt, Tx»& operator++{int) {
Rey<It, T> r = *this;
--it;
return r;

S b

et e, L



B20& #XBER&ER

Few<lt,

}

T»& operator-{int) {
ReveIt, T> r = *tchis;
++it;

return r;

T& operator* () |

}

private:
It it;
}i

It T = it:
—i;
return *i;

template<clagss It, classTe
bool coperator=={const Rev<It, T=& X, const Rev<It, T>& y)

£

return x.it == y.if;

1

template<class It, class T»
bool operator!=(const Rev<It, T»& x, const Rev<It, T>& y}

{

return x.it !'= v.1t;

}
TE X &FN R operator™* ) — #57:

Thk operator*(} {

It I = 1it;
—1i;
return *.;

}
BeAl 1B B WA X B R 1% P -1 AR A4+ 7 B R REREN It 3

R A BHABRRE, CHERRRR (R SHPKERTE, 0]
Bl — AR . WRBIAK R+, SR ERREAMNE TR B
H IR MERT DAL RAME 3 g Rigm B — k. R, RA-HER
(G5B R RS R RS - DU RTRE, AT R .

IAERATA T ERRIEACEE S, LB S SAARBRN AR ERA—

W14 15 0 28 e R G IS AR B AR N IR R DT R ARSIl R SR IRl —
A find FHECR AKER S EEIT I EHAHE:

typedef Rev<int*, ints> R;

int* p = fipd{x,

x+100, 42);

Er = find{R{x+100}, R{x)., 42};
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CHIRFE

ATHERNGIET Ry BATES] LIXHHEENAN

Lev<int*, int> r =
find{Revcint*, int={x+i00},
Raev<:nt*, intz(x), 42);

XA, pEUIRIA T 42 B -IKExPHRMEE, U “d5m” BE—MMIE.
205 ifid

BATFRREN, REAR - AMEEESEREHTFRTIRN G M E KA
5, BRERTHEEEE WA RERASRRMTRHE, Tkt BINRST
—AHITEOEPER: BT —-MED BIFE-ARREARED, FUIE
oHR ER” RFEEC.

EA SRS RISV R N ME S — 8, XREHT C HEHBAAIR
HHERLE: TRETERAE, ERSEBHLEMME. RITIRES Y C+l
B A LB, ERXPEFARBRAE, BAXAXEITHANBR
BATREEHESEH—ETHE, TMARRIEE BRI, Eit, BEoirE
W 3L 4 0 TR BT AR S R B0 SR AU I B AR LR LR M A B
BIEN . AT, Fofild R 16 LIS B2t oF— I thh AR vk T X a1 BE, oAb B
HERLT .

STL & —A~BU4E reverse_bidirectional _iterator HIAEH , BERIIEFEFT IR T
Rev R WERBAMIMA. A4, GREF —AENFREAFNAMNRE—
AT ERLE, MATLLER reverse_iterator. B ERSHARGHEIGHES, K
J 5k A B M S A R AL RENLF BUA LR RIRE T .

BT RESREN RS, BASREREAETHMMER. B, AT
AR AR E R . B -SSR LR A — SRS R,
2R R IR B BT DL 12 £ 28 0 (R S 7 pl € B A Y IO R B e RE Y R
AR, RENER, EASEEST LR R PRNESHEENE, B
HEFBLHERFR.

240




PRI R

% T IEREEFIACEER AN, STL BRAL T —Fi#k A EAF R (function object)
RS, RN RAAES—F, SREASHRENES: HRMR, APRE
T R HERANRESEEABRAXRENRASEERER. X
W SR BT B AR S R AR TRV S R AR S

EEAERT T HiRE. BEX44080MR, BRI LG RATRE.
EEA—BOEFREMIX -4, RILHREXENERNEMAED, WH
EHOF B ENEAREFR. AT, XS RERFMROER, EETH
K EX AR EER R R RA M. BB A RANEA S RIEE BT
—#4r. ZBTLABEHHMTIXMALS, RENRETR A ACRABAEERLE, A
o o T AR KA R

HT MBS T4 RE. RIS ERNTE TLEITEAeRT
M. Bk, RITGU—AGIFAHE, ERRNMZMAEHZHRMR, &
B BAEN R T TR AT TR,

2.1 —A BT

ki EAS T —A W8 find_if FIRE, ©RSERE MRS — 1 HEN
(predicate)——— M E AR truth FFE. find_if i BOR0E] g XXEARRE
70 B P 5 — AN i R B BB A AR M. B, BRBRITE RN
vector<int>HI & v, MRAIIFEERE v FE—AKT 1000 ¥, RATAILOE
o b e — /253 7 6 2 ke ST I—— Bt Y £ greater1000— XA~ eR AT B RIS H
B4 KT 1000:

bool greaterl000({int n)
{

}

return nn o> 1000;

241




C++IL 8%

G, BAETLUS XA REERS find_if FIBE=1F8, ZH
find_i1f{v.begin{), v.end{), greaterl{00)
BARETER v P FE—N KT 1000 BT ERTEH, E D NEEEERNTRNR
B] v.end(}.
FE T RANERN SRR ERITALEEE L — B, REBE—15
greater1000 EAMFIXN . EXRFTHK TS, RITEED R grearer1000 K
Bk, RAITAEREE A0 greater BIHIEMAHIER 4. K greater K%
S5 LR R ETHEASY, R I SEETRTE=A. BROTLUA
iZ Ak EHE greater1000:

bool greaterl000({int n)
{

greater<int> gt;
return gt (n, 1000};

1

XE, BOGERT AU gt BEA greater<int>FIRBENER, RSB
BEANERN A, BITAERRR 1000 £F KL,

FT—SERESEN. FEERHE—MUM bind2d FIEAKRESR, BRE
HREAR L, B fHMASER—ME v, W bindznd RV — 0 E R
g, g BB fx, VARFEEIE. B2 % bind2nd £ F A ECERFHEE v 2 g
e = S PP

S 3RAT T B Ko % ot FOH 1000 iZF bind2nd, ELEH

bind2rd{gt, 1000)

RATEU B —AFHEETR, CUURELSHRAT AT 1000, E,
=2

{bind2nd{gt, 10003) (500}

2 false, T
(bind2nd(gt, 1000}) (1500]
24 true.
FA 19 LAMEF A bind2nd KEE greater]000:

bool greaterl0Q0{n)
{

greater<int> gt;
return {(bind2nd(gt, 1000})} (n);
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FNE Ak

%84 greater<int> (O FRIXTURIE—1~ greater<int>RFIE B X R, |ATAILA
FIFRABELHNRRARBER o, BRXMRAPERRAERT K.

bool greater1000{n}
{
return (bindZ2ndi{greater<int>(}, 1000} (n};

}

X, BAHEESRM greaterl000 ¥k T 2% n, E-A£2% 0 3k “HA"
RERK

bind2nd{greater<int={), 1000}
Xt EREN TRV S, &R

bind2nd(greater<int>{;, 1000}
M i TR M X, greater 1000, FTCABATTATLL (&%) BHRRFIMT greater1000, FFLA
TER A find_if:

find_if(v.begin(}), v.end{(),.

bind2nd (greater<int>, 1000}

AR A ey DA, HRE, BRRNEEFHTFELA—E, £y PERX
B—AKRT x 8. Ha

find 1fiv.begint), v.endi}l,
bind2nd (greater<ints> ()}, {x)}

MR BLSERAT S T o T greaterl 000 43X LA B 4EH.
BERZETFME 1000 27T greater1000 BIE XFHAIRNK. MRRAEE 4
greater 1000 I SER A FIRRAS, 2B B BRI

baol greater_x(int n)
{

return n > X;
1

x HHZER B e BRATREEH x ERE - ASH1E8, Ry find_if BN
THHERAE A S5, SR, T SRIBHE x @A — 2 FEE. T

H Mo A R TR Ay —, BEERANTHAERENS (X222
find_if) HEAPREBRFENS —HS CXAMBAMEABRER LLFEE
find if B0 R —FTFAD BB =S GXEIE S bind2nd 1 IRHIAB
kik#), EH=FHAT, FBFHEARHERK,
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C++ LB R

EMBRERNTERRIEN: AENE 22 EARES TR /LE,
BAMGRATHRAR . ARFITH A RBE S B 22 BT STL 3758 XK
JLA R 5.

REERBEEAE TS 29 2. RUEESE —Rie3, ERRERX
PR R B BT AE, B 29 TR AR BT TE R B 4
PR BN B R R ER T L

21.2 Rk

EHEEEEE D, RWRE “F RE" (fist-class value). EREBEFT,
A LUS ESE A HEE, FIEENAEEERE, RARefBkRENAart
ERS%.

CHARTEHRES, X~ AHAREME RK. FANT CHEFTE,
BRSNS R, FRENIF G M EBAR S M T R R T AR . B0,
EHRIES EMRHEOFAARBERR SRR, WRMERX BT —
A~ int 2%, FHAR void BE, BATU LI T 45 1AH:

void apply(veid f{int), int* p, int n)
{
for {int i = 0; 1 =« n; 1++)
fiplil);

}

XRAFRH CHHERB B —R{E THR?

USRI E—ANERC R, | BRRE ERREE, HTRFRARRE.
MR, CR—AHRRE. MECF—8, CHRIREREXRNTE, Bl
A P D R R B i TR 0 o B S B ) R BT R B PR A FIAE C T — A%,
ﬁﬁﬁ%ﬁﬁﬂ%ﬁﬁﬁ%ﬁ?ﬂﬁ¢%ﬁ%%ﬁmﬁﬁmﬁ%aﬁurﬁﬁ%
#lFREF T

void apply{void (*fp) {int), int* p, int n)
{
for (int 1 = 0; 1 < n; i++)
(*fp) {plil};

}

MXEARE? REAMREIEHZENETL2ERERG? RTEFFEM
ot SHFHE MMM B2 MR ERREMN: TRREERARTEIRZFAR
. CHEENATERBOERFRTZIRERET . —BRFFNET. Bt
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ENE BHME

EARHEET . A TERA AR AR BRI, Rk
— FUFEE—4 Cr+i %, UEEHRNREASERENB =R, 487K
A1FT REAR BRI BB M BN B B A TRz —. AR TRRER, RINTBRER
ENMRBEET T BAZEOFRE - BRER. AR, BRRNE MR f
*ﬂg:

extern int f{int);

extern int g(int);

HAIHEREAE R T I (E Al

int {*h}{int) = compocse{f, gi;

BH M, A TEAEE o W5, o) (FPAREXR, EFMT
(*h)(n)) HFT fgh)).

CH+EARMEBMOE FEA . BATRT U T .

/IR BRE R

int {*cempose(int fi{int}, int g{int}}}{int x)

{

int result{int n) { return f£{gin)}; 1

return result;:

}

BH, compose KB AP R F O g REX —TERE, JNET x BajLl
B3 flg)HEE: HEOTRAERC AR, E—MRERE G473
PR o 3, XA result B LR IFEN . T H AT result T B RAF A
T WA £ g, BTRARAERHER T S LAg R . R R, RATARE
A7 B b result 2= Rk

/1 B E A ARE R

int result({int m) { return fi{gin)}); 1}
int i*compose{int flint), int gi{int))}) {int X}

{
return result;

}
FXAE T 1A B FE £ 0 g 7E result " EFTTE

Vouwgge A WREE Rk EET R M AR ER RN AR EE MR, FLXERTERNRT
WEW, FCLEFEN T EOTe.
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C++ILBX

B WEERLER, R CH+ATBRERN—BETH CHEIEE
L H R, AR RIS ?
HERR, BER “EFLEASHIY. AT THRA, BITRHREBESRT—
T compose Fi¥#: '
[ RBRARRETREN
int {*compose(int f{int}, int g{int))) {int x)
{
int {*fp) (int} = £;
int (*gp) (iat) =g;

int result{int n) { return fp(gp(n)); !
return result;

}

Hh e RER (R g MaEEHIE AN AHER p M gp T E. M
75, R RALAA compose, T8 [ — 135 8 result #1154t - K24 fp M gp & compose
K EEr s, FFLl—B compose IBEIEMIRHERT . WRBAEAAA result,
EHREER X R, ARXEFRBOEWNRT . 4RRTRSEER
AT B o

EITHE I compose WEBE —MEA, RBAIFZRASH QX MHF R
MER. R, B-MRAPRECEARRNEE. g ARERRE—EET
i £ F0 g AEWANRHER, MAKS. XMXHAEXKR: 2 compose B[E
BT RS, BB UEY result TP P i B AT 2 R BB BL

Mo, BRED compose MBI T HEW MM THEMLRS, BETER
FEZREER, TEL, RREGEE R N R SC AR R B
Wi, R Cr il BRI S S MRS S R F IR, HERF
£k 2 AR RIS R X Co+. BHEEAPREEXT R, Hiel—
R RN SR RIE A EAER?

213 EB%

W 7E TR0 11 compose BEEEQIBFRY, T CHARTEREAM.
A TR T REX A — A N, A TR % B — A BORBIE R R T
%, 4R compose TELRE— BB, AT ATRERE—MT AR BRI
Fag -
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22 F Rk

EREEAMEMMER R BF, REIRLIEMHERYAAR, HWAR
B — operator(}l R RE. F T XA B0 BB T LUR IO R 2 1 R SOk AF
F. Ba, Z6KE, mRENBXFE—HK

class F {

public:
int operator{) ({(int};
F

}
DU B 8 G917 AR MR LR TR R 5 H R R 5 45 R 1
¥ #in, 18
int mainf}
{
F £
int n = £{42};
}
1, f42)ZEM T foperator()(42). HEER. f42)KBAE f, HESH 42 BHE

i operator() % R PR &L
FeATT o] AL X e IO A iE F R R 2ER R 4 A& R 3

c_ags Intcomp{
public:
Intcomp(int (*£0} (int}, int {*g0){int) }{
fp(f0), agpigd) { }

int operator{! {int n) const {
return (*fpl{(*gp) (n});
}

private:
int {*fp) (inti:
int (*gp) {int};

|

X, MRS D EE SIBE 0 A g0, operator()(int) e BLIX 4R S HY
4. B, operator)fEE TN int % n Bl gp HAMNEEK, BB gp BIE
Rogk BRAES fp. FTUA, IR CHMETE — MRS £ A g, WAVRBEER Intcomp
Jerg el AR k.

extern int f£{int};
extern int glint});

int main()

{
Intcomp fgi{f, g):
fg(az); /BT £(g(42))
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CHILER

RIMGAREERE FRRTHSEE, EAEAD Intcomp #E 1R
BEXRFEHAGRENER. BT, BT ERBASRE, NARASRENR,
FrLAABRAR M EHEBRTRE. BHE—%, SRR htcomp KBk
B TREEAEER Intcomp. BE1TEUR, BT LUER Intcomp 2KERETHR A
R, HARAERKES TAMER. X ICEMB S AR ?

214  RBON S BE

BATOE A DI —4 28, HO R AT HRASEE, wHERTR AR
HEBBENME. TE Cr e L MIHNERNE LSRR ARIFRZ A Comp
iR iR K Comp A — R B4, HPEBERMRYASERENEY
RIEE, ALUGHIEAEE, RANTERES Comp MM KRB, AR
A Comp MRE, AISLE—NTEEE, MEMSIER S —MREHE. A,
BATRICXHFEREN T Comp BRE T -FriginFIA R B4 BITXMH G E,
ROV EASZE R AR int AR ERRH T -

template<class F, class G, class X, class Y» class Comp {

public:
Comp(F fO, G g0): £{f0), gi{gd) { }
Y ogperator{) (X x! conat {
Return £{gi{x)):
}
private:
F f;
G g

}i

X IS AR KR Comp<F, G, X, Y>RIWE AR KR G F A% (=]
EZHRBER) 5R—AKAA G HEE (RERENR) 45X, 242
BOREY X, HEKRHY KNS, Bz 4, HTTE5 ntcomp JLFHER.
al LA Comp SRS I BERE £ H g

int mainf()

{
Comp<int {*){int), int (*){int}, int, int> fg(f, g);
fg (42} ; /WA E(gld2))

}
TR SN, (ERBERIONERRREA int(*)int), HEMERRAE.

b b, MRERIVEASELE R g W fg NSRRI RF MRS
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BAX BHAK

X BRI THS ANETMEE:

Comp<Comp<int {*} {int}, int {(*){int), int, int>,
int (*){int), int, int> fgf{fg, f);

R A S R T B ?
21.5 REhERY

URINTEABLHN EfR. HE, BRIICELHF M LUBESH T REEEH
AR BHI A EREABRESNEENRIERKE R, BOSEMBEXE
FiE A

Composition fg(f, g); /7 TFARR

EixRaeREE, BRET, ARMBBER A ER, SHFERARIE
RiE RN G FHBFAR, Tt fg@)WA R R4 A, MUMEETE fy #IREP,
W BB g Fr SRR, FTRL, BATES RAXHS.

Composition<int, int> f£gi{f, g):

XE, £ int REEMER g BZHSHOEH, B24 int RERARN
BEERMEY, FTRSEL EESAEE B ZENEIELT

template<class X, class ¥Y» class Compositien {
public:

£

Y operater() [(X) const;

I

L

BRERNVERA LI RE? XFEAT, HERHENZEHHER?

MERMEN T B E, FXHiERE Composition %M EEES
R 37 0 s M 0T B AT 4R 5 —— U BB Composition. IXREREIRH HIE M H A FU 2
— AR, | LSRN XA T BRI

U RRERAT 1994 FE TG, BRER, METREYHRERTLE.
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CHil Bk

template<clags ¥, class Y» ¢lassg Compogition {
public:
template<class F, class Q> Compositicon(F, Gl:
¥ operater () (X} const;
o

}:

B AR T, 2E F G & T2E Composition FI3RE, FHE
TIHEXEREEN S5 . XM, 2 Composition 1215 1] LUE R {£4F Comp<F, G, X,
Y>E B REER. MRPE FEE G EH3E Comp FHHRBRBH, #R
WP — . FTERR, C+IR4tT —Fhny kAR BN

216 —HMRRET R

S HA1ES Comp, {F Comp<F, G, X, Y>#AHENMAEKHT FEE GHY
HAR2, BATHRIX K4 Comp_base<X, Y>. #4, 7 Composition 1, Al
B LLRFE— M8 M Comp_base<X, Y>HHii .

M Comp_base FFEGE T, W HER i SR ITXASEG T ik, AL
i, Comp_base<X, Y>H R BERT MR —AMER X SHOFRMH Y £ RIHIER
Mg, Fik, BISLSTRE—DERYK operator), HNWAAKKE
Comp_base<X, Y>H125F ) operator(y8i#EE —MHRAIRR (M X) HBHELLE
RE— A ER (N Y) MER. HTRINAFEFHA —MFED
Comp_base %23 operator(), FFlEERIRBAERY. At HTHRIRA
BT Lk Comp_base JE7H E—A~EHT R E.

E—FRBEE, BITSEEAFERAERSE R Composition HR. Hi
Composition #1%i# K HI B/ R MEHH IR RN T HBRHM Comp Z=3ickiab)
2. Bl A1EEA Composition PH — M2l R ECREHIIRAERD %R

H%& T PiA X SR, shul LA B P ERA K

Lemplate<class X, class ¥» class Comp_base {
public:
virtual Y operator() (X} const = 0;
virtual Comp base* clone(} const = 0;
virtual ~Comp_kase() [ }

¥i
BifE, FA)A Comp_base fEAEEKEFH Comp, # 8% Comp ¥m—1
3% 24 B clone R, ZHHKE S Comp_base IS IR EL:
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21 E &Z¥H%

template<class b, classl, class X, classys
class Comp: public Comp_base<X, ¥»> [

public:
Comp(F £0, G g0): £(f0), glgd} { }
Y operator () (X x) const { return fi{g(x)); }
Comp_base<X, ¥»* clone({) const {
Return new Comp{*this);
}
private:
F £
G gi

};
A, BATT U4 composi-ion X84 — M # Comp_base Hig4t:

template«<class ¥, class Y» class Composition {

public:
template«clags F, ¢lass G» Compositioni(F, G):
¥ operator{) (X! const;
Private:
Comp_base<X, Y=* p;
T

Yi

LRRMA KB BRUPR R, BAIMMNZEERFIZEN R FNE
WAL ERIR AR AT . EAMEM T, WANFEERIREN %, EHE 5 ZiTisil R
R Composition 1E N —PMATE——MIBE 1, Xt BERATNA AR
Comp_base &N clone B K FRE . Fitk, &1L X Composition P54 E

T B H 3 R R T R 2R 4
template<class X, clazss ¥» class Compeosition {
pablic:

template<class F, class G> Composition(F, G);
Composition{const Ccmpositiong);

Composition& operatcr={const Compositiong):
~Composition(};

Y operatori{}) {(X) const;

Private:
Comp_base«<X, Y¥>* p;

.o
. F

217 W

FH, L%k Composition REZEA LR LA ERE 7. E£R-XLEA F R
G WX %18 Composition<X, Y=, BATHEEIE—1 Comp<F, G, X, Y>X &R,
BT L FEAE PIES p . THE L 28 A& RAEERE E X — SRR
BB R TR,
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CH]"EIE\E‘i

$t% Composition<X, Yo>REAZER, CEHEX THERE Composition<F,
G>, B REN LSRR E:
Composition<X, Y-::Compositon<F, G>(F, G}
BAX R X MG R
terplate<class X, class Y»
template<class F, class G»
Ccomposition<X, Y»::Composition{F £, G g};
pinew Comp<F, G, X, ¥> (£, @)} { }
XA EEEE -8 Comp<F G, X, Y>HEHWHRMAL T EER
Comp_base<X, Y>HIEA p. BT 2 Comp<F, G, X, Y>4& B3 Comp_base<X,
Y>, BBl AIER A R

Frim B A p FTiERRN R,
template<class X, class Y»
Compogition<¥, ¥»::~Composition()
{

delete p;
}

55 5 ¥ R B R 2 9 4 AR A 728 Comp_base H 4 BE R 3K clone:

template<class X, class ¥>

Composition: :Composition{const Compostiong C}:
plc.p-»clone()) { }

template<class X, class ¥»

Compostionk operator={const Compostiong c)
{
if (thig != &c)
deleta pi
p = c.p->clonel();

}

return *this;

)
8BS, operator()iz /B2 Comp_base F K1 HE operator():

template<class X, class Y»
Y Composition::operator() (X x) const

{
return [*p} {x)i / /p-»operator{) (X)

}
BiX—% T ERABLETLIHE:

e

P i

b m—————r
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B2 X B

extern int f{int);
extern int gl{int}:

extern int h{inL};

int maind}

{
Compcsition<int, ‘nts» fgl{f, g);
Composition<int, int:> fohi(fg, h):

i
H BAE fg Al fgh RA—-K8F, RECTIHMTELRMRE.

21.8 itk

BARXMR-FREN L —, IERF RS BIRANLAC B K TAE A fegenl —
PTELERESTRBR. H—ARER T TFRE T BES U EZ AR HEA
&, WABELENRARE. B4, WRBICE—KEE LT XERHR,
UGB NESRFR BN T . — B TXelE, RIS ElNENE
HREHEN, MRIMEEERNELEFER.

#itm, H— U transform RMBRERE RS, EXFR R E N R EZHE
HEARENR, AMREB—-TFHRFF. R aB2—1F 100 M TENEA,
A2

transform{a, a+ld0, a, £};

BkRx a BN TREA f, FBRERFREI a XRTRF .

ERAFER vansform FHAN BN TREM L~ EH o RB? T4, R
firmrlse X — BBt 5.

class Add_aﬁ_integer {

public:
Add_an_integer{int nf}: ni{nd} { }
operator () const {int x} { return x+n; }
private:
int n;
}
5 5 Nk A

transformi{a. a+100, a, add_an_integer{n});

% T XA B 9T 2 X — AL R S 2R, 1

| yTHERLEER. #RE—TXENHABEHBEN RMAMER SIS,
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C++31, E‘i

Phr b, BAVATCAEE E . SRR T — R A SR ORI, R
fI1AT EAZERR A I B P AE R e Tk 8 X264 Add_an integer BYK, WAL ERS
HHE L, XEER A HARIER R 22 EHER.
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R AR

% 21 TAET — 4 wansform MR B, TRFEEN B, TXFF
THRENTEEAREEE RENR, FATRRE-AFHFA. X8 mR
a —AH 100 MU EREH, (R—1R%, W

trangform(a, a+l00, a, f);
¥t aBEANARWA L RS RAERZ o AR TTET.

21 FHIRET T, WA ransform R E X —MERAR T
TEEF AN o AH I RO &

class Add_an_integer {
public:
2dd_an_integer (int ni: a{nd) { }
int operator{} const {(int x) { return x + n; }

private:
int n;
¥
BATAT LR R S R B 2 — 24 54 transform )Z 4.
tranaform{a, a-10{, a, Add_an_ integerin)};

AT XAE ML — MR B RS, FTOWREFER M T H TRARAT §
HRYERM R FEOSK FEPEREATH—RrETHRE. ?

22.1 it 2JEREo R

BN R, Add_an_integer ERHE W HFA, TARBHFER. 2/
DASE PR R MO R, R B Oty i R % T LU — I e B — M E A S8 B LA S A
i, WRRNBEE n HEIAF A 0EEREEGle scope)IRRBF, WAIAR
AT A A R
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CHITE %

static int n;
static int add_niint x} { return x + n; }

TR, BITRALIS o E—AERE, FHEH

transformia, a+100, a, add_n);

RHERCHEARERRIEFE S ARGEN, BCARAEREREB S
%,

PREX R AR ST EATRNE, XSEWE, RN X a5 e Ll
H#EE, MEMT—RFaT bl £l EERRIBRETHETENERDN, &
BARA AL SCR B R ERE X BRAE RS 5 Add_an_integer RIFFRIR . B
AFFIMAA LRSI, RN FEW TR

transformia, a+100, a, bindlst{plus<int>(}, n))};
FEELFARAR, HETHRES
bindlst {pius<int>(}, n)

(EFRERERT —ITRENE, ERENERAAS
Add_an_integer {n}

HFEE, LUSYER vansform KRG S8 AT LBH KR
MW, EATIIEAREMEA TIERE?

222 BTAREMERRE R

AT HEBEZEN

bindlst {(plus<int>{), n}
BATIF LR

plus<int:s()

g, XEF plus RRPE—DHRE, MAR—ITERE B plus<int>Q£2—
ZMTREH pluscint-fI T 2F R HRER . XHRXNRHETREERTLEN
int MEHD, FLLESTIMAERSRNREER. Bl SBnnRRIFEUTNA
1%

plus<int> p;
int k = p(3, 7);

W) & WA A E 10, SE0, BATATLUE X

int k = (plus<irt={)) (3, 7);

ZiE a4 k h{E 10.
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ENnE HERER

B T 4% plus<int>()8% 1 55 20 operatorQORLR #h, 2 plus<int>iEF 3 M E
b o, EfIREHEL, X 3 ARYSHER R fist_argument type
second_argument_type LA X result_type; AMEIRTRFEHTEAMIE EATH& .
0% plus<int>::first_argument_type iR int B—M5E2 8K MERIIS¥HEA
oS IR KRS A AL,

PREESENERERTRERERERREN SR, ENFENRARRT
5K, C++8FINEERL

bindlst (plus<int={}, n)

(AR LIS YRR T+
223 $8E4 (Binders)

A1 B0 T R ARHERE A — M R AMEAE Mt RS B HAERNE
A — AR —AME, FHEEENIEN (B BB EHRENR. &
A3 S| bind st 50 bind2nd B0 EEELR F EE4L T X IR TAE.

dEE £ R plus RN R, F—TERFHEASEEY operator(), T HIMR
x B—AALMER T BN BHNE, Ba

bindist {f, =)
PR —AHNREN S, EREMSEAEZ—188, ©F -HHENE,
A

{hindlst(f, x}} (¥
RAH

fix, v}

HIRIEME. B4 % bindlst 225 T RIZBHEMEA: QE— M ERHE, ZERK
wEge T RS- 25, BHRE, B bindlst J5REKREFISET
RAE, FEXMEEIE— SRR A RRE N

PAF & bind1st #)E X iR 8-

{bindist{plus<int>{}), n}} {v)

ZHF nty, XIEERITBER. BRERMALER?
MR I AE— A A T B (4 B 1 R R A L LR A R T I
HBAT1TT LA B XA A
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C++I0.E %

/1 p R MERANBEA I E R

plus<int> p:

// b E—AREHEME n LEHHH K

some_type b = bindlst {p, 1n};

sz H ey
int z = bi{y);

{ELR b KRBV AT A0

PEBEREFES —MrrEEERES, WK binderlst. 3R —MERSE
BEREAES bindlst B —MNSHRER (HREEERANREEE RETE).
R, AWK b RAIIMIXGESER:

//p BARFEANERE N ERAR

plus<int> p;

// bR -ARSEKEIBIn L ENEHAR

binderlsteplus<int> > 5 = bindlstci{p, n};

// BIEA 2z A ney
int z = biv);

MEAUEREBESZRETHAEET.: FHE—H, p B— 1T RENE,
AEIEHEAEAM, b B— AN S, 75 o SEE AN FIArET
FSE—18E, T2 230 ey ISR

224 EIRAHEY

{82 BAlI% S binderlst HIFE B, RAIRIRFI LA FATHIE binderlst 27 &
¥t BrFEH-— onerator():

e LA a1 e e e i i, ST oAU LA el e L I L LT




EnE BNRER

MERMNEK A FREX DA EMEA B binderlst, RATMALIRA S HA
operator() UL X AR [FIE 4L T Hde i RBUR T KA.
template«class T»> class binderlst {
public:
binderlst {const T&, const T::first_argument_typesa);
T::result_type operator!()
{const T::second_argument_type*);
/-
}i
FHF— 25, BATLEAT BUX 8 bindlst:
template<class F, class T»
binderlst<F> bindlst{const F&, const T&);

¥F bindlst 1 binderlst ¥ X HFEELE.
225 08k

WK plus ERAEMNBERFENBMAZ—, XERFEXT AR
first_argument_type. second_argwment_type 1 result_type. RERIIFI—LRAR
R EFERE AR, RS RIS E AR A ER Y. CHEERX
PEfm. ERL, plus B —/ M4 binary_function FIEE2E, X WF:

template<class Al, class A2, class R»

class binary function {

pubklic:
typedef Al first_argument_typc;
typedef A2 second_argument_ types;
typedef R result_type;

CRRAHAE T E X RS R AT, flin, RATTLLXAE X phis:

template<class T» class plus:
public binary_function<T, T, T> {
public:
T operator ()} (const T& x, const T& y! const
return X + ¥i
}

}:
B T &3 binary_function #b, BRMEPEREA — unary_function #3¥, EX
rulla

259

A I L YIRS R L AR A AT A TN ey 3 T R AR

g WA R A R

[P T R T

N P Y




CHILEXR

template<class A, class R> class unary_function {
public:

typedef A argument type:

typedef R result_type;

}i
b, XTI L 244K negate K F A, negate FIRfRIMER— iR AE-:
temnlate<class T> class negate:
public unary_function«T, T> {

public:

T cperator{} {const T& x) const {

return —x;
1

ki
EAT IR R BN RS s AR — A % T STL BRE B It A9 C+ARHERER) T2
BERERDI AT,

22.6 fEHLIER

B c BEMGAERERE, x R—AREFREERTNE. 2
find{c.begini), c.ead{), x}:

RSN ¢ TR x MBI ENENAE, WATHFEST xR
AR — Mg EREA R RS K TR, BT LA SR R
— R E TR ERBEI RN R

find ifi(c.begini{), c.end(],
bind.st {equal_to<c: :value_type(}, x});

B2 T4EF bindist #F, ABLRERT—A45E, MHTAEESHEE TR
value_type KR, ZAL R AR R R ERPILEMNRE.
ipil, RAVTUBER—DMRT x FITE:

find_if (c.begin{), c.end(],
bind2nd (greater<c::value_type>(), X))

XE, EHRIMEEERT N TEATE e #1774 e>x, FTUKA bind2nd,
17 A FH A B8R

B xfwSEAE, EAGHRAMENTE. s, RAKTEY FE
ARELIS w A TR S v BRI T F A

transform(v.begin(), v.end{}, w.begint},
v.begin(}, plus<v::value typel]};

[

—————

e L kL —— AL, DA D gL L 5 e T e o ST H e mm gt negmamer oo,



ENE FYERER

XH, ﬁﬁ]%ﬁ TRE 5 1881 transform. BIF2%08 H € B %X [8)360
HEAE: BENMSHEEENE AR ERPESEHE AR AL, x4
WA transform KIREBENMXAMITLE, FHEMNEI SRR BHEN
transform KISEAANEH, SR transform BE MM HIEEFHUBRY
FolR, K4 tansform MEBERTSER—IMREMR, EHERAETY
vovalue_type HIMEAM, HEBS—MIRRBIKE R,

EAWER, FBTUARRTET: RE v wERREARE+BRAE,

FLA] LI R S MR E SR+ 1R
PR G RG AE S A 8 BN IR R RO R M R B R . B0 B — A
B IERA R

char* p[N];

MIFAIeE Soa, BATHAICIRHFMEREE “C” ML null £EMFFHEH
faet, HHRBR PR “Crt” BB TR

replace_if {(p, p+N,
notl {bind2nd{ptr_funi{strcmp), =*C"¥}, "C+-"};

AEER T EEY replace_if. THAHMSEMET —MREHE, £=215%
RAWFHIZEHARALR, BT SHATEENE.

SANBKPI A G 59 £ ) 3 e B ACHERS : notl \bind2nd BA % ptr_fun.
BofE2E pte fun B T —MEE THEH#E soomp FRENT % . bind2nd 4 XX
SRS~ BENER, FEENEENSER “C” RIENS TR
% notl RISE XEETHEHERX, MBREHSEHAEE, 1 0 XEEEIE false
fREE, MAXANBREN TEMN stremp & O FIHERERAHERK.
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BHRETRARTRBREER? AT A MAREZFREET?
JRHZ —RERMNELEENEMNBRREEFEIMARX. KABHFE CH Cr
Py A BB e BB Bl SO Y ] A«

while {{*p++ = *g++} '= 0}

LB BRI B 2 HARAE, (BB B L R
TN, AR TR, R B R SRS

LTI

gy e o= -

e L e ket E iR v e e e e i e Rk % e



CHILRF

F5h, XL LA KA E MR R E AT, AR BT LLE R,
BRI EREFREN—80, RESREEYHNETLORIIEN, #
A A B R RIS .

EF @RS AER R FRARAL, TIALRHERERE R
PR KEEREFELD. ETE, WRERERT, R4REHTERET .

\  p e+ 2T T e e e e o, Ao L i ——

P P



B RN, BPAEAEREES
C++ HHRERTEF—BRETMAXTESHEINFNEE, &

XM, C++5REARBSHAMLL, WEXED, AMNTRE
HH?BhEJ RN TEL, AW, FEBESHERERIERE,

%mﬁ1ﬂﬁﬁLﬁMﬁi§ﬁ%%ﬁE%ﬁRﬁE BRI, BB ERE

ﬁ%&%ﬂ&ﬁﬁﬁﬁﬁ?hﬁﬁﬁﬁ,ﬁﬁﬁﬁo BER TR RAHE, BRXEN
FREES#F TERE, XEARSERSTHEIRALLRE. B8, FRHBRIAK
BRRRESHERCERENFHAR, FTREXFHMBANERER. MRX—
MAXAT TS EREBR ZTEA, BLARMNBIHRZ AE.

PTRHARREANE, EEERERIBTFSAIETRITENIE, %
FE AR EXALRE P, hNBHEEGHTERENTL, SHNEERE
HEBIR N AEN, FRbeE. FH. BESSHEEER. hER2XE—
HATEREY . B EEARERBTIMEMAREEANATEAXIE, ¥ 25
BRI EEH,

FiEE “EER", RERAEOAGHABTRLSAATRETHHEER, Z—K
MEWALN, FF 24 B, RINEEFETH—IHARERANBNED, AW
X MEBH TR

AR TES ST ARG —E, BA C++iEEAFMRERERITENT
KB XHRIEETHNE, MAFRREEXERITSER, BEBRE
B, F—TE. %26 |HF C++h—E4 7 XRBERIMEMEITAIESE.

HTESTRFETSXEIER, RBMAE 23 ¥FH, IRRDERRITREN
PEXS e ST ik w8 T 1k

EEE L N et o ol et e o=

s L N ST LT, TRY TR LA ST

RN PR

e

- e e e - AR T R L % R, LAY L L% 4 SRR % eI L G W TR, CR T e o T B
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EONPOR s
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B R e E

1993 £ 7 A, BAEREN ISO C++rER R 0T . RRBHURIIX
MIERER, B—PARTETR, BRIRMEAGHR. BAREZRER
—ABEAL, BIAERESES: R, BAREZANMAERR. WRAM
Fies FHIHBARRATER, ANERERTHEIRGHTREHEEZANZE
EE.

ABHERTIXHRN—ET. REBRKFEEE, ERGEEHNL
&3, XHHLASUEIEFERRER, DURIREE T ARG 8T
FiFe. BB AR RE, &R E RXEA U &I AR — SRR
IR AR RE 4y, L3 s 18 A R BERT #EATHE B AT

231 [HRY

X TREBEE ML, RIBIR— TFAREEREMANFGET HMFEL
IQE

LH1 "Libraryr 1ib.likrary 17

JHZ tIntroducticnt lib.introduction

P

A \*C implementation provides a

.I *Standaed \*C library-

that defines wvarious entities:

types, macros, objects, and functions.

LSS FRETHREE RG4S RFANCELAR voff, EHFMFXE
A, thim, HI e —@nE, PARCERTE, [ EXFRIMET, FF. F
BC Bl YO+, M+ S AHEANKERER XA,
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CH+IE %

AT HLH FRMITHEE - IHFSE (symbolic name), FEWAH )
lib.library F lib.introduction, H T & F, ATHEATLAXER AN E A4
PREIE LIRS RIS X RS AR A R Ak,

FE TR R P R — A0, BERZ AEBELH (commentary file). X4
THRFERLTITHRE,

### lib.intreoduction_

The library working grcup needs to review this section.
ST AR DA TF Sk 2 90 4 S A B4R R 7 5 4 (i TSR S e AR M TR A D T i
B k), BRI AR, S8 g g R R e
HEF R AT —H, R, —EEga T E—M R

W, FIEERLRE A BT LGS AIXPEA S IS0, BUBL Lk M,
MR RAHLBEBRNE R '

.Hl *Library" lib.library 17

.H2 -Introducticn® Lib.introduction

.eN

The library working group needs to review this section.

.1E

. P

A V*C implemention provides a

I Standard \*C 1ibraryﬁ

that defines wvarieous entities:

types, macros, objects, and functions.

X, o

### lib,introducticn_

bR A B R R ETETF2 &0 libintroduction HYESMAE—TIEE, HHHE
4N ALE BF. XEESEE hEANES, BT E THRER, eiEF
troff SELA A —AEFENE T, IXHE AR BRI ITE SRR T

A FRERRF R LER A RPN E, ERMINET: BRI
£ EREL, AR CRMABEERNBRT B, KEBAEMR TR
EREEE NIRRT R, R AEIEE A TEM Awk, Perl 3# Snobol XHH
MRS S, B8 —RE L EAMTES Cr. HE, RAXMEFEFH
H R = CarbpdESrRY, RUYCHEIFRRH CrA BIEEM. BriEneikdl—
A PR B B IR B
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F2E O¥BEANE

JaRAEY{ER CHHRARNER R, I ERENBEH r—MEHE, M
ARV T IR Cr+. RETHANER “43¥E4 4 (Standard Component ) ”,
—EW USL HE, BEFELTE. REBRXMERAT AT R AT&T H#ITH
KRR, BMANAEMFRERSSE2 H. FADE R LUE M H A ] FE Sk
E—AHELEGREF. AIERL, BRERFEFERXERD “BEE,

23.2 FRRIRIRKE: 48 1%

BB T R LME BT S R BL& AN 80, BB A e FHAT UL A+
SR EERSIA, REEETFEREHE—R. HR, RITBHEU—FI7AK
FREXAN SO, DERMIG G W B . SRR N EE,
BRI 15 S B A ARTRIXAN U0, SRS PR R A 28 A S e

AT LR R SRIEEER AT R, BRA)
LA B E A AR AS 2RNER. BREENALIE FERERA KR
#48 (associative array) (—FhR UMM MBRER, AUXAEMAEELTR.
ERKENR, BRERXE—EESH.

TR REEEY, BNEE e RiXE i Bk, Bik,
B A S BB 05 7 (M W SRR SO D AT R E R B F W IT . BFERY
— AN ENFRERICACSE, 0T LR 5 v X A~ R L

RATER B LIS KT IS LA R AR TR . Ak, B
Ya4d F ch PR P EE SR AL 7 String 2K 70 List 2.

233 E£W: E1ike

M7E, BATH DG SRR R R SR E— 0 EBERY, BESR
EE, AT HARBEAN—LED. BT eIEMTTRIIF BTN
R CHERA YA AR, FIURITEEREN, FRRDSETHT M
comments RIS AR, FFSCHREELET .

B, RNFAHEEERANZE:
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CHﬁnEri

String line;

String section;

Map<String, List<String> > map;
Regex pabt ("~ #¥#[ \E]1*_(.*)_[ st]*5+);
Subex substrings;

A& line M section 77 B H TR A PRIMFFFIN N HIT 5 & WX R FF
54, T8 map B— P UIRTEFEA B A., BRE 154 x, W maplx]K]
EHR MRS XM S ZHCHERITEE. RITEXIMERFREFE
BRI —TARE.

TE pat FEELFFARMN. MMEZ, ER2—MHERAEERAMNFZ/HH
fEMFRIER . EXFEFRT, SHERKRADFERETRELRNT.

FMEALHE LR CHERHBENAEENFHFERRRNE —
AEFIE 52 MRS, 3 MHFEERAECNES, FUAEBERZ—ITHF X
S H#ARILAC.

FERZE, BNBATNY EEEERANEHREEHER. HERTRILE,
REBLZME—NERN. () LEEAEH; BESENRITESE BRI,
FRAIS AWML THEER. BRI DT, ARKBRERM
HER, BER—IEFTEMNS.

iy, % pat BE XA T — A EREBR, ZREAILIAEA sk,
B ERHERRNEE, REREMHTRE&RENSEFSE, FAECEHE
BRI r AT, ROVEETUABZAESEERN pat FILENTRIE
& (F8). BI1GEALEE substrings KRB EFE L, FETHRARAM.

AR XA E—TERRE AL THNIT. MBEABERRE, AT
BT LS 2 00 RS A T8 — A DT IR AT Z AT B B A A BB AR
B, BAISER—AEA, RE line BEMASUHENZIT, FIURIIELER
IR B M -

line = sgets({comments); SR T

e, EmMATE, BRAMER TESSCH LN AR

while {(comments && 'pat.match{line, substrings}) |
cerr << "skipping leading junk: " << line << endl;
line = sget{comments);




F23E O¥GERANE

7 while 44T iXFEF A comments, & —FER “ LRITERERE 4R
et fHMERE . FIAR pat.matchiline, substrings) B A E B, BH — P04
match IR REREL, B —4 Suing fFAE—P2%. WHRIENREXRIHHEZE
BT Swing, WERKIIET; &N, HRAF. Hik, #BOTELX2EBBXAN
G5 RERGHEA I B S TAT A= DI 1T, BARTE— MR 15 BIF
MBX—47. TG —ABIEFAL, match B¥E substrings PIERE T LT LA
o BifE B

B, BATEALE—/UssIT LT, BATETXHEREE. BFEHES
MW EERRIFET . T DL L0047, ER BRI, Hith
3| map %,

while (commentsg) {
String key:
substrings({l, key):
List<String>& contents = maplkeyl;

if (contents) {
contents.put{~ .nE"};
contents.put {(*.eN"};
}

line = sgets{comments) ;

while {comments && !pat.matchi{line, substrings}) {
contents.put (line);
line = sgets{comments};

}

}

AR match(line, substrings)HIi F# B ULEL R A5 S BERNFREAR
BFEHETE substrings . XERRIENH 4 ERRERES ERRERE. R)F, R
{1l A — A R¥ TR key, L

subatrings{l, key!}:

FUL AR FEEE key PR ECHILEK TFERS. BT, RAE map PER
Hik 5BRATRIA LTHI 5217 key 3 RHERE) List<String>. AT AEERL, &
1618 T —A8%%E contents, LT SHRH EEE. MR ZXRIFFE map
R, RedzhitE— . FR— A EsRENENE.

AR contents BE TR — M EERFANSM A B BIIFL. W
Mk R, BIIRAEEELENRH N —MISENBE M REERE
HOERE, FREBIBY BN —AERE R .E M— MR AT N, AT
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C++iLE %

A MEBRBAAFERETS, BATABEAE N REFE—nE, HHE
1 IRAE A AR H R AR

EHARAEBE ARG AR EENSERNES. NRRES—
MEFER R THROE T, RTakHIERLT eN faE H{s EMERHR
TE AR T. HE, XNEFNHNEREROHNEAIRIIERER, #H
UBEEEF#EER. BRED, FUEREHS RS HERE R etk 20
FRENHE ., FRE, SRR TAERBRT TSR ERZW.

B2, ME, BRAOTAERCHFEIUT, BRRE S et kmiT.
A R T MRS contents P MFEMERAE, RATATAEED T 31 Llas
FrLEAT, MATEREIE T XA R, IR Ll It R 81T, MIERNTRAE
RSRBOX—47. BN, BATRSER T AERCANLE, RHTAE 40K
T

234 PRRRIEIRE: 582 #4a

WA E map T T — M EUIB M, B FRIGR T EASTARR
3, REGHNAER. BT RRILAEMTH.

H—, SROBENEGCAN, DAHETERT VL, WRE, &5
[ LAITED R RE v IR RS ).

o, ITENEEE, DR DAITOSERET, X SRRERITONET
DR PFERAT T Wb, R R SR AN, B, WR—MMERTIN R T
BT, PHENA ERES F A AT S &FMER.

235 M 28040

XEEAEFREE S 0 E R R E oAb A TR & K LAY E W&
W
Regex cpat (""WW. H.*[ Ao+ ([" Ae]*[7 NEO-3] [ ART*)e
T AETHTI0-9T+3 70 AETI*S)
m?ﬁ¢$ﬁ$iﬁsmuﬁm%ﬁTCﬁCHW“¢%%4ﬁ¢ﬁﬁ¢u
Lﬂﬁﬁﬁ(ﬁ%ﬁﬁﬁ)%ﬁmiﬁ$(%ﬂ%%ﬂ&)&ﬁﬁﬁﬁﬁ%@*
%ﬁ*¢$ﬁ$ﬁﬂuE¢ﬁk%£ﬂﬁﬁﬁ%mﬁﬁ%ﬁ%@%?ﬁﬁﬂ*ﬂ

Rk &SRS A
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¥23F% BHREANE

.H1 “Library* lib.library 17
.H2 ~Introduction® lib.introduction

FRENFH-—ITREREHT

EEMHT . THEXTEALE

WA

. *
[ w£]+
[~ SET*E™ AED-9] [~ MNt1#}

(0 Zel+[0-9]+) 7

[ ve]*%

KRR 17. EMFIAARMT XA0TLL

] A BT R R ER

SCAF SRR

FHH; BTENREXTREFLEFRTY
%, B ETEEE—M B— RS —
T EHELEEFR o B RHRNEEN
AR, FEFEAGERS

ERFRE.

— A ERENEREERER.
FNRELNMARFRAEHRANER, FH
RO TFHEARTREHENT, EARFMRE
£ SR AHIRF Z TR F .

—AREB M EREEHES, FEREE K
HEEZAAEFE GERFRK LR ARER
AHE LA, SEREA4HEE CERFR
PRt 4, FEEZENRE —TFF.
BB TR R EATRE AT HIE HERR .
MNP E X258, ReRITEZEUH
FHEAT R B B LA SR SR RR, &R
AR E - EHRFHER, R R IR R
EER—AMEE, REREZTHER. XIERA
S ER B AT S AW T .

XA FEMFARSHNRSRMREHET . &%, BRIFHEREIIF
SCHFIOAESE,  FFFT TR S ERE AT

while (line = sgetsitext}, text) {

cout =< line <<

endl ;

BFR, AWEETEIRNTRE R T E RIS
if (cpat.match{line, substrings}] {

MEE, REFHAEE AT LEMHENRERXKE -TEAFESD,

TZHQEUS‘?:

String s;
substringsil, s);

G, HB map BREFRIZNBF LR

271

et e b

e - e L pmo




CHILE X ;

if {map.element{s)] {

%t map.element(s) 18 F °T A& SR map H R BHAE—DTHH s KT
. WBE, BIE—TOAESGHERY. BI1S TLEEEHE, ANHE
U OMATE. FLLEi—H, D THE, RIMERRHZER contents:

List«<String=>&k contents = mapls];
if {coentents] {
cout << ".eN" << endl;
String line;
while (contents.get{line))
cout << line << endl;
cout << *.nE* << endl;

}
3

}

WE— R SR AR A get WIRE: BEERBHBRNE—ATE, # !
ERATERIEOSES, BE—ARTRRIESTHIE . Lk, gee RABHHE; :
K E AT E MBIER R mpa[s] BN TR,

BEM NI, ARFCSERT TEMAS. KT, EMRMNIEERLN, R
RNZA T map DRRIRS, WREESMISLHEAAT: f

Mapiter<String, List<String> > it = map.firstl);
while {it) {
if (it .wvalue{}!
cerr << runmatched section: *
<< lt.key() << endl;

I

++1t;

}
X B, RAE map iterator KA it, LB RBEAKECE. BRITR
BEEGATESETRR: MELR, IHREE—RERER.

236 itk

XERAESRRERAEASOAEEE. B2, WREEFNED. SEX |
BRI BT R 4 FHT6E:

v BRTFHS

. BER (WEZSRTFRHBHEE.

- REEA.

« EEMFIE.




£23% HYEFHE

ARERBIBENT. TEARNDPEREE - MKERFPRPRFXTEBIR
SN EER. REm, i3 AThibE L EER XN SR ).
Shr L, FEREMEREL Awk #iE S 7EXE B A £,

BN TFREFEARSIMIA. B, XEBHRAHEES. Lkl £F
WHEXMEFEZ B, BRASFATENRAAR. BEm, RAET HADER
Moe R T g, HPmaiss S AR,

MBARENEEZNE, BEASH CrRMRX B . MR, Al
BEX A Awk. Perl. Snobol Ei¥H HibHEMREE. FERNE C++EFRITITLME
Bk TR, shERIRHA AR X R i i) Al

N SRR AL S AT

roamymT - Lt RIS S RN St =L EMEMbL

D




S




LT AERTARY T e T T e e T TR

#

24|

e o g

=

5
§
H
'S
b
I
i
1]
¥
H

—ANFERE DETSEH

B4 RABRREAEEMZEBERIADD 2R —HFR TSN K HE
? RARERD S EEERE R, BNTRENSIT. ¥R, BE
WRNENRREHESRE, FUER— I HRANEHTRERZOBEFE.

gk, BRE—MREFNET, BE—ABRZAAN CERRESE,
BB EXHRLERANE. C BPTUENRXESHRERAATET. W
HRZHRE RS T SUHR E RS RMAEL Bk, BATHEZEZ iR

- ppLTMAT R, ST w4

i
EepE A, T B R R R {
EAPTHEXETEERBRIINAN BET AR RENES !
hH-MEM AR, EHEGEMER AEETEE. Bl hRRixess, ﬁ
RATTUER P AT RBENT. BEEAUERTRSR, BET RN, :
TS C BT R T TR, B m A im R R — M X EFRER *
il

(v JZR—ACERF v/
#include «<stdio.h>
#include <dirent.ll»

maint)

{
DIER *dp = cpendir{~.+};
stract dirent *d;

while {d = readdir (dp}}
printf{*%s\n~, d->d_name}:

closedir (dp);
retarn 0;
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Cy+i 8 F

C BB 2504 4 DIR # struct dirent BI28 8 5 4T85 . #815) DIR
B FaE MBS B cookies (magic cookies) ——FHEFH AR HM. &
R E AR DR &

EMNHFATEFEE DR MR EHEH LK. WA opendir Si&RA—4
DIR 84T, BAMEXANIBEMESELE readdir ZRIM—TMEFEE, BECHES
closedir £ B opendir 47-Ac 5% -

% readdir BV R F— 45 1] struct dirent BUHEEE, % struct dirent F K]
FEBMEFEEE. B BATEFESNE struct dirent HCEAR, MREME
TR PMRAR - il EEE. AF TEXANMARFELFNEHEH, &8
#H {4 d_name.

XATEEREFTEN T ARA A opendir REBRTHWERNHT
cookies; 555 B M readdir kXA H R PEUEIHFEIB R A B BA M closedir
KEEAT.

REXAMEFEEFTRAEN, ERNT 8. REENZERAIFHED
VE 2. telldir BB R HRA DIR $84t, HEE—ARTERYUACEN
long. BB seekdir 3578 DIR $841 1M telldir & [BI (FE, BB ERTLE.

24,1 HZ4n)RE

it iXE FREIEREEe, AAREMmEE? SaTREEXmMR 2 7L
AEERSE, PS8 EFREERRSAMEREN. THRIMNKXES LFE
TR ) R

« MBEHFEAGEESEMR? WES opendir UE—ATNFENERL, EF
BEE TR T 2 — B0 At A, XMER TEEER T XHR
HE TEERERETRAITIN. BEEAHZ, R R T TR

. UEBEH readdir HSHE—ITIEHESER? NRENHNETF Ex
« » RAELE, SSHTXHER. ST EEESHEFHRT SR, readdir 7]
GERAB S, ENRIE QAR ST B A SRS A ACR R R
%, readdir LA MEMRE, HATHNGE, F-MMERBERIIR—IH
I 7.

. HNRELS readdir B BB RE— TR hARE— I opendir B RIE
EIMER SEH? MR RREERN. ENHRXHERTEREFIEN
DIR 3 %38, FRUEA readdir IR ZRBITHE. XAER, SHANEH
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FURE —NEED R

AR, Frid C AR E T N XF M. TR2ATAE WD readdir 35 B 25 R —1 7] .
* X readdir 891E IR EE QIR E S BORRFRES. TANRERIXRRA
7?2 ERXAET A, X readdir B RAHABIEE—ARATE d POFEFE. R
BFRETEHIHESEEH AKMR?
dl = readdir(dpl};

d2 = readdir{dpl};
printi{*%s\n*, dl->d_namec}:;

BAOVE AR A GaEHA readdindp?) 5 55T dl RE TR N —NERIHLL
F? RTRBAE N dp!l=dp2 ifd1 A HBH? TR BEENHAMA? FHiF BIXEACH
BB R ATt R e AP R AR 240 d1 FRiEm M{ETR, LR RITHSE
R A 2 e

242 fRfeBEn

BIE A E R XS, RIVEER R C++h RO, CUBEAETRERMT
b X, RATHE AN SERI T cookie, FHEEXTREH A,
MR HE O B EF .

7 CIRATRMEBEIRE I ME cookie £ DIR 85t ERITEXEH
i 3—A B8 Dir K126F . Dir R FERF HRB—KER: CREPRTHED
$54) DIR 35510 R Mo, HABHTH i ¥AF R 2 i Dir B R . AT
HE 4T o8 B4 B2 opendir #1 closedir, 45 % R T MM RBRT AR . B4,
FE SRS T mE R

class Dir {

public:

Dir{const char*);
-Dir(};
J/ #*F read. seek # tell By FH

}s

read. seek 1 tell B2 R BEL G RRRI B 47 BATEMI seek Ftell,
EATATERES: BT CHEAFRATHE cookie, BTLL CHRAN EH —I~/HE
FokRTMB R XDEKR B R ERARRER, I URITIRZ Y Dir_offset:

class Dir _offse {
friend class Dir;
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CHILEX

nrivabe:
long i;
Dir_offset{lorng n) {1 = n; }
operator longil) { return 1; }
)

EEXTRAGAHERE. LAHEHXAEREEERAERN. Bk, @&
Dir_offset ¥ 5 {4 #E— 7 i 5% £ 18 F 038 o] 820 22 iy i 3——HER 808 Dir 2B
BRERE. —HRNATREOXNER, SRR UEHE, BRHTEIRNE
XFHZ, APPARERREERENNE,

Dir_offset MR MM —¥EE R AR — N RTF B telldir RBERIER long X
%.

BVZEZTH read BT . AT MEEEZHRE. C BEFER—IHEMA
struct dirent (FE45r: XPERATLUEIDREl— NS AR IRBEEARERT . B
TIZEIL LI A 3 HEt % dirent Z540/48, T 2247 Dir IEEUE R BREH C++
h, BITATUUARGHFRRUETEIA SRR, # read RYEE— DR T AT LUK
ARERENHHENEE, HLEEE - MRERERETRIN R E" CER
ER—AEED.

AT IS E TR B T Dir 280 A 30840 B 3R PLEL T ARG

#include <dirent.h:-

class Dir{

public:
Dir{const char*);
~Dir{);
int readi{direnté&);
vold geeki{vir_oifset);
Dir_offset tell{}) const:

}i
HTEAMER, BRI TR RESHRERERF

#include <iostream.h:>
#include ~dirlib.h-

int raint)

{
oir dpi~.");
dirent d;

while {(dp.readid))
cout << d.d_name << endl;

}
B, LI dirdib.h AT Dir A Dir_offset W,
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FUE —ANEHEORHEH

24.3 IR

B A 88 R s Eoe XRFEE Dir K, FiCUEREEEITRAEF. B,
BT A mIE — S ik P 2.

Bk, BERMER C BAAEEREHZERPIAT 7445 DIR. dirent,
opendir. closedir. readdir. seekdir # telldir. iR, C+MAHRHT Dir, dirent
F1 Dir_offset.

Hik, BATREAERN CHBRERESEFERAEE. A, 4 2—T%
~EREFAVR, AR CMAEDAER —ADMEXENNRAE. B,
BATREZH T — TG B B IR NERAS B TRE R
£HTT 5 [ K R 5 -

AR, BN CHAREEASBEX G ENT M L stroct 8L class X#F, i
PART d RS S RS T .

Bfa, CHHARET CRAEFEZRRE:

. MBEETHESER? BITHARDMLEF XA FM. Krt, FHCH
ARNERH T EMEIXRE, WRHEBTERPER

Dir disome directory):
d.read {somewhere) ;

AR X . BEIT T BRER, 4 BR— R, EEREHA Dir
HEREE TN EEF—REEERS, BMFT XKW opendir JRE KM
Wik, MREED AR AERR, FHXTENASRTAEREZRR
105 S =1

YRR, WRRERMEERME 1 Dir B%, BEXNRIER—TIF
HER, T —ARE. BMHAaTRNERATEIE Dir X5, HEX
FiREERERERE RS

2. tNERAELS readdir IS W E— P THEHSER? XL C++RAD I BEN
B AT AT B read, MBI RLARECEHEEIER.

3, HPEIEL readdir WS HE TR —SEHEFR—4H opendir EHIIE
EHENSERT XREFRENE, HaR L.

4. 7 readdir B9iE M B E 438 5 B EES BB A FERTEST . H ARHRRAX
Bepa7E? HATAE read iREE SR ELIONT R, TIARIRE s KHRIENT
STRMERET G P T, BARINE S read RiZRHERRE T XA,
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CH+LE X

S8, BAMOGES IR SRER TR C++/, SEefEmnied T, X+
EREAABMNZVF CEOFHEEHREZ AT CH+ELFHEANR.

244 WHERHA

NiZHENERINEELRBTED, BRiEMWEREZEAME, Dir KHET
—ADIR #8584, FrLLRATSE Dir RRRATHEP LR/ X B4 . BAIANERKET
R RPETAE W AEXT Dir X S8 FHILH:

class Dir {
public:
Dir{¢onst char*i;
int read{dirent&);
void seek({Dir_offset);
Dir_offset tell{) const;

private:
DIR* dp;

e 3% &
Dir (const Dir&):
Dirs operator={(const Dir&};

bi

BATRFEATES Dir W&, BN RETERESXEWA N
BHRA. B E5—4 Dir MHE, FEEK Dir HRMBNAHAR IR,
BATAT LB H—AEHE A0 Dir W%, FEEATIRARAELL fTER
HEiRE H D8R

MR G R RA R T . WERFEER opendir:

Dir::Dir{const char* file): dplopendir{file}) { }

B, BIIMAFEHEBLE opendir KREREMTAHR. EXLARR ¥
Ba, RATDFEELMN R RETRMXHER, FiiaRgE,

B4 o BB T B —— AT TR A closedir, BRIESTFF AR

Dir::~Dir{)

{

if (dp}
closedir (dp};




BoAE —ANEEDFITEN

MBITHRY, dp A0 AWM dp MEATHEHBRITHETRL), XHERK
TIEAKE TRE C ER2E EMM A SR —MEF a1+ F/ Dir B Dir $5
£1R A closedir.

seek F tel! BRI, BA1AA seekdir BF telldir. ME—K) I B 2 R
T EM, Mell BB 4. FERRE, BRIAALKEER, FATAHEME seek
FRA ST IR 1) B LA o] e R
vold Dir::seek(Dir_offset pos)
{
if (dp)

seeckdir {(dp, pos);
}

Dir_offset Dir::tell({} const
{
if (ap)
return telldir(dp):
return -1;

}
S, RITBAT read A . XEHHRAREEERERN—T, Bl
EENE R

int Dir::read(dirent& d)

{
if (dp) {
dirent* r = readdir{dp};
if (r} {
d = *r;
return 1;
1
}
return 0;

}

BATEBE T X TEIRER o L R TRl 1 e, XRALEERE
R R, MEABGIANER 0. 5 HA readdir RIEH—AMHFEXR: W
BEF—A, WD XK EBHAERMAN dient 32T . TREMRE
2T AR R A FEEN EFNT AR T ZEZREER %A

e 104 S M 2 AR R A E L AR, EAMIEN S
ST struct dirent C*r BED) PRGRE, BREEEAKBT EACLT REW
AT LR . MR RREFER, ROEAE CHPA—EETHREEX
—AJST Y dirent 25, TOARA C MAR) dirent 844

281

— - i

R A I T



C+H+IlE X%

IREA RS R AN Dir HREERIMITH T ENERE &aE
HT. BMER— R AR DS E L MR RS .

WA PRRE— 5, AT LU B Dir B BB S E O i B B2
TR

245 &4k

XA E Y C+3E DRI C B Bl Fh R UK SR o BA S R B . B
HIXHIGHAER T EERZ NS, WREENRNRNFTR R RSN
2ET—MEBENRE, BAMBRIREHSHAFFSH.

C # 0B /LR ATHITE 7578 28 5% 1R BRAE . FETREHENE
BB TR0 o LA ER AT oL A T S BUR I A ixkeyE B O
—#4y, BATATUE EMMRE R, BF R IARRBEERRE .
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25

=

ERitmEEas Tt

CHFR—TEHEENEE (REXMEETR C+I¥EH) RAFASE
SCARIATUR A B S fE A BRI . B R E, AAs A THATE
CHIERRERES.

RR—TEKNILIR, SASERUNITR#&, REHRNER, F5 f
ForfEke. B, RpRRGRH-E N EE R B IR R X SR E, B {
B x=y H=HB x HEHBA y 7, MAZRI]y KEFBA xB. BE, Xk

HESSEREEA P B2 HER A

Ef—AXEHE, MREREECHRENAFERNE SERE8ER
EFRENE. EhFL, REHRENRTRER S ZHALE, WHM%E T
RHIEM.

25.1 FRE

A TR ERA—, RNEHEEHERE EERETERY
AR, B E CETER K7 & 20 — SR Llrs) T

‘class String {
public:
String{char* p} {

e Ran, = - T P s T — —

gz = strilenip);
data = new char([sz + 1]
stropy (data, pl:

B P U S BT

}

~8tring{) { delete(] data: }

operator char*{) { return data; }
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CH+I B

private: |
in: sz:
char* data:

}: '
XA YA LRGSR TR NS ARE T, TERHH TR
AT AT LLan {3 e

String s{"hello world");
cout << 5 << endl;

XABIFHIRAT s RIGHERRRFERIBIER operator char*(REKA —1
char*, X/~ chartKf i {5825 PR jostream FE~F & SCEKVHTH BRAETT .

REEXMEHIF, XMLEEBRAR, HERELERLE-FIHTEX.
2 BEAS AR AL T LAST String 34T AR PE, B REARTH AL 38 AT H 7T BEth TR
BigEw. AEAXEENAPEESRnR ERFNESMATENEN. E
BT EEA4 05 &R E XL HENER, EEREWFAE, SHFRTE
FZSER A T — T TAE.

252 WHEER

AR AU EEYE BN RS B Sring. HETHPERT 1
RAMY String, 1 XHEBRALER, KEREXHHER.

XN TSR E 45 E? MENBERET LRALEBIEHER, AT
BATRANE. TEMELEMEER K new RIAREM T, RITBATHRRK
mRE .

“new ik W WHLIE Y, WEANLAAR, £ MHRA-H E
Eﬁ%@ﬂ¢,ﬁﬁ%ﬁi3#$%¢ﬁ—#:ﬁw$ﬁﬁsﬁ§%¢ﬁﬁ#ﬁ
B AEBLKERRN, FRE new RiZREE 0, MRRBREREFED
BRI, RROTUREZERSHE., S CHTRLSERCIMERE.
W, EHESHEETE— AEFENE—F B EARR M PERIRE
0 “ HAR", BAITERNHENXMpME. B, BA MR RAEZ I new IR
[ 0.

m%ﬁﬁMMﬁEﬁU,mn%ﬁﬁ?W%ﬂmwﬁ@ﬁMm¢ghﬁﬁ,
ﬁﬂ%&ﬁmwﬁﬂﬁﬁﬁﬁlﬁﬁsEﬁiﬁ%ﬁﬁﬁwmﬁﬁﬂﬁﬁﬁoﬁ
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FaE EgitREiEeitit

fldR e ? XrFHFEHE delete BITRE (no-op)y FrLIATH R A AFZE R
{82 operator char*(ME? {REHE, X A KM §) String i2 F operator char*()# &K
b —AFfqét. MERAAEFHXMSHIMTAER? EAEHELPHAS
Ry EEXFERME: SRR BANIRERE, 838 BN & (core dump).

Eile, T8 T ARAERHNATERERL S Suing BEFER, MM
R EREEARS S EAREITH.

FR oA R A LR .

BT LSRR, FENGRRNEREAEN: MRANLTH
7, REBIzBEINEA.

35T 12 B R B operator char* (3R EME 2 S /4L, BATRILHER A fink
AP, G, RATTRLERS Sring KIBRFRERENSERETH:

char* p;
String sipl}:
if {5} {
cout << 8 «< endl;

}

Bgk, gfR b, LR PSS B EXREE I AT, RIIGRBE
HHREE FRa R g

BEENELTEREEHEREPRENFARCEEEI WRAMX
IR B A G-

¢lass String {
public:
string(char* p) {
sz = strlenip);
data = new char[sz + 11;
if {data == 0)
error (};
elzeo
stropy (data, p);
)
o A

1;

s b, HITREADHT, BAMREREH HENFERNER, X#
%FﬁﬁﬁﬁﬂﬁﬁTaﬂ¢ﬁEM$Eﬂﬁmiﬁ%ﬁf¢ﬁi%ﬁﬂ:mm
GHEEAD? WEAEE, BT REQZ A String 5, XAEHTHHFRBEE
HERTREER T —nREFREZFET, ATRAERE! XA 2Nz

Ang?
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CrHIE K

FH-ITE, WR ervor ERM], MBUCRBEMI: error BF)E, RA1E—
AR String, UAMFERER A EIREEAHITE - RKRENHTERHE.
Eitk, 7E operator char*(N TR EXN B EETE WEIMLER. WHRIHF String 2
ATERAIRE T HAEFER I, el LA b sk B PRI 18Y Swring SAERIZR N
FRRFAEERT:

class Etring |
public:
gperator char*{} {
it {data == 0}
error{):
return data;

}
flo.

H

XBEABKNNEAET, MERNAR eror, APRTHEERATFRL. FELEL,
HER P RO ERE T A HRE . B IR R A~ o SR B (R
ANTERER, B, AT LLEEm— A R R

int String::valid(} { return data !'= 0; }

AR A P (8 operator char*(Z AT A AR AR XHAFRERT
WA B R EE R RN RIS RET, /TR emor H11HFE
B, WARBRMAESMRE, XEMGANEF E SR TR
AT TR RATI A ORE. XE— /IR, KBTHEBIA R F
AR,

Wk R — AL R KTTE String MEMEEERE data==0. BEM
1% String WHF data==0, FRMAE LXK ME. Hoh MR error AJ LLIR[E,
R IR I8 G Q) EXAF Y String.

i 1L fEHE B b B AT AT LA X A o)

class String {

public:

String{char* p) {
sz = strleni{pl:;
data = new charlsz + 1];
2f {data == 0)
throw std::bad_alloc();

else
stropy {data, pl;
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®25F FKigHBERETRit

~String{) { delete[] data; }

cperater char={} { return data; }

private;
int sz;:
char* data;

Y
f i, TREARE throw 1EA)R 2SI 206838 & A I o A48 i
g —FTE, AEATE R AR S S TR E S R
try {
string sip);

fr BREE s FXN
} catch {std::kad alloc) {
r/ XEAFRFHRR

b

W s REEAHEL LB AN TE, throw EA)GES (E BRI % SR catch T
. —BESRBTiXx—A, s g ERBMAESTHE T . ﬂ&ﬁﬂﬂﬁ
T ER R E AR stdiibad_alloc.

SRR T S AE 5 SR O R AT, B HE Sting 77E, A
BEIRIE VR R ThSMAC T String (I #E. FRLL, ANFIFE String 2800 ) Bt 7 4 &
fF3ERT .

253 Hil

BB SERit BTSRRI E, TEFAAT AERH
String =&AL AHEN.

i 1601 String BT LR H H AR RBIR IR XAER T,
C+HBSARRER AGIR TEN, IR R R fReSHE
i1, Dk, & HEI—A String 840 T2 4 String #7 sz #0 data B REH.

EBHT—MEENEE: SEEE, FRY data BRABIAK data 7
Fer MEHINTE BLL, 44 String BRI, MRS BRERPIX.

WEHBE R E TR SOk XA E. BRARMEREEEREHE
45 ¥ 3 R ORI (45 1R P R B2 A BB B ] String:
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CHILEXR

class String {

private:
int sz
char* data;
String(const Stringé); I R-E
String& operatcr=(const String&l; /AR R
£

}i

RExie e BRR BB (EHHER SR TR SR, BREREN
RO ERE), REVEFNEIT ARSEXEN. REnk, BERRKE
B 7 B X ek R M R R LU AN E N R TR —MFEE.

B, EPLIEAFAEE String B A, FUBRMNLERZEEBUTRSFR
=) String. B HIHTE R BT SR B TS WA, ERBERERHELEARY
BT, BEAEER String B — B AR EK String M i%

o B—IHhx?

« %% B#5 String FHCE?

« FERYE String KB 4% Suwing PRI MCERE]?

» F¥ String Y7 B bx String FOCE?

XN R AR SRS . T ik, kBT — B HHF String
W, EF RSO RMERENG SN ARE . WREE IR
FIATSE

String X = ¥i
B, x M{EX SHAT

String = = 2;

BB GG AR, B4 1ABA0 T G R B ER UL AT RS Z B R,
B0k M 2L 7O R B A 26 & I 3K . VPR MR AN R A o 3
W Ea A Aa, XA, SN1% B Swing {EASH: EEFHE
5 %1155 8 5 ST String . WM R BRREREN LB EERAET
R 1 225 L S L SR S R L AR RTR A SR A T AR —
MFHIREEAbIE, RIS ATFEEN assign, HEABHE. HMEE, A
W] LR B2 —A char* S S SR B X A R
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25 ¥ BRHREES R

class String (
private:
volid assigni{congt char* s, unsigned len] {
data = new char[len + 1];
if (data == 0}
throw std::bac_alloci};
sz = len;
stropy (data, &)
}
ffo.

}:
B H iR B A R R A A assign:

class String {

public:
stringtconst Strings s) {
assignis.data, s.s8z);
}
i AN
bi
EARERRE R — S S S, BOTALMBREIRMAS A assign, EA
f2— String WSS B B E S RM TBX A MR R i TR R ek
—AMREEI R E |
class String {
public:
Stringk operator={const String& s) {
if {this !'= &8) {
delete [} data;
assgigni{s.data, s.8z);
h
return *this;
}
A
H
AR IS E SR .
clags String {
public:

string(char* p) {
assignip, strien(p};

}

String(const String& s} {
assign{s.data, s.82);
}

~String () {

delete[] data;
}

289

e

- VT TIRE T

PR B

RS HE IS

T A LT T e e LTI T

PR VT

Vo eyt




Stringk operator=(const String& s) {
if (this != &s}t f{
delete [] data;
asgigni{s.data, s.sz};
}
return *this;

}

cperator char*(} {
return data;

1

private:
int sz;
char* data;

volid assigniconst char* s, unsigned len} {
data = new charflen + 17;
1f {datca == 0}
throw std: :bad_alloci);
sz = len;
strcpy (data, si;

T

254 BB

B IR RS MR RN, RITEREHERERERE
(IR R R, RS RATER T s MR EYE, TECUERE
FEEM LI, iE SRRt B AP R ERE .

String #%& b HIFRIREFHBGR T KX £5, XA BEFH public
#. {ER operator char*(W8? HihEEI—A-#R17 daa BOFEEE, XAREFHET 3 A
p=pER

1. A/ ALEEE AR, RERTBRRGTE daa PHTHR. ZHEH
# String RHEEEHRT B CHHE.

2. SEH String B, C 57 SR AREERR. Bk, FAER Suing BiFaEl
A e, AR T LSTR85t 3R AR &L FH P A A0 R Y B 3K e )

3, T AT v s I B R I 4y I H AT String GEFR A RS — 1 String B9
BRIy B —A, XEt B IXHE AR E T k2 BB ATE R Swing RIS K
x
5 TR S —/NF const char* (S EIFEHE, TIARE A char*[fRELEH, RATAT
DU RE— .

290




F2uE EYTRRET R

X B AEBRAT R B BRHA const 288,

class String {
public:
cperator canst char*{) const {
return data;
}
o

}i

B R AL O PSSR E TS, (EaERLE “X Sting
M RREEZ S, S8 AR E RN REIEE " R R,

e BA 1N % —RRFEAE . B E, RARMNYEERE—THEN
String %, #4 P R 4AEB R AT Suing PRIEFRFRW? WATA) LI
M AR LR, BE A LURE string.h PR FTEFRETRT B RA AR ELThAE .
LR, RATTRT B D 2R RAE char M AESTHE B, RIVIRALIE
BN EE. FHSERE—HEREHOEEEN, BNEC PRFELEDR
H— A8 A null £52 69 char A M, DETHRE LT MERRNREE. 77
AR RN B 8 7R S A S e R S AR, 2 JE A FTLL % B8 28 1 String 2| char* ¥
. XEHRRREENERE.

W BATMSLF g ik R — A C . A, 12 DR U AR E
BT, MARBRE. RRIEHER HrEZTRESEEREECE
EMH&%%E%&%?%%H,Eﬁmmwﬁﬁﬁﬁﬁﬁﬁﬁﬁoﬁﬁ%ﬁm
R % FH— A AE R VE 7 SR SR A0 operator const char*(), &l

class String {
public:
const char* make_cstringl} const |
return data;

1
F IV S
}i
SR DRI R P AR A A e E IR T — N B R
WATAT LLFRRALL, MR RS E R, ERARX—A, RIT2ARLE
A R F P R I AR L. make_cstring BT LAY BCA AR ST data #
XA RAER. B, Sming FRFE AR RBERIXA AT BRATRRTH
Fﬂﬁﬁo%ﬁﬁ,mFﬁﬁ%EEﬁﬁ#ﬂﬁﬁﬁWﬁﬁ,Wﬁﬁﬁﬁﬂﬁﬁ
EiFFPERELE daa BB EOSR. MERNABA S RUAT 2R,
FLMRES AT — AT dara KRR 2

291

S{BTREE e e e

B e I e L

Ce e it ——— T A




C++LE X

class Btring {
pubklic:
int length{! cconst {
return sz;

)

void make_cstringi{char* p, int len) ccnst {
if [(sz == leni
strcpy ip., datal:
elge
throw("Nct enough memory supplied");
}
Fé o,

i

o T P R DR 4 T BRI AR KN RATRE data BTEIA, BTLARIIRE
TR, KB, RATSERHIE OVFR PR N, TR RN A
. B, RITATUUM daa PEE len MEF. BAIRS0E I EEEF R E
M HEHHAEHERCERETELT .

255 BRERIEHRE

BT R — S M Swing MFIHE, REEEE.
Hapigi, B

String s:

%@ﬂ%%ﬁ%&,Hﬁﬁﬂﬁﬁﬁ%&%sﬁﬁﬁm%ﬁoﬁﬁﬁﬁﬁm
FhlzE—A String $HERE A AT HEH):

String s_arr[20];

HATET O — A 20 MXIRIBUEE, RHFAMRIL Sting REHT. X
BESEY, FNRELE Suing RYME, A REHREE.

S i) BT NG 7 TR A e HedCTTT AR B I 3K 4 Sering BASL A
Sg EREEXA N E, BRXMANZRESDIE?

SRF L, String R TR ST KR AR String RIBGE SRR
B, ik SR v R ROZ LT AL R A A R . (R BATEX B A RO P e
ER|GRT R, FAERAVNORGE, G String HRMEERGE: RA]
RIS E data 5 0, BLETTLAL data FA— B FRA . MRRAIES String —




F25% BERIUTEEEERI

A4 0 1) data $8451, AL E X T data KB YU 5] F(dereference). T
EERMEAGRER, BIOSRENERBEI—AS2HFF L.

class String {

public:
String(}: datai{new charil]) {
sz = O;
*data = ‘N7
I A
}i
25.6 HAlsRk

FE A, RGBT RMESEHE. RIOTTVEIE. SRMHERELERN
String (%%, AT UM String H3K#E— 4 chart. BADERESTHFERIENR?

SRR ETTRAER S, Fin, BERETH C #iFER HHE stingh KT
BLAE T 20 MR, XERBEHHKHTEHREATHE, FHHTHERTF
wE, TETZERERENEEIHRNFERE, BATHSLENE C MR
W, BTAEATRERMEEE —T M ad S ERiE.

B AWMBELERRE, ERBEFTLON RS FRERREARMED.
Flw, FHAIATCLEASS

String sl(*hello*), =s2{~world“};
String s3 =81 + ~ " + 82;

i3 A~ B
char gl1[] = *hello*, s82[] = 'world";
char* p = (char*) malloc{strlenisl) + strlen(s2) + 2};

strepy (p, 81}
strepy(p, ' ")
strcat{p, si};

EmBeh iR, RAIFBEEEIER A String 88# — ) String §—4" char* “ 4
m?. B4, BRRITERER EMRER - MRHE SRR M TE.
B F+=tE 824 # String, BT BLRIZIEE/E R String HIALR:
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CHRBX

Strings& String::sperator+={const String& s)
{
char* odata - data;

assignidata, g2z + =.82 + 1};
strcat (data, s.datal;

delete [] ocdata:

return *this;

¥

ETFIRE, B—SREE, ftRERIHE—/ Suing 5 HBER, BAE
AR assign ML WARZ B, RAE— AN TE 1R IR R A FR T, M0 S3E A 1A B2 assign
Sk B, EAAILEESGINBAERIHHRMS A D, I ERel
MR KB

$RT operator-+WB? HHEHZRAAHUR B2 SEH, BFR URETFE X
R R ES, XAV R TR R . R4 operator+ 2y
String IR R, B4 ZHRIER B DM RABMARBL AR Suing. B, 3T

String s5;

char®* p;

S o+ i

T HREARE IR

L+ B

KPELEREB AL T. Fieh, BAIEX:

String operator+(const String& opl, const strings op2)

{
string ret{opl}:
ret += opd;
return ret;

}

X4 % RAER T String i public 3201, BLIR LG EF I friend. T8k,
v 2 BT AR Bl 2 — String, TGS String& . FoATTiZE EIXH-4 String #15
7 &3ERR SN TR (LR LA, H R EAEE A A const K
Ry, WA BAFERD—MER et WEH. EERHE, B Bl —AME A
BBty AR e A R8T, LRLEFHEAS int XEAEN, B
A EF| — AT int 3R, TIAENFEADH int HRETIH.

A IEBET 6 72X BRMES . FMTTLAA stemp FHATE.




BUFE FEGMREEE I

int operator=={const String& opl, const Stringa op2}
{
return !strcmpi{opl.dzta, opl.data) == 0);

}

BAR, xR B Suring B R TR .

AT FIR T S ARy PR 1ESF . LB RI4RME iostream FFEEEH 30
Zh PR RS 1O MR, MiZERRMATRE, HARERRT YA
PAER AR B, K jostream Y3 B AERFIRTET 2

nstream& operators<(ostreamé& os, const String& s)

{
return os << s.data;

}

A TR LS R AR T R SO RATENFRF, UL RRIFE. HATHIR
AEAfC g T ANAL 2, LLINATENSE data JEHAT . (BRWMRRAVIEMT . AP R
T R LA SRR TR T . — Bk, BIRERP 2R
R, HRERES RITH RS BHRIN RAR.

BN EA RN, TLOANRAFRERFR, EAFE Sring B
# k. ME—E B IR RN AR String F1RER. B IER K MIERRR
B, BIBRE- MRk, BARIBAERE 8O,

25.7 FERE

oo T B L AT N TTUAIR4S String HU3R1E . {EJR IEAN7E string.h FP & 3]
BRI —#E, SR RLRTFEREN. SNNEFBRTRRT PR S,
FA S TR R, RATNZE B E T 7 H:

HOIE SR ER RO

. EEEATEGRFPE K. BRFBRERUBFE.

. BE—REMOEANTH, REREREHEO KA TR

- BE AR TESS, REAETFRHBLARANRAAET
Sl XEREBERNTIERNKERLHEE.

AT ke, WRNPRETFEESFEEIAESERRARL M. B
B, BT S S —/ Substring #. Substring {113 FE SEFERL BT LIERATLRE
gt e rTelE ., Eal. MENHSERE.
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CHEE

R4 & Substring? BATET AN EE— 48R 8 E K String 175450
EAKE; AR MER Sting AW —— MR TEHRALE, B—
g UE= =S I

B Ll Substring £ X5 —M814] String B $HH1— 7% String R F1FZRIAL
H. Substring AIZIRMLA — SRR Suing. JBE “TF—A4" FEEFR
A Substring, X SKIE AR /EAE Substring ) THE AR 5IRA8 (H 14 3) 3
F&&in. B8, Wil Substring HEY, BATLME EZ B H NETH EK.

bR b, & BRI TERRNAE” XTRE L, FEiRv-EE R
BAHESESRIE L. MF s 7 o R String, WAVFE s(, s BI—PM
FH i EEAIAEFOTE, BRNTREELT

t = s{i, j};
1y

s{i, J) = t;

H AR KBRS AITTRME M T? ZFE—T, mRBITXAM:

s(i, 3) = sk, 1);:

MIXFEMXEXERES, ZHME? MEMRs H, RIOIXBERE o6, DRE,
& MBAT AR ? RN R EA DB RS, ARRERATE TR
#e

258 &b

HERCLIHEGLHENT, R LG RRA RS, EHEE—A
MERERENE R AR HE. CHRENERT TERTSIERIE
HIAE, AR EAESTIEANEERTHENESRITE. DAEAN A, 517
Mo EaRFFEH, ATERXMHE, XZ—HKT3EE.




BERITREERERT

5% 25 B, BMNRRTHEENSTEIES, RIELY LB EEE
WIEE T RO RPARN A AR AENFTHARMRER: Cr+h iR
FALEEBE T IR 4. AR -+ B FFThARR IR 4 R (43 1T, A B ERATTSE
AR W EF L EIX TR F R,

NFREREANEBEARTERBEETEREFERARE, XHLAE
., gl MREKERET - MEREE, APNEMMDE. EERAER
FR S TERSBRB RN ATER noll SSRAFRIRARNE, BREERD G
¥ whb) 3, BEFXFERAESHANTARSN. ROEHR, BN FE
FREEEE R 7 — B R b B3 D AT B

26.1 HhBBARRAY

B, MRBIMHLECEONLRZEIATLER, REBEEZTIEH
FHE, C++RUNTEXTHEEERYE MRS REBHBITA.

26.1.1 WEERSHEER

C++5 5 P8 1 5 S35 BRI B R R 0 e 2 — R SR Pt o S A Ay
R . ERXFNRBATRGTERE R, "R MRINRERNRE R R
ZAMAE R, W R RCA SR T AR KRNI R EMERT S
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C++IL B %

W RSO L BAT A a
i, %A RRERE R ET R % :

©lass Point {
public:
/i stuff

private:
int X, ¥i
i
EARMERENTAEEELENE x M y ERZNPRANAGE KT
7 ATEEE — AN, B MEENEREE, B4R USRS R R,
B A AR T LU R B R iR, AR REE KR mEAN TEE
HREd, REENREEMNER, RABEHRERSER, ShRWN!
MO BRI T R AT . WH P ERRN TSN RN LR
FMEHE. JOE Point KT BEH — 5 FEUSRMRIE R
Point (int p, int ¢}: x(pl, yviq) { }

HFRABLRLE L MEREROFE, WERAA AN BRI |
X, TP RSMEEANEL. ik, o, RAT LR — T84, :
FEE E A TR i

class Point
public:
Point {int p, iant g) { points(l] = p:; peints[0] =q; }

kT AR Fr kXA

private:
int peints(2];

i

JiEP g € NI bRt N T

FIHIE B SRR R R — B, TR R R IR T BB R
WA S, HAS SRS THBR R AR, TR
SRR PR, BRAKEEAY ., ZRTHATERIFEEEN.

FrLL, RS RRERFEEAMNE SRER.




F2®& EFRTREELT

26.1.2 RLAEKE AR AR

A—PTEENER, R LA IR R % E B
o WRAP T WA UEREER x My, Ba LB 00 DR R B
PR BESM Point 28, MNHMARNR? @ERELEERR, RITTU#H—5
R B AT AR .

262 FERhRAEEREY

FACy L, BRATERN, YRMRE CHCHEEHR N~ RITEH R
—H#a. C+ TREFEREKESIHREAETAARA? HRgiEd, WR-—]
B BEXHETFAERIE, RAEREMRES IHFHEMFERITHREARNE
5?2

FRENORWAET, “BFE” ZMESRE TR A RN ARER, W
R HSREMEAR. LR, EMATREHAANIASRREGGER
BN AR, BUEEA T EFRFERRT, DEMERRE .

26.2.1 FBIT ¥ (linkage)
ER—PBF, CHYKEREFRATERRREMEARSIUTEM

iEh]:
extern double sgrt(double);
extern fleoat garti(float); /! BEREMEK

EREE RN Tik C A CHRBER MR R ZEN A, Bl CARTHA
LR — AT, BT CrB 2l m— R LR B LLERES C 377,
LR, FEZHRAPEHFENNRTFRFTE-FRIERNTE; BAiTE

#5—A B overload B BAXIE R B -
overioad sqrt; /i BBRERN
extern double sgrt{double};
extern float sgrtifloat]):

i@ itiE ) overload sqrit, FEFFRFER: “RE, RMEAEFEE N sqrt i1 C
B¥, ERRIETBHERXSHEK AT C A" X, #
FERs kA T X B2 sqrt(doubley—F M E R, FHEY
EEBENH CE sqrt REHEA.

S




C++iEF

HTEELCAHEH, AEFEMNTAERMERET. o T HFEERE, Bk
BRAE—TEET sqr(double) ARIL A, MM mathh, TIHEREEH
sqri(floar), EHEBMREAET M RF-HEHE, FECE TRENERS
BOHATIZEN sqrt B Bef&REM AFR? ZTERESA 1 Complexh
3, R RS T A

extern Complex sqrt{Complex);

Complex.h AR Z A E—KT sqrt K overload Eﬂﬁ ?

HFEREETEARADEAS S Complexh AP &AL mathh, FEME
fA—R &R BT . X HERNA AT REEE sqrt(Complex) R AR E —4
cart FWEH ., BEEWFETLEBRIERE T E XY sat BERE BN YHF NS




F20H EZEFEITHEE R

#include <stdio.h:>

void writel)
{

printf{*Hellc worldinr);
1

int main()

{
write{);
return 0;

)

RRE—PTRS TN C P, REFERTHIL, BRERSRE
E#8L M4, B printf BE R EAEFH — DA wiite MR RBORTRER LIE,
it E XAL KR, BITMJAFINRERBMET, Hk T EEBURER.
ISO C HREME RBBTRATRXHEHRRESY. BRALRE, HE CHE
HAREA o R bR

B CHREFBRTHRRRE, FUBRK CHERA:

$include <stdio.h>

extern *C* void wrtief{)
{

printf{*Hello worlidin"};
]

int main{)

{
write();

1

X L L write X K extern “C I BEL SRETT RAE WM RAFE — R0
B4 @M e, L, £ Cr+F, mTEREFENRREI, REmEN
aegEa 5 AR FEMAMENE, B8R, LIESMEEET —AME string
B# String HIKW !

BWLE, XA EERRERRRE: LETERMEERAE—OMNT X
BRI RS 2 AT, X#E, Little Purple Software Company MY X
X

LittlePurpleScftwareCompany_String

2, TORRMM Sring A2, %A T EEM— N ATGEN BidR, MITHER T
HFHE— .
LAk, ICHAEH PR — R E A, ARERES

String =;
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C+i B X

TR A AR

LittlePurpleSoftwareCompany_String s;

R T RIS - eFEE. A% WREAFINERSIE
SO, T T R2FH0M Litle Violet Software Company, 2 H AT A4FM ?
RARA BB SRS IfETF?

RS ABXITES PR NS, AR, AFRERLFER
E N LB ERD 2R RN A AR E - MRS (wapper). HFEW
Friged®. AR DOE I A s B IR AR 0 A T

LittePurpleloftwareCompany: tString s;

B-MaE, hiEUA— T EREASIAFRE ST HRF T,

using namespace LittlePurpleScftwareCompany;
String s;

FiERBA Y, FRirERETRE A DEFAE, BT,
26.3 WfFaad

C++EEF R R RBZLETRFARKAEHOR, B4 RESRORELUE S
=R, B EEERERAAT. FCrR AFFERTEEHENR
kg R M — R, C+ iR B a] LSS SR R N7 &

ARV R T DU R S AR RN T BN TR, BT R HE I
o

411, 3 Foo HIHEZ AT DATA N 20 (R0 8L 2 ot 0tk 5 1T b 05 FR RN T
R AT 10 S5 T it R i 44 128 5 M 34 operator new 1 operator delete, - HL#a
2 Foo MIERERA -

class Foo {

public:
veid* operator new(size_t);
vaid operateor delete(void*);
L B




F26 ¥ EETRRRARI

B, LRAEEES SR 28— Foo W%, #<1H Foo:operator
new RN T8 MASTR A — 1 5h &4 BE 1 foo AT B, #F4R F Foo:operator
delete RN G-

HESRRH R —HBERAARARRENELRE M. X, AR/
ZO BB BENE—KRAE, FEZRAFNCAMERASIRSR. HNERE
PP

void* p = /* G LEFE +/

T* tp = new{p) T;

BN AT st p Bhk (addressed) RIAEFEH R —DERN T 53
%, FEETMLE, © RN E ¥ operator new(size_t, void*) i — KB, XAHRHAE
FRHEPE 5 S0 T

volid* operator new(size_t, wvoid* p)
{

return p;

}

BRAERFESEXE, Bl newp TREEREH p RAKHEPFE—T
T X &

AT g EAE IR ARAFNELAHEINRET ., BR T, GREA
B4 i [ 2 _SL A9 Foo XFBUBRAEI— A, Wﬁﬁ#lﬁﬂﬁﬂ%ﬂ%ﬁkﬂ
mEACSENRTERE, SREMFATHERE?

EERARBAAMEN: new(p) Foo ¥7EH p EHEN A FFH 53 HE— 1 Foo XY
%, H4E% Foo B BN DRSS (allocator). XFEFEZELIHERERN
TEOR G2 S 1, JLFFTE R B AR AR T R RO M ERT A

26.4 % RS (memberwise assignment) NG L

BRESEHERM FET MR RRANER, ARREBERYIR
IR E R LT . XN ARLR B-C, (BRI T X CH+RIHHIAl
o

4B F, BAERTER Point FRTRIHLREA:

struct Point {
int %X, ¥j

}i
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CH%E*%

XH, RAVSERETR S —4 C WM. BMmit, CHIE-SHNsERmLAF
FH—~ Point %% %15 — Point ¥ B {H :

Point pl:

pl.x = 3;

pl.y = 7;

Point p2 = pl;

WER: BE—AERP p2 M pl WL E XEA A

ECH, X “HEHHE" NE LRELEEH. XHENRIETAEE A%
B SARZGHAHEENERFS——EHdk, MNAPNAEE, XE5RHK
H B AR R BH KM A

AT&T B —4 Ce+liAF, BEH— MM ROPE T XREBER C 4
th. % TH Point EERSEHLMERR, WFEZRATE-MIERE, XTE
SCMBE TR BT, W TR, FBhE SRR B SURITE SR HIRE
FIRE(EER1E .

HEF—BERBEGEAN: FEERERRNFRS. Fl, BREXT
W String K AHHEEY. WHRYE. RERESS. ESRTFARBLUR
BRI B R BT KA RN R L FEE. TR —4HI5,
HT U I P BRI A T A — A

struct Person {
String name, address, telno;

bi

& 5 name. address KU telno #54 & CLHIBLERAERF, RATAT RETURAT ELEOY
Point %S B IR #4024 Person WEME . REHE C++HIE—TRATIEN
w47, AREENEEEHES C 1R, A EHEA AN RHIIT HHRE.
iR, SRRALARFER, WER: “ WX MRESHN R,
XU RIRERILE R,

AE Co+ “BLTRRSITHMEN” S, BATTRANERRTEECEE
W T, M, @BRAmK, N THWIERET, RRLABETHCHR
FURERE IR, THE, EMFEDERTRA

Sare R R — S R RA TR AL Person FFHEEWRT 7740
La, AEEOEEEA A SRR BRI, B3, KD Sting KHE XARER

S SR SV T L



Foo® EFHITHEERT

RN, B R AE BN String KRB HE LB ASHEZ XK.
A—MEREARREMABEEEFERENRA. Fli0, Z4E Person FHiik
H¥, BAMZZFRE NG

struct Ferson {
String name, address, telno;
Person():
Person (Const Persong p): name(p.name),
address (p.address}, telno{p.telnc) {1

Person operators={const Person& pl {
name = p.name;
address = p.address;
telno = p.telno;
return *this;

}

Yi

vE B LB Person H— M REANTRRE; HiFRSERMMN String 28
AR M B B kAR R R . R BT LUR SR BRNHRE, AHAAh
fEFE DR A B E Bl R R

FR B e i 3, AR e s A R 0 B A A (DR R Y
B C B i s Mg AR R R S R B S, TIOR3 R A T e AR 28 A R DR (LA
BHIME L.

265 SERAbM

HiRLBREREAEN. £E8

temp_ate<class T> class T»> class Vector {

public:
Vector{int size): datalnew T[size]) [ }
~Vector() { delete [] data; }
T operator([] {int n) { return datain]: }

private:
[ S
}

XA M T A RS E R 2 F B
- FIBKERANRE.

. WHRBRHAERRTKRE.

» TR

« LEHEBRENITHE.

R, T W R Tt



CHILEFX

AMUEHHRE HE NS, UARMNEHE RN R LB SRR RATR
HEEERL T RE IR FE WERMERRE. LIrFHERRBAN,

WMEE AR LM CEFRNAEFHOASE, EMIIRR 8T 3R
WEKE-TLHRAZ XOBEN, OITREERENTERF. XHEKSE,
RANARFEDERMENZESAT, BAMENFESR, BRFEAERF
TAEFE EREFF.

BRBEE—MEREERAEER: AMiZisRBRR—8aREE,
MM BEFREOHRE EFPRatamiiEs, X2 bR —RE.

RO BERE ML, HREEBET ANZEANER BPWRE
B CUEITRE,

C++ R R A BAHR BT AR A IR 4T

26.6 /hiE

BT A -HEE R, GRS R A SREERRE LR AMIHE
Geig A ROIRETAN CHAENERER. BB TR TRETAREN
EAFIF. FRET CESEMELHARNH L.




AL BNALTHA ZHETETT R RENREAENBRIBEN
E Fik. EX—82, BMNRERENFEEA L%, E{ENXH, B76%
EEYS, REAZEMNAZERTEERRIEERER,

B, BRNEHEAERE C+H+EFRIBR FHESENRBERR? —FHATZ
BEX—1%, ZEMNWEAREMLE, RERNENHRBRIERESE. ¥ 27
HEET NAEXINEAIRENE, 3 —FHAEEIEINRUTERZP, FUE
PR ERERAT T, MERR—RIEHERE A, XWITEE 28 T4,

T SERTFEERNEARE, BINEHRFHEIRERBRAEA, XEHYE6M
T RHERNG; BIANBRRENFEERS, CERRIEBHEENEN. MA,
BEFAFTNRRARGHEB X

(E 29 ERNBHABR, EER /0 EREMEAZ —. BRIFTENIEHE
mEERS “EXfHBEATREE" HENEE, REXHRE—TEU “B=H
HERRX " XFRYH S (out-of-band ) 55,

cout <<’ Hello,world!” <<endl;

&
cout << Hello,world!” =<' \n® <<flush;
FRBE
cout << Hello,world!® <<% \n” ;
flush(cout};

RIS E, BINEE 30 FEABRERETT 4T EBRF, ©HKm
FEREN /0 B,
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BCRERECHR

C+B— N E A B AE R R it 28 i ST LA R B X RIS R AR
ey, HEFRARNZEES A, XEEE TR UNETLCIBERER
MZAAT ARAE—PBE IV TR, X—SFERAMRARKNERER. RIE
B0 B R A T I A, BARITERAMS EIMA Tace XEMBAR
MURAR. XE, RITHERAMBRZAS USRI IR O 5 S
ITHERFRRAGEER.

271 B —ARER

IR — AN A A RS RR R PP AT I L R S

class Trace {

public:
Trace(} { cout <= "Hello\n-; }
~Trace() { cout << "Goodbye\n-; 1}

}:
TEIEREGREFEE RS A ST AN RN R B SERTA. B,
MRBRNHFRE

wvoid fool)
{
JF EXEHAEN

}
7 ARSI XA R TR AR, SR BUBA— M4 Trace XS B,

in‘ it BT PRI T e

l
!

R S A

e m———— e e



CHﬁEr %

vold fool)
{

Trace xXxx;

J1 ERER S BN

}

ERBIF RN 2 BAHTENH AR E S, SR TESEHER. SHEEERREA
REETHE ox BRECHSHMBETHEY, HEARHNHEASNAEE
T B A F R AR

LR, BATN Trace BHAGE LET4FH. i, BiE#HOAERIRBE
SAEE. BORATMERELWABEERR T MEAH ) Hello A Goodbye
B

BB Ay LAE AT FR S R

class Trace |

public:
Trace{ccnst char* p, const char* ): bye{q) {
Cout << p;
1
~Trace{] { cout << hye; ]
private:

const char* bye;

}:

HATIIEE I Trace A EMBTRMETHENSE: — MFEHEN BRI
FTEN, B—A MRS R TE. BAIE Trace M RFRFHE-ANBH, X
BT DAZEE M R ATENE . AF A2 R EL R E R A s R —

void fool)

{

Trace xxx{'begin foo\n", rend fooln");

ff K B

¥

BATMIXMEAFEE TELERARER.

W, MBRAMEAXAME—BETMZE, 2R3 HF:

1. RINETHHEEEREEES. Flw, RITERENHLW G2, L
begin B{# end FT45.

0. FEEREREE R, XLk, BANAREER LR B2
AEREAEL. |

3, WATETEE AR BIRGH T RIS A, AR cout, EREEMAEITH
Feigaiop:-Kiik: i
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FOF HAORBECHE

A LA E R B MR R R IR R B 5, 3F LIS e H i R SO AT 44 PR BT
El begin M end BB, BEAHAFRANXEE. 22 N, SEEEREMLE,
BATCFRE=AM1T.

AEHRAERGEHIRM T M7 RE D] —MFsRey “3X” B, #
BHEFEHN RS TRFENHEE. B ETRERTHEREHEZFE T
BT, A SETER /MRS HRHIEsH IR EiEe A 0. Fitk, A
LR 25 1% Hh 30 PR R B R m il By — PR R IR O .

BT LARIN— A2 AR, HrERERSHR. HEET, EFNES
AT AR A4 A AR MR, AT IR X, mEFHA —1
Ay REFAWRATL, REHEHERRBE -3, BEXE, BERHE
2 REHE LIRS Db

R AN R R TR AN Trace XTET, EEERTRERERERRF
Bt B AT TR A AR R A BN S (8 P AT El——— R 85 Y B2 R Y SR B .

FEoMEI AR AIREEREESREEREE—EN. Fe 2B
B ERETARRMENRTRAEEHES. B L BNIFEFRE Trace WA
BI5GB RERS E 0. BIMELGRE CHRENEARN (ARRRH
&) —RERRAN, MZAE—A%, HEEA Trace WHRMHH. RITEZA
6044 Channel. T4 5 — /M5 [0 5 H ALK ST, FH VT Trace 205 RIZAMTEE
5/ Trace S FHAT LUk ¥ 45 FIEA Channel. 285, BATRTLIZERZ AR — - Hh
& 24 5 FIFA Channel HIFH Trace %1% 22 @ BHER I B B iR,

R T — AU FTH A9 Channel 28

class Channel {
friend clagss Trace;
ostrean* trace_file;

public:
Channel {ostream* o = &cout): trace_file(o) { 1}
Vaid reset (cstream* o) { trace file =o; }

b .
B A HGAE Trace 2 X AR EE R H -

class Trace {
public:
Trace (const char* g, Channel?* c): name{s}, cpic) {
if {ep-»trace_file)
*cp->trace_file << "begin-
<< name << endl;
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C++i B &

~Trace{) {
if (cp->trace_file)
*op-»trace_file <<« rend -
<< name << endl;

}
private:

Channel* <p:

Const char* name;

}
RATREAE XA TREEH B EZE 4.

Channel subsystem¥(&cout);
Channel subsystemY¥ (0} ;

/1 EA
XA WS subsystemX MFEH Trace MBAE couw HATIEN, MALS

subsystemY AARATX BN RSPt . HE, EEMEBRENRIETIIA

void fool)
{
Trace xxx[(*foor, subaystemi);

/7 TEL B

}
SRR A LR, XA T AR, 5, EdEFRE Channel,
BA T AXAERE EE MR

subsvstenX.reset (0} ; /7 KPERE
sunsystenX . reset (&some_stream) ; /B RE

A subsystemX.reset LM FTA 5 subsystemX XA HKA] Trace X3
G, GRFEY reset NIBEEF, R R,

27.2 R AH

PRI — AN R R, BIEXA T, W trace_file FHEANIE H &
ARERERERM AR, R, WERA CHIBUHZEEH, BAIEE,
ERBES F P ABITRTR T 2B L I AR A R .

B — A A R B4 RS A NAE Trace #35R BT R UG E
RIS R, BATABTBLEA%E: By —eREEMIL, i€
SENRROMIE R ANINT R R < M ek, R ANEER, ROTATTEER
TRETARES:
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X R K

EXR—AXT CH+EEIFR . RREE, EHER—FXTEFRV
fH, HXAE—FXT Cr+iTH. NBEPMEX LY, XXRBEHRKES Cr+
THEBA—F, BEPHRENRETAS, MARNMERAXHES.

WERETNA-ERETMMERY? REFREEFHA—ERBITHE K
F? BYTEEEEMA —CRRFNEFE? BRIR—XEN ARHR
Bo AT, WANMEHING, BETRBESESHEMNARERYNEFR. X
—HEFAFEREZEN: HETFTRERAENSEIFPEZFEIESHT, MER
R 1] BRI R C 1E

BABNTERSFAHEERAL. BR, KR TREXTEFETEAK
FHHEANEE. —MEFLAFEI MRS HE, FHE —MRFRESAFESW
faaE. XABPAETRENRE, DRHAMZEENERTE. AR
HuRH S1X e xS EVTARRL B IR &

XEBHERTNERS RE—NMERIBES, Bl im —EFEEN,
HEEn S B SELirER TR A EERES. ATelE, WRAPLFEMTr L
TS, FEATREEEAEENET Hit—S2LabE “wE” AR
FiithBREEARASBE. CH+ERTFILARARRPHRES, HhHRFL0H
HZEFAEEE#) (Abstract Data Type, ADT). M [E 385 & HHZ R F .

BT AR R, SREFEIHEREEI MM, BEILES,
STL (Standard Template Library, SRERSERRPEE) BA T CrisERN 8, X
— B AR RAT. FrERRLe R A 100 i B AR S IR RO HE RS T AR AR B
B,

t B XA ‘P i, BXXR stdy, RAMEERTBECREHER, ACCU £ Francis Glasshorow
wEd, ATiFsmdy, B “PM, #3. BRAE FFEA, KEARETFE, HEAEFER" .




C++iLE %

class String {

/1 REHEGR

bi
AGE R R I — AR R, BORESZ TS HEERR
Z ¥R String AR —&KH R

class String {

/i BB AR E A B

Trace xxx;

}i

ERAMERGE TR, - ERRERITIEFES Trace WRKHIEEA LT
BB, BRI BATREY Trace REHEERY, FEXTEABLH
He bt FI I BHE . BENROIEN T IRE R R A T B 3 A AR
B, BATHRXA 2% Obj_trace, & T XA T2, RATEEN cout AT
BigE, XPERETHERTERRE,

class Obj_trace {

public:
Dhi_trace{): ct{++count) {
Cour << "Object * <« Ch << 7 constructed' << endl:
}
~obj_trace() |
cout << "Object - << ¢t << " destroyed' << endl;
}
Obj_-race{const Obj_trace&): ct{++count) {
cout << "Object " << ct << " constructed" << endl;
}
Obj_traces operator={const Obj_tracek) {
roeturn *this;
1
private:
static int count;
int ct;

}:

int obj_trace:: count = 0

f5 7 BIEE— A Obi_trace XBE, ZA 2 HLBRE N BHER BT Ef:d
STENOME— R B, TR RE N TR P RIREER AAIHIXS FhE B,
mekEERE, ERERRT, —FFFISX R—AEHR. ETERNR
B, % Obj_trace HEBELTEHEHMEHFFIE.

PAERA T LUXFERE Suing K T«
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FOE ACBRBRACHK

clags String {

f/ SHTE - HeEAR

Obi_Trace xxx;
Y

Obj_trace B R FIFETEXS (BT String X S AR AL T REIAE BiCF R 81
tHHL

Object 1 constructed
Object 2 constructed
Object 3 constructed
Ubject 2 destroyed
Object 4 congtructed
Object 1 destroyed
Object 4 destroyed
Chiject 3 destroyed

274 KAERBTTh

B RN TR ERBRNATFERERNGR. EERITULRERT
PHIEMNRREBHEHRT. EFRUREAGHHERSY, HBEFETRER
A, MR, LHEOBFSERESEL: FERAWRKTERE TR ?

H—FEE T LU AL 3 TAE: @i Bz T H )y, BRATEAT
FAAETEMEEHRAEBREE—E. B, War— b3 hp0m T Hre

P TE5R:
Object 1 constructed
Object 1 destroyed
Object 2 constructed
Object 2 destroyed
Object 3 constructed
Object 3 destroyed
Object 4 constructed
Oaject 4 destroyed
XA TR N SR G TR, BERITTUEZStE g E A

4 H SO AR K

T BRI, BATFE - LSRR R A
// EBARE T
template<class T> c¢lass Array {
public:

Array{int n = 0}: data(new T[n]} { }

~Arrayi() { delete data; }

T& operator[]}{unsigned n} {

return datalnl;

}
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CHIEX

private:
T* data;

}:

T REARENANTG, BNELHTTHARENRL. 8% BITAEE
new REARLTHY, MABEAGIEAMSMHRY. LK, BRNEHE
operator TR A FARREBR . 7RS4 TR, M R KEE A e
KRGk £ D AEHR R

15t A3 A X AR K (R AF Obj_trace X &, R Al1H ]‘Tl:l%ﬂiﬁﬁ{ﬁﬁéé?ﬂ"‘ﬁﬁﬁ‘]
ITHER. B, BEXAN/PEFRIET T R E:

int main{)
{
Array<Obj_trace» x{3};

1

AT XA FEFERE T SR
Object 1 constructed
Okject 2 constructed
Object 3 constructed
Object 1 destroyed

B4R, RITEQBRAERS RS, BBXNRR, PHERIEE:
BATLA B R H AR E T3
delete data;

po

delete[] data;

FM B —A . U K -

Object 1 constructed
Obiect 2 constructed
Object 3 constructed
Object 3 destroved

Object 2 destraoyed
Object 1 destroyed

RSN TET RESEFEESRE, XN T . B8, BOEX RE
TR AL AT .
#T %, iEROBBEEHBANSREH AR

316




F27F HCEBRAOHX

int mainf(}
{

Array<0bi_traces> x(3);
Arrray<0Obj_trace> y = X;

}
FIENOR, WHERAE.

Obhject 1 constructed
Cbject 2 constructed
Object 3 constructed
Chiject 3 destroyed
Obhject 2 destroyed
Ohject 1 destroyed

mBAERSRUMGER: BIRNEHAERBHF AR ATE. TR,

HESREFHRBIT I DEMMGE TRK, SABETHHER T, Xidi2
REOIREERIN.

wi, REBRGHARBZA WM, M- EHREREE NS . B

R TR R RO ML AR AR AR D, WEREESHZ D1 TE:

/i AX BARES Y

template<class T> class Array {

public:
Array{int n = 0): data(new T[nl), sz(n} { }
Array (const Arrayé&);
~array () { delete [] data; }

T& operator[]{unsigned n} |
return data(n};

}
private:

T* data;

int s=:

};

template<class T»> Array<T>::Array (const Array<T>& a):
data(new T[a.sz]l, sz{a.sz]

{
for {int i = 0; 1 < s2; i++ )} {
datalil]l = a.datali];
}

}
ALX/MBRUG I Array 3652 SORBATERF, ROVBE A ERINE D

317

e NI TP

Ty

1 e e e w2 DT T TR

A e =0T T,

R



CriLB X

Cbject 1 constructed
Object 2 constructed
Object 3 constructed
Object 4 constructed
Object 5 constructed
Object & constructed
Object & destroved
Object 5 destroved
Object 4 destroyed
Object 3 destroved
QObject 2 destroved
Object 1 destroyed
THRNEEWREREL S IEH:
int main{i

{

}
LRDERH FHREN:

Cbiect
Object
Chject
Object
Object
Object
Okhject
Ohiect
Object

Array<0Obj_trace» x(3);

Array<Ohi_trace> vy

X = ¥

= LA v T L s e B3

constructed
constructed
constructed
congtructed
constructed
constructed
destroyed
destroyed
destroyed

x;

GIET 6 % (Wi x FREET 3 E%, Mx iy X8R T 34
), ERASRT I N, AE—T Amay REREFRS K HE:
RARK AR SI0MERERHEESD, BRIERIEE T NEH
Wit iR SR DL AR R, BRULRA AT DB MR — M ar 8y . RE R AR

r/ BINWMETS?

template<clase T'»> class Array |

public:

318

Array({int n = 0): data(new T'[n], sz2{n} { }

Array (const Arrayé& al

{ initfa.data, a.=z); }

~Array () { delete [] data; }

Array& operators{const Arravé a) |
delete[] data;
init (a.data, a.sz);

recurn *this;




B0 BEOUHREOWH

T& operator[] {(unsigned nj) {
return datan];

}
private:

T* data;

int sz:

vold init{(T*, int);
}:

template<class T> void Array<Ts>::init<T* p, int n)

{
EZ = N
data = new TInl;
for {int i = 0; i < =2;: 1++)
datali] = plil;
}
W7E, SERMSTRASNERTHE, XB{85 P&
Object 1 constructed
Object 2 constructed
Ckject 3 constructed
Cbject 4 constructed
Object 5 constructed
Object & constructed
Object 3 destroyed
Object 2 destroyed
Obhject 1 destroved
Object 7 cconstructed
Ohject 8 ccnstructed
Object 9 ccnstructed
Object & destroyed
Object 5 destroyed
Object 4 destroyed
Object 9 destroyed
Object & destroved
chjest 7 destroyed

BAT T SRR T MR, BFRE6 . Ht4A?

B RSB RERES RS BIER. RITREIWSFA AR LGRS
(5 SR MR IR . i TR B AR A KN R 3L, R LUXR R 2
Zi), AEIX L EREREE

X = ¥:

ThF LS, MEXERTE, RRBEHRT 3IMLE,

KR HRBERITA— T SR ARLS L AR REMFLER. ERENR
KELT, SREE, FRANTECHMERE, B85 Jram) BTEH.
Bt B AR AR, RATAT LIHERIEA bug:
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C++ILB X

Arrayik operator={const Arrayk aj}
{
if {this != &a} {
delete!] data;
init({a.data, a.sz);
}
return *this;
}

275 Ihg

BNCEBTHDK. HFENME— RN T ikt mE ey fr .
B TH R KR BR R B AR . SRRRLL, ATELREN R R 28T,
UZEFHEEAZERRT, TRHEENERRE™ BT,

— A M A R X PN B AR e XF . AEEITREE, &
BEMSRET DU R A GBI RILMER LR, T AR IL A ML,




EEPHENR

CHEFEEEN—BHANBSTRAT, HEHENRBR. f#iuX4
BT EL—REX—TMRETXHNESHE. FLER, AT EGE
FHHEPRPINE, —MFTEREHEERE.

28.1 [Fli8

BEHRA R XA CHNERERILER. ZIMHREERE £
HEXHEARE KN EEITHESFT.

f, ZEARFES ZAMNBRIEIUAR, ALEXERRZ MXHHR.
b3 R QR R S BT B AR A TEAE, T AR B R RAYE IR S T A
BRERNEER. {45 —FF FBREEERIETNRIESHRNRANTT
HE. BTREFREFEARNEALTH 0T/, FURMREEEL LU
FIEL B RIS, RAVERET LU 4,

28.2 WitHR

BB BRI SN R, BE—ERN. A TESMRE LR H
B, ibR§1EH CHRt I ERE NS RE: ERARFTEE.

XREFRERMNBFE MR FT «—HE—EBRRNE” BRE. &N
RIXAFKER A Cluster:

class Cluster {
o S
bi

21

AT s e G T AT T 0

¥
|
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CHITER

R Cluster 138, A 150D A HER ) BIX PRI R

Cluster <
T ELX & ¢ AR B2 H AR A E S BN R I K AT B

@R R R AT AR WREAE RN, A28 o HBRHER
HEXR, FNRIIEELRE —RRBUX TR FIHL & % Cluster BT HIEH
DIRBER AT Cluster W& P HERHRMTE.

St FIXLR R RATT A gLt ANR? IRER, BHMFE —FFERSE N
HIBHAMEER Cluster BE. B T BIXHE—A R KRR, ROTEHERM T A
et “EESEc ROoR—NHEN TS, MEHERET T —FHHE:

T* tp = new(c) T;

HTXIHREBEYN £ T EE— 1R operator new FHF Cluster £ 52
¥, BB Cluster P40 ST BESTREEIXA Cluster, B BAXASHBMIET]
g, ik, KT ERUFTHE kR

vold* T::coperator new{size_t, Cluster&):

XAERBBRNMBLT BENTRX. HEEFRILAER T BEXF
P (B SRR B AR R Cluster B0 k. XREERBRBIEMEE
YRR BRARSES, BREHEBABNCETETHNTRENRE?

BATTER T EAR. EMRIGERFIR, B ER%AN A RER
Cindirection), BATE LIM AR KR XTSI — Cluster. 17 B, i3 8 &R
£ EMRA, RATTUER LS T K2 LHFR T RTREN Cluster . 841
BHhE X — PR, BEXAEE, ATTTUMNETERRE RIRER, XL
PR RN BRI A IRERE T . RAITHRIXA-EA Clusterltem:

class ClusterItem {

public:
void* operator new{size_t, Clusteri};
¥

bi

AT EES Clusterltem B4 47 i Cr+E A MWE, RERNA
operator new BLR B ¥, BLAIRIEIL P ZDH —1> operator new RAF—N5%
HEGY, DAk BeHiR %M A B 0T S L&A new A ME0. BIEER
FER T, RITERFREXHEE—NMREAR A Clusterlem, BEFRIE
Cluster F3847 ! 5T BALKABRRE, Ri18E X —DHIEK operator new, HiE
SfFERhHL.




FRE AXPIRAE

BAITAAT Ht, operator new FIFEY, REFAR LR B R BCHRERIER,
XA B SR EE Clusterltem BI85 X T .

class ClusterTtem {
public:
void* operator new{slize_t, Cluster&);

private:
void* operator newisize_t);
ClusterItem{const ClusterItemé);
ClusterItemi& operator=i(const ClusterItem&);
Hoo..

H

RERENER, XMBTEEEEH AL, EAHREIIARLE Clusterltem
e, HTRAZAEE, RITELEE—REWERK. BB EERF
B, RATTERY 2 e 5 ClusterTtem 3 S Eifi6f-4 . BT Clusterltem 4=
EREEH, FURNGRGE—EFRERR. B, ROBEREFR LA
R A Clusterltem S8 . BAE FEHLH B R B Clusterltem & BIHZA{Y
(B EBEE M S Cluster X BHPHHRMEEN, ZREKERNAELE
Clusterltem Hi# R AR . T 7245 50K Cluster 13— A TG, T UERERIIMN
R AW EHH Clusterltem !

class ClusterItem {
friend class Cluster;

public:
void* operator new({size_t, Cluster&);
ClusterItem();

protected:
virtnal -~Clusteritemi{) { }

private:
void* operator new{size_t);
ClusterItem{const ClusterItem&):
ClusterItem& operators={const ClusterItem&);
F 3

}:

PALBIHEER IR Cluster, BAIEE— M RHN — MR
¥, EERE Clusterltem ERATE. B, RIDEERE Cluster o B 1 L R
e, R IR A . EEEA T TEAEX:
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C++LEX

class Cluster {
friend class ClusterIltem:

publlic:
Clusteri();
~Cluster(});

private:
Cluster (const Clusters);
Cluster& oparator={const Clusters}:

Vi
AeLZRETNE RAEHEXLEXTEBERS LR, FUBRBNT 5
BEFF A% ER S B ) 1] R

283 SN

B4 Cluster FRHE T —AMBES, FHEMN—RAERS. ZHMX—AK
B AN TER AT

MBRMNE—ATLUAKAESRE, BITTUAXIERE - ERIERME
. Fdmah kB AETLEEEL AR, BERITEATENTE, B
LHTERRR Cluster FIRFE—A Clusterltem SRR EEFNEAIMEET. &
e b s it 4R R KRB Clusterltemr—— X IE B ATARE Y. XANHBER]
LI IF R B B SRS E— R

XRERERINTZEM N — DR RHER LG I Cluster 11, 7] LB EHE
Clusterltem ¥ b3g4t, $EERE T — Clusterltem:

class Cluster {
friend class ClusterItem;

puhlic:
Clusterltem* head; ft BN
Cluster(const Clusters]:
Clusters cpera-or={const Cluster&);
b:

class Clusterltem {
friend class Cluste;

public:
void* operator new(size_t, Cluster&);
Clusterltem(} ;

protected:
virtunal ~ClusterlItem{} { }

324




FBE ERPLENR

private:
ClusterItem* next; 1 B AT
vold* operator new(size_t);
Clusterlitem{const Clusterltem&!;
ClusterlItem& operator={const ClusterItem&);

b
X RIE R FERANTATEL S B X Cluster #Fi5 B3 :

Cluster::Cluster(}: head{(0) { }
FbE, BAMBEAZOTLS L XA R

Cluster::~Cluster ()

{
while (head) |{
CluzterItem* next = head-»>next;
delete head;
head = next;
}
}
TE:

delete head;

{5 2 Clusterltem P (1S H3 B3, of CLMNER F P AT 8B M ClusterTtem k2R R
FHEM .,

4.2 Clusterltem B RVE? BALA o P BT A —A Clusterltem X% .
RS BE N B G Cluster B . iIXBEA ik, g, BIAOTLESE
BNTEANELEEFLABREE, EEEBTARNGER, BUAHERT
%,

BRAMH

new{c) T;

S AL EEA k& B2 Clusterltem W36 T MIXTHE, SEEEM Cluster fEAMRR
Clusterltem::operator new IS, XRME—BEHIE Cluster REH M . B
£, operator new (A% B 4L M F(raw memory), 11 A4 SHIEH RIX]
%. E, 3 Clusterltem W %55 H Cluster 557 () T.fEFZ H Clusterltem K #
R EEE R, T4 R B operator new 5584 BT L, BAITE —#J7 ik 1L operator new
ZER 1 I B E B b T R 77 % Cluster. B LR i) DUR]: Bt Rk E
F—4 static (FECHRAMA LA EE:

static Cluster* cp:;

B XA B RET R B E X HPEN, FURIRBENERNS
o
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C++ilBFE

BRI CLE X operator new T . ERTET Cluster Kbk, RERHALER[
operator new & ACH AT

void* ClusterItem::operator new(size_t n, Cluster& c)
{

cp = &y

return ::operator new{n);

}
Ft R A cp S E] Cluster FBREE, FHORF R HEX B AT HUIEIN A B 1E =
ff] Cluster HEH . FRATTAT LI FE#L:
ClusterItem: :ClusterItem)
{
next = cp-rhead;
cp->head = this;

}

HE, SENERFRTEHEN L cp REREMNEN. RERARTREE
XFhEEE:

ClusterTtem: :ClusterItemi{]

{
assert{cp != 0});
next = cp-rhead;
cp->head = this;
cp = 0;

}
B, AL LB RS ERBATE XL H M T IS4 I operator new
BEROFATEERE. XEF -AHE:

void* ClusterItem::operator new({size_t)

{
abort (};
return 0
H

return OB R D EN, FNHREERUNLMIE abont A&EE, HILAHESM
¥§s Elﬂitj_—ﬂ\ﬁio '

284 WABRK

BTRATY Biit, XK iR M Clusterltem JRAEHTH . XHE B,
FAT RO R A, RATI LB E XIS RE I ClusterTtem:




£ EFTLEAR

clags MyClass: public ClusterItem {
P A
1;

int main() -
{
Cluster o;

MyClass* p = rew(c) Myclass;
oo

}

BAFEGEBNE. &5, RIOITRERBERLR T LA THEAD
&0, HYK, BF Clusterltem FRIHTHEEFE, BRINAEFFLEM Clusterltem KA
KRHEE.

B, REMEM ST DR peX A ),

class MyClass {
LV AN
b

c_ass MyClusteredClass:
public MyClase, public ClusterItem { }

int main{)

{
Cluster ¢;

Myclass* p = newic) MyClusteredClass:
F i

};

£E new BikTh: THMT — ¥R K MyClusteredClass HI%S %, FHpg 1z w0t
5 5 M B B R 2T My Class* K. RATTAT LR FI JLAB AT 18 1 MyClass X 211
Jebt — R XA (RERINAREMBE). X Clster FFEM, X
ClusterTtem T AR # 5% $05 2 {RUF MyClass 37 H 2 84 E iR A

KR AR TR DR T R E, BT — N EE: R MyClass By 1 8&
Hoith B BT MIE RS, MyClusteredClass BN ERKMHERR. F¥
f R LR — IR,

28.5 /i
KB [ —A i, R F SR LUER A R A, —EB

LA T FE, AL ANER BT BL KA —FRFRE (new(e) Do IXFo
st R A MR LSRR B NASE X, RN LT LR BT 5.

327

AN A T, e T TN T AT

A 3 P Rt i el [ TR A L




CH+BF

B4 R BT LR AR D LR, AT, S A AR ) :
RN T, KAEFON. RIVEASNAETETRINES, HEEH
BETE— . EXEOEET— AT, EMTEAEREHIEE.

328




Y sk, BRYUB[BAMRHTR

WMRBIIGEHARC G BIENIEE, BEXEMFARE—HIES
(out-of-band signal)¢5HA BT HR AT, B2 —PMREHALKFA. #n,
g

cout << value

{#ZF & value F{EHBLTE cout X, BITHEIZAFIUE

cout << flush:

SRIRAT LR T e R pP B

FEBNBE P HLERNERTE, ETEETHHRE. £ R
$A3& (manipalator), MEMBAMERTHEMNFSER-HOEE. B0
f#% (applicator), & —AERREM, ERREZR AT RPIMER— TR
BT ERERHE.

e ERARE, RATATLLE flush &S —MRARE, JE<<BAERFE AN
A%, ML L pE R M.

BATHAEX IS A MY R, EdE X RN REI AT SHNMN
FA%%. XMEERTEES IR BERIEH, YRR ZRENERIN
SR E .

29.1 [NjRE

B LN S S LR AR EEMAR SN ZEREN
DU RAE S RAERSS, WEEMNEEEEE LRREREIRE.
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CHAEE

B, %% C BFHHS prnd MERFIML. prind MEERT C B
FORsE, ENEAIAT AR R R R R FR RS R, Brol, RATATLL
FERA I (B H -

printf{~3xdin", nj;

5 55— R A

printf{+%d %d\n", n, m);

BT B - BT E R, printf BEAT LENE S SRR H S
R FRE,

2 printf “$A 8”7 ZEHE AT APARAHHE. SR TFERTTREN 2%
KR, WK A NS ME R R TR, AUNAE R R 3
printf [¥) 55 B AR TEW

printf{+*%4 %din", n, m);

AR

printint (n);
printstr (" "};
printint {m);
printsir (~\n'};

(B, C++RGtT I C BFRMERKNE. HTXMRE, CrHtFIERA
T—#MARMAR: FROTUSHESHEERREHE —MERRRY, B2
C++RIERNUS AV EBFRMARNSF. it HOTLAH Cr+ES T
BlF

cout << 173
cout << "
cout << Im;
cout << *\n";

KB, cout BRi— MR, <«<FERT -AESRETRS, HTwdA
FIEEGE . HRh AR TR RS RELL A, T AT ERE
SRR — A B operatore< A HEX 2R 18 it ThEE .

ERAE, <BEFERTLSH. XRAYRIE LENETHELN:

COUL << Y << " " << M << TNIIM;

SCRERG 2 B R B prind —8F, (B R A 215 BUT F 2R BK B (type cheating) .
WAt SRl TR T B B BRIt . B, R Complex 2]
DR R R re B im SRIAEM R ABME, BATREITLL TR LEX—1
Complex {EHHIH:




F29F NABR. RUBMEHHEAL

ostreamé

operator<<{ostream& file, const Complex& z)
{

return file << *{* << z.re(} << *," << z.im{) << *)=;

}

A E XAEFAFNHEFE T operator<<ef BIRTZIE B H U BHHILE .

BERNE 1B flush, HBEFEEEMLEZAER ostream, ESHIE
B M RS K BE B A, XM B sEsinFE:

ostreaméi
flush(ogtream& file)
{

/] REEIXE

return file;

1
XE, RSN ZEE S S XA,
AT AR T 1E AR A4S F X/ flush BRE:

cout << -~Password: -;
flushicout);

BATDER LA SR E MR R &

flush (cout << "Password: ");

AEEE TRk 2 flush HEFRIA Password: 2B A DETER P AL
BOeam T .

B8, FERE-HIXANRE EIREHREENENRENGIH, H
IR R SRR S . ROTFRXFEMREVIRAE. RYBBRUT —H
EHEMHR, ETEREROER TRECHTES.

AR, BARNEEEEERERN. REESBEFREL/ME, HER
REREHEE XA

cout <= Xj

flush{cout;;

cout << v;

flush{cout};

cout << Z;

flush(cout);

LA B A

flush (flush({flush{cout << X) << ¥} << Z);

BRXEHRAES, HEEERET.
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C++iLE K

292 —RRRIIR

AEENEAAEERERAEE—4REFTRM®. FEERE Xy
FLUSHTYPE M{EEEE, UL - P EEABRNER. XPMFHRBHATER
operator<<; EHAFTEMA:

class FLUSHTYPE { };
FLUSHTYPE FLUSH;

B7E, BATEX—MMEATIXANERM operatores, ERIABRINFHEAME
£ eR 4L
ostream&

operator«<<{ostream& ofile, FLUSHTYPE f)
{

return flush{ofile);
}
WMAFATLL “F” XATET:
cout <« x <<« FLIUSH <<« ¥ << FLUSH <<« z << FLUSH;

FLUSH & — XA % FLUSHTYPE #y2t#, il

cout =< FLUSH
HME— % operator<<(ostream&, FLUSHTYPEYY A, ME#H SHRERA
flush{cout)-

293 H—HARNRE R

EREARENX R, REEX—MEEBHXR, HE-NENREH
XAMBHITER, XRMETERARSN. BKREFHEA: £ TR
Yo, AR E X250 FLUSHTYPE W8 thE R, WRFREHHNE,
BOMESCHESHHFHRM, B2, RTELXERAN, RITEBAFRME X
— %256 FLUSH B4 %R (dummy object .

— AN B TR AT DAVE B TR X AT A4

ostreamk
operator«<<(ostream& ofile, ostream& (*func} (ostream&})

{
return [*fung) {(ofile};

}

RIOMOZAMRER ANAR. EHERERRE RIS, EREREHER
Y. NABMENESEIEMARME. U E, CRAUNEREAZE
RGNS

332




FOF NAR RUABFBHEMR

ERERIBORZ — R T AR F R EIXT ostream KI5 HRIREL €,

cout << f}
L&
f{cout);
HifEl. Bk, RAVFILLS
cout << x << flush << vy << flush << z << flush;

AL SRR A h R R T .
M TMABERUNEAF. Wir—MrE, DI nERINENR. &)
alLASE X —FLH), BT Z e s SO R

class whitespace { };
whitespace WS;

istreamé
operator>>{istream& ifile, whitespace& dummy)

{
return eatwhite(i1file};

}

XA FERAE — MU eatwhite KRS, FRBIETHHRIZHRK . BT
WA LS

cin »>> WS;
RS

eatwhile{cin);
FRERRE. HE, FRORITEHHBRERARER, RAITCGET AW RAE
B X —AM R PR 28 R 24T I AL

istream&

operators>(istreams ifile, istream& (*func) (istreams)
X )

return (*func) (ifile);

}
MAERMTATUE

cin »»> eatwhite;

AT L7 35 F whitespace Rl WS B 3 A R 3<F A whitespace H S HUK>>HE
M

e

; . hm—— B - - L
. PUENE R+ B I
i A I %J\h?&r:i.

EE Rl e oy iy ot o R B

CETTELmEDTETATATT Tt st U



Co+ LA X

294 A4S

M BRI I BACERE A, FTURDNBERBEH A EE R EUE X RPN
P38, UURHEMBR. RATRHEMEERG W SRR E. B, 1A
It VO FERTREIRGE T HABRK, HREE - 5ENAIENRDERISRER.
AR BT LU E SR HIFEA ostream, I —MEHBECRBEFNENE.
B R — AR B i speed.,  BRATAIDL N EXAE R HE:

couT << speed (96007 ;

AR, BMIMISEEREENMET . MR~ BaX
i speed EEITF4 speed 8, XMEHLAA S BRERENIES MFTELEY
S¥. HR, speed FELER—AAIRMAIME, TURKAHRTHERT
HREEMET . CHERHER T LA EE, BRI RIXENRARSERS
FEL CritBEr ENAEET.) FEitk, BATLHE X —HRBRER—EH
BN A — MBS R TEH .

W, W HIERAIEE X —A setspeed 15 3R - MBS EHRH
A2

ostreams setspeed({ostreams ofile, int n)
{
JIEMERER

return ifile;

}

RATBRIXA RSN - ERIRUAE . e, RATATBUEN Tl PO R R E
ARNEEAFOARHBNE B T operator( i 7 # ARG E MR
Ll R BT RN B S EOR A 2L RERAB A BRI

class int fcn_oki {
public:
int_fcn_obj(ostream& (*f] ({ostreamk, int), int v):
funci{fy, valivy { 1}
sstreamk operator () (ostreams o) const {
return (*func) (o, val};

]

private:
ostreamé (*func) (ostream&, int);
int wval;

};:
XE, fane B—ATE BB RNE, val BA A RN BHENEL.
Y935 8% int_fon_obj B— M EREA—MEELT IX L],




F20%F NAE. BABHAEXMNR

BTk, ®ARIRURE DA “ A7 BEIRO BB RE R (integer
function object) X —TMAH, H AT XHELSEIELEBHHRHNE.

ostreamk
operator<<{ostreamk ofile, cons:t int_fon_obj& im);
{

return im{ofile);

}
&G, BITATLLEX —4 speed BH, EHEE—LIHKSHEM setspeed
Fai& TR in:_fen_obj & H1E:

int_ fen_obi
speed (int n)
{
return int_fen_cobi(setspeed, nj;

b
FTXANRE, BB
cout << speed{5600};

SEAT LA IEHGIBAT T o %t speed B HHIEME—4~ M setspeed Fl n A0ER4LH int_fon_obj
CERAE . BB IR B B A4S ostreamé operator<<(pstream&, int_fen_obj&), 1M
J5 #5513 X 23 cout 1 9600 V& setspeed.

it E 4 speed TTLLBE S speed I setspeed HUA (142 7 o T R ERAX R
T, BAIABAIUE speed FINE:

return int_fon_obj({ostream& {*) (ostream&, Int}) speed., n};
SRR RN TR EESE ) speed BRECKE IR S FH.
29.5 —1@AT

ROV ERE—A B, WM THENRT, HREXMHFRARARERE
iy 16 BEEME . FIBL, LhOTREITED 16 $EHIR 0, RAIBHAEBERS

cout << to_hex(n};

B BAVA AR T AT 6 15 ), to_hex MIZOREAH ARBINE? BERE
SRS, (B, IRV I XA TS F kB P TR RL AT 4 R
ENEERERET

KANELA—EREHTHNALEERE, FLLRITHRS— RN fe
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CH+iLEX

BWAEEAF to_hex REI—ERGHETHENKAEH, KPHNAEET —XEH
to_hex Z BT RFEAZE. HEZEE —TFTXMIT:

cout << to_hex(n) << r» * << Lo_hex(m};

WA AT BABE (E 4 R 58 R to_hex(m)Ifl, RELER, BEEER
to_hex(m)flfl, BRAEER, REHHERAX/LA operator<<B . WREIFARX
BT, BaiTaiRaAnE, EhEERR w_hex M REE G RK 18
ME—AHE. TeHAEREITE, —XAARSERS —KNER,

A AL to_bex IBEI—MEHIBE MK K54 . A AEE LR
TR BB A, BRI L, MBEE—AFREXPAHEM to_hex,
— BB E PR, SRRRHR.

kB FHE RS, B, RAIEX—0H long_fn_obj HLERIR
Mo gk (— A RES KR SEREREN SR, DE—KERHNA

AE<<:
class long fn_obi {
puklic:
long_fn_obi (ostream& (*f) (ostreamé, long}, long vi:
func{f), waliv) { }
ocstreamk operator<<(ostream& o) const {
return {(*func) (o, wvall;
}
private:
ostream& (*func) {ostreamé&, long);
long val;
b
ostreamé&
operator<< {ostream& ofile, const long_fn_obj& im)
{

return imiofile);

1
g KNEL-Nlc EHERRIE

ostream&
hexconv (ostreamé ofile, long n}

{

roturn ofile << to_hex{n};

}
E kA — 25 to_hex MMM T LAFR, FTLLXARABRLZSN. B,
A TE R hexconv BAEK —MEER RPN R

R —

ot mAs b 4 ey S e 4



20 NABR. BRABMBREMR

long_fn_obi
hexconv{long n)
{
return long_£In_obj( .
{ostreamé {(*) {(ocgstream&, long}) hexconv, n);

}
B, BITATLLS:
cout «< hexconv(m) << " " << hexconv({n);

HBLE, BIE to_hex BEI—MISRER, HEUSHERESERER.
296 Wik

AW gL LR AEXNEARSKUNRARE. HTFEIMRAE R
THMEEET A REEEE, UE—eiZRAENEHSRAETURHIN
FEE S, {H AN AR RO SR R A AR RAL. XA R E RATTT LU
FEEAR SR A FH X Ao AL

WATEEE UFEAMER: — M RRETR, B — MR operator<< BLH] %,
BAMT, RITREBLESE 29.5 WELH hexcony BE .

XA T BBUR AR

template <class stype, ¢lass vtyper
clagss fon_obj |

public:
fcn_obj (stypek (*f) (stype&, vtype), vtype v):
func (€}, valiv) { }
stypek operator () {(stype& s} const {
return {*func) (s, val);
)
private:
stype& (*func) (stypek. vtype);
vtype val;
bi
AR5 I P FH B BAR L

template <class stype, class vtype:»
stype&k operator«<<

(stype& ofile, const fon_obj<stype, vLype>§ im)
{

return im{gfile);

}
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CHﬁJi‘é‘i

BABL B UBIR M A ES R R 2 hexconv ARA:

fcn_obi<ostream, long:
hexconv({long n}

{

ostream {*my_hex} {ostream&, long) = hewcoonv;
return fon_obj<ostream, longs{my_hex, nj};
}

ERERTERRE:

cout <<« hexconvim) << " * << hexconving;

297 B¥

RINTESRA T LA ERBRENMESNEE. BASENTH B

z << ;

e hont
fiz)

K. AT z BESPIA R ERE (stream, ostream %) SRR, HF—HRE
ALATf EBERNAEEE LT z HATEERE BN A 88<<:
MERXEREER —MEASHNERANSE. &

z << E(x);
5
£(z, 2}
YRR, XE, RIIEER 2 M x HENTRMHRINE X — PR AHR<< |
—ARHR. —BHRET 2 W x PR, REHE 7 FHEE,
BRENTLUNLT B, &
z << f(al, ..., an)
5
f{z, al, .. , an)
ALK, X, MT z A al 3 an HARINENAE, BREFE-TNA
BHRHNE. §THERGE, SERSMBIER T
MTXA%, FREIGEE? A E




FO¥ NAE RABMIEMR

cin »>> noecho »> password >» echo;

noechelcin} ;
cin »» password;
echo(cin);

HRE

echo (noecho{¢cin} »>> password);
wE—%, BRIMEEITHBXANRRITHREREN, RIOIFBHBHEE
/.

298 RidF. SR

RE R FiXUAE R 1986 EHER (D FEA—HARET, 2Rk
IRt Mbes T 7 MBI, Mk T KB TR . T LA R AR RN

Jetry Schwarz ZEAEA jostream ZE o] TR AR FIMRARE. &R, BABK
C++iEFE RE AR Tixe B, BEMmITEHE RN, Flm

cout << "hello world+ << endl;

A T Y4 end) ROIRAA SRS A SRR A28

Alex Stepanov TEMBEIE BVEVEE (B ILE 18,5 TWHIE 21 ) FMAT
X RS, BEEIXANEER BRI (STL) o, XERRKFRAEE
TR IZRIEEE.

Jonathan Shopiro FF & T JLRME BB S0t 246 b E B @ WP G AR
. Shopiro HEIET “HREXMER” ZIAKE.

2 S50 BARE T Algol 68 fI it #2 . Lindsey A van der Meulen FEAB{H)
Informal Introduction to Algol 68 (North-Holland HM#t, 1977) B 7.1.17 Fridk

7 T FREBERI T4
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¥
30

=r
=]

AL LS 5T ST

BN ARATEFEMARASLHH
P Tk S

AL L L

ENETE S

R AT P

ey

R IR R e & TS A . PR A I VO W% 2 FEREMSS ;
FIEAMESE I VO RAMGIFR RSN, TAXAR, FERSHERLE,

AP EREAMEIR: ERXREREL, B ASRERE
B U0 FERED, WIS ERERS VO Z RS Ak M.

30.1 RS

# B PRREK T BERIE,
class String {

1 ERES

- R S P I

}:
BATERER XA RR? BE, TREAHFREHRITEDER XNEH
BRIk

String fullname = firstname + " " + lastname;

IR, Ress AR AP SITH Suing LR R ETH

cout <= fullname << endl;

HE, REPH— String BARBTITEITHAHL.
TIPSR, LTRSS A TR RTEE X Sing B, BT
Pk &
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C+HLE X

ostreamk operator<<iostream& o, const String& s}
{
vt EREK o FHWFHR s

return o;
//

}

L L, ZRBRNGER “BHRKN", B REETE TERMERAT.

{BHR, ARTTERERMEENTERS. 85, BEHXA Sting LA
AHAFEHER iosream 2. Hit, AMEH iostream i (£ 57 —F 1O #lIRY
BF, BARAEEBITEN VO B, BRREHFRO=ZAE. £=, B&
HERFTHEES —F 10 HUEIPITE Sting. WR—MNRABRSFER T ERE,
it A TR TR R G E, WARMERRIXABERITE String KIM 3

302 BRER1: HHNER

B B — AR B B kA, i, FRATET LU o T
iostream FEHIfLAGRISr 2 &R B, JARTIE iostream FEHRMIFTHM String
FKAE LRk,

String.h 33 R &L

class ostreamn;

class String {

/i EREX
Y

ostreamé operator<<(cstream&, <onst Stringk);

VERFIX W% ostream BN . XHEMRTTUESH, ABEGEERIN
oh i R A TE IR 55 5E X ostream 28 HIE AL F (AL ostream X8R Hitk, BT
Ell— String, BATHMEE iostream.h:

#include <String.h>
#include <iostream.h>

int mainf)

{
String 2 = "helleo\n-;
cout =< 8;

}
BN, cout HAEN YR ARE M-
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BI0E HUEHABAEABARHFOEER

LU, BT S I I operator<<HE SO A0 LS jostream.h:
finclude <String.h>
#include <iostream.h:>

ostreamé operator<<{ostreamk& o, const Strings s)
{
[/ ERBE o PITHERS o

return Q;

}

B iR R, BAT BB S iostream FFTH RIS, BIEEK
e A .

EANHITH TR AR S —F: RIVEMABETE ostream BIZRA L
FTED String? MR LM String PIREUH BANERF, BT ABIRAT R RIZ A AL
g4, TSR TR L FTEN String Bl— A~ C 8K FILE fa¢T&5 8
gl iF

void putstringiconst Strings& s, FILE* f)
{

for {int i = 0; i < s.length(); i++}
putc{s{il, £);

}

EAHERAERER MANZZELREMTE. B2, STEXARE:
M String FIREEAN T F L EEE L EH RN VO X T RSE.
HEH IR R IMENE?

303 AR 2: BRRl

B4R String Z5B0 BEVHE R ) B AE B AR RT R IR ) B & AT . /O
HEf i3 DR RNE R — R 25X VO BERXT AR, HE, HRR
LS A N R B R AN, FHEBENET. BakEMf—FrEs
String M /O FERALT .

BT EZEAE—L, RITEEEEMFERARMDERGE RS 7H
FEA B R0H. RAOTTCAR AR R, CARER B MR R AR R
HEFREEN Eith, FAITUS

dest.send{ptr, n};

o paem e e R



CHILR R

BEEARHE A por FHERAL B TFEEH n PR RIEE ) dest TREM B 7.
ST AN H A3 dest AORAI Hox AR, IXBUR RS RATIR BAE A — R AR B R,
HEXRPENFH send HERE. BRA AR RE, BRNZE—ENT T
¥, ERERIISAT LA ARSI E RN BTN RT .

BAVFE A ER N Write, LT B CLHER X T EHIEIR.

class Write |
public:
virtual ~Writer(};
virtual veid sendiconst char*, int) = 0;

bi
M ERATHIX A K B MAZ Writerh &1, IBARATREE X —BAM
String i H iR #

#include <Writer.h:>

Writer& operator<<{Writer& w, const String& si
{
for {int 1 = 0; i < s.gize(); i++) {
char ¢ = s[1];
w.send{&c, 1);

)
return w;

H

XN EEANOE. B2 ERERETHEE. BINATLASLREN
String KR THEE, XAE A3k String FIRBRSELAETT, AAMIBL AT BATEXS
send ) — ¥R A EEHTTEN Swing, TIAR—IKRE—1ER/, XFERER
7 el

B AN B R String FEIAE LA MNIE Writer A TAERT, FIVEHRE
BNAERBNHEES . BATEET —WE L IX A 6

HTHEEXNARTERTEETNA, RITLICHEEN B KR E & E /R
Writer 25, FHE SRR TI04E h C 2885 FILE 184 E X Writer 28]

class FileWriter: public Writer {

public:
FileWriter {FILE* f): fp(f) { }
void send({const char* p, int n) {
for {int 1 = 0; i < n; i++) |
putc{*p++, Ip};
)
private:

FILE* fp;
¥
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FI30F REMBREABANRLTSFEE

BATA LM —4 FILE $84 813 — 4" RileWriter; XA {R7F3% FILE 54t
RIEFFFP]— FileWriter } 5 B0X £~ 5 37138 BIX B2 30
BLAERT AR T i 5 R stdout 'F5 String § :

FileWriter s{stdout);
string hello = "Helloin*;
s <« hello;

UERAITEE & — TR

» EX—ARREEBRFAFIENERH FH R % 2K Writer.

o (ERI AR D EANEAE AT VO ERIE—TERK) Writer K.

« RGBT AR AR Writer 6 TR0 KRN A 26 SR HRAES

T Writer EXMMIHFRD, FLUERAD. Bk, EHEFRITRAZH
FEAIFTAK VO ENZEE 4.

304 WREHR3: Y, OERh

RATAT LT B ATRA I F RO HERBERER T — IV VO PR, HME—
B st R A R34 Vo FEpED . Rk, BINMITEEEAEZL: BEERH,
5% P SR A AN IE Writer 2875 B TR,

RABRERARSFE. B, RERNMENLRS:

FileWriter s{slLdout);

String hello = *Hello\n*;

a <<« hello;

PAK

FileWriter s({s-dout);

String hello = *Hello\n', goedbye = "Goodbyei\n*;
& << hello << goodbye;

AR, RERITEAMIZT, (HHEE HFMIXE
string hello = *Helloin", gcodbye = "Goodbye'\n";
FileWriter {stdout) <= hello =< goodbye;

XEHEY FileWriter(stdout) e— MHEEHfE, EH—Pa<BfEremia, EAIE
AL AT B A . i, GRS X B

TR T YT T

T

E T T T e Rt JURERERY I



C++ITE &

FileWriter templistdout):
Wrizers temp2 - temp << hello;
/B templ

temp2 << goodhyve;

5 temp2 BAVEN, THEEEH templ, HEFHE FXAEEITT%
PRULE LM, LU templ B, temp2 SRR THHRMSIH.

B P AR B — N TR S 2 1 Writer A ARIRIOT &, IXATLLE N B
HH Writer 284531,

B—Rh AT R R e A B . RO — MR TR s ED M
Erigds., HATITLAEIN—A WriterSurrogate, TIGIR MK MEA HR Writer
K /E% . WriterSurrogate BRI AN R, i EMLER. XA
a] DU B A 170 BT — 9 R I i FileWriter 28—#2 T4k, 7 H& 21 operator<<iia]
— > WriterSurrogate, T A x&—T Writer&.

EXAHEEEEEEOST. MAERE, BAHEEA—MEHiE SR
FIiFf i MR RE IS B T AR R .

HA1E AT E 205 Writer KEPET “SAHAEIEN” BfE, XENBARY
T DL BT S bR A A B B EERAEE AR EX AR REHE.
Wk, R Writer X5 H B2 MR R E T O R P AR RR, B
DL BRATTAT 6E S AT BFARRIET L, TIE ST — 4230 R B I EE R

R String KM HHE A LUE String TR 35 R VO BRVCRH. W
B EEME. B it 4 B eh A F AT A R X A IS B

IFRATIEEE Writer £24F4: TRE—AK, ME dest RIXAEH— TR,
ptr 22— MEREA N B FTRE n KX BTN, BABRATATLLA

dest .send{pty, nl;

KX BT F IR H .

| R 1SO CHHRREEE, X RN R R R R R A AR, Frolim R — A4k PR AR RE M 5T ISO Cat
bERE, TETRSTASE HE. R, BAEEFILE. BT EE B4 LIBHITH, XBHERPH
T e MSITHN R ATIAT R, B, EREERENRET, WHSRIEHN M AT RERER
A,
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£30F HEARFEAMRARET>ELX

— H B ATk e B A4 VR BT 4 Writer 382 P H fth, BIA B RF EMFRISALE,
K Sk gk A it send AR R BT . B L, WA —MBARE L, A
o FEi s,

B2 writer (B AE) HE—#&. — writer B T —MERBE,
MIXAMEIX L, 58 18EMREN “EMEARLRER —E” —#. B
Fi B 1) writer 28R 45 PEAR 167 B2 SR OE— R B send, EAELR dest 2 — writer,
T ptr F0 n f15E XERCART—FF, HRA Zf Tk v LU A

send{des:t, ptr, n};

KRB FIZTE H 1.
XA THGABRRGNFLRERLE, RIEER MR, TEHREMAKLHE
AR BT
template<class W»> W& operator<< (W& w, const String& s)
{
for fint 1 = 0; 1 < n; 1++} |
char ¢ = s[i];
gend (w, &c, 1)
}

return w;
I
AR T TR AL writer E——FH — LR W T W HER writer.
I, R
operator<< {FILE*, const String&)
WA BIARETE X, XA UK A send(FILE®, char®, int){1 7 A BHE L E.
HRZE, send(FILE* char*,int) 3R 3 E X oh sudio BHK—#E4, Wiy stdio
RARMTREFHAMEFEAEFZMEERT .. HE, RIIRABHEAEAN
FHIA stdio, FIE A HIE X
void serd(FILE* £, c¢eonst char* p, ink n}
{
for (int 1 = 0; 1 < n; 1++)
putc{*p+-, £);
}
AL T iX 4 send FEHIFEAELUR B String 26— #4HI1 operator<<ff}E
X, BATKVILLS
String hello = "Helloin', goodbye = "Coodbyeln’;
stdont «< kello << goodbye;

Fr BABRATTET WL R A5G TR A1 A in TR Bt VO PERIAMST
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Cr+LER

« NFIRRFFRFEFAER send BUREAT ITH B BRAEXH — .

« 8070 ARFE T AEEESH send R XTRBEADHE
& BEXS.

» NFFEFMER T EE WA send B, RADDEEFEAHLH
BRAE R,

305 iR

BARNIMBAENFHB., Aid, ZERRTEETCUSFERE— X
ERITHSIL T, REENEREEHRRtHRIL .

PLIXFO 2 AT AR N — N B E OB R, TUESHRERRRA CHRE
VO MM, WALEIPITHA A, Hik, aTLHME 1o HAERERENE
(inline), MFTEH KENMHENTATHE. B FENHEBBEEFRIIAT
BE7ETT RETBOR AT IR B R B E.

BIAE AP RS, R th R U L IR A AR 7 R F IR B BOR BB F P2 F
EZ ENMEE. XBET, EEXBHESET, RERTHRRIFEIHE.




MELY C++AHERITIZBETAER. SR, BNTURESHIRH
= REXBAERIITMCS. HEHUIHARZETA C++HEN
HBRFHEEIFECANR.

BN RBEAZHERS C++0, XMWWE AR, RIMET—IES
ORRER ARG —HR2ARENE RN . ENBNESE—TT NN B HEE
B, C++HEANERFENAAH, XTAFHERTEMERANEH, BHEIEfT4E
HENENBETR. REBRARPAREABOMERR, ETEETBHES
HRUERGTE L, AENFSERENRERT.

ZEFIM C++R ML BEA X EXENIE (Bamne E2FERAEN C
BAREZAKT ), UTHURZHER.: 22FARTESHREHAER, X
ERPH—FBrEAIANMTOAFEARG ESHEkERREEHFTREEH
NER. F—HoUEHTAXXENET, BXENHERATRRBRESHOER,
B, FERNEAE, REAFLHFAEAYTXRAE, REEEASRMRE
AKX LRI, BIERE THOERK.

FR, REFEFEENE "T3° HNIEE, AMALBENTEFTHTRER
THES. BT C++A%AHST, BERNBRABLUER, C++FEAESERITIES
Frig g XM FRA H AR R M AFFEMAHER, £ 31 FEHLE—ERE,
WA ABHERNNIEABAER, HHIRARNERRNIETHARER
it £ 32 EMABNBIHE—EXTHOMEE C++HEN, MEEZERERR
BE T HBAEMES, TRIARATHNETANES .

T A T R

A IR

A .l T A AL TR IR T £ TSR N i A, £ LI T i Rk

e bt s Tk 1T T —

L el e e e e



BT,




BT 5 Ze M IR B A R

1 HHEREZ

R ST B ENE A, |

Bltn, SAEARIE, RIERMGE 3 48 BHENA LS S B R L7 8
FERS TR L, FREEREEANMISEEY . RASER — S
AR IR PR AR T T

HERE, MEAEBS—MERLEN—W, WS RNBLERTESE
(. OFEBAE, BIER SRS e RS, CAEEE, RHTE
BB AR S AN VMR TP KR <IN RA “H14 7, ERERE B O EEM
W ? B THAANKGEN, SRS BB, XA RN
BIBE. KEREFHE VRS, TAXE—BEES, UPEHARE#
SEA . BT BTN, BAATIED D R M A R R A

W, BEERTABFHMOEN FRRITFEN. > RETFERHEH
HHE T KA STHER N, SR S A EEN— AT NMET, BE
EH PR ERNRT HOEROREIEE. MEHENTHERSE. B
WHRES. RUT CEREA. RANE EEAEMRERL, 2 LEH A
WRGRIG . T2 — BRI A CARER.

K P REEARETTELERLA, B Ol HOEEAURE
BB A, R ARG EA SIS R AR R, SRR RAEA

AERU—BASXEAEMY, MEBSREXENNEETE, MATLER. MARGE. RAEEANT
SRR AR AS NN, SETERRAE. FLl, ROREEHT BT ETRERERS.
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C++i B

wOD “R” F—A30Ek, X8, BE-ITEOPRENGNUES EERME
M BEHE.

RERNE PETEIRENBHHALZR., SRETLEH LA
7, 5ERRERMX. TR, SBREWBAR, DLATENRERRAKNERA,
A R T AN, FFEELA S E R .

R ES, AT ARRE R RERNADAEY, MEER—MER
B—APEE, XIMELE S THERSE —RERANE I SHEN—F
HRMO—AHRASEAN A, BASFEANEREE 3 GIEMER, E4H8
138 B R T B BT, EAWET 250 SR, 7E 8 R —MEEIL 4000 RE
T FHE A SR I

312 BRI

per ¢ S R LA R A A IR RS T . Bl R AR
B AT, R T HEEE, FEIRTSEERENS. MEESRE TR,
ek TR, Bt EAANBSUEEFROMMRNEFENER, "ERR
mENELE, RO, AR, BREMGRE. SARASEERT. XX
XEE A EEETET . AAaEEEDLMRO NEMMARH SaERENE
B h A SIS ET, REXET MR L ARIRISER.

BB FRATRIRE. B NE AN IR, SANS
s\ BT, SRR T REIE, ATHEhE RS, TERERRLE TR
TRGE ., XAFHE T LU B AR A, SRR R R, S BB
HENSE.

Hi L HNE SRR CD B A . BEHARS RS RS TRy
h, EENEE, ROTLICLEES LRRAOM SRS R, MEEMEIX
_EEELLRREREREE. B4, FESMYSERERREAFE D
HEEL. R, WEEERVERRES.
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F31 ¥ BUEAURBMMEY

FEARBLR 7 5h— BT 1960 £, RGN — AL A W) S0 (B 2 FREE R R BT
RAPHERTT. ERRTRETARKER, DXLHBFSENRNHEX TH
®] MBRNEEEE, NERERPIIELEISHRNEFFTHRESRT. BT
REEGE, BAMBHWERER, FAANRA LI RN B,

RENELFZEFEAAN, RNEERNLZET HieE R £nig
Jo R EEARPL, XA BN SCL LA R AL . BXNEF—TAREBENNA ST,
AR B £ () A T A CRL YRR SR A R SRR AL ] B PR B SR DL AR R kT B 6 3B ARG
FEMETEE. RAEEAFRERAM, WA TEAN, RAREBELG®
thiF . |

313 HEBLhR

HEREE M. HE TR, TRt ER. HEREINZTR
el R PR B R RS T RS T 2%, A R R e R IEREG?

BRBANETHNELAE N EVRANERE. 20 H2L 70 FAFHEHE
T A2+ EHLE IBM System/360 Model 91, 2SHBRAERTEN. X&
HL2 L3 T —a KRN EEEHETTEENRRIEARREN A
W8, BE—4£AHAENSAKEAY, REERBHRRABENSEE ENE
Fo M, NERAMETES THRRZWACHEARSERES. L—H
W T RITHRAAE T EN, EHERERD TIAREMT .

I FAR LR, BTSN TERE 2MB: MEERE ST LL
#7270 64MB G RN . TIRIMAFRREN 04ms, AR S . 360
MR 22T % 168, XEARIEE B R a3 L7 A dhk 4Rt R
BATESEER, AR RMIT 500 JTE 1500 K %184, AR —& TR UL RXA
R, RIS RETINE R B A TIR?

wRBRTRECHNE. S8R TSR TEREXS, FBHYR
et 20 A2 70 EEAR LA B S, FAXRERNREEELETEREREE
TS AR EASE R BT T . BIRAFEWRET LIFHE% MB I3

o S RN Lt T

S LA TR VRN, o RN

MR L P W o




C+IL B &

%, BERESUBRNEREHELEN. EERENERONE, AL
B¥RT LARRGETEAE LT . Big, ROIEERHATZHARCES
7.

RS eI SR LTI RS 8885 CURIR) B 7 SO R R U AR o, IR
R EBIEESR. flin, WTEFRATE, ATRAERLETRT LR
FVEHUATE, BT 2 BRI R R s WA R 0 o R AR
i GRS RECE), REHENMNFRTIA L REFCRARAR, maEfiry
ARG S BMHRA, Rt AERFREn— M ER « REARERTHE L
—s2 ) BEEET. REBITEAMREHTEN N AT 8R o 5%, #
R B PR A e R R 2 N

GRITTENASETEORERAMAN, TFRHSUERNERTEERR
ARG E.

314 HEHUBRR bR

EFERE, WAAMAES, ROKIFEVNRAACETBENER I HE
Bif, ¥ARKERENTNEMERERMIINLZ S, MEXDHHRE T
Bk, A%, OEREERGNEAREEBREEASRARMER: AP R
B ESEERMT L TR MRS, RERBEAW. BAFEE?

AL AR E LR R LT R R . B, RERR
%“ﬁE%A&ﬂHE%ﬁﬁﬂﬁﬁi$%E1W0$,Eﬂlw7¢ﬁi%ﬁ
ﬂ@ﬁamowﬁéa,ﬁa%ﬁ%ﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁ%ﬁ$mﬁHME
MRT .’

%—%%?%,ﬁ$1%7$%“mﬁmﬁw§%=WQE%W,%%&%
ﬁ%mF—ﬁﬁEﬁ%%ﬂ%ﬁ%éﬁﬁmwﬁﬁﬁ%=&ﬁ%ﬁ%%ﬁ%ﬁﬁ
%ﬁﬁﬂ@%%ﬁ%%*%ﬁﬁmoﬁﬂﬁ,ﬁ%ﬁ?EWWﬁ%ﬁ@ﬁ,@E
sk B BHE KRS K L B TR

ﬁ%zf&%ﬁﬁMﬁ¢$ﬁmﬁ%ﬁM$ﬁtB%kkﬁﬂTmmymm,
e B g AR AR AT,

E%ﬁm%—+ﬁ%%kﬂﬁﬁimaﬁ&=~HWWﬁT~¢E%ﬁm%
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F31F BAEFMTREEY

FE#Hl(cruise contro) RE, THWE LREFX—RA——REEFEERRE
%, PGS ERAEEREYZNANKE L Sb— gL K
WAL e A R SR T A A . FRERFSE S AR IRE
FEME, A 800 HEEIEM. LREETRIMEREEA.

L EARE L E R R R R, R TR B R0 e AR
FEPRHRE. SR, WRXRE T HFEN T AR, BT e #iR R E
BRMERET.

315 RPERNEEENY

S RAEE T HEBE AN TR VAR R TR . B o Ak
AL, UEBSERE MBS EICRR R AR EE, LI TR
AT XHE MR TSESNE L. EAhER CHIBTE, UAFEBH
M Ce (8 2t A B4R A T SR A F BOREAT R B R &

TEH— M TEUERRRHGT. CH+RENEFMXTEREEMNEE.
i FORTRAN 5, HiniEZtha. B2, ETHEESAFOART, C++AF
BULEF FORTRAN FHEE A —HE A IUREINEL.

MgR TR DA SRR ¢ L HE R — B ER ., BTl FORTRAN
BFT W7, BA MR B HAE REIR AR TR, REAR?
/¥ FORTRAN SRR STIX R G2 R A TH7E Cr+T RIRBERE. Cr+F I
SH A AL NE S PEREEEREANTE LN TEREBMARS. LR
MEE CHP— BT ERNOM Y, WE LS, PFERALTEMNL Cr+EF
RSN LA, BIP RS S EXEERE I

5y b, BN CH+ AT R ENIEH X B XA R
WA RIETF586: AREEESDH, nREH —AERS —MER, WXk
BABEREVERRAEX . HEE CH,

int x = 17;

i

int =

x = 17;

WA AHER.

miria

B o T e TR

T fT o

e



C+HILE X

At AFE C+P R MBI E R ?

FERRET CH+PERMHER-IME C BHEAEE PREBRAEE —RIK
. CHATRER “HF" —ENHRE, WRENRE, RURHFXERR.

AR A MESEMAE, WT Cr+MTEERURMRMEZK. M, WR
QGEM R C++ERRELETRXMESH. Fil, RrFRERRHIE
BREMWHRLTESR.

BE, 4BRMNASHEELESRENLOEREANRN, ZRARER
T. BE-ARFRELFRHRHE:

class Srring {
private:
char* data:
int len;
o -
}

S data Bl len MIEREMRMAE WBELRCE, ZAFEET SRS
K., SERRI,

String 5 = "hello=;

il

String s;
5 = "hello*;

MXHNEEEXEDE. SROESMIFPE s BEN, s LHA—MET .

KRATBAE LT RRIE SRR AE.

BN F C++ S BRIEH AR AR, BRRIIARATURT CHEREST
FAGE BB, [ XHANAREESF, RS RERERT N
SR

Bitn, A CrPEREE T —RHE R E Glice) HIZE. QR AR AH
T%Wﬁﬁ%ﬁ,ﬁﬁﬁﬂﬂ&@@—#%ﬁﬁﬁﬁ%ﬁ%%ﬂﬁ%ﬁqM%ﬁ
A IR E £ R R EBAR S I BE P R 4

R EI—AFHEAE, HNAN: R s B sting, m M n BREE, W
s(m, IR TR m FHEH o MEREE s —F. BTRL. i, 3E

String s = ~the dog-:
si{4,3} = rcat*;




¥31# ABEREERMEE

2JG, s K{E K the cat, T

s5{4,0) = ~big, fiuffy-;
ZJa, s KMEA the big, fluffy cat. " MRS RSN T EIRVILILE N H
f, MHAHZRALISAL.

3.6 RBFEHHERYR

W5 C++ERBATHF Fmg i —MF, MERRHHFHAF FHLEREE
MM CHHETE BRI RGR BT ERMM LR, BEMOIFRAF
AEEEr. Hit Aoninti—MFRRERHLAETEREE. BE,
R FENTEABERTT: CrHIRESFER BRI AT REE, Wi
fbAIEEE RBE L.

VERRTIX RSN R EIH, SRl ORI CHERRITA . ERMEAE
BRI EEREART CHRER, B5MBAITH B T E KA AR H S
R, FABBMMGE, BIFRIECMEAREIMEFE SR8 1R
RRES .

WA BER, BIMUTREHRA—FBBEE CENRY. AFEHE
BRI —MEBRIE K EF R RANEECRE R RN, EnRibfACHE
HEFHRIHEEE, REEmEgE. LkEL, APROERAMELBHA
CHgmiEE, BAUREXAXEBHITRAGEELT . CHREET —MPFE
REROSIERRIRE . T AVRITER S S AHN T, BesB e X
WEMENEAITY, X AL, KERMESHEUERTT.

31.7 HEEn

BZEiERATER — TR R RS . F e 4 HENFEHLE LI
SRR T = S L BRSO, SRR, REE CHZRTHENRE
FROBITISEE, A, EIRREERSEERIRNSERERH Chl
AR,
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C++il B %

24n, SREFRBERETEE SRSk, FHERLEL T
B BRSO —FEE R RE R A RRIEASR, AN X MRER
FECRPMPLE IR 7 ERBEE LT EXSE BEARRIE: T, X
A BB BA. BERFESE.

—H R T X, A AT LA TR, S TR
A — AN AR XA R R G TT LSO H R — & B8 BRI A RISCFRAL,
AT —MEERRAERSE. 5 MRS RN AT A A2 (8]
BT &GO R LR S AR IR] A M S5 v A R B0 B SO ST
RAEF.

X3 AERARTAEEN. B, BERREXAEE, BATSAA LA I
FATF—X P RATIXENIHRENRS. WRRTXEHRD, RIEER
ASHIE BB 4 ) e R A SRRSO R —— AT B A MR B E RGP X
S S SRR ?

— L5 T X RER A, BOARBHEEREREOEZE, Bk
BUASREIEA R, DAABEFER, BITSREEARH MO HRE,
e R NEEdiliob i

B2, BATEE—ANHRBERFEER S AEN RSN — R T
AR &R, B RAL QHEEMER [ —MUESCHERE. BIME
A — A ERTRBEN R, TR “BAEM” BERENTFE—
TR R R M E BT IHER AR . BEREEER, RIIBIXNES
BE A G A B v R R

C+A] LB E)EE TS, HHRMSEXARRE. HEHIRE
S — AR, B, TR U AR RS S AT BARSS TR —
AL FEILSE | EHLR G R A R R AR

318 HAEME

WS EN AL S MAM RN, X MTRHARY. AETR—ER
B AW R 2, (BRIXEEIE T RERRR LA, T B SR
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F3 ¥ BIEPERRHEY

B R R R A . R ARAEN K —RIEATE, MEFE
— B 3 F R M E A BIE R R A FLE R AR R —— I R R R
FIERRE £ fl, EMERARRTERE

double add3{double x, double v, double z}
1

return = + ¥ + Z;

}

{H R X B AR HAHER 107°.-10 ]I 1 BT B IR AR L BN TT B 2
TEJLFER N L, PR 100+ B%T 107, | BROETSER. R%
GBI TR TR R 0 IR EMER 1. RATERI 100107 Mhnsf, 4
RA I

SRIG, PR HEER, AT SRE A E 2. WRAEALE, W
B AR R B AT AR RN — AL FR B B, WA =HERERE
ek, BRMSESIIASNFET.

LEFD A A ) R A T A . S R E A R TE T 2R
. RS A P — AP gEnE D, mREMER LR R IT AR S AT
AR R, BTMAMTAN, ZgE, TH—EESHNREEAENS A
FEAE.

C++RHUT # b AMEE . € RV IRATHCG S 0 V37 B S 3 2 42 1 PO RE T
Al AFENARREEREENAHY . B TEMRE, SR AR R B
FHEN B R—FZREES.

RiEMER TRER SRR H. Rk A REERTAR
Mg ERASESNThE. TR, KiathE, BREERIMECERTER
HFHNBRE I LA,

AR

1. AEREAMERY & BEAREN—E, XFEAHOEN M.

2. TitRik, RET—LERTHEMSHRERAEETEERE AR
G, BoRATLLE— 4T, SRS LAERK. LA TIEERURAERS]
B A%, DREFXEMN BAREEFSEAMAEN.
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C++ILE R

3. RATREE EBE B ERIT I ARHENLR. BB RESFEETNE
LE-paidt e o
4. B ERERHHONER. SN EEEME 78 L HBE R 5.
HRENSEERE ENRE, 2 TARES RSN R UF A SRR EN].

5. RIABMBITH T —& ) REE|—HEHAR QREHR TR TIE. &
W YHREIR-AEN, B, £H, BRBARNGHEED. REITHHAR
WBNF LY ARESEU AR ERERN, XFERESBERRES —TRD
(R IR AT . IR BOTIT T 7 — B F I O—— BT MRS — MR
i3 -B R e

6. BE TEFLIERIN, MEETXGERAESE, KEHEFR,

7. HEE KRB E XN EREREREZARE.

8. BABEEZEE, HUr AR BN R REONRRE LG TR,
ixHE, mREREN, AFRANASER.

9. RAFELTFHE, TEREARL “ERE". BACERE—KEHT
FHRIEET .

10, X— AR PR PR AR RN R, FEERM IR 5
BHRARA. M8, BoE ARG H AR E R FE

1, X — AU T A ST BEAT B RGET iR AR R R DR

it
= X

RRRERR

destroy x
initialize x from x

RATREM, LRl 2 XA CHREREFMANLRETF B RERERLTT
b= o

12. XA MBS AT I8 KE AR A,

13. EREREBEE 4 FIRAN AT R RS L.

14, BUFHEE— A EFIETZEIHANEZNEN RS, REMBITIAAS
B BRERF, RO MIIAREZEAM.

15. XAKTERMESTHREEES .

16. 44, FPITEERISL—XFERT, RAITGMERTZHMNE. Xk
It AL XA B R B R RIEM A 2 B B A




¥ 7 Hello world EB#{T4

B REEEFER CHHATILED, MRERE EARMEL. RATAESN
T YIRA EL R AR X CHIIP, WrRmEHdd, rtEgs5d%E—1
Cﬁﬁﬁi:

#include <iogtream.h>
int mainf{)
{
cout << "Hello worldr << endl;

}
BT REM AlE?
THE—REERNBE, FERFBHBATTIRFHMER Crr

32.1 HMHAER

RAFLEEEE T HREENRENANFR, XXREJEFRERKAE
ShR . A0 R SNE PHE S WA P B R E IR MR R R, ¥ CHEREER
‘g, 74, BT CHIEE C, BreAHAmEH C FHELH, WaLEhiRE
2 Ct++e

HAREFAREEREFEWARETEMAIERT 4. FEHE, F 18
HUEE RAERBERE: FXREFRAOEREMZEEENRA, T
BRES IRAT BB AN . NEeiE R ESRIEE A HERN, HARKAEN L.
FH NGEE SR, BHRELHERN, FTEMARD.
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C++iﬁ'| i%‘ i

KBS RERTFIES ZANEY, SnirLiETEERERGE LK
C++3F 8. FAMEHAEMXTESNRENS E4 -6/ B HRFPRBMRAT X,
AL A H SRR S VERAMA . W R RREFRLAUH S
Ao

322 E—hhTRERNENTE

G875 1] L5 SRR Y L SRS M E MR S EEE. (HE, B
EOAS, HEREhREENEGEREAE. —AERRH LA T —
I, ARAASENIEM TR, FAREERgs tRERESRAR—H TR
7.
ABFARRERAAERE, FAREXRETANEER— AR
BT . R — BB T AT RS, RS T . W
TR R T R, RRMSRIRL, FURSHE— MR, T
BENBARNTS, NERRESFRTANTER, REERRNHE.

sepR AT B RS R A R R R . B R AR T
B, TAREFENMANER, EHEX—A, M ERREH W EMTRR
SR PL T AR 2 22 S RS . JRREEE, M TR
. R — AR AR 4 T SRt s BT

323 CREeER—R TN

CHESTA C MEREE. C s BARITETREA Crri N Bm
g, WERDSERE C REHEHEENTE, SR ERRaRn . E
ARIXHE, BEHMBIE.

Ww,cﬁﬁﬁw@ﬁEWCﬁﬁﬁﬁﬁﬁmﬁﬁaﬂﬁcgﬁﬁ,ﬁi—
ks TR EE RPN R L. BT CrEERRENR, FUE
i C R TS ER R EFRAANEL, RERRERENEY.

B R AR Cor it C BEB L. MK — KX —UHR SRR HA
ﬁﬁﬁﬁﬁ%ﬁﬁi@%ﬁ%,u&ﬁﬁﬁ%ﬂﬁﬁﬂﬁﬁﬁﬁz@M§%oﬁ




#32% %7 Helloworld & &t 4

i%—FKRHER,

BT SAAFRMFREES, C 8T HANIEH, LMK —MIEE LR, B
T CFCr+bb, AR ERES AERERE L. F5E CHRTEREF
HEH TRMRFR: WEESHEBRE—R, MAESEREA LI,

M THANEH ZARXR, C EBFRMNTRABHEEREERARE.
XS C 4+, -BREHXARESFERFRED, BRELE—ENIREE.

flim, THE A C&E, BEZ—1 “HBRRIEKETEER" FASE, #
HigRE RN R I

void call_eachivoid (**a) (void), int size)
{

int n = size;

while {(--n == 0} {
volid (*p){void) = *a++;
it (pl
el ()
}
}

JikE o WS BREA Y, PR ER—ARH—IHR AR &
Hrieet” WEBH . XERT a NEHPHHEA. EESHRNKTLURES R
WX —f, 3% “*a RER— M R, TUXSHEM, FAEHREE.” i
L a &h70 R — AT R BRI

BTR, AEFER-n>=0, MBXNRERXATFREIAERL, RE— PR
VEEE n REGERTE. 740, BRIOTLUERL 4 n=0 f =1 RiZFFATEFH, AW
WX — A, BRET IS B EF E AT E.

RIERET p U —mBREMR 2 050, EJURNZEHF .
P Y R a0 X, EEE 2 FriBREE, BN a FZIRAFFIFHT
— . BF B ifp)R ifp=0ME SRR .

B, BEACDORMAFRGRE p R EH, RERARZEE.

EKSHEEAEHAER: BNHECH—HS, WAEERTRA. HBE
T, WMEARFFEEZES) Cre, EIBEEE C FHXHS MR, IFIFEFRE C A
BAFENG, XRMIESES CH+N AR B EE T REZBRATEAIRER.
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C++ILETR

324 CHIUBERS RRSTN

HiC HRBEREEBHET T CHh—ERHEMANERE . REE® L
% C BREMESSRE RIS LE CHREFHRZBIT, R HATHRR Crt
BRE C HRARERT AT R, Fit, FE—SHEER, MEEfIECTES
B, BBRFFEE CHRFPERCN—BERENPNRESFREIER, &
X MRk SR C MR R RE.

C BHLUNNBETERORDAEES, CHURTERMIBBERT.
Eitn, RERITER A ERERY TN SEHLHIA AP, RIR
#N R RENER:

T source[N];

T dest[N];

int 1;

for (i = 0; 1 <« Nj 1++)
dest[i] = sourcelil:
2%, BATTLUHTES RREIZNEE:
int* ¢ = dest;
int* g = source;

while (pl= dest+N)
*D+d = Fg++;

XBFEA AR C M CHPAER
%if, CREFREREARMTR

T source[N];
T dest[N]:

memcpy (dest, source, N * sizeof(T));

KR C HSRIFT A, HIE CHPRAt kK. RAERHE, R
BB E C A CHp X T F A ERHE.

7 C B MERT B ERRFS. MTAMEYT, FER sizeof(T)HF
RNBEXDLIFW. B AR

memcpy (p, o, N)

%ﬁmq%ﬁ%ﬁﬁﬁﬁﬂﬁﬁﬁﬂn¢$%ﬁﬂﬂ$p@ﬂ%&ﬁio
B, 7ECH, X THEMAER T, WRBAIWTEY.

T X, V:

BATAT LA S




¥ 32 % KT Hello world J5 F 81T 4

X = ¥;

M EEARR—H

memcpy (X, v, sizecf{T));

C 57 REH A XF LS RE I S AR SE R R AR AR,

BHXFEARLE CH+h BITAERN, EARH RN EHA RS T
M EHARXAMERT N HR, FREAERINRERFEFREEEFED]
XA R

IR B & H A S R S R IR AR, X ATR R —
e

struct PersonnelRecord {
String name;
String address;
int id;
i -

}

A UE X~ S5HEDREERT FREREN TR, B CHaRahE
BRESNE. X, BIFEES sung PE—AEFWERR, XEEH—1
PersonnelRecord 5422 Rl T B HIMBOS RP LT T .

B2 B T BT 2 AT DA %2 2 HE A memepy SRIFIT R E], BREARITIR? R
EERRE, EEEFITFHAHE memepy. MiZAKETEEENEENART.

! mmwyﬂﬁﬁ&ﬁ#ﬁ%ﬂpﬁiﬂ$¥#$ﬂﬂﬁimﬁﬁ%.ﬁm,E%Mf
atruct A |
int i;
char <y
Yi '
W%WW*.cmﬁﬁﬁﬂﬁﬁ—ﬁﬂﬁ$ﬁm*%ﬁﬁﬁﬁMﬁE-ﬁZEﬂnMﬁEHﬁﬂ.ﬂ%iﬁxﬁ
mﬁﬁﬁﬂﬁ-ﬁmﬁﬂMﬁ%ﬂﬁmm1AMﬁiﬁﬁﬁ.ﬁﬁﬁ%lﬂﬁ&?ﬁuEE,%mmmmw*
HEEXHE RIS R e, RERREF—RANES, FAONZE sizeof FIRMTBAERN. FLl. WEETHKSG

EHRMA memepy. A, RAIAT LG RR XSGR RBTE S, WRHETERMEEHZEMR
HARERLYE BELEHLECEHEFN.
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325 HHACKR A

WRIR R R A AR, RSB RARERETE.
HInmiReE &R T ERE A T ER RS & —MREAE
B CrietE, FRZMHEENREREF, GRERRIZ N, RERGKCEEN
KRG RiE, W BHARNIE, #HBEREEFEMT4—URA 4.

B, HTEE S CRTEREE SRR ERER ZRRKA, Bk
EE—MEF, REHRERFENXH. RUERHNEFSSEAEEENS
o

RGBT IXFRRTR? —# 72 st —A B R B B Ik Ol
FH 2B 100 VR B 2K

class Test |
public:

Test {const Testk):
Tests oparator={const Testé&)};

};
R G AT LA E RIE I TR XD RAMN R, RUEERERTLIEN. FI,
MEMITEREFRTE REAA
Test t;
BERBLSRA—NRE. REXDMEEF - MERRERE,. BETERENER
. b, HESBEHR - NMREWERE.
class Test |
public:
Test{);
Test {const Test&);
Tests& operator=(const Test&);

}:

AR, AR SR B TR T2 B T R i el 3L
Test::Test ()

{

cout << "Test delault constructort << endl;

1

Test::Test {const Testé)
{

cout <« *Test Ccopy constructor” «< endl;

}

Ji
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#32F 3T Helloworld SEMT 4

Tests Test::operator={const Testk)

{

cout << "Test agsignment operator' <« endl;
return *this;

}

EhE, BEAERAXNENITRMALBNESGR, FEHLAREXT
e R BB (E R T I T TAERI SR

MBEHROERNT — MR, FREFAFSHR. REMERES
AN SREHERT. SR, AR IR RAHRAM R
—FER): RERITSAEER SIS, XBEA- AT (BH 27 58

AT s

class Test {

public:
Test{);
Test (consgt Test&) s
~Test{);
Test& operataor={const Testk);

private:
static int count;
int id;

}

int Test::count = O:

Test:Tesh {)

{
id = ++count:
cout << "Test " << 1d
<< " default constructort << endl;
}

Test::Test {(const Tesgsté& t)
{
1d = ++count;
cout <« "Test » << id
<< " copied from " << t.id << endl;

}

Test& Test::oparator={congt Tests& t}
{
cout << 'Test " << id
<< » assigned from " << t.id << endl;

}

Test::~Test ()
{

cout << *Test " << id << v destroyed' << endl;
}
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C+HA %

REERBITERER G X RV, HH. REURSEMR MRS,
Wi, 8T R R R

int main()
{

Tast s;

Test ti{s);

a = £;
1
BATE AT EL:
Test 1 default constructor
Test 2 copled from 1
Test 1 assigned from 2
Test 2 destroved
Tast 1 destroved

N RIREE R EAR 20X R, M REE TIF S X THERE. T
o BT (B VR T RO U S X RR N IO R 287 1 B U AL TR IE AR () B0

32.6 &5

Y HBEAERS RN

1. WESREEY, ERERNER.

2. B MR BE

T AR T Rk E A

- MEIREREST, SHAFAR. BTHE A5 E R TEEXE
HEHE S Co+RAFTRRNIN. XEMIEE —RERAZENTAHALRT
=T %M.

2 EEE SR, MRVAZE A CRRA TR BLIERS D RE, XA REER
Fh, MBEHRETTUERELAE, BAER—UEHLRNEIEFSED
MR, ER, JsaE, WREEE A5 0 B — R,
¥ 5 E A E RIS ARRE. SREX RN KRTE e A EE K
IR, REESREES.

. REBERE., M C § CH+BRINSHEIL MR RS ERETFHNS
Wy, TOFUGE RS SEMT R, Bl, 25 Test FHAIUE — MG R B —
MEs, REIER, BRNIEETHHAZE, FEEERERBR. RAX

‘gﬁ%ﬁ?ﬂﬁ#ﬁ*ﬂﬁﬁ:“Eﬁ—ﬂzﬁﬁﬂﬁ,ﬁﬁ—mﬁ%#ﬁﬁsE&*L*mﬁﬁiﬂﬁﬁﬁ
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£ 32# 7T Helloworld EH &2

FRBRE—RED—ERHCHEWERE, FARMNTUE B ST,
HIRAES .

« FEFEMR. WRGRNKEIETFERT HEN, RALREHERE
RFEHE. ANMFHZEREESRHARN RS HIRER. nREEEFR
ERRZ AT TR BB AR EREFERTE, RRTUE TR
% I 1] o -

WREEWNET FRENNER. BA CHhELNIHES N, AR
Bl R EFERMAMNE, URBEITOMEE. —MrRIh e LY AR
% LU B 1] « ,

HF S DAEH LR, BRMES R L, FGRERIREAR T
BT IR . B THENE, FUHUEKEER. nR¥E, K
ETRERI A — RS IREH T .

- BE, FFHMEBUMARRN. BEMFEHEBEHRER. FRAT LUK
FRMREMERE: REHDMERE, REHaRIDETITL, 8550
B, EEMLEZ R, FEEANR, REEREITAEEIEM. FEIRE
R B EN SR AT
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fii® Koenig 1 Moo XA

{£%&. Andrew Koenig, Barbara Moo
¥ih Flg, &5
FE K5

[%%3 ] Andrew Koenig il Barbara Moo R0 C++3i3 /4 BRI HAR
Lx. FREFHNHER. &k, 018 JLEELE S (C++ITARD (Ruminations
on C++), {C B SBMY (C Traps and Pitfalls)M Accelerated C++7 SCRRHHE 7]
. 7EHh C++ View R R (CHpiBR) —PREATR, BE C++ View
FREN TR EB RN Koenig XEAHT T —K E-mail K. THEHERXKE
fY e SR

[ Koenig FIEHIEY RATHAMRE, RIDABERWT. KEIAE, )
#MESREZN, FLpEROF—EEE, MER, BE—TARSE. &
(TR 7R R T b iR A B R A S X R Y, BRI FR—EAER, XRIIF
i A AR ? IXFAEBRLE, RIFERERZE, RINGREETFE.

12i6: FRABRIIMERN A TR —EFRITE? “Koenig” £/ EEHENG?
ELRTR? “Moo” 7

Koenig: “Koenig” £—/MRE RAEEL, € CESHR “Konig”, BXE
“BF (king)”. AARAEMIREKR. R LREZENERZA, FREEA.
BAMZEHELRE—MEKNFELEKNES. RiTADETFHIRE, ETBAEHR
TS, BERRSHEM “go” BRT. M—EERELMARLTN, F—1
LR R “way” HIET, RITIFEANRRZAHR.

Moo: EB|RIX K, BEEMN—HRE, HETRFWHEST-B—H
— TR B THINR, AMIEISF SN ERRER. RRENNEH
M UBRRERE, XAMERMEEM. R ACH Cr+EREEDBHURKN
Z12 —, BEERF] Simula (78 B 47 Kristen Nygaard B}, {5 if 7 8IX M K
ARPE L AR TS D SRR T A S R R T ——Moo B — MR/ ILEHREL
pEEe, HEV R “IEWNTE", BARTRAK LA —EXE. KEERNK
B, BRAME, RARENMRBNEK, TABRELKRJER T2
RFE B,

BUE—E, EEE RS FERENE. BEAERBRZA, U
M BE A, BEEWBHEHEREEY, FEREPEAEKERER
17, B,
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CHILEX

| #2068 Stanley Lippman & Inside the C++ Object Model —F5HRE| T I/REK
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A

abstract
base class, 48
interface, 343
abstraction, 25
data, 12,15
incomplete, 127
Ada, 1,204
adaptor
function, 255
iterator, 233
add_an_integer class, 253
aircraft, 47
Algol 68, Informal Introduction to, 339
algorithm
generic, 203
merge, 267
reversal, sequential, 237
allocation
cluster memory, 321
container memory, 140, 148
amortized iterator performance, 220
analysis, numerical, 35%
anonymous FIP, W#2
APL, 29
applicator, 329
apply function, 217, 244
argument, default, 57
arithmetic
iterator, 168
sequence, 227
array
assignment, 17
associative, 267
Array class, 144
array
iterator, associative, 272
ragged, 96
two-dimensional, 95

#5l

artisan, 25
ASD, 11,127
assign member function, 288
assi ent

an%lguncation, 48

array, 17

backwards, 283

container and, 138

default, 304

operator, 287

operator, defauit, 365

self, 41,52, 61, 106, 159, 164, 181, 289,

294, 319

versus initialization, 355
assigrunent, const and, 43
associative array, 267

iterator, 272
audit trail, 313, 367
automatic

landing gear, 44

metnory management, 246

software distribution, 11
automobile, 352

design, 23
avoiding virtual function, 121
Awk, 266

B

Bach, ]. 5., 351

backward linear search, 234
backwards assignment, 283
bad_alloc exception, 302

band signal, out of, 329

base class, 7, 322, 344

Basic, 23

Belanger, David, 8154
bidirectional iterator, 213, 218, 234
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binary class
operator as member, 294 add_an_integer, 253
search, 219 Array, 144
binary_function class, 259 binary_functicn, 259
Binary node class, 78, 81, 84 Binary node, 78, 81, 84
bindlst functon, 256 binderlist, 258
bind2nd function, 242 Channel, 311
binder class, 257 Cluster, 321
binderlst class, 258 ClusterIltem, 322
binding, dynamic, 8-10, 75 Comp, 248
binsearch function, 219 Comp_base, 230
bool, WH3 Composition, 249
Boston, 29 Constant_iterator, 224
Brachman, Ron, #1754 Dirx, 277
bridge, Tacoma Narrows, 24 Dir_cffset, 277
Briick, Dag, 4, 50 equal_to, 260
built-in Expr, 79, 82
container, 133, 135 Expr_node, 77,80, 83
opetator, function object for, 256 FileWriter, 344

FLUSHTYPE, 332

Frame_Pic, 112,119
greater, 242

C Handle, 59-60, 68

HCat_Pig, 112

bureaucracy, 24

C int_fcn_obj, 334
conventions in, 17 Int_iterator, 193
C++ compared with, 1, 362 Int_node, 78,83
library, 275 IntArray, 125
memory management in, 13 IntBlock, 125
Traps and Pitfulls, 27, 206 Intconp, 247
with Classes, 349 igtream_iterator, 229

call_each function, 363 List, 267

car, luxury, 29 listfing, 209

car, 177 long_fcn obi, 336

category, iterator, 215, 224 Map, 267

C/C++ culture, 4 negate, 260

cdr, 177 Nodep, 209

Challenger, space shuttle, 24 Obi_trace, 313

Channel class, 311 ostream_iterator, 227

char* P_Node, 106
conversion to, 290 plus, 256
operatox, 290 Point, 56-57, 68, 298

character picture, 89,103 Pointer, 151

checklist, 37 Reader, 199

circulation, 30 Regex, 267

class, 1-2 Seq, 175,177
abstract base, 48 String, 267,283
base, 7,322, 344 string_ric, 112
binder, 257 Subex, 267
COII'I.plEX, 2 Ternary_node, 85
container, 133 Trace, 1,309
derived, 7 unary_function, 259
handle, 47 Unary. nhode, 78, 83
list, 176 UPoint, 60,68
Smogatef 47 Uselount, 70
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VCat_Pic, 112

whitespace, 333

Writer, 344
Classes, C with, 349
clone, 49
clone function, 250
closedir function, 275
Cluster class, 321
cluster memory allocation, 321
ClusterItemclass, 322
code optimization, dead, 312
collection, garbage, 246
Columbia University, 353

library, 30
Columbus, Christopher, 351
commentary file, 266
committee, [SO W(G21 standards, 265
Comp class, 248
Comp_base class, 250
compact disc, 352
comparison, iterator, 169
compilation and editing, AT =3
complex, class, 2
complexity, 349, 351
Cormponents library, USL Standard, 176,

267

compose function, 245
Composition class, 249
concatenation, picture, 92, 100, 109
cons, 177
const

and assignment, 43

and copy constructor, 43

iterator and, 159

member function, 44
Constant_iterator class, 224
constructor, 3,37, 297

and initialization, 39

copy. 40, 287

default, 39, 292

default copy, 304, 365
constructor, const and copy, 43
container

and assignment, 138

and copy, 133

and inheritance, 143

built-in, 133, 135

class, 133

container of, 138, 147,155

delete a, 172

element, 151

element initialization, 140

element, mutable, 137

growth, 139, 148, 161

memory allocation, 140, 148
of container, 138, 147, 155
of iterator, 173
requirement, 141
semantics, 133
sequence, 175
container, update member of, 138
context, 349, 361
controlling output, 2
conventions in C, 17
conversion to char*, 290
cookie, magic, 276
Coplien, Jim, 854
copy
constructor, 40, 287
constructor, default, 304, 365
container and, 133
inadvertent, 136
on write, 62,73
protection, 136
copy constructor, const and, 43
copy function, 217, 223
count, use, 60, 105, 156, 178 .
creation, iterator, 173
culture, C/C++, 4
H+
compared with C, 1, 362
Journal, &1
Primer, 55 2
Programming Language, W52, 67, 89
Report, A& 1

D

d_name, 276
data
abstraction, 2-6, 12,15
member, private, 37
structure, immutable, 177
strucfure, iterator over generic, 196
structure, virtual, 224
dead code optimization, 312
debugging, 309
declaration, overload, 299
decouple library from input-output, 341
default
ar ent, 57
asm%ent, 304
assignment operator, 365
constructor, 39, 292
oopy constructor, 304, 365
delete, 40
delete[], 43
delete a container, 172
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delete, operator, 302
deleting a container element, iterator and,
171
derived class, 7
design
automobile, 23
interface, 263,357
iterator, 170, 173
language, 283, 297
library, 283,297
library interface, 275
rule, fundamental, 50, 151, 311, 321, 341
destructor, 39, 297
virtual, 40, 106, 127, 323
difficulty, familiarity and, 261
Dijkstra, Edsger, 138
Dir class, 277
DIR type, 276
Dir_offset class, 277
directory, 275
dirent structure, 276
dirlib.h, 278
disadvantages of garbage collection, 27
disaster, 24
disc, compact, 352
display, picture, 99,110
distribution, automatic software, 11
division of labor, 24
dummy object, 332
Dupré, Lyn, W& 4
dynamic
binding, 8-10, 75
type, 250
Dynasim AB, #IFE 4

E

eatwhite function, 333
Edison, Thomas, 352
editing, compilation and, #& 3
efficiency, 4
element
container, 151
iterator and deleting a container, 171
mutable container, 137
engineering
fundamental theorem of software, 35,
48, 156
software, 207
England, 29
English, 263
environment, programming, 31
equal_toclass, 260
error, fencepost, 239

evaluation, lazy, 230
evoluticn, system, 6
exception handling, 286, 305
exception

bad_alloc, 302

xalloc, 302
exhaustion, memory, 284
expert, local, 361
Expr class, 79, 82
Expr_node class, 77, 80, 83
expression

regular, 267, 270

tree, 75
expression, new, 284

F

factory, software, 24
familiarity and difficulty, 261
fencepost error, 23% ;
file :
commentary, 266
system, 275, 358 ;
FileWriter class, 344 ;
find function, 204,213,233
find_1f function, 241 '
find_last funchon, 234 :
Finucane, Jim, BWE4
first_argument_type member, 257
first-class function, pointer and, 244
flush function, 331
FLUSHTYPE class, 332
Fortran, 23 .
forward iterator, 217
fprintf, 3
Frame Picc¢lass, 112,119
framed picture, 99, 108
Fraser, Sandy, W4
free, 26 :
FTF, anonymous, #5 2 3
function
adaptor, 255
avoiding virtual, 121
inheritance without virtual, 125
nested, 245
object, 218, 241, 246, 255, 329
object for built-in operator, 256
object template, 248
overhead, virtual, 122
pointer and first-class, 244
virtual, 8
function
apply, 217, 244
assign member, 288
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bindlst, 256
bind2nd, 242
binsearch, 219
call_each, 363
clene, 250
clesedir, 275
compose, 245
const member, 44
copy, 217,223
eatwhite, 333
find, 204, 213, 233
find_if, 241
find_last, 234
flush, 331
greater_x, 243
greaterl0fo, 241
hexconv, 336
listfind, 209
make_cstring, 291
makeonly member, 73
matrh, 268
memcpy, 364
notl, 261
opendir, 275
ptr_£fun, 261
read member, 278
readdir, 275
reattach member, 72
reverse, 213
rfind, 234
rnfind, 236
seek member, 251
geekdir, 276
send, 343-344, 347
setspeed, 334
speed, 335
substrings, 269
sum, 192 -
sum2, 198
tell member, 281
telldir, 276
to_hex, 335
transform, 253
update member, 154
functional programming, 6, 190-191, 244
functions, member, 2
fundamental
design rule, 50, 151, 311, 321, 341
theorem of software engineering, 35,
48, 156

G

garage, heated, 29
garbage collection, 246
disadvantages of, 27
gear, automatic landing, 44
generic
algorithm, 203
data structure, iterator over, 196
interface, 191
iterator, 195, 213, 223
linear search, 204
global name, 5
greater class, 242
greater_x function, 243
greaterl000 function, 241
growth, container, 139, 148, 161

H

handle, 55,79

Handle class, 39-60, 68
handle class, 47

handling, exception, 286, 305
Hansen, Tony, #i& 4
HCat_Pic ¢lass, 112

heated garage, 29
helicopter, 47
Hewlett-Packard, 203
hexconv function, 336
hiding the implementation, 290
Hopkins, Bill, WH 4

Hunt, Wayne, & 4

I

IBM, 23
immutable data structure, 177
implementation, hiding the, 290
inadvertent copy, 136
incomplete abstraction, 127
independent use count, 67
indirection, 35,48, 156
industry, mature, 352
Informal Introduction to Algol 68, 339
inheritance, 7—-10, 35, 40, 75, 196, 250
and iterator, 220
container and, 143
interface, 259
multiple, 11, 322
without virtual function, 125
initialization
assignment versus, 305
constructor and, 39
container element, 140
inline, 5,10
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input

iterator, 216, 224

stream iterator, 229
input-output, decouple library from, 341
int_fen obj class, 334
Int_iterator class, 193
Int_node class, 78, 83
IntArray class, 125
IntBlock class, 125
Intcomp class, 247
interface

abstract, 343

design, 263, 357

design, library, 275

generic, 191

mheritance, 259
Introduction to Algol 68, Informal, 339
1SO W21 standards committee, 265
istream iterator class, 229
iteration, recursion versus, 182
iterator, 151, 167, 192, 207

adaptor, 233

and deleting a container element, 171

arithmetic, 168

as pointer, 151

associative array, 272

bidirectionak, 213, 218, 234

category, 215,224

comparison, 169

container of, 173

creation, 173

design, 170, 173

forward, 217

generic, 195,213,223

inheritance and, 220

input, 216, 224

input stream, 229

map, 272

output, 216, 224

output stream, 227

over generic data structure, 196

performance, amortized, 220

pointer as, 233

random-access, 218

requirement, 215

value, off-the-end, 236
iterator and corst, 159

J

JOOP, 51
Journal
C++, W&
of Object-Oriented Programming, 35 1

K

Kernighan, Brian, 0= 4
Kitchener, 203

L

labor, division of, 24
Lafferty, Deborah, W& 4
landing gear, automatic, 44
Language, C++ Programming, W= 2, 67,89
language
design, 283, 297
natural, 263
large project, 23
lazy evaluation, 230
legacy code, 30
length, 152,189
Lesk, Mike, 12
library, 263
C, 275
Columbia University, 30
design, 283, 297
from input-cutput, decouple, 341
interface design, 275
list, 16 '
string, 16
USL Standard Components, 176, 267
Lindsey, C. H., 339
linear search, 233
backward, 234
generic, 204
linkage, type sate, 299
linked list, search in, 208
Lippman, Stan, §& 1, 8 4
Lisp, 31, 175-176
List class, 267
list
class, 176
library, 16
search in linked, 208
listfind )
class, 209
function, 209
local expert, 361
long_fcn_obj class, 336
lot, parking, 48
Lund Institute of Technology, /& 4
Lunds Tekniska Hogskola, B & 4

luxury car, 29

M

machine shop, 25
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macro, template and, 131
magic cookie, 276
make_cstring function, 291
makeonly member function, 73
malloc, 26, 43
management
automatic memory, 246
verify memory, 315
manipulator, 329
manufacturing, 24
Map class, 267
map iterator, 272
match function, 268
mature industry, 352
member
binary operator as, 294
functions, 2
member
first_argument type, 257
function, assign, 288
function, const, 44
function, makeonly, 73
function, read, 278
function, reattach, 72
function, seek, 281
function, tell, 281
function, update, 154
of container, update, 138
reserve, 162
resize, 162
result_type, 257
second_argument_type, 257
memcpy function, 364
memory
allocation, cluster, 321
allocation, container, 140, 148
exhaustion, 284
management, automatic, 246
managementin C, 13
management, verify, 315
merge
algorithm, 267
sort, 184
merge, 184
Meulen, S. G., van der, 339
ML, 191, 204
MS-DOS, 23
multiple inheritance, 11, 322
Murray, Rob, Fi( S 4
mutable container element, 137

N

name

global, 5

symbolic, 266
namespace, 300
Narrows bridge, Tacoma, 24
natural language, 263
negate class, 260
nested function, 245
new, 43

expression, 234
New Mexico, Santa Fe , W& 1
new, operator, 302
nil, 177
Modep class, 209
not1l function, 261
null

pointer, 206

string, 292
null, 177
number, serial, 314, 368
numerical analysis, 359

O

Ohi_trace class, 313
object
dummy, 332
{or built-in operator, function, 256
function, 218, 241, 246, 255, 329
template, function, 248
cbject-oriented
program, 75
programming, 6, 35, 103
Object-Oriented Programming, Journal of,
A1
off-the-end
iterator value, 236
pointer, 206
OQP, 35
opendir function, 275
operator{}, 247
operator
as member, binary, 294
assignment, 287
default assignment, 365
function object for built-in, 256
relational, 42
operator
char*, 290
delete, 302
new, 302
operators, overloaded, 4
optimization, dead code, 312
ordering, pointer and, 206, 214
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ogtream_iterator class, 227
Otto, George, #I& 4
out of band signal, 329
output

controlling, 2

iterator, 216,224

stream iterator, 227

suppressing, 311
overhead

project, 24

virtual function, 122
overload dectaration, 299
overloaded operators, 4

P

F_HNode class, 106
parameterized types, see templates
Paris in the Spring, 89
parking lot, 48
Pascal, 1
performance, 136
amortized iterator, 220
Perl, 266
picture
character, 89, 103
concatenation, 92, 100, 109
display, 99,110
framed, 99, 108
reframed, 116
pilot, 37
Pitfalls, C Traps and, 2'.'»" 206
plus class, 256
Point class, 56-57, 63, 298
pointer
and first-class function, 244
and ordering, 206,214
as iterator, 233
Pointer class, 151
pointer
jterator as, 151
null, 206
off-the-end, 206
smarf, 56
subscript versus, 145
polymorphism, 35, 47, 55, 103
Primer, C++, WiE 2
private data member, 37
productivity, 24
program, object-oriented, 75
programming
environment, 31
functional, 6,190-191, 244

Programming
Journal of Object-Oriented, WIH 1
Language, C++, W5 2, 67, 89
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