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Jim Gray% AU &R0 — B MIES, DL “HEABEAS" HRRN, iEE2. 5
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HHREES, DAFFEHEML TEEMEEN TE mEBAES S ST RERE
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REFRCTTRE NS N Z7E XSS AL, SURZERE - BTRE AR
B EHEG AR R R ARE - FIEERTIELEE T AMgRE, WERHET! 7

— {C/C++ Users Journal} xEEET R Bjorn Karlsson
‘PR -TE AR, RN RLERRIZEXAEBT.”

—— ¢Doctor Dobbs Journal) FE¥5#4)44E Al Stevens

“Fickel {1 5 B M — — 7 A5 08T L (] 5 S LT W 2 T A PR R 5 4
SRR -AHECH R B R . |

—— {Unix Review} Z:EREFE Andrew Binstock

“Bruce frC++ HHMTE H—RKRSTER, fMXE C+HREEE Nk EEMRE.
MEGEGACHPHERERRE . IR IOXIAEE."

—— {The Tao of Objects) —HI{EE Gary Entsminger

“UC++HRLBY N ALMIFMAbE T Az TE RN, 5IH. SEREK. 4%
A REHFEWEERE, MABTHE T —SEANER, WELEMEHER. 28 RE
HALAEE, Eckeld AR R M EMEBFRITHBELESMAZIHERE D, (CrEREHEY &
BNCH+IF R ARELVF/ZS, B HCHAF RS BERGAFEA AL HHaH—E45."

— {PC Magazine) #ERZHE Richard Hale Shaw
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FOAC++RERNE 2% LHASEEAY fihiEd. fEHBruce Eckel RC+EREE AAH
TR IR 2 —, AFBEIRER T EY RETEEN1996FEEEBREKRE (Joit
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FEHFU A EL, AR Em .
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bt AT RN SR F RN N AR T e S22,
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B, XEESHARBEALN, MEATIDXTESE AN ARE, B AR TFCESHH
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HTER, CALRIEEE &R BRI R, HUTURFRER, WAER LR TR
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FXREME B N BETGRIBEFITRIBAEMERSHEA . BT Eh1H T KATB0R .

5. RAOFRERSSET BRCHIEE . BICIEFH BRBINCHRIRRA PR T4
HHEAE (MEhREHENR). BRRBEALETE, BEFED CEE BBECHIRE,
BATOZEAPIAREX TR (L SR hE Bl eiRE), LMEEH T Rk
o

6. b P RBEHEDHEFNNR. ATO2EIKSHF MM ROHRETEESHE,
HUEX —&h, EHEAFHBEOHTFLRANREMAE. W, EE M
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5 H B 50 B AR SO S T SR IR RIS AT o i ol DASE i 5 Bl 2 a0 bt eP O 1R T BT
B IERI .

ZEE
THEES S EENENEEMNE.
E—S BIWENRS

F1H IY4E. fiEeRERFRIGE- B -ARE. RMERER THEIRERRIZ
BT —MrE, AEAREEEMEMmAR. BEORECHIEREREZ—, ZHLHIRE



X

RIE LN T HEMNT: ERGHRRAEN, AFZEEK "R -8R FREFARN
R FERTEANR, MLZEHENHHHERFTUESR I AHSELHE FREFD "W
XEERT R, MABFHRHNT A5, ERWRAEMEIE, XM T MR IS MR —
e ERPX g, B R R A ER LR AR i R A R RIS TR & ik

F2E BHERRE. UFE2HREEEEE LT . BiEtaEE -FiRs R,
FMPCRT G FRES L R R B A . AT Ge T X S B R 0 0 5 T AR D il BT /e 5
EIFROL R b TS (assertion) & R BEM Hik, RHKEEERFNRE BT
BT #ERE, SHEFERGHE T T -7 308, 0™ MREREF A
THERSAMME M ER. RS L HBRFIREPERMARES ORI, TRt
MERIT A R AR, Aa TR — R T m LA

FEHS HRACHE

W3 RAERFIEE. BAFNANSAER LAY XESTHE. Cr+EZFREERF
AMNTEE M IS P REE R, EHA R SIS s A LB h. Wsd, HERN
& Br b RSk, CHL TR R MK IR TR E. '

FaE BAMUER. BABBERRERACHEZ—, ERMHSAT LRSS AR HT)
fE. (& AS R 2ut R AIVOE X R BFCiE S+ istdio.h. XFHUOEHNEXEERR. ¥
REHAERS TV B— a3 LMENSOFEBE 2B S5HE CA%--RTE. EEEFiE
B G FEFE 2 F HBLE B0 A K H 3K 2 Bk St IR ET/O . VO B N R AR AT iR 1 .

HSE FRARSHE. BACHIE B RBRE B A, SROERSNNET
HERES . B TR, AFAHAE TN, EREnEEEA2E. XTRENANZE,
FETHOEAREZ, CIHRTCHIESAN - TIES, FERFAGRET ARE LS
HlgmiZd . WHAS|IAMCHEBERRIRIBE—HES, TILERS KM, ANE TH
W, CrBEFRHRR—FT. |

HoW BMANE. BT IEREG. C+HEB TR T — AR TR &
S HSHMEFEDE, REESUTLARATREMNSETARZ Y., RERR TEEEDMN
AR, (BoREMBTREWMSIrECHENRE, kR FriiirdE it g (Standard
Template Library, STL}.)

7R BAEESE. CHL RN TR BRMSAELEEEHN . APAR
B ARFBRIRN BRI E, AR R - -BER THRIE. TR ERBEERMET 9%
N EHSE, XREERGY —KE. XRETONLHIESBERRENETESR. AR
WA T R A kit
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EBE  IEITRIEBGAR. S A HRISH SIS AR, ZTH AR
(RunTime Type Identification, RTTI) BRS#TiZ8 R AIMEI2ER, —BIERT. 5NLE
ERRE M EAREIZER, A B IR R TR RN IS ERE. &N
(P S8R 5 @B A X OB T EM ) #TRERME -NHROBDEY EILEEH
BT, ®%fTLERE RO T e iR, X—EMBRTTINFE R HE R k.
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et = A B T SCBERIDR B AT S 2 0 S SR AR A e A o 3 B[] B e o ek B T R A Ok il ek
O/ AMNENEFE FaEREEWRK? REYLHFEELE T 1RO LT LG
B &, £HEEEANSRLEN. X —Er LB AT M R, WY TER
F— 8 A ENER SRR - R REET TEANE. RS REMERER
“BEBER TR 2K N R FCrHX -4 R H.

F10E  @&vlst. gAE SRR, RIS OSSR R G el It X
RISIHE. BRSNS TANNSERREBHREHRER TR, v TiBESZN, KRR E
A HHGEREB TIFSERZ F. El, o (Singleton), TJ A& (Factory
Method ) Fiif[AlE (Visitor) XAEREAIABOHE - BROEF AESTHERT . X—-EAH
i E Cr+ eI -3 o H AriRif .

CEME HE. AMNECMEIEAEAEIIRERNRE PED, XMEORE (AEKR) B
FHEE 215 . BBRERELITFEEAE ST L8E. LEL4EBFRUE
KEREARASAARTIESZ F, i, FHITL2EEBEF T hES T — sl X
— 28T — TR RR AR RE ( HIBMA) Eric Crahen {2 it ZThread ) MH43ER @R C++
A SR BB .

&3

WAV, TR TR IR 65 F IR B O 2R 1 4 50 AR BY T s R e i A B . BREL,
frB—2inmEM A -2 RAZRIE. .

X R, MYETR; HA—R, TEAEBMEHRBIEL. CIRRFTHN
SRR THIR NG . A5 HE — ZaHR Y, BN R R HEENE I HBRER.
BRI SR ARGE T A RTLAA SN AR R . REFARNEM S EFZAEEENMIN, MARAT
Peilidkid (IRPTREISE B O AR BLX A -— i W T RERR MR & A D4 BIk).
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f/400 CopyRight.txt

() 1995-2804 MindView, Inc. All rights reserved.
Source code file from the hLook

“Thinking in C++, 2nd Edition, Volume 2."

The following permissions are grantad respecting the
computer source code, which is cantained in this file:

Permission is granted to classroom educaters to use this
file as part of instructional materials prepared for
classes perscnally taught or supervised by the educator who
uses this permission, provided that (a) the hook "Thinking
in C++" is cited as the origin on each page or slide that
contains any part of this file, and {b) that you may not
remove the above copyright legend nor this notice. This
permission extends to handouts. slides and other -
presentation materials.
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For purposes that do not include the publicaticn or
presentation of educational or instructional materials,
permission also is granted to computer program designers
and pregrammers, and to their employers and customers, (a)
to use and modify this file for the purpose of creating
executable computer software, and (b} to distribute
resulting computer programs in binary form only., provided
that {c) you may nct remove the above copyright legend nor
this notice from retained source code copies of this file.
and (d} each copy distributed in binary form has embedded
Wwithin it the above copyright natice.

Apart from the permissions granted above, the sole
authorized distribution point for additional copies of this
file is http://www . MindView.net (and official mirror sites)
where it is available, subject te the permissions and
restrictions set farth herein.

The following are clarifications of the limited permissions
granted above:

1. You may not publish or distribute originals or
modgified versions af the source code to the software other
than in classroom situations described above,

Z. You may not use the software file or portions
thereof in printed media without the express permission of
the copyright owner,

The copyright owner and author or authors make no
representation about the suitability of this software for
any purpose, It is provided "as is," and all express,
implied, and statutory warranties and conditions of any
kind including any warranties and conditions of
merchantability, satisfactory quality., security, fitness
for a particular purpose and non-infringement, are
gisclaimed. The entire risk as to the quality and
performance of the software is with you.

In no event will the authors ar the pPublisher be liable for
qny_lost revenue. savings, or data, or for direct,
1nd1rgct. special, conseguential, incidental, exemplary or
punitive damages. however caused ang regardless of any
related theory of liability. arising out of this license
qndlor the use of or inability to use this software, even
if the vendors and/or the publisher have been adviséd of
the possibility of such damages. Should the software prave

defe§tivc. you assume the cost of all necessary servicing
repair, ¢r correction. I

If you think you have a correction for an error in the
software, please submit the correction to www.MindView.net.

(Please use the same process for non-code errors found in
the book.)

If you have.a need for permissions not granted above,
please inquire of MindView, Inc., at www. MindView.net or

iend a request by emzil to Bruce@EckelObjects.com
i~ .
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M ANRIER ES AR e B RCHR T H AR, L HR MmN HIER
HEFHEAMFR, SAEARESLARN. FALIBC++ XM SHIERE; [HE
FEHSHFHECHHHME— R SRR, WiE—T F2HNMA. B8, WwRIEFIAM T BHdiy
—AFT, SREIFHMBE T KHEEIR, XA — 2D SRR RS S — -8 AR
LT — 1R AT RETE R & S H AV 3813 8 LR AgtiE A T A,

B MRS SRR £ ST LR, BRRBREERBTFECHiRME, HHE
ROTRESHIHIESR L2317, EROE. HEMENEZESTTACHHiRdE, HitAEFHxE
SRRt ATt AT SCPERY, Ay BT AE . X gk BRI fEmakefiles BARR HREL, W
makefiles & A X A MRS 3 E RN, LT http://www MindView.net T, 7£
makefilesdr , MG TR IS B LR B B8R o] LU B Xt i AT HEERAR DT, X IR
FRESmEETMiEE T HENREELBITRNMREG (PEHEHT, WRIFESHESEIEFER
B, {EfTahEAIRER, FHEpEz R hHEBRESN) .

TE R XA HEBRARIC R D A R T 4R 1R 2%

«{-dmc}Walter Bright # Digital MarsZ4g i 28 , & 0 Windowsi%x i¥, = M
www.DigitalMars.com% 3% . XMRBFEFHEHEER. BAEEM P L EHEEAHZ
HeBR bR i0 T -

e {-g++}EWAIGnu C++ 33,1, TEAZELinuxthBfIMacintosh OSX o ETHAE | %43
PR, RS R A WindowsiE i BICygwinty — 282 (W TF3X). Mgce.gnu.orgn]
LA B R LB BB ESmiRitrui 4.

 {-msc}Visual C++ NETR R (Microsof D EH P TR A IZH ({ﬁﬁ?“‘]k’.xﬁﬁ'ﬁ?%

- Visvoal Studio NET, AHEHRHFRTFE). '

+ {-bor}Borland C++3E6 (A WLRETE; XEBRBEE).

+ {-edg}Edison Design Group (EDG) C++, ﬁ%&%&TﬁH;ﬁ?&ﬂm}ﬁﬂm{ﬁA%?&C++
HEBFERENFRA N TR MACH, EAFEH KM T Dinkumware 5 [ 22 5] 19
A R KAENEDGH S AR EIA . B AR AL NI EIFHIR.

» {-mwec} AMacintosh OSXigitIMetrowerks Code Warrior, (33, {#FHOSXHL 44504
TGy CH451%es .

ﬁu%);&http:f!www.MindView.ncl"l"ﬁ#ﬁ}ﬁ“j’d:ﬁﬂﬁ@ﬁﬂ@, EHESRE HE AN R
BiFR R RDE A S (makefiles)., FEHEM ABRPIGNU-make, EFELinux.
Cygwin (— 0] £ Windows bz {THI A #Unix shell, i¥E‘_,www.C'ygwin.com) Wi Tfr,
WA RE LIRS B OHNTRIES E—¥ Rwww.gnu.org/software/make, (X830 £ KA
make F B AHEETT, BEHARLHF.) ~BRK Tmake, MEREMSITENHRTRA
make, k2758 001 bk 45V 28 S S okt o (R AD AU HR I B L

T8, ABEMEFRGSAPIXERIDFREL T S HE A RIERR TR A . BTER
FEXA M NG HEAERREFSRECEAER. LAETRKRINEFEHRERTFSIEES S
RO TRIFENT, WBiIRAE TENRER, A EAREHIES . NAERIRBDE ZR
CaglrHhmiEz. B, FACHREZ LAFRALIERT, HBEMNM
hitp:/www MindView.neti@ 3 THRMRKEE LS ARFIEREHXTBLAEE,
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TEARBH T, LHFIANSYISO ChriEly, HAVE 1989w, A —BEH THEE “C".
RENH LB MEI98 CRERIIRS ., mEZERERMMCESRAFR, FSHK .
TEAZR b ERE R C99.

ANSI/ISO C++FE R SMALIATRGHEH TH -MC++iRiE. BEFRAHCH+98, F Bk
“PRECH" SEFTIXAERMEILIE S . R RRCH, B ER “trdk C++". C++inEE R
ST EMERATEACHR ARG REEOE L, XESRE D —CHRECH+OxXRTE K .
{HEr/~EEL L ERNA KR ATREREL.

BTN E I

Bruce EckelfJ2 7—MindView2y 7, #tE TAEH P EUH BN EE EER 2 K>
AR SRR EMZREPHENANET. BRI, FEA - TEBME& B
B, BAFHSAEBZRE AN ED. RIGSERABEEI. &b, 5. mAREsesss
Ak45. Mhttp://www.MindView.netPiy5 | ol R84 LB 7 W+ BE{E 8. #HRHR
AFRFMERE L

iz

TEWMEFZ S LB EZEEHRIR, ASRE SR, M8 RATFHRdul
iR ER. WRREERIATHEMADESRNGY, HERAFSEHEFRIFORBESLS
A& . A AT £htp://www.MindView.net s FHRFIZARLE. JpHEHEMTER.

KTHE

LR 2 A d B Larry O'Brienff) #-FTina JensenZ il (2R, AR E CGREF R
A E L ERIENLary O Brien), HEAABEERRE, W LIRFBERT £54. £H
X S g | Y R BR K JE T-Daniel Will-Harris, {&%—ﬁtﬁﬁi&ﬁ% ( www Will-Harris.com),
Bruce RIN]E. ' .
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FHAFPE2EY KM S TR —RRE, XERABruce B ERMAMIE, HI
. FJava, ikiF#Es, X HEPython (iR www.Python.org)EHHE W TIE. WRChuckHfH 4%
O ER (Chuck HHRHAD A CUIHHIEEREE) 2ZREBRB—F TE, XL
HILUFREEA (A . iR Bruce Bt X fr F M LIEFCA AR LB ANZ —. Chuck #ft2F
BRERIEAITIR, hiEWRERRE R T B ER 4 R

Jamie Kingf7E 4t 7¢ g T IChucki§ FHIK 31 4. bR (R UEX A E 6 RF 2 5L
A PHI—4r T A EAChuckB R BHE S, EFRNECABEBER S EEMAELHE
R B P E — AN . IREEMEE TiRERRE, AMLRTERE R ATamiest A if
EARET . JamielBik it T LR FRFHEE-HRRERT TMRLEE. Chuckiy B
—fi7 fIMindView 2% 5 ¥ By 95 3] Az Scott Baker3 B RY 5 46 T 3 M0 4 -1 4.
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FIE R LR
ABRAEEIRRARSASHAL IR H IR —,

BEBER, EXBAIATBELERHEM/N, REREFLE 4 THRARETRTLE,
ERLRE, S8 ERAEH -NMERRE, BRSIRE - IHRNTEFLASSREBREK.
AU, BprintfQis B AR R AT VI RMF N, BRABPEAZHRMEAE FE.
P ARGEN TR E LS ANEE, EXRRRDRS T TSGRy RN EE T,

CIE P RAHEGE R AR “ BB —aBMNERE SREERILE
WA R EIRC AR, X EHEAEMARCIER. o

R4 (exception handling) RC++AIFEEMAEY —, RERFEALBEIRN—FE
WO, AR R , | :

) BB RBOREAENKIN, HAREYS “EFN REReE&. BFAR
EREFETENREG, REERHOESVANE B RGEHRSRGRE. MEELKHA
AR/ Ek, WREELI ARSI iRGE R,

2) R AR LR . MR BRRLAARAER R - FBIRAMA. T WH —A
REA AR . MREEESE R H0MEE, BiRMEEEA L —-EHENZRTE
A, FH-E8E T, ERXERERREEFEABRF R E SR AR
T SRBEFL L.

FEICHISEIRGE H i, HiIHEA A EHFBRECh TEBARBARE, kY
H L EC++hRETLEEHIZ S . FELAE Try., throwHicatchZEC++ P AT ERER R
AR,

1.1 {fegEpEiReE

TERFHI K E AT, HiEHassert( YWERE: ATRAEMBAER, i1
E X B #define NDEBUGH HEB& LK TRAIK ™M P R, BSTH#ERENLBRAT
ERIEFEIZ T Erequire. hdh & L EH (assure( Yiirequire( )), iZ3riFHibiifE
AHMEIFERBD . KRB -FAHFEOHFRFETEENER, “XILERET IR,
EEVEFEAELMADECEIZMSR, BEFEARRNA L ET SO,
require.hr g LRTR T F—2/ BB L2887, (B3 0 AR MR 2458
PR A 8 IR AL RS, | |

ML) EGE B A M 2 RHE, SRS SRR AN T, FbEIERE P LM
THALENER. BFE R TUESRE AR raNhE e,

YEEMEE R RREHEBROEAN. RERHET . XMNEEHSREEERH
& bR ERMARMNIESESI:. ECESH, F=MBEOEXRPHER:

D ERBPiRmEIRER,. MmETHEBEREMTXAAE, ViR —1TeEtrEiRiRE
trd GBRECHHR#E Terrnofiperror( )X IHXFFHE:). RRAEEIN—H, BEFi=
BRI Z skt iR e Em e T 2REIRER. B, M—THERE KR & 2R E Rl



EiE £ % 4 = 3

R A EEE L.

2) {REEAH NS ECRE T RIME S A4, B signal( ) (L REWT AR AN
BT A0 fEKraise( ) (74 - EE) il @, EHANBREEESE, AL
MREFERTREAEESWERY., ENERSLMTRMIEEESNESLEIE. X8
HiHY, SRy ESERESETRSRANE,

3) 8 FbRHEC WP RUE & S 3 % setjmp( )fllongimp( ). {# fsetymp( )FLLE
BFPRE-ACAHEERARES, —BRARER, LA EHlongimp( )iE FH#| %
R FHE, XEGSREENIBESRIERENEE 2R G EBE.

LEECHAHERGEBE RN, SR B - CPRESEEFEMEY
setyimp( }/longimp( JH A RHAFDEE, FUSRASHEEFRBESE. (KKE, Ik
longimp( )SkiEFEH TR BRI RSB MY, NEFRTAEA AT ) . i
R TARREFRIEMBRRESPRE . RHABRFRE T 7 REEEA XA GEHE RN
g, TEAKEER T & #Esetimp( )/longimp( )iy {E ik

ff CBL-Nonlgcal.cpp

/7 setimp() & longijmp().

#include <iostream>

#include <csetjmp>
using namespace std;

tlass Rainbow {
public:
Rainbow{) { cout << "Rainbow()" << endl; }
~Rainbow{) { cout << "~Rainbow()" << endl: }
b

imp_buf kansas;

void 0z() {
Rainbow rb;
for{int 1 = 0: 1 < 3; i++)
cout << "there's no place like home™ << endl;
longjmp{kansas, 47};
}

int main{) {
if{setjmp(kansas) == 0) {
cout << "ternado, witch, munchkins..." << endl:
0z{};
} else {
cout << *Auntie Em! "
<< "I had the strangest dream..."
<< endl;

} 1/I:~

Hfsemp( AT AN, BAHAMREBERT, CESHRE S MALE SRR
REEE (a4 RNE. SRS ﬁ‘:ﬁ@ljmp_buf':h%#ﬁlﬁw FEiX P
T, ERERS -1 EENERE . 0. mREHR—4jmp_bufifHlongimp( ),
U} ER 258 [0 i R A 1R W A setimp ) il B —FE— LR F T RIRT Asetimp( )35 E1F# % .
X —#& . IR BEHER I Alongimp( YA {E FIATE A4 % (argument), B RTLLE T 3% -1 (B
EBFLREMongimp( JiRE M. iE& TABKRAREZ SRAImp _baffiR, BATL
BB £ ARRGEE . EEfgote (EHERS) MXMIEREHRERX IET, Bxdsegmp( ) /



4 £y HBRIBZTHEHR

longimp( )2 7 5/ LLR BB ST AR PR e MBI GLE (BRI fAsetimpOfIfrE ).

FEC++{E Mlongimp( YRR AREIRBIR 8. FrBlR, LPeH Ik R AnHE,
EAERAN R R . TR AECHRLTBORE, LR %6
ATC++. Lhe b, C+rBEC AU, EHgotodk AL MERE (&5 B ik @ iE
W), & Hlongymp( B 1 Higon xRS &P E L AR BEHG, B
BT AR T ERY .

1.2 WMHRE

MRERFAREHII TRENEL —ORETR, B MaTiESE TR L BrEa
PAHCGE RLIZ BT AR e — R AL — A A& #iR1E W R Pt 248515
B, @xfAA RS REELRFERTERMIEE D, XMHFRERAD R —A €.
L FR:

/4 COLl:MyError.cpp {RunByHand}

class MyError {
cognst char* const data,

public:

MyError{const char* const msg = @) : data(msg) {}
+.

void f{) {
/{ Here we "throw" an exception object:

throw MyErrer("semething bad happened”):
3

int main() {
// As you'll see shortly, we'll want a "try block” here;:

()

y 4T~

FELEARBY ., MyErrorZ — %@, CAKEERNEES— Mchar* XN E R
TEAEH. ERH-RE, ATLEREEGRE (AFERNTRE), HiBR%E Y AHRHE
R AR ER.

K@ rthrowiE S8 —RAIEENELE. W, CRURBRSFMUSMEE—EN,
WG, kL, BEthrowRARNRIOEE Tix M8, BHE %l 58 % HHR g i 20K
XA RKA, ~FHEANEERTCEN T REBEEER A L4 % @M (alternate
return mechanism) GURFH XN EE, REEZFECHBA THE). M0 ATLLE S HH
—AREMEFESRERS. AR TEAER —/ME. 308 SR H.

HTRESERBRFERRXAA%F, X5 5E% &AM BT returnit )
RBRFREIOBSREDNE, FURE SreturniF QNN IETFR. (TUEERF
FREMRORERELEERT, IRANAERESERHMLBHEMRE.) 340, &
FREZWUBRBNBBHREHR. TATREERWADEERAERES “HAR

{ stack unwinding)”.

e, EEFFAIURLEEEFAAEOTREMHHR. RUHMKER, BFRAER

© HEHETEAFTOME, s BRaE —EEC-RERRE T BMlongimp( ), SEHEIERE
I F . AR AR A TN



gix A F R HE S5

B—RARRREF RN T KR % X AEEERREND T HERE BRI R X
Sfust & &80, X, EAMAEREDDRIEXEE R AT CARCE RSN L EX R E T

13 WERE

SRR ATFRBIAN R, Cr+REABOMN—FLR, TUERFRAE - T HTET
FRERRTIFIE, WW7ER— ik 3Hx RARD A = A R ST .

1.31 trysk

ANRAE A BB B T B (RF XA R BRI R T R ). T
B S EARHRHTRE . RAEE D MhrowifiR i @, AR PIREREK
G A R T EE I (RiRTRE A R AT ) IR B teyB, XA HREERRIGry LAY
FRARFEEEX EEHRHWHALIEY. trybh UE— T HENEFR, AxBFuysls:

try {
/¢ Code that may generate exceptions

¥

R AR T AR A - AR R AE BHEE R BLEIR . BFALABSE K
H K AMRE WA RE, L kAR - A R FLER, "TLL
B T Aty b, Ry i BB AT REF R R . X2k, REBHEER
EEHREE, WAHRBAIELE AR SWE R E T

1.3.2 HEIAESR

R, ERBOREEESER B AL, BB REATRES (exception
handler), EFFRBE b —MAEMIIRE ARG E A BELEE. A, SEHTFRY
RIAEA R, Eb— A BRI B ATLAShE SR 3 R RIS MDA 2

AR B R EYSE, 3 % EFentchirin:

try {

// Code that may generate exceptions
} catch{typel idl} {

/f Handle exceptions of typel
} catch{type2 d2) {

// Handle exceptions of typel
} catch{type3 id3)

if Etc. ..
} catch{typeN idN)}

// Handle exceptions of typeN
}

// Norma: execuytion resumes here...

catch FHRIEE XTI THE A SN A, ATLER B SIS BEs R (ida,
id2%), SEEHABRNEE . MANTEEERECER P ERIRIRR, X EARIRT
LS. SRRl HRE 7RO 2 gnE .

SR RAEREry 2 G, —BENREHNY, RELEILESSEKIE
AR ERE RN NRE GRS, HE—- TN RELEER, BEFRITHER
HAXAcateh 747, TRAKMATLUAAZREE ST, (ERFHLCESOTRER
B -~ Ik catch T 2 Bk ik T.) R EicatchTa)4 &#hfr ERITRRR—
A Siguy R R LERE, B UKEBIE ¥ HRE.
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AE, oyt AR EARTRESEHEARBEORE, X, ABE—AREL
BLEEREATLA T .

H T EFlEMryfocatch, FA1{EX Bi#% TNonlocal.epp, it Hsetjmp{ JF—
MMrybe i, Flongimp( ) —/~throwig L%

/7. CBl:Nonlecal2.cpp

/f Illustrates exceptions.

#include <iostream>
using namespace std;

¢lass Rainbow {

public:
Rainbow() { cout << "Rainbow()" << endl: }
~Rainbow{) { cout << "-Rainbow()" << endl; }

Y

void oz() {
Rainbow rb;
for(int 1 = @; i < 3; i++)
cout << "there’'s no place like home" << endl;
throw 47;
}

int main() {
Ctry
cout << "tornado. witch, munchkins...™ << endl;
oz{}),; :
} catch(int) {
cout << “Auntie Em! I had the strangest dream..."
<< endl;

b

IR . .

ST oz )b ithrowiEmit, BREMDEHIKETHEE, ERHRFEAHFEHImE
ZHNecatchrmhik. BFEX M Catch THRN P HREET. IIMBREE
Nonlocal.cppfI B R EMX HIET . Lthrowid a2 FrHiT TR Moz( )b EoR B,
HErbiitri AR I . _

1.3.3 #LfkE

ERFLEBRPAERNERRDER: &b Es . fE&4t (termination) (C++3HExHRh
W) S, BREHREYTE, LETATRERY XEMDA B8R ERFNRT. 4
M, TEME -2, SRVBFCERATREGHRNES, HEAEEFRERE
ERERIHE.

B—A R GEERE R £ (resumption} B, FE2044-#060448, PL/AIEE B %5
ANZHRC ., ERREBNERE R TCHEEAERBERTXMER, RS HDHEHRGE
AR, FREF _IVMTREBRT). RFEECrH BREFREBRFNIGT. WSH
DAHHE AT IR BB SIR A, AR A RFIAR X SR . 1§
tryf B whilef@3td, A BTy D OBF, ERCERENS R, SRt
AER.

B b, i O M R BRI RGN RN, B AR RO (s

© Ei{ON ERRORISHE. BASICEESRMLL R X - HAREANIKEE R bR,
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BRI T RERE . BRKREEAEEEERIIA, [LEEXEPINEE LML, Hp
—ARERFRREREREOEERRECRE ZENER. 3 FRonRHemdri, &%
AT R—AEE; S —ARERE. T - RERGRIE, AREEERTRRERT,
MWrE RN BB R B SRR E , XERS L.

1.4 RELAE

— A REENHLLE ., BECHE RSO R IR A BRI AR BT R R Ab R
BB REAFELCESE, SRUCIERE LW T A EARERER T X,

AR HAERRE S KRR AR — I REEE B FIRAE 2L 1
SIHME S KEALLEEICE. (M. AR RLESLEAMRMAREHSIRE, X4
FEME s T —WEEERN R — TR R REERS T REOE
. BTERRELLEOHREMMER 2, XHEABHLAEE.) BT XMRE, FHA
TRAFRE N RER R, SE—EN I AHARR S E MRS . DR e,
T RE SRRtk TR Rl . B2, EREEES, AW -FRE LR it
A —-FEER,

/4 COl:Autoexcp.cpp

{// Mo matching conversions.

#include <ipstream>

using hamespace std;
class Exceptl {}:

class Except2 {

public:

Except2{canst Exceptl&) {}
+s

yoid F() { throw Exceptl(}; }

int main() {
try { fi).
} catch{Except2&) {
cout << "inside catch(Except2)" << endl;
} catchifxceptl&k) {
cout << "jnside catch(Exceptl}"” << endl:
}

Y A~

REFETRESIAY, @D R348 5% (converting constructor) #H—Except1
Mg — T ExceptaXt R, WLIERE-ITSHOEZHILER., 08, RELHESRE
LR E T BRSO, SRR, BFEExceptt R ECE B BLE.

THHEF R [ EXNRFHLESEFREEHRRE R

F4 CO1l:Basexcpt.cpp

/! Exception hierarchies.
#include <iostream>
using namespace std;

class X {

O REVHRLAFACHFFOR BB TconstBUMRIER MR, (HA%HBFN B% M iRk
WHERMH .} RO Rl S ¥ .
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publicg:

class Trouble {};

class Small : public Trouble {}:
class Big : public Trouble {};
void () { throw Big(); }

T

int maind) {
¥ ox:

try {
x. fl):

} catch(X::Trouble&) {
cout << "gaught Trouble™ << endl;
/4 Hidden ky previous handler;
} catch(X::5mall&) ¢
cout << "raught Small Trouble" << engdl;
} cateh{X::Bigh) {
cout << "caught Big Trouble" << endl;
} ii/:m
Ex B, BELCEAG.OREETroubledt s, dik4 B TroublefEfTxt £ (Bt H
MAK) °, CRAE-ATRELHEE. HTE-ATRTCRREETHENEE, FUE M
F=ARELESAGET SR, EAENOMEE, BRMRRAEREY, FHRES
WE B ha AT A R BRI R .
FEEENLE, XS F RS HRMEREN, RENXEEMIR—SHTEE,
R i A Fe i@ /M RE A, o L Ra e B SR p i A S 8RR . BRI T, Rk R
WALE A P E RS SN RES S, UBREASEENEBHETIRH.
141 BRFAERE
HIHE, EFATEAZEVRE AR ELES, EHESHEAATRIUNREY. AE%RS
AR R AL RO B FER AT LA SR Bk — i

catch(...} {
cout << “an exception was thrown" << endl;

}

HTHE SRELEESHBHREMEMNRYE. UBTREREREABEENZNR
B, MNiELREEERRELEE.

R SRELBEANGTFEREMSE, U EEBIEMAEERENMELE, BEXEHE
FRERRA, R “2RHETEE. XifcatchF2F R T HEREEHESM OB X
M.

142 EHFWHER

SRR TR, GUnRS SRR TR AT EERRN, EY R EEEi
— 5. (BRARGEN “RREE” —.) BREETRY, REFLXLIERMT2
BRBH T RERREE —HARERALEHT N — g, e, BENEEEEEELN
PES (hetel, EEASTRESBR) $XREdiinE. FXMmERT. 48SR
WAL S EAF A X FIIR K, SXRRbE S, LA A RE, RREAXRE, RoEFNK

©  HAENAEG, THFGE2LAFEBRRKARREY . AR R Irafsa Rk g FilE,
FERABTIRARCRIFH LT, B, SIEMFEMKER BELE REAREE R EERN.
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Hizsd, DAESHMM L HRELHARBLERIZRY. E—1TRELCESRE, EHAE
2 MthrowiZ W LLEFMHRE:

catch(...) {
cout << "an exception was thrown" << endl;
// Deallocate your resource here, and then rethrow
throw;

}

5R - -AtrysiaL ik S catch O A LW 2K —throw T L XM RE 2L
HETES -BEEPHRELmE. B, ITREXRNHEELBAAE, FUACTER
B h s e Rk W RN RE LB BRI T R U ENHEER.

1.43 THERE

B — SR IERTIRN, FAREARILIANE ., Wi LSRR T M RS & 2 bt
VST, FLAS S AL iA AEL B SE AR iR RO R B . anftryly BRI R A EE 2%
THCAREI RS, BAXMRERSEEEAUTER - BiFEhHREGhHEE, B
B35 i i s try ik B B ey B B SR A R . (i Tey B B 4b 78 o B8 R BER0 s BK .
FEEBERERABHE.) XA Bisitir, AR —BEE I RECEERER LALX 57
¥, Xbt, BRECEEHFIANCICE “HWIEKT TRAERE. PESEFRI RN RS bEE.

1. terminate( ) o ¥ ' '

MPEEEM—BRRELEZESHKEMREY, — AN ER S terminate( )
(7E3Lk Xt <exeception>hE L) S AzhiHA. BAMER T, terminate( )iHRr/ECE S
#rabort( ME R NG RELILTRY . EUnixFESh, abort( )iL4 3 G245 B & H#
{core dump)., Habort( )HEERIN, BFASHEAEEN&ILRE, DRER, 2RHRA
B A RO R R LT, £ TR Tterminate( )RR B AT RBHRWY
WA EREME S EN. REARTERTIE LR, R REETr) ; RE
Eo R dpidfmnsRESirhaid — R (8RR, Aroiririosiid
R

2. set_terminate{ )& #

L AR fUset_terminate( )E¥, ALLXRiEH B CWterminate( YEF 4k,
set_terminate( R Bl # B #H10 5 Mterminate( A HWHH (F - BEH
set_terminate( Y&, BB &N EPBRINterminate( YRR ), XHRTLAE
& %R E F Sk terminate( ). B X fterminate( YREAGES 24, mAHEH
{E_:E]’J;ﬁﬂﬁﬁ;%voido Bah, xBTS Efterminate( ) AN ARERE B (return) HAGERH
%, WE ST MR LZHR. mfterminate JRAFWMA, REW®KE
BENREE RS A '

TEHAF B2 T Wi {f fiset_terminate( Ji$. FXAFl T, set_terminate( )
B ¥ E AT P A AR, Ffterminate YFB AL AR BEIRE AR TH
TREI AR R,

A/ CBl:Terminator.cpp

f7 Use of set_terminate(). Also shows uncaught exceptions.
#include <exception>
#include <iostream>
using namespace std;
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void terminator() {

cout << "I'11 be back!" << endl;
exit{(®);

}

void (*old terminate) () = set_terminate{terminator);

class Botch {
public:
class Fruit {}:
void f{) {
cout << “Botch::f()" << endl.
throw Fruit{);

}
~Botch{} { throw "¢', }
¥

jnt main() {

try {
Botch b:

b.fO):
} catchi...) {
cout << "inside catch(..:)" << endl;
b i!i:~
old_terminatefsz LEBARG MILARS: EREMNR T —MEMBKRHRY, T
B flset_terminate( )i SR B ML X4 . SERE THRRBREER N BRI
FIEHZ GER—ASRELER, B], EXBRE AR TED R LLERE
WaG R . 5 |
#Botch AN B )P RN RE . MAEFMREPLRERE. Emain( )@ HH
ATLLAEH . IE R HTAG s b i R ¥ L T B fiterminate( ). JRR R LA B
Higicatch(...), FRKMZEBMETARE, TS terminate( ) BYRA, HE,
% Lterminate( A& IR, BIFALE R ROMERBHRER ERIMER, &
br, Botchfdriasksimm, IWiifd: TR oARY, IAREEERAF M Hterminate( ).
B, #dSE s TEMRR S 5% 8 W R H o S0 8 S A SUEE R H ikt
BB gD .

1.5 HE

BB M S 2 — TR RSN EFHCERR BRSNS ELmEP. MR
BERHN, BFAEMOBETE, BaRHLBESHERM4 2L, CHIRFLRE
AR LR AT R BT — A TR AR i, TR T iE A 1 RURRY BT b Hy i o, Bk
Fa kg, EATRNHERE —ESEIRA.

BT, BT YRR E EEE RN AL R RKAITHR L. X6
FHRERT HEENREAMEEFME R EM &R A FH:

/i1 C81:Cleanup.cpp

// Exceptions clean up complete obhijects only.
#include <ipstream>

UsTng namespace std;

class Trace {
static int counter;
int ¢objid;
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public:
Trace() {
abjid = counter++;
cout << "constructing Trace #" << pbjid << endl;
if{objid == 3} throw 3;
}
~Trace() {
cout << "destructing Trace #' << obiid << endl;
}
7.

int Trace::counter = 8

int mainf) {
try { _
Trace nl;
A Throws exception:
Trace array[5];
Trace n2; // Won't get here,
} catchiint i) {
cout << "caught " << i << endl;
}
Y A~

B LB R R AT T Bk T it Tracem N R . CH— 1 8ERERA R
counterk 4 it L& AN R4, THEREHIER Aobjidk B RORE .

main g TS EE— A R EE) N Rn1 (objid 0), RERESR—1TRAEAL I Tracex)
REBH, HE, EREENMNR (43) BB 2R r—45E. SRn2ilF A
PAlE. 70X B AR TR s e 1 oh:

constructing Trace #0
constructing Trace #1
constructing Trace #2
constructing Trace #3
destructing Trace #2

destructing Trace #1

destructing Trace #8

caught 3

MBEBAF=ATRANGE T, BRI R ¥ SRR R b Haik R B
T—AR%E. fmain( Y@+, BTFEN HEEYE (AT oRarrayl2]3R) AT,

il Rfarray[1] @ flarcay[o]3F i Ena SodiA R . &5, SRogis. Ehrte
n2Ai EE@EE Q. BrilhidH #ise.

151 HEASE

MERSHWABPHAREE, EREEN—AR, BENIZEE—T,. “RREFTE~E.
BF SRR EAEE T ” RBRFRTAREBL, ARENEREEE 1%
PR - REOEEREERTEEFRURYE, 2 A B SA#) RER A &
WA, FHik, REHEEKM . BA R LT,

R A S A R b o SO IR . RS RECh R AERE . ITREEEREYE
BGREHE. XTREBISEHEME "B 5% (“naked” pointer) HEL. {A4n:

fr: C8Y:Rawp.cpp

/f Naked pointers.
#include <iostream>
#include <cstddef>
using namespace std:
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¢lass Cat {
public:

Cat() { cout << "Cat()" << endl:. }
~Cat() { cout << "~Cat{)" << endi: }
}:

¢lass Dog {
public:
void* operator new(size_t sz} {
cout << "allocating a Dog" << endl;
throw 47,
}
void operatar delete(void* p) {
cout << "deallocating a Dog" << endi:
croperator delete(p):
}

}:

class UseResources {
Cat* bp;
Dog* op.
public:
UseResources(int count = 1) {
cout << "UseResources()" << endl;
bp new Cat[count];
op new Dog:
}
~seResources() {
cout << "-~UseResqurces()” << endl;
delete [] bp: // Array delete
delete op;
}
1

int main() {

try {
liseResources ur(3}:

} catch{int) {
cout << "inside handler” << endl;

}
Y 4~

BFREL A

UseResources (}
Cat()
Cat()
Cat()

allecating a Dog
inside handler

BIFRRITRERA T UseResourcesfiiE R, CatiuiyE SRSk R T et
SBHPR=THE. 2R, E£Dog::operator new( JEEHMH T 458 (ATELA
A RER (out-of-memory error) ). BFENITRE GRS 2 22R% 1, UseResources
BRI R B il . X AETERN, HAUseResourcesiE g H ok, HA, X
HhERE, T EESICENCatHRASHEHR.

1.5.2 {EERrARIMA AR
TR EEEME, 8 LAEHTRIRF AR —REEIE “FRBMAT PR



FI¥ R HF X E I3

s EREEEChHREE . ATERIRE.

o LEXTR AN TS R B P o RERIE . FF B S AO8T R iR B P B IO I .

TR LB AT LA M R — kB BEERAE 7. b THRESERECH DM RAE
S EHER —ER sy, R AK [, BAEARBRNG, KOS KEMRRENR
REAE#ES LA, IR ARATERES DG (Resource Acquisition Is Initialization,
RAIL), B4 E (48 38 08 1848 BRI B 55 5 R A0 A= 6 B AR E. A TiE3 LA Bk, FIH
B EdH— AR TR — 1 H

/4 CBLl:Wrapped.cpp

/4 S5afe, atomic pointers.
#include <iostreams>
#include <cstddef>

using namespace std;

/7 Simplified. Yours may have ather arguments.
template<class T. int 52 = 1» class PWrap {
T* ptr;
public:
class RangeError {}: // Exception cClass
PHrap() {
ptr = new T[sz];
cout << "PWrap constructor"” << endl;

}

~PWrap() {
delete[] ptr;
cout << "PWrap destructor” << endl;

¥

T& operator{}{int i} throw{RangeError}y {
if(i >= 0 & i < 57} return ptriil;
throw RangeError();

}

s

class Cat {

public:

Cat() { cout << "Cat()" << endl; }
~Cat() { cout << "-Cat()" << endl; }
void g() {}

HE

class Dog {
public:
void* operator new(](size_t) {
cout << "Allocating a Dag” << endl;
throw 47
}
veid operator delete[](void* p) {
cout << "Deallacating a Dog" << endl;
sroperator delete{}{p}:
}
)i

class UseResources {
PWrap<Cat, 3> cats;
PWrap<Bog> dog;

public:
UseResources(] { cout << "UseRescurces(}" << endl; }
~UseResources() { cout << “"~lUseRescurces()}" << endl; }
void f{) { cats[1].g{): }
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)}

int main{} {
try |
UseResources ur;
} catch{int} {
cout << "inside handler" << endl:

Y catchi{...} {
cout << "inside catch({...}" << endl;

y A1~

XFE RS E R TS 5% R ENENET . XMFkESE I E S8
ABRY. EHAUseResources3iyirs @y 2 i x e R @S iHA, 3#
HAR AT Z W EMER — 0 MU BT 2T, 24X RAi e R 27
BRI ek IR A

PWrapfifi 12425 1kig% RN EMBAERARERH - Foperator[ IPERT
— A RangeErrorf#kE ¥ (nested class), ZNREHHH, WE(E - RangeErrork
MHIRE MR . H hoperator] 1 EEARR—NFIH, FLLEREEEEO, (BAFT R
HZSIM.) RE—NTAENSFFHFR— YNBSS, BFEAOERKT2; fRAGER
bl — A RATREMIE . XA H T4, RangeError® 4% @AM, ERIERNLTEHRBEL
A LBHER. mRIAHHEMRNRS I BREEME, TiAZERangeError3 ik in—
At R AT E.

ixEF, FEFFRIAR O

Cat{()

Cat()

Cat()

PHrap constructor

allecating a Dog

~Cat()

~Cat{)

~Cat ()

PWrap destructor
inside handler

BIF A Dogsy B S RMRHEE — Rk MIH T R% . HBZ—RCat i Frut Rk 2
WERT, BAHANFLR.

1.5.3 auto_ptr

BT E— T RBRC+H+RF P E S BN TR E AR, BC+ b T
TRAIEF, FATHEHENDRHENT (heap memory) BIHEE, XBMEBE MRS A2
PRI EAAF. auto_ptra¢ B RIEL X H <memory> g Y H, EAIKLE B¥ER 4
RIEI X EAA (generic type) Kt (ERAERBHEMAHL%) HHE2H. auto_ptrikia
BREEE TSR R->, DUEHE A fauto_pterf & 0B s Hes k47 3 I 4300 2 &

B XH, RE TR A A  Flavto_ptr#fg. TEMSEEGR T dofi i
Hauto_ ptr:

O B, EXMMER FRAERACHERMEE D E LM R %X ——std:iont_of_range.
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£/ CQl:Auto_ptr._cpp

{7/ Illustrates the RAIL nature of autc_ptr.
#include <memory>

#include <jgstream>

#include <cstddef>

using namespace std:

class TraceHeap {

int i;
public:
static void* operator new(size_t siz)
void* p = :.operator new(siz).

cout << "Allecating TraceHeap object on the heap "
<< "at address " << p << endi;
return p;
}
static void operator delete(void* p) {
cout << "Deleting TraceHeap object at address "
<< p << endl:
s:pperator delete(p).
}
TraceHeap{int i) : (i) {}
int getvat({) const { return i; }
1

int main{) {
auto_ptr<TraceHeap> pMyObject{new TraceHeap(5}).

cout << pMyObject->getVal() << endl:; // Prints 5
) FEi~

TraceHeapX B# TnewiZ B Hideleteiz BT, X#, BATLIREGIEEIERITBT
ﬁﬁ*ﬂi&?ﬁ&%ﬁ HE, REMEERE ., mmn()sﬁﬁﬁﬁ;ﬁﬁﬁﬁﬁbﬁ*ﬁﬁﬂi
= A
repsHE 4 . maind )%ﬁtm%‘—"LrtﬁTauto_ptrE@t!peratord( YeR#r R R T EA/
Figiest, BREEN— AR, REEFEEENMMEBRIZFHEE, 1 7 4% 5 MR IR,
pMyObjectst & R B MR IZE LS, TEBFNSHIES TiX-—m~

Allocat ng TraceHeap object on the heap at address 8936048

5
Deleting TraceHeap object at address 8930040

auto_ptrAciitR ATLLRA B A THE BB A. Tl {E5 AN RB ST,
UL R, XA G iauto_ptrik B SR REEEN C AT A S R A RE . ©

1.5.4 EEEAryER

BT REGEG I R, R E T TRACEERRIR R SRR THRENHIN
RHER S, BT BELx— A, ALMRX SRR NMALTEER & K AtryRF. 5
EAOEBRAR, fEANE & B sy ftry Sk sl iR @0k, i Mcatchk
EIRE SRR R R . AT EXA TP REN

/7 COLl:InitExcept.cpp {-bor}

// Handles exceptions from subobjects.
#include <igstream>

using namespace std;

@ A %auto_ptriifapisn. iwE%EHab Sutter{E 199910 H R FEHIXE “Using auto_plr Effectively” ——
gC/CH+ Users Journal) |, $63~67 0.
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class Base {
int i;

puhlic:
class BaseExcept {};
Base(int 1) : i(i) { throw BaseExcept(); }
3
class derived : public Base {
public:

tlass DerivedExcept {
const char®* msg;
public:
DerivedExcept(const char* msg) : msg(msg) {}
const char* what() const { return msg; }
¥
Rerivediint j) try : Base{j) {
f// Constructor body
cout << "This won't print" << endl:
} catch(BaseExcept&) {
throw DerivedExcept(“"Base subobject threw")::
'
H

int main() {

try {
Derived d(3);
} catch(Derived: :DerivedExcept& d) {
cout << d.what(} << endl; // "Base subocbject threw"

}
Y A

R, fEDerivedMi R, WIAETIFGERE T Oy &R0 R Kk im.
MEEMERBH EAFRY, DerivedX &3t Rt AikaR. FHEEFE RS
A M R AN (WERENIARY) REEFELN. ATFXAEE, R-—aE0Es
WA TE A Bk Fcateh -4y chi Y 8 _

REAZAFEEH, CH+BRAVERMH @b R A M Mteyby, TROSH T30 Tix
Fh

f7: COl:FunctionTryBlock.cpp {-bor}

£/ Function-level try blocks,

// {RunByHand} (Don't run automatically by the makefile)

#include <igstream>
using namespace std;

int main{) try {
throw "main";

} catch(const char* msg) {
Cout << msg << endl:
return 1;

Y A~

TEXFMEILT . catchddr RIS AT LA & St vh BRI — R IE40E . SRR 21 B 2
Ftryik SE @I ntry-catch G LR HH 2 K 8.

1.6 FAERE

R TUMERPECH SR LR E . —BkiR, SRS ELLE PO EL R
REGERIFG L. MBIRERTRBEER, WiTLHE e b E 2ok 1 SRRk,

S I e 8 . T 88 e i e
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Py Bubrot 7 o B AR BB B Mexception$ R B /Y, exception g LRk L
<exception>th, exceptionZiJH>FEIRA: 2 Hlogic _errorfiruntime_error, X
A SUAE LS < stdexeept> b (XL X4 <exception>), logic_errori
A-FRRRF R HIALEEE R, Al Taies. sfTHEHR (runtime error) BEMH
WL EETERRNSER, FlnEtgEEANAFRER. logic_errori
runtime_errorffigtt T —4 S ¥ A hstdstring S . SXBHTLUSHB R
FERFMEUOFHEANR T, Bidexception::what( )iEf . RE AL R HREEHR
FREE, W EBFR

/4, CBLl:StdExceptl.cpp _

// Derives an exception class from std::runtime_error.

#include <stdexcepti>

#include <jostream>
using namespace std;

class MyError : public runtime_error {
public: _
MyErroar(const stringd& msg = "") ; runtime_error{msg) {}

}s

int mainQ) {

try {

throw MyError("my message").
} catch{MyError& x) |

cout << x.what{) << endl;

}
Y Ah~
REruntime_errori] K R EIEHEBRGF A EHstdtexception T3 &, {HE
std:;:exceptionif I HRIUE T E XM Hetd::stringMIgE&¥K. BPBHMNM

runtime_error #Hi#logic_errorzk (X TR PIEATRBIRER) kLA CHRE
#, A EEEMstd::exception ik 4= . '

TEHEJAREHER TiERE %

exception A SR M CHEREE B A i S OB R 3. 183 ATLUAN
what( ) i@ $ H G exceptiondf FRIZAH 4 ik RAY AL T S

logic_error Hexception®ikt ., RERFEHER. BBENRD. RN
X PR

runtime_ error Mexception#ikE. #GBITHFR, RAELEFETN, E3H8
1R 4 ol REHE A )

A S I o Riosfailure g Mexceptioniic 21, HRAEEE T-3.

FETTUHSERATERCRPFFINRE R, KF0EMWeRERRRERCHE L
PREf R 2.

Mlogic_errori & @ F i 3

domain_error #HEEE THWREEM
invalid_argument EEHHZ T FENRIRBERIA T I EZENEER
length_error RUEFRE 4 - REXTE Topostizt R (iFsiC MR

FEAM AR AR E Dstdnisize_t)
out_of_range BeL&—AEHBREIR




18 Ry RIBREER

bad_ecast W G AR E R I R R e AT B AT R ( cuntime type identification )
hEBBEFRT I~ ENAEREM SR (dynamic_cast) Rk
A (PR

bad_typeid MJREXtypeild(Cp)HHBEPE - MEIEHPMEEXTRE. (X
LT R BIAHE . REBE)

Horuntime_errorffd- g3 S

range_error WEEETHELRME
overflow_error B R AEBETR
bad_alloc i te— A e M RO A S R

1.7 REHEIRA

ARt A EREFRERESIRARVEHSTRRERHSHUAARE. &, mRX
FEMN, oR B A SR o2k W AN (TSRS SR T BT A AT BB R, BrUA Rl W e LA AR
TRAFE . d0REFAE & UG BHRAC, b Ist el LR sk throwid MR R ) o ¥
PRt e, (B8, DLEGTHEZCIR BRAT oh 08 B R A &8I AUy, I SCRIRES R Ahx —
BebE, HREZ DHAETHEBR RS R CRE? CH+t—MIEERRLIFERERS
BT iR SRRy, XA TIBLRE ERR AL B L Rl T . X Rk i) & F BLA% L9 (exception
specification }, ERABH ARG, SESRAROFE.

BEHMERHBXER 7 X throw, AFEFTREMBKOAEERENARNIZESH
throw 2 [FHESH . X BRI FEMT AR

void () throw(taobig. toosmall, divzero}:

EHRFEEN T, (FER R

 void f();

Bk AR RMEETRENRE . TENEEADH

) void f() throw():

EHRERB T2 MHETFE (BdFfili— T, X RERARGE R ASERE ).

MIEFRISRIS RS . RO TR LA A RS, YRS ERYFE0
BN, BHFEEHREIRRE. (EX—-BEREIE, #Ebx—FHa%it.)

1, anexpected( )& 4

WRBEPAIRENRERAFEFERBERN R SRS, IREESHBT 2R 7EX
AT, Mtk Kanexpected( L HIER. BiiAfunexpected( YR SAH
AR B i A R dterminate( )R %L, .

2. set_unexpected( ) & & '

fgterminate{ )ii% —#, unexpected( Y=TLUREE—FHPLEIR B 5 20 & Bk mm Ry 3
SrRD S (unexpected exception ). RFWTLLIEH i Hset_unexpected( )R ZmixffH, %
{tl Fset_terminate( ), set_unexpected( ) &3k B — - AEIREHENS S, X484
Frigmpi R Bt A 2%, mARB{ERR Avoild. Hhset_ unexpected ( JiAFER T
unexpected { )AEIREALMEME., HLUAUREXME, HHEURHREE. ATEEH
set_unexpected( )%, HEAQLRERBHEE L L H<exception>. THEHX 6
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FRTRARES K ikX—a it AR SRR

if: CBl:Unexpected.cpp

/1 Exception specifications & unexpected(),
/7 {-msc} (Doesn't terminate properly)
#include <exception>

#include <ijostream>

using namespace std;

ctass Up {}:
class Fit {}.
vaid g();

void f{int i) throw(Up, Fit) {
switch(i) {
case 1: throw Up();
case 2: throw Fit(};
1
E{),
}

Hovoid g() {} /7 Version 1
void g() { throw 47; } // Version 2

void my_unexpected() {
cout << "unexpected exception thrown" << endl;
exit(@); :

}

int main{) {
set_unexpected(my_unexpected}; // (lgnores return value)
for(int i = 1; i <=3; i++)
try {
f(i):
} catch{Up) {
cout << "Up caught” << endl;
} catch{Fit) {
cout << "Fit caught" << endl;

}
Yy A~

IR UpRAFILRIEAREE,. BRRYEXBEHR D, BRATLLRAENRRFRMEE
RMARELEREABE.

REIOEERYRERNT AR S HH UpAFIt AN RE, HEMNAHENELKE
AR AN . g WISE 14 IRA (Version 1) B YIRBR A &MU EARE. B
mRAANEXTHEEe(), FHERH - IMFAREMHRE (REX MR )RFE21
A4 (Version 2) #itl—MntBIRE ), o mB IO R0 RS R T80 .

%18 B 72 Lunexpected( R FATH AR, my_unexpected( )& %A S ¥ HHE E
. ZTRBALE R -&NE, EWCHEAT, KAERHEF (ExHEi#EHexit(0)), X
HimE4&HBatarfE Armake B FRASEB T) . Funexpected( )EF K R iEHreturn
Ew.

fEmain( )R EH, trydeli TlorfBHRANES, Hik, BTAEMSIGESLE#RGTT. EH
XEAR, BRI RS ENEE. otryiti Eiefor, while. dogkiftdr, Jf:
Hphk S5 2l Rl SRiaEHFiRtry L.,

{UpHFit R ERESmiE. RAREIOMNRS ERAFXAMFRESEME. ae()
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HIE2 IR A EFmy_unexpected(O)BIEH . RAFOMH T—MntBpHRE.

ridfset_unexpected( JHIkHE, FRKAEEERZET. MEFEEENHIHKE
EHiftunexpected( ), EE A AR XEABANEMN Y Nset _terminate( YH 7, H#
set_unexpected ( )% BHE R £— -5 7 R BctIfestoh.

A junexpected b M R SREIRICA R E, RERHexit( )& FEF. Shalit
H BSh—A-d (HEFMEARRE) SiiHabort( ). MR EMHNRERDVIHTR
il Zunexpected W RN FH AR, M2BRFHKREINZA A # AN EEEH A
RELE. (X2unexpected( JeRESFHWTH.)

fifftunexpectedi B BZ I MHAREERTA TS RENER IR, THHER2
—BERE:

1) @B 58 iEEH D AEstd: :bad_exception (fE<exception>hE W),
unexpected/b A BRI L HI B E S i kstd 1 bad_exception# 2, RE, BEEKE
Fax AR 5w AR RO B T 2 R ICED,

2) IR A 5 B A b A AL dgstd:sbad_exception, )74 iR Hterminate( )
R, '
TR R Tax bt A

/4 CO1:BadException.cpp {-beor)

#inciude <exception> /f For std::bad_exception
#include <iostream>

#include <cstdio>

using namespace std;

/f Exception classes:
class A {};
class B {}:

/f terminate() handler

void my_thandler() {
caut << "terminate called" << endl;
exit(@;};

}

// unexpected() handlers
void my_ uhandlerl{} { throw A(); }
void my_unandler2{) { throw; }

// IT we embed this throw statement in f or g,

// the compiler detects the violation and reportis
[/ an error, so we put it in its own function.
void t{y { throw B(); }

void T() throw(A)y { t(O: 1}
void g() throw(A, bad_exception) { t(): }
int main{) {
set_terminate{my_thandler);
set_unexpected(my_uhandlerl);
try {
f{):
} catch(A%} {
Cout << "caught an A from f" << endl;
}
sel_unexpected(my_uhandier2):
try {
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B}
} catch(bad_exception&) {
cout << "caught a bad_exception from g" << endl;
}
try {
O
} catch(. ..} {
cout << "This will never print"” << endl;

}
Yy Hi-

Ko my_unhandlera( Y — A LUHEZ M RE(A), FRLUBFHINTRE RISk
HH TH 1 catchir, HEEmMmy_uhandlerz2{ HFAFE (B) A4#:, HEgHRE
Hil ¥4 ik B b o fEbad _exception, Bl 5B 5o gk 24T Abad__exceptionit
R, FLUE2 N catch g Zh T . A TR B R EW S S 2iEbad _exception, FLIEF
£ FABR 2R (terminate handler) my__thandler( )#%i8H T . /S 5:

caught an A from f
caught a bad exception from g
terminate called :

1.7.1 EFMREIREIRE
EHE TR RRIUTH RS LT REF, M
void f();

BEFoREBAEMHEE. RERFABMLERRYNERY, GARE RN TREX:

void () Tthrow{...}: // Not in C++

ZREE—FEE, FAREHFHSTEE MRS, SRR, @drEiEfRy, RER
— E RS MR AE BB R T WM R E M. A REABSHEE Y. EREHILAE:
ERELEIMEIR 2RSHRESER, BT ENMMRARSERY T5E, BREIEei
AEFERBNTRE CEMTRABEIFOTRERENORE ). Hik, SHAEHRAORR
WHRET Tk

yoid f();

BoRE “RABRSHERY, DTEASRERE.” ATELTRAENEL, THARE
PR LA, RIEEBHRERAEEASRMEMRE, TLMERZH R KHRIFER.
TR

yoid f() throw();

1.7.2 FRARRATNEK

RpREN AT RS E FRBSRESAPH—MyE. BREHRENENRE. &
BT EMGCEH R/ REERSR. RS ELRERERDRFEFE: BN, RARfE
K ZIE “B—A (is-a)” BIRARFEEY. BT REIERNEZE R @ B0= i —38
5, BTEAfE4RA& Bk W BRI -8 fm, oREEN TR BARKEAW R —
Fr R REA, IBANRA 2 b B3 XA B0 B A SR B4 BEAE WO TR IR 3% P iR IO b e 0
BIAMB RN M RE, SRl T A28 DR AR, 5E T LAEIRA 2 R
SEEREVPEEE SNREREE ARG AT, RAAXETRIFERPBEXEMT, %
F AT LATER R K R EA AR R E M B4 (is-a)” ARNAEA, EHMT:
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//: CBl:Covariance.cpp {-x0}

// Should cause compile error. {-mwWwcc}{-msc}
#include <iostream>

using namespace std;

class Base {
public:
class BaseException {}.
class DerivedException : publiic BaseException {};
virtual void f({) throw{DerivedException) {
throw DerivedException();

}
virtual void g() throw(BaseException} {
throw BaseException(};
}
h

class Derived : public Base {
public:
void f{} throw(BaseException) {
throw BaseExcepticon():
}
virtual void g() throw(DerivedException) {
throw DerivedException():

}

Yi 417~ .

BT Derived::f( )i X T Base::f( )Ry R B R, FLARIESRHIAADerived::f( )
REAN (REFLHE—1BYE), Dervived::g( JAIFE ST HTLARRIESES, E
s#DerivedException “5—/- (is-a)” BaseException (i&#FHbalgetE). iEHFTLIA
JBase/DerivedfiBaseException/DerivedException £ HiTHIZK Bk H: EIRA%
B, FLLfiDerivedExceptionfyif B{H LB+ W 758 #ig % 0§+ ifyBaseException®}
AR, BT BRI M E (covariance) (AT RARIES B W8k & s L T

BiL). (BEEZ1EDERE: SRRV ARDE—FETZEHRPIHET LR KRB
RE4.)

1.7.3 {tAMBRAEHREHEIRAE

NP EHEPRREC+H R E X RS, XA RBABE - ERER T RS HEIRN.
REXFEFRFE, BRAIHEUAENEEEERER: PrECH+E R 28 h B R,
TEaE A AR RSt 2. Fdn, ZEEERFE TS ENERER, HHEpopH
HEhEHRERERY, TR

T pop() throw{legic_error);

HTEEFERLAMEIR AR TE, BEARASESTEERERAREE 1
logic_errorsfi EFE LM RE R LM, HEKWTHENMEHETESRE Y.
B2, unexpected( )&HEMA, BF& L. NARKILHRUTIESEGCEARIE. X4
L EtoREE, AECHREREENA. XBRENH 22, WRRBEARECH
KERIE A BRI . A R S BB R B BTG ERMENSE STEET, BH#
TRIFEEZS AP RS, FEIERETERAISHR RSN,

1.8 BEERE
EETE D, HEEAORECHETNRS, SERES. ELHAEER, pop()
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HK 7 R B P B 4 T

void pop(};

EETREERRTE, pop( )RR EERAY Rvoid, BNUMER THTE. A T7EE4&
WHEME, BYARENApop( ) ZATEHtop( ). XMk E — T REENEHE®E
stack“HRILA T4 2, ERECHERIIEPREELE - TEXRENEERE. 4
B RN EE ARESNRERE, B, BAEY, FEESPEEEN — RZERKN
Y.

figd B4 FhERE K -4 ({EAdataffAHRAER L, {EHcountfEEs
it SR ERS), HFEARARKE - TMHAEEENPopOEE. X Tpop(YEHRATBMT:

template<class > T stack<T>::pap() {
if{count == B)
throw logic_error(”stack underflow");
else
return data[--count];

}

I THELE EE IR s RS, REHTEER TN AR, JiXEER
&Rt ol BARAETRYE, B EAERNIZR&MTREREE, HEkcountil
BET, BLAARAERBARMTTHEERT! AR £ RE XA R EONE — R mEF
i (1) BEME, A (2) dolaRerekE. BEiEEm M fsh (EREIR M i E &S,
X LR bR R stack K. (DIER, HFARRHEN—=E B8 K—4FK.)
R R 2RI ER S X R R R &R — B B AR08 . IRk .

EEFETHRS 8 LEESEN. £EBNEI2E, REC 25 operator=);
5251 S5 Sl QNTET)E OF . F=iwh

N BREFAZRGHCHE. WRENE. BAPE6. (XM HERHLL.)

2) SR IR AR R 47 BLRR R HOBTINTF .

3) MR 9 P AF X 17 37 53 BERI P A7 X 38 DU iR

) B HIEH BN .

S) B PR RARA . WRRIEIR M o R EHE I A MR IE L R BRI R .

6) 1& ] *this.

BEFENE, EFRAMNHERANER 20 REANTFH DR ZAAERSICT RRE.
— MR R R RSB AR I, XA R B HE M i clone( ). TERIBTF
BT T A E— T E R A8 R 5 (theStringfitheInts) i B —#EA:

/7 C@l:5afeAssign,cpp

// An Exception-safe operator=.

#include <iostream>»

#include <new> // For std::bad alleac
#include <cstring> -
#include <csiddef:-

using namespace std;

/f A class that has two pointer members using the heap
Class HasPointers {
// A Handle class to hold the data
struct MyData {
const char* theString:
const int* thelnts:
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F—dy I HE G

size_t numints;
MyData(const char* pString, const int* plnts,
size_t nlnts)
theString(pstring}. thelnts(pInts). numInts(nInts) {}

} *theData; // The handle
/f Clone and cleanup functions:
static MyData* clene(const char* otheritring.

const int* otherInts, size_t nlnts) {
char* pewWChars = new char[strien{other5tring)+1};
int* newInts;
try {
newlInts = new int[nInts];
} catch(bad_allock) {
delete [] newChars:
throw;
4
try {
/7 This example uses built-in types, so it won't
// throw, but for class types it could throw, so we
/7 use a try block for illustration. (This is the
/¢ point of the example!}
strepy(newChars, otherString):
for(size t i = B; i < nInts; ++1)
newInts[i] = otherInts[il;
} cateh{...) {
delete [] newInts;
delete [] newChars;
throw;
}

return new MyData{newChars, newlnts, nlnts);

static MybData* clone({censt MyData* otherbData) {

return clene{otherData->the5tring, otherData->thelnts,
otherData->numInts):

static void cleanup{const MyData* theData) {

delete [] theData->theSiring:
delete [] theData->thelnts;
delete thebData:

pubiic:
HasPointers(const char* someString, const int* somelnts,

size_t numlnts) {
theData = clene(someString, somelnts, numInts):

HasPointers(const HasPointers& source)

theData = clone(sgurce.theData):

HasPointers& operator=(const HasPointers& rhs) {

if{this != &rhs) {
MyData* newData = clone{rhs.theData->theString,
rhs.thebata->thelnts, rhs_theData->numints);
cleanup(theData);
thebData = newData:
}
returp *this;

~HasPointers{) { cleanup(theData): }
friend ostreamk
operator<<{ostream& os, const HasPointers& obj) {

a5 << obj.theData-»>theString << ": *:
far(size_t i = @; i < obj.theData->numInts; ++i)
05 << obj.theData->thelnts[i] << * *;

)
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return os;
]
¥

int main() {
int someNums[] = { 1. 2, 3, 4 };
size_t someCount = sizeof someNums / sizeof someNums[©]:
int someMoreNums([} = [ 5, 6. 7 };
size_t someMareCount =
sizeof someHoreNums / sizeof scmeMoreNums[©]:
HasPointers hl("Hello", someNums, someCount);
HasPointers h2{"Goodbye". someMoreNums., someMoreCount);
cout << hl << endl; /J/ Hello: 1 2 3 4
hl = n2;
cout << hl << endl; [/ Goodbye: 5 6 7

Y /-

HTHERL, XHasPointers{f iMyData®EAF 84K, —-BEESRE
EZRRG ., AotEme kR ERERES, BFaRBSHASE — - clone@$ks
BEE. mMRE—-FERAnewZBF sy BAFTHIERLE, A4 A3 NH—/bad_allock:
% MEE _F£oRATEHIESN (ChtheIntsyEATF) k. RFZKLFFEE HtheStringsy
BRI —F — ey gk Thad_alloemr &, Myl AR EXEEW, BARESE
RintifE et (A& HE), BELAHINMEANE, efIMREREFTESHERY .
BN ZIEREN]. HHERE, EXATRELEED, St TRY. XEFRIMEXHERSE
REffrwiEER TE, AEMEREPRRETMELL T AHER, HURFKEMRELEN
HitFFHEREERASSER LEH. FASBRRBTERENHREERREA T F 20
{exception neutral). X TFIEH KR, HAFESHISHRELTLAREFIINKEE. ©

mRAFHEE FERARE, R&ZREH —deletefEAMERTE. ABRABERLE
Fix—%%. EL—TF, 485+ AdeleteBlx— R, XAMRAFHRESH
WA, &R Bk, RERiEimhEEAdny, SWEERRITREZEHAB,. AF

ikttt 8. (EXRRERZAELET 2 xR, ) ©
1.9 HEREPERARR

HREWEFR, ARECRF XK, iIBaERNRFRIIEEAIEY. Ml
TRER-LIRE, THE- SERFRIENREESENL
191 F4anGRBRIN

BEHTREMRAARE SEERASESRRN. $TEHAS N T EBRMER T
BiEERRE. ARAMLZERRERNRITEIE: RESARRHE RN A
HRE.

LARARYFHRHTRAFF

FrECRsignal O RLE R R RG M FEH B LB R E EERF IR Z MY,

© WREZHELAMIWTEELRLEENE, NEME%EREHerb Sutterfy ¢Exceptional C++3
Addison-Wesley, 2000,

e FERKRIEP, E@Funcaught exception( )ixpltrue. FfEMER oK, APATLAERH
uncaught_exception( JEMIEL MarikE ., MR K Mfalse, T2 s0vlEALESTR B Sl . FRAIM
AW E o AR IR B e A, BEARREERTEPIZS .
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26 By RIRZHEH

m XS & AR B LERRHG . BT 58 R EA0RbPE 2% 2475 56 75 48 15 19 o &0 A%
E. BRUESERCHHIRIRENG BRI ELS. bkl REEKE TR ZTE R
MARBIARE (R0E “ZHEMERRK (dynamic scope)”), MRl Eek48 B2 B0
{RRDsEAbER, Z IR IEEBFREA T (SRR H T-&: P ITIRS AR EEE1E3F).
AEEGEASERE DR RE.

EHARRFEEGEAEERE ALK A, B, DECEERSFNIZR R LR E .,
AhEE RS AR FOR, PR RFIRE —Mrid. BFENETRER S X MRic.

2 ARLELARNREEONERLART

IRFER I EVBHEAREEER, MARABERARE. BEF AN IREYBIEE DL
EAER, AR - TRERBIELRN (L—B) ERY.

jeoh, CHEBTINE EEFMEREHRA M ASMHRE. BEALHA BB —S0H,
e A SR A AEXRESE. X, C+H+IREILHTEE Y ERE. EiEREEkR R
BTGB FR S EIRTL.

3. REWF N R FAEA ARALIEH

REBREA R AROE BRI, hA affswitchiify, Hik, #&ETREES
AR R Hx %G iE S MBRAERS N, XE—MEHRARE:, BoRERRASELER
SR FNEFEERHERSZ. REXNXE—TESSRY. FHPEEAH 2O/
R, MELEFERTLEER 2N M, e SR e Bt AE AR EL.

4 REZEMHATERAETE

FOCER A A MW A (Bl — hRISE FRA). BFEP TR EEEE A KIS,
AT . fEX SR, WTRETES B ER S, FTIF3CPFR R SE & R BIX 2R 0,
EAR-THERGBRHERFSRTLLT, BRI REE TS ERNRMME, T4 R b
RTEREBECRE. WA, nREFEAFERY. BRAERAACEREN.

5.%F%, EXG

B—AHBHAEEEN AN EARENBRFRTEXHERT. ERFRID,
ARESIA T =t AREHIE, FFEEMER SN ZERERFPHARRE. BIERF
FEEHA T A4 AMENRIRGERA, REEAN SR ANENESEE AR
mE (itgmain( JAXKTHIRAFIREM) EBtryted, Bin—Acatech(...), REEEE
IR EE. TLUE—SBESel). RISEEREE, 505 W38 b i % 8 oo mh i
g, BRELIBWE, FiFMPWABMIZRARENL. TSR 4 5 ¥ 0 RN & E
tryihg, HEHSSRFLERERTELRESAABRTHEXFEETOER.

YA MEANALERE /A0 b A GEFA RN, £ PR 25 0 2k 538 b ) Ao ) B Bk fr
PR FAFORE, REREZEREEREE (R TZiRERmitie, S okl
C+EF B AH AR ERERE).

1.9.2 BRERNAREH
AT HER T iFERR:
*ELERFHEFIRRTERENEE.
« A EFTNIA PRI R BN E— LT AL R A3 LSRR T

S RLHERTXHERTERHSE, BECLEHBEREETRE LM (RELMN) 5.
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JENANESE PR TR LR, HUAAAYAREEFRHIESBEmiEED.
 FEAHFEMNERTRELZOERE, HE—-TRRLLSRERNBIESENIERED.
o 2 (LERT.
. ’lﬁ{imﬁﬁéﬁtxﬁt@{ﬁﬁm@&(X}E%Clih@ﬁ)ﬁﬁ*&ﬂé DAE AR sk iU A a9
R
o @i, MBERTTHOMIRCBEBAGHETEEEA LT ARCER, B RE TLIERR
ARERE M AR L.
fEHSTAEMERERS. (FHARERR—MEREE CAOTHRANE) hE—FKH
1l G VR ARSKHEHYE).
1. 4+ 2 BF A& & B 5% 2450
RENSEHBEREEY: EREHHERGRESRELERBU LR RYE. ER
FR B X T REVEMDIEE . 1HRIFEEGESITRMSIE R iZR 5§ S A EME .
—A BRI A AT E TR E BRI EN FEnRE LMt aRE. A&
R AP AR TTEMNRE, BRHE ARSI EH R A& T 586 B i
#, FHaEEFEHunexpected( ). R EBENRAESE AR EREEE, RHRAEHR
AR BAME T, BF45H R unexpected( )&%, fEiXrunexpected( )& ¥+ H
HEIRAHE, RENEREREILRF.
ARETRTR . iR AR A PR RS AEIRE. FEALETRER S (template
parameter classes) ArigHREI B R A48,
2. AGF AR T
EREHCHBFERZNBERECHEMAE LRI FEE., MRRERERFTERKIR
HRIE R, WaTsE&@ A ER SR HE, .
mFFREEDERER PEENREYE, NEEMANREREAPHORY -1 2k
F P gtg{f FHexception( )2 th i 3L N e Stwhat( ), IBAH N RIRE 2B EHHERKH.
L.EMPFACHRT
MRADMPFHCHERVERFTE, ST MrERPRBEEMFERN AT RN
RRERE S, XMADIEFRGE T —AHEBER — XA FERNERPECHREERPHE
M. B, Xl THERLRKAFZEE.
HIfEA P EH R FRENCIRERERPREN, B BETUBREEN.
4. R R RFEREH
REBRE #J?bﬁ1FH’J?@E!@TEEJ&?EH’]TH%@H’J?%W&E@T EHER R E
e KRG IAA R RS T HMMENGEE, MERITHARE, SR s SEnEZRRE
FR AR AR R WL ORI E SRR, Bb, FHRFIME RR 2 B oo v i Mo R 3k 2 A
AMEMREAZBERFRSAAHORD—S T ERN R ECRBBEEHEIX T HRE.
FRECHREEZFE BREWN— D EWEH. RLIE, N TXERERE
BRI .
5. % AR (M) :
BREAVHERIEMRERAERE, L MARSEHRNFRE HABEH -ITHR
3 ik, IRERFEEXWR AN ERT
K. BEBREBTEXAHENTHES AN, RALEHREEROEN - ERMFELE
AT RESB AL AR '

s A H
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28 E—dy HEifATHEHR

6. M A R THLAHERT

EANERTT “FEEE” TAZHRLREN, Mk s | ke, xalEmAER:

o JF RN R EB B PR P A, BT AL ENA RN,

o RSO R HEE R TSIk, Bea g HE.

BRI DA U RS, (AR INX AMIIE, BATERS oI A ERe—W
BRI RS, ARG X R E R0 RNERTEE R Rk —
B. ATHEREROMEEATEAMERE, FLGXBER T —EE. Ry sE
%, RELBEARSE TGS SEEE X MEHE.

T. et HH Pk 2d

H T & R AR BIE. B RN Sk & 1R S 118 & A A58 iR .

R E—TERBEERL. HFEFE2AREE.

SEE—AREENGIERYNR, FARERPREE.

ENCABEREE, BACERFAFEFRANNRUETELREDN, X—AECES
PHAETSEN, RACEFTORMEMESE. ERECHRETd, FEAKEREH Y
BB Mz, FESFECCENNER, ALUAERERRHSFEEENNE Y~ —
BAEMPET —HR2EHAAFTARLELEARRE. BAf. SWaERERNESEN, HA
A AERMRASRE R ERER AR,

BAREAV AP ATEELREF

Bt AT MR RSt R RBH, AR EEaE kbt SEde
g Py bl ek M SRR . mBEARGEEDIHESE, X FHREE
REEEREMRE (H#RH) Flikcatch Rz iT##l . x4 5% 2518 fterminate( )
BRI #

MAEHWABPHANERTREAMBRSE, NEEXMHBREDRS —tryik,
I SR B A R Btey b, TR BB A E OB X S RE . IR EEAT R —A
RE MR by .

9. % Ediss

WEX B EWrapped.cppifF. MEFRELEH AR, 288 EEE
DR EME RIS . mREEERETRUEEE, EAEHREE, B2 5%
KRR, KiEMHauto ptrd Kb FaEHer (smart pointer) 26589 © e sb S 7 i N AR IOHGEE -

1.10 ERREERRFFH

HRE M, HERBEY ST AY (B2, 2% A0FY. BEAHNEEAD
HET! ). BFXMER, FERREENEREGREG 8o EH, TihxrHEnEat
HE2RIEA. BEMIERSLELE, FOFHEERDREERNHARDESHRAIEE
A, BEABILRPHARE R BRZ—&, S5EEA A4, EAMZMMASNEITH
B R, mRARERE, MARBETE SR SE AR LB Rk,
XARAELES, B TFRAMERANSZRFSNER R, (BE2X—SHEEE 3t
“FRMTER (zero-cost model)” FIHER.)

6 ZEW bkhttp:/fwww.boost.org/libs/smart_pir/index.bhim of L35 B W MERERIGH RN . T -BRMNERECH+EN
ZIEE AR R — .
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AILLAEENA ., —MthrowZ s SR 2 — T RHEN RZEHIBH, cEitREHRIEN
EHHARENTHASN LE#. ATERXELE, fESFECE LREBIIMER,
MBI AR . ATHERXENE, BAEE THAXETH (runtime stack) BIHIR.

BYEAREEEEOME, XX EE0E 8 8B s f7 6 0 E L R R
{ activation record instance, ARI) ¥, W45 445 (stack frame)., HARIFIFEEEE0 SR B
S EENRIE GxE, BFHRITHRETLOE Bl 3ix4-Heht ), 8T aEiFEXHR
AIARL (EAEHER, BEIRGE LESHBHER, SEXTASESAILGRASRERT) &
85, ffemi A EaiiRE (B ALEHER). BEDHELESHREAEMBRTITIE
HERBB A Sk, RERHAANS, REAX -ENHERAAEE. xRt 24RE
W HA T B AT SRR AE S 1) 3, SCRPHLHI(E B AE AR LR Z T RRRUNS UL T 71 & d Sk rU B PRI & A8y
REFB T T B AE S B B -

HTRECHELBNREALTREE, 810 REFMIREHXEE, L4 REH
S iR B wl AV, XsE iR TW Moo R iz wil il (Hik, REXRETLAEER),
eefx B RT AT R T Ay, WAXEE BN T Stryi X reatch R REug i
RS R . X ERSME B E RS RINME, R ELEILHNEFELRA R
SELEIHNERFELRS. FAESTHEERY BALHOZRLHHMER LR, FLUE
AR EGEOERFERERhE L.

AT iERx— 4, X B HBodand C++ BuilderfiMicrosoft Visual C++%: ZHEXHRRYE
REIHLEIRN A3 5 TR b YLRAYEL R T 5 PR iE TR

/o (Bl:HasDestructar.cpp {0}
class HasDestructor {
public:
~HasDestructor(} {}
|

void g{(j. // For all we know, g may throw.

void F{) {
HasDestructor h;
gl{):

Y Fif—

MBI FEER, HFESELIN0) REE2HE N ~HasDestructor( )iz

FOREEBEARY (EZEREF) B GXEMEsOMERS, FOLRFRRHEMEN).
TREETRISERIH (ob) MK/ (B ).

PRiFag 3 XiEFERtE TR H T
Borland 616 234
Microsoft 1162 630

AEAEFERRA 2B RN e FE R KR HidfE, SASRTRE (EiZX) Re
BERFHRA—E S, RBEFHAMS/A GBE RS 8FH5%~15%).,

S  EHuR T ENRE AR TR A4 8EA £ P REERARDHE .
& Borland £ IAE R TG RWAETE: R - x&iFE GO L . Microsof FEBUIAER | KA
SEnB; A - GXEFH RFE LR, FHHRIESAER - elkmtih RthiTa iR RAEL.
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RSP E LE AR, HERUHMRESSRAXAEL. HTEREhmt
A R IR ERA RE A RFEHENZE %k, X®EATURASESEN B E
R E Y, MARREFESARIF, B4 LOSNGEMEDICELFTBERTRE
RIS IEIFF8Y . BB T 15 A e 1l s AGRT It (] FF 4. XA S RA BB A A4
(zero-cost) $EA1°, BLLAR B ARILAEME A AR Y T 8 (shadow stack). ©

1,11 Ihg

HRREREEFAERAS ST EAHEBLONNE. Y HCH BRI ard d- gt b A &
A, FRREAEFEEN. ZOR - MEEORS, Mol E — A0 5 R ikt

Cri R BN ERERLIEER. TREFHZSNIE, AESHRBEREFE
ARNBEFTETHAAGRECEMBIRAAELEC. ETMERRORRMEERT, &
RATFHRAFRLPIER T, WAL Tix— AR,

EENSHEAGEE, —BRBHEE, RUUEEFRFREREN. BE_EEBLHA
EFCR A AR BB MR —.

1.12 #3

-t BE=AEE — MRS R HHRE KIS S IRE R, — ik Berrnodiid, BE—A4F
Hisignal( ). ®EABIHAXREAKIWESEOEIR. SEE4RH, X7 R
. WA REHFRSE . WRXaR T ENR R, B2 0 REReBE b ELE—F
EHRI .

-2 GBI, INTERSERHREEFORARK. EX /M RPEE P RELRENRD
KM, XN RERMEH fconst char*{EhR8; XM ERNRF-THRRERE. 2
B AWM REROR AR (FHEURERERAFRXERE.) H5—4
trySRIARIX A AR ¥, 54 catchTaifid EaRERSHNFGBE 5.

1-3 EFHREFE1ER13FDAStash¥k, Shoperator[ J#iiont_of rangei ¥,

14 WE—/HFiBMmain( YEL, FERAENSEIHMESHIE,

1-5 G-, XTHEHFAHnewsEY. XTEBBA T HRayRAE. FEE
AFNNH R EAFF MG “run out of memory” (AFAR) RE. HAHN—1 8
SRAREATREX/ AT, Sdmain( )@ Pastrylificatch 749, &
catch 7@+ HARBA TN FFHR. X8RN EE -~ whilefghid, ATETM
FEREHSERTHIR.

1-6 QI —TMHFHERF S, SERAERSEDIFHXRE M ESE. (s
ARENSFELASHARZE,. R/ HFOREHENY, &idHterminate().)

1-7 IEBA REXMR (HEHNREENSR) BeE Evss,

1-8 MR BATH LR SREx&., HFAMUERXA T R0EH, Boxidg
AEBEiEH.

S  GONU C++RiFSERIMEFIF MR, Metrowerks Code Warrior for C++th 3 — &5, SEGLEEME NS
it '

© BiffScout MeyersfiiJosee LajoicfE LT LAYRAKH . RE T {EToscelI)EH L e “Exception
Handling: Behind the Scenes,” C++ Gems, SIGS, 1990 8| H X RR i TIEMELTEH,.
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1-9

BE—AHWHREIREHA RS, X EEESMIE4FH R —char. —4int,
—/~boolfl- -~ A RER., Fmain( YRAKFHEEMN Y, HHRIFXEHHE
BRE. MEEFERRS AR EE. ERTRFES smain( )& #ZEMR
HHREHEREFDITRE R ERER.

ok E—447, ibREME - ERBE ISR FNdouble X RN R . EACH
unexpected b P P RBIRX M E R R E A RBAMEER, Br—THERGE RS
HEF (Lt BiRAZiRHabort( }).

#—/GarageZs, XN FAE A Car, ix{-CarfyMotorH Tk . f£Garage
e EE ER P R R try Al T sk Cardt R A LHIHA RE (AMotor3
W RE). MGarageXiERABMW R Y LEB Y - M FARIMNEYE. HE
main( )@ P EX T RE.
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BE “EAMNER HFALTRATRA-NEAZLGHANR, 22EN-2F
Herir R, HTFRERSAREFEXAEY,

R BB = R SRR IE TRIR A A S A BT TR IE, 8, BFRiARRE
RGBS . WRAMRIETHEARNF RS E R TR ER, BEEZAFTEHAC
HEMENMAL. X% “HHLHE" (programming in the smal)IiFMAF AR SIRTHOER
HAf-FENHER . RFERERIEARY, SERKREE “RBH MixsS i+ RHIEFRNES
B, Bo, TERGOBEESEH (FikiR) 2L40KF, RALEEZBARIZS. FEPERSE
WOFAF B2, RENARMG MR, 2L ReEBHEF R el H o .

ARED R A P R R RR R 5 SRR . EIRTHIETRRYIE e, BEFF B R IXAEOE TS 2B
WhikigE (BFEEFAAC) A ERG 2. EEFPENFENRY . MIZREBR
JO e PR B e R O — e k. (CIRARERMBCDX A ER, HERIR I Kb b A Rk
EAFE ) ZFAETRAAEE (invariant), FHEMREH EMHBAOI- -8 LA EE
R BN, BLERUAGRE, EoRRBEA EFRBRBREFRITARBZTEA.

XA A LHH-Lof IR EF . XMAELIRNZAHEE T4, B—1T AR
A (BUERCILEHSEIBE R A . ) BB ASFFRAIN hFRIBELIEFRIER, ke
HeESEE D RE IEFHRF. dEERAKE, RFNREERT—2& Rk, BHEHERYT
BE AP E A, RIBGHEAARES K7 & N, FENARBHEX M HBIREZGH
g —irh. EEXAEE. BREFHREBRERSE D 1. BLELEREXITEREIE
FEUAE B ER? & T XSRS

bool guessed = false;
while(!guessed) {

}

B AERR A TRe KRS, BB RN RIET RN, AAm &AM
o EmiRERE? SmiEl,. EEATER IR 2 H 00 S sdeds B TERR 3% FL U TR

AfEE: RENRTFTRELNARAIRFIHIEMEE 2HN: [1, 100]. RikAlowin
high@ A48 BARIC R T B 60 . BIREARS, EEHIFHIIAE, FFEMTiZiEr
#HrrfiEow, highlzi, BRERERZFEFURBWLEE, EHART T —RES
BRI S F ZRERT,

ZHEME H iR A RS R EF T HEAN A ER &4, EGEFILIESiTAR &
BMAER ZREL. BENE, ATHELAEBENRT, BF QAR fi
RikA N bk, HEFELIRESS —BULRESURRER:

while(!guessed) {
// INVARIANT: the number is in the range [low, high]

\ .
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L P A R A R R SR (B RS FTRREE ) i, S RBt 2GR,
ERENER ARG EE AN FEERAERELRY. AA—ANES 0SSR B—1iEs,
BRASERETESRITRSEMRT (B FERERBTERmE—E, iERHEFIER
EFEFM ). FiRERTFE AT AN,

f/: CO2:HiLo.cpp {RunByHand}

/¢ Plays the game of Hi-Lo to 1llustrate a loop invariant.
#include <cstdlib>

#include <iostream>

#include <string>

using namespace std;

int main{) {
cout << "Think of a number between 1 and 188" << endl
<< "I wWill make a guess; "
<< "tell me if I'm (H)igh or (LYow” << endl;
int low = 1, high = 188:
bool guessed = false;
while(!guessed) {
// Invariant: the number is in the range [low, high]
if(low > high) { // Invariant violation
cout << "You cheated! I gQuit” << endl;
return EXIT_FAILURE;
}
int guess = (iow + high) / 2;:
cout << "My guess is " << guess << . ":
cout << "(H)igh, {L)ow, or (E)qual? ":
string response;
€in »> response;
switch(toupper(response(Bl)} {
case 'H':
high = guess - 1;
break;
case 'L’':
oW = guess + 1:
break;
case 'E':
guessed = true;
breai;
default:
tout << "Invalid response” << endl:
continue;
}
}
cout << "I got it1" << endl;
return EXIT _SUCCESS;
Yy FAf~

FrFRiERif(low > high) /[LARBERAEREEAFAFR, BEAMERPLEREIS.
AR 2 AE F 52 2 2055 W A S BEAR Bl X R e

A1 5 A A e C o A8 it Mmain( ) & ¥ ik 8] A 3] A9 3 w1 2 R 45 B e Ak
#&x. MiEtjretarn oy HABERFGREIFHITRY), (&AW BEA EARTBRIT
PO RBAERE. A, TOAEXHREHRH FTHEMA<cstdlib > h A %
EXIT_FAILUREXZ RBFHRTEBHEEEE. HTREAH M, DO ER
EXIT_FAILURE, #{1th& HEXIT_SUCCESSEETRBAEMITED, BR
EXIT_SUCCESS 82 8% L KO,
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21 W=

fEHi-LoFHiTHB T A S ANER T, LEHEERFsdEPHBLERAEE
FHHESEL. Al TEEFEESNAEETHRGH R, PLlX Sy ER Ry
AEFRHEDT L2 ESEINIER. XML T, sIC bk & (assertion), WiE
BR—MEEGEL, (REGIUIMARTFARTIBYESEE,. sStirH 7TEFRIEWE.) B
R BEDRRRTERE.

BiEHMIEETERI BB (vector): — A LIRBERS BOHKE . Fin—1xTFE
FMEPMWRESHE RN EERHANTERNG ERTEESRNET; R EATHPEL, &
W AAERE LR E, MBRANTEE LA FoENREERE, BREXTHTRE
hnE A (FREREAEA). InTR:

void MyVector::push_back(int x) {
if(nextSlot == capacity)
Erow();
asserti{nextSlot < capacity).
datalnextSlot++] = x;
}

EXAFFrR, dataR— MBI EKYH . feapacity BT, AfnextSlotT#iLE
BRERAT. grow( VREMEHET Kdata¥ied], EFkditicapacity{d fenextSlot k.
MyVectorfUf7 A & E#fkE Tidithe, aRHbEHRGER, MyVectorii 4 & H
s RIS B LTESL Xtk <cassert> b fiassert( Y = X g .

FrAECRE Hr fassert( )22 BTIAMER ) H L eT kg w4 8. RSB EBIEE R &M
AHERE ., BREHAZ T4, TN, 51k S AR FE 2O HE R RO Sl
A&, X4EESAETRT SRS QX FRERIRe L EETINHE, REBRFRERIE.
X RP R R AR FING Y KR B, MEREHHREREE DS RBE . iLERPSSEITEER
EINBIZIRI R B . SR HBL T X s, B LB R

MR ANBREAFRETBRE, WY IZ7ER B EE B 2 8iiRn, ERdE
W R R B AR R I S RS DL, (AEHMESWHE LG BRI, ) YL AR SR
i, BiTha M AW = RIS A RS AR EFRTEER, LLESERN
EASRGEEEGN A . MRRXHNE, E ANDEBUGEHEHRIFRF, SHzhEM
AW E R,

DLfE sk B BB S 4] THEMIE, A&, #ifassert( )L T PR

#ifdef NDEBUG

#define assert{cond) {((void)g)}
#else

void assertImpl(const char*, const char*, long);
#define assert(cond} \

({cond) ? (veoid)@ : assertimpli(???))
#endif
HEX TNDEBUGEMBHE, X BRABBEAKEELEXN(void) o, BNtLEEESES
assert{ )HHEN S S, HMURKXEERFSH PIAFTRNE -FXEXLWEW. WRER
EXNDEBUGHE, assert(cond)#f B &HiT4), HcondiAAFTR, HHS&EEEH
XREH (FrAassertimpl( ), HHZMRHEREE=/2%, X=1S85 908 M5
EEHEXERCE4. BISERRETNT M- MRS, IfMEFRIH RcondiXHF
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B, (TEXAEFR, @A 777 AEhxesl, LERIMEFEXERLEX BiEy,
= IEARE N AR SEARETWITSMEE bR NBE EMET. i
B EEHF X EEOTHERBEFAEE.) nEHFRSCHARF P LRGBS,
{4 #deflines#undef NDEBUG, jfifH & EHF L& <cassert>, HTEHFBLE
28 E, AT NDEBUGRFAIREBH NN S E L. HRANE
YNDEBUGH) 5 R ARERDETARIBEFENL, F1EEELTHALFEFRENTE 12
A& daSiT,. Wt

mycc —-DMDEBUG myfile.cpp

K & ¥ GIFEFEH-DARDRE X ENLFE. CoEMMOKRERmyceH i ERIFH T
STl ISR &, ) RS BRI AR R, TLAREN S TR S e A A AN R £ B RIS TR SRS B A
MAS T & R sEHI%. FXYEXL TNDEBUG, B+ HAMBRESIEE, FEIWER
FAEWE PHVUOIRERLREXEEN. B P REESTFAE£EXBEFIRENMR & .

RGN IEERTRS ERANDEBUG A %18. Tony Hoare &4 M) I EHLEHE R
Z—, CHubbMUL, RBEDIE S ETMEE, RE—THRETFIEMA, SikEr LI
SRR EERCER, AT MG T B 30Bss T8AER. Tl S AEREE SRR AFER
BT ERETEG S, NN ASIER:.

AREFRE TS TR IZERN S . E1ER, A PESEIR RS T P R N 1%
AR ELMES A RREDRS. EH TEEH S YRR DM, EREEHEIRE
WS, Houo AR ER SR A 2 b B B e, XR—AMIFEAR
. ATAREENESOEED, AlRSRAE LN, Ll BGHEREE—a, 40T
+4rAl. 10 MIEHEERRBITRHEE, SRkt~ RENIZELEFEHARNE.
BEMSREEFENBRBUHETAEEWM ST, ORENFEIZ2EBFHIEHIZ
T, BAAEMN I EAEREE (fd, KBTHEMPSANSE). SRR 5E NS
RBILENEE ERESEROERT, FiEidilogic_errori .

H 14T B eMER N IE#PEE Bertrand MeyerfE LB E ) ¢Design by Contract
methodologyy FHIEXARHEKE. *HF—TRETET - TRENEEFBFNLE, Sxih—
M EAY, RIESHAFE-TEI 4. iS5k, EEFEERIZRSNLESEE,
AR - JEEANZE. FESHREZANREMER, Rk E{EREd3EHSE.

YEPEFSGUT-TLEEAHA, ARG RXEZPFERF, BMNERKTOE. ZHAL
2B FRBAEL (FEEAMELE YR, BEACIEL TAE), EEMER T, iz
W&, KR AT APRECHER Mlogic_error#iRAERRH 2, fliiout_of rangeR
FR, ALURBRE. "hEAXLIERERFZITARACEHA, fimA cigitaydeh i,
A, FAERBEHEAER T LABFERTRIGZATHTAR, FLLEHassert( Y2 £
r=] 08

EE &R BRSSP ERIR, e 6 o M S L MRAL T 1~ T EERE XA,

fe Z BT B e BE T H — s A

5| AH “Programming Language Pragmatics”, Michael L. Scott, Morgan-Kaufmann, 2000,

£ X ERSHE (Ohject-Oriented Software Construction), Prentice-Hall, 1994,

RS B R E . HEHTABEE LRty fHassert( JENAGY. #n, Java 14
FEWT & s e BE .

® @ @ O



70 ]

71|

36 F—dfp HIB/EIGEHK

WARE— T BB RAIBEHENIRG B &4 . 2 frkp H T4 2 R RS2 E B R4

BlEE. FEIRIAMyVectorfl1a, - THHMLH R BB AT BV
assert(@ <= nextSlot &% nextSlot <= capacity):

&, mAnexiSlote: — - S#%, BENGRE

assert(nextSlot <= capacity);

ERMAEERAL AL F (class invariant), B[LLERAM SR ERHITEERSRG. 4T
ERRW, BIWAESBHE 18 AANAE, HATBMNeHgRERSKE P 2R AR
21 . Bk, IRA2A0A1E S bkt 2R 5HE PRI E M B RN ER, HERE
KNG EEFLAB L GREMEFESE L,

IR RIS Z PSS RL G IEF S EAH 28R, BrLAEXMER T EH G B & -
& (post-condition assertions) BMEMALIEERT T. R, xE—PriFaycsl, HREAE—
MG FREEVEFRAE B 7, IR IEE E &SNS YR TIR AR

2.2 — 1 ERENETRESR

ARMSEHTBAFT G TAFENTHEEARR, “HEXtFikietElE, xR
AR REARANTRESACFANATRASNPRI, LR —RHE R
R TEFRARA P REEEN.

MEBAH -AAHSBEHRE, RARECHER EREHBGERL, AMNEERBHHHRSN
SR, BATRIZMOE ~DRIRE, ki RE . WX MRS, ERESHELZE,
HEHZRE. DR R PR DR E W R A HERES 22—, HRXFTERS
THEFA, ZERFRAAIZESHLBES RADIEFRORE. SlaarL RN,

- ESRFOEARABRTFRITARAC. HZEHOET MBS REnik
e Sk, MREBATI B 2 S BRAEL- AN . SRR, AR
h BEPRR I i — RSO R SO B e st igle? i T2ERFHENEE, QR
AR RGMThREtE, HF T ARBOAT R, miXERRIEASHAEREEN. ‘i
AR, RAEBNE", BRENHEE "BEBRRE—ERBET.” RIS ARTE.

HISATE, AERETEEREMN TRAGEH T, BEHLEDSERKNIBAIIDME
SRR, FFERMERFNT . xRS A A R R — T RS,
BEME, 48N RRAEA—TE R wH: AR HRER— R RRE 80— R
RSN HRFhERS &, ROELABTRBMML.

AEERREFNEI R A TRADERE TRFR . 4 ROESaIRERSIERN T, BES
FRARAATEND, HBEMFREE, XN R SRR TSGR AT SR FIER R

& F—TEESNEIERSTINE RN ‘TERERT{HY (Require no more; promise no less)”, &4~
HIEH Y {C++ FAQsY f#iMarshall ClinefiGreg Lomow (Addison-Wesley, 199083 1%, HFarEs
rfiiRE RSB T . MR A £ 65 (contravariant), K. FEFEMFRH L (covariant) (KR
BT A2 R/INES S RE F R AR EHE).

© % -#isrE TChuck3r#F. “The Simplest Automated Unit Test Frumework That Could Possibly Work”
CFC++ Users Journal, Sept, 2000,

B X1 EAEE—F4T 5 EMartin Fowlerfiy {Refactoring: Improving the Design of Existing Coded
{Addison-Wesley, 2000). £ W hitp://www.tefactoring.com. EA4LBREE PR BT % T EN L.
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HIE A2 (extreme programming, XP) © (WA KL XiHtudiT R RiR kb ~Hh.
eix—r, BEIT - THEHOE 3R TR LRESE, B fERINESHIT X B RIE
PP ROEFE. (BB MET£F8%Mm 5L AR, DI K ARSHtEA4. ik
HFREEF N, XBANFERUATAN, EXERATRREE—FFHE, XF7RESTRER
& A R & W E AFARIT. )

BitS EAMEES, FREEBM TaWAXERNFRELBAEL:

D WEEEE.

2) TR &E R (LIRFTAIAIHRIE, EN25im).

8T P MIRRFR - EEB RS BRSNS E M LERYRAF . IR R 8
M TR HRr AEE HETTFRESRUES L, RASETHERAIRABERS LD
FREMSHRERS TR LE, EBHRSREENR. AfRREN RIE Rk UUELE:

BEALA + BB RS EE R,

SR E MIA R A RAEAR B 1L R KRRy, BEFOREE .

MR HRSETHEE LA, MRS THRANWREF, AL LA HNERDT.
‘A ED THANRER" a1 REFmsd.

221 Bzt

TR T 2B FAHIIRY A REZWIHEARE T AR RRIEREG T4k
AR aEaE A TS Y, ENREAREREEFNHNH. XFEFEAMERE. Bk,
BEENSATTRRAETSER. KXRBNENZBEBRTRALENLS, DE2ABFHE
R4 s ERFge Cfelt, R¥EmE%ExeREE. mBERSEFRE 2N ARSI
B, BATLLIAR DM AERRA A L, “fraflasXREFNmER? ~ S50HE
JFRESIE AR S R B A S AN, MERF RE DT ZENF i R loX B h. TR
LR EFRESERT RS HEFIAE.

B ER R IR RSk R R R . XERZokATm BLA & L. XS
BHLLEEHE . HEASHE. SEFBEF R4 R4 ER AR, EHRBRTFR RS
AR IR ' :

i, BIFEEHE— T Date, X PHFLUTFOFE:

c [ LLH—AFHEXYYYMMDD), =4EE0. M, DESFHA20AH (RESa A M)

e is i H B{E.

sDatexjReEBEHE. A. BAMES “YYYYMMDD” A5 FFE.

« P AR L EREM T AR, U ERNHBNE (E4E. H. HYP).

* H ML RE M BT B 122 (fildn, 1600412200).

EAREGEEHEABESNESE, B, B, (RESFERERE/OE1646 (bit) M,
DL R il PR B e — 145 ) Datek i W REAN T fk:

ff: CO2:Datel.h

// A fTirst pass at Date.h,
#ifndef DATEI_H

#define DATE1_H

#include <string>

O FH%ZKent BeckfiZ ¢Extreme Programming Explained: Embrace Change} . Addison Wesley 1999, & E 4
Ak, FlaXPCE S #the Apile Alliancef5 ) T inss {2 Whip://www agileaiiiance.org/home } .
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class Date {
public:

fF A struct to hold elapsed time:
struct Duration {
int years;
int months;
int days;
Puration({int y, int m. int d)
D years(y), months{m), daysid) {}
1
Date();
Date¢int year, int month, dint day) ;
Date(const std::stringk):
int getYear() const;
int getMonth() const:
int getDay{) const;
std::string toString() const;
friend bool operater<(const Date&, const Date&);
friend bool operatar>(const Date&. const Date&);
friend bool operator<=s(const Date&, const Date&}:
friend bool operataor>=(const Date&, const Date&):
friend bool operator==(const Date&, const Date&):
friend bool operator!=(const Date&. const Date&) ;
friend Duration duratfon{const Date&, const Date&):
i
#endif // DATEL_H ///:~

HEBX AR A, BRETLERSHIARS, SRS EmpERER. HE e b
TACH:

/71 CB2:SimpleDateTest.cpp

/1{L} Date

#include <igstream=

#include "Date.h" // From Appendix 8
using namespace std:

/7 Test machinery
int nPass = 8, nFail = a;:
void test(bool t) { if(t) nPass++: else nFail++; }

int main() {
Date mybday (1951, 18, 1):
test{mybday.getyear() == 1951):
test(mybday.getMonth() == 18);
test(mybday.getDay() == 1);
cout << "Passed: " << pnPass << ", Failed:

<< nFail << endl;

}

/* Expected output:

Passed: 3, failed: 8

*PHA i~

EXAEBONAES b, Bitest YRPEFAL BB EnPassHinFail, t— B8
Fr R IR AR 2 B TRy 85 3. anRaliiR 2o, W 4 Zuititest( ) i B B8 Bom & 24 101
B X -HEEERENNRERMEREIAE - IRRRE, WG RE i — %R,

BE, AU ESLHDate, AT, RETLIAESTREMLEHMERS
TK. ATREEREWRET. EFRSE st E2 it b & ArmiE R, mxiesn -
ATRERESR N R BT, SEERFREE —HEMEMmEES S U iERem. SMeRs]
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Al RE A HEE B H T AT WidDate 2 #) —Fhifik :

47 CB2:5impleDateTest2.cpp
fi{L} Date

#include <iostream>
#include "Date . h"

using namespace sid;

// Test machinery
int nPass = ®, nFail = ©;
void test(beol t) { if(t} ++nPass; else ++nFail: }

int main(} {
Date mybday (1951, 14, 1);
Date today;
Date myevebday("19518938%)

/f Test the operators
test(mybday < today);

test (mybday <= today):
test(mybday != today};
test(mybday == mybday}:
test{mybday >= mybday):
test({mybday <= mybday)

test{myevebday < mybday).
test(mybday > myevebday):
test (mybday >= myevebday);
test (mybday != myevebday):

// Test the functicns

test (mybday.getYear() == 19513;

test (mybday.getMonth{) == 18);
test(mybday.getDay() == 1):
test(myevebday.getYear() == 1951);
test(myevebday.getMonth{) == 9);

test (myevebday . getDay() == 30);
test{mybday.toString() == "19511881"):
test(myevebday.toString(}) == "19518930"};

/f Test duration

Date d2{2083, 7. 4):

Date;:Duratfon dur = duration(mybday, d2);
test{dur.years == 51);

test{dur.months == 93

test(dur.days == 3):

{f Report resuylts;
cout << "Passed: " << pPass << ", Failed: "
<< nFail << endl;
Y i~

AWM EM AT RBE e, flin, AXxEEEAENBFEOTHENE., SikiER
MERFNFENIZDLBHEE T . Datekfn B LI EH Fh¥Date.hfiDate.cppic
H e,

2.2.2 TestSuitedEZR
EHALLANFT SR (World Wide Web) THE®C++AZMBRTMKL TR, Hl4n

O APBEHTHDate2t R E LA, BER NS ZIFE T E (wide character set}. BITRE T —BEEVE
RIABEERNE.
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CppUnit. X8, A YUHBRAULA T8 TERORREH, mHEFE RS
wRMRE, EEALEORHEEEE. Bk, {fE CHERE, BEEAnT niEe, o®
BFETHELHAESR (TestSuite Framework ), MHE L4 FHIdr £kl LLIE S TestSuite 4,
HWATTER2: TestfiSuite.

TestH g — M GAEAe, WLIAXA 20k A H B SRR % . TestRAR7F AWM A
Tk B ks, MELKMAT e MR RS EE. AFESRAEErun( )#®iT T,
XA A B R e L — A RRIINA & 1. H Bfk#ciR Ftest_(O RN EN.

A TE XA ESE R e iR Date 6 (£ 5, aTL A4k &R Testd, TR AX T
T

[l CG2:DateTest.h

#ifndef DATETEST_H

#define DATETEST_H

#include "Date.h”

#include ".. /TestSuite/Test.h™

class DateTest : public TestSuite::Test {
Date mybday;
Date today:
Date myevebday;
public:
DateTest(): mybday(1951, 18, 1), myevebday("1951¢938") {}
void run() |
testOps();
testFunctions{};
testDuration():
}
vaoid testOps() {
test {(mybday < today);

test_(mybday <= today);
test_(mybday !'= today).
test (mybday == mybday);
test (mybday >= mybday}:

test (mybday <= mybday);
test (myevebday < mybday):
test_(mybday > myevebday):
test (mybday >= myevebday):
test {mybday '= myevebday);

}

void testFunctions(} {
test_{mybday.getYear ()} == 1951);
test_{mybday.getMonth()}) == 18);
test_{mybday.getDay(}) == 1).
test_(myevebday.getYear{} == 1951);
test_{myevebday.getMonth{) == 9):
test_{myevebday.getDay() == 38);
test_{(mybday.toS5tring{) == "19511801"};
test_{myevebday.toString{) == "19518938"):

}

void testDurationf) {
Date d2{2003, 7, 4);
Date: :Duration dur = duration(mybday, d2):
test (dur.years == 51);
test_(dur.months == 9);

'8 #&Ehup:/sourceforge.net/projects/cppunit af L 15 £ 8 £ A5 1. .
S XEESRmEN RN —.
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test_(dur.days == 3):
}
}:
#endif // DATETEST H ///.~
BEITEAWRERFHERG R, EEHit--4DateTestd 2 H B =K A @ Hran( ) 3%
afLL T .
£/ CB2:DateTest.cpp
// Automated testing (with a framewark).
fA{L} Date .. /TestSuite/Test
#include <igstream>

#include "Datetest.h”
using namespace std:

int main() {

DateTest test;

test.rund};

return test.report(};
}
/* Qutput:
Test "DateTest":

Passed: 21, Failed: ©

*p A~

Test::report( )& ¥ B /Ao mAYRA, - A48 e i Ao B Ve R mE , X AME hif
At Amain( A ANE EI{H.

Test % Hiz T 268010 (RTTIL) ©RMEMRALMAEL (Hi, DateTest), 3K
XA TGRS RS . BRIAMER TTestR Wi Rk Pbriftint . imBHREERIRL
R BB o[ LA FisetStream( ) @Y. EAEMEE. 5SS HI TestRKHLR.

test_ ( )EREBE RN REGRFAAXLAERX, HEEXRIAQSest_( )EFT
XA Afitest_ () ERETNTS. CAHTRAZMRSBH &SR EMLFR,. WL
R R RESIARIR, M STLAES L —4-H TR DateTest::testOps( ) E
F—wifftest _( N AR &S, BFOHHERBE R TERE, 48R HET
iR,

DateTest failure: (mybday > today) ., DateTest.h (line 31)
Test "DateTest":
Passed: 28 Failed: 1

B Trest_( ) 25, HERPBGLIE F¥succeed ( Yfnfail_( ), X’/ s BT LkE
A iR 5L . MNF KRURT IR TR N R0, XBHE R I XA R . MR
FHEflE A SR RERALR. MERFEE RS, REWRFPHITHIR, xFHERN
iZE ARl _( ), stoTCAESHER—RHAH RSN R LKA BNE. mENENRE L
T, ghhriZidRsucceed _( VXM s hv Bnu1{E .

AT #FIEIXABMMER, RIEALOLE8% TDatekHA R IAMSE SRR T K
HE. MERAREALEET -IT&ENTH, XTSRS M DateErrorS4 (%
EfEDate ) —-£8, Jj4: Hstd::logic_error):

© M EMIRNT FERIEP L. EHtypeinfoXtname I AR E. Rk & MMicrosoft
Visual C++, LARE--THEHEM /GR. MAUAHEXT2H. ST ERHAEEEH .

© HFEMTHFRIZE (stringizing, QL+ FEEHE) LIRTEYMZ_FILE fI_LINE ., 2%k
iRl B R,
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Date(const stringhk s) throw(DateError);
Date(int year, int month, int day) throw{DateError);

A, K EDateTest: :run ) o] LA T @S EMIR T HA0R T

void testExceptions{) {
try {
Date d(B.0,8); // Invalid
fail_("Invalid date undetected in Date int ctor™):
} catch(Date: :DateError&) {
succeed ();
H
try {
Date d(“"),; /7 Invalid
fail_("Invalid date undetected in Date string ctor");
7 catch(Date::DateError&) {
succeed_();
}
}

AXRHER T, REEPARNRE, SKRABRFLE 7. &8, BFXHNRTIT
B RAOEAWIE, FALSAF I AR mfall_(OF e — MERIEASE,

223 WREH

EhrEFEEEF RS RLE. BE-PASNIAHAGYTR, ERFETA REBE
AR RN EATE . " SuiteX T LLENARFESR M@K BT, BEFIEH
A B A LAE HaddTest( )& 5 BiF -4 Testxt & ¥ Suitedh , {7TLAE HaddSuite( )
FAAN— TR EAE nFiSuited . 2 THyRSuitefIfEH . HE32 4 AT Test B F
BHI -4 EROWMREAD . T8, XECHEEIRIEFHR.

£/ Ca3:StringSuite.cpp

F7{L} ../TestSuite/Test . . /TestSuite/Suite
FAL} TrimTest

// Illustrates a test suite for code from Chapter 3
#include <iostream>

#include ", . /TestSuitesSuite.h”

#include "StringStorage.h”

#include "Sieve.h"

#include "Find.h"

#include "Rparse.h”

#include "TrimYest.h"

#include "CompStr.h™

using namespace std;

using namespace TestSuite,

inrt main¢) {
Suite suite{"String Tests");
suite.addTest(new StringStorageTest);
suite.addTest{new SieveTest):
suite, addTest(new FindTest);
suite.addTest{new RparseTest);
suite.addTest(new TrimTest);
suite.addTest(new CompStriest);
suite.rund)};
long nFail = suite.report();
suite.free(),

S Al LA AR Fshe A 4. Snite 5 - FhdE T-Cors BE 140 3¢ WA 7 ) 50 77
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raturn nfail;

}

/* Dutput:
s1 = 62345
s2 = 12345

Suite "String Tests"

Test "StringStorageTest”:

Passed: 2 Failed: @
Test "SieveTest":

Passed: 58 Failed: @
Test "FindTest":

Passed: 9 Failed: ©
Test "RparseTest”:

Passed: 8 Failed: &
Test “"TrimTest”:

Passed: 11 Failed: @
Test "CompStrTest":

Passed: 8 Failed: @
*p fH i~

LAASTWMAREFTE 2T ELCHP . BATrimTestil & — M #ERE, Mt
WAL BUE A LRB S, U TrimTest RMREE AL d:. WHATERHH. BF
WK H T EStringStorageRINME R . BF A 08 AMREADEERHHERE 128
B, XT2HEBEAREHDEAE. K AEESuite:run( YR EHRAENE—TWREH
HyTest::run( ) W4 . Suiten:report( ) REMRMTIHESHER S, BTLUFENRIRE
PR SR H B AERR S, MAERBARTURECHARE. wRHaddSuite( )i
M MAE M E L BIEE TR, BLX MR BEEEAZ M H. T, WiLesEA
Suited RiFEMBH K. (HiRTest—&, WAEHOWHEREA I TENE2NBS, X
S HEBRINE Yystdicout. ) SwitefIHrH RS T8 B SHMER T A W18 Testa R Y
i BOAXETestt R HARERBER £ fxBI fEhiSuite:free( D525k,

224 MAERMERS

AR RS, MEERGEALSEE Tk TestSuitef) ik FHZEd, AJLLM
www MindView net Bli% ERBEX A UBABRER. A TEHXMRERE, g s
HMERFE P A TestSuite T B, EEXHFNELRBZ QA TestSuiteTHF, x4
FERHEARA B X, TERTesthak ok |

ff. TestSuite:Test.h
#1fndef TEST_H
#define TEST H
#include <string>
#include <iostyream>
#include <cassert>
using std::string;
using std::ostream:
using std::cout;

// Fail_() has an underscore to prevent collision with

/f/ 1os.:.fail{). For consistency, test_() and succeed_{)
// also have underscores.

#idefine test__(cond)

do_test(cond, #cond, __FILE . __ LINE_ )
#define fail_(str) )

do_fail(str, _ FILE_ , _ LINE_ )
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namespace TestSuite {

class Test {
ostream* osptr;
long nPass;
long nFail;
7/ Disallowed:
Test{const Testd).
Testé& operator=(const Test&),
protected:
void do_test{bool cond, coenst string& 1bl,
const char* fname, leng l1ineno);
void do_faili{const string& 1bl.
const char* fname, long lineno);
public:
Test{ostream* osptr = &cout) {
this->osptr = osptr;
nPass = nFail = 8;
}
virtual -Test() {}
virtual wvoid run() = 8;
long gatNumPassed() const { return nPass; }
long getMumFailed() const { return nfail,; }
const ostream” getStream() const { return osptr,; }
void setStream{ostream® asptr) { this-resptr = osptr: }
void succeed_{) { ++nPass; }
long report() coenst;
virtual veid reset() { nPass = nFail = 8; }
s

} // namespace TestSuite
#endif // TEST_H ///:~

Testd /I e

* HEAT a ok B

» reset( JiERH

« L & Frun( )

BIEZ1BPHR, S E R4 BRER LR E RS 24130, BRiERRK
FITBraRi. B0 ERME (MRAFHATEL I RGE &S, REBILX %
BRAER) HEHINERFWES. Testureset( JAVBRIA LTI R H R IhFn & Rt 8 5%
MEERENF. FETLETXT R, LCERREMIMKPEBORE; HEEESH
HhARIEATestiireset( ), FHERHESHRE. BHARELERERXRDEES
Test::run( Y&, BHULLERL ol &k R fK. |

TEFALE AR5, test_( ) ffail_( ) Z:eEaS BUE H BT TE o0 3 £ MR 5.
R HEH S EX AT EN AT G TN T Bk, {BRfail( Y& Sios: fail( )f=4: ©hiz,
R T RiERER.

T2 Test2H 4 i H LB

!/ TestSujte:Test.cpp {0}
#include "Test.h"

#include <iostream>
#include <typeinfo>

using namespace std:

using namespace TestSuite:

void Test::do_test(bool cond, const std::string& 1bl.
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const char* fname, laong lineno} {
if{!cond)
do_fail(lbl, frname, linena);
else
succeed () ;
}

void Test::do fail{const std::string& 1bl.
const char* fname, lang lineno) {
++nFail;
if{osptr) {
*osptr << typeid{(*this).name(}
<< "faitlure: (" << 1bl << ") ., " << fpame

<< " (line " << lineno << ")" << endl;
}

}

long Test::report{) const {
if(osptr) {
*asptr << "Test V"' «<< typeid(*this).name(}
<< "\":y\n\tPassed: " << nPass

<< "\tFailed: " << nFail
<< endl;
4
return nFail;
Y HF -

TestH A {H{R 75 R IHIR L KB NEBATRN kS, T LE G ETest:ireport( ) @R
MR EE R A EWF. test_( YArfail_( )27 AL EE B IR 24 B SO R0 S0 200 M BT 1T Y
TSR, e RAdo_test(), T 2EE%do_fail( ), XFHARENBR—4
BRI E . RATAATRIT S A 7l {5 % DA (R e, BFCLE 4% A
A R SR TR A PR S 3 B M 14 B O B e b s R R

TR Suite 2L 3

f/: TestSuite:Suite.h

#ifndef SUITE_H

#define SUITE_H

#include <vector>

#include <stdexcept>

#include ../ /TestSuite/Test.h"
using std::vector:

using std::logic_error;

namespace TestSuite {

class TestSuiteError : public legic_error {
public:

TestSuiteError(const string& s = "")

: logic_error(s) {;
3

class Suite {

string name:

ostream* osptr;

vector<Test*> tests;

void reset():

// Disallowed ops:

Suitef{const Suite&),

Suite& operator={const Suited);
nublic:
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Suite(const string& name, ostream* osptr = &cout)
: name{name) { this-»osptr = osptr; }

string getNama() const { return name; }

1ong getNumPassed{) const;

long getNumFailed{) canst;

const ostream* getStream() const { return osptr; }
void setStream{ostream* osptr) { this->osptr = asptr; }
void addTest{Test* t) throw(TestSuiteError}:
void addSuite(const Suited):
void run(): f/ Calls Test::run() repeatedly
long report() const;
void free(): [/ Deletes tests
Y

} // namespace TestSuite
#endif // SUITE_H ///:~

SuitesfEvectord (R 745 Testi R M. Wik EaddTest( )R R L RFHL
. HikFmMKELEREN— MR R ARG, Suite::addTest( YRAEFAA XA
RBAVIREHR G 0%, AnRAZIRE, W TestSuiteError®B¥. HTEXMER TAW
AR A S hHE R MR B . FilladdSuite( ) AN S RENKESF RSB E—HR
£6, BN bREOEHRAEMDvector— (FEETHAXH)., BTestdt—4,
Suite2 2 b ¥ I ¥k e B R {ER 1.

/7 TestSuite:Suite.cpp {0}
#include "Suite h"

#include <iostream>
#include <cassert>
#include <cstddef>

using namespace std;

using namespace TestSuite;

vold Suite::addTest(Test® t) throw(TestSuiteErrar) {
/7 Verify test is valid and has a stream:
if{t == @)
throw TestSuiteError{*Null test in Suite::addTest"):
else if{osptr && lt->getStream{))
t-*setStream{osptr);
tests.push_back(t):
t->reset(};
1

void Suite::addSuite{const Suitek s) {
for(size_t i = ©; i < s.tests.siza{); ++i) {
assert{tests[i]));
addTest(s.tests[i]);
}

}

void Suite::free{) {
for{size_t i = 8; i < tests.size(): ++i) {
delete tests(il;
té5ts[i] = B;
}
K

void Suite:-runi} {
reset(): ] .
for(size_t i = ©; 1 < tests.size(): ++i) {
dssert(rests[i]):
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tests[i)->run{);
}
}

leng Suite::repart() const {
if(osptr) {
long totFail = 8;
*osptr << "Suite \"" << name

<< "W 'y\E=m====="
size T i,
for{i = 8: i < name.size{): ++i)
*osptr << ="y
*osptr << "=" << endl;

for(i = @; 1 < tests.size(); ++i) {
assert (tests[i]);
totFail += testsiil-»repori(};

}
¥ospkr << "======= "
for(i = B; 1 < name.size(): ++i)
*osptr << '=';
*aspir << "=" << andl;
return totFail;
}
else

return getNumFailed(};
}

long Suite::getNumPdssed() const {

long totPass = 8;

for{size_t i = 8; i < tests.size(),; ++i} {
assert{testsiil};
totPass += tests[i]->getNumPassed():

}

return totPass;

v .

long Suite::getNumFailed() const {
long totFail = @;

for(size t 1 = @: i < tests.size(); ++i) {
assert(testsfi]);

tetFail += tests{i)->getNumFailed();
}
return totFail;
!

void Suite::reset() {
for{size_t i =8; i « tests.size(); ++i) {
assert(tests(i]);
tests[il->reset();
}
Y A~

A R0F 58 5 b B FTestSuitefE3s,
2.3 @idHER

B A7 TR T A T A B R O 5 PRI 25 T A7 B e AR B I 0 )
Wi B, BRI A RIS B AR . A P2 S — e TR T A ZE R
Frifitid B b P i fE. o |
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2.3.1 BTHREREME
FEMRT, EEFITIESERITH NS~ RiBDTREITE Fecoutsl — MRE L
HrhRRARLCH. TR e s Fhrh b Hik e 2

#define TRACE(ARG) cout << #ARG << endl; ARG

BEMLRXAERABBEIFEARY T, RAXTRLFR—LEE. Flo, mERA
T HRYIE):

For(int i = 8; i < 108; 1i++)

cout << i << endl;

BXAITRFERETRACE(YEF, RE&BIMTAE:

TRACE(for(int i = 8, i < 188; i++}})

TRACE{ <cout << i << endl;)
BtEzE, REG&EREH:

cout << "forf{int i = &; i < 108; i++)" << endl;
far{int 7 = 8; i < 188; i++)

cout << "cout << 1 << endl;” << endl;
cout << i << endl;

IXHARBAEEMN. Hik, §R3FS AN 808G .
FEATRACE( )M —/ 5

#define D{a) cout << #a "=[" << a << "]" << endl;

MEBRERR—AIFER, ABEMHEELS2ERAED(). BFHAESBREARER,
RERTENE (RRXTRAXMERLAVERTERF<<). Filn, TLUXHED( +
b). FFATLIFEE(AI A AE P X A 2 sk i A v IR 4 R .

EFAEREB SRR FRLANATREFTHE: RERBARITEIEF ERFESR
AfE. FRIRRSBE AN HERO TR, ERELSME, TRILTHTULHEANMRS,
KEREMHIAE AT, BATEEEMERT, REWMEEA BRRdER.

232 MEeH

SMMEE: SXEORTEES ARSI D ARCHRBESIERT. SE, X8
A ZHE X T coutfinew, MRETFHEMIETRAER T ENESE. XEREMFFALIE
EEFERAOFTARERPES LE, HRETHENEE. XEFABHE - — R E S SER
bR . REMAEFIEEEC) EE, ATEXIHTRBIMA, 445 Husing?
Y, XERRTL M coutilE A F s M A8, S, 7% BCREG A8EME fstd:icout.

THERAEDEEHOER T RN, HemESRMEX T couttiyHRs TixA
. AELAMBIREEERE4define TRACEON# B ) &AL 30t (2448,
O ITREREERESE XHEPRMEYNER).

/f: CB3:Trace.h

/f Creating a trace file.
#¥ifndef TRACE_H

#define TRACE_H

#include <fstream>

#ifdef TRACEON

std;:ofstream TRACEFILE__ ("TRACE.QUT");
#define cout TRACEFILE__

#endif
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#endif // TRACE_H ///:~
T A B AR Xk Sk S A AL B

ff CB3:Tracetst.cpp {-bor}
#include <lostream>
#include <fstream>

#include ".. /require.h”
using namespace std:

#idefine TRACEON
#include "Trace.h"

int main{) {
ifstream f("Tracetst.cpp"};
assure(f. "Tracetst.cpp™):

cout << f.rdbuf(}; // Dumps file contents to file
Y oA~

E Acoutt i Trace. hhIE S SR T HAMRE, BLEFHHA N coutif LS
R RRE T RESCH. SRS REANRERZEAEEERNATHHECEN, XFTARE
75 B R B

233 RBEAFHNR

F 15 P T ERT R A

D AT AR RETRE, FTLEREIECI6:ArTay3.cpp HXBEMArray R R 2
XA, HEFETRENE, LIXFORARELREGEE. (REIRHHEMNTHE
HEAAER.)

2) EEEDMI BB E.

Hiznew/deletef=malloc/free:¥ 4

BERANEI AR BAREDTFEEE (free store) ForRBANTF IR Adelete,
EREEBRREDETHE LoRA—1NE, BF RO A DME—4 1. Xt
W T —FrRE i 5 Bh SRR 1X 24 i) B WY R 4% .

E—/AVR G A R f a0 FDRMLEER TSR Anew, Bl T RAERXY
P& ERreeTcikfE M, B R T A E A Foperator new( )R EMIRF. EixdHsh, &
I—HAEE /G, FRERANMERLSTFECHPRERRE, (LEXR-0, FEE T TER:

1) REXFMERBEF AR, ARERATRLERES. °

D ENBEFBRRAEREREEEHAHRHE,

HTHEAXMNERERSE. X BERFLELXHMemCCheck. h, et
MemCheck.objH FHEFD . RA-HRERGRERZFH HnewindeletefyifA, HHiEL
ERFTHIRHEMEM_ON() (E4ENGEMEER) XohitAFRE. FIREXATETR
AR AR e 4T ED e b ) b (Bt stdout). X{F RXFRHKAIBHE, newiB BT
EXERICE £ new s BRI ETRT S HRE T T k. X FAoperator newl) = {1
# (placement syntax) RZXAT. °BRERVNERT, REL[ER— MR EEANTES

9 AN FEEOEARHEE, Dinkumwaresy H#JPete Becker, RERIAE R ERFRCHIBTRATFGIER.
AT B R IR R “XR R AN (diny wick). FIHBESERIRS AR EH RO AEIERES
TR, AUTLMEERBIRMOT AT, ERTEREFERTRFS.” XEMNRFE RN SR,

®  HBEHCH+ERE T R 2R AReg ChameydR HiX#hikss.
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MR EMEN A EREMLESE. FRANFERAEREOTLICIRFE L4 Z2Hoperator
new( BEE BRI TEAGFREMRE £ 028 MNoperator new( )RLER, Mnewh
AR, A_FILE_fI_LINE_ZRIREBHAEN I 2T 5 H a0

A CB2:MemCheck.h
#ifndef MEMCHECK_H
#define MEMCHECK_H
#include <cstddef> // For size t

/¢ Usurp the new operator (both scalar and array versions}
void* operator new(std::size_t, const ¢har*, long):

void* operator new[] (std::size_t, const char*, long):
#define new new (_ FILE_ _, _ LINE__)

extern bool traceFlag:
#define TRACE_ON() traceflag = true
#define TRACE_OFF() traceFlag = false

extern bool activeFlag:
#define MEM_OMN() activeFlag = true
#define MEM_OFF() activeFlag = false

#endif /7 MEMCHECK_H ///7:~

HENR, YiRHEREHEFHEAEDN, TLAEEME A aE&XA X, E52
CUAREFAREEXHNRE —A (Eksinclude f5), FREEF RIS LIHEE XK
RIS, HAXSHRIEFERRBIENSMT (inclusion model ) (XIHRIEERABK,
FraRAREESESELXH ), MemCheck.hrbF imewi =4 & %o B b IR UL B BE I RY
FrfimewiZHAFRSEH (FFETHEE BMIFHIR). Ao EEAMREREGFETHCHER
HAGHRINFRR, WA RE S EDR AR AR R .

THHMSCHRENFRENIE, fiAafhsHBERdCHirERA  MILREHRAG, T
BRERCHIRMABLE. BNZRRAH2E,. SARTRERMEAE R HEFHES

HasiABMHiE, 242 ERRASIKN, AERFESSsRE. nRERESHEES
<cstdio> R4 F15 A .

/1. ca2-vemChack.cpp {0}
#include <cstdio>
#include <cstdlib>
#include <cassert>
#include <cstddef>

using namespace std;
#undef new

// Global flags set by macros in MemCheck.h
pool traceflag = true;
bool activeFlag = false;

namespace {

/f Memory map entry type
struct Info {

void* ptr:

const char* file;

long line;

¥

// Memory map data
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3

const size t MAXPTRS = 18B88u;
Info memMap[MAXPTRS] .
size_t nptrs = #8;

/i Searches the map for an address
int findPtr(void® p) {
foer{size_t 1 = @; i < npirs; ++i)
if (memMap[i] ptr == p)
return i;
return -1;

}

void delPtr{void* p) {
int pos = findPtrip}:
assert{pos »= 8);
// Remove pointer from map
for(size t i = pos; 1 < nptrs-1; ++i)
memMap[i] = memMap[i+1]:
--nptrs:
}

// Dummy type for static destructor
struct Sentinel {
~Sentinel(} {
if(nptrs > B8} {
printf{"Leaked memory at:\n");
for{size_t i = B; i < nptrs; ++i)
printf("\t%p (file: %s, line %ld)\n",
memMap[i).ptr, memMap[i].file, memMap[i]l.line);
}
else
printf{"No user memory leaksl\n");
}
}i

/4 Static dummy cbject
Sentinel s;

} // End anonymous namespace

/{ Overload scalar new
yoid*
operator new(size_t siz. const char* file, long line} {
void* p = malloc{siz)}:
if{activeFlag) {
if(nptrs == HAXPTRS) {
printf({"memory map too small (increase MAXPTR5)\n"):
exit(l};
}
memMap[nptrs].ptr = p;
memMap[nptrsl.file file;
memHap[nptrs].1ine line;
++nptrs;

}

if{traceFlag) {
printf("Allecated %u bytes at address %p ". siz, p):
printf("(file: %s. line: %ld)\n". file, line);

}

return p;

}

/f Overload array new
void*
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operator new[]{size_t siz, const char* file, long line} {
return operator new(siz, file, line):

}

// Override scalar delete
void operator delete(void* p) {
if{findPtr(p) >= 8) {
free{p);
assert{nptrs > 8);
delPtr(p):
if(traceFlag)
printf("Deleted memory at address %Jp\n", p);
}
else if{!p && activeFlag)
printf("Attempt to delete unknown pointer: %pin*, p}):
}

/f Qverride array delete

void operatar delete(] (void® p) {

aperator delete(p);

Y A~

i rBfrdtraceFlagfactiveFlaghk £ BT R, WEAZERMPAETRACE_ON().
TRACE_OFF(). MEM_ON()JUMEM_OFF( k&M EM. — X, "TLAE
MEM_ON()Y#IMEM_OFF( )ix# £ #main( )& RIS AR ER, XENERS
AL RS — AR . NTFHE ER T Hoperator new( )filoperator delete( )&5
. XFEREAERIANERTRITHAN, SLLATRACE _OFF( )XHE. LR T, &
KEREBAITENHR (2RAFREREHOMRIZET).

MemCheck T A EInfo i BB R RF LEAFIRE . XH&MTS: RGN
Z{F Hoperator new( ) RAGFMHERHN, X LEnewa T THALE4, TUiT
SEnewZBERRATNTES. ATHLASEASREAF AR EEE&FTHE, HiZER
REENAETREE AL FERY. YBFEIEOME, RBHFENSentinel 3418 H— 4%
AR A, TSRS EmemMap, FERTHESEMREVISE (REBRFE P
FETENTEIER ) o

TR+, operator new( )E fimalloc( )RIEWMANT, ARG EFIHEXERIHE R
R FIlmemMap+. operator delete( ) REMARE N TIE, ‘CiRAfree( YREANEH
nptrsf)EEL, BEEH ASBEFELKNBEHEHEEEWRITFE (map) . WwEXE
At ERss,. iRHERF AEERERRNAREDEFRE FoBRRNE, RE088
HTXBNG. HEXBRNTFAAE RS RPBERT. activeFlagh B{EX BN BE,
EATENFZZRXHATBRPEASONTEEREGs AR, S8 rAmaNESIE
MEM_OFF( }rji )/ ffactiveFlagid Hfalse, x4, HiGiideletel@ HRSWZN, (X
PP, XHEMEAFR, B, FXEXEMNOBOREZIASRE, MARLERE.)
s, BERGTE LIEREHFInewndelete, #&413E 47 LA,

TR —AEHAMemCheck T H 3E 45 MR & BT

//: CO2:HemTest.cpp

//{L} MemCheck

ff Test of MemCheck system.

#include <iostream>

#include <vector>

#in¢lude <cstring>

#include “MemCheck.h" // Must appear last!
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using namespace std;

ctass Foo {
char* s:
public:
Foo(const char*s ) {
this->s = new char[strlen(s) + 1]:
strepy(this->s, 53
}
~Foo{) { delete {] s }
b

int main() {
MEM_ON(};
cout << "helle” << endl;
int* p = new int;
delete p;
int* g = new int[3]; .
delete [] g
int* r;
delete r;
vector<int®» v;
v.plush_back{1);
Foo s('goodbye"};
HEM_OFF () ;

Yy A

EAPFIUEE T, TEMEN %4 EAMemCheck: REpERATH, RSP EHT
Fr#E# % (standard containers), DLRfCHh T EAHEaE BT E TAEF. FHPANQRINTF

SERFEREE RS, ERISH AR M by RBINFRHES, FLABFRERT
— AR, REBRFREMER RO .

hellc

Allocated 4 bytes at address Oxafle778 (file: memtest.Cpp,
line: 2%)

Deleted memory at address Oxa@le773

Allocated 12 bytes at address €xa®l®778 (file: memtest.Cpp,
line: 27)

Deleted memory at address @xadler7e

Attempt to delete unknown pointer: @xl

Allocated 8 bytes at address 0xaGl88c@ (file: memtest.Cpp,
line: 14)

Peleted memory at address BxaBlB8cE

No user memory leaks!

A %i8HA TMEM_OFF( ), FrlLLlEEivectorflostream *foperator delete( ) AJif
A BB E T, B PATRS LA ZER>REAEN R Hdelete ™ ERRITHER.
IR AR FATRACE_OFF(), M2mHEREER:

hello
Attempt to delete unknown pointer: 8xl
No user memcry leaks!

2.4 IhNg

At TR LA M A 2 MRS T LR F A TR Tk ie. BMERAE
S AR Fassert( )2, TEHRBSENMEANMME, BFEHARTESEORER
W, B Hassert( ), FARBEEBEEFDEAMNTZEREIR. FASSRESTHTIEYE
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EAFMRRT. IotE. BiE A TARREAHRE, RGN TR,

EH T AR LR RS B T R R R ki e T, anRiEnL
b (B AR REEREE) AN, A2 stiE A B shIIRAERE —R Bobt b 28R F——iE
HRAIA R AR A O AR TRERIE. ST RS (R P) FE AR TR

BRI,
2.5 %3

2-1 {F B TestSuitetE B RE — N EREF R NMiAfrdivectords, HIEANIKE N vectorz
B FHIRE A k% push_back( ) (fEvectorfEimim—x3E). front( ) (MO
vectortf ¥ —70E). back( ) (ERvectorpfIffi—1TE). pop_back()
(BEERG—A7E, AERIE). at( ) CREIEEESIVETHLE) fsize( ) GERA
TEHAE). BiIE: RAHNESIFABRBEER, vector:at( )Z#H

std::out_of_ rangef ¥ .

2-2 BiBEAERAR—A-£4Rationalf) %, XX XHEHEE (23%). f£Rational%f
S OB R RIET (BRIMER0), HES2BAVNERE -1 BIR. TEE

Rational 25 0 g5+

/. CB2Z:Rational.h {-xo}
#ifndef RATIONAL_H
#define RATIONAL_H
#include <iosfwd>

¢lass Rational {

public:

Rational{int numerator = B, int

Rational operator-() const:

friend Rational operator+{const

const
friend Rational operator-(const

canst
friend Rational operator*{const

const

denominator

Rational&,

Rationald&);
Rational%,
Rational&):
Rational,
Rationald);

friend Rational operator/(canst Rationalk,
const Rationalk):

friend std.:ostream&
operator<<(std::ostream&, c<onst Ratichnal&};

friend

std: :istream&

operator>>(std::istreamk, RationalZ);
Rational& operator+=(const RationalZ).
Rational& operator-=(const Rationalk);
Rational& operator*={const Rational&);
Rational& aperator/={const Rational&};
bool operator<{censt Rationai%,
const Rationalk);
bool operator>{const Ratianalk,
const Rational&);

friend

friend

friend

friend

friend

friend

baol operator<=(const
const
bool operator>={const
const
bool operator=={(const
canst
bool operator!={const
caonst

Rationalk,
Rational&) ;
RationalZ,
Rationalk);
Rationald,
Rationalk) ;
Rational&,
Rationalg};
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2-3

2-4
2-5

¥
#endif // RATIONAL_H ///:~

AT RRE TR BN, SEEEE. FEELHNRENE R,
£ HTestSuitefE 484555 — MR LG, A E—A43] 5 A BT B U 0 1 i,

BIEWIRTE . R
%BRational, @i E— 44305 HEAR A MRS IR EEFEHANS.

THBuggedSearch.cpp & — I "o EREK. XTAEEKX E[beg, end)
HERENEwhat, BihHE%IR, AR ENRERABRIAEREHK.

//: CB2:BuggedSearch.cpp {-xo}
H{LYy ../TestSuite/Test
#include <cstdlib>

#include <ctime>

#include <cassert>

#include <fstream>

#include "../TestSuite/Test.h"
using namespace std:

f/ This function is only one with bugs
int* binarySearch{int* beg. int* end, int what) {
while{end - beg != 1) {
if{*beg == what) return beg;
int mid = (end - beg)y / 2;
if(what <= beg[mid]} end = bheg + mid;
else beg = beg + mid;
}
return 9;
1

class BinarySearchTest : public TestSuite::Test {
enum { 5Z = 1@ };
int* data;
int max; // Track largest number
int current; /f Current nen-contained number
ff Used in notContained()
// Find the next number not contazined in the array
int notContained() {
while{(data[current] + 1 == data[current + 1]}
++current;
if{current >= SZ} return max + 1:
int retValue = gdatalcurrent++] + 1;
return retVatue;
}
void setData() {
data = new int[5Z2}:
assert{Imax};
£/ Input values with increments of one. {save
// out some values on both odd and even indexes.
for{int i = 8; i < SZ;
rand() % 2 ==8 7 max += 1 : max += 2)
data[i++] = max:
}
void testInBound() {
// Test locatjons both odd and even
// not contained and contained
fordint i = $7; --i »>=8;)
test_(binarySearch(data, data + 57, data[ij));
for(int i = notContained(}: i < max;
1 = notContained())
test_(!binarySearch(data, data + 5Z, i));
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void testCOutBounds() {
ff Test lower values
for(int i = dataf[®],; --i » datal®] - 168;)
test_{!binarySearch(data, data + SZ, i));
// Test higher values
for{int i = data(sZ - 11;
++i < data[SZ -1] + 108;)
test_(!binarySearch(data, data + 5Z, 1)):
}
public:
BinarySearchTest{) { max = current = &; }
void run() {
setData():
testInBound();
testOutBounds{);
delete [] data;
}
}:

int main{y {
srand(fime(@)):
BinarySearchTest t;
t.run();
return t.report();
Y I~
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HIE AT

ACHET Y, A FAVEMAFAFHERERRARHA I AZ ., FAPHKEER
KAEA A TRH55 R ¥ (static quoted string) 5 A AR F LRI BB Z M5 L
A, EEIHEHALY “char*” HBKAHEL, ﬁﬁﬁﬂd-ﬂ-iﬁ#ﬂ %fi‘ﬁ?ﬂ,

R, ATFRRRENTET, FARSSETEERFLRESHR. REmit, £
X NRFTRADROECHHEF B R SEINE . ECH+EFstringde -5k AHLE
T EFRRA RS, BN NTASR RS R AN, BRIRTEA A4
A A3+,

A2 HARRCH+Psiring3, REEMBCHEFEOMREE, RGEBECHAR
M FHREEEHGCE S FRNBEERE AR . EEES T RE Astring & @ £ g
Bk, BEFRCH string R LB TR EF BRI ER B EIRFE R R 2 E.

YRS AGEESESYENMNAZ—, HECH stringRE T KE Y SHCHREMbR
Bk MERANRREBEARIE. YHHNABCH stringi), Ezi%zﬁak'ﬁﬁ:z’l‘$§é
A RAR—FRBERFE, F3MEERENFHEstring2 gEak B

o SRS B tstring /p E R 55 .

* R Mstring L RKEITFERE.

* REAE 7E & Fhditi iR string T FHRY 5 £ 2 Al £ 7 P dfh .

EEHAEFACH string W S ERE AT EN.

3.1 FHHEMAIRMTA

BCIBEES, FHHEAR LA KA, HFESEL HWNE GEEBERAZTHRN
{null terminator)) fEAKEFRILE. C++ string5SEMNECESHIW S RATE. &k,
hRHREBHOTFEA, Cr+ stringl i T EFE S FERTFARNSREER. BFRUIAAR
R0 A P A B o8 23 B LAY 7 i Y R ) R Stﬂnglﬂ.ﬂ%%ﬁz#ﬁﬁﬁﬂﬁﬁﬁﬂﬂh&m ‘W%
ShFR” 5 8. BAEHE, CrrstringWRAaBACERGTHNTGER. R80RE. 48
W) B (length in characters) LARTESFRFIARMNEPRIBR M XA/ 2T E ALY
KIANEREFEE. CHERFBERXR/TCESRABPIFEE L B AR
HBEBELLR, B REAC SRS R AR R SE TR, URERRTE—%
HIEEFRENTEMRCENRE T BT HE.

CH+HimME i A E X F IR ERNENS (memory layout) HIHENIGEL. R KR & REH L
ATHBRBHREY, Mo AREmiEST BrEsR{E A RerLHE, HHmAHPRIER
AT TR R . KPR, CriRiERf E LEBMFIREE R TR iZV R B x R o EEi
B REFEE. FHEoEaNEENE: AFEAERS I HH 8B (reference-counted
implementation), BB LHARSTHRASIHH B (reference counting), JiE AL —8.

O AR AERDE - T Nancy Nicolaisen.
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EFELHEARR, ECIESH, S charPA R HIBE ARPERGMHX . ECHH, T
B LA steingoit R AT LAL T LAA LB S B ik s A il X, {28, KM S| AL 8ok
4 TRER — SRR E, BAFAMITMER (FEAE L) SAFERIFRIIS MR
o e PR & B AR 4. B

ff: CB3:StringStorage.h

#ifndef STRINGSTORAGE_H 105
#define STRINGSTORAGE_H

#include <iostream>

#include <string>

#include ". _ /TestSuites/Test.h"

using std. :cout;

using std: :endl;

using std.:string;

class StringStorageTest : public TestSuite::Test {
public:
void rund{) {
string s1("12345");
// This may copy the first to the second or
/! use reference counting to simulate a copy:
string s = sl1;

test_(s1 == s52);
/f Either way, this statement must ONLY modify sl:
51[8) = '6';

cout << "sl
cout << "s2

" << 51 << endl; (7 62345
e 52 << endl; f/ 12345
test_(sl != s2}),;
}
1
#endif // STRINGSTORAGE_H ///:~

nw

/7 CB3:5tringStorage.cpp
FH{L} ../TestSuite/Test
#include "StringStorage.h"

int main{) {
StringStorageTest t;
L.run{};
return t.report{);

Yy AAl i~

RA ST RGeS0 R4 AREN, xHEBERBYSH L4 (copy-on-
write) SE#E. M HREAESH (value parameter) SAERMRIEEFETEH, X#HH
Al Y5 I i O AL |
TR—MENEAETERAS HiHE, Eistring2ifE AL RRMAIEL BN, & [0
MR, WHRHFRRXHE. ESEETBREY, JUPRA %2R 3 Aok,

3.2 RIEHFMBUCHFRR

YRR FF BN RE— - RHFEH AN RE. £ T HYSmallstring.cpp
FiT, F1istringx KimBlank BAMEH T, BHFESHE. CIESPHicharsy
BTG LAT SR SBEPLAYE & L2888 (bit pattern), i 5 A RimBlankifk & &

© RRLERIESELSAMNE TEH AT ($igHerb Sutterty (More Excoptiona) C++% $104-114T7).
RBEENEXTEHBHEBNHEY.
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THEXWESR. X istringd &kt Zi s “BEETF (no character)”, &id RAIE
ARy EHEREAEEAFHALSFEBELE.

$2/~-EheyMom, E#XFHEH “Where are my socks ?” ¥k, XMERRINBL
FERH—15 | F 884 (quoted character array) fEustringid BiiE. MLL2T, 3
g standardReply R{f i — 1 REBEREZOHL. T—-AFHEGF -1 F B 2use
ThisOneAgain, ERMGELEHNR - BERCH+stringd RE Ak WHHHR. x4
5 F i T e L A3 G B Ay string XS f UL T /L3

« Gl string®t & . B HA I A/ Eag o Jaait.

o F— A XFRYS | R REAEASREREHER Y, LR —/-string¥ R 3E174)

it
s %S (=) Wi —{stringt$R .
o H—/-stringxt @A {Ls —{-stringif s .

f/. (B3:Smallstring.cpp
#include <string>
using namespace std;

int main{) {

string imBlank:
string heyMom({"Where are my socks?"):
string standardReply = "Beamed into deep "
"space on wide angle dispersign?”;
string useThisOneAgain{standardReply);
Y FAF~

X LR R string & AL B A, (HEF i PiFcksh, B E RSk iTmis
fo, FHFHBTEF b TELXHR:

« FHCIES NcharBI AR C++ string Km0 — 345> .

» Hoperator+ 38 A RHMEB L EIBEE 4 TE—E.

» Hstring%f Z ) ik A R #subste )EGlg—4~FH.

TR T R T X AR

f/0 CB3:5mallstring2.cpp
#include <string»
#include <iostream»
using namespace std;

int main{) {
string s1("What is the sound of one clam napping?");
string s2("Anything worth doing is worth overdoing."});
string s3("I saw Elvis in a UFO"}:
!/ Copy the first 8 chars;
string s4(sl, &, 8);
cout << s4 << endl;
// Copy & chars from the middle of the source:
string s5(s2, 15, 6);
cout << s5 << endl:
£/ Copy from middle to end:
string sb6(s3, 6, 15);
cout << sb << endl;
/f Copy many different things:
string quoteMe = s4 + “that" +
ff substr() copies 18 chars at element 28
sl.substr(20, 18} + s5 +
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/f substr{} copies up to either 180 char
/7 or eons starting at element 5

"With" + s3.substr¢5, 168) =+

f7 OK to copy a single char this way

sl.substr(37. 1); 108
cout << quoteMe << endl: :
} i~

string 2 % R L 7 R Srsubstr S A BIEARE 128, WMEHEEFFT R
AFFENBE. WASEAMAGIRIAE. RER = SHFRER A Asubstr( ), Mo Ba
& A string R — AN, BiLAxE S Histringd & w0 —Fh G E R 4.

TR e

What is

doing

Elvis in & UFO

What %5 that one clam doing with Elvis in a UFO?

HE LRSS —f7. CH++REETFRFIstring 4 SR ERERTIEDRIRAER,
KR PR G AN, B, SRR IEMNEstring®t & & 5 IR —ANF 4.

oAt A Tetringdk gk L B string::begin( YH
string::end( ). XA GstringHEEZBHR (4 A LBEEMRINFEELEL
vector— ESTERALEFIELNER), THE A BN RTFAFINTSEEERE. S
B Hik, BEAlCLAString A E REE R R MRS, BEREN T EREFBEI N —
A RBER, W EMNziEleEiEE LB ETIstring b 2 4

ff0 CR3:stringliterators.cop
#include <string> ’
#include <iostream>»
#include <cassert>

“ysing namespace std;

int main{) {
string source("xxx"};
string s{source.begin(). source.end(});
assert(s == source);

Y A~

AL IR R Thegin( Yfnend( ); LA —AN XM & IE ARERENSH LEH. B
1A R n FE % fmiEr g, X EaB i A Estring s R RF 1 5.
FTUER S HIFR . ASCURRI b M R IGILCH+F 8. {HR. Tmais Ty
TR £ A9 TR DAL 2B

A4 CB3:Uh0h.cpp
#include <string>
#include <cassert>
using namespace std;

int maini(} {
/f Error: no single char inits
/' string nothingDeingl('a’'};
£/ Error: no integer inits
f1Y string nothingDoing2 (8x37);
£/ The following is legal:
string okay(5, 'a'};
assert(okay == string{"aaaaa"}};
Y AA -
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FINEHFRBAFTRERNE2NSHOE NN K. 2088 Rt e M2
charXV¥ri, MAGEAchar®H .

3.3 MFRRI;FITIRE

FRICESRESRWA, MARHAHEcharB AT 5 A &, BofnE 6%
e, 3 FeharBAMLE, HRECIESEREPAERA T EARLMARE. Bk, EEE
B AR (family), SRR -ToRE: THA (plain) K, DIRIMEEMGRRIETTRE
R/EHEFHTRAOREE . CIEEREMAThEchar B TR B RIRE & R B8R 7
BAETK, i BLAHK F AR, BEEENET. bR eT ARA R, X8
L RBHHAPRCE. BRXEERNSERYE AT —5, BEEMFxERYK, 8
Fr a0 e By 2 RIS BB AR T L2 U

FAECEE & Mchar ¥R T AW HFAEFHBEFE2MRE, T2 BT R X R —
MRIE: FRAEEAE-ATEERR. EHTRZRERGER, XITEERTHREHBAET,
BRI ZEERZFECIE S Hichar B A LB /P A iLE R RER T a8 2 2 4/
MAF. SRR RREREE.

Cr+igfitpystringdont f, FERANEFERNZSME PRARKES. BT EKROFH
bR, Estringdh, FERMOKABHAOBKBEALTFRCIESEVNIRE—HEL, HE
ATHER, EstringdnshieEmAkR. XERERM_ECH A oLl AfC LR 38 i i
RTERASE, EstringZ¢tbECIESERcharMEHRIREETER.

331 Bl @ANEEFRSR

Cr+FREBHFILUMAMNER L RETEHOREE, KdZz—md EFEFATH, &
MAMERE AT 2HE. XAREGFHFRLRRNEMRT R, FMNbW/LPE2HERT 4
AAERET “RFLE BiE—HRERFITRNFELE . LHiE, SR THESRAEBH
Kot s— 50 X' #gifiFfre, MEHERSN “Zowie”, XMFEHFBHREC
& 0 HER o T BNF RS ERENER. WRARDLTENFFRNET RE, B
FRHASRESCREREE, WiF AR A SR AR T FCH A R, 1sh,
HFEFBEMRE . FRSEEARfappend( Yflinsert( YRBIB B Hor & 70!

f/: C@3:5¢erSize.cpp
#include <stringx

#include <tostream>
using namespace std;

int main{) {
string highews(“1l saw Elvis in a UFG. ");
cout << bigMews << endl;
/f Haw much data have we actually got?
Cout << “Size = " << bigHews.size() << endl;
/f How much cam we store without reallocating?
cout << "Capacity = " << bigNews.capacity() << endl;
// Insert this string in bigNews immediately
// before bigNews[1]:
bigNews.insert{l, ™ thought I");
cout << bigNews << egndl;
Cout << "S59ze = " << higNews.size() << endl;
cout << “Capacity = " << bigNews.capacity() << endl:
// Make sure that there will be this much space
BigHews.reserve(509};
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f/ Add this to the end of the string:

BigNews append{"[‘'ve been working tooc hard."):
cout << bigNews << gndl;

tout << “Size = " << bigNews.size() << endl:
cout << “"Capacity = " << bigNews.capacity(¢} << endl;
Yy Al ~ :
TR AR E RIESR R L
I saw Elvis in a UFQ,
S5ize = 22

Capacity = 31

I thought I saw Elvis in a UFOQ.

Size = 32

Capacity = 47

I thought I saw Elvis in a UFG. ['ve been

working too hard.

Size = 59

Capacity = 511

XABIFIESE T . HME AT LA % 2 HhilE do s e R B Hlstring X & B 5 M F R 2E A T 1k,
Co+string 282 fit 7 /L4 TRUFERMAEF R CMEMEE. SRk EIREFHHMNY
FE AR AR R £ LM T, size( YRR B AL FIT R F 50T, Eifllength()
Bk B R EAUPE AR —HAY . capacity( )RR B LHT4 AP F B S RRAE, LWEIESEE
RKELFEZEM, FRBEMEFHNBEAFTHY. reservel JEERE—FMELNET, &
HMEFANEE, B8 - eHENFREA, DESEER; capacity( BRBIRHEAS /N &
—& A Hreserve( ) MTIE. MREARIH A BAREL YA THBRCRE R
REBRERTHS, resize( JEBBRREFHBHARBINEN . (resize( YA —AEHT]
LAEE — A T RIBEEFFF.)

steing 30 % 5 8 B0 B o Bl e i 2 A BT SR FCH++ R ER SR, TEFEACH
REN IR TR LR, AR, SRESETFRTEEOFRATEKT
(word) (BN, 2¥% (full-integer)) WHARE, SBREWMM—AFTN. A4 &XBR?
string K H) % it & Bl A RAE HibcharBEAMCH I RARTLLEAER, Ak,
EXFRRERSEELY , StrSize.cppREMITFRHARET, BREWMEY - FHMERES
WAEMBEERT (HcharREHFR - FHE0, ZFFSNEE A RFBHEERNFR)
4 A

3.3.2 EHEFHE PR

insert( ) HERF AROHERFIFRHBAFH, MAGLOEEFRZRER, &E
SUTHWALAZERRNFTH. FRERMEAT, EANEFSMR LR SoEHEETE,
DMEZEF TR, AHEHEFFARBFARFEN. MEFLFTROK/NMETE, SR
{& Fireplace( JRECRAE T1F. replace( JHIREMEBRS, RWBMIRER 7324
—ABHEATHAAF RO ANRTHENRE; E_ASHATRAAESFETHR2Y
TFEH, B TERRES (EHASHNFETRATC SHBERN F AR ). T

/7 CBYI:StringReplace.cpp

/¢ Simple find-and-replace in strings.
#include <cassert>

#inctude <string>

using namespace std,

int mainQ) {
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string s{"A piece of text"}:
string tag("$tagh™);

s.insert{8, tag + ' "):
assert(z == "A piece $tag}d of text"):
int start = s.find(tag;;
assert(start == 8),
assert{tag.size() == 5);
113 s.replace{start, tag.size(), "hello there"):
assert(s == "A piece hello there of text"):
YoM -

tagd HEEA RSB (EF: EREAATHZINTSEERROEA RZTHTHA,
B tagR FilM MM SR, SERITERDRR.

fEifAireplace( YRR F A RS ARG ERIIT 2. BTEAH T H—char* kit irEin
#fe, replace( JRE—N"E&EE A, A—{stringRdt T80 RE. TENRAFERER
{7~ Treplace() E#:

//: C83.Replace.cpp

#include <cassert:>

#include <cstddef> // For size_t "
#include <string»

using namespace std;

void replaceChars{string& modifyMe,
const string& findMe, const string& newChars) {
7/ Look in modifyMe for the "find string"
ff starting at peosition @: .
sfze_t i = modifyMe.find(findMe, §):
f// Did we find the string to replace?
if{i != string: :npos) -
// Replace the find string with newChars:
modifyMe.replace(i, findMe.size(), newChars);
}

int main{) {
string bigNews = "I thought I saw Elvis in a UFD, "
“1 have been working too hard.";
string replacement("wig");
string findMe{"“UFD"):
// Find "UFO" in bigNews and overwrite it:
replaceChars(bigNews, findMe, replacement):
assert(bighNews == "I thought I saw Elvis inp a "
"wig. [ have been working too hard."):
Yt~

114 inftreplaceX AP EE LN FH R, BEA string::npos. ¥R AnposEstring
(NI —THFEFRER, BRI EENETFAE., ©
SEF FHEHNIBRAEN— B BFINITETEE, replace( YA instringlif 52
HHE, X— g Hinsert( YA, {H&, replace( YA & 2 GAE2sia, &40 %5
R “HEde” SRS 7 ERE B 2 50 s AR A R . BBl

//: C83:ReplaceAndGrow. cpp
#include <cassert>r
#include <string>

8 i CEME” (no position) FUEEE., HFHESHE il size_type (il Estd::size_t) BigeE
R A
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using namespace std;

int main{) {
string bigNews ("I have been working the grave."):
string replacement("yard shift."};
/f The first argument says "replace chars
// beyond the end of the existing string":
bigNews.replace(bigNews.size() - 1,

replacement.size(}. replacement);
assert(bigNews == "I have been working the "
"graveyard shift.");
Yy Fil-

Freplace( AR “B#M” EHTEREREFLE . X5ENRERLSHN. HE.
HRiFreplace( ) B THE K8 FFIREE,

B LAY ST d s, RBERIENEENELS. AP FHERFES
FRUANS—RRFH. —BRFAFX LT ERME, BERSIARBTEE, &
JERRFFRa S SRR E 200 B, fnB B FE AT EE. RilistringKat A —FH A
— A TR T P A Y 5 — A TP '

& Bh A T find( )0 replace( )R B . PIRE B LR &%

/f: CB3:ReplaceaAll.h
#ifndef REPLACEALL_H
#define REPLACEALL_H
#include <string>

std::stringd& replaceAll(std: stringk context,
const std::string& from, const std::stringhk to):
#endif // REPLACEALL_H 7/7:~

TO3:ReplaceAll.cpp {0}
#include <¢cstddef>
#include "ReplaceAll.h”
using namespace std;

stringé replaceAll{string& context, const stringd from,
const string& to) {
size_t lookHere = @,
size_t foundHere;
while({foundHere = context.find(from, lookHere))
I= string::npos) {
context.replace(foundHere, from.size(), to);
lookHere = foundHere + to.size():
}
return context;
Y A~

A ERAIInd( MEFHEHFEERNUERAE 22, WRBRTHNE D
string::npos. % &LookHere R Mz BHEXEIHHMB, ﬂ%fﬁi%ﬂ’] LAB 57 8
fromBFFtofy F&8 ., THHEFMIR TreplaceAll i

/7. CO3:ReplaceM\Test.cpp
f/{L} ReplaceAll

#include <cassert>
#include <igstream>
#include <siring>

#include "ReplaceAil.h"
using namespace std:
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int main{y {

string text = "a man, a plan, a canal, Panama”;

replaceAll{text. "an", "XXX");

assert(text == "a mxXX, a plXxXX, a cXXXal, PXXXama");
Y A~

Rl , string G & 3T REARULHA FTREH BEA0RIRE . 1 & MRtk 07 BERR mbrie i ©
PEVRSTCEM . B Astring® JU P A SSTLE RS (BB TRrmARmERE ). HEE
RMEZNTHEIREEERP LS BB ANZR. AN EBRENL “NEFBEBE
R, string & F L XRGATHNAS: THstring::begin( )EHA & HE0IE, A
string::end( )RBHRZE. TmrH T RART i Areplace YEEHHH LA KFIT
X OEEGhH 'Y

ff CB3:5tringlCharReplace.cpp

#inciude <algorithm> _

#include <cassert>

#include <string-
using namespace std;

int main() {
string s(" aaaXaaaXXaaXXXaxxxxaaa ¥
replace(s.begin(), s.end{}, 'X', '¥');
assert(s == "aaa¥Yaaa¥Yaa¥YYYaYYYYaaa");
YoM~

¥, xHiAANreplace( ) rEstringti i A& M. 55, replace( YELHTH
FAHANEMFHLEH B - FHEERE, X5 Sstring:ireplace( )@ﬁﬂéﬂ B4
mE T ook,

replace( JEZN TR AEE MR (EfidRchardR), EFRLBHRIEH
charZ i sistring%f$. HTstringffg—/STLFF, {Ezﬁﬂtﬁi’%ﬁ bﬂlﬁfﬁ X
BT LA thstring 2680 5k 5 6 38 68 B 4 AR B A 1] 551 .

333 ERIEMAERENFERE

Xt — R CHstring B MICE R R &R, %ﬁﬁh&’]ﬁ“kﬁiﬂ’lﬂiﬂﬂz —B2,
Bioperator+floperator+==rf ULk B 2 kb LBl stringfy & H- S8 . X EsB R
AHENRETIEE LA TREAM R NEEE:

//7; CB3:AddStrings.cpp
#include <string>
#include <cassert>
using namespace std:

int main() {
string sl{"This ")
string s2("That ")
string s3("The other ");
// operator+ concatenates strings
51 = 51 + 52,

assert(sl == "This That ");

// Anather way to concatenates strings
gl += s53;

assert(sl == "This That The other "):

S MERSRIEE,
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f/ You can index the string on the right

s1 += 531 + 53[4) +

"poh lala";

assert(sl == "This That The other The other oocoh lala"):

Y Aff~

{# Hoperator+ filloperator+ =R T & & Hstring F B 11— RBER G X G ER F .
EiERNAL. BFRJLERLCEAEE - H A2 R o it RiE.

34 FHFHER

stringpk, i B3 HRY find B RS EFHFE PN REAFRN. TH find

Bt 5 B — e e

PHRERNREY

BMIER N

find( )

find_first_of()

find_last_of( )

find_first_not_of( )

find last not_ of()

rfind( )

FE—A T AR A TRER A TR T A, Ry,
SRR VLA R R IS A ERIACENANE, 1E R
npos '

A4 BfEadg s, BREAEFINTEEEF AT
TTFRFERMNEHFrE. MRSAHFEIACENNE . REE R
npos

A—AHEnA PG ENR, BERE 4S5 FHEPETE
THeEAI T He R . MRGHERALENAZE . NiE R npos

A—4 BERBHEITAR, BEE—NSEEFEFE TR
WAERMTENE. DREAHBENTENE U npos

H--~Hirh AR, Em TR 5t T Tk
TR E R ENTR. HIABIHERN CFENEE
npos

H—ABREELER-TRENPAT EHRTIE. mEK
. SGEMRCEHFEME. mRREERBICENRRE, U
B uinpos

find (O )f B E AN AR Estring W R h FER PR LT XA BHEOAnd( )@
MR- EHARGREERNTHE (T8), TR -FAENSEARERA TR0
FiaZeti a4 . (RN HERLERO.) BAindKEFETKRN, ALAREDHMLERR

B -t a, EEAERTAS A TRLNN S E PR F 4 Lar 18,

i FEE - Pl Eratosthenes 5 it 3 48/ M TSOMERE. xMEEMAB T2, HRiDHHE2
(3, 5, ) BfE%AdERE., M Hb/ERFRBERIZ IR, SieveTestF#)iE il 4t
sieveCharsi#H{T#16iL, IRBERTHFEA (aray) B0/, HAH ‘P kEFEEIEA.

fi: CO3:5ieve.h
#iftndef SIEVE_H
#define SIEVE_H
#include <cmath>
#include <cstddef>
#include <string>

#include 7. . /TestSuite/Test.h"

using std::size t:
using std::sqrt:
using std:;string;

class SieveTest . public TestSulte::Test {

string sieveChars;
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public:
{/f Create a 58 char string and set each
f/ element to 'P' for Prime:
SieveTest() : sieveChars(58, 'P'} {}
vold run() {
findPrimes();
testPrimes ()
}
baol isPrime{int p} {
it{p==86 1| p==1) return false;
int root = int(sqrt(double{p))):
for(int i = 2; 1 <= root; ++i)
if(p %1 ==0) return false;
retutn true;

}
void findPrimes{) {
// By definition neither 8 nor 1 is prime,

// Change these elements to "N" for Nat Prime:
sieveChars.replace(d, 2, “NN"}:
// Walk through the array:
size_t sieveSize = sieveChars.size{);
int root = tnt{sqrt{deuble{sisvesize}));
for(int 1 = 2; 1 <= root; ++1)

// Find all the multiples:

for(size_t factor = 2; factor * i < sievelize;

++factor)
sieveChars[factor * i] = 'N';

}
void testPrimes(} {
size_t i = sieveChars.find('P');
while(i != string::npos) {
test_(isPrime(i++]));
i = sieveChars. find('P", i}

1 = gieveChars.find_first_not_of {'P');
while{1l 1= string::npos) {
tast_('isPrime(i++});
i = sievelnars.find_first_not_of ('P', 1):

}
}
h
#endif // STIEVE W ///:~
A1 C83:5ieve. Cpp

FA{L} ../TestSuite/Test
#include "Sieve.h"

int main() {
SieveTest t:
t.runi);
return t.repart();
Y S~

findOR G Estring B AETHER, RABXHIAN-TFRHIXFHFA.
find_first_not_of ) BI I FHETH,

string K HREFHE IS EE, HED TFRECESHE S Sttoupper( )i
tolower( ) (XFANBE—KREKE—ITFROANE), TREZRABIRELK. THA
$I TR T 2R T R NBHER: '

f7. C83:Find.h
#ifndef FIND_H
#define FIND_H
#include <cctype>
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#include <cstddef>

#include <string»

#include "../TestSuite/Test.h"
using std::size_t;

using std::string;

using std::tolower:

using std::toupper:

// Make an uppercase copy of s
inline string upperCase(const string& s) {
string upper{s};
for(size_t i = 8; 1 < s.length(); ++i)
upper{i} = toupper{upper[i]):
return upper;
}

// Make a lowercase copy of s
inline string lowerCase(const string& s) {
string lower(s);
for(size_t 7 = 8: 1 < s.length(): ++i)
lower[i] = tolower(lower[i]),
return lower;

}

class FindTest : public TestSuite::Test {

string chooselne;
public:

FindTest() : chooseOne("Eenie, Meenie, Miney, Mo"} {}

void testUpper() {
string upper = upperCase(chooselne):
const string LOWER = "abcdefghijkimnoperstuvwxyz”:
test_(upper.find_first_of (LOWER) == string::npos):
}
void testlower() {
string lower = lowerLase(chooseDne); _
const string UPPER = "ABCOEFGHIIKLMNOPQRSTUVWXYZ":
test_{(lower.find_first_of (UPPER) == string::npos);
}
void testSearch() {

// Case sensitive search

size_t 1 = chooseCne.find("een"):

test_{i == 8},

f/ Search lowercase:

string test = lowerCase(chooseOne):

i = test,find{"een"),

test_(i == @);

i = test.find("een", ++i};

test_(i == B);

i = test.find("een", ++i);

test (i == string::npos);

/7 Search uppercase:

test = upperCase{chooselne);

j = test.find("EEN");

test_(1 == 0);

i = test. find("EEN", ++i).

test_(i == 8);

i = test.find("EEN", ++i);

test_{i == string::npos);
}
void run() {

testipper();

tesilower{),;

testSearch();
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}
¥
#endiT // FIND_H ///:~

ff: CA3:Find.cpp

FH{LY (./TestSuite/Test
#include "Fing.h"

#include "../Testbuite/Test.h"

int main() {
FindTest t;
t.run(};
return t.report();
Yy M~

upperCase( )fllowerCase( )i/~ BEMNEEKRAE: w015 E H2&stringtt g,
BEREHARNIE. EFFind.cppAFRERBRKA/NERBREBHREN K, FUEHRA
stringfybb B S m kit .

341 RREK

MRFEE—stringd R MEHEMHTER (B Bt/ £ MWEEERER),

Al LAfE F =7 8 B, (1 e frfind( ):

/7 CB3:Rparse.h

#ifndef RPARSE_H

#define RPARSE_H

#include <cstddef>

#include <string>

#include <vector:>

#include "../TestSuite/Test.h"
using std::size_t;

using stad::string;

using std::vector;

class RparseTest : public TestSuite::Test {
// To stare the words:
vectar<string» strings;
pubiic:
void parseForData() {
£f The ';' characters will He delimiters
string s{"now.;sense:make;to;going.is;This");
/7 The last element of the string:
int last = s.5ize();
// The beginning of the current word:
size_t current = s.rfind(';');
// Walk backward through the string:
while(current != string::npos) {
// Push each word into the vector.
/7 Current s incremented before copying
// t¢ avoid copying the delimiter:
++current;
strings.push_back(s.substr(current, last - current));
// Back over the delimiter we just found,
// and set last to the end of the next word:
current -= 2;
last = current + 1:
4} Find the next delimiter:
current = s.rfind{';"', current):
}
f/ Pick up the first word -- it's not
/f preceded by a delimiter;
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strings.push_back{s.substr(®, last));

}
void testData{() {
/f Test them in the new order:
test (stringsfel == "This"):
test_(strings[1l] == "is"},
test_(strings[2] == "going"}:
test _(stringsi3l == "to"};
test (strings[4] == "make");
test_(strings[5] == "sense");
test {(strings{6] == "now."}.
string sentence;
for(size_t i = 8. i < strings.size{} - 1: it++)
sentence += strings[i1] += " ",
// Manually put last word in teo avoid an extra space:
sentence += strings{strings.size() - 1];
test_(sentence == "This is going to make sense now."};
H
void run{) {
parseforDatal);
testData();
}

y
#endif f/ RPARSE_H ///:~

/7 CRB3:Rparse.cpp
JA{L}Y .. /TestSuite/Test
#include "Rparse.h”

int main(} {
RparseTest t:
t.run();
return t.report();
Y A~

TR R A Refind O NEEISE B TS, BHRFARSSRICRETST (4) BiED
FEFIHEF] (array) Fix, #ARZHAH&string:npos,

3.4.2 #PE—BFHFE 1B RHBTGOTR

{# Afind_first_of( )fufind_last_of( )& A R4k FTLAMR 5 Hb sk Bl — £y Bhie, b
MAFFHEALRFAREMRZAFE. &8, e rpshRFHE, MR E—#HTrH:

A CO3:Trim. h

/! General tool to strip spaces from both ends. 125
#ifndef TRIM_H

#define TRIM_H

#include <string>

#include <cstddef>

intine std::string trim{canst std::string& s} {
if{s.length{) == 8)
return s
std::size_t beg = s.find_first_not_of{" A‘a\b\finiritiv");
std::size_t end = s.find_last_not_of (" ‘al\b\fin\ritiv");
if(beg == std::string::npos) // No non-spaces
return ""
return std::string{s, beg. end - beg + 1);
}
#endif ff TRIM_M /7//.~

FIREHGREATHEStringR T AZ; WRAE, WESBBERRFFENITHR,
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AHEHETHAPN . T8, —BRIALHEL, RERSERFEAMERERNTREHRMFHK
BEAESL BB Astring28 Mg s B, Ak QIR I TR S fgitstring & .
AR A E A T RSETRHMIAFE 2 HE:

ff: CO3:TrimTest . h

#ifndef TRIMTEST_H

#define TRIMTEST_H

#include "Trim.h"

#include ", . /TestSuite/Test. h"

class TrimTest : public TestSuite::Test {
enum {NTESTS = 11}:
static std::string s[NTESTS]:
public:
vaid testTrim({) {
test_(trim{s[8])
test_(trim{s[(11)
test _(trim(s([2])

"abcdefghijkimnop"};
"abcdefghijkimnop");
"abcdefghijklmnop") ;

test_(trim(s[3]) == "a");
test_(trim(s[4]) == "ab");
test_{trim(s[5]) == "abc");
test_(trim(s[6]) == "a b ¢");
test_(trim(s[7]) == "a b c"};
test_(trim(s[8]) == "a \t b \t ")
test_(trim(s{9}) == "");

test_(trim(s[18]) == "");

void run{) {

testTrim();

}
}.
#endif // TRIMTEST_H ///:~
/f: CB3:TrimTest.cpp {0}
#include "TrimTest.h"

// Initialize static data
std::string TrimTest::s[TrimTest: :NTESTS]
" \t abcdefghijklmnop \t ",
“abcdefghijklmnop \t ',
"\t abcdefghijklmnap™,
"a", "ab", "abec", "a b c",
"M abcitY, " At adnt by oAt
"\t oAwn AT A AT
"" // Must also test the empty string
Y, fifi=

]
-

{70 CO3:TrimTestMain.cpp
f7{L} ../TestSuite/Test TrimTest
#include "TrimTest.h"

int main¢} {
TrimTest t;
t.runtd:
return t.report();
boASS

BEMLIRT, EstringsRBA P TR HA A ahiHul TstringXfR. & TLAEA
XA REMARN, BEstringHRIZHMHRALTHMERT . CLRFEstringh [
B EIRTRARE T TRk,
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3.4.3 MFHREPHRFE

Elerase( A RRAEMBRTFHFEPATHRBLEMAERY. ITEREHR2% —1
ERRRIHEMERETHAEZE (BRIMER) | B 12EFFERBRE 28 (BRINMEL
string::mpos). MREEMENTHITRILFHETRKMNERDE . BLHKPMFRES
W BER (BrLARAA A &S Rerase( )RR R FRREFTF). Hi, BHE—14
HTML - HRdRic (tag) SReBHREFERA R, XAwE L BB 30T i K 3% b it B
XA, NUEREE . X5 F Herase( Yk X~ T 1E:

£/ CO3 HTMLStripper.cpp {RunByHand}
f7{L} ReplaceAll

// Filter to remove himl tags and markers.
#inctude <cassert>»

#include <cmath»

#include <cstddef>

#include <fstream>

#include <jostream>

#include <string>

#include "ReplaceAll.h"

#include "../require.h”

using namespace std:

string& stripHTHLTags(stringd s) {
static bocl inTag = false;
bool dane = false:
while{!done) {
if{inTag) {
// The previous line started an HTML tag
/4 but didn't finish. Must search for '»>',
size_t rightPos = 5. find('>');
if{rightPos != string::npos) {
inTag = false;
s.eérase(8, rightPos + 1);
}

else {
done = true;
s.erase();
}
H
glse {

// Look for start of tag:
size_t leftPos = s.find('<");
if{leftPos != string::npos) {
// 5ee if tag close 1s 1n this line:
size t rightPos = s . find(*>");
if(rightPos == string::npos) {
inTag = dene = true;
s.erase(leftPas);
}

else
s.erase{leftPos, rightPos - leftPos + 1)

}
else
done = true;
}

}
// Remove all special HTML characters
replaceAll(s, "&lt;". "<");
replaceAll(s, "&gt;", ">"};
replaceAll(s, "&amp,;", "&"};

127
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replaceAll{s. “"&nbsp:". " "):
LV B =5 of
returty s;

1

int main(int argc, char* argvi}) {
requireArgs{argc. 1.
“usage: HTMLStripper InputFile");
ifstreawm incargvill};
assure(in, argv[l]);
string s;
while(getline{in, s))
if{!stripHTMLTags(s) .empty(})
cout << s << gndl;
VIS~

X0 T F RS MERSH £ 17 WHTMLARID. X5 THStidinTag, — KM T
FEARL, WEHPRERESTIR btrue, TIEHMMERIRILE S 5X A FigbiicER—17.
prfjEA I erase( )5 EstripHTMLFlags( )i #h. °©#£ix BEFifAfvgetline( M4+
RE<string> LR EHE (28F) @, XATa%eAERBRFE, BAeTUER
stringZ2 ¥ FESKERN 17304, EfEHistream::getline( )M AR LS ERATHF
5l (array) #HEMCRoR/bh. HE, HREBFERTEZEFTHE T HreplaceAll( )R, T—%
:Hef e FH - 157 BB i o g — A T IR B AR . |
3.4.4 FHEERELE

FHEMNLR SETHLEREEANAR. BFAREENAEEELHE. HTIEERH
TREFHBFNR R, LSBT FHLE (lexical comparison). FHRELERMEERE ., 4k

“NERBER KT BR DT BTN, ERERORENRESRR, mhixe
BEF TR M LA E AN T EMRH IR En. 8, X FEFRASCIE M F
P, e 3ER AT oA EE S M 2B 27 ER R ES -+ s fl s, EASCIIE:
Fold, FlRPE—A ‘0 BEK, RERLIIMERARATES. BREGRAISERE.
I RN GHE. BRI FETFRASCIHSEIE T LR R E . 4008 Tix g,
TSI THERRERS T SrltbERESFHEs kT Foas2ht, hil@E
HHELER B EE 14 AR, TR EIPARNEF T hsedhRRETENE
FFEASCILERAPMF EERS.

CHRIE T 2 RFEF BRI, BN&EMNGA. KhERAmEERdeR RN ERIRR
Q¥ operator ==, operator!=. operator>, operator <. operator >=¥ operator <=,

/i CA3:CompStr.h
#ifndef COMPSTR_H
#define COMPSTR_H
#include <string>
#include "../TestSuite/Test.h"
using std::string;

class CompStrTest : public TestSuite::Test {
public:

& A THILHRM. E—lEE A% EREIL. A,
€ EMBEFEHERNE - EHerase(INIRA, MHERARSIHNG. HTFELEER FERERY -2
string::npos (HEFARERLHASEUTE), BRUGHRTEESE, dMaSREE 8L
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void run{) {
/f Strings to compare
string s1("This"}),
string s2("That");
test_(s1 == sl};
test_(sl != s2);
test_(sl1 > s2);
test (31 >= 52}
test_{sl »= s1);
test_(s52 < s51);
test_{s2 <= sl):
test_(sl <= s1),;
}
}.
#endif /) COMPSTR H /// .~

f4: Ce3:CompStr.cpp
FA{L} .. /TestSuite/Test
#include "CompStr.h"

int main(} {
{omp5trTest 1:
t.run{};
return t.report().
Yy A~
Eﬁﬁ@bh&fi@ﬁﬁﬁﬁﬁﬁﬁﬁ@ﬂ% £ BHESEREHTFIFE N BT TR L.
ETEWHAT, REENEEEREAFRINETREVNREE. HTHRRwisa,
HTEFBRMR. SUAXTIHEmMCIE S R SR S M EE R, stringX 41k
el string®ig:, M@ RABEZEITHRT.

//: CB3:Equivalence.cpp
#include <iostream>
#include <strings

using namespace std;

int main() {
string s2¢("That"), s1("This"});
/7 The ivalue is a quoted literal
// and the rvalue is a string:

if("That* == s2)
cout << "A match” << agndl;
// The Yeft operand is a string and the right is
{/ 8 poeinter to a C-style null terminated string:
if(s1 != s2 ¢c_str(y)
cout << "No match" << endl;

} A _

c_str( JIEHOE [ —Mconst char*, GIRE—ACIESRBOEE “SHET MEH
8, HFHFHSstringd RWRNESN. M08 N FHRERE - MrECIES B,
matoi( ) <cstring> KX fFrE LAIE-—&¥. Uit, const char*w[iR{E L A%, Fit,
He_str(YihERHEEAIE constB R i T — SR BRI,

EFFRNEEMNY, FTLRIEEE (1) TR sER (&&H|]). (WA EHD
BERRAICHEZTERMY (ZHBHME) S8F&. |~ & ~.) BERFTHEMOEEAREZE
R EfE— LI R, T S AT £ TS A 1.

compare( ) B EHREBIERRLILER AZEFTEETABEENRETR. RN
EBMRAE, T '



76 Fo¥p HFRC++E

AT RN THE.

s — A EBRAE Y 5 —F R 2R
B FHENTR.

T Sk PR A SE R S T AR

#{. C@3Compare.cpp

/7 Demonstrates compare() and swap{).
#include <cassert»

#include <string>

using namespace std,

int main{} {
string first{("This");
string second{"That"):
assert(first.compare(first) == 8);
assert(second.compare(second) == @),
/7 wWhich is lexically greater?
assert({first,compare{second) > 8);
assert{second.compare{first) < B);
first.swap(second};
assert(first.compare(second) < B);
assert(second.compare(first) > @) ;
Y Ffii=

A swap( YERB A LA, BB IGE: A g A RMBEINE. BT H—
AGEREA TSR TR T RETIR, TN ERTESH, — AR WE LI AT i
B, B ASNEFETRESZNFAAR. B, TLMER TEE T compare( JE%
() TE Rk : ' ' '

sl.compare{siStartPos, siNumberChars, s2, s2StartPos,

s2NumberChars);

BT

ff. CB3:Comparel.cpp

/7 Illustrate overloaded compare().
#include <cassert>»

#include <string>

using namespace std;

int main() { ’

string first("This is a day that will live in infamy");

string second{"l don't believe that this 1s what "

*1 signed up for"),

// Compare "his is" in both strings:

assert{first.compare{l, 7, second, 22, 7) == B},

/{ Compare "nhis is a" to "his 35 w": .

assert(first.compare(l, 9, second, 22, ) < @) .
Y O~ : .

HIMERBI TR, MRBRFESBOANEE, Bob b B ERCIEE Rt SARsE
. Corrh R R FrsIn BRI AT atQORRRK. MBS HAENH
P | FEC++ohix PR T LRIt s R PR |

/7 Ce3:StringIndexing.cpp
#include <cassert>
#include <string>

using namespace std;
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int main() {
string s{"1234");
asserris[1] == '2'):
assert{s.at(l) == '2");
Y IA-

R, ARSI THAEGR J5at( ) ZIA AT EERAFL. mEEFRESIRA—1
it RS TR, at( YRSl —4 2%, mETEN[ ITHRiE&ELERFRAA
THR*E:

/f. (B3:BadStringIndexing.cpp

#include <exception>

#include <iostream>

#include <string»
using namespace sitd;

int main() {
string s("1234");
ff at() saves you by throwing an exception:
try {
s.at{s5);
} catch(exception& e) {
cerr << g, what{}) << endl:
}
Y AP~

FRIELHEFATRSZAAEERENSES . BFRAFEESANEDLREEDZE. #
HatOREL 1. ANSNEREEA TSR TAFENEH TRN-EMSEIR. E—MW
RAER ERITX B, BEMmEESRA:

invalid string position

at( )k RIIHATE —Tout_of_rangeZ3ig:, & (%) Jk4E Tstd::exception. £
Al — R B iRz &, HRBOE Y E. LhanERTEER THREY T
¥4 . FHistring::operator| 1( YA &H IRRRPE, EREREERTCIEE h X char
RECARIALE. ©

3.4.5 FNEMFRNEE

AFEREARFFind.cpprlE FEIEERH THE X 22 RHFM: Aok hG
ABORE LA R A bR sing 2N - 1407 XA E S BR TR FCH+FETRME R
SR ABE & .

EEFUEE T, =HA “KAE” HEE®REM 4. HiOFIE. EAEMA S FEH
AMERANSHEL, IRZBESERRAINBERATAEY, XURRE, mEFHHERE—
HWEEREN "2RE” & “2/hE", ReEgitrhEHORR TR, B2, BERH “X
NET BEERIES . RIFHR A X SRS TRRFHNEX, o WELFES RS
5. RETRAMBES. TAEEPRTEAY. FEik, EAE-Sm b AN S
M)y KBRS R, BRENSTRIEREMEEAEFIHRTTA.

BB EHCr+ stringF R — 28, HFLIHJEmM. FEWHYE T, basic_string< >
B —-FEEAY TR, mistringt W HARKELH{ LR E . HEStringEfrfEC++K

0 Y lrfFTalE, C+anEL R RS EEE R R datringioperator[IgtiTEH L, LUE
£ C+0x b iE H Sstring::at( YE47.
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fEEEIE: ©

typedef basic_string<char> string:
ETWFHBENAR, HEbasic_string< >#K:

template<class charT, class traits = char_traits<charT»>,
class allocator = allocator<charT> > c¢lass basic_string,

FEMIGELESERFMbeENR (LB I SEI6HTIRMES)., ERE, HBEE—F
string XAV 2@ ot {# Hicharsk (fl{Lbasic_stringiS#i M flgt. fEbasic_string< >R

class traits = char_traits<charT>,

£ iFiE# % Thasic_string< > HIRMRATTH. BRHEE Fchar_traits< >R %
fREM. Hit, basic_string< >R EMNLSEOEFROK, HANBESRERT
charlIMyRRY (B 5% (wide character)). 4 TiXE)ix— R, char_traits< >#&iK
R R T HRONEMEH A, MXtrHERNREEH LR R eq( ) (#2), ne( )
(A%} f1 () (/hF). basic_string< >=5FF i bR & B0k R T 55 2 5 5

iiﬁt;%ﬁ.lﬂ‘é‘$ﬁ$§$$E@ﬁk{l\§$ﬁﬁﬁ?ﬁﬁ@ﬁﬁﬁﬁlﬂ: EAIEA BT AR
THE. ATHEFFERLBFHNTR, SARBAFNchar_traits< >EitE, BhHEs
ST RSB R T LU ) B R ER AT 4 .

ATLAHHAE BADE — B A/NSRF A string . B4R, 230 —4 MBI 4 o 4k
ARBI— R KD E AR AE Michar_traits< >R, ik, RESEETRIRR, FEE
BN FIETRDEARGRIE (BT Z A R iR ek R R B 24, &
£ fychar_traitsif it ¥ find( Yiicompare( YFEFHITH). &, i HtypedefE ¢
— /% Thasic_stringf)ide, BN A NSAERTichar_traits iR /55040 28

ff. C83:ichar_traits.h
// Creating your owWn character traits,
#1Tndef ICHAR_TRAITS_H
#define ICHAR_TRAITS_H
#include <cassert>
#include <cctype>
#include <cmath>
#include <cstddef>
#include <ostream»
#include <string>

using std::allocator;
using std:;:basic_string:
using std::char_traits;
using std::ostream;
using std::.size_t.

using std::string;

using std::toupper;
using std::tolower;

struct ichar_traits @ char_traits<char> {
/7 We'll only change character-by-

© A KIN IR X BN MRS K. W TRAF A EESRABIM, MR- DTS LTH
g ¥eFk LidioR
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// character comparison functions
static bool eg{char clst, char <¢2nd) {
return toupper{clst) == toupper(cind),
¥
static bool ne(char clst, char c2nd) {
raturn 'egq(clst, c2nd);
}
static bool lt(char clst, char c2nd} {
return toupper{clst) < toupper{c2nd);
}
static int .
compare(const char® strl, const char* str2, size_t n) {
for{size_t i = ©; i < n; ++i) {
if(strl == B)

return -1;
else if(sir2 == @)
return 1;
else if(tolower(*strl) < tolower(*strl)}
return -1;
else if(tolower(*strl} » telower(*strl))
return 1‘,
assert{tolawer(*stri) == tolower(*str2));
++strl; ++str2; // Compare the other chars
1
return 8;

}
static const char?®

find(const char* sl1, size t n, char c) {
while(n-- > 8)
if(toupper{*sl) == toupper{c))
return s1:
else
++51;
raturn @;

}
1

typedef basic_string<char, ichar_traits> istring:

inline ostream& operator<<(ostream& os, const istringk s) {
return os << string(s.c_str{}, s.length());

}

gendif // ICHAR _TRAITS H F//:~

RSN T —Mypedefdy £80istring 2k, IHEIZEREEL TG EBHYstring
T, BRTHRTHREOMNERZE RS, ATHELRL, BT -REHN
operator <<{ ), LI{EITFlistring. Z&HanT: '

f/: Ce3:1Compare.cpp
#include <cassert>
#include <iostream>
#include "ichar_trafts.h”
using namesgace std:

int main{) {
// The same letters except for case:
istring first = "tHis";
istring second = "This",
cout << first << endl;
cout << second << endl:
assert(first.compare(second) == @) ;
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assert{first.find('h')

assert{first.find{'1"'}

assert(first.find{'x"}
YA~

TRE AR/ RS A AT EHAE . AfEistring7Z £240r Tstring, £15 6
HHAMCEN R UAE ¥ FrFistring 2K 7Y,
it THfypedef, <string> KRR HLE £ 5 3L

typedef basic_string<wchar_t>» wstring:

1}:
2);
string: :npos);

EEFHA (wide stream) {5 ostreamfwostream, hir <iostream:> HiEL)
L3tk <cwetype> ( <cctype> IR MM E) &, hARHHEFTHTR. SR,
Fin bdsd EE Hehar_traitsdifywchar t@iBH, shalLlscfkichar_traitsf 30 7 hiuA:

/7 CB3:iwchar_traits.h {-g++}

/# Creating your owh wide-character traits.
#ifndef IWCHAR_TRAITS_H

#define IWCHAR_TRAITS_H

#include <casser(>

#include <cmath>

#include <cstddef>

#include <cwctype>

#include <ostream>

#include <string>

using std::allocator;
using std::basic_string;
using std::char_traits;
using std::size_t;
using sid::towliawer;
using std::towupper;
using std:: wostream;
using std: :wstring;

struct iwchar_traits : char_traits<wchar_t> {
/f we'll only change character-by-
// character comparison functions
static bool eq{wchar_t clst, wchar_t cind) {
return towupper{clst) == towupper{c2nd);
}
static bool ne{wchar_t clist, wchar_t c2nd) {
return towupper(clst) '= towupper(c2nd);
}
static bool lt{wchar_t clst, wchar_t c2nd} {
return towupper(clst) < towupper(clnd);
}
static int compare(
const wWchar_t* strl, const wchar_t* str2, size_t n) {
for(size t i = B; i < n; i++) {
if(strl == 8)
return -1:
else if(str2 == 8}
return 1;
else if{towlower(*strl) < towlower(*str))
return -1;
else if(towlower{*strl) > towlower{*str2))
return 1;
assert(towiower(*strl) == towlower{*str2});
+strl; ++str2; // Compare the other wchar_ts
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return @:
}
static const wchar_t*
find(const wchar_t* sl, size_t n, wchar_t ¢} {
while(n-- > @)
if{towupper(*sl) == towupper(c})
return sl
else
++s5];
return 9;
}
}

typedef basic_string<wchar_t, iwchar_traits> iwstring;

inline wostreamk operator<<(wostreamé os,
const iwstring& s} {
return os << wstring{s.c_str(), s.lengthi{));

Y
#endif // IWCHAR_TRAITS_H ///:~

mEEENW, XEF LR - ERERRESDMELEERE - ‘W B3 WB
BT Ha:

i/ C83: IWCompare.cpp {-g++}
#include <cassert>

#include <iostream>
#include "iwchar_traits.h"”
using namespace std;

int main() {
// The same letters except for case:
iwstring wfirst = L"tHis":
iwstring wsecond = L"ThIs";
weout << wfirst << endl;
weout << wsecond << epdl;

assert(wfirst.compare(wsecond) == 8);

assert(wfirst. find('h') == 1);

assertfwfirst.find('1'} == 2):

assert(wfirst.find('x’) == wstring::npos):
Y A~

SRR, FERIFESRMEFTH OIS A R BRI

3.5 FHRHEPNHAE

MPEATMESEASHHRF#HFA/E, RESEEIRBEDN—BIRiE. XEMEHE
Python2 F-{§ A1), PythonkkBruce 5% S B F TARER fCED I A4 BimakefiteR2AF . film, LA
NG S FH B — T RORET AR 15T, RATBERNEBREICHA. XHRARA
BUERRASHIZRREXHE, MARLERATHITION. o, & FESEFd, g1aady
PR C03:IWCompare.cpp, ‘B3 {F IWCompare.cppFri%#i2 ¥ H FCO3T.

R —TRIBAFS. RFE—1TESH—ARES. mREITHE--TERLS,
HERXFEREDS, BRAEBMNEIANER—TRASWNBIScH b O E -8 ).
(o 2 T rh e i X AR TR, A0 B A 2l A IO R R AR B A T A Eob MU ACRD IE 3CR, 3R
AR AR B . )
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BruceyPython g ¥ Bt A ir BN, mEAXGaFEARE {0}, BfEmakefile
FRI& B BEIR B oD RRIFE A, mARESER T AP . (B2ENFTAERSR R X 2
BN ) f THEXE A0S B — A EARBA Tk, BT cmRi s as
—A L} &%, Bk

ALY ../TestSuite/Test

AR E AR, ERFURRBAA NG, UERF AT FIHAIENEE.
R AR AR R R A B DA RE, HHCEERFEAXETIMAS (KRKA
TICV2axt}, fEshellfpAf7ehHfTaU T EAYR4:

L:> extractCode TICV2.txt /ThelLode

XA A RRUCA CHTICV2.axt, SREHMRE T/ TheCode THFHFEFHATK
RS BERRW T

TheCode/
Cap/
{8}/
o2/
Ccazy
co4/
Co5/
Cab/s
Car/s
CoB/
o9/
Cle/
€11/
TestSuite/

F P TR S AR M AT H
THEERR:

/i1 (B3:ExtractCode.cpp {-edg} {RunByHand}

// Extracts code from text.

#include <cassert>

#include <cstddef>

#include <cstdio>

#include <cstdlib»

#include <fstream>

#include <iostream>

#include <string>

using namespace std:

/4 Legacy non-standard C header for mkdir()

#if defined{__GNUC__) || defined(__MWERKS_ )

#include <sys/stat.h>

#elif defined(_ BORLANDC_ ) [| defined( MSC_VER) )
|| defined(_ DHC_ )

#include <direct h>

#else

#error Compiler not supported

#endif -

// Check to see if directory exists

© WIE. HLIFWARIAN, Microsoll Word Wi A4 SRR B4 52 IRY R T 5 ASCH
PYRAT, RS BHAEER. BOTMEHEFEENOEN. B8 REHE SETHRAN TR T,
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// by attempting to open a new file
f{ for output within it.
bool exists{string fname) {
size_t len = fname.length{):
if(fname[len-11 != '/' && fname[len-1] != '\\')
fname.append{"/");
fname.append ("GOO tmp"'});
ofstream outf(fname.c_str{)):
bool existFlag = outf;
if{outf) {
outf.close();
remove{fname.c_str()};
}
raturn existFlag:
}
int main(int argc, char*® argv([]) {
/7 See if input file name provided
iflarge == 1) {
cerr << "usage: extractCode file [dir]" << endl:
exit{EXIT_FAILURE}:
il See if input file exists
ifstream inflargvil]}):
if(linf) {
cerr << "error opening file: " << argv[l] << endl;
exit(EXIT_FAILURE);
3/ Check for optional cutput directory
string root(*./"); // current is default
if{arge == 3) {
f/f/ See if output directory exists
root = argv([2];
if{lexists({roct)) {
cerr << "no such directory: " << root << endl;
ex Tt {EXIT_FAILURE) ;
3
stze_t rootlLen = root.length(};
if{root[rootLen-1] != /' &% root[rootLen-1] != '\\")

root  append("/");
}
// Read input fiile line by line
/f checking for code delimiters
string line;
hool inCode = false;
bool printDelims = frue:
ofstream outf;
while(getline(inf, line)) {
size_t findDelim = line,find("//" "/:=");
if(findDelim != string::npos) {
// Qutput last line and close file
if(!inCode) {
cerr << "Lines out of order" << endl:
exTt(EXIT_FAILURE);
}
assert{outf};
if{printDelims)
outf << line << epdl;
outf . close() ;
inCode = false;
printbDelims = true;
1 else {
findDelim = line.find{"//" ":"):
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if(findDelim == @) {
ff Check for ') directive

if{linaf{3] == 'i'y {

printbelims = false;

++findBelim; /! To skip '!*' for next search
1

/7 Extract subdirectoery name, if any
size_t startO0fSubpdir =
line.find_ficst_not_of (" \t", findDelim+3);
findDelim = line.find(':', startQfSubdir);
1f{findDeiim == string::npos) {
cerr << "missing filename informationin" << endl:
exit (EXIT_FAILURE);
}
string subdir;
if{findbelim > startOfSubdir)
subdir = line.substr{startOfSubdir,
findDelim - startOfSubdir):
/¢ Extract file name (better be one!)
size_t startOfFile = findDelim + 1;
size _t endOfFile =
1ine.find_first_of (" \t", startOffile};
if{endQfFile == startOfFile) {
cerr << "missing Tilename" << endl;
exi1L{EXIT FAILURE);
}
/f We have all the pieces; build fullPath name
string fullPath(root):
{f{subdic.length(} > @}
fullPath.append{subdir).append("/"}:
assert{fullPath[fultPath.length{)-11 == "/’ );
if{lexists(fullPath}}
#if defiped(__GNUC__} || defined(__MWERKS )
mkdir{fullPath.c_str(}, 8): // Create subdir

#else
mkdir{fullPath.c_str()}; // Create subdir
#endif
fullPath.append(line. substr(startOffile,
end0fFile - startDfFile)).
putf.open({fullPath.c_stri)}:
if(igutf) {
cerr << "error opening " << fullPath
<< " for output” << endl;
exit (EXIT_FATLURE}:
by
infode = true;
rout << “Processing ™ << fullPath << endl:
if(printDelims)
outf << line << endl,
H

else if(inlode) {
assert{outf);
cutf << line << endl: // Qutput middle code line
}
}

'
exit {EXIT_SUCCESS):
}o4

B, EENERESAHRIFERS. ATEXERSED QR B FAmkdir( )],
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Hi POSIX4RiE® fE3L Ttk <sys/stat.h> Wz LY. RBMHE, REREEMAEERTRMN
H—R(<direct.h>). X T ARPLIH, &FHAmkdir( ) IRYHRBLEF AR
POSIX ¥ TWH/A-&%, WARARA—"1. Hit, FLUUENRBFEDHSA TE £ HEHIE,
PLE 8 EAmkdir )it FEH. EAEAORAF PRSI EREGRE, REX 55
MESERKART. LETAEXBEWG A TELEE, BARESRHATRREMDRA
FIfLH,

ExtractCode.cppfyexists( )i BUE T H B Feh —A-ReW SC#Ff H 2k HIMnHx 4~ B
FREGEE. BTk, BFRAGE. EME—A30H, Ll Echar* 45
%3 std::remove( ).

EEFY RN EASTEENARM, RE R —THIEEUG A ST, FIRERRFBRATER R
E R, fRbrRERHnCode®r B FER ORI HIE, AALUXLARITE Mifn . 2RER
I AR R IRRER S . primtDelimsizEMNH AR, SUE T ERE -TEAEEL.
YABBERERTGERE, X AREE, FAFHERCREREFTFH—FE. ik
TR T RRbRID, W PR B aabricmes R E R FFURHE ISR B A T . 2R B IS ARIC,
BEFramsE rdTesmd iy, T, XA RANERFARAFERT. nE
inCodey B, Wkitfra i, 8 (&) STERRE-ITREXRATH. SIRFITHmRID
W, BREEELMIER Lotk B 3ok a8k, SR, Tl Sstringf < R EE
HFFEHE T length(). append{()., getline(). find() { Ak & ).
find_first_not_of(}. subste(). find_first_of(). c_str(), L4544 operator <<().

3.6 g

C++ stringX R AR HRCIE P HRTIRRLIZ SIS, RERFIREWR TH
KEMER. ARARE L, string8FRETFHBEELRAFHBCLAHLET. X5t
MARA LR T BT AREMGLHEH HAE A ERENRE & R — RV PR,

ATEHRFFRPEBREERECHEE. CHFHa3iEEEHMY £ 1A BrEE
TRzl S EHEnEde N LR S Do RS EMNEERE R, FHEFRRE

GEATTERREEIAA,. AR REGREETE . BENEMS R REE TRERR, A
HTRELL kit (RBAR) BOHRES" WAFRTELTAERETR.

string 4R RSO FIFREIE . SR AERRH THL IZN LTEE. FHE0LE
BEKNEHERE, (BRETHFRHHESTIONETBBEMLE . FRE AW B YRR 3
EHCIEFRBNEHBERFHFHED, RFERNEAGRFEN B IR, FiiE
FREFRPHFROEBERR L - SSAE T8, SRS ARG TR &
2% . BRI Hbasic_string ¥ R F TR,

3.7 &3

3-1 REHME A, AT R FIRIRE.
3-2 MR~ RERIAE. PEMAIERNEFEE, SREE RN, fl2n "madam”
& ‘wow”, RE—NREF, BTRAXLEMN-ITEHREY, FRALE L1250

S POSIXRE 4 IEEEki#E, & “HEEXERERFIZ A ( Portable Operaling System Interface)” {E Unix#
HHRT SR FALIERA, POSIX ghiix il ey —H it 4.

145
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3-3

3.4

3-3

3-6

3.7
3-B

39

3-11

3-12

(3-1) PRBFRE. FTITHX SRR AR, _
BRTELHI2HHENEF, REFEAFRNANERANERE, KRR E
true. i “Civic” {f&iB bltrue, BAR--IFiEKE 74,
B8 13- 3R, EREGEZMIRAT S E . Fi “Able was [, ere | saw Elba.”
iR Gitrue.

ERTHFFREET A RieHchar (A8eBENBIEHRN S AT RIA ST ):

string one{"I walked down the canyon with the moving
mountain bikers."};

string tWwo{"The bikers passed by me too close for
comfort,”);

string three("I went hiking instead.");
2o A LTl o

I moved down the canyon with the mountain bikers. The

mountain bikers passed by me too close for comfort. So
! went hiking instead.

RNE—4 &LhreplaceERF, BEINTMASTEEE, KPP -1T2EBFARMANIEIL
th; —ASHRFREFHRENTRE (Rifrom) ; TH N ERERENFE&
(#Gto). WEBFNIZE-ITFHLHESIRERLD ., HERArfromiitoUENIH4-
Bk,

EHEHK 36, BMANE, B from.

{585 X 3-3h MR IR 4 — -5k B fr £ 1TTH X4, ﬁFiTlﬂ:}K#ﬂlﬂﬁfiﬁ%lﬁlimﬁiﬁJ
(BEEX/NE). FEEEER (MEEMMANERR). FEARXIBTRIA. (5
#213-4404). )

ZMHTMLStripper. CPP Eﬁﬁﬁﬂ""‘ﬁlﬂﬂfﬂﬂrﬁ"%ﬂm%% wEdE
AR A HRid AR AR IL 2 A . BIRSHRICHHRE, FBHAERRILESE
S HRIRIL (RAA<TAGNAME>).

- TBF, RAMMGSTEYR (— T XHAFRITE/FE). KBBFTLEMH
FisA (APSAREAB—MATRER). SXeFRBEEERNSEHBNT. A
FHEFER - ETENT. RE-1TFHE0T. R ETRE4ASHT, 23
ERIEE. BT “BrFIFREHAE” fiERMS, ATEHBRKRANFRES, £
—~ R TFRRT A SRR LRSS (7). : _
RE—-TRF, RRAFIGLTSE (— 13X aem—"1288), WETHaEH
PSS, SEHEATFTRHAKER (BERTER). o, MIAFHR “ba”
Y fE ¥iA “basketball” CEEFS, ERAELHR “ana” FEHIE “banana” 1 RICEP
—ik. WFHELT X+ ILRMRE, &F HBFF80 a0 RS ER B R
(MRFEFRERFAPHIMAKERT!, SHEZEFENFEFORER. REGZARET
B—%&.)

ME—TRFE, EHEIWMSTH—AXA, A3FREHBRETET, BFHRA
54 (FrEREFERMNOX2I33]FOXTE[126], BRIEEHFR). WEAR, it
B rRE3CE D HBM RS, REH EIIRASCIHER MR (234, RIS . . #,
BE), REHPEERFITHBMEG AT ERMERNH FRRET R B RS R. ¥T
73k, HoRELIE “Space” WHERANEFMH . BEFETERO TR
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3-13

3-16

3-17

3-18

Format sequentially, ascending, or descending
{(S/A/D): D '

t: 5286

r: 490

etc.

i Hfind( Yfefind( ), S5 —41BF. ERAATRLSGER (— I Xhafi—4F
izl ﬁ?ﬁﬁﬁ?ﬁ%%@iﬁﬂﬁ%l’i\fﬂ%ﬁ—ﬁ‘iﬁ (RFEMESIE), b
FHBYANE A58 F - HESHE. 3 ERIF-AERELBKK, B ¢ Not
Found 7,

{# Mfind_first_of /% ‘K~ (L& —W), KE—-ABF, MEXHESHFIEF
BECERMER (SR S508RN), RERGSRVEITERKE,
Fk{Efifind_first_of@¥y “&”. K5 —-TBF, B XaREGSITER, &
RS A B R A TE. Z2REISTENBEASEES /-4 ER
FHZARPMAENA, BRERENSHAAING 6. P, F/H 12.39%abe
29.00.6a ( £35H) Haga{th $12. 40 abe$ 29.01a,

RE-~TBF. RABAT®STEE (T XeER—1%F), HElxdmEs—1
B BV BETRIAPERAFE, ZAREBHE SRR, (0, mRAas
g BB AP0, BRARSERIAE MBS RE, — S HILEERFAE L
ARz, AUREANARZ, PXTHEYLEE TR g A, DIk )

SE— TR, AGESTIRB—AXHa, BrafdhaTir (BLCAXHFRSH
M) BT FEHNESSE, 25 SR e

HATIEM, ZIEERENE AR, at( )R ARBERTERE —RE, BERSIEBEREAF
a DINAS X A48



FATE AR

e P —AE ASVORIAR, MU 4E e RVOA & o8 ER— N AT R BE $ 67 145,

MRARHFE R W) 2 (receptacle)” —FRMEVORR. LIELARMTF—BIEARREX 8,
ERGE AR R O SEATHR R, SRR X EEARB T ERMAMINEZ ER. 5CIESstdio
(e Adat) B AR Bt BASIHRERERERR. ¥Xk2, AHEZEEEH.

CH+R R AM N FHIR K RC++1¥E B HFE RIS . AR AR DR
HREECIEEhstdioEHEXRITHRE. W TXHE. FH B RIREEHR S K-

4.1 ATASIABANL R

EEFTRERE MELIATICESIRF HHATF. St RRICERZRFHHRIRT? AixE
—MFpfgeArEE. A, sidiod® LWFILELIR R a3 . ReBARERLHIT
Fici AR A P iR Rclose() R RHAE, THRAEFILAERX~ B

£/, CB4:FileClass.h

/! stdio files wrapped.
#ifndef FILECLASS_H
#define FILECLASS H |
#include <cstdio>
#include <stdexcept>

class FileClass {
std::FILE* f;
public:
struct FilellassError ; std::runtime_error {
FileClassError(censt char* msg)
. std::runtime_error{msg) {}
e
FileClass(const char* fname, const char* mode = “r“};
~FileClass():
stg::FILE* fp():
I
ftendif // FILECLASS_H ///:~

WIECHE S HUt 7 /O, BRI AU RIFILE structf 43¢k se sl KR IE.
Hix A2 42 T St arddt . 3F B R B FbT i et Bk W (R 0 6 B E s i s b i 2 .
¥ RIS BOR SCHEIT A, BUAESR “r” B F RIS,

T VO R B # Fx A HHaE . ATEUHEGFEIA A RS (access function) fp( ) Bt
BE. THEHEXA R E R

/7 CB4:FileClass.cpp {0}

f/ FileClass Implementation.

#include "FileClass.h”

#include <cstdlib>

#include <cstdio>
using nawespace std;

FileClass: FileClass(canst char* fname, const char* mode) {
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if((f = fopen(fname, mode)}) == &)
throw FileClassError{"Error gpening file");
}

FileClass::~FileClass(} { fclose(f). }

FILE* FileClass::fp{() { return ¥ } ///:~

AR B —£E . WS B fopen( ), TiHEMREHERFHE, LRAT
BIHTIF PRI, ARICHRRERITI, DILS% .

Wk o BT A RS TR0 BB D NGB B 4. T 42 B FileClassity —
A8 8 91

/f: CB4:FileClassTest.cpp
/f{L} FileClass
#include <¢stdlib»
#include <iostream>
#include *FileClass.h”
using namespace std;
int main() {
try {
FileClass f{"FileClassTest.cpp"):
const int BSIZE = 1p9:
char buf[BSIZE]:;
while(fgets({buf, BSIZE. T.Tp{)))
fputs(buf, stdout);
} catch(FileClass::FileClassErrork e} {
cout << e.what()} << endl:
return EXIT_FAILURE:
}
return EXIT_SUCCESS;

Yy // File automatically closed by destructar
P~

WE, GHE—AFileClassi R L EMCITAVORE P& A MEHE. HHR
EAMBZERARERBSET, YHXMREHAERBE, bl mize.

BAFILEREZEAR, HEFAEENE Y, BARARED()TUAEE. BRE
—WERICE R4 T MR i s RE S E ML AR, B2 AR EERIERA AR
Histruct HMBVE? HE, LFEBH GBI IRBREI 44 HROBHE, REER LR
[E——x T tEE 2 h X REH. AAhpYERMELE. FPEFRPARKEHTRR
[ERAHATE—SRE, ALAELI AR TFILERS, SHBER A BAET R ek 1
TEAESHRIER R,

MEREHIR2NEL, BRLH85ILE FERFRFILESS. BramhE B X 4roms
e AR B B R, (ERMHEB TCIESRERNE 3, ACHArhIyaT#FH:

/f: CO4: Fullwrap.h

/4 Completely hidden file 10,
#ifndef FULLWRAP H

#define FULLWRAP_H

#include <cstddef>

#include <cstdig>

#undef getc

#undef putc

#uhdef ungetc

using std::size t;

using std: : fpos_t;
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class File {

std::FILE* f:

std::FILE* F{}), // Produces checked pointer to f
public:

File(); // Create object but don't gpen file

File{const char* path, canst char* mode = "¢"):

~File{};

int open{const char* path, <oast char* mode = "r").

int reopen{const char* path, const char* mode):

int getc(});

int ungetc(int <) ;
int putcdint ¢);
int puts{const char* s};
. char* gets{char* s, int n);
int printf{const char* format, ...):
size_t read(void* ptr, size_t size, size_t n);
size_t write{const void* ptr, size_t size, size_t nJ),
int eof();
int close();
int flush():
int seek(long cffset, int whence);
int getpos{fpos_t* pos);
int setpos{const fpos_t* pos);
long tell():
void rewind(};
void setbuf{char* buf);
int setvbuf(char* buf, int type, size_t sz):
int error();
void clearErr(};
}
#endif // FULLWRAP_H ///:~~

ZEAKILFRE T<cstdio>F AN HI/OF . (FaSviprintf(), ©HAFRS
Biprintf( ) 5 5 efi # . )

FFileR) e A BMAENH THE, HRLXHEE - MRS RS, nEEAE
Filex{ R B A, SEFilext RIE4 S KNSR & AR, X RO LB IET AR
HEPIER, MEREERFENMRERARTSE, EXSHIL FRiMNGE BXRREEMN.

BOAMDE BT A FILERSEOLH0. HRAEMETEMS B2, LA LTiE
AR EE A HE, AR RBBFORR,. RTEEARA R AR, XERNED
AR EPRHAR RS E. (AR AL RRNFILERER.)

AR A — MR R k. RO BB, KERIBM e (I
) VORPIEEAL (in-core formatting) (18/5 — AT, WiARSolREHIG) HkiBilrk.

TEx HiB BRI AR A TV 257 % A (variable arpument list function) HIEFTH
WEFERRFT (runtime interpreter). JE{THHARERRARE —EAR, COERARIEE T
# (format string ), DARBERMEMTEREFIRPBIANEK. PR/ REA44 EE:

D) HME B AR —/NE 2 Thal, SRR E RN A NA WS s s T
TR . L, mRERF S R EAprintf("%c”,'x");, IPLBFAT AR L
b HnBUAR, DIFITENE AR FAEAORE . B R E TR AT LARR 82 e R 22 A

2) B L REREA R BT, U RRSIT TS . R4S AR, EAidket
FIENEENEESEAED, BREZSITHAAENEITRE. Sf, mBERESEMHE
g P ER, ML AEEN &SRR, BFILETHBEREFEY (R %printf( )
SRR RS L 2R FmRitT).
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3) Bk E ERE A BRI, LTS S RIEHERAE, RiEs Y204
R printf( )b IR T X 8 F SR A0 F R S W R R TIR, R X AR
AT, Co+ARBEIER, SfTHERHESLEnER THSIE, XEERENRATE
MER. ERNELSBERABVOARTRICEAKEN, LHERHETARVOBRMER.

4 ST, B8R printf )R ERA B T B, ZH- S8 B L 0GR
EALECIE S R ARIEXRR (char. int, float, double, wchar_t. char*., wchar_t*#1 |[i56
void*) [LRKEEARKBEI T, B WirA A bk~ ent, STCLE R R Hprintf( )
Foscanfl ) (DR EN A TAB IS st ), HEFRE, BRENMBSKRFX DS
HIRRA AR, SATIprintf )RR ERAE BRI AT ESEFIRIHRE S . o T -FEE
MO+, PR BERS TRES hiFerikdER®, Box MRER RN,

4.2 EMRNWHE

KBRS E S RAVORGHCHEEREFNAEZ—. BT “hello, world” JLFRE
AERFREA—FESHARSHEINESF, AKX EETERFHAMASIVO, FrLAC+HH
WIVOZK PEL AR B TE . R TIO3 R BA0E Bl TEMFMIZE. dnp—Kk. &4
BTN AR IR TN T — ST . BT RERS 2] B M OAEE A AL R 1 F BT £ R0 i iR
B AR 4, R P iRE RSB — T EIEShREERAICH R R T LIERY.
421 FAFTHEDNF

HRE— TR RICE ERE (fixed width) FRWIRR. HEFIDRE AR (i
istream3EF]F3) . —ABHEK ({EFHostream*td ). ®ERLHAMIRERAE (EHM
jostreamiRARIH R ). Sy ARBEREREE T T /LR RIFZE: ATtk A talifstream,
ofstream#fiifstream, TR C++pstringig A% i AYistringstream .  ostringstreaml
stringstream. Ffi A RXSERA JLPHEEINEED, FEAREBLIG R MR ERE, A
EHRERSETY:. FREVO. WX, dhistringit 8. X8 B — R4 O A H Y FERE n—E
B YRk, Lot i 4, iRt AL IR E Y.

B AR BRI 2 Kb LA BRAKRE (template specialization), iBtr#Estring2id
basic_stringiRFHE L . TEEE THEAR B LM RGE R PSSR

‘ los_base

baslc_los<chasTs

| - |

basic_istream<chasrT> baslc_astream-=charT>

—

basic_lestream =charT>

O {EFSHEPHAMIL.



92 ¥ ¥y RAC++HE

Fios_base S THARRIEANNE, AERBTHECEPFZAER. XS EIHH
SRERLIRLHEXREBRAER, BISTAERTHA. KRR TFREHEH
AIEitk. Hankistream, ¥ 3 F:

typedef hasic_istream<char> istream;

A TR AR R A, EOGE A TABLIRY A 3L (type definition), H#h, C++hil
Fwchar_t (355 /rBRAREHA) kdicharg L THHD@RARLKE. ZESF
HHREMLIET . Eikbasic_losE Y Mg ARGBHERNRYE, {HAXEBTEUMFEFRE
JLEAREREN. Hizbasic_istreamsE L T —HAI A K3, basic_ostreamSg X [ —
R R . Fa R AR SO T AN FAF SR IR T R Bk R AL B T RE .

TES ARy, B8 THMESRGUE LS ARmEEOER. BT << BRAES
ARt A (inserter), BEREFF >> ¥ HAERRA (extractor).

R E B AR R R R RAE . SEHEIRM, WLAMEHeinX &, CREBMAR,
HMFOF fustdin, BIW & & iR A (redirectable standard input), FEAMEPEE L0
<iostream>Hi, BRATHRE X HER.

int i

£in =* 1,

float f;

cin »>> f:

char ¢:
cin »>» ¢,

char byf[le8];
cin »» buf;

FrARIN B AR XA EBER T operator >>. ¥ H WAL ERoperator >>, XiF
FREEEH.

HTEFREZERFHAR, BETUSBEAR << —EFEHcoutdH (024 THrim
Hi (standard output) ; [EIFEHE. cerrX@AHY THratgriREId (standard error)):

cout << "i = "
cout << i
cout << "wn";
cout << "f ="
cout << f;
cout << "\p",
cout << "¢ ="
Cout <<
cout << "\n";
cout << "buf = "
cout << huf;
cout << "\n";

REWS [ ARNETIRE, HEEHES HEHRBRZ %, W B FBprintf( )E i
FEIIEH £ XNEE. FTEME, EROBAFRRFTLLESER, BEERNEE
x, HED (MR EFE:

cout << "i = " «< i << endl;

cout << “f "< f << endl:

cout << "¢ "e< ¢ << endl;
cout << "buf = " << buf << endl;

— I
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AR G AR, B2 EHALNBEEFL e ERirysfE, B

A2 HE YRR (A histream. ¥ hostream) (UiEconst3iH.

o 3017 0 M P 1R AR IR GRS RVH R TTE ) -

« R EfRS A .

WAL 2R &, A EK R EReRE. SR B, wefbrit, o
LA X i AU B R B — R IE ).

BAET-, ZEmAEEE MM-DD-YYY YU Date i 8. THEEGREBEH THRAM:

ostreamé& operator<<(ostream& os, const Date& d) {
Cchar fTiltc = os.Fil1{'6');
05 << setw{?) << d.getMonth{) << '
<< setw(2) << d.getDay() << '-'
<< setw(d) << setfill{Fitlc) << d.getYear{).
return os.
}

AEBTREIESDate RYIE R RS, HAEREMT << ELFHRERS AR L&,
ostreamiy ik 5 BEAIN VAT EHEFX 7 (padding chavacter), 2 (field) PHER
T A dE e BN, ERERTFAREEHES . BEHRR K F (manipulator) setw( )
. R 0" ENSEEET. FLLERI08 288 Hipk, mER9A AL A “097. &
AL YR B R W F R (BRNA—AHEF), DMEER ot AR R Fsetfill( k5
XAEFER, ARRIEEATISRIE .

FHERFEETSMAKRBESR. SiTiEEmN & A EL (fal bit) AJLIRMAPET
WMER, WPk

istreamé& operator>>(istream& is, Date& d) {

is => d.month:

char dash;

is »>» dash;

if{dash = '-")
is.setstate(ios::failbit);

is »*» d.day,;

is *» dash;

if{dash = '-")
is.setstate(ios::failbit),;

is »> d.year;

return is:

}

—BiRMEBEMTEIRE, NEREEIABREZN, A EARRIERS W28
(SEE -T). XEE G2 HEIEE Tios: failbit, R DL EIFRIUEE. X
B A TR, FAEAWEHMFEFENS FES ZEHEAEE (BAERAERT
>> EEAEIERA B RIERYN SMOT5HE) . HHERAKER, TEuEAERNE HErS:

"G8-16-2003" '

“§-10-2803"

"9§ - 16 - 2003"

TR ey 85

"A-10-2803" // No alpha characters allowed
"OR%18/2883" // Only dashes allowed as a delimiter

BoEA 3L BE IR A ek . 161
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422 ERRBX

EmDatef2 AR R A, LHBIESEIRMMA. RE\A— M EkrE, OETEi®
W BHR, FEARERE. B, BN TS A ERSRED 8. oRrEm
RGAE&R—TRBORF, BB ol

/i CO4:Tosexamp.cpp {RunByHand}

// Tostream examples.

#include <iostream»
using namespace std;

int main(} {
int i;
cin »>> 7;
float f;

cin »» f;

char c;
cin »» ¢

char buf([l88];
cin »*» buf;

Cout << i = " << § << endl:
cout << "f = " << f << endl:
cout << g = " << ¢ << endl:
cout << "buf = * << buf << enpdi;

cout << flush:
Cout << hex << "Bx" << 1 << gndl:
Y A~

#HITEA

12 1.4 ¢ this 5 a test

TS5 A -

12

1.4

C

this is a test

B 460 AT A L7

i=12

f=1.4

€. =cC
= this

P, DUEREE TS, ERALSRET TR RS HRAL . [k
B "this"MGE. B4, ARESE AR SR @ bulirE R 2t . Bha % o bufis
ey ,
S LER TR, BEBEE RA—TERRT, Sk K% o M A S M X
RS T . (TR . AR L0 AT Wk 5 B B A T
.

B ABRERBHAFEE G SERMNRARBIL . kUL £EME— BT TR
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T£PEEAAEX, HERAEMBER R iE (graphical user interface, GUI) ST
Sighir. EXHWRETEREMEVORERAELE? B 7R RaIH ks, =l
CASE 2B Mg eindf-R A T EAY ik

1) mRBRFEERA . WA A SR —RE ROUR 2 B il A 3k 68 A
KRR AR . AR HREERA S T e THE.

2) EmMRATR WAIRE, BB AR B T . SMARIRMRG IR, FF
BEF I AL RN, ATl E.

3) HMERAFRAE. mREARERARE, RAEE Hcout, BIHEEIER N
Xt (it Blecont®g—FAY), sCEEARBHEAREEARFCABRWER. T, 0K
BEa i FlcoutFRERE L. HXFAHELT, WARHKN R DELDETHAA.

AR A, B—AHANHETLNEHEEZENE. fn, BRFEAERENMELRI
HhEHDate KBEFH. NEELLTABNER,. SEEEDate.hh g,
<iostream>:L3C#. BRI RS T EHXAENEH K

class ogstream;

ER—FEEONTH Do ENRREREERNET, HREEWE A A ((forward
declaration), FEHHHAAME |, ostreams ML AT A A EY, BAXMEERLE
HEFIRIGENL ).

P, XFENEBARRELER TE. AFWAREA:

1) AR A TE AistdH 3 SR,

2) 33 i 20 R HEAR

EHr S I R iz

namespace std {

template<class charT, class traits = char_traits<charT>» >
ciass basic_ostream:
typedef basic_ostream<char> ostream;

}

{2 E BT, stistring, FEREH TRIZPRBMFHEMER.) b TFAB
HEED FHOHKEBARE BRIk, CHoiniiEiR{t Tkt <iosfwd> B 52 aRIix
T {E. DateLk3r@an T BroR:

/f Date.h
#include <iosftwd>

class Date {
friend std::ostream& operator<<(sto::ostreams.

const Datek):
friend std::istream& operator>>(std::istreamd, Datek):

i1 Etc.

423 EITRA
A I3PPRERY A R BT
o 1%l R get( )
* % [ g getline( )
s E X ELfE<string> R )2 B Hgetline( )
CLECROME <t e 3 &
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D ERTHEMEAEE, A TREER

DR AAN CATRIERMERERN).

3) R FR, ARIBEEE T TF I (R R i AR,

ZRF (terminating character) BUABE TA\D", XREANERTH. HTRA
B RE SR T, SR ABBESELEREPE KRG —IF.

2., get( Yfigetline( )R HEHF T AARERE? MMMEAEENXINET: MBRHE A
W WIRESRF (delimiter, BIEHRFRF) Brget( )i ib#gr, (HEFAMBATPIRERE EFF.
ixht, mEEKHAget( )ZARE—-IRERF. B rEBERmMAZRREA. (A TH
RIEAF, BEM, FEET-TgetO)REFERAFRARET 8 ATERAB AR, )
H¥getlineONAHRE, BHMRARPRBAER, HPRALSEECHEHNEREHK .

<string> i L@ fgetline( MEAREMRYE. CARRARERE, MRELFTER
stdh FEEARUS T s 8. XA RERERNSIERINEE, WA RNsteing 8. WEHLFTLL
FH, EAMARTERERFHEIAIEIANRES (BRVO\n") HAEFRXITFER. X
AR S E T EHRIBIRA —stringd v, B AL R RTK D, '

— RS, HRAETRANGZAE XF ik, FEEREPH—-getline( ).

1. get( )& e FHm A

Hrmet( MLA BN REREA: ﬁ;¢~ﬁlﬁ$vﬁﬁﬁﬁ {# Rt e R E{E2RY, BB F—
TEF B—AREE HcharR RN SIAELASHE, REAFHIER—DFRESXA 248D, &
A T RRANTHER IO & B F RSN S  X EH. FBREE G — T AR

2.B2REFN

AR B ENE EEAL B FEICEYEERSBNES 1T R, ﬁz!ﬁﬁ%#@ﬂh
ATLLGE e AL AVO R iread( ). XA EEHE AN 2HERF BRRREDE, 245
BEFZZADFNE. nANEEERREEES, Fin kK write MR B3

ARG AT (M%, HAMRNRIES), BLITRERTOER. HEER

ELRIXLRKOTT.
4.3 AERESIR

BIE# AT Datef T EEFER THITERO XK. B, R mfTamsxin s
R EARR? TELESEHKEARR B8 LEHR, RE0RF X0 ERETHA
iz, MmO ARIEERP XA RERR T EK. X PR AR R T ORISR IR A R

1ok RS

Hios_baseM Riosii A%, BN T4TtRE i AR RARA:

e n &

badbit BT (RiFEyE L) Barthiil. e rEarsEm

eofbit WMASZER (XGRODBEREAPLERTHHEHKEA, B
A T T Cl-Z 8 Ciwl-D)

failbit VORRAF L, FEREAIEREE (Flin, KEiERE TR
Flor i), WeILASRE . A SRR B failbivkr 5

goodbit —UEE; S4HREE. hiEEERAEE

S WMTFXMEE, L fios::failbit Bt ftios_base::failbitll 3 EE A .
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Al Lk R AR R e A R B, RIEFGR B RIEEMNRS & 4 T AR, BRI RE
BHIRE T ERES . HEE T goodbitZ S b3 BREM A IR B, FHBEAIEL b &
FKgood( IEEHE (true). fnfeofbitykid B cheof( JRBH, XHEFIIHM LT
SRR ORF ) Fikiin. HABMALER (cnd-of-input) KAETFECHHTIEERE
iR L A TR R RVHEE, Bl failbitfiE ik B, R E RN IR A%
RIER. Rk Tlailbitskbadbitdr o€ —4, WEKfall( ) EME, REi%
& ThadbitbsEfr, H¥bad()AREE.

—Hi% B THRREBPAEA— MREA, XSRS ERFATE, EEFAXATELR
FRX PR 8. ESCHEN, HiF BRSO R 2 AT o RSt B e BRI L B . (MRS X
4 A& B & BeofbitfifailbitinE{r . FEEF A A CERFPHHclear( )EREORTE
ZEERaAL, TR

myStream.¢lear(); // Clears all error bits

iHHclear( )5, SCENAME K good( YR Eltrue. i FaHE B Dateff BT —
¥, @Edisetstate( YARIEBERES, MRSINHEARIGESL L. HAiisetstate( ) A&
RmEttrEi, mROSIER T HAMERELE, xSsiREMERFAE. mARREE
#e e fibn o & 2 A FTERAREA, ATLUARERNclear() #, BEEREDOREM
RIFEAIEANBR BB E, WT

myStream.clear(ios::failbit | ics::eofbit);

EXREHEFLT,. BFAFBERSERREMS, REMEFRFRERTHRIIEHR. JM
LFR SRR R X g ;R HAR Sl ARHR RSO k. ATUUE B Bl Avoid*
Rodkie e, MFUAEA pFRENPH, ZARBRE AR £R T &SR 5 AIRRYI%
A HEBEIFIAER:

int i;

while{myStream »> i)
cout << i << endl;

iBfE. operator>>( JiRE EHKSH . Bril Emmiywhileida) A /RFRAR S HEES T
R, ITHENATFEEBEAFMyStreamBEHERTTRH B . B
ios_base::operator void *( MX7Eif LR f#good( ) HREIABE&R® . EAXEL
MR EIR B IR, BrLAE R X S E R ER R B Y .

20 £ FH

FEHA RS2 AME KRR, SARYEREACHE—EBaFER, Bl --BRHA
FELHABERRE. HTRERGRESE, SHTFLHERKENHEVEERFRER.
{82 BT A G R AR R RS ERUEE, KK A& exceptions( &% —1-&
¥, INTBREBTHRRERFAREEBAREMS HIAMNMHE R, SBBXEMRER, i
H—A-std::ios_base::failure2t BRI R¥ , std::ios_base::failuresk &k g std::exception.

R LLH4 ik B b AT - R EME KR, (ERXAHIERRT D, !
Bk, BEFEERESEHHETERRE, B ‘CEXHR FRRARYE, mART

O R |-{kscid A K operator void*( )i 4 Zoperator bool( ), EXHibool B a4 HAlintT ol
SR, EHBEERAR, FRIZEIRENS K. &foperator void*( MEm RERAD HiZRAAN.
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A X FRTIERHER . Bigids iy DR badbitii RRMHBRERRE ., EFRAGGWT:

myStream.exceptions{ios:badbit):

FEMTER (stream-by-stream) HURERE EREFERARYE . B hexceptions( )R A8k 5 &
¥. Efrexceptions( R E (71D (bitmask) ¥ (iostatek®!, K THRIFSH, THK
int®), BRBAHFERESMERE. MEXEREMDERE, MEVHRBRE. 454,
MBRLE -BERARE, EFHERE, XEREFEERCAIRHEINSH
iosi:failurefb B itrythch, FEBFANSXBIN, MNRARERRAMLSTIE
AR E (HkB, KEsHEFR THIIAZFEZbad( EEtrue ). XRiLEMLY REHA
AR A ERIATRW S —FE . EEAER TEHTCLESL KR IRNAN. ETHRWE
B, RiHEEFRREHTEREE, xBEhRAX/b k.

4.4 SCHHNGIH R

3 A B R R R L HCE S PRIstdio BER B . ERe. {TH T XHEMR
BT ERE R — M R—X RS R TE. AFEE AN (REGER
i F % B ki B elosed )35 304k ), B U RAB e RIIRAH RS A S & S 30 k. s —
Aifstreamct & AT QRBGARSBMAXH . i —4-ofstreamuit & T G BB AR T
. ~i-fstream>fEENRT LA T4 A SCH. HATLLA T ik,

FE AR T R T A e A S i 2k

baslc_|stream<charT> basic_ostream<charT>

5 - 5
‘ l

baslc_lostream<charT>

T

basic_ifstream<charT>

haslc_ofstream<charT>

taste_fstream<charT>

FLAAT—#, X HEhRE AR R f 2R M LR L. i, ifstream 4
Bcharv i, X

typedef basic_ifstream<char> fstream;

441 —AiEREBHNT

Tﬁﬂ’hﬁﬂ%@n“f@“ﬁiﬂfi‘h"ﬁﬁ’]ﬁﬁﬁﬁt HE, W<fstream>fg & AT
XHEmAELEE. REETFSFES B, XHEMEHE A DA <iostream>, BEFFRF—F

2 FAERATIRENE B R,
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AN . R T T AT, WALk E RS R

ff: Co4 5trfile.cpp

ff Stream I/0 with files;

/! The difference between get() & getline().
#include <fstream>

#include <iostream>

#include "../require.h"

using namespace std;

int main() {

const int 5Z = 108; // Buffer size;

char buf[SZ];

{
ifstream in{"Strfile.cpp"): // Read
assure(in, "Stcfile.cpp™). 7/ Verify open
ofstream out("strfile.cut"); /7 Write
assure({out, "Strfile.out");
int 1 = 1; // Line ¢ounter

/! A less-convenient approach for line input:
while(in.get(buf, 5Z)) { // Leaves \n 1in input
in.get(); /7 Throw away next character (\n)

cout << buf << endl; // Must add \n
// Fiie output just like standard I/0:
out << J++ << " " << puf << endl,

}
} /7 Destructors close in & out

ifstream in{"Strfile.out");
assure{in, "Strfile.out");
/f{ More convenient line input:
while(in.getline(buf, 5Z)) { // Remcves \n

char* c¢p = pbuf; :

white(*cp = ':')

++op,

cp += 2; // Past.": "

cout << ¢p << endl; // Must still add \n
} .
YA~

flgifstream3f g flofstream¥ RIS ENHH T i fassure( ), LIBRRICHFBRIHT I .
FHREFFTETEERAN/RERMS , RS ETRRRIIREME.
£1/10while(FFHI0R TATget( JERBAIEH . F1i/get( BEFHAEMNE, HOKIEN
TSZANMFRRBARRFEIRDBEN TE3ITEH (BRNA"\n') FEFRE, £&MbX
FTEAFLRMT. Biget(BhdmAMRTRERFR, BLABEREASHNget(). EitH
Ain.getO)ZHERFH, XTBRIER—TFY, HRE - intMRE. WTLIERRS
FARINS AR B R ignore(). ERVESRFRBETIAFHFROSE . RIMENL. 5
2A-BYARWEBRWAFRE, E¥gnore()BH (ZEREUXNMENZS), RIMEKEOF.,
EHEEATHUBESHESD: — M HHFlcout, —MHH B cHout, EE, HFREA
HHERHE, THREHOHNREY, FABRILEDH FiHostreamd R IR IFHALE.
- -&IEE—TRrEmESH b B25508 —GURKTSBA-THICHR.
Agr i Sgetline( Y LIk, BETITRINEGURRIM, BdiT 5. ELAEGTAEK
FIACHZR, S THEIERBXFXASCH:, XEARMY TR, aEUHERERE ST
BEFNE ok, AmARE Y RoutEH B, X&EREWEAI R B XM
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. ZAEFRREXAEMT. Wl CUR AR B Alclose( )5 HhXx e tt; an R R By,
R 2= w[LL#E R B A R & open( YE FX&in.

#2 whilefEHiE A0 T F Hgetine( BRSHA KB HERED (AROEINEK,
RIAA\N') R RERZN. R getline( )gget( ) - HRESZMEFSATHE,
BEAEZRDEEALEERETH.

EARIF, EREERABIET, BRE I E L ESgetline( )Eﬂlﬂﬁﬁ%‘ﬂ""ﬁﬁlﬁ
THREFF. MBAEXHER. KRR ECeofbitgiS i E, H Hatgetline( IRk HIK
mlfalse, i REEF X RIZMANRRE —TFHF.

44.2 FTHR=

Wt WA SR NI RINRY, HILJ.E%I&FFB?#T FRER . TR TEFIOET
FbRAE:

L %

jos::in TR A E. WOCRT B F Tofstream o] L) (E #8177
A s A

ios::out AR . FX B8R A tofstream, Wi ¥R EM
ios::app. ios:ategpfios:ink}, Fok3E N Rios: trunciil

jos::app FTH— AT e o

ios::ate A —TEFEXHE (RAREH), FHEXHssiEn cERRE

jos::trunc R SCEATAE U E H

ios::binary LA st F LITH 8. BRATHF AL AF A

fifERS (bitwise) SBHEIFLUERX BARIDAA S .

SR RE—iEUNIX EG FRES, HlinAMS-DOSKk BB IERSG, x&
EEMTERRENERRYE. Hin, EMS-DOSRGEH X FHK (RMINER) T, 8RN
— A F"\n), XHRETE LN TRAER, —AREEF#STF (CRLF) %, ASCII
M hoxoDfloxoA. K, M XAEMATIRZHEMTHEBINSE. SBREXEAFHH, &%
FEANMEEEA M\ R, mMPBHESUDX AR ERITRE, TR REEIT
FXH. EHGERNT, TREGSAESNTEYRIE, HEATERKLEOHHEN, L2
AEEf TR ME (i A Awrite()). 24, REZFEAE Aread( Yekwrite( YRR LA 5 s
A, BARERBE - ATEBRIEEEFIENEE. EXEENT. DEFEPLEH
ShEfFNT, THANESERIEEEN. aRBEENAEEESET LRS- 2 S,
Qb R 248 A R AR R AT .

FICAH FF BAfstream T R 4T H — 430k, A HERATSH. A Wfstream 3 R0
. VHHERESNHITERRT, SHXEREREERTEA . RHRTHAXEH. N
OB A RS, FEMRRSE EE R . WA THENGY, hEEEES
SRR, Bt fstream¥t G AlE— 3ok, EREBRE S ERiositrunedT AR,
AT LATR A a0 AR Y S0 .

4.5 WAMHFRRH

SRR, FTiefk Qg — %, BEIZREAE HRMLHMS. RiLAM
BT EBERNRA, HHARAERIR sprivate LR A5 RHEEL. 0 HEA TR
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B, —BREFRAAEEAYLLEBEEMESEED, AELEANSREREIO. S0#:.
WAL EFR VRN ERIXE. .

SR, BEAR SEATEERBNE ARBESoHMEE. A8 XHIRIE -1
AR 2, Bl ERRE— %, Fistreambuf, S48 AMHAMRES
-MgFstreambuffigst. (X SBEREEFHAEANAERFEVO. XH. DRAEF
%} ALl E EifR)streambuf; #lin, sJLEREFHEA LB Hstreambuof, Tf
FE e A DR TR k. X AT LUE iR R streambuff 8 i) gk B & ¥k

Haf, EFEEMEABEEZOHENE, REFETHHKY REES — 1 EHstreambufit
RWEE. I Hstreambufi S #H — S I HR A Ak, M FXRERTRSETEE,
A FFHEREE R AR, T BN

baslc__streambuf<charT:>

1

basic_filebuf<charT> basic_stringbuf<charT>»

AT gg il streambuf, S/ WMARHEHNRE & RAERrdbuf( ), EER -4 [174
gt g streambuffyig el EiLX T E AT LA streambuf it SE TR, X AERR AT L3
Hutfustreambuf i AL R EH. A, BAEBNR LIEstreambufigdlfn 3 —4-%
ABHERAEEN << 83—, XBPLANHRPUEFIMREIGEENT << AR
g, Bk, wERE-TRAMHEPRTHSHEHE S - TRARDED, &
AFERT S ARBNG E—RE-NFHE-TFH (RFRBEMEIR). XE-FRHR
MR ;.

T~ TEANRFRE, ZRETH 08 IECE PN AR IR RS D (0
HITE EI (L)

ff: CO4:Stype.cpp

// Type a file to standard output.

#include <fstream>

#include <jastream>

#include "../reguire.h”
using namespace std:

int main() {

ifstream in{"Stype.cpp");

assuref{in, "Stype.cpp"):

cout << in.rdbuf{}; // Qutputs entire file
P A~

X BERXNBEFOEACBXHEASBABET — 1ifstream¥ & . 4R 04 TN G8ET
JF. W gkkassurel MREITIF LM, FRER LIELkE EEBEAENTIETD

cout << in.rdbuf():

X FEDEXEPR 2B NES D cout. XEMIBDANESRRDERR, mAEHEEL—
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B ETTFTIRRES,

—MEARget( )F R HEZILHIESA B — /R Mstreambufd . X/ EBBEIA S
ke Hinstreambufif) 5| M, 2408 HR & E#get( WE L MITHISRFR (RIMFR TS
A ATTERR, BA B — R S0 R SRR A '

/7 Ced:Shufget.cpp

// Copies a file to standard cutput.
#include <fstream>

#include <jostream>

#include ", ./require.h"

using namespace sid;

int main{) {
ifstream in{"Sbufget.cpp");
assure{in);
streambuf& sb = *cout.rdbuf():
while{!in.get(sb).eof(}) {
if{in.fail()) // Faund blank line
in.clear();

cout << char(in.get(})): // Process '\n'

1
Y A~

R rdbuf( )R B —/~ 54, ELERS IR (dereference), LLKRREE EXMNHIIE
£. ZEMEIZEEH (CIEEE LGRS ). FriidsbiE 3 hcouttifiE b R EE) A .
HiBA s EEail( Yficlear( JLUCTBA RS T (FEXAH PRI ). XX
HATEH A get( ) FHLE THRERITFRES (—ST0IFE), RIEEHARKNEK
tL, BrLA-221A Felear( ) 3¢ & B 2 i CAAREE M I iR HRBEE . 3fget( IRV E 2R AR+
B RN HFATRIREFRE. (B, get()fgetline( ) BBUF & FIMBEFR.)

hIFHAFELSEFRXMBEAR, EEMEXMYEEREGRLMe.

4.6 ZEWNHHFA PR
BHEVMBARHNREA T FHABEE (MR Ristream) RIMPRE (4

- Riostream) FES. ERUHEET, FEBHROCR CGRTIRE M SR

ALY, FICAMERERE TR EL: —FRERAH ystreamposi) K igsHE 783 KL B
EAL B—RERIERECH BT BE X E R fseek( )AL, SBMTHL. RS
YA R EN S ENE S SRR ER.

Histreampos3t T it Rafr, FELREA—4 S R, CVBRAERIRE &
i FIEALIGE: ¥ TFostreamif Atellp( ), 3} Fistreamiffitellg( ). (“p” Fr “Bif
BT, g7 Fw UEEHT.) R HRYCEE—Astreampos, B4 E B3 ik @ S ki et
FIEREE, Mostream¥fH i Hiseekp( ), Histreamdt$ifHseeke().

F2R BN EL, SARBKRANseekp( Jinseekg( YFE L. REHE ISR
ERHMTHNE: /BB TR fl. E2T2REBDHM:

€ X THS NN EE AP IHE T 2 % Addison-Wesley HRT# 199947 [ A fLanger & Kreft?? 4Standard
C++ lostreams and Locales }.
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ios::beg _ R E
ios:ienr FHI A 2 &
iosttend - S = T A

TEEEXGPESTEEN—4THAT, HExEHBCIES hstdiod THETHD#TE
(AT IR R . FECH+h, FTLATEfEfIR AR A BN et (REEHRERASR
ncinflcout A T X FE):

/77 (B4 5eeking.cpp

// Seeking in 1ostreams.
#include <cassert>
#include <cstddef>
#include <cstring>
#include <fstream>
#include ". _./require.h"
using namespace std;

int main{) {
cgnst int STR_NUM = 5, STR_LEW = 30;
char origbata[STR_NUM][STR_LEN] = {
"Hickory dickory dus. . .",
"Are you tired of C++?", 177
"Well, 1f you have,", '
"That's just too bad.".
"There's plenty more for us!"
i
char readData[S5TR_MUM][STR_LEH] = {{ & }}:
ofstream out("Poem.bin", ios::out | ios::binary);
assure(out, "Poem.bin");
for(int i = @; 1 < STR_NUM; {++)
out.write(origData[i], STR_LEN);
out.close();
ifstream in{"Poem.bin", ios::in | ios::binary);
assure(in, "Poem.bin");
in.read{readData{6}, STR_LEN};
assert(strcmp(readData[®]. “Hickory dickory dus, . .")
== 8),;
f/ Seek -STR_LEN bytes from the end of file
in,seekg{-5TR_LEN, iocs::end);
in.read(readData[l]. STR_LEN);
assert{strcmp(readData[1]. "There's plenty more for us!"})
== 8);
// Absolute seek (like using operator[] with a file)
in,seekg(3 * STR_LEN);
in.read(readData[2], STR_LEN);
assert(strcmp(readData[2]. "That's just too bad,") == 8):
// Seek backwards from current position
in.seekg(-STR_LEN * 2, jos::cur):
in.read(readbata[3], STR_LEN):
assert(strcmp(readDatal[3], "Well, if you have,") == @):
/4 Seek from the begining of the file
in.seekg(l * STR_LEM. ios::beg);
in.read{readData[4], STR_LEN)
assert(strcmp{readData(4}, “Are you tired of C++?"}
== E').
Y A~

BETEFERTHERNES - EiEIXED. BT FifsreamX#FE, FMseekg( )
CIRBUERT (LE. EAEERBRN, CHEHETLAA SR, SoE . S M B
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ATEE. B, AXHEAFRBAREERE T EREEE, TAXGERDEHEE
R - akEE. |

BEARC LB Tstreambuf U\ R W ER AL, 2B RERBROTE— 1B
X EER S RN RET S —F A T (A EHfstream? 3 ). TGS G JofE AL
fric Al —ifstream, XERICRHBPRER T TS A XER xS B. FEA ARG
ifstream I $ T 5 ARIE, UAFECGE - T HANEBERS FX fHostreamit R

ifstream in("filename", j0s::in | ios::out};
ostream out{in.rdouf{)):

EEWFEME XA MR Z-SARRN S R AT AHR. #HmT:

/7. CBd:Tofile.cpp

// Reading & writing one file,
#include <fstream>

#include <jostream>

#include ", ./require.h"

using namespace std;

int main{y {
ifstream in("Icfile.cpp"):
assure{in, "Ipfile.cpp”):
ofstream out({"Jofile.out");
assure(put, "Iofile.cout"),
out << in.rdbuf(); // Copy file
in.close(Y:
out.close();
/f Open for reading and writing:
ifstream in2{"lofile.out", ios::in | ios::o0ut);
assure(in?, "Iofile.out"}:
astream out2(in2. rdbuf(}):
cout << in2.rdbuf(}; // Print whole file
out2 << "Where does this end up?";
out? . seekp(®, i0s::Deg):
out2 << "And what about this?";
in2.seekg{B, ios::beg):
cout << in2.rdbuf(};
Y fA i~

A STHUX MR HR AR B — A 1Y fiofile.outfy 3¢k, 5 ALK, X%,
MOVEERH—TREMXAXE. K5, EHITETBUHR IR, LA R —4
XHHETIENERE. Eifdcout<<inz.rdbuf( )i, F[LIFR “iE" 0B LLTER
k. BT EE R E AR IR, BAXAEEE “Where does this end up?” ReIEINE 3L
. A, MR TR A EEseekp( ) BBEIEM L, FEARNAHAS
JERACA. WS Hseekg( HRIRIEHBEBISCHX . RALLS NEIRKSRIESH LR
RIS RN . Houtz@HIEMSTERRA . REMEAAAES. E3XMHERFMRHA.

4.7 FHrERARIHA

FRF R A R A T AR e bR (R ) SfriE. BiEAS
cin fcontiHE R AR AL R Bk BN P HEE. ERMIMENS, NEaFEETl
FHL -, BTLUXFZhEERI2E BYH B Rk A ke A 4L (in-core formatting), _

FHRRMR LB RN LS. MRFECNR—ITFHER, HFMEXTKIERER.
nfLL gl istringstream. MRAFEE T E FHER. TLAGEostringstream. ¥
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TR 2 iy S AR & FE RSk Stk <sstream > . BBEH, H—SREHEEERNIISARL
B EmT, T EBTR: '

basic_ostream<charT>

hasic_\stream<charT>
& A

| [

bagic_lestream<charT>

pasic_Istringstream<charT> paszic_astringtraam<chart>

|

basic_stringstream<charT=>

4.7.1 RMNFHHRE |
A T AR — A2 R h iR, FEARistringstream¥ S H HEH P Wik
flax A% . TEABEFRY T 4 # Histringstream ¥ § :

ff: CO4:Istring.cpp

ff Input string streams,

#include <cassert>

#include <cmath> // For Tabs()
#include <iostream?

#include <limits> // For epsilon()
#include <sstream>

#include <string»

using namespace std,

int main{) {
istringstream s{"47 1.414 This is a test"};
nt i
aouble f;
s »» § »» f, ff Whitespace-delimited input
assert(i == 47});
double relerr = (fabs{f) - 1.414) / 1.414;
assert(relerr <= pumeric_limits<double>::epsilon(}};
string but?2;
s >» but?;

assert{buf? == "This");
cout << s.rdbuf(): // " is a test"
} FfF~

HETLAED, - FETHELHB S ERTENFE, iRECHE &R
atof( Yinatoi )E RiE. EEMA, REFER BN FHENHRARE.

FEFERSs >> 1 >> I, FRH B IMEF MR, 220 0TFRBRC. EHERR
TRBORRGEGTHR, FURRE CUEBELITERZWOEHE". B, S5HHFHH
“1.414 47 This is a test” b, WHRNME D1, FAMATREE/ NG ALE L. SR
HA0.414. QTR A5 BB BB A T NEE Sy, REXR AR . et
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o T ELF R IR, . B2 assert( @B AMIEHABIBRE TR A& THIR; XFEMth
AR AR AT AR TS E L. dE¥epsilon( )iB n —47E <limits>rhg L H &,
REVMHERFTINBRE , XRIELEFTdouble B HEm Frie B AN R /MR ES .

EiIFiRE LR Ebaf2hMNERETHRTRE, RREST T IR Z Aty 8.
—HORIE, HAERA N ARSI SRR R B Z M BR R AR, B R
MNEH IR . AR, ARBE R — B RARR S R TS HE B — R A
AP, PILLGE AR Ao Br e iR ferdbuaf( ).

ARA A7 R R IZ I M DatedZ IUFF . £ T HMINREZFHERRA TR BT

{7 CO4:Datel0Test.cpp
fA{L}y ../CB2/Date
#include <igstream>
#include <sstrean>
#include-" .. /CO2/Date h"
using namespace std;

void testDate(const string& s) {
istringstream os(s});
Date d;
0s »>» d;
if(os)
rout << d << endl;
else
cout << "input error Wwith \"" << § << "\"" << endl;
} .

int main{) {
testDate ("08-10-2003");
testDate("8-18-20883");
testDate("98 - 18 - 2883");
testDate("A-10-2083");
testDate("38%19/2803");

Y i~

Fmain( Jea¥d, BESEHFBHEITIASEEKIBA &K testDate( ), F
testDate( )& K K Flistringstream ¥ o, XEEE T LLAIGR hDatexdt § B4 B HIF
ERTFT . d¥testDate( ) it4H A Ffoperator<<( )37 T Rik.

472 WHFHBRE
ATeldmTHSRE, fLAgEostringstreamt &, XA RTANEBHEFH

G, EMEFREFANERFEFS. AT HRHEREXL Astringd R, TLAFAK
A dfstr( ), #HmT:

£ CRA:0string.cpp {RunByHand}
// Illustrates ostringstream.
#include <ipstream>
#include <sstream>
#include <string>
using namespace std;
int main(} {
cout << “type an int. 2 fleoat and a string; "

8 XTHNEUHENTFHRFAEN—BEHH, #s% "RCE, £ =4 . C/C+ + AT, 199543
A. #alHERA: www.freshsources.com/1995006a.htm, '
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int 1;

float f;

cin »> i 2> ¥,

cin »> ws; // Throw away white space

string stuff;

getline{cin, stuff); // Get rest of the line
ostringstream os;

65 << "ijnteger = " << i << endl;
os << "float = " << f << endl;

ps << "string = " << stuff << endl;
string result = os.str{);
cout << result << endl;

Y SRS~

AT i RintFnfloat #iE 4) SIstring.cpp R ATIE AR, TE&— 8 & RAT
#T- (BARS ABERA).

type an int, a fleat and a2 string: 18 28.5 the end
irteger = 1@

float = 28.5

string = the end

EHTLIET, SECEAKEN, il ¥ YiFostringstream® § 7T LLE F — A
RACTH, fiaBF<<ilendl, &kl Astr( YR HMEEE —THimstringx &, BiLLF
75 iR B M stringbufat & f S 8.

EF3Ed, Bl T —AEAFHATMLStripper.cpp, 'BRMTEARMECHTHPRBH
HTMLARIC M Bk AF . 3 BN - b B 7 ol GO O DR SE IR A

fi: CBA HTMLStripper2.cpp {RunByHand}
FA{L} ../C@3/ReplaceAll

[/ Filter t¢ remove html tags and markers.
#include <cstddef>

#include <cstdlib>

#include <fstream>

#include <iostream>

#include <sstream-

#include <stdexcept>

#include <string>

#include "../CB3/ReplaceAll.n”
#include "../require.h"

using namespace std;

string& stripHTMLTags(string& s} throw(runtime_error) {
size_t leftPos;
while((teftPos = s.find('<')) != string::npos) {
size_t rightPos = s.find('>", leftPos+1) ;
if{rightPos == string::npos) {
ostringstream msg;
msg << "Incomplete HTML tag starting in position "
<< leftPos;
throw runtime _errar(msg.str()};

}

s.grase(leftPos, rightPos - leftPos + 1);
1
// Remove all special HTHL characters
replaceAlt(s, "&1t:;", "<");
replaceAll{s. "&gt;", "»").

replaceAll(s, "&amp:'. "&"};
replaceAll{s, "&nbsp:". " ");
/4 Ete. ..

return s;
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}

int main(int argc, char* argv[]) {
requireArgs{argc, 1,
"usage: HTMLStripper2 InputFile"):
ifstream inf{argv[l]):
assure(in, argv{l]),
// Read entire file into string: then strip
ostringstream ss;
55 << in,rdbuf{);
try {
string s = §5.51tr();
cout << stripHTMLTags{s) << endl;
return EXIT SUCCESS;
} catch{runtime_errork x) {
cout << x.what{) << endi;
return EXIT_FAILURE;

}
Y At~

AX TR, B4R drdbaf( ) B #I]— T ostringstream3 &, Bk
185 BAICHIERE—A-FRES. ZAHREATMLI PR Em S BRRRES T, A
RS 3T R RIAE— A AR 2 B RS £ fTAYARIC.
TR E TR T anfil i AR (BD, /5) AR

/41 CB4:5tringSeeking.cpp {-bor}{-dmc}
// Reads and writes a string stream.
#include <cassert>

#include <sstream>

#include <string>

USing namespace std;

int main{) {
string text = "We will hook no fish":
stringstream ss{text);
s5.5eekp(@, ios::end):
55 << " before its time.";
assert(ss.str() ==
"We will hook ne fish befare its time."):
// Change "hook” to “"ship"
55.5¢¢kg{8, io0s::beg):
string word;
55 =2 wWord,;
assert(word == "hook"};
55.s5eekp(8, ios::beg);
ss << "ship";
/4 Change "fish" to "code”
55.s5eekg(1G, ios::beg);
ss »» Word;
assert(word == "fish"):
s5.5eekp(lb, ios::beg);
55 << "code";
assert(ss.str() ==
"We will ship no code before its time.");
ss.str("A horse of a different color.”);
assert{ss.str() == "A horse of a different coler.");
Y FAP~

RIATE —Ff, @it i Hseekp( ) Bai5i58 . iAflseekg( YEZ ikt FHHRKLL
KARERRA TR S, B AR BT LRI IR Z 0153 5 R &S BN R AR B i3
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KA, HEFAF FPEASIAXFEMAE. TX SR, PTHERELIEEH LS
£F. BB, AXARFR IR T RENste( ) B A TEHFAHRERIRETREY
stringbuf.

4.8 HHmAREL

AL H AR R P S TSk R E 5. anRAERACES PRHD
printf( ) 405 @B e N B BRI R IE, MARMIEASH S M. XAy, B
E AT T AR R SRS . 2R TR OHERERS b e

HAGeF 8 A R SRS L R R RHE AT RE A S IRl . EATREASH —#HEhE
Kb BRAMEREET. YETREANASIRRENEY . RERSE
BRI EIRAIN —BR AR, mENFRAHF; EHABHFERRERERXRS T &
gl f/ANKOS FTEARMES. B—FE. A LaR R SETURIEERERA A TR, WK
Foxss A

BRI X EEGETr S, BN AR AR IR AL E . DR RE BRiX ek
R R RS, (AR RIXAERAIE, AR AR T U T AR ). BERE Rt
48.1 #H{IAMFE

HioshlE—LeiiE i . AT SRA XA RLE R, Hh—SBIEfEFEE
S, HEA-IEHEHE: FAEEE. HHREMATERRHMATE ( -BRASHE).
A AL B A AR ETE, S rhEshE, B s M AT- 2R, K
B ef ¥ios:flags ( YW DLEFIA L ERREDE, ITERBAEYN, RRMERE AT
& LpiE R bl E R fmtflags (—RBEIAH R longfy [ i) F8. Hith B EUH TR
bR R B AR S M IE A (H .

fmtflags ios: . flags(fmtflags newflags).

fmtflags ios::setf(fmtflags ored_flag);

fmtflags ios::unsetf(fmiflags clear_flag):
fmtflags ios::setf(fmtflags bits, fmiflags Tield);

1 4 o B SR e s PR R A P A bR . (W 2R, 2R3 R, ek 2s
— k.

FE¥setfOMFEALIELS3R -HHRE. ERmEiRE AR RARERAL, AEEM
P ER RSN RS BHENARAIIRE: — 2Rk AT ST
EhriE: B RigEMHKBPOREREAERN. T/EAHREERBEEE BB, £H
setf(fmiflags) EHITIMRE,. {E FHunsetf(fmtflags) FHE XM, XEfrEE TN

AU
FHEARRE €t H

ios::skipws BhilAe ke (R ADERIREKIAE )

ios::showbase FTEN# S IREIE W TS & (tkdn, Adec. octFhex)
showbasel: E4-F IR EN, BARBIEIRMNGTEE R

ios::showpoint BARTTAEA DS S R EcT R 2 eyd

ios::uppercase o P RHER{EH X SA~F, Bafrll o mE

ios:;:showpos W EE AT S (+)

ios:;unithuf “g8 B [E” (unit buffering ). 48R AT RIS
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Flm, K T Eecomtf BorIES, FLUE i Meout.setf(ios:ishowpos). RMEHT
cout.unsetf(ios::showpos), MAAH R~ EE.

unitbufizEIHIE £ 4%+ X (unit buffering), X Bk BERTS L HEHEAREGE
ST BRRST RS i . X P EARRER RS . MRS, RIBUSRERERIQE .
T HEMEBAER T g X

A4 CBA:Unitbuf.cpp [RunByHand}
#include <cstdlib» // For abort{()
#include <fstream>

using namespace std;

int main() {
ofstream out("log.txt"):
out.setf{jos::unitbuf);
out << "ope” << endl;
out << "two" << endl;
abort(}:

Y A~

ERAEMBIEH RN R 2 ESEFET T RTENE . Litsetf( )R (comment out)
B, EMREBRHURESNEA (—TFF o 33 Hlog.txt. MfEHRECRPXNAZEKRE
EE &8

BIAMES T, ERRENcerrBATTR bR DTITFFRE. AR THEMNLSFRKE
BIRGETH, AU BRI AT, MAEFERECEPE, BRIEAFEXERF
I TR
482 WA

Fog AL ER AN, —RARREXEREFH-T, BRERENEL T
AR — A T — A R, ARk . BEROR, mEMXROKRIR
EARRAGIH K, REAASTEEEEIREN 24rE, IR Teetf( )eak.
., #HFH—FEEH (number base) EAHMHEMEEREE: J-3t#] (hexadecimal), +ift#l
(decimal) Ei/GHE] (octal). XtbkiEgi iR hios::basefield, {F 0415%E Tios:ideckr
EixF XK Rsetf(ios:thex), &ikRios::hextrEH A& iEkios:deckrdily, MmsEs
AFUERTA. EAN —@ERER, ATLURRAE2HERsetl( )# fisetf(ios:thex,
ios::basefield), X4 H S kiEGios:basefieldih WG i, K61k Bios:thexfrE.
XA Asetf JEEILE - FrE A R S WIR RARN K bbbtk “HEER7. losishexipdh R
T A SE R A TE, BRAFEEXCORNNERRMY, REFFEX Lios::basefield

A ZHRENSEE. BTR, BEHSEILMRIET, EHHEAsetf )RR, R
AR R R ZhRE .

T bR R ER:

jos::basefield £t B

ios::dec EEEAMEE H10 (HEREL) (RIANER-—FR
BiE)

ios::hex ERKEMENCH6 ( FRHEHIRE)

ios::oct ERBRENER NS OB
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fos::floatfield 1 H

jos::scientific CAEHE RO R B oRTE S . S S S s T 3

ios::fixed ELRR s bl TR S 8. MRS s B A e B i B

‘automatic” (A% EE FHLA) R R RO O

inss;adjustfield £ H

ios::left {ER G Aoat . (E MR R 0 A (i

ios::right FERAEA R . EHMRETE A CRTA. HABILMFHNA

ins::internal PEPHAFEREFAFEOS A SESTT 2R, Bid 20
(WG, mMEARHEEMS. WERSLESH, mEsH
F !

483 RE. AFTHNWHEILE

RkiZmlsinE (FB) (RE. SRl BmEEFRREREZ S8R ENRSTER,
-3 2 R A R B TR S .

E £ B
int ios::width() B YATR R . BRI A0, M THEATTRIREET
int ios::width(int n) BEETEE, ikl Rar e
int ios::fill{ ) AR R R T, BRI SR
int ios::fill(int n) R T, HEREAREE TR
int ios::precision( )} B MR S . BUAMER T, HERE hN Gl
int ios::precision(int n) BT, KRR, “precision ($5E)" M

& ¥ B Fios:floatfield#

fillfiprecision{HE R M HUAT, BwidthfiER BERE - T. SEA LM, EF
FHRA - MERERE, ERFRRE T ENENRL TN, REAENERE. ERPHEA
A&, 2LarERERRERENTH, MRBEAFTOCBATRER, WRAREFT
WAEZEAME. i, SMBNEAZET SR, Fe R BEEE N 2RHTEN 23, S
BE23, REABREERSLFHOENED; B EERMHTHEAREN .
KELA - THREAAE, RAESBAFSIERFT TR EHENEm, it
THANSREREREBHEERRN0. BRI HERNREER, MR AFF IR R
HEK. nRBRARETENEE. BEEGREBBATRRERT 2 FAAwidth().

484 —NERAEIT
A T E W Ao (& AR e R R X BN — AR TR X R 3 1

7 Ce4:Format.cpp

// Formatting Functions.
#include <fstream>

#include <jostream>

#include ", ./reguire.h”

using namespace std;

#define D(A)} T << #A << endl; A

int main{} {
ofstream T{"format.out");
assure{T):
D(int 1 = 47:)
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D{float f = 23008114.414159;)

const char* s = "Is there any more?":
D{T.setf(ios::unitbuf);)
D(T.setf{ios::showbase):)

D(T.setf{ios:  .uppercase | i0s::showpos);)
D(T << 1 << endl:} // Default is dec
D(T.setf(ios::hex, ios::basefield):)

DET << i << endl:)

D(T . setf{jos::oct, i0%::basefield);)}

D(T << i << endl;}
A(T.unsetf(ios::showbase} ;)
B(T.setf(ios::dec, ios::basefield):)
D(T.setf{ios::1left, fos::adjustfield) }
DCT.Fi11{'@*'):)

D{T << "fill char: " << T.fill() << endl;)
DET . width(18) ;2

T << i << endl;

D(T.setf(ios::right, ios::adjustfield);)
D(T.width{10}):)

T << i << endl;

D{T.setf(ios: internal. ies::adjustfield}:)
D(T.width(18);}

T << § << endl;

D(T << 1 << endl:;) /7 Without width(1i®)

D(T.unsetf(ios::showpos):)
D{T.setf(ios::showpoint):)

D(T << "prec = " << T.precision() << endl;)
D{T.setf(ios::scientific, igs::flpatfield);)
D(T << endi << f << endl;)}

D{T.unsetf{ios:  uppercase):)

D(T << epdl << f << endl;)
Di(T.setf{ios:;fixed, ios::froatfield);)

D(T << f << endl;}

D{T.precision{2@);)

D(T << "prec = " << T,precision() << endl;)
D(T << endl << f << epdl;)
D(T.setf{ios::scientific, ios::floatfield):}
D(T << endl << § << endl:)
D(T.setf(ips::fixed, ips::floatfield};)}

D(T << f << endl;)

O(T.width{1@):)
T << s << endl:
D(T.width(48);)
T << 5 << endl;
D(T.setf(ios::1eft, ios::adjustfield);)
D(T.width¢4@) ;)
T << 5 << endl;
Y iif-

EABI TR TP TReE PHREE, LERRFRTHEETHA3E. £
D(a)y B # 5% (BF) CaflR B HBor. REXadtTEE AR, FLUEAMEIIT.
ZICRAT (5 B B EREE CHT. FERRIE o,

int i = 47;

float f = 2300114.414155;
T.setf(igs::unitbhuf);
T.setf(ios::showbase);
T.setf(jos::uppercase | i0s::showpos):
T << i << endl;

+47
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T.setf{ies::hex, ios::basefield);

T << § << endl;

gX2F

T.setf(ios::oct, jos::basefield);

T << i << endl:

a57

T.unsetf{ios: showbase);
T.setf{fos::dec, ios::basefield);
T.setf{ios::left, dos::adjustfield);
T.fi11('68')

T << "f911 char: " << T.fil1{) << endl;:
fill char: ©

T.width(10);

+470000006

T.setf{ios: :right, Yos::adjustfield);
T.width(18) '

0oACeeR+47

T.setf(ios::internal, djos::adjustfield};
T.width{18);

+3aBaRRR47

T << i << endl:

+47

T.unsetf(ios: : showpos) .

T.setf(ios: :showpoint);

T << "prec = " << T.precision() << endl;
prec = 6

T.setf(ios::scientific, jos::fioatfield);
T << endl << f << endl;

2.300114E+06
.unsetf{ios: ;uppercase),
<< endl << f << endl;

— -

2.300114e+86

T.setf(ios::fixed, ios::floatfield};

T «< § <<« endl:

2300114 . 508800

T.precision(20);

T << "prec = " << T.precision() << endl:
pregc = 28

T e« endl << f << endl:

23680114 .50000080000000000004
T.setf(ios::scientific, ios::floatfield);
T << endl << f << endil;

2.38811450000000000000e+36
T.setf{igs::fixed, ios::floatfield);

T << f << endl;

2308114 .50908000000000008080
T.width{1@);

Is there any more?

T.width(4@)

0RACOHAEILE0DO00B0AGREIs there any more?
T.setf{jos::left, ios::adjustfield);
T.width{4@});

Is there any more?8G0000000000088060R600

BRAEAX i H SO R AT LR B 2 ek A Sl R e X T B B R R ARG SEL A M . AT



114 By FAC++ A

49 BYHET

MBIEREFRILIEL, AR R AR BCGE TR AR U RIER U K Z k. CAER&EM
GREEES . C++IESRMETRAXLTHRA, XA AT LSRR R R 5 & KR
FfTheE. BB T-HEHEREHE, HANUE—ATFEXHRAET PREERIENEK
M R 56

BUR T BT RAREN AR (KR SEER. Bln, SE-DRH&RERREA
endIby, THTHKHEAT 0478, mBEMNH THE (B, HFEEmmig X b idd
F A EMUMARAE RN ). WA B RERIER:

cout << flush:

X SIR2E B A e Fcflush ) RYEITEA . BD

cout, flush{};

(AT APEAEMERA. ) HArELBUE 7R TR EN Hoct (AZEH]). dec (+iHH])
Bchex (+7dtEH )

cout << hex << "@x" << i << endl;

BEgkixctt, LUGMSS IBEska i ks, AEsde. atrmtkdis
Adec#oct ¥ ETRE, .
B AETE— b SR IR ERRIVE T, 'BLL Iz 24k

Cin »> ws;

REEHEMBIB T L fh<iostream>hE X . ©dec, octfihex, 45T
setf(ios::dec, ios::basefield). setf(ios::oct, ios::basefield) fisetf(ios::hex,
ios::hasefield), {HA{F T HE. Ty it<dostream>Fhiadws, endlFHflushi) & 7E
ix B IR K iR A ] T

RN T fF A
showbase MM BRI BRI ES (dee. octithex)
noshowbase
showpos WRIERATAMIES (+)
noshowpos
uppercase IHABERA~FR TR, FR2 AR THhERKEE
nouppercase
showpoint I RTE S S M A A R R0
noshowpoint
skipws B it A 5T b
noskipws
left FFRF. A BEAE T
right HAA. W AN T
internal BTN ER 0 S AR R e -
scientific FHP AN AR AA (B EEvs 2000 )
fixed

4.9.1 HHHIRHUNTF
AOAFRHELN S HRMR T, setw( ). FERBIRE 7724 <iomanip> b 3,



F4F HA#HL K 1is

TFRAMXERDTE T T L4

RANT £t H
seticsflags(fmtflags n) ™ TN s dsetf(n)y. RENE -SAET, A8
T -iigEE LNy . wmif] ios:setf( )
resetiosflags{fmiflags n) EEdHnfc RS b ERE. A0RE AR, BB
— it B, {niYAlios::unsetf( }
setbase(base n) PR Sn. nWRIA410. SR16. (MNEELAnMIE

H AN A A E AH0) MEafI{E A0, D% LSRN0, _
{ids AEMCIEEHIMIL:. 1040, 010268, Ox{UH15. A
Ll Hdee. octfthex

setfill{char n) EFE A FHiE AN, gfiosHI1()
setprecision{int n) M fr TR BRI hm, ERiRios:iprecision()
setw(int n) e B hn, sif#ios:swidth()

I RRE b IR IE PR AR, T AT, 5 B A PR 71U TR R 38 6 1) o B PT LA

Eefl. XEMHATHRIEFES TaEERs. (BFPHERTDOYE, EFRANER
B %)

i/ {B4:Manips.cpp 1
// Format.cpp using manipulators.

#include <fstream>

#include <iomanip>

#include <ipstiream>

uUsing namespace std;

int main{} {
ofstream trc("trace.out"):
int i = 47;
float f = 23868114.414159:
char* s = "Is there any more?™;

tro << setiosflags(ios: ;unithyf
| ics::showbase | igs::uppercase
[ ios::showpos):

trc << i << endl;

trc << hex << i << epdl

ce get << i << endl;
trc

.setf(ips::;left, fos::adjustfield):
trc << resetiosflags(ios: :showbase)

<< dec << setfill('e'};
trc << "fill char: " << troc Fill() << endl;
tro << setw(1f) << 1 << endl:
tre.setf(ios: right, ios::adjustfield):
trc << setw(l@) << i << endl;
trc.setf{ios:internal. ios::adjustfield)};
trc << setw(l@®) << i << endl:
trc << i << engl: /7 Without setw(l0)

trc << resetigsflags{ios: ;showpos)

<< setiosflags{ios::showpoint) .

<< “"prec = " << tre.precisien{} << endl;
tre.setf{ios: scientific, ias::floatfield);
trc << f << resetiosflags(ios::uppercase) << endl;
tre.setfiios: :fixed, jos::{loatfield);
trc << f << endl;
trc << f << endl;
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trc << setprecision{28);

trc << "prec = " << tre.precisioen() << endl,
t-c << f << endl;

trc.setf{igs: .scientific, ios::floatfield};
trg << f << endl;

tre.setfiios: :fixed, jos::floatfield);

tre << f << endl;

tre << f << endl;

trc << setw(l@) << s << endl;
trc << setw(40) << s << andl;
tre.setf(ios::left, ios::adjustfield};
trec << setw(d49) << 5 << endl;

Y FA i~

BATUER,. XM BT hA 208 Y, 2 £1I008H3) - R SHBAEMD.
B R Hrsetiosflags( JRUTRAL, HBHOWJLANERRERIRG . B TR H#E
FEsetf( ) frunsetf( )H.

o} 460 Y R 0 FH R B setw( B, HyH AR A bR B B — AWkt S, R bR R
S& @ ifsetw{ NS HARLLE, HIBLBRER R ER T ERANETE SRS R0 E.
fit 52, setw{ HENISA MmO EN S XRFH $ . RRE, SHARE Hsetw( ) H BT
ZE, RTEIRFHSHEEY,. THEHHFAFRESBIEH Trx—4: |

A/ CB4:InputWidth.cpp

// Shows limitations of setw with input.
#include <cassert>

#include <cmath>

#include <iomanip>

#include <limits»

#include <sstream>

#include <string>

using namespace std:

int main¢) {
istringstream is("one 2.34 five"):
string temp;
is >> setw(2) >> temp;
assert(temp == "on"}:

is >> setw{2) >> temp;
assert(temp == "e");
double x;

is »> setw(2) »> x:
double relerr = fabs(x - 2.34) /7 x;
assert(relerr <= numeric_limits<double>;:epsilon()};

Y i~

MR E— S, Bisetw( )ERBITHERREZANED, BREEES/ K
RIS K. B IRIBHURE T T/, ME2ig RN RR T 45, REEEREEHIER
AR ZEFAoperator>>( M ASKBEMNFER (Bdetiskipwstrt). BRifj, Y
REER— 8, Pliniglix, FEfsetw( JRBEEBRTHFAITH. FTHARK.
setw( ) RiE M T 47 3 A aL.

492 SIEBRANT

A, EZEROHRECHRIE T, MARIEIRBLAYE R, AEsk (T,
zero-argument ) BMBIAE TR~ Fsk, Plinendl, ¢ HELlostream* R 15 Al HE %,
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B E{E A  -rostreamIFT RIS A%, endlIFERE4:
ostream& endt{ostream):
BAE, X fFiEM:

cout << "howdy" << endl;

B, endlfr=dizpfds i, RIFEZEME, “BEFE TE, L0 DERBEYIRLEEA
7 " kXt<iostream> W LRENTXH LIE; XSEEERIEAETF
{applicator) {RIAEMHF - -TEREAERNEFKZE), “HEFBHEME RS, HEFE
ostream M REAHBCRES. HxE, THEMEM AR F-EaoMalERIETN; MUFE
AUEBINE e, XWHE -4 (HE)) ostream iy AE THIHLD:

ostream& gstream: ioperator<<{ostream& (*pf)(ostream&)} {
return pf(*this):
}

EhRBE RS RS SR A -2, XA TR TiEE AR, S—4E¥, o *pf
(LI AZE, REEMSIA), #EAS—NKPR, AR EENEAE TR, 2RHiT
pfEE{aR DA . 1i0s_base. basic_ios. basic_ostreamfibasic. istreamf);; F %
FARBRIECH e TiAE 5L .

TEFT— AL S A B R T L m AR R, FlhalEg T - EnlRgE
+, EREHRETERVEA R (Lt X MRUAE T ARIZE, T iendlfif):

Fo CAd:nl.cpp

/7 Creating & manipulator.
#include <jostream>

using namespace std;

astream& nifostream& os) {
return os << 'n';
}

int main{} {
cout << "newlines" << nl << "between" << nl
< "pach" << nl << "word"” << nl;
Yy A~

LiEANR - incoutit BN

cout.operator<<inl} =% nl{cout)

. 05 << ‘\n';
fEE$nl( YN# i fostream: :operator(char), ERE—AHHE, X R RN
nl()iEE, ©
493 BHEF

RECZEH, ERHEVRVETRASOE. AR OMORESEOBIETR? mE
HF Lk <iomanip> |, BE&RI -FHfRHsmanipfi A, iR RENBEIET, 2
ALFRKEG HsmanipE XL ACHHFSHEVBRILE T, HEBFFEXHGE. BAHRY

© ACnlELHRTHZH. 2K Ainline(NK) A% .
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smanip2 & T RELAR, FLIAREBEYE. Fizfvk, WEERdIerry Schwarzi
U 2 R 5 (effector) RIS AR B L7 FHLBSAMBIETF. ° T HAE TR

ARREIE, RRAERRTURAN LTS, IANFHBHEE TIRETEMERE,
HEEASFFPEREHoperator<< —BHAFIES . XBRA-TEAATENETH
BAFEF. SRR FE L — RS Ef R, B2 RRARE UL RS R — 5

/7 CR4:Effector.cpp

f/ Jerry Schwarz's "sffectors.”
#include <cassert>

#include <limits> [/ For max()
#include <sstream> '
#include <string>

using namespace std:

f4 Put out a prefix of a string:
class Fixw {

string str;
public:
Fixw(const stringhk s, int width) : str{s, 8, width) {}
friend ostream& operator<<(ostream& 05, const Fixw& fw) {
return 0s << fw.str;

}
},

// Print a number in binary:
typedef unsigned long ulong;

class Bin {
ylong n;
public:
Bin{ulong nn) { n = nn; }
friend ostreamé operator<<{ostream& os, const Bin& b} {
const ulong ULMAX = numeric_limits<ulong>::max():
ulong bit = —~{ULMAX >> 1}; // Top bit set
while{bit) {

os << (b.n & bit ? '1’ : '8");
bit »»= 1;
}
return os;
}
}
int main() {
string words = “Things that make us happy. make us wise";
fortint i = words.size(): --1 »= 8;) {

ostringstream s;
5 << Fixw{words, i):
assert(s.str() == words.substr {8, i));
1
gstringstream xs, ys;
x5 << Bin(@xCAFEBABEUL}
asserti{xs.str{) ==
"119¢""1816""1111""31118""1811""1816""1011""1118") ;
ys << Bin{(@x7654321alL);
assert{ys.str{) ==
“@1117"4118""3181" 010" "PH11" "E91e" """ 0001""BEAa "),
Y FAf~

S Jerry Schwarz 28 A B iEADiE ] &,
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R Fixwiy i1 e B Gl B char* 28080/~ v 4 0RO UL, i or 40 sl BORE e GV 5 I
REME. EfSE Hoperator<<{fiE20 2K MR FINFixwt S AR E 14 S5
ostreamif @5, A Flostream3t s, FLLERBE M ERFERTER, U4
FikFop{d AFixwht, #0 T AT

cout << Fixw(string, i) << endl:

% IR R FIxw R R B R — - Fixwis st &, X/ Hab 3t 28k (4 Sroperator< <,
CRIERIY THEHARUE 7. EMNFixwHREXFIENEZRANE-EHTE.

Bin HE TR -5 FBRIfSHFEHEZdMEnEirdrFE. sEMEN
numeric_limits<unsigned long>::max( ) (4 unsigned long# 15 {EH, fFEini
Ltk <limits>rhE L) FIHBGEESE -ME, HEXTENLEREAT B Rk o
BiRWE T (BUAS, RKEKBRE . ATBEATEY, AECSEREOPHFHFRXT
H3; WMFRSFO AR ETFBRAAR--PFERHP.

I A AN ERE:  — B hchar* @3 TFixw¥ £ & %unsigned longf|# T
Bin¥ R, MAAFFAFIXwREZBIin X OB ARMEME. R, EHLAFZERGEAE
BRATFET . AAETFARARETHAER, FEENATLR X BoGaE R EE. R R
EANREERGAEFAREMR, REERRBINE TR ME.

410 HNEH R

P BB T, RS FER T AERIRERMIR. REGFERSLHEF NI
H (UNIXT R gy, sedfawkdiifr B F G, A8 S0ETHE), |2
—RERXET A -SRBRYE. sedawkaEHE8,. Wi H REAE e FH BeufT. ¥
B ARERATHREAMKE, RELFIN--TIFANEEE. RRARURRSHERF
BAXEEH: BEREE. THEERMREE.

4.10.1 #HFAERTHAHE

—RER I, e —RE, EEHETSNEIERENAE: ENFEHELEName.h
W, MR R &R ECH Name.cpph sy . XEHEHENTFER: — 5
FREVERSERE (X RREFEREEHPRIREER), wH AP ROmALEIE DRl a R
REREFH, (ERARERIESAMENANREBRFAEEFEN. xEBEREAR, LA
FHESWmEL—THiRER)

XA BT U — Sk o/ A R, ek CEER R B gt . g
RIHCEGEE, WHXERTREF G, WEXFEAFAENER&EORKIEIZET.

£/ CO4:Cppcheck.cpp

// Configures .h & .cpp files to conform to style
// standard. Tests existing files for conformance,
#include <fstream»*

#include <sstream>

#include <string>

#include <cstddef>

#include " ./reguire.h"

using namespace std;

bool startsWith(const stringhk base, const string& key) {
return base.compare{®, key.size(). key) == B&;
}
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vaid cppCreck(string fileName} {

enum bufs { BASE. HEADER, IMPLEMENRT., HLINE1l, GUARDI,
GUARDZ , GUARD3, CPPLINE1l, IHNCLUDE, BUFNUM 1}

string part[BUFNUM] ;

part[BASE] = fileName,

/f Find any °"." in the string:
size_t loc = part[BASE].find(' ."'}):
if(loc !'= string::npos)

part[BASE}.erase(log); // Stirip extension

/7 Force to upper case:

for(size_t 1 = 8; 1 < part{BASE].size(}; i++)
part[BASE] [i1! = toupper(part[BASE][1]};

// Create file names and internal lines:

part[HEADER] = part[BASE] + ".h";

part [IMPLEMENT] = partiBASE] + ".cpp"™;

part[HLINE1] A4t "0 "+ part[HEADER] ;

part[GUARD1] "#ifndef " + part[BASE] + " H";

part [GUARD2] "#define " + part[BASE] + "_H";

part [GUARD3] "#endif // " + part[BASE] +"_H";

part[CPPLINEL1] = string("//") + ": " + part[IMPLEMENT]:
part [INCLUDE] = "#include \"" + part[HEADER] + “"\"";

/7 First, try to open existing files:

ifstream existh(part [HEADER].c_str{)),

existcpp(part[IMPLEMENT] .c_str{));
if(lexisth) { // Doesn't exist; create it
ofstream newheader{part [HEADER] .c_str()):
assure{newheader , part[HEADER].c_str));
newheader << part[HLINE1l] << epdl
<< part[GUARD1] << endl
<< part[GUARD2] << endl << endl
<< part[GUARD3] << endl:

} else { // Already exists; verify it
stringstream hfile; // Write & read
ostringstream newheader; // Write
hfile << existh.rdbuf{);

// Check that first three lines conform:
hool changed = false;
string s
hfile.seekg(8);
getline{hfile, s}
hool linelUsed = false;
// The call 10 good() is for Microsoft (later too):
for{int line = HLINEl; hfile.good()} && lina <= GUARD2:
++1ine) {
if{startsWith{s, part[line])) {
newheader << s << endl;
lineUsed = true;
if(getline(hfile, s))
linelsed = false;
} else {
newheader << part[line] << endl;
changed = true;
linelUsed = false;
H
}
// Capy rest of file
if{!linelUsed}
newheader << 5 << endl;
newheader << hfile.rdbuf();
/¢ Check for GUARD3
string head = hfile.str(}:
ifihead.find{part|[GUARD3]) == string::npos} {
newheader << part[GUARD3] << endl;



Fa4F BABHA 121

changed = true;
H
// If there were changes. overwrite file:
if{changed) {
existh.close();
ofstream newH(partL[HEADER] .c_str{}).
assure(newH, part[HEADER].c_str{)):
newH << “//@//\n" [/ Change marker
<< newheader.str{};
}
}
if(lexistcppy { // Create cpp file
ofstream newcpp(part[IMPLEMENT] .c_str(})),
gssuref{newcpp, part[IMPLEMENT].c_str()};
newepp << part[CPPLINE1] << endl
<< part[INCLUDE] << endl,
} oelse { 7/ Already exists, verify it
stringstream cppfile;
gstringstream newcpp;
cppfile << existcpp.rdbuf();
/4 Check that first two lines conform:
bool changed = false;
string s:
cppfile.seekg(8);
getline(cppfile, s);
bool linelsed = false;
for{int line = CPPLINEL:
cppfile. good({) && line <= INCLUDE; ++line} {
if(startsWith(s, part(line])) {
newcpp << 5 << endl;
linelsed = true;
if(getline(cppfile, s}}
linelUsed = false:
} else |
newcpp << part[line] << endl;
changed = true;
linelUsed = fTalse:
}
}
// Capy rest of file

if(!llinelsed)
newcpp << s << endl;
newepp << cppfile.rdbuf();
/7 If there were changes. overwrite fite:
if{changed) {
existcpp.clese():
ofstream newCPP{part (IMPLEMENT] .c_str{}):
assure(newCPP, part[IMPLEMENT].c str(}));
newCPP << "//@7/\n"  // Change marker
<< newcpp.str(};
}

}
4

fnt main(int argc. char* argv[]) {
iflarge > 1)
cpplheck{argv([1]);
else

cpplheck ("cppCheckTest . h");
YA -

BEER -TAHB RS startsWith( ). AR L F IR T ERDiae—~—mnA 8 i
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M1 ES RN ALD 2T R BEONENE (R 2RAFEINSHIEIEKR)
W, BiREtrue, EERBEOTEELRAHOSIEGFHERX R X TETDIRA
partz . 5k T {E AR Sk 5 AR CRE S0 P Br AR A SRAY B R R A ATERE . n SRR
RS fETE . MR IE R SRR LS8 MU i 200 st B, Mg
KEBE P —1T. HRETERIZTWHIL. mEMEERNENAEE, WEEHEARNK
Bted. EEFNEENS, EREFEARCEFENT (ZFREPFENMARER
lineUsedfglh75). 3, FELETEH -4 OA1ETENIX {46 Hstringstream¥ % . FiLARE
B XHMNETIZMN R, SEENEHR P EBFREFE.

Hratdtbufs i LR E RS WE: BASE, HASTERRAHT RAamE4
##. HEADER, Lx{$#; IMPLEMENT. LB X (¥ R&K4cpp) % HLINEIL,
PR E T EAE; GUARDL, GUARD2AIGUARDS, kg B (guard)”
i (Biik£E6%) ; CPPLINEL, cppXiEd#y¥E147; INCLUDE, cppX#-faELi
iR .

RS AR AR (T 3, W 2818 T o A 30

/4 CPPCHECKTEST.h
#ifndef CPPCHECKTEST_H
#define CPPCHECKTEST_H

#tendif // CPPCHECKTEST_H

// CPPCHECKTEST.cpp
#include "CPPCHECKTEST.h"

(GBS TRAEFEMETERGME S, LlafiBE s ORmEIERTE. EhhtT
cppChecki= =R H I SR HEKLEABNES.)

BTN AP A ST AR EFHBTER, AR SRR BRERTHR. "TLELFF
BRBITBRFEEWRATEESE . XHdiE%RE, EXENBITEMATEHS
“Ii@j;” UEREFEAXHEL. Bt BT EATTEERRXT (ZNRF
cppcheckiiTh SBRER AR IGHEER).

4.10.2 RNHmFIREIR

AXH PR R EMEN A S AR E . RS &5 ERIEMNIROT, 9%
RISk BRme /0 BT ERE. TEROBFEB X 7T X8Rkt 8, FHEnTHEXH
GRSMIERRIT. ML H CRSRIE S LRIEXSRIFEN . AIRS S ERIRER, MHECH
BTN & BRTE XSRS X TBFEE TR e ot BT, A af
AR 7% 5 Hb 3% AR o] — A~ i A = AR B IR 17

/7 CO4:Showerr.cpp {RunByHand}
/7 Un-comment error generators.
#include <cstddef>

#include <cstdlibe

#include <¢stdiag»

#include <fstream>

#include <igstream?

#include <sstream>

#include <string>

#include "../require.h”
using namespace std;

const string USAGE =
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"usage: showerr filename chapnumin”®

"where filename is a {++ source filein”

"and chapnum is the chapter name it's in.\n"
"Finds lines commented with //! and removesi\n"
“the comment, appending //(#) where # is uniquein”
"across all files. so you can determine\n"

"if your compiler finds the error.\n"

“showerr /rin”

"resets the unique counter.”:

class Showerr {
canst int CHAP;
const string MARKER, FNAME:
/7 File containing errar number counter:
const string ERRNUM;
/7 File containing error lines:
const string ERRFILE:
stringstream edited; // Edited file
int counter:
public:
Showerr(const string& f, const string& en,
const stringk ef. int c)
: CHAP(C), MARKER("//!"), FNAME(f), ERRNUM(en),
ERRFILE{ef), counter{®) {}
void replaceErrors{) {
ifstream infile(FNAME c_str());
assure(infile, FNAME.c_str()};
ifstream count (ERRNUM.c_str{});
if{count) count >> counter;
int linecount = 1;
string buf;
ofstream errlines{ERRFILE.c_str{), ios::app);
assure(erclines, ERRFILE.c_str{)};
while{getline(infile, buf)) {
/f Find marker at start of line:
size_t pos = buf.find{(MARKER) ;
if{pos '= string:.npos) {
// Erase marker:
buf.erase(pos, MARKER.size(} + 1);
// Append counter & error infa:
ostringstream out;
out << buf << " f/ (" << ++counter << ") "
<< "Chapter " << CHAP
<< " File: " << FNAME
«< " Line " << linecount << endl;
edifed << oput.str(};
errlines << out.str(): // Append error file
}
else
edited << buf << "\n"; // Just copy
++linecount;
}
}
void saveFiles() { )
ofstream outfile{FNAME.c_str{}); // Overwrites
assurefoutfile, FNAME.c_str(})):
outfile << edited.rdbuf();
ofstream count (ERRNUM.c str{)); // Overwrites
assure(count, ERRNUM.c_str()):
court << counter; // Save new counter
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int main{int argc, char* argv[}) {
const string ERRCOQUNT("../errnum.txt"],
ERRFILE¢"../errlines.txt"):
requireMinArgs(argc, 1, USAGE.c str()),
ifargv[11[8] == '/" || argvill[®] == '-") {
/7 Allow for other switches:
switch{argv[1] 1]} {
case 'r': case 'R':
cout << “reset counter" << endil;
remove { ERRCOUNT .c_str{}); // Delete files
remave (ERRFILE.Cc_str()):
return EXIT_SUCCESS;
default:
carr << HUSAGE << endl;
return EXIT_FAILURE;
1
}
if(argec == 3) {
Showerr s{argv[l]. ERRCOUNT, ERRFILE. atoi(argvi2])).
s.replaceErrors{);
¢.saveFiles();
-}
Y ffii~

EE LA 8 Sk raR I B otk R Rig.

BEFEMAE X BIRIEA—TT, ?EEM%#?E@%%%+$?HE$%EB@%E; BEoiix —
R RARIRITI RN ZT Rk Reditedh . YA BEEFRE, 2H0#
(Bl HAERFKR), (EXMUXHEFITHE, BeditedPpINFBBIX M+ . HE,
it e R — b8 b . ET kBT, H 3 SR00H %7 bt B B0 gk
X,

4103 —I{EEpLiBic TS
XAME B T Rl DL SR iC R B R, RERREIMERITLEN Y. BIyEE
AN ERNEERE—EEREE. KDataPoint FR R A8

/4 Cb4:DatalLogger.h

/4 Datalogger record layout.
#1fndef DATALOG H

#define DATALOG_H

#include <ctime>

#include <iosfwd>

#include <string>

using std::ostream;

struct Coord {

int deg. min, sec;

Coord{int d = @, int m = &, int s = @)
: deg(d), min(m), sec{s) {}
std::string toString() const;

s

ostream& operator<<{ostream&, const Coord&):

class DataPeint ¢
std::time_t timestamp; // Time & day
Coord latitude, iongitude:
double depth, temperature;
public;
DataPoint(std::time_t ts, const Coord& lat,
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' const Coord% lon, double dep, double temp)
: timestamp({ts), latitude(lat)., lengitude(lon},
depth{dep), temperature{temp) {}

DataPaint(}) : timestamp(®), depth(8), temperature (@) {}
friend ostreamik operator<<{osiream&, const DataPointd),
}:
gendif /! DATALOG_H /// .~

% DataPointfy & — /iR, BHRFREA L HE<ctime>iE X fitime_tBRAHIE, &
HAERGELER, URSEMEEE. X RERRATTEIu8RE. T3l

/! C8d:Datalogger.cpp {0}

/{ Datapaint implementations.
#include "Datalogger.h”
#include <iomanip>

#include <iastream>

#include <sstream>

#include <string®

using namespace std;

ostream% operator<<{ostream& os, const Coord& <)y {
return os << ¢.deg << '¥' << g.omin << N
<< ¢.sec €<

.

string Coord::toString() const {
aostringstream G5,
o5 << *this;
return os.str();

}

pstreamd operator<<{ostream& os, const DataPoint& d} {
os.setf(jos; :fixed, ios::floatfield);
char fillc = os.fill1('@'); /¢ Pad on left with 'B’
tm* tdata = localtime(&d.timestamp);
os << setw(2) << tdata->tm_mon + 1 << "MV!
<< setw(2) << tdata->tm_mday << 'MW
<< setw(2) << tdata->tm_year+1998 << ' '
<< setw(2) << tdata->tm_hour << ':f
<< setw(2) << tdata->tm_min << '’
<< setw(2) << tdata-»>tm_sec;
os.fill(' 'y: /f Fad on left with '
streamsize prec = os.precision(4);

os << " Lat:" << setw(9) << d.latitude.toString()
<< ", long:" << setw(9) << d.longitude.toString()
<< ", depth:" << setw(9) << d.depth
<< ", temp:" << setw(9) << d.temperature;

os.Fil1(f{11c);
os.precision{prec};
return os;

Y Fffi-

f# Fl i B Coord::toString( VR BER, EhFDataPointiH AFFER N2 EMEEE
2 BB T setw( ). TR Coordat & MFHEAL, TERNEIREA (NEAK
¥ Coord::deg) A%, FEALESEE SR rAEE. M RN setf( Va5
¥E R R R, Brprecision( )iE B A/ NS S RIS AL I A, EHERE, BT R
o e AP 2 AT B T T P AR e |

$HAF FEfsEDataPoint: itimestamp 1% A~ TR A KRR KA, wTLAE B B 3
std::localtime( ), 1% & &R B 5 rims & A0Ep &g, SWmAR (EX) T
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struct tm {

int tm_sec; // 8-59 seconds

int tm_min; // 8-59 minutes

int tm_hour; // ©-23 hours

int tm_mday; // Day of month

int tm_men; // 8-11 montks

int tm_year; // Years since 1900
int tm_wday,; // Sunday == @, etc.
int tm_yday. // 8-305 day of year
int tm_isdst: /7 Daylight savings?
b '

1, 4 &K A8
X B AR R ST — A TR R B e (E Rwrite( YEK ), EH

DataPointifi AT r ASCISF A 24, LB X EKEERBAEE L, BLUIH
HRERTEHE.

ff: CB4:Datagen.cpp

/! Test data generator.
f/{L} DataLogger
#include <cstdlib>
#include <ctime>
#include <¢stiring»
#incluge <fstream>
#include "Davalogger.h”
#include ", . /freguire.h"”
using namespace std:

int main{) {
time_t timer;
srand(time(&timer)); // Seed the random number generator
ofstream data{"data.txt"); ’
assure{data, "data.txt");
ofstream bindata("data.bin", ios::binary);
assure(bindata, “"data.bin");
for(int 1 = &; 1 < 1088; i++, timer += 55) {
/7 Zero to 199 meters: :
double newdepth = rand{) % 206,
double fraction = rand{) % 188 + 1;
newdepth += 1.8 / fractien;
double newtemp = 156 + rand{) % 208 // Kelwvin
fractioen = rand{) % 188 + 1;
newtemp += 1.9 /7 fractton;
const DataPoint d{timer, Coord{45,28,31).,
Catrd{22.34.18), newdepth,
newtemp)
data << d << endl;
bindata.write{reinterpret_cast<const char*»(&d},
sizeaf(d)};

Y A11

XifdatatxthASCINER. RANGF S & G EMMACHF, X frdata.binsh —3f $ili
A, KSR HE R ERE losbinary sy th3cth . 4 TR A R AR LR,
& B4 X data bR ITANE (FBFTRREA TR RRE . FUIET T8IT):

8742842003 12:54:40 Lat:45*26'31", Long:22+%*34'18", depth:

1€.0164, temp: 242.9122

PR CRE i Frtime( ) TR B WA Z At A R E T et B S HIEAime_tHNE, &
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KEHREFE L, X BERZMI70%ET H1TH00:00:00 GMT (Aquarivs (KFEERE) FHLRY
BH?) HHRIODHTEIE. FIARECHNE R srand( MESREHL L ™ £ 85 RiE B YATh
A RER T EN RS, XEAmE.
285, BtimerEh 23 W55, 78 HailliRigiE 2l A i Rl k.
FERESNSEMNSEERAGREE. ErmRENKEELEENFENRE. &EM
BEEAFRECE &rand( )=, ZRAFEE 4T FINHEBTREFSEHNEER

RAND_MAXZ @i {4REHLE , RAND_MAXH & (—BAFERFEEEHERSEBESR

Aft) 3t <cstdlib> e L. SHIERBMHRMMIEIRGIE - HZRN&EERRN, EAR
BEEN% (ARSI ATEEM ERERE. XSRS EE. A THERN
NSy . B2tkiBRrandOU A/, EHREIREM— /B ISR B5 EERECHFRIR).
AEFd, thdata.bing AEHER S, REXITRERJRFETHEARAZRAMSP,
e Fewrite ( )IEEABLL RS H B E. RERE 142 EER IRV EREN—
EE B ENIE R Sehart kB, 4@ Ewrite MEHEFHE (narow stream). ¥240%
BRESHNEARE, £ FhetkDataPoint X5 &mk/h (B—4E, HAHE
AR F F#A). FAh%XDataPoint &334, Ef'uﬁﬁlﬂjii/i‘*ﬁsﬂﬂﬁﬁﬁwﬂxzigrmiﬂ
. MSERHEBER, WLHEH L (serialization) &1, EEHIERAEIRS AR,
ELLE R E SRR 2 LFHISEH . (REFA SRR fT—RBo LIt HERZER
- BT AR RAEEN.)
2. Bhe &k ik | |
AL BB AT BB IEFetE . ATLLRSR A TR R R Eidread( ) A 8RR
A%, REfEs i Datagen.cpp AR CACHREATEHR. TREHFIBHEACRIER
HiiElcout, {HikFLAMEZSEMHEBFRAH 1 3XHd, REAXHELRE "SHEF" %
HIRE, KB XHESEDHN AR T LR
/71 CB4:Datascan.cpp
J/{L} Datalogger
#include <fstream>
#include <iostream>
#include "Datalogger.h"
#include ", ./require.h"
Ustig namespace std;
int main() {
ifstream bindata("data.bin", ios::binary)..
assure{bindata, “"data.pbin"):
DataPoint d;
while(bindata.read(reinterpret_cast<char*>(&d)},
sizecf d))

cout << d << endl;
Y Fif i~

411 EERW

BE, STk A —A-F2L. B, BEHANBENSHTE, XEREMRAEFERE
EMIESHETEST. FE20ML80FE/, ChrEERSMMA THIEXEFREF X MM E
s (locale) BLABIRIX#F. BTN AR AR m—- Wit , miBAEHEEH MR AR
s A AR, E20H4200%548, ChfiR ASREBHICE XL FF (wide character) (3
Awchar_t#5R) RETRREEAREC, FIFXSRE XHFIEASCII AR, —RATHA
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BRIEECE. REEFERSSROXDHFRES%, HE—-SRERES L2 M F R
KB, TLAMR R — R4 (Unicode Consortium) #RISHskEE, B hE R T EMH
PRUECHSUE LN ZETHETE. CH+EBTFHFMEIE (locale) FFF, HERAZELI TH
ARk R,

4.11.1 FEFE

EF## (wide stream) Z—AaEIBLEEFFKSL. BArSIANFAREHTF (BTHE3
e F TS ANIF 740 ) SiERAF LB charkBHIF (narrow) FFk. A%
RIREATRERE R, SEMTHRERFRER, ML —-RFHEEREE. fia, T
W ABMARAE S L basic_istreamiEfk @ -

template<class charT, class traits = char_traits<char?> >
class basic_istream {...}.:

HX L, RIETFTENRNE L, FiaRARRERIZERIESL:

typedef basic_istream<char> istream;

typedef basic_istream<wchar_t> wistream;

typedef basic_ifstream<char> ifstream;

typedef basic_ifstream<wchar_t> wifstream;

typedef basic_istringstream<char> istringstream:
typedef bBasic_istringstream<wchar_t> wistringstream;

Hofth i A WA L 240

BREZ, BEHAXELRTLIGRAREEFRAVNE. AEFELAENMobER. BERER
i char R fiwchar AR FITAE E B LR AHEE . LLEHABTaH, hnfg
MeE#stremp( ). MATHSTREFA LA Ywesemp( ). (FioEX SRR ECES
FRIERAET, XEEHAAERRS, IAOERRATELAE M) EEYHE, —8
R THEN RO E RN A fstremp( ), XEEEIA—FhbE, (FRXE#Y
AT LA BT IR R EL BRI A B ERIE 2 Rk .

R ERBEOEMNEFHERRAI - FOMR. FFAmRERBEEL—4
char_traitsti{f, FmEEIRLRLTHAN, XMEERFBRZE X Tchar (F25%) #
wchar_t (HFHR) X8, HEFHEEFHMH, basic_string 5 8 Atraits::compare( )
(REFEE Hitraits R BIERIE 24250 ) . traits::compare( YEAREF AHFF4 15 H
stremp( Yskwesemp( ). (3t-Fhbasic_strings{i, X — AR LKW )

AHRH R 2 b E Y, REE Yichar_traits, {E A @R TARESEE.
SATT, A THBRBR LT, FEREAMBRAESCHER ., LN AEEE TR
EAREMEMER. .

ARBRER, Bl TEEFHRFSIANEDatefFHAN. EHRBELNT:

cstream& operater<<(ostream%, const Date&):

ZAEAFREATREFHE. ATHERARERE, BERLEXLRE Thasic_
ostream [ Bl :

template<class charT, class traits>

std::basic_ostream<charT, traits>k
operator<<(std::basic_ostream<charT, tratts>& os,
const Date& d) {
charT fillc = os.fi1l(os.widen{'8')};
charT dash = os.widen('-');
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05 << setw(Z) << d.month << dash
<< setw{2)} << ¢.day << dash
<< setw{d} << d.year;

os. fili{fille);

return as;

}

%, LHEEASEESEcharT#ifichark Fifille, B Hfillefy 7 B (T S 3G 5
Lt ¥ 25 chard £wchar_t.

A SO SRR A AE AT R R, LA RES - E I T H ek ERER
BoA TRk A NS T A . R @A widen( ) HAOBIXW TE. W, HEER
widen('-"RIBMREFHSEHTHL - (XFiEHMY Fwehar_t(-)E%), aRkAEF
TFEMNA TG . K2R REE, E¥narrow( MEFEFFHHR K chark iy,

A LL#E Awiden( ) 4 A HArEHE R ENERFFAFRE— 1A m&4 B FanE k4

remplate<class charT, cliass traits>

basic_ostream<charT.traits>&

nli{basic_ostream<charT,traits>& os) {
return os << charT(os.widen('\n')};

}

4112 EEHEER

AR E KRS 2R &R FIAE . £ 28 B EOn st e/ N By B R R A
s £XE, —THSRF-MMIA, HREF ERFUHRKMESTEA/NEA . WA
A4 R ER R H Borno BE L ARRSER, XA ToTHEN. XER—RERBHRE
TR X A 1R

ERAIHMR A B A (locale). B—RAMAMEBRARMRIRI R, KER AR H AL
ARABRCAE R TORENRR. — K8 H — R PR R & A BRI BoR
W, AT

o £ B
collate b 2 R NE AR o] s S sk
ctype HFFFRAR <cctype> Fp Il AR FET R
monetary ZREMERMARELEFR
numeric FETHEOARRAND R, WifHE O ES) sl (BT B2
time 1R 8 B A R K MR F B TR
Mmessages HELBER TR EAENEEBR (mAEES FTRHLEEE)

THEBRFEHA T 4 XSt RRrTA:

f/: C@4:locale.cpp {-gt+}{-bor}{-edg} {RunByHand}
ff Illustrates effects of locales.

#in¢lude «iostream>

#include <locale>

using namespace std:

int main{} {
locale def;
cout << def.name() << endl;
locale current = cout.getloc();
cout << current ., name(} << endl;
float val = 1234.56;
cout << wal << endl;
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/4 Change to French/France
cout.imbue(locale("french"));
current = cout.getloc();

cout << current.name() << endl;
cout << val << endl;

cout << "Enter the literal 78%5&,12: "
cin.imbue(cout.getlac());
cin »> wval;
cout << wal << endl.
cout.imbue{def);
cout << val << endl;
Y fiFi~

BRI T

C

C

1234.56

French_France.1252

1134,56

Enter the literal 78%©.12: 7898,12
7896,12

7898.12

BIAMRE A ‘C" Kk, ROMC+BFRASEL£—HEAN (B4 LEKIEMRIEXL).
BN IHES “BE (imbue)” £ “C” KMHFHET. KAHEKIimbue )ik T —4
W AWK SR, EEEAMET “E" KREISO (HbirdEfe@ ) bivefk (AEXRE
KM “HHET M THBERREN “%iE”). XTAFIRBAEXMERT, SFrh
ARES R . MBERAXME BN T HTHRA . EERcindiE R4 EAX R T TIE.

AR B F R ILA AR, BASUREDRE — S B T B R TRE SRR .
fFlin, HFtimef SHGKAtime_putfitime_get, ‘E{19 WEFHTH IR, BRINEA
(input) 4 (output) HEFEY%. W EFmonetary L& Emoney_get.
money_putfimoneypunci, (moneypunctE T#dPHIRTHS.) TRAOEFRY
Tmoneypunctifi. (timefiSESEHE AR A0%A%, 8E THAENITIRER.)

//: CO4 . Facets.cpp {-bor}{-g++}{-mwcc}{-edg}
#include <igstream:>

#include <locale>

#include <string>

using namespace std; .

int main() £
/f Change to French/France
iocale loc("french"),
cout. imbue(loc);
string currency =
use_facet<moneypunct<char> >(loc}.curr_symbol{);
char point =
use_ facet<meneypunct<char> »{loc).decimal_peint();
cout << "I made " << currency << 12.34 << " today!"
<< endl;
Yy A~

et T i ERE RS /N BUA o R

I made (12,34 today!
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BEMTE A RS EEN ACRE S, P HE XL, RIS 2 0.

b, SRR T KT AR C+ IR R R B, LAGERE AL 2o (8 R Aofk: o= A TR
RpEMRE, ©

442 gt

AT 8 TR A BT IE . WAL 2RI N BT LU R 134 (0 AR A B0 HH A )

BERFOEE. R, WSRO — MR RFH, R T RS AR Rk
RN 4 A% SRS A B B P e 2 IR S5 UK

413 &3

4-1

4-2

4-3

4-5

H— Aol pyifstreams £ 3T FHICHE. Bl —ostringstreamt &, 5 HH B
B s Frdbuf( )igiz 2PN ABostringstreamXt R . RIS p KA
steing# 1, ERRECIES L Tk <cetyper> 2 L Etoupper( )-S5 TR
ARE. HEREHB—1FH L.

BEEF: fTH—T X (i‘f‘?«’&ﬂfi‘bfﬁéﬁﬁjﬁlﬂﬁﬁ) I S iR A
FIEE—Afid (fEASHEHIAEGST E). ﬂiﬁtli)\—- THR R GEETS
) 5 HicHd.

WE- TR BN CEEEN AR CENTRGE, SEERETERFS
SITEBEN.

EHEOCERHXFARERF (Zngrep), HiH e & —Frk R B A ORI 4
(e R). EFREEHUA—-AFXHE. A5 —4T8F, B BXtENnE
R — AL SO, X AR E R XA RERFRBB ., AR E%
IR 1T 4R .

B 5B 8 Rlsetw( ) LLIRBIZA THM R/, H20WIZEZEATHHRERE
B ME—TEAET, FERATLE ERBRETFRAMNEAE. ZSHETFHATLL
HiTEwd . B, XTAAE TSR DM E, mRBE LRI
MixHE.

MEFUTHTERE: mEABkBa#iRrbiEg s, MERRT AN, ##r
BNl % .

AFFREREHBRBAESTH, TITENHH—=ZORH. BE—-TBF, 7
stringstreamiZ i B4, X TEFMatoi YHER, CIEREsiringstreamisii 7
FH R EIERTIRAN .

WE—A-sfPerson, ERPINBROS AT, £, BiFE, KPR HaERRA

AR SUARUEIONNIHE . BRICRNXBFAHGHIESE (RERE&SS). AT
Alff12kDatabase:

& (BYiEEE Langer & Kreft) & (k.

S {0, 25 DinkumwarefAbridged MESR HE btep/fwww.dinkumware.com. X4 %A £ $flocale, #HF
2 3¢5 A o] 3BT .
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4-9

class DataBase {
public:
ff Find where a record is on disk
size_t guery{size_t ssn).
// Return the person at rn (record number)
Person retrieve(size_t rn};
// Record a record on disk
void add{const Person& p):
b

- Personid FE SR (AERXLDRAKEANED ). YHAPTER, NEdT
X Sin R ik E B M. DataBasezk VO EME Airead( YFiwrite( YL EFH
Personitst.

hEEHIPersond T —/ME A foperator<<, SLHLMHEARICHRAEIILERRT.
ST S SRR B B Sr i BOR iEE AT R R

4-10 BETEELHPersonEIREERT , Har— R L M SO EFE. £/

4-11

4-12

4-13

XACH-E SR, R PEREREE.

1 000 0007k size_t(-1) (#EESHENREXMIETSEHunsigned int) —14-
AT, BELLTHEIRATS1 000 000f4ksize _t(-1) 3 — 4RI . BEERAX
iy dsh, B AR AN S LS. (BERTFEERETRHAEACH
BIEES LA £ZE.)

FTEN— /AT HE M dusqri(2.0)8, Eit EE R in&¥precision( YWERIE, HEMA
B LA BRE SO B s kA 4.

BE—/FRF, Wi A —tescl, HHBR GTHD) XEEMn. FTHE. &

MEFEAIE.

TESRAT R, FE W0 R AP RS AR

/f: CBA:Exerciseld . cpp
#include <fstream>
#include <iostream>
#include <sstream>
#incluge " . _ /require.h"

using namespace std;
#define d(a} cout << #a " ==1t" << a << endl;

void tellPointers(fstream& 5) {
dis.tellip(})};
d(s.tellg());
cout << endl;

void tellPointers{stringstream& s) {
d{s.tellp());
d(s.telig(d);
cout << endl;

int main(} {
fstream in{"Exerciseld.cpp"};
assure(in, "Exerciseld.cpp").
in.seekg(1a);
tellPointers(in).
in,.seekp{20):
tellPointers(inj;
stringstream memStream(“Here is a sentence.");
memStream,seekg(16);
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tellPointers{memStream}

memStream. seakp(5)

tellPointers (memStream) ;
} Fif~

4-15 B T HE AN F b U7 R BB el S ik e fr i R

ff. (B4 Exercisell. ixt

Australia

SESH, 7667230284  Langler ,Tyson.31.2147,0,80042117361
2B97,7586761,0neil11,Zeke ,553.429,0.00874673053156065
4D75,79087252710 ,Nickerson,Kelly,761.612,8.010276276
9F2 6882945012, Hartenbach. Neil, 47.9637,0.0006471644
Austria

489F, 7187262472 ,.0neill Dee, 264 .812,0.680356226040013
1B65.4754732628 , Haney Kim,7.33843,8.000099815948475
DAl.1954960784, Pascente,Lester,.56,5452,0.0007629529
3F18,1839715659,Elsea,Chelsy,881.901, 8. 010819887045
Belgium

B0F ,59%3489554,0neill . Meredith,283 . 404,6.0038239127
SACG, 661294562 ,Parisienne,Biff,557.74,8.8675254727
6AD 65477882 .Pennington,Lizanne,31.0867.0.00€4193544
4DAE , 7861652688 ,51%ca,Francis, 784.751 .0, 869506996238
Bahamas

3708 ,6837424203 Parisienne, Samson,.396.164 .0, 0853445
5EQE.6384069 ,Willis,Pam,98.4257,0.088122009564059246
1462 ,1288616404,5tover ,Hazal ,583.939,0 . 987878978561
SFF3,.8828775718,5tromstedt Bunk,39.8712,0.048537974
1895,3737212,5tover,Denny,3.05387,60.000041265248883

7428,2019381883,Parisienne, Shane,363.272.&. 60490155
FHFi~

EER R R B T# sy, B8N ARE— TR AR, THRSTRL R
K- AMHEARBERE. HESOHRANR (FR) RRBITHEA RTHLNIE.
FBTAEIRESELLER_ID, #EmE, X MR EH A mitig 50, #2104
/RPHONE_NUMBER (#E, H— SR/ MR AE). #THRLELAST_NAMESM
FIRST_NAME. TOTAL_SALESR#I¥F28. B ERXTHEAANBRESLSAF
SERBMEOLAN/NMER. RERSF, EREE OHBRATARFXEHE, #
TERVLIRERBRFEMHEANRLSAS ., SHOEARN TR

Australia
“Last Hame* *First Hame* *Ib* *Fhone* *Sales” *Percent*
Langier Tysan 24158 7B6-723-8284 31.24 4. 21E-82
Cheill 2eke 11159  XKX-758-6781 553.43 7.47E-81

ferc.)
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C++ifitn i WA RIRER S T v RA—A "TARYES" (containers of T) #)
sk, REABRAMASZITHIMNAATRALEVRZLSHFEAER, 2AANCHT,
e B R A AR A T KA, XA T L SRR SR A TR R AL AE A i AT

AR E AN AEREERARCH+P R BRRRIERED (LIRER). T 58K
BARKMICHHE TR AR M E o & ST, FIRE Wikl Daveed VandevoordefiiNico
Josuttis® Fr R IR AR AT 15,

51 HHESH

EANFEE 1S R HUAREE , BURA WS mRBBERAIAEHR. ZEFLHENNEEck
ST BT RRSRERT TRATZ—

AR (RERAFKEREVRELM B ELEE).

DHIEMFEAE (Flan, BY. RS ECENE I, AR XRS5 H).

3) Hof AR .

F1H T H NG FHETEIEL, LR SEEARNERRLIE & EHRM
HRCRFLIER R Stackk ., (ERHA%, StackH S 5EZPH BT RITETZET LK, &
FHxSEE M T ANR RN, ETXANMFER, T I RUSHEARERQ
&R

template<class T> class 5Stack {

T* data;
size_t count;
public:

void push{const T& 1);
/l Etc.

}:
EAFrEfiStack L fRE AR RE, dSRTHNSRIAKRE:

_ Stack<int> myStack; // A Stack of ints
SV 35 1 AN ACT A sARRE R A0AD, Mrndeft T —A-Stackiyinthk . £ x4HiF,
H A LT SE Y& F & Stack<int >,

5.1.1 FHREBHESH
— A REBBR SRS TR - RIFEF TR EE. #4101, LS — I EEEE
fuStack, fEE— TSR EARPEMBER R, OTHR:

template<class T. size_t N> class Stack {
T data{M}: // Fixed capacity is N
size_t count;

©  Vandevoorde Fliosuttis B{EM {C++ Templates: The complete Guide} Addison Wesley., 2003, jEg&
“Daveed” HH L “David”,
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public:
vaid push{const T& t);
/il Ete.

|
HREIXANERE A KER, USRNSSRl . M

Stack<int, 189> myFixedStack;

BHTNEARERE AT, AEMEH (data) U E FEFHEET AR S &
AMEE XXM R T SHENT RIS EE0E, NS TET4E. HEZEHE 9
AR, R R L L2 2 ¥ Stack<int, 100>, X BB — AN RER
[EARR - - ME— M %R, Fifn, Stack<int, 99> 5Stack<int, 100> B K44
@3,

R TRFMIHEAbitset MR, RARECHEDE R T ERURKREY (T
JE T bitset R HOAEE ) fk, TR DR A B3R OB 105 8 T bitset K MRELX
SR RRRTERENLECE RSB T A LM EF AN, BEE RS E AN B TR
WL EEHLINFIE B, X AFIF B T EH Foperator( ), ISRt — 4B B0 hEE B

/7 CO5:Urand.h {-bor}
ff Unique randomizer,
#ifndef URAND_H
#define URAND H
#include <bitset>
#include <cstddef>
#include <cstdlib»
#include <ctime>

using std::size t;
using std: ‘bitset;

template<size_t UpperBound> c¢lass Urand {
bitset<UpperBound> ysed;

pubrlic:

Urand() { srand{time(@)): } // Randomize

size_t operator()(}; // The “"generator" function

IR

template<size_t UpperBound>
inline size_t Urand<UpperBound>::operator()() {
iflused.count() == UpperBound)
used.reset{): // Start over {clear bitset)
size_t newval;
while{used[newval = rand() % UpperBound])
v £/ Until unigue wvalue is found
used[newval]l = trye:
return newval;
1
gendif /7 URAND H /77~

MUrand4: R (08 B3 —E 71, £ F Abitset usedfREX THRIHLZ A+ ( HFRIZE
AR S ) B TRk, HRIREMEAREMAE TN A%, Mk
SEMHET 2/, bitsetiBE=UEN Tk THEFH T RMES . AR -~ 4 R fn el ( FH
Urand g 5975 8 0088 2h 18 Fe -

£/ C@5:UrandTest.cpp {-bor}
#include <iastream>

#include "Urand.h"

using namespace std:
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int main() {
Urand<li>» u;
for{int i = @; i < 28; ++i}
cout << u() << ' 7
Y IA -

EREAFEREMBFNRE, TRAEERSREREEERTREIEARERE
.

5.1.2 MRS

XS R, ALUHEESERERIL (Bd) 2%, BRAREERPHATRTT. AR
RS, BINRBETL &, KiFERSMESNRNERFARHREL. —-H3IAT—
TBINEE, A ZERERS S AABINE. Fan. b 1 EaE A0 E kA
StackBEHRE A HF &%, WLUMA—ABRIASE, W TBR:

template<class T, size_t N = 180> class Stack {
T data[N]; // Fixed capacity is N
size_t count;

public:

void pushiconst T& t):

/4 Ete.

H

B, MAELEFY---Stack G EEE T HE2M RS, NATERBIAH100.
LRI LA SRR BROINE, ASEW-- A B SR ER- - BRRIES, XEHETE
WRRAEE G T - A ek

template<class T = int, size_t N = 188> // Both defaulted
class Stack {

T datafK]; // Fixed capacity is N
size t count;

public:

void push{const T& t);

/Y Etc.

b

Stack<> myStack; // Same as Stack<int, 100>

BN HXRATHMECHED . thinvector R AT

template<class T, class Allocator = allocatoc<T> »
class vector;

X, ERERMERB ST 22 . XL rRIERERHSFE (> >) @
BAGBZREH.

XATHEHREY T vector FHENT 2 — M EERFERANQSHRHARY, 545
il vectorfi Ao ELEE. EMAMEREESETH2I2E8, R Aidtallocatori®
B, EMSEREVMURSEORAE. XTFHGRY, TUEMBN R — Sz
EAEER 2%, SRR REAT .

RET T RSP EARANER S, ARSHBEREREATERBNRNEE.
TRAERERESRFIRPNA T T xE:

f7/: CB5:FuncDef . cpp
#include <iostream>
using namespace std;

template<class T> T sum{T* b, T* e, T init = T {
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whilefh = e}
init += *h++;
return init;

}

int main{) {

int a[l1 = {1, 2, 3 };

cout << sum(a, a + sizeof a / sizeof a[@])] << endl; 7/ 6
Y Hif~

sum( YWE3I N2 HEEANXE T REBERMNOGEE. BTHBTE, ITEK
SEBMACHET(), X 'd Rintdk b REEAREY, SEAT -G R BRI THHA
feiiE.

5.1.3 AR E S

AR T LAMEZR SIS R AR B~ 1R, miEEARE RS
Hie B -1k, fiERTAFTEREITRE&RE 1R, TEHAFFEHET - MEHxi
RIS 4 :

ff; CO5:TempTemp. cpp

/7 Illustrates a template template parameter.
#include <cstddef>

#include <iostream>

using namespace std:

templatec<class T»
class Array { // A simple, expandable segquence
enuym { INIT = 18 }.
T* data,
sjze_t capacity,;
size_t count;

public:
Array() {
count = ©;
data = new T{capacity = INIT]:
}

~Array({) { delete [] data; }
void push_back(const T& t) {
if{count == capacity) {
// Grow underlying array
size_t newlap = 2 * capacity;
T* newData = new T[newCap);
for(size_t 1 = B; 1 < count; ++1)
newblatal[i] = datal[il;
delete [] data:
data = newData;
capacity = newCap;
}
datalcount++] = :
}
void pop_back(} {
if{count > &)
--count;
H

T# begin() { return data; }
T* end() { return data + count; }

}:

template<class T, template<class> class Seq>

I BRI LT C ek kit s A AR o 8 =% r
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ciass Container {
Seq<T> seq:
public:
void append{const T& t] { seq.push_back(t); }
T* begin() { return seq_bagin{); }
T* end() { return seq.end(); }
I

int main(¢) {
Container<int, Array> container;
container.append(l);
container. append(2)
int* p = container.begin{},;

while(p !'= container.end()}
cout << *p++ << endl;
Y AP~

Array i EAMRERNFFIAS. Container#EiFA SN2 —1T23RACH

BHRAMBRY, BF—ABHLEREOERFRAUYFFIHIESAY. £Containersl
KB F FHE — 1715 BT, Seqrk—i k.

Seq<T>» seq;

IMRTEEFYSeq— MERARNER SR, KESRAZEXBHSeqifBh—1

. REDAMEERTE. Emain( YREAT A E S K MArray ¥l -4

Container%fil{t, Hit#FlfiISeqitkArray.
W, 7EAGIContainerty At Seqi & BT i AT RLEN. B REE R
template<class T. template<class> class Seq>
RERLAXHEE:
temptate<class ¥, template<class U> class Seqg>
Tt o R USARLEN. X BEUGES T IRASeqk — MR R —RUE
MM . X RS AL T R R iR S B RARR. A BEEENRIR et LA
M. GG EB A (H) EERMAHR

T operator++(int);

X AN R A LT, EREEA TR AR,
TEARFAERT—ARE AN, B8 — My B 2R R AN

ff: CBS:TempTempZ.cpp

// A muliti-variate template template parameter.
#include <cstddef>

#include <jostream>

using hamespace std;

template<class T. size_t N> class Array i
T dataiN]:
size_t count;
public:
Array() { count = @; }
void push_back(const T& t) {
if{count < N)
datalcount++} = t;
}

void pop_back() {
if(count > 8)
--cotnt;
}
T+ pegin{} { return data. }
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T* end() { return data + count: }
J

template<class T,size_t N.template<class,size_t> class Seg>
class Container {
Seq<T,.N> seq;
public:
void append{const T& t) { seq.push_back(t); }
T* begin() { return seg.begin(); }
T* end(}) { rezurn seg.end(); }

[
P

int main{} {
const size_t N = 18;
Container<int, N, Array> container;
container. append(1);
container. append(2);
int* g = container.begin():

while{p != container.end())
COout << *p++ << endl:
Y AAf

AR, EContainerfI =N, SeqtIEHHERLRIR LT, HEREH
P B EOR M Flseq, BILATEA BN IR S KA.

Sa—TRASENEEMNERS NS KU —SMHmE —BERE. SR3REI%
BERBREENOABEHN . MRS, Hikh 783 Ritns, 4HES
AERAZH. THHHA P, EREA/DPHArrayEE P ER T BRIAS S, X 6T
R LA FEC+HHE F Wil ROX SRR 250

ff: C85:TempTemp3d.cpp {-bor}{-msc}

// Template template parameters and default arguments.
#inClude <cstddef>

#include <igstream-

Using namespace std;

template<class T, size_t N = 18> // A default argument
class Array {

T data[N];

size t count;
public:

Array() { count = B; }

void push_back{const T& t) {

if{count < N)
datafcount++] = t:
}
void pop_back() {
ifi{count > &)
--count:
}
T* begin() { return data,; }
T* end() { return data + count; }
}.

template<class T, template<class, size_t = 10> class Seq>
class Container {
S5eq<T> seq; // Default used
public:
void append{c<onst T& t} { seq.push_back{t}; }
T* begin{} { return seq.begin(); }
T* end() { return seq.end{); }
HH
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int main{} {
Container<int, Array> container;
container .append{1}:
container. append(2) ;
int* p = container.begin();

while(p !'= container.end()}
cout << *p++ << endl;
Y A

TENENDXATIE A BIAERI /DA 10 £ 20 /Y:

template<class T, template<class, size_t = 10> class Seq>

AR fEContainerdseqfiE X, 1B & Fmain ) Fcontainery g X #BEH T EIAE-
A S5TempTemp2.cppti—HIAFES, HEEHTBIME. XEESEHRFRAOMY—
BNBRINZ B fF — A SR T N EEH I — e —— M — FafHl .

B AT FZER (vector. listfideque. EfHREETEFEATR) A —TBIA
il %, FRFEINERERDRAENYSEIN RSk FiEXEr7FSEd

I — A EREREH. TEHARFD HFiEvector B AR SR AistER LU KNET
Container) &1 L F:

44 CO5:TempTempd.cpp {-bor}{-msc}

f} Passes standard sequences as template arguments.
#include <iostream>

#incluede <list>

#incluyde <memory> J/ Declares allocator<T>
#include <vector>

using namespace std;

template<class T, template<class U, class = allocator<ly> >
class Seq>
class Container {
Seq<T>» seq: // Default of allocator<T> applied impligitly
public:
void push_back{const T& t) { seq.push_back(t); }
typename Segq<T>::iterater begin{) { return seg.begin(); }
typename Seq<T>.:iterator end() { return seg.end{}: }
|

int main() {
i/ Use a vector
Container<int, vector> vContainer;
vContainer.push_back(1l);
vContainer . push_back(2):
for{vector<int>::iterator p = vContainer.begin(},;
p !'= vlontainer.end{); ++p) {
cout << *p << endl:
ff Use a list
Container<int, list> 1l{ontainer;
1Container.push_back(3};
1Container.push_back(4);
for(list<int>..iterator p2 = lContainer.begin(};
p2 1= 1Container.end(); ++pl) {
cout << *p? << endl;

1

Iy
Y oS-

B4 TREBEESeqiiFE 1248 (EHAFU), XEEAFREFFIZAFNES &
AERSFHRBHHES A RALEEMER RN A SHTSEL. FiR, &ETRIAR
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allocatorZ 2 Cmiy, BLATLABERIRBR T —4F, ARG HSeq<T> PHBEE.
PRI, EARAEH RS XA T, BLATIE— Ttypenameik M &R F0IE L
51.4 typenameX{@=F

2 VERE:

ff: CA5 - TypenamedID.cpp {-bor}

/7 Uses "typename' as a prefix for nested types.

template<class T» ¢lass X {
ff Without typename, you should get an error:
typename T::id i

public:

void f{} { 1.g0); }

b

class Y {

pubiic:
tlass id {
public:

void g(3 {}
¥
¥

int main{} {
X<Y> xy;
xy.f();

Y A

AR GE YR E, CEPRTHEE AL HRLIdPNBERIRS. idia Ll E—A4TH
BRREIERE B, PR TCAE A T e, EHAEE “oEERId” B AR,
XAFTF A, FRIRFFdEE S ETHN — R EREE . BTRY, 105 EmE EH— T HRE
2N (FAHtypenamex @3 ), (HHEIFSERFXXNMGHREA B X,

MR B - RIRT, RS LI AR S — A8, i A —
ABR3ER 2 ST # 2 AT RRAE, MREFSHASINAXIMARTR—RE, 4
FAR, BENAZXTHRAFRIE—T3ER (KPhaEifeLiRnsE), Eg—
¥z, BRI A, HREEHEFRE —HBTATRE—IANERE %R,

HTEERFARER T, SESBRIAMITARZID—MRIRF LR — KR, Bk
Sk R A FR(E Fitypename X BT (R TEMEBEENMDBLETIRS, X2
AR AR LD ENBERRLCIFR ). ELHAF, YRFEEFtypename T::id, EiEH
B (BFX#EFtypename) idi§R —MREREY, 25 BRI X EE
27T,

BN AL BR AL 35— AR RS P BT SE A 2 B B R R B MO IR E . T a5
MERX g rtypenamefENRT 7R, RIEECLHMER LD, HE
A ER—ERRAEE AR ILTIRS GXAER T —EFEM fAtypename 28T ).

LT HER T k@ riypenameL EF TempTemp4.cppH I, #HE, REFSRT
A ASeq<T> titeratorR A 22— K2, MERFFHNER CHEE LA L REbegin )
Foend( YETR [ 265 89,

THEARFEXLT - REEE, BEBITHNEERECHFF AR T RE, X4 HF
£/ T Stypename2&{LI iy —Rph AiEk:
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A4 CO5:PrintSeqg.cpp {-msc}{-mwcc}

/{ A print function for Standard C++ sequences.
#include <fostream>

#include <list>

#include <memory>

#include <vector=

using namespace std;

template<cltass T, template<class I, class = allecator<i> >
tlass Seq>
void printSeq(Seg<T>& seq} {
for (typename Seqg<T>::iterater b = sen.hegin();
’ b 1= seq.end():)
cout << *h++ << endl;

}

int main{) {
! Process a vector
vectar<int> v,
v.push_back(1);
v.push_back(2);
printSeg{v);
/f Process a list
list<int> 1st;
lst.push_back(3};
lst.push_back(4):
printSeg(lst);
Y A~
EEYE-—k,. FikAtypenameX @y, HiFfEgSititeratorF{ELASeq<T>—4
BERBRR, XR—AEHER, BB RER AR,
1. gl —Adr 4y
E—-HAREBEE. —EARRILSAETtypenamef|d T —MHERT L, EHREBE. B
B Rt Eal i ey, s AR ERiRTT R i RN — A KB A T HERX TR
typename Seq<Tr::iterator It;
EFE—T2ANNER, EEREFANHSeq<T> iteratore B FHMAE —HAR L,
WA PR B typedef, TR

typedef typename Seq<It>: :iterator It;

2. Rtypename4¥, #class

X rTtypenamei 5 — iR, TUUERREXHEEEETEZPERER
typename{{#class:

/. COS:UsingTypename, cpp .
/7 Using 'typename’ in the template argument list.

template<typename T> class X {}:
int main{} {

X<int> x;
YA~

MHAREBEFMS, XFGER FAEGREEN—8 TR,

5.1.5 PRltemplateXBFIEHRT
YA AR R R IR M . EfFtypenameXcgi 2w LR B S8 28 1R B &A1,
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{HREFZBHEFC - EEENER. tbin'<FHM> 58, ENARKRRFmARIDS
(token). AR E(MLE/DNTER KT S, WA ET I XIFAREEKFETNR Y. AxH,
Bk Abitset 2 VE 2 (il e 10 B X 4~ 9 3 :

£ Cas:DotTemplate.cpp

/7 Illustrate the ,template construct.

#include <pitset>

#include <cstddef:

#include <iostream>

#include <string»
using namespace std;

template<class charT, size_t N>
basic_string<charT> bitsetToString(const bitset<N>& bs) {
return bs. template to_string<charT, char_traits<charT>,

allocator<charT>» >{):
K

int main() {
bitset<1l®> bs,
ps.sei(l});
bs.set{5);
cout << bs << endl; // GEE3108010
string s = bitsetToString<char>{bhs);
cout << 5 << endl; /f 6006106014
Y A
#bitsetifiid EHIto_stringpk A A X F IR EAHG. 5T XML HEE
A, to_string K @ik T~ 18, TEARBPEIETIEMbasic_string#ig i
Gl13RY. bitsetrdhfyto_stringf) BB 4N T Bion:

template<class charT, class traits, class Allocator>
basic_string<char?, traits. Allocator> to_string{() const;

A #ibitsetToString( )k ¥ 84 v LI B R A E KB F 77 B ZRbitset. Flin, &
PRG-I EFEFS, LGSR TR

wstring s = bitsetToString<wchar_t>(bs?};

HE. basic_string{fHl TERRINMERESN, XHEAEREPRRA L ER char_traits
FlallocatorZ¥ . #EHEIRZ ., bitset::to_stringi#t FEHRABRILEX. #H
bitset’I‘oString<char>(bs)bbﬁ&#{;g&ﬁ-&ﬂ@%éﬂﬁlﬁﬂﬁ)ﬁbs.template
to_string<char, char_traits, allocator<char> >{ YE5{EH L.

bitsetToString( JATE RIS MR A A Tiemplate Xt 5, HEWE, EUTFHERL
bitset* §:bs LM SR ZRMWALMTE. FHXTEARENRER, ARRITX /R,
to_stringfric ZJ5f1 < FTHREEREAD— AT SHAR—-MERSBIIFHGOTFEE
id. X#Atemplate 3 BTG HESERRESR, BEBEOE -EHELEHR, B < =
TR ERBEREE R, ETEENER,. XHAEbSREEHTEERA->M:0iE
B L. StypenameX s —i, XFRRRHTHA LA THEERBH,

51.6 R RHIHR

bitset::to_string( ) B HEHEL — & RRKWIEIT: ER - RBE LR P AN

8 Ca+imifb b & TETE % E MR S e IR R (L OLE AT RO RV R BR . & —24uiR B E 2 Rir i en
TRt (Kb,
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— TR, ELTF—EMMNERSEES, DEHLERM. mECH+Ed P icomplex 4
Bt e— A ARG T. complexiifn i~ RBB%, RF—E T B0 905
MU T R THERIACHD R M AR MR B P R 0, IR B T fEcomplex 2 i
Fe Ak, BB AR b i eR 3

template<typename T> class complex {

pubiic:
template<class X> complex{const complex<X>&):

it complex iR {# F C F 2 R 4nfloat. doublefiillong double 7 2T T
Freit. LRI REEAEREGIE T A HEE, INMEREHAT B —RERBELE
FIERR, T B

complex<float> z(1, 2}:
compiex<double> w(z};

WS, complexiRE¥H TR doublet®, XBfloatkA). w5 #R (#15X F
RAGREH T INE B o

TERAR P S B — AV R — R e, RSN X 2 ShE LB B R, TR
LIEASI AR AT SR LA RE S R Fhi 3. Bldn, R ELHcomplexk ik, Hi
TEcomplex Bl 33 L 2 95 L p ARAE B %, TTLA T 3L

template<typename T>
template<typename X=>

complex<T>::complex{const complex<X>& c} {/* Body here.. */}
PRl FE R R B o SRR Y B — S R AR Bkt . BiZE -4t intEfvector,
ZH Bt — 1 Fit)double® fivector, #nT fins:

int data(5] = { 1. 2, 3, 4, 5 };
vector<int> vl{data, data+5);
vector<double> v2{vl.begin(), vl.end()):

REvIhfTE Svah L E R W#HE (xHit&double® fnint®) BI¥ . vectork
BRI B R R

template<class InputIterator>
vector (Inputlterator first, InputIterator last,
const Allocater& = Allocater());

EAMEREEvectorFHPFERATRK. viAint MM T MBI,
Inputlteratorf)E W Eint*. v AvidbiTwaibsr, EAT A AREHEREN /X

#f, FInputlterator® rvector<int>::iterator.

RARBRG TR (F—ELAREAN). TEAHE TR TR e % R
AR |

ff. CO5:MemberClass.cpp

// A member class template.
#include <iostream>
#include <typeinfo>
Wsing namespace sid;

template<class T> class Quter {
public:
template<class R> class Inner {
public:
vaoid f():
I
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-

template<class T» template<class R>
void Outer<T>;:Inner<R>::f{) {

coyt << "Quter == " << typeid(T}.name() << endl;
cout << "Ipner == " << typeid(R}.name() << endl;
cout << "Full Inner == " << typeid(*this).name{) << endl;

}

int main() {
Outer<int>::Inner<bocl> inner;
inner.f{);

YA~

EESREPHSIFMERtypeidiz ER, ERA N2 HER —/type_infoltf, X
A X gtname( ) BB E K —-RABRBEUNO TR, Hlin, typeid(int).name( )iE 55
#a Cint” (EERMERESREHRIEEERRL). typeld@B BT UL A —1FEXES
B, BE—-MRFBEXTFEASE YN ype_infoXf$. Hlin, HFinti, typeid(i).name( )
BEIWAZAEZRLL “int,” Mitypeid(& i).name( KX EIRIFZERM] “int*”.

BB R iR T B

Quter == int

Inner == bool
Full Inner == Quter<int>::Inner<bool>

FE A3 Einnerpy 7F B [F B2 H{E T Inner <bool > fiQuter<ini>.

B RBEAR B BP RE M A B A virtual %!, SA-A0 ST R R LM — AN %0, FHEmE
XA RRRRERIIA/N. MRALTFERAREEENEE, VEEREMERF A XS
ARSI RESA o . XRBARERN, REEES XHHHES.

5.2 FXRBUAHRRYL- B

Edn— A REEREE T~ &I, — T RBSEEMR T —RE. AR RIES
A ERAERS, AREMER L AX N HESACEEEH BEFEFARESHA
AU ARIERIAMRERS . AW, M T RN, @ TLIEREEREE, EERETR
FEARABRESE. FH%F— T E<algorithm> L34 P A min( ) & HEBERAKIL,
T R

template<typename T> const T& min{const T& &, const T& b) {
return (a < i) ? a : b;
'

ATLLRIT R 4E S B S HR AR BMX AR, IEanxt 28 mpiRiE—&, TR

int z = min<int>(i, j):

KN ESEEFREFES, min( JERFEESETHOMNE BE Hintedt b, RIS
AT A A RIS, R A SR o o A Ry BB, LA XA L R ek 2

min<int>().

5.2.1 BEMESBNATIHET

AILL LW BT, — B RIS R BRI L S, BER BT
iR EEEY, MK EFEFNEENSHPREHEMNERETESE, 0T
AT as:

int z = min{i, j):
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MBI LIntR Y, GERSMEREFEENEmin<int>(), ZEESHDETSE
BPltk. B TAEEHRE XHEE THE MEERVESEBETRENW28. FxsA-s58mn
REBH--H. HTH- T ERBEEBRELTINARSH. CH+ARIEER R ERR. &
m, SEERTARERUASE (— P intRA- -~double®!) L KB /ME, TiEH
ixFhmind )i AL U

int z = min(x, j);, // x i5 a double

BT A EREY, SRR —MNSHEmin )2 L ERSHTRE., Bikx/ i
SRR ERELA L. ERREAFE, LB - ERNRNEEH B - MR RERTY,
HAREAZ2HEWAREE., T

~dnt z = min<double>{x. j):

ZiE MG RS~ Edonblei A fmin ), ZJa5il i bnk 2 RUEE B ) |46 R g
double®! ¥ ( [H b min<double:>(const double& , const double&)£: F 27 #540)

WATLAR Kk min( YW S H Y205, WTHA:

template<typename T, typename U>
const T& min{const T& a, const U& b) {
return (a < b) 7 a : b;

}

KBRS R—NEHE, HhTmin( ) L4065 R —ME, QA TEENGRRRE
EMEPHERRRB KR TERU, FlX BRnx “Hhk” S RSN,

B B BERAR AR E R R — Mo SRS . YIHAENRRR —EEWmiEE T
IR, BUODEM CETHEMARS B HEREYT . THfromStringlSi & x
FERIBI T

f4: CO5:5tringConv.n

/f Function templates to convert to and from strings.
#ifndef STRINGLONY H

#define STRINGCONV_H

#include <string>

#include <sstreanm>

template<typename T> T fromString(const std: string& s) {
std:istringstream 1s(s};
T t.
is »> t;
return t;

}

template<typename T> std::string toString{(const T& {) {
std::ostringstream s;
5 << t;
return s.str{);

}

#endif // STRINGCONV_H ///:~

EE BRI T stdstring SER A 2 FINET, B0 0EH T T REEA
AR, THE - AR TUSEREET T (complex) KRR EF:

f72 CB5:5tringConvTest. cpp
#include <complex>
#include <iostream>
#include “Stringfonv.h"
using namespace std;
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int main{) {
int 1 = 1234;:

cout << "i == \"" << toString(i) << "\"" << endl:
float x = 567.89;

Cout << "x == \"" << toString(x) << "\"" << endl;
complex<float> c{1.8, 2.0);

Cout << "C == \"" << toStringfc) << "\"" << gndl:

caut << endl:

T = from3tring<int>{string(“1234")):

cout << "j == " << i << endl;
x = fromString<float»(string("567.89"));
cout << "x == " << yx << endl;
€ = fromString<complex<float> >(string("(1.6.2.8)"));
cout << "¢ == " << ¢ << endl;
Yy LA~
i Y Fn TR R 25 R A0 )
== "1234"
x == "5&7.89"
¢ == "(1,2)"
i== 1224
x == 567.8%
¢ == (1.2}

18, 5 fromSwing( )L FLHEMAG, BiE TRESE. R - RE0ER,
ERMEGRZSEREAZERBNIEAEBEY, Ho—FEE LR HARME BRI, T
RAREGEHARSURIIMEMEATRY. AR, BE XM EAN RS °

£, CO5:ImplicitCast.cpp

template<typename R, typename P>

R implicit_cast(const P& p) {

return p;

}

int main{} f{
int 1= 1;
float x = implicit_cast<float>{i};
int j = implicit_cast<int>(x);
f/V char* p = tmplicit_cast<char*>(i);
YA~ : )
MRFRF P RE TSRS RFAORAMPE SR T, XINEFHAEDT S
¥, BREARHFREAEER LY (F1IMERSBECEEDRBNSEET). BT
(Ve REE) WEASEMAL, FRANANIntH char* iz 3 MiLH:. implicit _cast
AR T RS R R Bk
WML RE, SRR R A DRSS . TENHTFE — SR Mt RS
BAR (inite), EiT T XEERHEN
JF: COS:ArraySize.cpp

#include =csiddef>
using std::size_t;

template<size_t R, size_t €, typename T>

8 &N Swroustrup, &The C++ Programming Language®, $3kK, Addison Wesley, $335~33617.
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void initl(T a{R][C]} {
forfsize_t 1 =@; i < R; ++i)
for{size_t j = 8; § < C; ++j)
} al110il = T(;

template<size_t R, size_t C, class T»
void init2(T (&a)[R1[C1) { // Reference parameter
for{size_t i = @; i < R; ++1)
for{size_t j = 8; ] < T, ++j)
) afillil = T,

int main() {
int a[10] (28];
initl<l1@.2@>(a); /7 Must specify

inft2{a); /! Sizes deduced
Y S~

B BB A IR AR BB BRI — 5T, BRIBXANSEREEHERSI. #
BiRinit2 S8 Talk — T RBARNTIH . R er B RMCH SRR 5 bW ik

AR Finit2 9] LHEE HE AL - EE M 4R H . SiRinit oA RBE5 | R
fesd e, FRBAMIMASB B E . REH AN RS,

5.2.2 REMEEE

8% R R, T L AFERIAY 66 82 B8 ok Bl . S SR TEAL PR v ) e 31
B, B A6 20 RE 18 46 1 MR — A 1A B S cA O BB A TR R R R 3.

BEWE B min( YR EHR , EiX BEE L8R W

J4: COS:MinTest.cpp '

#include <cstiring»

#include <iostream>

using std::strcmp;

using std::cout;

using std::endl;

template<typename T> const T& min{const T& &, const T& b} {
return {a < b) 7 a : b;
}

const char* min(const char® a, Const char* b) {
return (strcmpla, b} < 8) ? a : b,
}

double min(double x, double y) {
return (x < y) ? x ! ¥

}
int main() { _
const char *s2 = "say \"Ni-!\"", *sl = "knights who";
cout << min{l, 2} << endl; /7 1: 1 (template)}
cout << min(l.8, 2.8y << endl; // 2: 1 (double)
cout << min{l, 2.8) << endl; /4 3.1 (double)
cout << min(sl, s2) << endi; i/ 4 knights who (const
lf char*}

cout << min<>(sl, $2) << endl: // 5: say "Ni-!"

r {template)
Y A -
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BR T EREEAR . ITEBFEE L THAERRER: — A CiE s AR ERERAN—4
doubleffiAFmin( Y& . FEXANEFPAGFEASESR, LEF RS TR E0R &
# i Adoublefif F¥Imin( Y&, XA HE TIintR A2 R4 Hdouble®, d T8k
BEAR T — M intiUARmin )%, XEEREENTE, HREFE LREIHLTH.
27 AR — T-doubleki A Fmin( YR B THICE, F3ITRERTR—1T&EE, A
RAEREHIEREL0. Fagh, EHER Tmin( JAKWconst char*iiid. HB5T1ER
B4 S5 0 — R R 4R B Sk SR8 SR 1E 2R 0 RS, R IL R IE SR AR BRI — {~const
char*fiA%ER AVEHZRANTLIESE—X M BW IR TR FERGH ).,
R A Al £ /E M i%FHusing namespace stdffyip 5 {ER T L vusing i, xEES
ALRERTLPAETstdemin( YFEL3HE, X¥E5ERFHa2min )FRLEE
e,

G kPR, RESIERRGX o, BATLE#REANEE. flmel DAEH &34
FHamin( )R B EK:

template<typename T3>

canst T& min{const T& a, const T& b, const T& ¢}

I BRBR AR T IRRA 34 B 2 2 & Hymind ) el B mu .

5.23 Pl—1 B MENESURLEEX S

EBREHR TEERE - EENMbAE. B, WTLAER -NRE, ENERE—IHR
H—TEHEERE . WK Z T WA TR B — T R B A KR . BT RLAERS
B AL X LA B S R M e S B ©

/7 CO5:TemplateFunctionAddress.cpp {-mwcc}
£/ Taking the address of a function generated
/7 Tfrom a template.

template<typename T» void f(T*} {}
void h{void (*pf)(int*)) {}
template<typename T> void g(void (*pf)(T*)) {}

int main() {
h(&f<int»); /! Full type specification
h{&fy: 7/ Type deduction
g<int»(&f<int>); // Full type specification
gl(&f«int>}; // Type deduction
g<int>{&f); // Partial (but sufficient) specification
Y I~

ENPTRAT ARG, B, BAERER, ANRHRLHILE. &Eh()A—
AHH 28, ANTEHEE--T R —EF AN REY, BEEHRRHveid. XN EK
BRI )RR, Kk, AF - TREEHHESEMNBRF S TR 8K, nF
Bilvh s Fsithe().

e LA Emain( y b BEFISA N E10XhORRRARRBS S THORRESSE,

B MR L, HAER—IEE TR RHOLEGE BRI A, SRR S m il
WE. Pr BRI E ENA AR ER.
B mif{Nathan Myerst2 Tk @17
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HTh( ) A G AEFInt* S E G BbhfE S5, B2 2418 F dh % 1% 22 s i 2 50
ETg( ), ERAMERBEMAEERT, EAEELDSIHTHENER. mRHLABARE. RF8
SEHEMN AN H R (BEEM T —4int, RERTIO)HER Tg( ), RTHAMREZACH
AE S 0T HH K .

AL <cctype>H F Bifitolowersitoupper{Z i@ 4y s i SR, RSB —HE
¥R . Fla, E&mETh. BraEf A i lmtransform®E g (BET —2i¥gmmt) %
—AFREHERNERFERT . LAMNMER, AAFERE MEAZERENER. —4
FERAER T ETRES R T HX A

/! The variable s is a std::string

transform(s.begin(}), s.end(). s.begin{}, tolower};

transformBEMFEATEH (EZ4-FlFhutLtolower( )) EFEFHFHEsHhRE—
AER L, IAMEHETRERT EsD, BRAHSTHE— FHNA R A SHERHTES.
B4 —KIBEREEE TR, HX/Ea e T HTERAREERT ETHOERT
EMRHATRIET:
/. CR5:FailedTransform.cpp {-xo}
#include <algorithm=
#include <cctype>
#include <ipstream>
#include <string>
using namespace std.
int main{} {
string s{"LOWER");
transform{s.begin(). s.end(), s.begin(), tolower):

cout << s << enpdl;
Y A~

B4R #iLX M RFREEED, CHRAEFEGEN. KEZ<iostream> 3L i Brig
TR AR R 28 tolower( Mitoupper( YR 4

template<class charT> charT toupper(charT c}

const localed& loc);
template<class charT> charT tolower(charT c,

const locale& isac):

EFTABERNE 2SS R locale kB . 7 EEBERSY, REBLHRBREN
% Ml <cetype> g LHIRA — &M tolower( MR AL R FRBIBRA . "TLL (JLFH
LAV ) Ftransformif B A @28 B 4ok M dvix A W), 0 TR

transform(s.begin(}.s.end{},s.begin()
static_cast<int (M) (int)>(tolower)):

( Hint{tEcharf5 £ 5718 Ftolower( )fitoupper( )R fT.) AR MEBRME S
RiE TEREHAER 1 &EMolower( YRR AN, XHEEMEERFETRS
B, B FEMANMERTEL k. KENA SBEEN: FECIEIPRE—EMTH
EHE CER (ERERARARTLAFANEDEAS, MEXMC+H+ERHME) BMC
G E4oR RATE S . InREZIHE, RSN &K HAtransform—4 C f S 1
B, P ENESEHTCHEE—H ARG b A iR k. HNRBA
THH

S Bl — T E it B FR LR ) e F L.
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RbWhEEF —MTMELYHBNIZE P ARtolower( ). fitn, JLIRE —/-&MWM
strTolower{ U, BERAE T RS <lostream>T1h X, InTR~A:

A CBS:StrTolower.cpp {0} {-mwcc}
#include <algorithwm>

#include <cctype>

#include <string>

using namespace std:

string strTolower{string s) {
transform({s.begin{), s.end(), s.begin(}, tolower)}:
return s:

Y ArF-

ZRRR ST A5 A fk<iostream >, FEIXFhFES, EFEHNRIFESHASSIANE
HA- 28 itolower( IRAS, MHALBASF R MA)E. LilX#AEZE, RLIEE
EHX ™R T: '

f/: CA5:Tolower . .cpp {-mwCcC}
f2{L} StrTolower

#inclyde <algocithm>
#include <cctype>

#include <igstream>
#include <string>

using namespace std;

string strTolower(string);

int main(} {

string s("LOWER"};

cout << strTolower{s} << endl;
Y A~

F—TRRRERE ot R R BN, ki BB E#Rtelower( R4

ff: CO5:TolLower2.cpp {-mwcc}
#include <algerithm>
#include <cctype>

#include <iostream>

#include <string>

using namespace std;

template<class charT> charT striolower{charT ¢} {
return tolower{c); f/ Ome-arg versicn called

}

int main{) {
string s(“LOWER");

transform(s.begin().s.end(),s.begin().&strTolower<char>):
coutl << 5 << endi;

Y FAF i~

ERAR A FAL, AT EMEfrREe - EESH, FmiZEs e LSeE
frea, Wb ERrTd. CHHiREERSERATEITES, EGEIMBTF (RABMA
BELHED) REHIT, BT 2K E TIERLATDAR 20 T (BC+HERERTR ). ©

O C++HEREEo I BN HEMEAM AN SR, AMEENE, REHGEEHAUREENERT 2
T RATE,
& EHFFC++iSE iR LR, ALl ECore Issue 352,
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5.24 HEMEAEISTLEIESRH

BRI EMER ASTLFAER (E2NAFKBESENEN £, AL RARBSTL
F AasdxEdivector), FAEKBE - ARAREMAIAZNARLENFEARD.
HA—Avector LA &G EERAN SR, XHEFE— LN AIMEE XA Hvectortt
SRR

/f: CB5:ApplySequence.h
// Apply a function to an STL sequence container.

// const, B arguments, zny type of return value:
template<class Seq, class T, class R>
void apply(%eq& sq, R (T::*f)() const) {
typename Seq::iterator it = sg.begin();
while(it !'= sg.end())
((*¥it+r+) -2¥F) () ;
| S

/1 const, 1 argument, any type of returm value;
template<class 5Seq. <lass T, class R, class A»
void apply(Seq& sq. R(T::*f}(A) const, A a) {
typename Seq::iterator it = sq.begin{):
while{(it != sg.end{}))
((*xit++)->*f) (a);
}

J/ const, 2 argunents, any type of return value:
template<class Seq, class T, class R,
class Al, class A2>
vaid apply(Seq& sq. R(T::*f}{Al, A2) const,
Al al, A2 az) {
typename Seq::iterator it = sq.begin();
while{it != sq.end())
((*it++)->*f3(al, al);
}

// Non-const, O arguments, any type of return value:
template<class Seq, ¢lass T, class R>»
void apply{(5eq& sq, R (T::*f) ()} {
typename Seq::iterator it = sg.begin();
while{it !'= sg.end(}}
({*it++)->*"F1 (3
}

// Nen-const, 1 argument, any type of return value:
template<class Seq, class T, class R, class A>
void apply(Seq& sq, R{T::*f)(A)., A a) {
typename Seq::iterator it = sq.begin{();
whila(it '= sq.end{))
({rit++)->*fr{a);
}

// Non-const, 2 arguments, any type of return value:
femplate<class Seg. <lass T, class R,
class Al, class A2>
void apply(5eq& sq, R{T::*f)(Al, A2},
Al al, A2 a2) {
typename Seq::iterator it = sg.begin{):
while(it '= sg.end{})
((*it++)->*Tf1(al, a2);
if Etc., to handle maximum likely arguments ///:~
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EEfapply( JEEBET AR ERITSIRNGI HEY, SHF—-1RHE%, B8
AAESRPESNHEN R AR, ITERERA - TERBRFIZAF, FAAE
S FRAEA AR, BECLSER T constig A0 @ B, ix#E--%., fEconstindE
const g ¥ h AT eI LA X A il el e T .

k%, 7tapplySequence. hp il HRASTL LI (iR &R HMALTH), Hik
EHAERFAGRATSTLESE. AW, EKIE ( FELd Titeratorf &R EFTH) WL
RATSTLFARSR S, Ml chBiEs R0 TH R s RE.

EHFLLERHA L apply( )4, EH— P T RERENER . REX BN T
TR EEEXRBME GXAEER T . (AA3E 8 ERICEERN K AR BAEE ), 88— K
FEHEFEARNHOSE, FHATXAER, REelWSETLUREERD. FHE—0
Bk, RESFRHEATLEESEEN “HEE” | RFH U ARDREREEENLISECE
19 i A 38 AR 2 3L

% TME— Fapply( ) X AAEERA, XHMER T4 %£Gromit®, Ea& LA
BAARATHESEYRE, LR hconstilkconstiy g 7 &%

At C@5:Gromit.h

#/ The techno-dog. Has member functions
£/ with various numbers of arguments.
#include <iostream>

' class Gromit {
int arf;
int totalBarks:
public:

Gromit(int arf = 1) : arf{arf + 1). totalBarks{®) {}

void speak(int) {
for{int i = 8; i < arf; ++) {

std: :cout << "arf! *
++totalBarks;

}
std::Cout << std::endl;

}

char eat{float) const {
std::cout << "chomp!" << std::endgl;
return '¢';

}

int sleep{char, double) cronst {
std::cout << "zzz..." << sid:.endl;
return 8;

¥

void sit() const {
stdiicout << "Sitting..." << std::endl;

}
Yo FFS i~

H1E, "L AHapply( BN # & k8 Hvector<Gromit*> 3 & b 4, & HIGromitif) &, i
BT, TR

£y CO5: ApplyGromit.cpp
/! Test ApplySequence.h.
#include <cstddef»
#include <iostream>

2  Z2:EBNick Park 4|5 1T S Wallace fuGromit [ 5 imi 45 K- .
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#include <vector>

#incliude “"ApplySequence.nh"
#include "Gromit h"
#include "../purge.h”
using namespace std;

int main{) {
vector<Gromit*> dogs;
for{size t i = 8: 1 < 5: i++)

dogs.push_back(new Gromit{i)):

apply(dogs, &Gromit::speak. 1);
apply(dogs. &Gromit::@eat, 2.8F};:
apply(dogs, &Gromit::sleep, 'z', 3.8);
apply(dogs, &G-omit::sit);
purge{dogs};

Y A -

purge( )FEERE—1/NIWTHERF, ZRfiHfdelete X ERET LMRETE. &
ERSEETEXRIEWENL, HEESHTT 200 FRESRASE.

REapply( )R LA R E R, AP RIEEFAROREDLLMTIIER, HEE
(ERIRRZT R R BT, WEEH TUEER PO ERR A 25, MALAE TR
I ST REY . X W B B AL R E R B R, B R R AR R R
fMASMRROCERMTNERR, BIASE. A6 TR, bARGIBYEESAmEY. £
—HHEERE RSB FFIESNE REHH .

5.2.5 FHBIENIH

A W R B, G mIn( JEBXHOE EREER, LENRBEETE TR, 4
F— TR BT LAERENREIAE, 2 TERAER S RS e/ S R,
MEBARBGE T BEHF RS U (ambiguity) AR, BASERRAEUR. A THE
X FR DAY L3RRI B, BRGEAX M M BHRE L T kA (ordering), 784 BORK & B0
PE 401488 MK B0 b BB IR e B 4 4L AZ & & (most specialized) BUARBIR (fm B Eh
BBRMIE). — A EREERERE LML, XS b AR b 3 T30 i i B B R R
B, mAE eI RERISHTIRNERTBEBILA ZERAIREFIER, 4, ZBETENER
FIFRETFFWERRE DS TR B — R HR 2R IE, BRTEBART. BEFHEREEER
F, BE C+HiRaEsoRy:

template<ciass T> volid f{T):
template<class T> void f{T*):
template<class T> void f{const T*):

TE(EAUER R DAL R S8 I . 2R EL 3 1 B (L B B W i, (524 R ekt
KA RERBICALE . MApiEii, o LAUR PRS2 AR — 4 T R B MO R B TR B TR 1
BHENTR. RESE2 RIS RN E TR R B3 Ak
constijfirtt TRUAM, {HE2MEELS THEERNE XD, FTHEOFRFE T X S8

ff: C@5:PartialOrder.cpp

/7 Reveals ordering of function templates,
#include <iostream>

using namespace std:

template<class T> void #{T) {
cout << "T" << endl;

}
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template<class T> woid F(T*) {
cout << "T*" << enpdl;
H
template<class T> void f{const T*) {
cout << "const T*" << endl:

}

int main{) {

f(0); 7T

int i = ©;

F(&1); P

const int j = B;

fi&j): /¢ const T*
Y A~

D FERMEITBE A, Eh TE2TERSLEEES . Bt R TR
o FILAEI BB M, X E A R SRR W constiiREL. f(&DIHMALALT
B E3MEE (Fean, 2 RESRHTRAconst int), {ER A TREEAEE, #3ME
AL EE S . Hibkhs LA T &,

WMRE-HEENRERETEE “RUEESE" R, WA, [iFSH
SR, KRN A FHHEE “FHF (parial ordering)” WS -—ERTRER L
RRoe R WTRE ILAE Ol RIS R T e T 2t b (B L53.279),

5.3 BRI

AKiZA L (specialization) FEC++dH—EBIM SHERMERMS X . WAER EiR, —4
BHE KR — K~ &L (generalization) MR, FAEE—-BRFM THR TENEE
AR — R RS, SERERSEN, X EERR 2 KU T X — P i Mk F R ¥F 8 vl RERY 35 5
TR — A3 - ISR, R X BT ES R A RO R Y — A el . B EF W EM
min{ YEFERE -TFRE/NMEHEN-RIL, BDHRFEHEECHEEER, EHE
BB TR, S RBMA EAE R T BN TREN, hRIEEE AL R
(f7m, min <int> ()) FHRXMEBRE—5FE. 4R REIA R X B RT — A~
T4 (instantiation), B2 HER TEZL2ERENE I RBE—H.

531 Bk

HEEA BB ATLLH A A SRR SRRk 8 Ko e, RAXF TR R R it
AR E. REEREEFTEEF A ERMERSL, 2487, HFXmind )RHEEHEF
R B,

o fZ.- - F A B A i1iE i AAMinTest.cppH T EX 4358 5

censt char* min(<onst char* a, const char* b) {
, return {(strcmp{a, b)Y < 8) ? a : b:

XA — AR R AR b bt fmind )EA. REXAFTEXESEEHLIHLE,

(B R LLFE AR min( ) L —const char* (%L, M THENBEFFH R

ff: CB5:MinTestl.cpp
#include <cstring>
#include <ipstream>
using std::strcmp;
using std::cout;
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using std::endl;

template<class 7> const T& min{const T& a, const T& b) {
return {a < b) ? a : b;

}

/7 An explicit specialization of the min template
template<>

const char* const& min<const char*>(const char* const& a,

const char* const& b} {
return {(strcmpfa, b) < 0) ? a : b;

}

int main{) {

const char *sl = “"say \"Ni-!\"", *sl = "knights who":
cout << min{sl, s?2) << endl;
Cout << min<>{sl, s2) << endl;

Y A~

AT “template< >" HiRHRIFSHE T RO —TEHRARL . S Feb a5 5 0
BEASEEERNAESS. REBEEE - THAKES RO EEIRAb —4. £,
BREEXA BAHL (explicit specialization) B 4F %3 (carefully) Hconst char*{f8# 7T,
- BEBRMATERE LH{ER Teonst T, NixA~constiX & 1F 4 A $9THEL. X H\const
HERE— 1T const char*fJ#54t. EH BRI ER &4 Heconst char* constftis
const T. MRF[RERFPEH —1H A const char*SHmin YRR, AL H)
ftmin( )iyconst char* k4, FBIZEARFTLAKIARA T . X BHFERAREmIin )IFH
R IARRE—4min( ) ffsbiiE.

RERPAFLEEILRESEFERGLERTH. Y4BFAI— M REERE T -k
AL, RREELHEFRNEERAEY. RO TARIAR— MK, TR0
TR TR ROEOTE.

PRt R — vectort AL, 128 LIE TR Abool2k RIFIRS R . Vector <bool>
LHMITHRER ILEFNr (bit) SR RBY (integer) RGEFEMEEN. °

WATERE ., EAvector&BiRKIFHIIT .

template<class T, class Allocater = allocator<T> >
class vector {...}:

EhboolE R RMITEEL, T BRXFEHILREL:

template<> class vectorc<bool, allocator<bool> > {...};

AR ELARE BN ERRL. HAEtemplate< >§515, BEAME
EANBEREHRAMBS NER BB 2T R NBR 5.

ZHRUEH, FX bvector <bool> LA RMEEMIL TIEAAEFHRERE, A
BAFEEBTT.
5.3.2 ik

FEAR LA LRt (partial specialization), X FARBESILALE HEhBATEH
— A Hik, KBARSHE TR, Vector <bool> RETHHRKEY (boolXkAd), HIFE
fleEZHallocatorf) 8!, THEE 4 %LFAvector <bool> FH#:

e HETEHAEMiftvector<bool>.
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template<class Allocator> class vector<hool, Allocator>:

EEWLCEEERERE, HATEtemplateX@FRE (BEAHKEHEE) fo
class BT EHE (CLRE THE) MLES BARIEENESEFIER. HiTvector <bool> LA
KR FRESN, AARTLRM—4 B X fallocator3: %!, BI{E £ M FIE P &% bool
BN, B giEll, SRR X AR DI R, SRR T —F "HEC MRER.

R AR A A

X PB4~ AR e HEAT S UL RN & (BT BR o 24 RN — RO AR "Rk
Bl BUBUR. ETENEFT, 4000 A& B 5T &8 R T8 8w R

f70 COS:PartialOrder?.cpp

/F Reveals partial ordering of class templates.
#include <iostreams

using namespace std;

template<ciass T, class U> class € {

public:
void () { cout <« “Pr1mary Tempiate\n"; }
¥
template<class U» class C<int, U> {
public:
void () { cout << "T == fnt\n"; }
¥
template<class T> class C<T, double> {
public:
void f{) { cout << "U == double\n”: }
H
template<class T. class U> class C<T%, U>» {
public:
void F() { cout << "T* used\n”; }
3
template<class T, cliass U> class C<T, U*> {
public:
void f() { cout << ."U* usedin”; }
1

template<class T. class U» class C<T*, U*> {
public:

void () { cout << "T* and U* usedin”; }
}.

template<class T» class C<T, T» {
public:

void f() { cout << "T == U\n"; }
}:

int main{) {

C<float, int>{}.f{), L Primary template

C<int, float>().f(); i T == int
C<float. double>{d).f{); // 3. U == double
C<float, float>{}.f(); 7/ == 1

Ce<float*, float>().f(}; 7/
C<float, float*»>{).f{); // 6: U* used [U is float]
C<float®, int*>().f¢); /F/ 7: T* and U* used [float.int)
/7 The following are amb1guou5

H 8: C<int, int>(}.f():

¥y 9: C<doubie, double>().f();

: T* used IT 1is float]

-..Jmmhwruk-'-
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/4 18: C<float*, fleat*»>{).f(};
/7 11 Ceint, int*>{).f();

Ff 12 C<int®*, int*>().f(};

Y Fili~

MFRREFHA, TR B RRE TR X%, SHENREELSHATHE
Ko e B E R, SATYEHER S BOR TR LS, I PR ERF #5117,
TA S AL ERRNERBIIEE XY —eR TR AR (EfdhEfloat). T*¥
e —Fp AV R R RRICRAER. mRAINt" LB IR 2%, TEint*, £8
FHRESIT AR 3, BABRFPEFRInELSEINTSHETRE, BAEHAMRYME
W 2 B R Bk — X AR R TG . FRZEERAEE TR
#1217,

533 —1 %

A[LATR A B M N — A e i ch iR A Y — A8, A RTELE i gk A Fnsk (Rl f— 4 B E R MR
RKUE—TFPER. flin, EvectorHIKE LN TR A EMSE K2 HEE, HE
EMEMD, THREF-TRBE CHITHEFNEE, NLIRE iR Avector{tid., T
A - Ry — T vector < T > {942, WHBMNTHEF (sorting) ZhEE. H#, ik

k4 Hvector, T HEREF GRS, NHEEEFOAEPRTERBENRREE, XK
RS TRAER
/f: CB5:50rtable . h
/f Template specialization.
#ifndef SORTABLE_H
#define SORTABLE H
#include <cstring>
#include <cstddef>
#include <string>
#include <vector>
using std::size_t;

template<class T>

class Sortable : public std::vector<T> {
public:

vaid sort{);

b

template<class T»
void Sortable<T>::sort() { // A simple sort
for(size_t i = this-»size{); i » 8; --1)
for{size_t j = 1; | < i; ++j)
if(this-»at(j-1} > this-zat{j)) {
Tt = this->at{(j-1);
this->at(j-1) = this-r»at(j):
this->at(j) = t;
}
}

/¢ Partial specialization for pointers:
template<class T»

class Sortable<T*> : public std::vector<T*> |{
public:

void sort(};

HE

“template<class 1>
void Sortable<T*»::sort(} {
for(size_t 7 = this-»size(}; i > &; --1)
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for(size_t §j =1; ] < i: ++j)
if(*this->at(j-1) » *this->at{j)) {
T* t = this-»at(j-1);
this-»at(j-1} = this-»at(j):
this->at(j) = t;
}
}

/7 Full specialization for char*
// (Made inline here for convenience -- normally you would
// place the function body in a separate file and only
// laeave the deciaration here).
template<> inline void Sortable<char*>::sort(} {
for(size_t i = this-»>size(); i » B; --1)
for(size t j = 1. j <« i; ++3)
if(std::strcmp(this->at(j-1), this->at(i)) > @) {
char* t = this->at(j-1);
this->at(j-1) = this-»at(j);
this-»at{j) = t;
}
}
#endif // SORTABLE_H ///:~

BT Rk XA ThfEZ 5, SortableBiti 3 A H L DfREE AR eifsdmae
B —AriEE. ERVLAERFEEIRSHAER (EHERANELERNNR). EokidE
Hstremp( )3 ESH TR, IHRBELE SRR E 5 5 ANk char* & #jvector
HEATHEAE. LHRR “this->" B—RAIFRZS, EHAAEFEEEN ‘AFEREOE" — (267
el By i

X BAH—/Sortable hWIRzH A, M T EHAE TSI A RS

/0 CBS5:S5ertable.cpp

//{-bor} (Because of bitset in Urand.h)
// Testing template specialization.
#include <cstddef»

#include <iostream>

#include "Sortable.h™

#include "Urand.h"

using namespace std;

#define asz{a) {(sizeof a / sizeof a[0])

char* words[] = { "is", "running". "big", "dog". “a". H
char* words2{] = { "this", "that", "theother", };

int main{)} {

Sartable<int> is;

Urand<47> rnd;

far(size_t i = @; i < 15; ++1)
is.push_back(rnd{});

for(size_t i = @; i < is.size{): ++i}
cout << qis[i] << °

cout << endi:

is.sort();

for(sfze_t 1 = 0: i < is.size(); ++i)
cout << i5[] << '

O AILAME RT3 & A R Al ik 4 ftEithis-> . tbinSortable::at( )i vector<T>uat( ). F#
JE A ST B PR -
© WAEHETEY PriorityQueneé.cppf gk,
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cout << endl;

/7 Uses the template partial specialization;

Sortable<string*> ss;

for(size_t 3+ = @; i < gsz(words): ++1i)
55.push_back(new string(words[i]));

for{size_t i = 8, 1 < ss.size{):. ++1i})
cout << *ss5[i] << "'

cout << endl;

55.50rt():

for(size_t 1 = 8; 1 < ss.size{); ++1} {
cout << *ss[i] << © '
delete ssfil:

}

cout << endl:;

/4 Uses the full char* specialization:

Sortable<char*> scp;

for(size_t i = 8; 1 < asz(words2), ++1i)
scp.push_back(words2[i]):

for(size_t i1 = 0; i < scp.size(); ++i}
cout << scpfi] << ' ';

cout << endl;

scp.sort(};

for(size_t i = &: 1 < scp.size(): ++i)
cout << scp[i] << ' °

cout << endl;

Y i~

FEfE- T REERNEFALEER T ZEEN T RS . Sortable <int> {#i AR E
BB . Sortable <string*> {8 T KWL E,. &J5, Sortable

<char*> {FHMRchar* X BT SREER. ERAX T2 S, EERIFRIRIA
A—hEa RIRHIERITRBHIT, HAwordsHHMaedkFH “a big dog is running”, X

BB TEREEREOITUI R e RENE IR, R, N Twords2$HHIARE

W8 IE Wb HE .
5.3.4 BHIEARR AL RK

ity —HIEA BT TFL, EERTE SR I RRLEAR R R A &
B, FESCP AT AT IR R AR R RS R . RABERNR A &£ AR
A, XRAHEHN, AL TENEFTERX

/1 C@5:DelayedInstantiatien.cpp
/¢ Member functions of class templates are not
{// instantiated until they're needed.

class X {

public:
void () {}
b

Class ¥ {
public:

void g() {}
H |

template<typename T> class 7 {
T t;

public: .
void a{) { t.F{); }
void b() { t.g0): }
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¥

int maind} {
£<X> zx: ]
2x.af): // Doesn't create Z<X>::b()
Z<Y> zy,
zy.b(); /f Doesn't create Z<¥Y>::a{)

Yy Sfii-

Fix B, REREZTES AT RA R R RS g ), Bkt SERF P
Az Z<X>sa( YieHE, BIFERIFEN S SRS ERZ<X>a( JaTRE. (FHREHELE
WZ<X>0:b() HRIG, MaFEE—RKiFHHFREL, BEAELBEA - 1HAEED
Xag() o) WEERGER, zy.bOIRRABEFREERI<Y>nal ). SRE. ZERRTLIB2E
XHKRYE—RER, B2, YREHTELREMAIE, wRHEHRARBMAERT, R
5 14 2 A5 M 1 (O P B S e 5 ) R )

BIEH —/A B LAStack %, WEEAInt, int*Hchar* R, XS
He B3 A BT Stack{UHY, HEiE AR —#a. FHRENEREZ—, BARRALF
TEHRE EAREBEABREM T —RAAIRGAFSRERFASE TS LMD W
ULEE & (RS RRib BE, EE RUEMBE S Mer 2 d, XTI A ERF R
AR, HEEi Hvoid* i frse4%it. RinMvoid*Bd R4 KA A ruhset 83,
XGRS RET. TEMEFEBTXMHER:

/fy CA5:Nobloat.h

/} Shares code for storing peinters in a 5tack,
#ifndef NOBLOAT_H

#define NOBLOAT H

#include <cassert>

#inciude <cstddef>

#include <cstring®

f/ The primary template
template<class T> class 5Stack {
T* data:
sTd;:size_t count;
std::size_t capacity;
enum { INIT =5},
public:
Stack() {
count = 0;
capacity = INIT;
data = new T[INIT];
}
void push{const T& t) {
if(count == capacity) {
/7 Grow array store
std::size_t newCapacity = 2 * capacity,
T* newData = new TinewCapacityl.
for(size _t i = @; 1 < count; ++i}
newDatalil = datali};
delete [] data;
data = negwdata;
capacity = newCapacity;
}.
assert{count < capacity):
datalcount++] = t;
}
volid pop(}
assert{count > 8};
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==Count;

——

T top() const {
assert{count > @);
return datafcount-11;

}
std::size_t size() const { return count; }
}s

// Full specialization for void*
templatex> class Stacks<yoid *> {
void** data;
std::size_t count;
std::size_t capacity;
ghum { INIT =5 };
public:
5tack() {
count = B;
capacity = INIT;
data = new void*[INIT);
}
void push{void* const & t) {
if(count == capacity) {
5td::size_t newCapacity = 2%capacity;
vold** newData = new void*[newCapacity];
std::memcpy(newData, data, count*sizeof(void*));
delete [] data;
data = newData;
capacity = newCapacity;
}
assert(count < capacity);
data{count++] = t;

}
void pop() |
assert{count > 8):
--cgunt;
}
void* top{) canst {
asserti{icount > 8);
return data[count-17;
}
std::size_t size() const { return count; }

¥

// Partial specialization for other pcinter types
template<class T» class Stack<T*> : private Stack<void *» {
typedet Stacks<vogid *> Base;
public:
void push(T* const & t} { Base::push(t): }
void pop{) {Base::pop();}
T* top{} const { return static_cast<T*>(Base::top{)); }
std::size_t size() { return Base::size(); }

1
#endif // NOBLOAT_H ///:-

XA B AR R E R T A /Y . vmd*ﬁl#{tﬁﬂ:template < > ATEIIThR (BbR

Ui, BRESHFERAD) SR T~ MEENE 2R E. AR, £ RIERATIE 4
RELAHANR R B X MFERREE T A b R WO IR b . TR
#FfStack <void*> tEAHLH B, MBUTAREHEAEMBOEEERAR,, FLLsL
HmTMﬁm$<me>ﬁﬁﬁ&ﬁ%mﬁﬁﬁﬁﬁﬂ»ﬁ”ﬁ%%ﬁﬁFmﬁﬁ%ﬁmﬁ
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Stack <void*> HtHF; Ay — T H AR R, Wi, TR —dEvoid* 2R
R E, Er A U RO E A (primary) B BTPE A BACEDIO —/ NS ©
THE AR

f#: CO5:NobloatTest.cpp
#include <iostream>
#include <string>
#include "Nobloat.h"
using namespace std;

template<class StackType?>
void emptyTheStack(StackType& stk) {
while(stk.size{} > 8) {
cout << stk.top() << endl;
stk.pap(}:
}
}

/f An overload for emptyTheStack (not a specialization!}
tempiate<class T»
void empiyTheStack(Stack<T*>& stk) {
while({stk.size() > &) {
cout << *stk.top{) << endl:
stk.pop():
}
}

int main() {
Stacke<int>» sl;
s1.push{l};
s1.push{2);
emptyTheS5tack(sl};
Stack<int *> s2;
int i = 3;
int i =4;
s2.pushi{&i};
s2.push(&j);
emptyTheStack(s2}:
Y A~
AFERN, EXTERFPEE T TemptyStacki@ i . BT RPEEEA T8
it., muﬁﬁ*%ﬂﬁ’iﬁméﬂ&ﬁﬁ emptyStack@y 2 MR A B I M RAE R L EEE
w2, BrlA s AR HEE R R R SRR R SRR . ExARER L T3

%ﬁﬁ Stack<int>. Stack<void*> fiStack<int*>. HFStack<int*> EATF

Stack<void*>, EHStack<void*> B LHHL. B —-BFEEL2/ 6K
- BEFTSRL R T RE P R KR BUREDS, WELE S — N StackiEi 4 B A LEE.

54 ZHERNEE

HRIFE NI M RIRER, CA AT EE MR IR BT R R K Sk R B T F0 ik 5
(IR ER—EE, REEFD). SRIUSIAMNTXAHEBMENE. YRR ERES
AR U A MR R ERAMERES, AA Y ERREENSHILE, A ek

MR S IETARBEERI T . ﬁﬁ#&?ﬁ%ﬁ‘f%ﬁ%iﬁﬁ%%ﬁﬁ‘%ﬂi&ﬁ .
5.41 B PHIBTR

EHRIGTE, MFESMITESRE L, FHRURMIEEER, DB e E AR

8 WHTEAME (forwarding) HA¥EZPABE . EHA P~ EStack<void® > L]
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TR AT AEBTEESHAAR, HiESEREEARERNEEREN e, RE
VR, GEFLSRMERSBEETER (EERER). BABBMITH AR FTIRN £
Bt (dependent name), XEELFRLIER T RIEB TS K. AEFRHERERS LTI
BURAIRT 8, X2 GRS . BERAFENEN RBEEERZAL. f£X8, K
G 1 28 R DB B R RV ) — A BRAS oR IIUE AR .

AR T EBG 280, SHAELVERATARIE. R L (qualified name) RIFAFRAHE]
%, BERHE - THRAN EASREAFEM. ELE R -HROEHTM— IR kS
BB ER AREN. REAZEFINT:

MyClass::f():
x.f();
p->f(};:

Aokt £ el EMRE 4, BOEMAERINT Stypename X @ YHIER . ZHLRNR
EAER XA (mLmf Thaof) MmN E -1 RRES T AaFERERR,
A& &SR IZE) LRI A7 F,

B—ARIER £ B4 F% (argument-dependent lookup®, ADL), X/ HLEIREFR T
HRBELTEATERMIEXARNAER (BSEER). B THEMLH:

#include <jostream>

#include <string>

i SN
std::string s("hello");:
stdricout << 5§ << std::endl;

HEHE, EAEPRRYAS AT, ©F ) Fusing namespace stdig4. BET
KRS, BOBER “std::” KR EstdZF=iahERAR. &, EXBEHEAFHE
R Eatd IR N . TREEREMD - AR
EEFTEARZEERAB-- T aRATERE. BFAFETRFERL:, BHFHEAXLE
LG

std::operator<<(std::operator<<{std;:cout.s).std::endl):

AT BEERRE HHE RS BRI IRTHAGT, ADLALE: LB TR w3

WA, MiZdERE ARANEEE— (i) (RRSAEATHIAR, SRR h T eRX 4 R EE

B, RIS 2ENATERRATER. FEAMETP, EITEERBHE:

operator<<{std::cout, s};

HMTEMES | YA FESEERARPEEX T BHEY, RESEEIXBENBE11
£ (std::cout) FEZFREAstd; KK EBREX N 4FSEEMBERRA RS, Ll
KIAW— I ERE ML Eoperator<< (std::ostream&,std::string) FIjh—L T HIE .
‘Billid <string> L3R B R Estd g 2 Rb FEER.

#HADL, AFTAMERAFSKEBHALE. 8. ADLAFMAE RN AR P
SIAFE R AR FE—F A — R E, EErEE i,

A TEIFADLA R, "L R SHRE T3 REIES+:

(Fy{x, y}; 7/ ADL suppressed

& iR AKoenig#4k, HhAndrew Koenig B SeRC+HREEA S BN TXFFEMREAR . ADLH B SH
BT RT iR TR,
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BAERER FEOEF: ©

//: CB5:Lookup.cpp

/4 Only preoduces correct behavior with EDG,
// and Metrowerks using a special option.
#include <iostream>

using std::cout;

using std::endl;

void f{double) { cout << “f(double)" << endl; }

template<class T> class X {

pubtic:
void g() { f(1); }
i

vaid f{int) { cout << "f{int)" << endl. }

int main{) {
X<int>().g0):
Y FAS -

ARS8 R B0 4R1F 88 R J AT oR 3 4 M7 Edison Design Group (EDG) ©, | H#IfeR
X RIFR LRGSR ERNT. FERiEE, FMetrowerks, ATLLEE AR ¥ &L
BUIEHAIE . SR AIRE:

f{double}

ERERAAE-—NTEXBHEAK, ERAENEENERTROL2BRET. THAS
f (double) ZEERKIEHERZ P, BIBNE, HXRENAREREERABOEBRIHE
TTARARERG, Ee( YRfOHEASEENINDEEET &, ALRFERNETS
EERAE B Mksh T .

THEE— EEEOEHF: ©

ffy CAS:Lookupl.cpp {-bor}{-g++}{-dmc}

// Microsoft: use option -Za (ANSI mode)

#include <algorithm>

#include <iostream>

#include <typeinfo>

using std::cout;
using sto::endl;

vaid g() { cout << "glebal g()" << endl; }

template<class T> class Y {
public:
void g() {
cout << "¥<" << typeid(T).name(} << ">::g()" << endl;
1
void h() {
cout << "¥<" << typeid{(T).name() << ">::h()" << endl:
} .

typedef int E:

€ XA Herb SudterBgER)— B,
© REBEFBERXEHAIRNEARE, L#EComeau C++,
® X R & THerb Sutterffy — 4 4. '
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¥
typedef double E;

template<class T> void swap(T& t1, T& t2) {
cout << "global swap” << endtl;
T temp = tl;
tl = t2;
tZ2 = temp;
);

template<class T> ¢lass X @ public ¥<T> [
public:
£ Ty {
g().
this-»h():
Tl =Ty, £2 = T(1);
cout << tl << epdl;
swap(tl, t2);
std::swap(tl. t2);
cout << typeid(E) . name(} << endl;
return E(12);
}
1.

int main{) {

X<int> x;

cout << x . f({) << endl;
Yy A~

XAB e HH R i

global g()
Y<int>: :h¢{)
8

global swap
double

1

EHBXfO S .

+E, X0 IRERER, AR AR, RERBEIRNHEHECREERT.
RIERKT TEfG, AitypedefBEd £ 5 — T double2 R, XA e B LA A
A, EHTEARSIAR R, EEERd fE W R R 423, HIBR I KA.
(FRY, & —-ABEE X (dependent base class), B 7EAME BRI A e85 ).

« gCIFA AR E SRS ERTY, BAEEERAT. SgHHEEELERS M KE
A FRREETNSE ., WMADL & Mx A A3 Mgt sk, HAE eaERENG
HFAXHEENgE Y. ik, x M HARE TgOB2REM.

s this->h{ JIHAE - RELFRER, BE NS (this) HITRESaTE, WiEY
AR EXEYY, XGRTHAYB NIRRT 2RY<T>. XghiF@Eh(), FHikti
REXAERY<T> {ERBATFHR. ATEXR—IXBL2K, BrEfiftiimiirait,
Y<T> Wb eddmmibiaml (RETEEXNE X 255 5w T r L ).
WEiEMARY<int>h( ).

» vt IR R R .

» Xfoperator<<(cout,ti ) H A XN, BANMERNT, ERETEAHE S
intfg b Tk, H HAeEstdP B EEHMN T int.
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sswap{ YRIEREZ AR b XEN. HACHSRREEUT. ARE LIIETL2FH

swap(int&, int&)gysLlfl.

« std::swap( YRR ERA A XK, FAstdE—1REmaraEial. HRiFEmiEk

stdep A FERIFE. ("1 ABMIRR RS A BB E A B — 1 RS ).

2 Jastd::swap( )Eﬁﬁﬁﬁﬁiﬁ]{hm[ﬁ]iﬁistd::swap(int&, int&), X<T>::6()

WIS XK T .

ZEENR: HamEXDR, IerrEitdELeiftitsifr, Jefeticik &FRERA, &
R—AElARER, ERERETHHE RREZ T Braik e B AR
b A PR, XA IR RN E T OB EBEAT. (FR LT, XIHAREH B
fERERER, i XEFEEEXNECHN.)

R EECLEM T RNITEERF T, HREEEENT -NEXIriend FHBNE,
EHFSWAER SN
542 EINET

EEPFH—-IRTER, AT 2R0ER A RBTIRX A REHEATR A . &0
BN EHFAERER, NESEREERAFERSEHERIE. 18, wREeIeien,
i A% 0 R IR TE L ACRERR BN X N AT ER BV E 3L, AT R WIIRIA ST A 28 — e —WITER
W, GBRARAGFEEITBRELEEENHRLTFER (MiEX) ERABRA, XA EASRH
s SRR Aok FAE. BEXMTERERRE2BERR. THOIEERE FiEw
Hu ] B 75X — R

/¢ CO5:FriendScope.cpp

#include <iostream>
USing namespace std;

class Friendly {
int i;
publdic:
Friendly(int thelnt) { i = thelnt; }
friend void f{const Friendly&k); // Needs global def.
vaid g()} { f(*this): }
I

void h(Q) {
F{Friendiy{1})}): // Uses ADL
}

void f(const Friendly&k fo) { // Definition of friend
cout << fo.i << endl;

}

int main() {
h{): /7 Prints 1
Friendly(2).g(): // Prints 2
Y il

Friendlys s fQ W WHRAERZAG, [ ORIF 2% 75 AL RLCITE A OV EE BB A 30 1
PEFB (764G B & Friendlyf £ 5 20 AR AI) HRIEHE L b, SR CHBLE
AR MELZIG. Bl hQ )T SR — AR O TR AR — o . X
A3t BEADL# (HEH . I TFhOHHFOME KR 4 Friendlysig. b TILELOMES,
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MiIERH S LTk Friendlyt, HHERE. wRAAHEEIQ) (XRBRAEEXH, BAHI
fEkin & AL AFriendly (1)), XA A2 KM, B ARE AR 50 MR E % 57 1%
ZMILFREAANTORIFER. EXFMERT . EDCGRIES S IEFRBBREREHEE X .

AR Friendly il 28R . BA TR

/42 CB5;FriendScapel.cpp
#include <jostream>
using namespace std;

/f Necessary forward declarations:
template<class T» class Friendly;
template<class T> void f{const Friendly<T>&}:

template<class T>» class Friendly {

T 1,
public:
Friendly(const T& theT} : t{theT) {}
friend void f<>(const Friendly<T>&);
void g{) { f(*this); }
i

void h{) {
f(Friendly<int>{1}):
}

template<class T» void f(const Friendly<T>& fo) {
cout << fo.t << endl;

}

int maing) {
h{):
Friendly<int>(2).g():
Yy if i~

EAEERI Friendly b fig B HLES . XRLEN, EEFRIFSIR /K.
T, HESRIEIFR-ALAMTERREMAERAE. BETESELFESEMLE
WE (<T>), HEHLFLARE B AT AN K .

FERE S ZAT, RATHHEREBRIRBELEY, SKREFTHHTRHEFZHHA,
B HREARRE, IWMENERESRY ACREERAFIRMANE. A TR L SE,
Friendly hSHRE M THEY, BATHAE 4 Friendlygg#, HitFriendlyf g
B aymearm. walCOBRISE 2% WREFriendlyf it EM 25, XS T HE
I SCRIPFRAS- B I, (BRI REOR 4 T B HGE L — A -F R .

A THEBRERET, BEE WAL TERERE L REME LAT R,
TEREE LOITEXFER TR0 R 25

/71 CO5.FriendScope3.cpp {-bor}

7/ Microsoft: use the -Za (ANSI-compliant) option
#incliude <iostream»

using namespace std;

template<class 7> class Friendly {
T t;
public:
Friendly(const T& theT} ! t(theT) {}
friend void f(const Friendly<T>& fo) {
cout << fo.t << endl;

}
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void g() { f(*this); }
}:

void h{} {

f(Friendly<int»*(1));
}

int maind) {
h{).
Friendly<int>(2).g0);
Y AFP-

FHFAEOH FA T EENER: FRXEAHRE R, WE—ATdak. (i
it ERAQO)E—TEE, RESELAPR,. ) Friendly i@ oo st Hlfbamt iz,
B AR — T ER R ST Friendlyf (L2 A W B HS R . XA AH ADan Saks¥rz
i CPeRgAT” SRR, R AR LR TR S ER K.

ATHRBEFE L, RRAEERW AR MAEERZTERE®. THA&
A HE - AR ER S BR:

template<class T> class Box {
Tt

public:

Box (const T& theT) : t{theT) {}

} .

RAEMNEERRERALAITENGAT, i TRSk0ERS. EREARRE —Eam
F8H B AFRRUERF A TR, MAFEBoxE P EX B ONBSET, sy it
bR ittt Ao nr B A

40 CO5:Boxl.Cpp

// Defines template operators.
#include <iostream>

using namespace std;

/{ Forward declarations
template<class T> class Box;

template<class T»

Box<T> cperator+{const Box<T>&, const Box<T>&):
template<class T»

ostream& operator<<{ostream&, const Box<T>&):

template<class T> class Box {
T t:
public:
Box(const T& theT) ; t{theT) {}
friend Box operator+<>{coenst BoR<T>&, ctnst Box<T>&);

friend ostreamk operator<< <>({astream&, const Box<T>&):
Y,

template<class T>

Box<T> operator+{const Box<T>& bl, const Box<T>& b2) {
return Box<T>{(bl.t + bl.t):

}

template<class T»

S  HiRET001FI A HAEHS =M K "C++FitE".
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ostream& operator<<(ostream& os, const Box<T>Ek b) {
return os << ‘[ << b.t << ']";
}

int main(} {
Box<int> bl(l), b2(2);
cout << bl + b2 << endl; // [3]

// cout << Bl + 2 << endl; // No implicit canversions!
Y AP~ :

BAFEXRE LT - MNsEFN— RS ES. ERFRA TN TEN—A R
Tk AR (FaRbi+2), FOABRSARMGXERE, FHAME. JHRERGE
HEERFEGE/). Fam: '

/77 €B5:Box2._cpp

// Defines non-template operators,
#include <ipstream>

using namespace std;

template<class T> ¢lass Box {
T t;

public:
Box (const T& theT) : t{theT) {}
friend Box<T> operator+{const Box<T>& bl,
const Box<T>% b2) {
~ return Box<T>{bl.t + b2.t},
}

friend ostreamk
operator<<(ostreamf os, const Box<T>& b) {
return os << '[' << b.t << '],
}
}:

int main() {
Box<int> bl{1}, b2(2);
cout << bl + h2 << endl; // [3]
cout << bl + 2 << endl; // [3]
A -

HMTZEFRARSERETERE ( ABoxfiE— LT ER —FHd mtint),
&% —, RERSTLERN; HitRiEAbr+22 & %EYT.

HEE, TSk EYUAESABox B K EERERN AT, IAMERBRT—RH
TEH AR L. it {AF—MREAEMNEEREL L TEEEE, HAH
i, friend class TixMEHE R A3, BAGEHERIE.

AR

FERFP AL E S A — MR R L R AT . E EREFp . HAER
BHEfE—N&7C, ES5f{Friendlyfb R ERE . #H¥E, ReHELI<int>(const
Friendly<int>&)A 2 ¥Friendly<int>fj— 4% t. X0 F @ d Friendlyfiig &

Fk AL E R AL F G A ZoR A EEE, WA — 0. Bt

4 A Friendly L filtt— 4% 7T, WTFHixR:

/f Inside Friendly:
friend void f<>{const Friendly<double>&);

Bt FAdoubleft T, fiidoubletd{t [LL1E R EFriendlyi LI AF .
f<double>( MY & 3 v T8 BIM A S et Hlfl -
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It HEW TR EB T T R A BB B A Friendly i) —
AR

/7 Inside Friendly:

friend void g(int): // g{int) befriends all Friendlys

FATE—, ATe(int)EIERER, thUMEXHEERR (24 Friendlyfy & F25g
ERE) mEX.

WAl LALE SR B A Re AL B 0 BT A Friendly it . RETER — M HiERA L8k
(friend template) LW, TR

template<class T> class Friendly {
template<class U> friend veid f<>(const Friendly<U=>&);

BT AT HE B S8 7T, REEENTRMUVHASHLEER, BRETEXER.
o AR — . TR AT LA BRAE AR K .

5.5 HIEHEPHIIIE

EE/FLBEN—FIA, FNSRESHIERRAFEEMEFR AR, Yt
ﬁ—%&ﬁfﬁ%&?ﬁﬁ?ﬁ&mm HERBEEIACHEY, SHHIERCDBHRIL/A T
£48£T7, °

5.5.1 S54F

FHEBR A, BB Nathan Myers{f85%, &8 — P 5L Fhak X4 R B0 B 4 PR UL 32
E—RPLIAHR. FF EE, EREER, WL —FRGH 5 3 M T ITEIE R b i i
REFE#T “ReEKR, FAMXESEFNADBIEREED R TF&.

— A~ B TR S YR TEBEAR A 6 T X 7E <1limits> fh ffynumeric llmltsétﬁﬁ x5
FERELAT:

template<class T> class numeric_limits {

public:
static const bool is_specialized = false:
static T min{) thiow();
static T max{) throw();
static const int digits = B8;
static const int digitsle = 8;
static const bool is_signed = false;
static const bool is 1nteger = false;
static const bool is exact = false;
static const int radix = @:
static T epsilon{)} throw();
static T round_error{) throw();

static¢ const int min_exponent = 8;
static const int min_exponentld = 8;
static const int max_exponent = 6;
static const int max_exponentl® = @;

static const bool has_infinity = false:

static const bool has_quiet NaM = false;

static const bool has_signaling_NaN = false:

static const float_denorm_style has_denorm =
denorm_absent;

static const bool has_denorm_loss = false:

O B -AEEHIE, BAKK, BESIEIHE.
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static T infinmity{) throw(};

static T quiet_NaN() throw();

static T signaling_NaN{) throw();

static T denorm_min{} throw():

static const bool [ds_iech59% = false;

static const bool is_beounded = false;

static const bool is_modulo = false;

static const bool traps = false;

static const bool tinyness_hefore = false;

static const float_round_style round_style =
round_toward_zero;

1.

<limits> L XHAREEARFRUT LTI (Mis_specialized i A #1% Htrue
). flan, SHREHFABFESGENdoubleffA KR, WLAEAEIARNnumeric_
limits<double>::radix. ¥} TEIEHOEIBEE, TL#FHAnumeric_ limits<int>

cmin( ). E&FD, HIERFA Pnumeric_limits i AR T A RK®, (0,
epsilon( ) AHE S HAREEL.)
FEESAEY, Efl&numeric_limitsfU# A R. FETRASEENE,

flinfloatfy g/ M, EIEAIBENBRE A& XE. XERAC+H+RARWFERE L PG
% % (integral) BAEKBRATE.

FEIFEHEEEDR TR R NEEHSEEAREH T LE RS . std:stringZEH)
std::wstring Zstd::basic_stringiiz 4k, SHE LT H=:

template<class charT,
class traits = char_traits<charT>,

class allocator = allocator<charT> »
class basic_stiring.

B EHcharTRETEMFARY, @Y EcharX ¥ fiwehar t8%. EA4R1Y

char_traitsifiig 2 SRS B, fRBERERE T dtcharfiwchar_t:3 TR L. THEMR
PO+ Mt —/char_traits<char>%:t,:

template<> struct char_traits<char> {
typedef char Char_type;
typedef int int_type.;
typedef streamoff off_type;
typedef streampos pos_type:
typedef mbstate_t state_type:
static vold assign{char_type& cl, canst char_type& c2);
static bool eq{const char_type& cl, const char_type& c2);
static bool 1t(censt char_type&k ¢1, const char_typek ¢2};
static int compare{const char_type* sl,
const ¢har_type* 52, size_t n);
static size_t length{const char_type* s);
static const char_type* find(const char_type* s,
size_t n,
const char_typek a);
static char_type* move(char_type* sl,
const char_type* s2, size_t n);
static char_type* copy(char_type* s1,
const char_type* s2, size_t n);

static char_type* assign(char_type* s, size_t n,

char_type a);
static int_type not_eof{canst int_type& c),;
static char_type to_char_type{const int_typek C};
static int_type to_int_type(const char_type& ).
static bool eq_int_type(const int_type&k cl,
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const int_type& cl);
static int_type eof():
3

basic_string2t#iiR{E XS RE. BTE TSR BENVERNEHAHLE. Y-
A-string2s HF, -

std::string s;

FL Lk, EAFARMsEAMTHA (BT Ebasic_stringfe b b BRI IR 2% ):

std: :basic_string<char, std::char_traits<char>,
std::allocator<char> > s5;

BT FHFHHE C. 4 Mbasic_string 2 Sifh 4 B H 3 | AT LA F— 4150 i 4o £ 28 32 B
A.std::char_traits, FTERIHMFRERTXFINEYE:

f/, {85:BearCorner.h
#ifndef BEARCORNER_H
#define BEARCORMER_H
#include <igstream>
using std::ostream;

f4 Ttem classes {traits of guests):
class Milk {
public:
friend ostreamé& coperator<<{ostream&% os, const Milk&} {
return os << "Milk";
}
Y

tlass CondensedMilk {
public:
friend ostream&
operator<<(ostreamf os, const CondensedMilk &) {
return os << "Condensed Milk":
}
N
class Honey {
public:
friend ostream& operator<<{ostream& os, const Honey&) {
return gs << "Honey";
H
| 3

class Cookies {
public:
friend ostream& operator<<(ostreamk os. const Cookies&) {
return o% << *Cookies™;
}
H

/7 Guest classes:
class Bear {
public:
friend ostream& operator<<(ostream& os, const Bear&) {
return os << "Theodare”;
}
}i

class Boy {
public:
friend ostreamd operator<<{ostream& os, const Boy&) {
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return os << "Patrick";
}
b

f/ Primary traits template (empty-could hold common types)
template<class Guest> class GuestYraits,

/f Traits specializations for Guest types
template<> ¢lass Guestiraits<Bear> {
public:

typedef CondensedMilk beverage_type,;
typedef Honey spack_type:

b

template<> class Guestiraits<Boy> {
public:

typedef Milk beverage_type;
typedef Cookies snack_type;

) I

#tendif // BEARCORNER_H ///:~

//. C85:BearCorner.cpp

// IMlustrates traits classes.
#include <ifostream>

#include "BearCorner.h”

using namespace std.

/4 A custom traits class
class MixedUpTraits {

public:

typedef Milk beverage type;
typedef Honey snack_type:
H

/7 The Guest template (uses a traits class)
template<class Guest, class traits = GuestTraits<Guest> >
class BearCorner {
Guest theGuest:
typedef typename traits::beverage_type beverage_ type;
typedef typename traits::snack_type snack type:
beverage_type bev;
snack_type snack;
public:
BearCorner{const Guest& g} : theGuest{g) {}
void entertain{) {
cout << "Entertaining * << theGuest
<< " sarving " << bevy
<< " and " << spack << endl,
}
}:

int main{) {
Boy cr;
BearCorner<Boy> pcl{cr};
pcl.entertain();
Bear pb;
BearCorner<Bear> pc2{pb);
pe2.eptertaind};
BearCLorner<Bear, MixedUpTraits> pc3(pb):
pci3.entertain(); :

Y FHf i~ :

ERABFF, HBEEAHE AR XBoym¥Beary3e . £4t T & kN OSR Y.
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Boy Bk 4 iR/, BearBWikMN 4 HgE. ®ASRYZANXEREL -5 (291
AX) (28 HERERELZREY. BearCornerfIBIARSKIRIE TH AGEBIREIR Y

iy, BB 1THEAENTARFIERTEROLARRAET L, SE | HI
MixedUpTraits ., X i iHE:

Entertaining Patrick serving Milk and Cookies
Entertaining Theodore serving Condensed Milk and Honey
Entertaining Theodere serving Milk and Honey

RAE XA BB T WA BRI R: (1) TERX R 5 H S HRR B o ol o 8 B ot fy TR R 4
T RERMAY 7, (2) SRF TRESEIRGE/NSE. MR —1F A0 TRk,
B2, HHAONSBHERES I BearCornerH W iR, XWRIEHTH MR, TH
i B B R — N b O FORRAE S R Bt 2 R K TR LI TR TR -

MEAIEHE, BIEEARBTA T ERAEMERL. EEEF T80
PrintSequence.h3i 30k, HATETUMRR— AR R HERBH T

55.2 HWE

RAE— T Mwechar_t #{ciichar_traits, B RKALE EE4H Y Teharfibiy
= S8
template<> struct char_traits<wchar_t> {
typedef wchar_t char_type;
typedet wint_1 int_type;
typedef streamoff off_type;
typedef wstreampos pos_type;
typedef mbstate_t state_type;
static void assign(char_tvpe& cl1, const char_type& c2);
static bool eq{const char_type& cl, const char_type& c2);
static bool lt(const char_type& cl. const char_type& c2):
static int compare(const char_type* s1,
const char_type* sZ, size_t n}):
static size_t length(const char_type* s5);
static const char_type* find(const char_type* s, .
size t n,
const char_type& a});
static char_type* move(char_type* sl,
const char_type* s2, size_t n); 292
static char_type* copy{char_type* sil,
const char_type* 52, size_t n);
static char_type* assign{char_type* s, size_t n,
char_type a),
static int_type not_eof(const int_typek C);
static char_type to_char_type(const int_type& c).
static int_type to_int_type{const char_type& c);:
static bool eg_int_type(const int_type& c1,
const int_type& ¢2); |
static int_type eof();
o -

ATHAE—HRLNEHNZ, fradiniBRAF (charfintsy 33 Twehar_t
fowint_t). FAAFRHEGEBRLMAN. "X FRE T -MEX: FHERRHH L (trait)

WRRITHRY, MG 4 2 PR B R R A B, S R T MR
EYMEERE. BRI ES SRS, EAEMNEanRNNEREBWEIEREEFR

© Zhl GXALAKM LA, Wik, ) char traits<>:ircompare( ) 1452 g vl BEW H B Fstremp( ).
& B — - fh kg ol g if A wesemp( ). TGiEX Bk compare( )& #HhirRIShEERHER A,
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WAV E RS (Flfn, charfiwchar_t).

W& (functionality ) SEIMB Bk bREE AN, % P@mES REMNHE
IR R RES S in b e B T 0. BFskil, TR ZX /I BearCornerfl/Fii4s, XHHAH
FIHEF R

/7. C@5:BearCorner. cpp

/7 I1lustrates palicy classes,
#include <jostream>

#include "BearCorner.h'

using namespace std;

{4 Policy classes (reqguire a static doActien() function):
class Feed {
public:
static const char® deoAction(} { return “Feeding":. }
¥
class Stuff {
public:
static const char* deoAction() { return “Stuffing"; }
H

// The Guest template (uses a policy and a traits class)
template<class Guest, class Action,
class traits = GuestTraits<Guest> >
class BearCorner {
Guest theGuest:
typedef typename traits::beverage_type beverage_ type;
typedef typename traits::snack_type snack_type;
beverage type bev, .
snack_type shack;
public: ’
BearCorner (const Guest& g} ; theGuest{g) {}
void entertain() {
cout << Action::doAction{) << " " << theGuest
<< " with " << pev
<< " and " << snack << endl;
}
i

int main(} {
Boy cr;
BearCorner<Boy, Feed> pcl{cr);
pcl.entertain();
Bear pb;
BearCorner<Bear, Stuff> pc2(pb):
pcl.entertain();

Y A~

BearCornerZ i f)ActiontEl ¥ FEH 1L HdoAction( Wik ERKAEK. ©
H#EBearCorner< >::entertain( ). A BEM oLk FeeddiStuff, —&EtiRit
TS . FLXRA SOk AT KFRD Kb £ (policy class), FE L@, By “%
B” RdidFeed::doAction{ )fiStuff::doAction( MHR{HE), iXUbHmE R T HER ¥H %,
WAIERAER, SHTRRES T EAMRIHARRANL. ETETRENERAMILHT
HBA, 2 FAndrei AlexandrescuEl{J:Ee.,_ XFEXALE, xFEPHEERER.

=] {Modemn C++ Design: Generic Programming and Design Patterns Appliedd, Addison Wesley, 2001,
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5.5.3 BRERAYIE QBB

R — A~ EC++ PR R - A A an T s — A2, (8 BB R — 12 24 BT SLBR A7 72 10
XA H. LHMAERE TR R MR A . Sdohs RERraRRNEHE, mT iR

/77 CB5:Countedllass.cpp

// Object counting via static members.
#include <iostream>

using namespace std;

class Counted{lass {
static int count;
public:
CountedClass() { ++count; }
CountedClass{const CountedClass&) { ++count; }
~CountedClass() { --count; }
static int getCount{) { return count: }
¥

int CountedClass::couni = ©;

int main¢) {
CountedClass a;
cout << fountedClass::getfount{) << endl; i1
CountedClass b:
cout << CountedClass::getCount() << endl: i2
{ /7 An arbitrary scope:
Countedllass c{b);
cout << CountedClass::getCount() << endl. // 3

a=rc;
cout << CountedClass::getCount{) << endl: // 3
i
cout << CountedClass::getCount() << endl: i 2
Y AP~

CountedClassij & & éa ATt i SEAR K Reount i i1t 3y, mdr ¥k Bt17
W3 b A S getCount( )ZEE 4 8l + G M k.

TR EAHR I — R A RHETHBORE, FTEMXE R ARAERKMRT . £
EEHREBFZ S, SEFEHNRBETEALRIRANEMRLR, EAMNPX LR
ARG R, BRER, SEERSFHTEERMSEH 2B EE:

f7: Ce5:CountedClass2.cpp

// Erronengus attempt to count objects,
#include <jostream>

using namespace std;

¢lass Counted {
static int count;
public:
Counted() { ++count: }
Counted{const Counted&)} { ++count: }
~Counted(} { --count: }
static int getCount() { return count; }
i

int Counted::count = B

class CountedClass : public Counted {};
class CountedClass2? : public Counted {};

int main() {
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{ountedClass a;

cout << Counted{iass::getCount(} << endl; i1

CountedClass b:

cout << CountedClass:: getCount() << endl; i 2

CountedClass? c;

cout << LountedClass?::getCount{) << endl; /7 3 (Error)
Y A~

JR4AEHCountedMFiARMAE THRAN., WP SKELAA, HEdEE
Counted Rk &HH AR, EINMRARaHHRE. AERTOR, F—FERD
ABATRERER A FARERGHR. —FfSERE T TRRTR, oTRoR:

/{7 CB5:CountedClass3.cpp
#include <iostream>
using namespace std:;

template<class T> class Counted {
static int count;
public:
Counted() { ++count; }
Counted{const Counted<T=&} { ++count; }
~Lounted() { --count; }
static int getCount(} { return count; }
.

n
2]

template<class T> int Counted<T>::count

// Curious class definitions
class CountedClass : public Counted<CountedClass> {}:
class CountedClass2 | public Counted<CountedClass2> {}:

int maind{) {
CountedClass a;

cout << CountedClass: getcount() << endl; i1
CountedClass b;
cout << Counted(lass: getCount() << endl i 2

CountedClass2 ¢
cout << CountedClassZ::getCount{) << endl; 1 (1)

1 2A i~
BATRAERIBIRE TR, XAEREEEE (AR) /EVEESBE R
REGRBAT—MER (1F%) HNEX, METATEELXKITFEPELMEENEEE R
R SR, hTFCountedfIBIMEAFEEMTT. LB MEITHR &, Countedfyi
A CHEY ) RATLUE. R EERT 2RISR XftCounted EXRE, HAHE
kD ARAER . S EREEN, HEE—4A Counted LHRIIR A2 UMD TLIT K,
Tapkidid, mTEMERAEAE -, EARTHCHRARE. HiLiti, X
B — A LB T M EEXFHENFEAER . m Coplienf 14-E |4 LG RhA T

RAEFEBIAN: BIL—EAN “ﬁﬁﬁ’]ﬁﬂﬁﬁﬁﬂ: (curiously recurring template pattern)” ©
BISCEPIRE TR Tk,

5.6 BT

19934, SiEARF R AR R, Bt el GERMA S MER. F—i
W, Cr+irifi % RS WEERBASTLAARECH, YMFECHEEE N SWR RAMEE .

= {C++Gems), [7Stan Lippman#Rd}, SIGS, 1996,
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BRI L@ IR T RN TSRS NEIFRIRAEH T, Hrp— ARG F 20 F B

f/: CBS;Facteriat.cpp

ff Compile-time computation using templates.
#include <iostream>

using namespace sid;

template<int n® struct Factorial {
enum { val = Facterial<n-1>::val * n };

}i

template<> struct Factarial<g@> {
enum { val =1 };
i

int main(y {
cout << Factorial<l2>::val << endl: // 479801688
Yy A~

B T a2t EHE! HEABERE. MoEERH AR B
2 ERFFtREfTHREEexsR TiHHE!

L 41 7% 1A Bl X Factorial<i2> #i7LH M, RIFTS LI LB LA KL
Factorial<11>, fiFZXEkLp{tFactorial<10>, [LHERE. X B HESTERL
Factorial<i> BfgEs, M8 EIT, Factorial<iz>:val YB35 £479 001 60048%:,
FERHIFER. BTHANTRESHHIFS KM, HOSPESARMER KR, EIILERT
enum. £F@i7h, H—EW0TERLERM — MU RITHX M ERE. ATRIEA
. Hikd s A Factoriald)— ML S 2 T ™4 EBf R RE. WU R EES -1
AR KBRIE—TF. WFF:

doubte nums[Factorial<iz::vall;
assert(sizeof nums == sizeof{double)*128);

5.6.1 WERRE

AERE TR R B PACE R A— R B i, SXBHCE A T — R Fr i i L.
XEERTR AR AU TR (template metaprogram) (PFUOBIERE “A—AMEFHORE"), FXEIT
AL e8RS EHE. kb, BRoUREHL T 26 B XA (Tuing complete), HAEE
ik (if-else) MBWH GADRIE). MHER LY, STOREHTEAGHRA®. LES
factorial 2 /A B7n T 20 SKBLIESE. SR, H B — M ppidfe— 2k
EARTHLRL. T 2R T T F AR AT R IR T AR AR (Fibonacct) #:

J/: CB5:Fibonacci.cpp

#include <iostream>
using namespace std;

template<int n> struct Fib {
enum { val = Fib<n-1>::val + Fib<n-2>::val }:

b

© ALK, xeBiRrErEE, RSl B rinailF BRI MiEizef X5 w8, 2HHUE
PR SR AR IR PR,

S 19664, Bohmflacopiniif B T HEERALL THIEMIEFHRLY T~ MERI: IFHEFEMER. HE4
8 AR BB OUEIEE S . BRI R A REEEEEMED.





http://www.eimhe.com/
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template<®> struct Fib<l> { enum { val

113} )
template<> struct Fib<@> { enum { val = & }, };

int main{} {

cout << Fib«<S>::val << endl; /{ B
cout << Fib<2@>::val << endl; // 6765
Y OAAf -
IR E RIS EE LT
0,n=0
f,=31,n=1

A Y |

BIAMEL SR T LEAERRs L. B3R R 5 A EER

1. B i B4 16 56

E—TERTEF P ENRERNER, YASHAFHAXEZREH. Blin. FEitae
Enfpik’, TEJLTEAERT — AR LA B

int val = 1;

while{p--)
val *= n;

WAL ES g— B Eg R
int power{int n, int p) {
return {(p == @) ?2 1 : n*power(n, p - 1);
}
HEERTLARE S H - HEE TR R L

£/ CBS:Power.cpp
#include <iostream>
using namespace std;

}emplate<1nt;N. int P> struct Power {
enum { val = N * Power<N, P-1>::val };

I

template<int N> struct Power<N, 8> {
enum { val = 1 };

| 3
int main{(} {

tout << Power<2, 5>;;val << endl; // 32
Y FPf—~

HINME - ITHHEEESE,. AHFEERA— TRt & &8, &8, XMEFE
BT SIE N il BT
HCzarneckifliEisenecker ® s Z3f TR LR AR MR A MBI, HATERE BB E N

2, SHER —AREEA ST RENWER. HPH “BREERL” o.nXx ks
KT

9 Czarmnecki #Eisenecker, §Generative Programming: Methods, Tools, and Applications), Addison Wesley,
2000, F4TH-
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£/ CO5:Accumulate.cpp

// Passes a "function" as a parameter at compile time.
#include <igstream>

using namespace std:

// Accumulates the results of F(@)..F{n)

template<int n, template<int> class F> struct Accumulate {
enum { val = Accumulate<n-1, F»::val + F<n>::val };

I

!/ The stopping criterion {returns the value F(@})>
template<template<int> class F> struct Accumulate<d, F> {
enum { val = F<@>::val }.

b

/F Various "functions”™:
template<int n> struct Tdentity {
enum { val = n }:

+

template<int n> struct Square {
enum { val = n*n }:

} ’

template<int n» struct Cube {
enum { val = n*n*n }:
i
int main{) {

cout << Accumulate<d4, Identity>::val << endl: // 18

cout << Accumulate<4, Sqguare> :val << endl; /38 -
cout << Accumulate<d, Cube>::val << endl; /7 10d
Y A~

EhfAccumulateifi iR B i+ BEF(n)+F(n-1)...F(o)iyfl. #ib#F&EdL—1 “&
B F(OYH LR LHE . 2EFASRA— R, EFSLUMMATHEERE 1 H
%, #aizidentity. SquarefiCube, FEfNEERETRE A CATRUNHEAERK. £
main{ JiE%d, AccumulatefJ ¥ 1A LFAEIHRERF: 4+3+2+41+0, FHitIdentity ek
ML “BE" EHEESY. main )hE257 2B FRER 1 (1649444140). &
FEFE A (64+27+8+140),

2. PRI W .

BHIFHENEER TRLETEERFR. P - REHRFEAORIC—RRERT
iHE RS —RANRBH M (loop unrolling ), X & —TFHIH = 3R RIS SRR B/ R

£. BRRIMER S RO FREREAR. THNREE —TERS-tREHEE (RIEFR
ROWSHICOLSE 2 X Th

void mult(int a[ROWS][COLS], int x[COLS]. int y[COLS]) {
for(int i = B; i < ROWS; ++i) {
ylil = @;
for{int § = @; j < COLS; ++j)
y(il += ali1{j]1*x[jl:

}
}

MPCOLSE 8%, BHAMIMILBEBEREHERION— BRF4E, REMAFEHERE
“syHR” VIR RSy . R SEW ERIEEE P BOtt LI o T

void mult{int a[ROWS][COLS), int x{COLS], int y[COLS]) {
for(int i = @: 7 < ROWS; ++i) {
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y[i] = @;
for{int j = &, j < COLS; j += 2)
y{i] += a[i1[j]*x[j] + alF10j+13*x[j+1]1;:
}
302 b

@, HECOLSERM—AET, SRAMGEHRENRAAILIITRERE, KRB TURIE
B XFHEREERKE ERAABIHRE, (BXIEME— 7 AR B R T R R
LIl

B BB B T IR SR R — R . R TR R AT

Jf COS:Unroll. cpp

f£f Unrolls an implicit leop via inlining.
#include <iostream>

using namespace std;

template<int n> inline int power(int m) {
retura power<n-1>(m)} * m;

}

template<> inline iat power<l>{int m) {
return m,

}

template<> inline int power<@>(int m) {
return 1;
}

int main() {

int m=4:

cout << power<3>(m) << endl;
Y FAfi~

WS ki, SRR LAERERRS S 1253. 2. 13 power< >§5k. B AE)
R T LA RS, SEhriE Amain( YR EHRBRE — T B —PEREAm* mtm, XHE—
%, —AFEEANBRAE DB RIS T~ s, EHETU R ARHEHTIERN
LT . X FETR o BRI 3% £ P A SR1F 28 Y PR DGR PERT BR #1
303 3. &S :
4 T HEHE S SRS, AT —enum B ¥ H3 B &4 5. FTHOEF®
FEH TR, SfHREHTERTBH ZPHRXIE:

/7 CO5:Hax.cpp
#include <iostream>
using namespace std;

template<int nl, int n2> struct Max {
enum { val = nl1 > n2 ? nl : n2 };

Y
int main() {

cout << Max<1@, 28>::val << endl; // 28
Y AP

PSR ARGE R fe b RIS B LIRS MA B . FTLAR Fitruefnfalseld ket

& A —BEAEH RS R Russian Peasant F k.
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£/ COB%5:Conditionals.cpp

/7 lises compile-time conditions to choose code,
#include <iostream>
using namespace std;

template<bool cond> stryuct Select {};

template<> class Select<truer {
static void statementli(} {
coul << "This is statementl executingin®;
}
public:
static vaid f{) { statementl(); }
}.

templatex> class Select<false> {
static void statement2{) {
cout << "This is statement? executingin®,;
}
public:
static void () { statementZ{}: }
}s

template<bool cond> void execute() {

Select<cond>::f();
}

int main()y {
execute<sizenf(int) == 4>();
Yy FES-

EABAFHEY T TEARIEN:

if{cond)
statement1();

else
statement2();

B T &lFcondfE RiIERWE 25, execute< >( )fiSelect< >WE MM AR d1HiF R 1T
ELFifL. HfSelect< >:f{ MEZITHIAGT. FTEARHRMLRAE R —switchiff), {EF
& f{truefifalse, 2% caseli.

EN T 5

EE2RE PR THMIE (assertion) G MEFEMERBREMA—E2 A, Bigit
ERE—ARIEH — A BB ARSI B A BT, TR L
FEHH— SR . BRAFRRRIRE BN S . FATCAERIBE B — Rk AR{E, B
EIENEES. TEMNFATERTINMER, SR —AHREBERH R — T A

f/: CB5:5¢aticAssertl. cpp {-xo0}

{4 A simple, compiie-time assertion facility

#define STATIC _ASSERT(x) A
do { typedef int af(x} # 1 : -1]1; } whnile(®)

int main{} { _
STATIC_ASSERT(sizeof(int) <= sizeof(long)): // Passes
STATIC_ASSERT(sizeof (double) <= sizeof{int)); // Fails
Yy FAS -

dofEih A — A~ dHalyE L T — Mgkt i, X AR MR/l — A BE R & B
Wi EHL--PRAK - WEARRAEW, Bk SR 4R XFIEDHRE

-
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Hil T B PRI S0 B T ot 4 Vi A RSR IR AURAE . 1R300 4R R I T 5 05 TR T RO R b it

TEI—A BB URETHERF LIS IEERE. MrANRIBEREEREFRE LRF BRXA
RIEEI -~ SR EIRM AP IEA G RIS 4. MAlexandrescu ® ZbFR45 0 T m6D 57
TSR, A EHEE— b AR R S BGX I L{E:

/f: CO5:5taticAssert2.cpp {-g++}
#include <iostream>
using namespace std;

ff A template and a specialization
template<bool> struct StaticCheck {
StaticCheck(...):

b3

template<> struct StatfcCheck<false> {};

/! The macro {generates a local class)

#detine STATIC_CHECK(expr, msg) { Y
class Error_##msg {}: \
sizeof ((StaticCheck<expr>(Error_##msg(}))); \

3

/f Detects narrowing conversions _
template<class To, class From> To safe_cast(From from) {
STATIC_CHECK(sizecf(From) <= sizeof(To),
KarrowingConversicn) ;
return reinterpret cast<To>(from) ;

}

int main(} {
void* p = 8;
int i = safe_cast<int>{p};
cout << "int cast okay” << endl;
41 char ¢ = safe_cast<char>(p);
Y I~

KA T e T — 1 iBitisafe_cast< >( )Jﬂﬁlﬁ&ﬁﬁﬁ‘ﬁ&&ﬁﬁb%ﬁo TERER

MEEBEFEESART BAAHRATORE. RERHREUARERD, WHAREE
HEFEEES: AERBHET - EERER, £8, StaticCheckZB B/ aHEW
B AT R SO A AL AT T L i g StaticCheck <true> A ( T B804 g6 3
FRTEEE S C ), I BIE A T AR S LR LA ks g StaticCheck <false> ) ST,
AR Ax bR LR . BB A EnEREAFENRMAE, RelE—
AERILHH LIS TR R SStaticCheck<true>3%; & B&EERRN AE, #He
ik —/~StaticCheck<false>#1§. HFsizeoiSENEREM R ENTIE. BmA
TRHITERTES . SeMofn, FIBREMERE A%0E 203X 528 2 R %
StaticCheck<false> 315 . (FESTATIC_CHECK( )+ fsizeofifi i B mH4%EIE S,
BATHIERZFBAABRFEALABisizeof BB REA, XEFRAEN). A TESRE
BHREA—EHELNEE, FNRLAETHETIRBETXBAFELHXTRERE.

X IHEANZRFN S RRAERBARKF, 58 L FmainO R L —17:

S  {Modern C++ Design}, $23~2670.
© AR KR (BRTNER) FS— T ERSEENL, ARLTFAREENAN (—@i%n
#BiF), %k L RERESTHEA AN,



ES5F EATBREH 185

int i = safe_cast<int>{p).

safe_cast<int>(p)RIAHEE T THEHAZET M, efOF 7 E17/R0:

{ \
class Error_NarrowingConversion {};: bt
sizeof{5taticCheck<sizeof{void*) <= sizeof(int)> A

(Error_KarrowingConversion()}), \

}
(EL— Fhricie @ TR IR, ##, SR EMRERERN—TE R, BLdRLE

IEError_##NarrowingConversion® ¥ T #ricError_NarrowingConversion. )
Error_NarrowingConversion#t g — 544 (BWEEE—THEEFTSRERBRAEN),
RAECEETEEX/IBHFAOXk FER. XEsizeof GRTFNERRBERE
StaticCheck<true>fIL il K/ (BAEARFEANRAES ksizeof(void*)< =
sizeof(int)H &), fiError_NarrowingConversion( )ifl FiE B H R £. RiF
o ¥ Error_NarrowingConversionfj K/h ('EAhE), HkEREMsizeofft
STATIC_CHECK( )+ 5h EERZA M. BT MError_NarrowingConversionliyfi
it 3|StaticCheck<true> SLHERE 82, HluiXA-sizeoffts st 2 b FAHATER VT LISkER .

RERES, WEmainQ)@E T EBE —THOERE SRR &SRR 43

char ¢ = safe cast<char>(p);

frix 8, safe_cast<char>(p)dHISTATIC_CHECK( )ZEY 74:

{ \

class Error_NarrowingConversion {}; %
sizeof(StaticCheck<sizeof({void*) <= sizeafi(char}>
{Error_NarrowingConversion{)): 4

}

BT #RixAsizeof(void*)«<=sizeof(char) b, KHEFHZAHETM
Error_NarrowingConversioniiil 7t & FiStaticCheck<false> L FIFTEEHR, T

sizeof (StaticCheck<false>(Error_NarrowingConversion())):

ERBT, BEAGIESHRE -0 TREAFEIL TR

Cannot cast from "Error_NarrawingConversion' to
'StaticCheck<®>»' in function
char safe_cast<char.void *>(void *)

% #Error_NarrowingConversiong i A AT R AR LHEE. BHL
T RXFEARMIT A BEN S, WiZAASTATIC_CHECKELHEIT&iEM RIFKE,
HFHA—TEREXARK (BREaHR. BEL%. EHEAKRT) kMx i #iR.
562 FiEZABUR

A 4 B B Y IR R R B 2 76 19944E 1 Todd Veldhuizen © #nDaveed Vandevoorde ® 43 B3R Hi i
— et A A A (expression template). FEABREBEREUHESHW2A

8 {£Lippmanf) ¢C++ Gemsy, SIGS. 1996h eTLUR B ToddI B TR . EREY TERTREHENTSH
AL, RiEREE b I EC++ b & & R R B IE S P EAFLEH, Wlambda FERR.
B- - TR AR 2 % Spirit, B PR RERFANERPIEEHFE . ERFECHRERER
( —/A~iFClE) EBNFFFES, B ribEAB0iE A% . $#Rhup//spiritsourceforge.net/.

S ZELHNicoW] §C++ Tomplates), P2 —A RMMMREFEE.
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WIGRIFHRAL, X B A xR R, et dTaE Sk B/ R L fbiFortran (ST
FHHEMHERIEE) Bk, FAATERHFERDBRE THEHREFS. RET
BOlE B RET HAEAXFEA, HERMCHHRASHY2E ROEMEIER AN ES .,

AT B\ RikE S FORAERAILER. 18R ’“ﬁiﬂ’lﬁ{ﬁ%ﬁiﬁﬁﬁ’h&% e -0
IR, T PR

D=A+B+C;

R —-BPEEOLAHR, X/ RERBS BN B RN~ E—— 4 RA+B,
—AB(A+B)+C, HXeTRARFAME R AR, XMHEHEERAZEORROH
b ACHAESE . FORT R I A iR BT 5L T Al — -8k,

THERERFEXLT — A MyVector 3SR BUIE R A MBS E. ERFHER—TEX%
PREREERE ARG RKE. BFIELT —MyVectorSum¥ieia 3 — /- b LR
%, AR EMyVectorxt @ 2fn. iX# A ERAFHIE, Iﬂﬂﬁﬁﬁmﬁ-*éﬂ&%ﬂﬁ}mﬁﬂu
AR B R T AT

f7. €B5:MyVectoer.cpp

/7 Optimizes away temporaries via templates.
#include <cstddef>

#include <cstdlib>

#include <ctime>

#include <iostream>

using namespace std;

/f A proxy class for sums of vectors
template<class, size_t> class MyVectorSum;

template<class T, size_t N> class MyVector {
T data[N]:
public:
MyVector<T N>& operator={const MyVector<T, N>& right) {
for{size_t i1 = 8; i < N; ++i)
gata[i] = right.datalil;
return *this;
}
MyVector<T N*& operator=(const MyVectorSum<T,N>& right);
const T& operator[]l{size_t i} const { return dataf[i}; }
T& operater[](size_t i) { return data[i]l: }
}:

/4 Proxy class hold references: uses lazy addition
template<class T. size_t N> class MyVectorSum {

const MyVector<T . N>& left;

const MyVector<T N>& right;
public:

MyVectorSum(const MyVector<T , N>& lhs,

const MyVector<T N>& rhs)
: left{lhs), right{rhs) {}
T operater{]{size_t i) const {
return left[i] + right[i];

}

3

& Hp £Blitz++} (http://www.oonumerics.org/blitz/), €the Matrix Template Library® { hitp:/www.osl.iu. edu/
research/mtl! ) F1 {POOMAY (hop:/iwww.acllanl.govipooma/ ),

© BMRAEEEFN ‘MR, ER-IEERE. —ENHBIEKRAE.
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/{ Operator to support v3 = vl + y2
template<class T, size_t H> MyVector<T,N>&
MyVector<T N>::operator={const MyVectorSum<T N>& right) {
for(size_ t i = B; i < N; ++i)
data[i] = right[i]:
return *this;
1

J/ operator+ just stores references
template<ctass T, size_t N> inline MyVectorSum<T.N>
operator+(const MyVector<T N»>%& left,
const Myvector<T N>& right) {
return MyVectorSum=<T N>{left, right);
}

I/ Convenience functiens for the test program below
template<class T, size_t N> void init{MyVector<T . N>& v) {
for{size_t i = 8B; 7 < N; ++i)
v[i] = rand() % 1808;
}

template<class T, size_t N> void print(MyvVector<T ,N>& v) {
for{size_t i = 8; i < N, ++i)
cout << v[i] << ' '
cout << endl;
}

int main() {
srand{time(0)};
MyVector<int, 5> vi;
init{vl};
print{vl);
MyVector<int, 5> v2;
init{v2);
print{v2).
MyVector<int, 5> v3;
v3 = vl + v2;
print(v3);
MyVector<int, 5> v4;
/! Not yet supported:

fAY wd = vyl + v2 + v3;

YA~

HMyVectorSum3 =4, EHRFHTIHE; E,\ﬁﬁfﬁﬁhﬁﬂuhimﬁlﬁi {5
iRl —A-FHEMf R (AEfoperator] 1()) BB ASk4 . BT HMyVectori&{E
BREFHTER, :rﬁMyVectorSumﬁs%—wﬁﬁﬁm&mﬁm WFRR:

vl = v2 + v3; // Add two vectors

Xt FiEAVI+v2RIER, BEE—4MyVectorSumxig (kbLk, 8 HADRB
*, Eyoperator+( I LMW binline), KRR/, BRA/DEHE (BRI
HHAEIH). S5THE LS iE R IER:

v3;operator=<1nt,5>(HyVectorSum<int.5>(v2. ¥31);

ETEERAXEHEEMG R, Hvoivafa N T BB ME RN MRESvIE AR
THE. XA LM EMyVector{Jlght 3% .

KX T EFTAXE £ TRMREENIEREE,

vd = vl + w2 + y3;
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FHRREFLRMMNG ., TaEETH20H8mM:

(vl + v2) + v3:

ETHRBNFE AN EHzH Foperator+( ), EHNE 1425 EMyVectorSumz#, 2
T EHEMyVectork %, WL ARt £ AN FRRBE BB HEN, BEAFMD AL EE
FACXE TR, an Fm IR

f40 CBS:MyVector2.cpp

// Handles sums of any length with expression templates.
#include <cstddef>

#include <cstdtibe

#include <ctime>

#include <iostream>

Using namespace sid;

/7 A proxy class for sums of vectors
template<class. size_t, class, class>» class MyVectorSum;

template<class T, size_t N> class MyVector {
T dataiN];
public:
MyVector<T ,N>& operater=(const HyVector<T N>& right) {
for(size_t i = @&; i < N; ++1)
data[i] = right.datal[i]:
return *this;
H
template<cliass Left, class Right> MyVector<T, N>%
aperator={const MyVector5um<T N,Left Right>%& right):
const T& operator([){size_t i} const {
return datafi]l;
}
T& operatarf]{size_t 1) {
return datalil;
}
3

// Allows mixing MyVector and MyVectorSum
template<class T, size_t N, ¢lass Left, class Right>
class MyVectorSum {

const Left& left;

const Right& right;
public:

MyVectorSum{const Left& 1hs, const Right& rhs)

: left(lhs), right{rhs) {}

T operator[]{size_t i} const [

return left[i] + right[i];

}

i

template<ciass T, size_t N>
template<class Left, class Right>
MyVector<T, N>&
MyVectors<T ,N>::
operator=(const MyVectorSum<T ,N,Left,Right>& right}) {
for(size_t i = @; i < N; ++1)
data({i] = right[i];
return *this;
}
// operator+ just stores references
template<class T, size_t N>
inline MyVectorSum<T,N,MyVector<T, N>, MyVector<T N> >
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operator+{const MyVector<T, N>& left,
const MyVector<T . N>& right) {
return MyVectarSum<T,N,MyVector<T N> MyVectar<T N> »
{(left right);

}

template<class T, size t N, class Left, class Right>»
inline MyVectorSum<T, N, MyVectorSum<T,N,Left,Right>,
MyVector<T N> »
operator+(const MyVectorSum<T N,Left . Right>& left,
const MyVector<T, K>& right) {
return MyVectorSum<T N,MyVectorSum<T, N,Left,Right>,
MyVector<T,N> >
(left, right);
}
/4 Convenience functions for the test program below
template<class T, size_t N> void init(MyVector<T, N»& v) {
for(size_t i = @; i < N; ++§)
v[i] = rand{) % 186;
}

template<class T, size_t N> void print(MyVector<T ,N>& v) {
for(size_t i = 8; 3 < N: ++i)
cout << v[i] << * ',
cout << enpdl;
}

int main{) {
srand{time(@));
MyYector<int, 5> vl:
init{vl};
print(vly;
MyVectar<int, 5> v2.
initi{v2):
print{v?):
MyVector<int, 5> wv3;
w3 = vl + v2;
print(v3};
/7 Now supported:
MyVectar<int, 5> w4
vd = vl + v2 + v3;
print(vd):
MyVector<int, 5> w§;
¥ = vl + v2 + v3 + yi:
print{vs);

Y i~

[ RS H LeftfiRight, X MERRA DSBS H - A RS BR, Sl s
HIREIA LR, HTMyVectorSumiE#HF x0T 25, B ZRERE < i
MyVectorfiMyVectorSum{T & 41 s 19— % S 801, _

BUESETF AR 1K AR . XA E—H<T,N> 5 —3% <Left,Right> i
&, Blk— 1 MyVector¥ K@ EA R -/ MyVectorSumit RERIE, &
MyVectorSum} 3 HFMyVectorfiiMyVectorSum2 BFI5 | K, XA MBI AL
20 Bk T 7T n] BERY—4F .

SR —#E, ATLLE ok B — M LR E R e sl e T T RRIX -3 05 R 2R T e H 2. 350
M T BFIEX T

vd = vyl + v2 + v3;

™
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MFERBEATHFMARKEAETLHE, ETENMEES, RIMNAMVSES
MyVectorSumP 435, - H ZMEHRHDEH.

FIMRIERVI+v2, SOHEANEE A operator+( ), XA MBEKIKKIEMVS(v, v2)
BAFRFERT . RioEwANE v L, AR EAMVSMVS(ve, v2), v3)i=sd—Al
B R, XN 2EIE TR SRR

v4 operator+(MVS(AVS{vl, v2), v3));

XM APWFESTHE, OB T A AEXFE AR “FAALBE" 24,
MyVectorSum#iik (KR T — M RiEA ( LAPRmERER), EMHREERAsEhiFEE
F EfLR AR E R v+ v2+vaRTiE ko .

H1Angelika LangerflIKlaus Kreft S )— {055 SCE MR Tix B A o BB € 5 Za0ite. ©

5.7 s SmiFEE

FEEATRRCLEEN, BrdMEnERf TRANEEE LR RES  RIFETH.
(B, #EMZERAERTHRFR, SEBEL TFEFNLTHY ). KRH S SH%EN
WEGEFERS, $RMSEY SRS EEFENRERTNLIE . TRy
BOIMSXtE (BY, .epp) M5, GRS EAENELSCNRAYRES .

X g oy BB in T

* AXHAPRHENRRE G S SR L ARNE L, AR EEIR.

Bk HE P ARRERIE, Mgl T RiEmhi.

c AR TR A IERE G- MEENRRRET) SBRMEA LMD, Nlitks s

Ak SR R[5 g RS

o RICHHR/D, SRIERHR S

571 S&%ME

B—HH. BEAR AT, GRS EREHES. RASRDSALAEEENR
e Y~ RFRERZHUACRET A BRBEEY, XER—A B ETNER T
R B LB R, BRAFSRIXE—A TR — A HRANSHL S TRLEHAS
— A BIERTN. CEERELEEEN Y, RIS T HIERTASX A SEibE R
W, EEES ARG RA. DRk A it AT AR AR R A B A B, R A SR
BRESPNEL RS R R, KR A 2B R R N TR R 2 —, R, iR
TERERER 2O LA EE S KRR — 2L, C++F A G LA HAER Aok
Fhi F 2 AR A 0L S TP A R

ERTGT BN —A SR, FANEREADMEPRE TN, BT8RN
5. JLPRAENARBIEFIMSERE. QAERMNE R, SAXthakks Falr
AT . EHHRALERA RS, ARMnT BT,

ATHEBDBRAQEENFEBHRIILIE, CHREETHEA (Fi—i) TREEm©
A ABLE]: WTEAER 2 X % #4 (explicit instantiation) #F T Hh LBl S— /MBI,
W ATLAGE & di 48 (exported templates ), 7= %R IR BRI A0415.

©  LangerfilKreftfj 3% “C++ Expression Templates” W.20034:3 HfJ “C/C++ Users Journal”, LA 7.2003
76 Al A LA H Thomas Becker® R AIH L3GA A BMRO X E (E B2 ASNREHIRR),
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572 BAZLMIL

%E)\ﬁFILLLFH%IJ’E‘%I%i%é%%ﬁfﬁﬁtﬂﬂﬂ?i&i%ﬁb&fﬁlﬁﬁﬁftu S RLX A BARE, %
TR XN, SR A —FHENRS: TUTRSKE A28 LR, R
EE AR R Bob (6 T HIRMARIRG —HE. A THTTOBMN, % (Bikh) Bk

ArEmF P AminOREMFN 5E LRSS, SR TENEN KR KOEERR. T
A 7B & T 5430

+ QurMin.h: 4 min( )@ﬁﬁﬁﬂ@fﬂ H.

+ OurMin.cpp: ®&min YEAEKEHENE Y.

+ UseMint.cpp: =i { Amin( )i —MintB L H{L.,

* UseMinz2,.cpp: £l Amin( )fy—double &AL
* MinMain.cpp: #RHusemini( )fluseminz( ).

f/7: CAS:QurMin, h

#ifndef OURMIN_H

#define OURMIN_H

/¢ The declaration of min{)

template<typename T> const T& min{const T&, const T&):
#endif // OURMIN_H ///:~ '

/4 QurMin.cpp
#inciude "CurMin.h"

// The definition of min()

template<typename T> const T& min{const T& a, const T& b) {
return {(a < b) ? a : b;

.
f7: CB5:UseMinl.cpp {0}
#include <iostream>
#include "OurMin.h”
void useminli{) {

std::cout << min{l,2) << std::endl;
Y AP~

//: CB5:UseMin2. cpp {0}
#include <igstream>
#include "CGurMin.h"
void usemin2() {
std::cout << min(3.1,4.2) << std;:endl;
Y FAS i~

fi: (85 MinMain,cpp

ff{L} UseMinl UseMin2 HinInstances
void useminl();
void usemin2();

int main() {
useminl(};
usemin2(};
YA~ '

HERB VXN, SRR SR R min<int>( Yfimin<double>( )@ 25
SIH. R %&%ESE EUseMintfUseMin2d jE3 3 min( M&{eayi@ AN, D4&min( )
MEBHETIN. ATENEXATH, AFB NS ETEE TS ibBiEs T, ﬁﬁ

—RAEX - f‘iiﬂﬁ%ﬂ’]ﬁ{tﬂt?ﬁﬁmﬁé{ﬂﬂ:‘. R e R R B Ay T AR ﬁﬁ%&%%ﬁﬁf
PEIRE A
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Z TR NG, B3 A1 tEMinlnstances.cpp, R A SHANL
T BrESmIin( )5t

/7. CB5:MinInstances.cpp {0}
#include "OurMin.cpp”

/7 Explicit Instantiations for int and double
tenplate const int& min<int>{const int&, const int&);

template const double& min<double>(const doubled,
const doublef):
FiHF i~

AT F LG RE BEE L, PR IR LA AT Ftemplate R @+, &
¥, EXBLAAEOurMin.cppiiiAZOurMin.h, X2 B4 % k<5 5 HBRCE Uk
TRk, AN, XBLRBTTE—RREERE OB, RAERYLTRFIEERN
#F—E _AminOREFY—F BRSO P AR FHSE B T dTERTZWEE
#K@EOurMin.cpp, HHiFERMABIES:

ff COS0urMin,.cpp {0}
#ifndef QURMIN_CPP
#define QURMIN_CPP
#include "OurMin.h"

template<typename T> const T& min(const T& a, const T& b) {
return (a < b)Y 7 a & b,

}
#endif /7 QURMIN_CPP ///:~

BAE, SEMANITE-BRED - ZENETFE, R4%E3Imin( )RS,
EFRALIERET, BHERNT:

i
3.1

HEARLAILIFISFLRERIESRA. LR2RKFE—A RN, BT - 2a
LB ALRHLTRRAS, HEFBEENHIAERABEMERTRM. XI—RREE,
FOO ARG, ELASTERE LI ER— Ry R B RIB RS M e
LHARRIZhEE. RARPCERSH RS Kd R AH0EAREE R w A T Tt

BAXFUELE M T RYKELEWE D, B AXHEr LSRR RAVRERR. RARAX
FlfD 2R BA KGN 2 T AR — - BCETaARE. TLLBT RS RYEE S
ERY (TR SRR — B RGETF T flk.

573 HHMy

BRAENS BRAEE T HANBIERT, FREEEEXREBERRBRAEINE
IR B R o B, s ERAS k (exporting) HOBHLEI ToIEHE @ AR 1. 7£43)
TRIHHRNER, XHEELCETEEE FLHE. ZEEERTESHE: aRaSHRE
RAERGRE, Sfo2EREER? BESAN FHERBRAERER.

MNGE EE. BERBARIAT25 ZAEAEHRET—RANCH+RIFRN IR
AEEY. KhpEsrRELE, E#THRECHTIRTEIZERERBE AEBRF N

© EINANERETERIERE, fEE-— MR E AR KB XL FE B
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SEEY, BT RESRAMTROEEFSES S T —%. E£oERBWIECE TR
MRK—BMAE, RESFERLSEESTENS ZHAXHRBT.

SFRBMBCHERSMIRENE, LLETEHFW0BETER, NEF--1THRESFAH (EDG)
Ko BB, N, XMRFESHEER, B0 ERBIRE D RIES S LB SMITS
FtLRIE. HSREE LR E A b AT, RBRERERB MR M4 47
D& ERRRER. SERTLERTESSRAMANL FEaEe “RgiE” #ik. £T4
HRIE AT B BRI R et (R H XM E LENEE P AR LR ARONE), M5
— T ERFHLEA SRR R FR . VSR ELAEMBAR M — 7S BRI E 3.

F— e LERBEENFEHMESBNRFIERRRE AN, REHE Hexportx
BERATLLT:

{4 CO5:0urMin2. h

// Declares min as an exported template

/7 (Only woerks with EDG-based compilers)
#ifndef QURMINZ_H

#define DURMINZ_H 320
expart template<typename T> const T& min(const T,

const T&):
#endif // QURMIN2 H ///:~

X{l FinlinegiFvirtual, X FexportE — M HFHPRNFHIA K. EXIHFHK
B, SIAT—TRHBHR. AFXTRE, BROEEAIHFLTFELE, E_RFMNEHT—
THEEE TR,

// C@5:0urMin2.cpp

// The definition of the exported min template
ff (Only works with EDG-based compilers)
#include "GurMin2. . h"

export

template<typename T> const T& min(const T& a, const T& b} {
return (a < by ? a ;. b;
Y A~

Zhr At FUseMin3 ik RS & ERML M4 (OurMinz. h), EEFFH%E. B
ERRARXOETETEROSE, HBHEEEE LHXHE (OurMinz.cpp) (BRLHITES
AP (Eymin( W& —ALHLRLARITEE), EERTIROMIL: FOREHRE X
FSEH R A R B Sy, B, Y ER 2 SRR IR R MR , Kb BT
FRHASHEARD LAk, 44 A8 REJZRELFexport (I TEDGH
FRAOSRIESS ), B GRS AT A R EIRE Lo R CRFE i h.

58 /h&E

BT R R R A F R RR TSR, YR A RS SR, R
B R UMBR TR, CrrBtR iy —Fhsaa DB AL DSHR T .

A RO ARRCHERAYERIE, BRI WA IER S5 1R 15 B2 77 E R .
T SRR BN HE R B XA TR TSR SRE4N. BE, CHARSRD
Sl T ENMEREIRGE B S AR, Mitleor Zolmanth EF % T —# 4 4STLFity T .,
EF T AR ARRA S E RN AEANAR, ERCHAXEEA LR TR,

9O plahttpYwww bdsoft.com/tools/stlfilt html,
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BEMEEAENS A EENBERE, AR SR Ao, BN, REX

#rtemplateE%kE: “LATLURZEMBROSHE", BEBHECTRANBERRESEER
EIR RS RA MY REN — XS EA R A RS sa 0. ik, XkFLEt—4-8ik
EXLERE: ‘REEREM XM EONSE. SRESRENIE: v, ZXRhkHL

BBEEMSEA X EN

TR RE, FHESEHEF &, BARRN

BHIHRE “REMNRRE" W OLEl, PR AR Bl B2 BRI M S0 B 3R 4 H
e ErY UL 1] 3o 5 B 0 PR PR AR S IR 75

EFOTEFIE TR D, HERARIHEERE AR RECH+ENFER, I DA

BEBRE (STL). FORMBI0EG B AT T HERERAIFEERIREEA .
59 %3

5-1

5-2
3-3

5.4

5-5

5-7

BE—A B MR ER R RN— TR, ENint: RN R, &
FEAPE B — IR N R E M RER AR, EEREPERX=A A,
BRE—/RHE, %AEE Avector LI — MR EIREH.

* I (5-2) KRS HITHEN, EEAREISNE BT AR RREIES
%, |
HETFHEARE T, %NonComparablethiifoperator=(). ME—~-TAh{t 4%
HardLogictyHBE | T — M g2, fiSoftLogies it #? |

R CB5:Exercised cpp {-xo0}

class Noncomparable {}:

struct HardlLogic {
Noncomparable ncl, ng2;
void compare() {
return ncl == nc2; // Compiler error
}
1

template<class T> struct SoftlLogic {
Noncomparable ncl, nc2;
void nadp() {}
void compare(} {
ncl == nc2;
}
¥

int maing) {
SoftlLogic<Noncomparable> 1,
1.neCp();

Yy AAf i~

HE—ATHFAE-RUSK (T) WEBER, ERZTITRESE: —PTHREH.
—AFHREIME. —AHFRESE (ERVWEB2ZAM) M-/ TERNMEE. RB¥
BEEEREAFARATRE SREN. BRAREREITRI N NREARIA
FAMBE.

i LEE, RERETERENER, #HBRKPHLRT T ERintfidoubleRy
il

ERHAGATHREEESR T (B BRERAGBEBRTH27 )
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 /7: CO5:Exercise7.cpp {-x0}
class Buddy {};

template<class T> class My {

int i
public:
void play (My<Buddy>& s) {
5.1 = 3;

}
b

int main() {
My<int> h:
My<Buddy> me. bud:
h.play(bud):
me.play(bud);

Y A~

5-8 {H T HEREREA A LEEIE?

/7: CO5:Exercise8.cpp {-xo}

template<class T> double pythag(T a, T h, T c} {
return {-b + sqri(double(b*n - 4*a*c))) / 2*a:

}

int main(} {
pythagil, 2, 3):
pythag(l.e, 2.8, 3.8);
pythagil. 2.8, 3.8);
pythag<double>(1, 7.4, 3.8);
YA~

59 WE-SREFA T SALRMBEMER: —Aint. —AEFEintfEL . - MER
IntZER e B2k R — AR — AR B S A0iss.

510 WEB—PTRHAFTKRYBHAEE. HPFIPREECRSE, B—RiEbiseg2
TER. EB— T, BRHASHFHRAEERRIRTRER.

U BEX—THAR-XUBERER, HHAALANBob. FBobRAh— 143
Friendlyf i £ RA LA LT, HAEA—T &4 Picky kBl A T—
L ZBobMPicky ) HR B 5 2 AR M. R0 — REEFBLX SR ATLEN
Bobgk i 6% .
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XA, BYSRE kAT FRARAAT A6 E, T k4
AEpREfere, HELEAHGAZLARNERTREFLF A,

BT E 4, AR/444% (Standard Template Library, STL) {EA#C++ERN T, BH
&R ARk (generic algorithm) #J——LLR RS0 7 2 A AL BEAE (o — R R RUE 7
eI, Claife S RELE - EESNIE, REERFLIEEAN. XHSTLHE
PR T L LSRR A R BE, kAR R DRI L. Aifm, XEhh s
ERUEGENFRR, QAMESHEINER T -BER. F¥ASSERE, EAREA IR
g, ERBIERRAX SRS K ETRESRAREBES. KEHNRPDIERAEERER,
{HEE BN RIS, BEBENAEHEXRERENT.

6.1 Wik

B T—SeBI0IREE, bR ATE AR EOT IRt — AL IOk R A Phg k. X BE:RY
BE, iERLSEB - ESRAETREAEEMM A, XEITHIC AL AT AR
CEBAEEHBEXRNOME. A, BELER “XMERESTIRAPMXBERIE, - ., R,
FaE T, RES! 7, MEAENAEEHeopyO )BT . Xt 45H £ LML
SRR rp BTN —— QIR 2 AR Bk Sk MR 1T A b 4 LA /D AYRRH R ke (R BR &8 2. — B
REDL T AT, F B RO THEED . ST IEREN ER A AL aE .

iX BB Hlcopy Bk IR 67 '

£/ CB6:CopylInts.cpp

// Copies ints without an exptiicit loop.
#include <algorithm>

#include <cassert>

#include <cstddef> // For size_t

using namespace std;

int main{} {
int af] = { 19, 20, 38 };
const size_t SIZE = sizeof a / sizeof a[@]:
int bISIZE]:
copy(a, a + SIZE, b);
for{size_t 1 = @, i « S5IZE; ++1)
assert(afi] == b[i]}:
Yy FAi-

copY( YR ERMAANTBRIORMAFFIR L B — bR K fa. J5E A8 Er.
FINEHEMIEFFBE LIS TH, F2M B MBHNAR AL (past the end) B
(BB ANEE—TUREEE ). WFMEERTRESERAE, BXREEKNCIETI
R, ATLARBRHER. B, XM MR EZEREFFIH RN TERNE,
ELHcopyhl, FE2MRE ALHEAEFFH L ERMFRIER. B3NS HARRHFTH
Friatr®, 40 PHHFMNEESADb. X BEIZbRAREU A LG AE R RETCE B Hl5



£oF o H K & 197

pvt 3
nFcopy( YEENR TS, WMokt 2F AWM S T . ikl AR T —Fhke
RIS, T ES BT Bk E filstring 4.

/7 Cee:CopyStrings.cpp
// Copies strings.
#include <algorithm>
#include <casserti>
#include <cstddef>
#include <string>

using namespace std;

int main() {
string all = {"read", "my". "lips"};
const size t SIZE = sizeof a / sizeof al[e]:
string b[SIZE]:
copy(a. a + SIZE, b);
assertiequal{a, a + 5IZE, b)):

Y A~

EXAHFSIAT B— M Hikequal( ), {XXH1FFIEE—ATESHE2A FFFIGTH BTG
£MZH ({Efoperator==()) EHtrue. XN EFXETFFHEL TR, —KERE
#l, —RAKEESR, WARRAR—/—KIBH!

BRE RSB M REERBTRAT AREER. MRiEEEHcopy( JRERER
B THEER, XHERLRINT:

template<typename T> void copy(T*' begin, T* end, T* dest} {
while(begin != end)
*dest++ = *begint+;
}

i “ERE” B heopy( VARG ILELX A —RHFF], AT HATHRHIEEARER
PR, BlamEss. LAIT, copy() LA A filvector:

/7 CR6:CopyVectar.cpp

/f Copies the contents of a vector.
#include <algorithm>

#include <cassert>

#include <cstddef>

#include <vector»

using namespace std,;

int main() {
int a[] = { 10, 20, 38 };
const size_t SIZE = sizeof a / sizeof a[B];
vector<int>» vifa, a + SIZE):
vector<int> v2(SIZE);
copy(vl.begin{), vli.end(). vZ.begin{)):

assert(equal{vl.begin(). vl.end{), vZ.begin{()));
Y A~

214 vectorst Rvii $ilad FIRBUFF R D441, F2ivectori R vapgE X, EH—
A R REE HSIZEA- T 4 BL 2 Al fyvectoriaiti e 4y, H BEHHAREA0 (ERHIRINE ).

E AR AN T, veEFRBRZERERVIARHEYW. ATHERLR, EH— (328
AR d B back_inserter( ), iZEBOR E— MR ER MR R E . B AXAERER
AL RS AT ER TR € 5 ix T E, BATENRRARTEMREE SRREZEA ST K.
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Tl A1 i 7bhack_inserter( ), WM LERATHEG 704, EErBivectori it
vai ST E H A

/f: CO6:InsertVector.cpp

// Appends the contents of a vector to another.
#include <algorithm>

#include <cassert>

#include <¢stddef>

#include <iterator>

#include <vector>

using namespace std:

int main(} {
int a[] = { 18, 28, 38 }:
const size_t SIZE = sizeof a / sizeof a[@];
vector<int» vl(a, a + 3IZE);
vector<int> v2; /7 vl is empty here
copy(vl.begin{). vl.end(}. back_inserter(v2)};
assert(equal(vl.begin{), vl.end(), vi.begin(})));

I
back_inserter{ )REE L <iterator>H g . FTiHGE T —ZEIFMPEERE AR
8 anfd TYERY. .

EABERR SR, RLARTLAESRMEE S L —FreeiB 2 SR ERH AN SR
FIARREHED:. Bk, copy( LT P ' '

template<typename Iterator> -
void copy{Iteratoer begin. Iterator end, Iterator dest) {
while({begin != end)
*hegin++ = *dest++;
}

ARNZRRABHLEVNZ S, copy( )EEE EEMRLI T ialEsI RmE #iaRH.
IRRE, REHH—-TREER,

6.1.1 HERM

At DR S A HEN IR —AFRE B4 FFD, B4 TRARBEETR
FR&AMMIIPSTCHREAR. HTRIXAREN, REFEZNAAFAILTFRE-TAZEK
(predicate ), BI—A~HFXAeRgER H A REMERIRE. Bln, RBRBEFF|FIENMTR
FFISHE. copyQ)M—FiiRAremove_copy ifORTRAGEMS EHIZ — LIE, THA:

f/ CO6:CopyInts2 . cpp

/7 Ignores ints that satisfy a predicate.
#include <algorithm>

#include <cstddef>

#include <iostream>

using namespace std:

// You supply this predicate
bool gtli{int x) { return 15 < x; 3}

int main() {
int afl = { 18, 28, 38 };
const size_t SIZE = sizeof @ / sizeof al@];
int b[SIZE];
int* endb = remove_copy_if(a. a+5IZE, b, gtl5);
int* beginb = b;
while{beginb != endb)
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cout << *beginb++ << endl; // Prints 18 only
Y AP~

remove_copy if( JABIRTE -l ¥ HEREEENIRE, SN T—/mEP
EHIFOE R FIE B ARG T — A B C AOBEE R AREE — A S Rl b T R R 2
RIZBR. FHLAER - ARBE. X, Y88 ATI5H, @igtisiE  Hirne,
remove_copy_ i )FEHR AT SIS TR HENS( ). HBERBHEIEARZ
WSRO o A R B T

TR TR T copy Bk B 5h— 28 i

/f: CB6:CopyStrings2 _cpp

/f Replaces strings that satisfy a predicate.
#include <algorithm>

#include <cstddef>

#include <iostream>

#include <string>

using namespace std;

/! The predicate

bool contains_e(const string& s) {
return s.find{'e'} != string::npos:

¥

int main¢) { i
string all = {"read”, "my", "1lips"};
const size_t SIZE = sizeof a / sizeof alB]:
string b[SIZEl:
string* endb = replace copy_if¢a, a + SIZE. b,
contains_e, string("kiss"));
string* beginb = b;
while(beginb != endb)
cout << *beginb++ << endl;
Y FAS -

SRIA BRABEHEEROTERR, KM ireplace_copy_if( st — 4|
it — AR ER BT E. HHERAE:
kiss

my
lips

BA “read” RIABMAFFHEFE—NSEFHAIENER, FUTHS “kiss” LR
ZFEWRE, “kiss” Rreplace__copy_if( AR B EMRE— /2%,

replace_if( YHkd B REFFMB AR FONE, TN RHIHEF N SEE,
BF TR

f/: CB6:ReplaceStrings.cpp

// Replaces strings in-place.

#include <algorithm>
#include <cstddet>
#include <jostream>
#include <string>
using namespace std;

boel contains_e{const stringk s) {

© REEFAS - THEANREE, RIEHRESH.
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retyrn s.find('e') = string::npos;
H

int main() {
string a[l = {"read", "my", "lips"};
const size_t SIZE = sizeof a / sizeof a[0];
replace_if(a, a + SIZE, contains_e, string("kiss"));
string* p = a;
while(p t= a + SIZE)
cout << *p++ << endl;
YoAAi-

6.1.2 Hh%kitaR

REMFORAEE—R, RECH+ERBEREEHEN T EULAZSTEELAES. 4%
FaaEpsr B2, ATEAEARARS RIS BRIRE. HEBBE/ I, FERHA
FlFR A EEEABERRITHR HER. RAMONGHEREREVAESZ —. WAL
BHE R FERES A FhRIE. -

KT ARK KB (stream iterator) AUHES . — iR fL B ARIEARMASBIHFEF.

- Bifn, AT EBEEFCopylnts2.cpprh UM MEES . "TLLS T miX #Ef:

/40 CB6:CopyIntsd.cpp

/f Uses an cutput stream iterator.
#include <algorithm>

#include <cstddef>

#include <jostream>

#include <iterator>

using namespace std;

bool gtlS(int x) { return 15 < x; }

nt main() {
int at} = { 10. 20, 38 };
const size t SIZE = sizeof 3 / sizeof a[®9]:
remove_copy_if(a, a + SIZE,
ostream_iterator<int>{cout, "\n"), gtis):
YA -

#E##FId, remove_copy if( YHE3IN KT FovHFEFIbEH — /8 & Fogfe s sk
RE, XA ERBRIEL L <iterator> h i ostream_iterator 2384k 19—/ L (H.
RHKERSERLEN - -REARLER, BEREETFRIHEHEOKESHE.
ostream_iteratorf)iX M& 208 % AT Hikcout. Bikremove_copy_if( )ifd &/~
e Xfcoutit — M B A FFlap Bl SR P rlcoutS A MM, HAMBEABNEA
—ABMEIEFRE)— %L, ZFETBRETENEAREFE . BEHIPE - RFE.

A—A Ak cout, ﬂﬁ@gi#ﬁ#fﬁﬂgﬁﬂr

ff Cee:CopyIntsToFile.cpp

// Uses an output file stream iterator.
#include <algorithm>

#include <cstddef>

#include <fstream>

#include <iterator>

uUsing namespace std;

bool gtls(int x) { return 15 < x; }

int main() {
int a[] = { 18, 28, 38 3}
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const size t SIZE = sizeof a / sizeof a[B]]
ofstream outf("ints.out");
remove_copy_if(a, a + SIZE,
astream_iterator<int>(outf, “\n"). gtl5}:
Y 4~
A RARERBEAFBEEABARFHBEHEAFF . XK HE R B0
operator++( VBRI EA T -4 1%, LR Eioperator ( )= £ ATIRAMEX
mHM. ANVBEEEFABESRBREGAFS,. HUTURABEKRGTAREE
istream_ iterator, i#%& FEMERF:

/7 Ce6:CopylntsFromFile.cpp

/7 Uses an input stream iterator.
#include <algorithm>

#include <fstream>»

#include <iostream>

#inctude <fterator>

#inclyde "../require.h"

uUsing namespace std;

pool gtl1S{int x»)y { return 15 < x: }

int main{) {
ofstream ints("somelnts.dat"}.
ints << "1 3 47 5 84 9",
ints.close();
ifstream inf("somelnts.dat");
assure(inf, "somelnts.dat");
remove_copy_if(istream_iterator<int>{inf},
istream_iferator<int>{(;,

ostream_iterator<int>{cout, "\n"), gti5);
Y A~

firrhreplace_copy_if( YWE14 S8, o /istream_iteratorf)H R TE&H
BB S A TR . B2 2% (i flistream_iterator3SsfBRiA Mg Bl X HMMET
istream_iteratorf—/MgFkiE, FCASRICHMER. X, YEINTERERGETY
BG5BT Sistream_iterator<int>( AR TR HFHREMELE, LAIERZER
e, ¥, EHbeee T HEEREE.

6.1.3 xR

{8 AR R R —REE . P (SRR SKELE R UBEIR BEERINZIRE,
3 H A SX B ThEERE R TR b T . SHGEAMREKTHRS, EF0E CRASER
5.

BT HIEELRMRE, Crord Ry T RSN 4, TARA T EERBAS 3
P, HEDERERILERLPEESN. AR ERTRORE ORBETHERENRR.
BRI TR R R 4 44 (complexity ).

MEVEEIIE, CrHRRaise AN ITRE RIS IEN RS . A, count if()
B3R E A I R R Pl R R A . TiEXcount i )EEA. R
FRUAZRTERIG T HAEETH. SFEk T ISR TEG

size t n = count_if(a, a + SIZE, gtl5):

H heount_if( ) BAM G T EFHAE—R, LRAELENKESFFIFTENTH&
HEA%. copy( VREEA HFERHHETLA.
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X THAD RS AT E KR & RITRMHEMER Y. find( YERERE--/IFF, EFER
A ETCREIN BRI E:

int* p = find{a, a + SIZE, i0);

HESRBLAHMCERE TR, #FLER— 55, ZMHEHFRIZTESE IREIR
E. MR- AHEAFRA, WER-/54, ZREHFRZEFFIRRN (A6 bR
a+SIZE) fri. FilA, find(HEMAR Rk 2 % T 7P m R 8.

ARG RE A RAEREREENRE. FEXRMER T, Crriniss i Bake i
8 # M (asymptotic complexity), B2 EEIEXKHNFFHRA THTHEES Ll AatbRey
EE. — R Fasort( )R, C++inERHIER “EFHHER T nlognk L™ (n
R BN ©. XHENR RS ERIITS AN—FE T ERATTEN B,
REELR, KB PE—FAELCRERERENEELWESRE. ET-R2PhEEREEH,
T dgsetiy sk f MBhnd( BRIE ., ERAFEMEENE E., xBERETNESHESH
e R A Al ST R AR IEE . XILTRAN BN L, ARER—{setBifiE
‘EA WA B¥dfind( YA H— i find (&S,

6.2 BHHMR

FHABEMEAA T, REVTEKEEF A gtz ORERBE. PR AR b Fim F &
ISHEAE DL MREIZE 270 RS HEEst2zo( )figt25( )4%. HENERS RMEK
ZHBMAMAS AR, BALRS R ER AR EmERE ERIE.

FEEPIBREIEE A TEHE RS THAE® R HER, XRAEESN. HT7HExAHE
M, HEA -HESTHIEEREEAME BRI TR, Fiwn, BFATEEE - MRAEE
P Rt — i K T R#E S (greater-than function). @EBAR, AREIEX M EERH—
TRB TS, RAXEN—THERS, imgtis( ). CEEEN R TR DhbE
—AE. RS AR R,

MR —#, B RN EEMFERECIE MR, BXE, SEXREN—AH

, b%ﬁﬁ%&ﬁﬁﬁﬁﬁﬁﬁﬁ fE A X B R 2O 5. XTI A R &
5!-]' # (function object).
H B R T operator( YA~/ H], operator( )%&ﬁiﬂﬂhaﬁ?ff XA

SR AREORANESEHERXM R . mEHbHR—FE, —Iuﬁﬂﬁﬁilﬂﬁhﬁﬁfﬁ*%ﬂ
i e. THRF P RBRETRATLURgt5( ):

f7/: CB6:GreaterThani. cpp
#include <iostream>
using namespace std;

class gt_n {
int value;
public:
gt_n(int wval) : wvalue(val) {}
bool operator()(int n) { return n > value; }

}:

© RO log n)if) KRR, Hfrif +RXMnIbR IR S B¥f(n)= nlog n&IFLL.
& BRIEERH BT MR,
® BARARBEHRHEKT (functor), ABTE -PAFRLT OB,
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int main() {
gt n f(4):
cout << f{3) << endl: // Prints € (for false)}
cout << f(5) << endl; // Prints 1 (for true}
YA -

MR R R R, FBELE B EE (4). SiFESRT mIEEIRH--#it

HAEAL(3):

f.operatar()(3);

BREEER SR >valueg{E, ERFD valueat 4iE.

R A AR T b8 wT UL B T ERint b g 28 %Y, HE{Eet n( )E X LD RERSH
BYT. RERHPREN—HREEC2IERET . TE @ KR A EX TS E
WS, i Bk A E AR TR T — e,

6.2.1 BREWRAYHHE

R C++ FERE BRI S iZ B foperator( ) {# F1 28040 [ A7 Bk i
23, XA KA THRBENRALEE Foperator( JERSE M Ko MAEAS . — B
A 0HE LT .

Z4E 2 (Generator): —HRAESHEBRE -MEERBEWEETSE. B EES
MR BN —AGF. mEERE—AE4EE, REE<estdlib>F BSHEHrand( EL
R—UBE;, fngenerate_n(), THEERNHTHFF.

— & (Unary Function): —#HE—/MEEXRANSE, HiEE—DATRE KR
(Ek#nwlERvoid) fHRTERBAER. _

—mR(Binary Function): —FHEFHEMEERVA (TEEARELY) 2%, HE
E—AEEAR (Gi%void) [ERIEBATR.

—ICHITE H ¥ (Unary Predicate): EBboolRigM)—H.

¥ EE L (Binary Predicate): ;EREboolB{EH —THEE.

EHE 58 FF(Strict Weak Ordering): —#E ] L HbEMR “HE" *E‘E%H’J_.E%ﬁfﬁlilﬁ
— SRS R INAHTER A TR, MREA—AEADT 25— ({#Hoperator<( )}, R
—ENEE. HTHEZAMERK ML RBEE, Hhoperator==( )R THH
A RBEATITH . [0 XA bE T HEstructi i B FE M — A T8 F3igin s
(struct) BFFIETHEFAHER . XMILBEFRBV AR —FREBYF, FAEEHESXS
F8& (equal key) FIBAETRENHRABEAT S, AMOEAREER “H%, EXTE
EEAANX AR EAHEEN. IFNENEERET -EPBSFNHE.

o, BEREBEN BN SATINELRERERMN. AR TEEEAER
A 28 % o {l -

IFR[EE B (LessThanComparable): &%/ TZ& #Ffoperator<fjk,

TTR{E(Assignable): &§H TERAVIEEREREFFoperator=H12.

HE T L& (EqualityComparable): & %-T R 2B #H%5 H foperator==/) %,

£ 35 5 T 848 X o R B e bnitt i P B R B

6.22 BIhfIREMR

hixtk<functional>E X T AEFHAMBRENME. BEBE, CRMBERM, 8
LA e RAREME OB R. B, TREEEAT. TERASEMAERTLLS
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A ARETHE A, ATLU & Bt %18 82 8% (function object adaptor) © 3848 — A Hi g
WEOER . OB ETIHE SRERPO kB RE S .

HEHEE, BT AR BB R R AT A B g5 ( YW TIE. R ENR
greater — "~ LEEM R, BENELTSHKTE24SHMENrue, TERET 75
iZfuremove_copy_if( JEZIL T MBI &5, Hhremove_copy_if( J&—/4— A3
E R H. FTLLELL HgreaterfV 1428 5 A B R Mk TELEN R, F#E 4 — o
Rz, AR RER Rbindend fE4E ERE 2 S8OE, KIE 515, MTFIERFR:

ff: CR6:CopyIntsd. cpp

/4 Uses @ standarg function object and adaptor.
#include <algorithm>

#include <cstddef>

#include <functional>

#include <iostream>»

#include <iterator>

using namespace std;

int main{) {
int af(]l = { 18, 28, 30 };
canst size_t STZE = sizeof a / sizeof a[@];
remove_copy_ifl{a, a + SIZE,
ostream_iterator<int>(cout, "\n"),
bind2nd{greater<int>(), 15}};
Yy A1~

EARIFEARER A CE LEHERBgts( ), H4 T 5Copylnts3.cppiER
gh it BT Ebindend( )& — /M IS, B0 — A binderzand 2k RIAT E A R
RAFEfteE Mt 2458 bind2and( ), HPEINBRGHL - ZFHBR KRR (A
AWML IAARE S S ). binder2ndh foperator{ )&%, TALE 4 —
TCHRE, ZRBOIAMEAEI TR, HERSIANSERHAEME IS,

AT ERGHEREXA-6F 7, BIEFHAmbind2nd( )SIEHbinderzndii— /i~ & Y b
EHl. LeiEbht, CERERANER (greater<int>( )H15) # AGEEN. ARASg0
greater<int>@) LHH L Hor R N E R BAOLH. XN EWEHHEFE PN remove_
copy_if( )iV i F7ER A W 2R R Tl X b '

remove_copy_if(a. a + SIZE, o. b(g., 15).operator()):

ki EHremove_copy if( YFEFFF SR, M4 cEEAbERE 48 H3 B iR
2 ARG IZLR . MRMeRtridHaItE, remove_copy_if( ) hiiAESN T

Pf{n{el) '
{02&binder2ndff) & K il Az B d L E k8 Fgle,15), Bl -ERER 5 T memE—:

if(greater<int>»({e, 15))

XTI R T RAIELR . X WiEA — bindist( )AL %, THE—binderistit g, i%
MREHZERBA TR ERED S~ K.
XA T M. ARRENFFIG A S T00TEN K. Xk EREE 2t

S RMCHHiE, XS Kadaptor. (i TIRIHEA £3 R A8 ) 66 Madapter. X FB S ik SR
R .
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wEkcount _if( ). BIFhH — Ml S EKH Requal_to, EH —AREHRERE
not1( ), HEEH I FEE RN —TCEEMNRIEASEIHELRALRE, THHEBFBSTER
XS

F7 CA6:CountNotEqual.cpp

/4 Count elements not equal to 20.

#include <algorithm>

#inciude <cstddef>

#include <functional>

#include <jostream>
using namespace std;

int main{) {
int a(] = { 16. 28, 38 };
const size_t SIZE = sizeof a / sizeof af®];
cout << count_if{a, a + SIIE,
notl{bindlst(equali_to<int>(}y, 28)))1:// 2

Yy £~
AERTEE B T-F firemove_copy_if( )—#, count_if( B B{r T EREIN 2B
(BREAN) FBERREMFFFNE TR ETHE, HLESKE Bltrueltif X RE
WA AL, matFnR, RS YuiocE he, Wisw
if(n{e))
fFEcount_if KB, RILUREESD
if¢lbindlst{equal_to<int>, 20}{e))
gl T B
_ if(lequal_to<int>(28, e))
1% E Amota( BE R MR AR R —LE S HEMERNTPEEE. equal_tof) 1123

A2£20, FEAH#E X HEHAbindist( )k ftEbind2nd( ). A TFESHPHFENHAZ X, 7
XA T STLLE FAbindast( )Zkbind2nd( ).

TEEIRNE R T b R BT R AR ﬂiTTﬁﬁEﬁﬁlﬂ‘}ﬁﬁﬁﬁ"}ﬁ%

% ¥

¥ B FERER
plus BinaryFunction argl+arg?
minus BinaryFunction argl-arg2
multiplies BinaryFunction argl*arg?
divides BinaryFunction argl/arg?
modulus BinaryFunction arglJearg2
negate UnaryFunction -argl
equal_to BinaryPredicate argl==arg2
not_egqual_to BinaryPredicate argl=arg2
greater BinaryPredicate argloarg2
less BinaryPredicate argl<arg?
greater_equal BinaryPredicate arg1>=arg2
less_ equal BinaryPredicate argl<=arg2
logical _and BinaryPredicate argl&darg?
Logical_or BinaryPredicate arglllargZ
logical not UnaryPredicate targl
unary_negate Unary Logical Y{UnaryPredicate(argi))

binary_negate

Binary Logical

YBinaryPredicate{argl .arg2))
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6.2.3 WiAEREHXIR
b R B AL 3% Pl anbindast( fibind2nd( ), EfLE RS R B — 2Rk
. %N CountNotEqual.eppf & 5 - T FRIA R

notl{bindistf{equal_to<int>(), 28})

bindist( }EAZ AR T - Ibindertsth i) w@ MR, E{XFifequal_to<int>
- - R 20, Hifbinderist::operator( YETHE TSR AMArERIR B{ERTY,
BN, ERAR —AERN SN, Binx —EEEELRE,. BEHA AT RIEMX S
HAPPIRTERBE L. TR, KB4 Hargument_typefiresult_type; X1
TE O E , Afirst_argument_type. second_argument_typefiiresult_type. 55
3L < functional > hbind1st( Yfibinder1stf) LI B4R Tix— M. HHRBE -FH
BE B A R W fiybindst( ):

template<class Op. class T»

binderlst<Op> bindlst(const Op& f. const T& val) {

typedef typename Op::first_argument_type Argl t:

return binderlst<Qp>(f, Argl_t(val)):
}

(EE, REK0p, RAEEbBbindist( VAR R BRER, ELHEF T4
#Hfirst_argument_typefiEEHRE. (&F, wRESSEPREBRAOIRE, &4
typename £ BRMBERCR—ITHRALLE.) ﬂﬂﬁ;ﬁ%bmderlstﬁ'}zﬁ’]ﬁﬁﬁﬁﬁ]ﬁ%ﬁ
PIFE B AN fa i FAOp P2 B4

// Inside the implementation for binderlst<Op>

typename Op::result_type

operator{) (const typename Op::second_argument_type& x]
const;

Apix e AR R LA RSOHER, BT HE LB & (adaptable function object),

B 4 B A Akt TR e S LA B P 8 P o v S TR R 8 1 O B R O R R e e 2K
%A FR, FRUASk S <functional >33t T BRFEE & ik 2% unary_functionfn
binary_function. %4 A X SRAE L RENRA T SRR, TLIHZERTIE
HERSK. Flir, BRERESENEELHEE KRR ATTREN, RINBEHMN
TAE@M T FrR:

class gt_n : public unary_function<int, bool> {
int value:
public:
gt_n(int val) : valuefval) {}
bool operator()(int n} {
return n * value;
}
b

Fifftunary_fonction# g A BEHREE L, XEEMREEE L PR LI, B
Bt 2 B T i R -
template<class Arg, <lass Result> struct unary_function {
typedef Arg argumeni_type;

typedef Result result_tyne;
}.

kM Edgt_nERAERN, HAEE&Nunary_functionX HIRAERD .
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binary_funcrioni®tz i F &5k 5H kL,
6.24 EXHEPIIRGIF

THifIFunctionObjects.cppfi T . %t &8 AHEATE A R0 RARBRIEHE T & £La3.
EFHWLLER, FERER M ERENER, FRBEREHRIESER. AHERR, x4
Bl F A T A R A G R

J/: CR&: Generators.h

/4 Different ways to fill seqguences.
#ifndef GEMERATORS_H

#define GENERATORS_H

#include <cstring>

#include <set>

# nclude <cstdlib>

/! A generator that <an skip over numbers:
class SkipGen {
int 1;
int skp:
public:
SkipGen{int start = @, int skip = 1)
i(start), skpiskip) {}
int eperator(d{}) {
int r = 1;
i += skp;
return r;
}
s

/¢ Generate unique random numbers from & to mod:
class URandGen {
std::set<int> used:
int Timit;
pubiic:
URandGen(int 1im} : 1imit(lim) {}
int operator (3¢} {
whilef{true) {
int i = int(std::rand(}) % limit;
if(used. find{1) == used.end()) |
used.insert{i),
return i,

}
}
¥

// Produces random characters:
ctass CharGen {
static const char* source;
static const int len;
pubtic: '
char operator() () {
return sourcefstd::rand{} % len];
1
.
#ondif // GENERATORS K ///:~

//: LB6:Generatars.cpp {0}
#include "Generators.h"
const char* CharGen::source = "ABCDEFGHIJK”
" LMNOPQRSTUVWXYZabcdefghijklmnopgrs tuvwxyz™
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const int CharGen::len = std:;strien(source);
i~

FEAREPR G RE S FEFIENE RO TR ERZEERE Y. SkipGenH
HE, BE-ARAFFLHTENT -8, BNEROEEREEEER Askpd.
URandGenX QUEEEEE N E —MME--REENS. (B fsetESR, setERBET —
#Eiirsr#d.) CharGenxf kB —AHALMIFRHRDHES. THEHE H#HAUrandGenf)
BT

J/. CB6:FunctionObjects.cpp {-bor}

{/ Tllustrates selected predefined function object
/7 templates from the Standard C++ tibrary.
f7{L} Generators

#include <algorithm>

#include <cstdlib>

#include <ctimes>

#include <functional>

#include <iostream>

#include <iterator>

#include <vector>

#include "Generators.h"

#include "PrintSequence.h”

using namespace std;

template<typename Contain, typename UnaryFunc>
void testUnary(Contain&k source, Containk dest,
UnaryFunc f) {

transform(source.begin()}, source.end(}, dest.begin(}, f}:

}

template<typename Containl, typepame Contain2.
typename BinaryFunc>
vofd testBinary(Containl& srcl, Containl& src2,
Contain2& dest, BinaryFunc f) {
transform(srcl.begin{), srcl.end(),
src2.begin(), dest.begin(), f);
}

// Executes the expression, then stringizes the

// expressien into the primt statement:

#defipe T(EXPR) EXPR; print(r.begin(), r.end{), 3\
"After " #EXPR):

// For Boolean tests:

#define B(EXPR) EXPR; print(br.begin(), br.end{), \
"After " #EXPR);

// Boolean random generator:
struct BRand {
bool aperator(}{) { return rand{) % == 9; 3
¥
int main{) {
copst int SZ2 = 1&:
canst int MAX = 58;
vector<int> x(52), y{(SZ), r{SZ):
. // An integer random number generator:
" URandGen urg{MAX);
srand(time(@)); // Randomize
generate_n(x.begin(). SZ, urg):
generate_n(y.begin(}), 5Z, urg):
/7 Add one to each to guarantee nonzero divide:
transform(y.begin(), y.end{), y.begin(}),
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Bind2nd{plus<int>{), 1)};
/{ Guarantee one pair of elements is ==;
x[B8] = y[@8].
print{x.begin(}, x.end{)., "x");
printi{y. kegin(), y.end{), "y");
/f Gperate on each element pair of x & vy,
// putting the result into r:

T(testBinary(x, y, r, plus<int>{}}};
T{testBinary(x, y. r, minus<int>{)));
T{testBinary{x. y¥. r. multiplies<int>{))):
T(testBinary{x, y, r, divides<int>()}).
T(testBinary(x, y. r, modulus<int>(}));

T¢testlUnary(x, r, negate<int>(})};
vector<bool> br{5Z); // For Boolean results
BitestBinary{x. ¥. br. equai_to<int>{)));

B(testBinary(x, ¥, br, not_equal_to<int>{})):
B(testBinary(x, y, br, greater<int>{))}):
B{testBinary(x, ¥, br. less<int>(}}}.
B{testBinary(x, y. br, greater_equal<int>{})}},
B(testBinary{x, y, br. less_equal<int>()}):

B{testBinary(x. y. br, not2{greater_equal<int>()}1}):
B{testBinary(x,y,br not2{less_equal<int>()))};
vectar<bool> b8l{5Z), b2(5Z);
generate_n{bl.begin{), SZ, BRand({));
generate_n(b2.begin(), 5Z, BRand());
print{bi.begin(), bl.end{). "bl"}):
print{bl.begin{(}, b2.end(), "b2"};
B{testBinary(bl. b2, br. logical_and<int>{})):
BitestBinary(pl, b2, br, logical_cor<int>={}));
B{testUnary(bl, br, logical not<int>{}}):
B{testUnary(bl, br, notl{logical not<int>()})}:
Y F i~

XA ER T —A 8 AR SRR print( ), EESEITEEE AR5 B TUAR N
ALERRIEE . X T RO ST L HFPrintSequence. hifr, MM HELRZSENE.

WP AR B T oK B B AL B R S AP E PO R R . EA SRR, REAR
B RATHER — AL AT R 7T . testUnary( )& —4-ifivector. —/4Hjvector
M—A-HEEvector L3k 4 Hvectorf)—C @OH & . fEtestBinary( )9, ¥/ |
vector(Hi58 — Rk 4 Hivector, 7EXFEAEN T, BiE S EEHiEH
transform( )HZ;, transform( YR THEIN SR BH—TRESRNH S HAT
AR —i# L, HFEFRARAEITERRISTRAFTE, AR SHA ST .

MTEARR, A REERE RN E T A RONIRES RROTHE. A THDSK
EETE, LG ERERABLEE ZTOMBO Y 3EHHPFPEERTWERAS. 85
FRIEE, EFSHMEEDFFERAPrint( ). HTiodx 28, Bl ke Sisds
A CFHBRLT (stringized)., AiXFHE, HARTLEIHMEOZREANRE, XREAKBER
IR T g fESS Bvectordr,

Bfe—A/hLEBRand g —4 fl A bool BUEM & £ B0 4. b Tskx—TE, ©
Mrand( YB3 —MHILEH BEECRTXRXT (RAND_MAX+1)/2. nRBEHLES 5 sy
A, MHE R T (RAND_MAX+1) /28055 LK LLS0% ) i 32 H{E .

fFEmain( )4, G T3 intXvector: xFyRFEEHE, r2ERE. ATRARKTS0
HIBESL S LG TLxFly, (#fGenerators.hif)URandGenk BRI -4~ K 4 % 3k 52 X M
% . tritgenerate_n{ YRZBLIARAEIN S (BHE—-TEER). — T HENKE

347
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(FEF2TBEFHE) RBULOEINTBEEEN TFI. BAE—TxByRmIEE, Bl
LARIEYRIEAR A0, LIBITREERGD . ZXERHREAtransform( )EL5EMRAT, M
yRIEFBEIFHCS R TRy, HTRRZOERE#E T &0 &:

hind2nd{plus<int>{), 1}

ZakF Mplus i BT RAKFER 1S5, WFEF LM —8, EXEEREE
FEAFE AL R A LS, X EHR Atransform( )EgReE K BB —1 57 L.

BFPM D — IR A LE Mvector P FITEE TS, BHREASEENLZRIL
ORI REEHEY;, XBEAE0TH.

-« BITER T ix @ Mvector, TOHR A H i REMNE M REXHER, BOWRAEAR
WERNE AR, EiTEvectoritd, HE R Avector<bool>, EXTHE 4
1, WEE~A 0. TiE iy FunctionObjects. cpp i 45 5

X!
48 18 36 22 6 29 19 25 47

¥

4 14 23 9 11 32 13 15 44 3@

After testBinary(x, y, r. plus<int>{(}):

8 22 41 45 33 3B 42 34 69 77

After testBinary{x, y. r, minus<int>(})):

@ -6 -5 27 11 -26 16 4 -19 17

After testBinary(x, y, r, multiplies<int>{)}:
16 112 414 324 242 197 377 285 1100 1418

After testBinary(x, y, r, divides<int>()}:
1684202181

After testBinmaryi(x, y. r, btimit<int>(}}:
@818 086 3 425 17

After testUnary(x, r. negate<int>()):

-4 -8 -18 -36 -22 -6 -29 -19 -25 -47

After testBinary(x, y. br. equal_to<int>{})):
lpPpBooBERDE

After testBimary{x, y, br, not_equal_to<int>()}:
@111111111

After testBinary(x, y. br, greater<int>()):
geellaoliloel

After testBinary{x, y. br, less<int>(}):
2110818808180

After testBinary{x, y¥. br. greater_equal<int>()}):
1961181181

After testBinary(x, y, br, less_eqgual=<int>()}:

111806108148

“After testBinary(x, y. br, not2(greater_equal<int>()}):
@110818881646

After testBinary(x.,y.br,not2(less_equal<int>¢{))):
ageel1lallel

hl:

gllgeweloll

h?:

1188001811

After testBinary(bi, b2, br, logical_and<int>{)):
Blil1esgloll

After testBinary(bl, b2. br, logical_or<int>()}:
gl1l1esel1061l1l

After testUnary(bl, br, legical_not<int>()):
166881116180

After testUnary(bl, br, notl{legical_not<int>(})):
g11@g801811
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MEAMEERPHERRAMEBERD “H M B miAR1IM0, NEKA
cout.setf(ios::boolalpha).

ANHERIFEEEE—TH RSN, BREAUBEEN—ICHE& (ALEEERDbool®RLL S}
KRR RS ). R, AR I0FE L vector R 4 o 3 3% (£ H A 80 & B F Y
transform( YE 3;:

/. CB6:FBinder.cpp

/¢ Binders aren't limited to producing predicates.
f/{L} Generators
#include <algorithm>
#include <cstdlio>
#include <Ctime>
#include <functionzl>
#include <igstream>
#include <iterator>
#inCclude <vector:»
#include "Generators.h"
using namespace std;

int main(} {
gstream_iterator<int> out{cout,™ "}:
vector<int> v(15);
srand{time(®)); // Randomize
generate(v.begin{), v.end(}, URandGen{28));
copy({v.begin(), v.end(}, out});
transform(v.begin(}, v.end(), v.begin{},

binc2nd(multiplies<int>{), 10)):

copy(v.begin(}, v.end(), out);

Y LE -

Fhtransform( YREINSBH HEINT 28—, FLUERTEX#REHEFEvector,
A pbind2nd( ) SR & ot &4 — AV IntR S R
REERTF “GE” MBEAREE—TREM R, OLHEE—1HEFNER. Fm

/72 CO6:BinderValue.cpp

/7 The bound argument can vary.
#include <algerithm>

#include <functional=z

#inciude <jostream>

#include <iterator>

#include <cstdlib>

using namespace std;

int boundedRand{) { return rand({) % 1849; }

int main() {
const int SZ = 28
int a{5Z]. b(SZ) = {©};
generate(a, a + 5Z. boundedRand};
int val = boundedRand{)};
int* end = remove_copy if(a, a + 5Z, b,

bindZnd(greater<int>{), wal)):

/7 Sort for easier viewing:
sort{a, a + 57);
sart(b, end};
ostream iterator<int> out{cout, " ")
cout << "Original Segquence:"” << endl;
copy(a, a + 5Z2. out); cout << endl;
cout << "Values <= " << val << endl,
copy{b, end, ocut); cout << endl;

Y Ab -
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X B 204 1E0F 100 Z R RS BLEHRE — 80, MM AT LU ERr & TR IE—AME. A
ARG ALY R . fEremove_copy_if( )iEMA4, WLAEF M Thind2nd( )#)%5
SE 2 B FEAT R TE B NN FF R PURBERLE . k& —RiBTTRM N &R

Original Sequence:

4 12 15 17 19 21 26 30 47 48 56 58 60 63 71 79 82 96 92 95
Values <= 4]
4 12 15 17 19 21 26 34

6.25 HIEIEIHERE

HETWAEMS 2 FEE R — 2RI B H k., REVTLERME— 50 %l RS2
—A BT RATRE . MREEATEERCARN . RER T A EE AL, nERE
o EBRER, NhiTdRIjoperator( ) fl. {ECopylnts2.cppH, B LER R
stis O - MAlE S fEE S remove _copy if(). [R5 FIE B B HLEH B8RS
&5t shgenerate( )figenerate_n( ).

A REE I i dnbind2nd( YR SE RS RMEHE S EEK, EAXEREREIGEREE
KEABHRERERPERE N, AFERATF I HZREFHN AR BB R, ik
EAR PRV —RNMERSREFX —TE. pir_fun( MFEHLHEE— 1 @B 5
LoD — AR . BIAEXEFARALSRERRIT—hsRiR, efNeaig—rHk
_TCEARK. '

THAETFHptr_fun{ )JRHE——HE -

£ CO6:PLtrFunl.cpp

ff Using ptr_fun{} with a unary function,
#include <algorithm>

#include <cmath>

#include <functionalz>

#include <jiostream>

#include <iterator>

#include <vector>

USing namespace std;

int d[] = { 123, 94, 18, 314, 315 };
const int DSZ = sizepf d / sizeof *=d;

bool isEven(int %) { return x % 2 == @; }

int main{) {
vector<bool> wb;
transform{d, d + DSZ, back_inserter(vh),
notl{ptr_fun{isEven))).:
copy{vb.begin(), vh.end().
ostream_iterator<bool>(cout, " "))};
cout << endl;
f/ Qutput: 1 @80 &1
Y fi i~

ARE(ItisEvenfyfifinott, K hnotiFF i smiE ik A A I9z6R 2 B0 2L RUFDE E (E 2%
B, ptr_fun( BEES AT LUR O BRAR S HHER Hix 208 . ptr_fun( MY —ChRAHIE 3L
i

template<class Arg, class Result>

pointer_to_unary_function<Arg, Result>

ptr_fun{Result (*fptr){arg)) {

return pointer_to_unary_function<hArg, Result>(fptr):
} :
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EAEEEFE N, ptr_fan( YU ph 4 M Ipte P HEBTH 280G RA03LR, AT
Kkt - A E#Efptriipointer_to_unary_functionit % . mREBHESE—fF, *t
pointer_to_unary_functionff] F$ 8B EFNIAFiptr:

template<class Arg. <lass Result»

ciass pointer_to_unary_function

: public unary_function<Arg., Result>» {
Result (*fpir)(Arg); 7/ Stores the f-pir

public:
pointer_to_unary_function(Result (*x)(Arg)) : fptrx) {}
Result operator()(Arg x} const { return fptrix); }

3

(A %pointer_to_unary_functionik 4 Funary_function, ™4 & ERERE x5t
nolt2 {7 HlHY.

FREptr_fun( )8y “ochk4, BERE—AERT ES—xFHELpointer_
to_binary_function¥t$ ({4 Tbinary_function). FTHRERSF{EHptr_ fun( ) 1
onhE A WmESh YIS A% . R, Enptr_fun( MERE EH R EFDR2EH -4
A P «

//: CB6:PtrFun.cpp {-edg}

f/f/ Using ptr_fun() for a binary function
#include <algorithm>

#include <cmath>

#include <functional>

#include <iostream>

#include <iterator>

#include <vector>

using namespace std;

double d[] = { 81.23, 91.378, 56.661,
B23.230, 19,.9%9%, 1.0, 3.14159 };
const int DSZ = sizeof d / sizeof *d;

int main() {
vector<double> vd;
transform(d, d + D52, back_inserter{vd)},
Bind2nd(ptr_fun<double, double, double>{pow). 2.83);
capy(vd.begin{), vd.end{),
ostream_iterator<double>{cout. " ")):
cout << endl;
} AP/~

pow( Y B AEPRECH LSt <cmath> it NF ASRB B AT ER, wTEEFIT

float paw{float, int); // Efficient int power versions ...
double pow{double, int);

long double pow(long double, int):
float pow{float, float);

double pow(deuble, double);
tong double pow(long double, long double}.

HAR £ fpow( ), %1%2%7[‘%1 B 1. HxE, FREDIEENNE
H B R R R AR AR (R B SRR 38 . ©

9 M AREWAEEHERENAR. NRpow(iE AIC 8%, JREKEESSTNREMHCH R, 3
LEAGIFHARREE SE. ptr_fun TR R0 ERMCHEA TR

353
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Ml B S — R A RS TEHNRERERSL. film, BRExfe—1
2 HLH B (shape)” [, FfHEShape & NG5 #RE Adraw( ) a @ -

/0 Qe MemFunl.cpp

// Applying pointers to member functions.
#include <algorithm>

#include <functional>

#include <iostream>

#include <vector?

#include "../purge.h”

using namespace std;

tlass Shape |{

public:

virtual void draw{) = 8;
virtual =~5hape{) {}

) 3

class Circle ; public Shape {

public:
virtual void draw() { cout << "Circle::Braw()" << endi; }
~Circle() { cout << "Circle::~Circle()" << endl; }

T

class Square : public Shape {

public:
virtual void draw() { cout << “Square::Draw(}" << endi: }

~Square{) { cout << "Sguare::~-Square(}” << endl; }
3

int main¢) {
vector<Shape*> vs;

vs.push_back{new Circle);
vs.push_back {new Square);

for_each(vs.begin{), vs.end(). mem_fun(&Shape::draw)};
purge{vs}:
Y AFS -

for_each( YE i FEi o — A TTERKEEAREINT SRR RNAENH. EXE,
AR PO R ERTE I —A R A @S, B TR R AR R, REHR S8
T RIGE. AT RO ENSR, mem_fon( B ER THIM K R MEH R

Lmem_fun_ref( )- 3R EEEAK A EHE, mem_fon( YAECH T ERES
AR, ZEBEH R ERANR A RHO RO ESTFEA. mem_fun( )F
mem_fun_ref( YEHH—MEFIXE, REAAETN—SHOE AREMmErH, FH
B A2k 4 const B 7 ki Econstk (RS, R, BB HEITE T £88F
fExE, ZE RSt AMESAmem_fun( Yfimem_fun_ref().

BigH M E (FRIIEH) AR, BERBAE TSR B R RE. FENSER
LRGN BRE2ANER. ATRBOXTEA, #fAtransform( YRR 20 E MR A

f/: CO6:MemFuni.cpp

// Calling member functions through an object reference.
#include <algorithm>

#include <functional>

#include <ipstream>

#include <iterator:

#include <vector>
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using namespace std;

class Angle {
int degrees;
public:
Angle(int deg) : degrees(deg) {}
int mul(int times) { return degrees *= times; }
b
int main{) {
vector<Angle> va;
for¢int i = @; i < 58; i += 10)
va,.push_back{Angle{i)}:
int #[) = {1, 2, 3, 4, 5 };
transform{va.begin(), va.end(}, x,
pstream_iterator<int»(cout, " "},
mem_fun_ref(&Angle: :mul));
cout << endl;
/f Output: © 28 &8 128 200
Y OAA -

EARBHAXR, FRLLAHE ST & A R Sies EEfAmem_fon_ref( ). iXFHiRFH
transform{ )& NP1 7EE (HREFHITEE) WFHMEHRAG F2NEERFHA, B
REENITFRE ARKNS: BRSNS, Rttt B e x5 E A
HREOTR . Fimem_fun_ref( )RIREBIIMEK Rigt kiR &K, £, transform()
ffor_each( B HHHREFELE; transform( ) E K i H Y BuK B —4-{H .
for_each( )i & mTiEHMNEARFERAENRI-24. Bk, i Hransform( )
AR E{E Avolddk A, WAREMARE /1 2%ifor _each( )i fff.

KEHEEF RV A FE N Smem_fun_ref( )& T. snEH A EHNERESGRA
HME A — A BB T AR E PSR EM S . TCHE bR R A . Flin,
BREAAFEE— M EFAEREINEAGT. KRFSTULTFRTEOEF —HER
string::empty( )% 7 &%

/7 CO6:FindBlanks.cpp
/¢ Demonstrates mem_fun_ref() with string::empty().
#include <algorithm>
#include <cassert»
#include <cstddef:
#include <fstream>
#include <functignal>
#include <string>
#include <vector>
#include “../regaire.h”
using namespace std;

typedef wvector<string>::iterator LSI;

int main{int argc., chart argv|[]) {
char* fname = "FindBlanks.cpp”:
iflarge > 1} fname = argv[l];
ifstream in{fname);
assuredin, fname);
vectar<string» vs;

O WMABFEEHEBEHBRINEE (XESWNRHHM) RELstringitempty, 4 XA
Fo&kstring::emptyRAET L -H5E kB S, X TR ARESEFAEE. RALEILMTHER
fleHnsh sy, AHBESE Tmem fun_refi Hl Fstring: emptyRiig H AL "Gk i,
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string s;
while(getlined{in, s))
ws . push back{s):
vector<string> cpy = vs; // For testing
LSI 1si = find_if(vs.begin(}, vs.end(),
mem_Tun_ref (&string::empty));
while{lsi != vs.end(}) {
*157 = "A BLANK LINE":
tsi = find if(vs.begin(), vs.end(),
mem_ fun_refi{&string: —empty));
}

for(size_t 1 = B; 1 < cpy.size(): i++)
if(cpylil.size() == @)

assertivs[i] == "A BLANK LINE");

else
assert({vs{i] !'= "A BLANK LINE");

Y Fffi~

EAF-FEAAnd_if( ) . mem_fun_ref( ) fiistring::tempty( )—i2, ERELE
R SRS IS AN E. T ARSI EABvectorH R G, HEXILE, &
Y AR E DA, ERERI--SEaTR, BRAFAE “A BLANK LINE” ERIZ
TR 4T. BiIARETIE, REARTIAGASRREE M FTFRARL TERN.

6.26 BEECHEBHRIEER

% p el a5 — MR TRIE AR B B AR KR B BRI R . (S RHE R
TRERH, ZBEE R TRARAR:

fi: CO6:NumStringGen.h

/4 A random number generator thal pProdudes

/! strings representing fleating-point numbers.
#ifndef NUMSTRINGGEN_H

#define NUMSTRINGGEN_H

#include <cstdlib>

#include <string>

class NumStringGen {
canst int sz; // Number of digits to make
public:
NumStringGen({int ssz = 5} @ sz{s532) {}
std::string operator(3{} {
std::string digits("9123456789%);
const int ndigits = digits.size();
std::string r{sz. " ')}
// Don't want a zero as the first digit
r[e] = digits[std::rand{) % (ndigits - 1)1 + 1;
// Mow assign the rest
farfint 7 = 1; 1 < sz. ++1i)
if(sz »= 3 && 1 == sZ/2)

rii} = '.'; f// Insert a decimal point
else
t[i] = digits[std::rand() % ndigits];

return r;

H
Léndif /¢ NUMSTRINGGEN H ///:~
QI NumStringGent &5, BEFEFHRMET LR, T HETECR A B
kS AR, HEPEBA /DA,

THEGEFE ANumStringGen 1§ §—fvector<string>. Bk, E{HHARKECE
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Hfratof( R FIFERL AT RS, stringe R R LT R L hchar £ R, X

B HMstringF|char* B A AR VEHR. TUAERAH Emem _fun_ref( )i
string::c_str( )futransform{ YA ;. £/ H Nstringffitt{t char*, Ri5HAEH
atoff f754h. '

£/ C86:MemFunl . cpp
JF Using mem_Tun() .
#include <algorithm>
#include <cstdlib>
#include <ctimex
#include <functional:>
#include <igpstream>
#include <iterator>
#include <string>
#include <vectors
#include "NumStringGen.h"
using namespace std;

int main¢) {

const int 52 = 9;

vector«<string> vs(SZ);

/7 Fill it with random number strings:

srand(time(0}): // Randomize

generate(vs.begin(), vs.end(), NumStringGen()):

copy(vs.begin(), vs.end{).
ostream_iterator<string>(cout, "\t"));

cout << endi:

const char* wcpfSZ];

transform(vs.begin(), vs.end(), vcp,
mem_fun_ref (&string::¢_str));

vector<double> vd;

transform({vcp, vcp + SZ, back_inserter{vd),
std::atof);

cout.precision{4);

cout.setf{igs: :showpoint};

copy (vd.begin{(), vd.end(),
ostream_iterator<double> (cout, "\t")):

cout << endl;

Y AE i~

ETBRFETRARS —EHCHFRBERBCRERFRE (FFER). 5T
ifitatof( Y HCKMI T BHARREE. BRI ERAAR THaEL. B8, Ef
EReH AR, BABECHTHMT A FER?

8 BH B ) i ke M- R B E DB BOF R A B e ¥ B 21

{17 CO6: ComposeTry.cpp

/4 A first attempt at implementing function composition,
#include <cassert>

#include <cstdlib>

#include <functional>

#include <iostream>

#include <string®

using namespace std;

template<typename R, typename E, typename Fl. typename F2>
class unary_composer {

F1 f1;

F2 f2;
public:

unary_composer(F1 fone, F2 ftwo) : fl(fone), f2(ftwo) {}
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R eperator{)(E x) { return f1{f2{x)); }
I

template<typenams R, typename F, typename F1, typename F2>

urary composer<R, E, Fl, F2> compose(Fl f1, F2 f2) {
return unary_composer<R, E, F1, F2>(fl, f2).

'

int maini) {
double ¥ = compose<double, const string&>(
atof, mem_fun_ref(&string::c_str))("12.34");
assert(x == 12.34};
Y A~

 {fldh fjunary_composer & & % & igilatofstring:;c_str, B -k, i
H X ioperator( )M EEENAEAMES . compose( )EEERF[ENTFEHIEE.
E A P AR 2 R A R S FUmF2 W% A o el ok .
MMBLTRUERMSERSEMEST T. AR AER AN R BR AT E LR TR
B, HApiEl, MEREXEREOAARLAEN. XRER Hatof( M Alptr_fan( ). %
361] THAAARAMRAGY, —B{funary_composer{&f 2| — M HEuE AL, LAEBMEILE
H. THRBRERFXAE 3RS SRR T kA k-

f7: CO6:ComposeFinal.cpp {-edg}
// An adaptable composer,
#include <algorithm>
#include <cassert>
#include <cstdlib>
#include <functional>
#include <iostreams
#include <fterator>
#include <string>
#include <vector>
#include “NumStringGen.h”
using namespace std:

template<typename Fl, typename F2> class unary_composer
! public unary_function<typename F2::argument_type,

typename Fl::result_type> {
F1 1,

F2 f2;
public:
unary_compeser(F1 f1, F2 2} : f1(f1), f2{f2) {}
typename Fl::result_type
operator () (typename F2::argumeni_type x} {
return f1(f2(x)):
}
b

template<typename F1, typename F2=
unary_composer<Fl, F2> compose(Fl fl, F2 f2) {
return unary_composer<fl, F2>(fl, f2);

}

int main{) {
const int §Z = 9;
vector<string» vs(5Z):
/f Fill it with random number strings:
generate(vs.begin{), vs.end(), NumStringGen{});
copy(vs.begin(), vs.end(),
ostream_jterator<string>(cout, "\t"));
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cout << endl;

vectar<double> wd:

transform{vs.begin(), vs.end()., back_inserter(vd},
compose{ptr_fun(atef), mem_fun_ref{&string: :c_stril):

copy(vd.begin(), vd.end{).
ostream_iterator<double>{cout, "\t")):

cout << endl:

Y A~

A, LEFHRERitypename {4518 35 mE L R HIE B & - - TR ERE.
— R HL O M B RV SR AT R, CHHinE R B A W REEEARECHAT T
— A b M S ThEE

6.3 STLEZZER

XA iR EHOE UM AR RS, TMHEAENISTLREN BTN R WRE
ERENAT IS -BEIRESEHN (AFEELRERFA). FWHERLEIRS
et B A XL EL, HABREGREFEEZNHATHERIAESRINEHNEER/H.

RERBZ2FLIHAZRORRFHIEERMEERE, HEMEZEAXEMH, HACE
MmEENESR, FAARESNEREFPHTRHERSEREN L. BRI LZDTBIER
SRR AHGE . BESRH, IHBFREZLIEE, EEE. LB EE R L 0P
R AR,

A ERERBNA ACHRE, BEAT (FEH) iﬁfﬂ?ﬁ%ﬁ!’ﬁﬁ%*ﬁ?ﬁﬁ%ﬁ
HPIAE, BEASIE, SEALKANvector A SEF R THBREYE, HEET =9,
EXHEBA-ATERE T WEIBEW, XEREN X RS HEFERNIE. H
FixARE, BHEERRTE R, XMoRERENREENERXURER XK.

HARARAWR VA S EERASRRTT S, XS R R EE A RIOoRBIX L
ERERE—NANIEMNTXBHIAmNC. RS NELE, BUOX AR %IFSE TR
i e (T + IS 252 ki b AW SRS Lo

Inputlterator. —HAFRNWMFFEATEOEAERE, ArmEEERA
operator++Floperator*. {[Llifitoperator==fMoperator! =M\ EAL8%. X
HrRETEE . |

Outputlterator, — AR ARTENMFFF A UHEOBWMB XM, dm 1586 H
operator++floperator*, {HE, X#Outputlterator /i foperator==
operator!=k# T, BARENHFESAEE BRI LECE, MABHEL L
THRXHRERERE. RN, Outputlteratorih RAVA S LLEH TR K2,
MAREGERREE. X-—-FRIEFEE, HikOutputiteratorifL) S5ostream (ifiid
ostream _iterator) —EEH, RO EBEER ‘A7 &R (E£back_inserter( )
1R Al FLE R ER AT ).,

LAHRFEEBFEAN, &85 EFMNEEZ T InputlteratorssiQutputiterators 5,
FOH B H ik — R E RS AS . (HIERR Kk Zifistreamflostream, {#H
InputliteratorfiOutputliterator A~ BHENERL. FRINBEAE. 4
InputiteratorsOQutputlterators 5k a5 T & U R R MR IRMN . XB%E

©  Lk4nBorland C++ 6K fiDigital Mars#iF R AR {2 HEFUSTLPort, i ALSTLPort#: [-SGI STL.
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B F InputlteratorsOutputlterator{E ASTLRE AR SHEM ., FTLERTE “EE#&"
BV A B i

Forwardlterator. FH4{{X AL Inputlteratord iE#iE Outputlteratord 5,
A EE R EN T B —A SR FRHRFE s R B R SR T3, AR 4028 FARRAT —IK .
{# iForwardIterator, XEEEERIA T; MR Hoperator++aiRi&z), {HERTLLE
WHETIRIE, AU RS TEE A L% ik f s R T M. BRI M %428 T LA R
ERE, LA R A& Inputlteratorg; Outputlierator,

Bidirectionallterator. b |, x & — A LL#E 7 B g ForwardIterator.
gt R, Bidirectionallterator ¥ #3ForwardIteratorJriff)-2 a4, % sMEH#m
T operator--i&a & .

RandomAccesslterator, XAk 60X E—HRBEH MM SHEHE: TLUA
MR D AR E, kFmAAin EkEBE (ARERKABIH AT LE), EAILH
operator[ MEA TS, WA —E KBRS D152, el Hoperator<,
operator> ELLEREHEPNERESE., NREETI - IHFEFRMECIHITE, B
PLEILE R SRR - A RRNEE LT

FEFHMRELEMAS, FHNEIRSRER AMFIHPEMRIEY CHkm "1 &%
‘2 R4 ARNERSE) AR, RHbhafRedtai, EEEREE.

YR EBZERICEAN, 2FFEMEFELE “BET 25. MFESRT gL
A7, BRiSRn “TMUIEARA". HEAKRER, EREMNFBITENERBAEEE
BIE-ATCERN KRR BASRRE—AER. B THARSFEAEEERERTH,
BREXHE—IE A S E A ARk first,last), X BEirsUR 5 M FF R RIVIENRE,
lastR K EHERE. : _

K Z BB STLREENHHEFRECNEIERN/NREHBEN AR T4
(non-mutating) BiL{EVEMREBNAH TRETEE, €% (mutating) FikdER, F
ks R ET FEMEMT IR RENTE—bs 2 E TiIRENRA. EXGERD,
MAASEIXFAER, BN ZRIBZRRIIABERAREYE: YHRERETTHERCE
AN, RARNEANTESNRT —TEE,. HELEMHLEHRARES! XMNIEABT
WAL R E R,

20 B 7E B B B P R T B -4 An < utility > i <numerie> B3k 30, BB AR BIK
AL <algorithm> &, FE#th, AAMERINEAFZERAstdAp.,

6.3.1 ZOILIEMNHIR

gl —HEAHNTEERMRABEERBRERAN. #Xx®%H 7+, BEHMME@E
Generators.hrb b & 895 A 28 LA K T i A 2P 2.

BAR—TFFIRZEEMNLE, XBHE -/ BB ARITOEE -5, EXZR
A A L S R B R 2 T

/f: CB6:PrintSequence.h

// Prints the contents of any sequence.
#ifndef PRINTSEQUENCE_H

#idefine PRINTSEQUERCE_H

#include <algorithm>

#include <iostream>

#incliude <ijterator>
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tempiate<typename Iter>
void print{lter first, Iter last, const char*®* nm = ""

const char* sep = "\n",
std: ostreang& os = std::cout) {
if{nm 1= 8 &% *nm != '\@')
05 << pm << ": ' << sep;

typedef typename
std::iterator_traits<Iter>::value_type T;
std::copy(first, last,

std::ostream_iterator<T>(sid:.:cout. sep)):
0s << std::endl;

;endif £/ PRINTSEQUENCE_H ///:~

EBIAFRT. - 8IT8F (“n™) EARRM, XA BEBEEcoutifyi, {Hxll)
BTk BRIAS B RN Y. RIS BB LITE—1EE. B Aprint( MEA
copy( Y&k ostream_iteratorfcout%3%:% 4%, ostream_iterator 4l =1L
TEATENRIR GBS ARY, 20 AT R A 5 R A R & M value_typesk B ¥R .

std:iiterator_traitsfiR e FEprint( )R EEHFA LB HEERERSEYUBENT
5. mARHERS mvectorKE KRR E LT - EXWvalue_type, BRETLFHE
ey, {8 R M REHR, SABMNMNAREHEY, AMARARERM. AT IRm
e Gk AR SRR BE R A 3L B, std::iterator_traits GHr4h 2SR T T MY
Hedgfb:

templatedclass T>
struct iterator_traits<T*> {
typedef randem_access_iterator_tag iferator_category;
typedef T value_type;
typedef ptrdiff_t difference_type:
typedef T* pointer;
typedef T& reference;
1
X EERR IR R R Avalue_typefdHCEER (BIT).
8 & B o TAZ 2 HEA
TR £ HEHFFIPLENSTLRER S . FFFINA L HHIF R 2 FHF 257,
BB E . —PREVFERHESEEVEGHEMEE. 6o, FEFN{c(1),
b(1), c(2). a(1), b(2), a(2)}. FREVERETERSAX ST RIS, 22 T4
S F R AERTEFFI R B GRAR. BER? ). R (Fm), Aol
EEHEE . #ASERIEHRE RN ENF. FUTiEL{a(2), a(1), b(1), b(2}, c(2),
c(DIESR. ARl aFHEERHDT. 48 %{a0), a(2), b(). b(2), c(1). c(2)}.
STL#Isort( YEZE AR kit A — 28, FREARER., HESTLRR MR E I
FEixstable_sort(). °
B TIEMH -4 FFETESHEFO RS EERTEARERRE, RINTE
iR E R e E R B AR EE . T2 — R RIS RUR fh H AL PR string X &,
T Hstatic mapHMNStringF Countersi{Fhit. X#EEAMNStringf & — 4~
occurrence ¥, ¥ -Z/ARENSIringd RIAINFF .

© stable_sortQfEfM = A4k 4 . BHHTERCENY, (ARETREIT g s A1,
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fFf: C@6INString.h

f/. A "numbered string" that keeps track of the

// number of occurrences of the word it contains.
#ifndef NSTRING_H

#define NSTRING_H

#include <algorithm>

#include <igstream>

#include <string>

#include <utility>

#include <vector>

typedef std::pair<std::string, int> psi;

// Only compare on the first element
boal operator==(const psik 1, const psid&k r) {
return 1.first == r.first,

}

class WString {
std::string s;
int thisOccurrence;
// Keep track of the number of occurrences:
typedef std::vector<psi> vp;
typedef vp::iterataor vpit;
static vp words;
void addString({const std::stringk x) {
psi pix, )
vpit it = std::find{wWwords.begin(}, wards.end{(}, p);
if(it !'= words.end(})
thisOccurrence = ++it-»>second;
else {
thisOccurrence = B;
words . push_back({p),;
}
}
pubtic:
NString{) : thisOccurrence(®) {}
NString(const std::string& x) : s(x) { addString{x): }
NString(const char* x) @ s(x) { addStringi(x); ¥
/7 Impiicit operator= and capy-constructor are 0K here.
friend std::ostreamk cperator<<(
std;;estream& os. const NString& ns) {
return 05 << ns.s << " [" << ns,thisOccurrence << "]";
}
// Need this for sorting. Notice it only
/f compares strings, not occurrences:
friend bool
operator<{const NString& 1, const NString& r) {
return 1l.s < r.s;

}

friend

bool operater==(const N5tring& 1, const NString& r) {
return 1.5 == r.s,

}

// For sorting with greater<NString>:

friend bool

operator>(const NString& 1, const NString& r) {

return 1.5 > r.s;

}

/¢t To get at the string directly:

operator const std::string&() const { return s; }
IH
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/f Because NStrimg::vp is a template and we are using the
fF dinclusion model, it must fe defined in this header file:
NString: :vp HString::words;

#endift // NSTRING_H ///:~

EHEAmapFR R - SEAE BB RBRER, HEIETES &THER
BRI, e AR vector UG, EETREIRNESEHRERLNH T

AT H B A e SR AERIT LA NString: :operator<( ). [AlE 17 # R FRY
FEF gt ffoperator>( ), X¥fgreateriZix LR =T .

6.3.2 IHFEMER

XEELES A ARk (FEhm) EAEBRREE. S0 (FEFH)
EAEHEER—AE. WK (1) GEmARPLEBA—TE. "Ll (generate)’
o () AT AR B 0 & 2k Bk = A BB S AL

void fill(ForwardIterator first, ForwardIterator last,
const T& value);

void fill_n(Outputlterator first, Size n, const T& value};

fill( ) [firstlast) FEEA#IEA SCEREvalue. fill _n( ) dfirstF A%
K{Evalue,

void generate(Forwardlterator first, Forwardlterator last,
Generator gen):

void generate_n{Dutputlterator first, Size n, Generator
gen) .

‘generate( )7 [firstlast) HBBANESTHRET —4gen( YHEE, "RAREABATT
EieE— AT FRIAVE. generate_n( ) tgen( Iniffnk, ¥ BI%iEBERS Bfirstr Bl
nrE. :

A F P

T oM T vectorif AT FER AR . [Fi-t 275 T print( )i R:

[/ CB5:FillGenerateTest.cpp

/7 Demonstrates "fill" and "generate."
f/{L} Generators

#include <vector>

#include <algorithm>

#include <string>

#include "Generatoers.h”

#include "PrintSequence.h”

using namespace std;

int main(y {
vector<string> vi1(5);
Till{vl.begin(}, vi.end(}, "howdy"):
print{vl.begin(}, vl.end(), "vi", " "):
vector<string> v2:
fill_n{back_inserter{v2), 7, "bye");
print(v2 begin{), v2.end(), "v2");
vector<int> v3(14);
generate(v3.begin(), v3.end(). SkipGen{4.5)};
print{v3.begin{), v3.end{(), "w3". " "};
vegtor<int> v4;
generate_n(back_inserter(v4) .15, URandGen(30)):
print{v4.begin(), v4.end(), AT, " "),

Y FAfi-
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vector<string> FTE LMK/ AIE. BHEL Svectorh frastring i &£ 61T
Ffigzsial, 0 Yo UL ek {E BiEHvector P fIE 2SR “howdy” FI——A#E D, [EF.
Bz itk AL BIAR R B oM T,

EBAEEEE2 ) -vector<string> v2prts A, Kk 4450 {# Fiback_inserter( )k
IuEicE, WA REHRA A ERIE.

BT H—" ket e U BIE LAY, generate( )figenerate_n( )JAKS “HE™ W
AR, FXB, XEARAREER T S 1EhEER.

6.33 ¥

FiERNESHEE TR A R size( ), BALLE 2IEABASFE LI TH. size()
3K ) 2% X % o B idifference_type® (GA# £ptrdiff_t). Tw#H {1 AIntegral
Value#sr. TEATHAEE:SLIHR —ERENT ST

Integralvalue count(Inputlterater first, Inputlterater
last, const EqualityComparable& value);

X A-Hikrm, =4 [first,]last) 5B AHIEF Tvalue { 29 fHoperator==1i{K) &Y
TEAH .

IntegralValue count_if (Inputlterator first, Inputlterator
last, Predicate pred):

XAE A& [first,last) 7 E AEEEpred;’ Eltruef) TR

AL A- 49|

XE, FAMHLTR (BE--SEEMNTF) HFtvector<char> v, set<char>hviegia
fo, PULERAATv RAME SRR, XA ettt BARMIBTE TR i+

/o CO&:Counting.cpp

/f The counting algorithms.
/f{L} Generateors

#include <algorithm>
#include <functional»>
#include <iteratore>
#include <set>

#include <vector>

#include "Generators.h”
#include "PrintSequence.h"
using namespace std;

int main{) {
vector<char> v;
generate_n(back_inserter(v}, %8, CharGen(}}:
print(v.oegin(), v.end{}, "v", ""):
// Create a set of the characters in v:
set<char> cs(v.begin(), v.end{()):
typedef set<char>::iterator sci:

for{sci it = cs.begin(): it != cs.end{); it++) {
int n = count{v.begin{), v.end(), *it);
Cout << *9t << " " < o< ", M

}

int lc = count_if{v.begin(), v.end(),
bind2nd(greater<char>{(), 'a'});

cout << ."\nLowercase letters: " << 1¢ << endl:

© BTSRRI BB,
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sort(v.begin{), v.end{)):

print(v.begin{}. v.end(). “sorted”, "");
VA

count_if( YE %@ M E A /NS RSOk ETECR:  fbind2nd( Yfigreater #3g
B MR B 7 3

6.34 #REFH
XA RARBHFFINES.

OutputIterator copy(Inputlterator first, Inputlterator
last, Outputlterator destination);
EHBE, AE [first,last) EHlF 5 Fldestination, & Kk BIE S 255
destination. X&f L& “ZiR#E (shuffle-left)” 8, FILAFAFEFIA M S B,
HTEH TRERE, AEAREBRNSARRESHABEATE, G4Fiitdestinationi%

fREEH EEinsert_iterator¥l (ESERRERZINER F, HAH{F Fback_inserter( )
Hminserter()),

Bidirectionallterator? copy_backward{BidirectionalIteratori
first, Bidirectionallteratorl last.
Bidirectionallterator2 destinaticnEnd);

EAHEmEcopy( )—#E, {ERLMRMEAZHLE. X&FEEE “HRSE (shuffle-
right)” &%, i LinEeopy() —#. RFFIRLE BNFFI. WETEE (first, last) /¥
FIERE HEER, B LA BRTERdestinationEnd - 1, X4 SR EBEGHREIS I,
BRAFFREAZELRAELTIE (RIFRIE), TEBRFIIEE FERFFIER 2.

void reverse{Bidirectionallterator first,
Bidirectionallterator last);

DutputIterator reverse_copy{Bidirectionallterater first,
Bidirectionallterator last, Qutputlterator destination);

ﬂ%%&mﬁﬁ%ﬁ#ﬂﬁﬂﬁT?ﬁﬁ[first,last)a reverse( ) B FIIEEHMITE,
reverse_copy( )RFEFFIFEBELEMF AL, miEH B EE I destination, &
81 £ 32 13 71| 76 B 0 AR K B (past-the-end) A& 1S 2% .

Forwarditerator?2 swap_ranges(Forwardlteratorl firstl,
ForwardIteratorl lastl, ForwardIteratorz first2):

i 2B B T R B F I RN TE BN E .

void rotate(ForwardIterator first, ForwardIterator middle,
ForwardIterator last):

Outputlterator rotate_copy(ForwardIterator first,
ForwardIterator middle, ForwardIterator last,
Outputlterator destination);

ZEEElfirst, middle) FEEPHINEBEIZFFINEKE, 0% [middle,last) HH
PERNERBIZFAMGFBEME. Hrotate( ) EFEMH ST EHR: 8
rotate_copy( )R EFRBAFFEE,. BFREE (rotated) B AT 5 Hl 5
destination, REZREAVEEREMNENRE. £8. EEFHswap_ranges( i,
AWEBR AR SN, B "B SRR,

372
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bool next_permutation{Bidirectignallterator first,
Bidirectionallterator last);

boal next_permutation(Bidirectionaliterator first,
Bidirectionallterator last, StrictWeakOrdering
binary_pred):

bool prev_permutation{Bidirectionallterator first,
Bidirectionallterator last);

boal prev_permutation(Bidirectionallterator first,
Bidirectionallterator last, StrictWeakOrdering
binary_pred);

EixeE kv, M7 (permutationyig —H TR — Rl — LK ZHHEFF. REAE0TE,
Mafn! (U E) BMARMITEMAAR. iE XS A TUB L LL 15 R 4 %
B8 BBEHFFLRTHNY . xS E T8 “fs54knext)” 1 “Ai(previous)”
HrlMes. BETRIEEAYMTEGERTRG 28, FHFINFAFEBRE-AARED “fF5
47 Fn “RrOR” B9HEZ.

next_permutation( )fiprev_permutation( )R $ 38 BHHET R S 2k f i &
FIHEF, aBRRIGNEEtrue., MEERFL4 “Jadk” H7A, TRLAAFHFE.
next_permutation( )E R false., MELHFE LA “WER” HH, TEUREFHERF.

previous_permutationd( );& Efalse.

EEFStrictWeakOrderingZ K/ ﬁ%ﬂ:ﬂfjblnary___predﬂﬁﬂlﬁthﬁ A &

operator<.

void random_shuffle(RandomAccessIterator first,
RandomAccessIterator last);

void random_shuffle(RandomAccessIterator first,
RandomAccessIterator last RandomNumberGenerator& rand);

AR EHFEE AN TE. R ARV LS, CATENONSHER. ¥
VRIS RSB E R AR 3%, E2RER R PR ORISR A2 2% . 3T 1E 8ok A4 2§ 6 2]
iR 5 —4~felo,n)fLE AMIE.

Bidirectionalliterator partition(Bidirectionallterator
first, Bidirectiopallterator last, Predicate pred):
Bidirectionallterator

stable_partition{Bidirectionallterator first,
Bidirectionallterator last, Predicate pred).

EXREG, %" BEEHEZpredIEBIFFAFBAR. HAFHE R HLE R
LFEUE, ZiFREMXERTRPHERE—4 (M TR predh R AFHNTFFH,
EET ENBHER). XAMRBAFERNY X5 s (partition point)” ,

fEfipartition( ), ZEERHEHNGE, BMERFFIINTREBFHFRAEEE, HLH
stable_partition( ), iy SRR X SRR NS RS> S EERTHIA .

A2 A3 17

X BB TRFFZENER:

A Lpe:Mantpulations.cpp

/f Shows basic manipulations.

/f{L} Generators

// NString
#include <vector>
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#include
#include
#include
#include
#include

<string»
<algorithm>
"PrintSequence. h”
"MString.h"
"Generators.h"”

using namespace std;

int maini) {
vector<int> v1(1Q);
/f Simple counting:
generate{vl.begin{(), vl.end(), SkipGen(});
print{vl._begin(), vl.end{}, "v1*. " ");
vector<int> v2(vl.size());
copy_backward({vl.begin(). vl.end(), vi.end(});

print(v2.begin(), v2.end(}, "copy_backward", " "};
reverse_capy{vi.hegin(}, vl end()., v2.begin{)):
print(v2.begin{), v2.end(}, "reverse_copy". " "):
reverse(vl.begin(). vl.end{});

print{vl.begin(}, vi.end{), "reverse", " ")

int half = vl.size(} / 2;
// Ranges must be exactly the same size:
swap_ranges(vl. begin(), vl.begin{) + half,
vl.begin(} + half);
print(vl.begini), vl.end(), “"swap_ranges", ™ "):
f/ Start with a fresh sequence:
generate{vl.begin(}, vi.end(), SkipGen(}};
print{vl.begin(}, vi.end(). "v1", " "),
int third = vl.size() / 3;
for{int i = ©; 1 < 18; i++) {
rotate(vl.begin{), vl.begin{) + third, vl.end()):
print{vl.begin(), vl.end{}, "rotate", " "};

}

cout << "Secend rotate example:™ << endl;
char c{] = "aahbccddeeffgghhiiij";
canst char C5Z = strlen{c);
for(int i = B; 7 < 18; i++) {
rotate(c, ¢ + 2, ¢ + [52);
printfc, c + CSZ, "", ""}:

}

cout << "All n! permutations of abcd:" << endil;

int nf

:4*3*2#1; .

char pf]l = "abcd”,

for{int i = @; 1 < nf; 1++) {
next permutationi{p, p + 4):
print{p, p + 4, "", "");

}

cout << "Using prev_permutation:” << endl;
forf{int i = 0; i < nf; i++) {
prev_permutation(p, p + 4).
print{p, p + 4, "". ""):

}

cout << "random_shuffling a word:" << endl;
string s("hello"}:
cout << 5 << endl;
for(int i = 8; i < §; 1++) {
random_shuffile{s.pegin(), s.and(}};
cout << 5 << endl;

}

NString safl

e,

canst int SASZ

= { "a"' "b"l ||c||. "d". uau‘ llbnl
"d“, ||a...

"b". |IC||I IIdu' Ila"* Ilbll' 1lc||};
sizenf sa / sizeof *sa;

vector<NString> ns{sa. sa + 5SAS7);
printi{ns.begin{), ns.end{}, "ns", " "}
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vector<N5tring»::i1terator 1t =

partitioni(ns.begin{), ns.end(},
bind2nd(greater<NString>(}, "b")):

cout << "Partition point: " << *it << endl;

printins.begini), ns.end(). "", " "}:

// Reload vector:

copyfsa, sa + SASZ, ns.begin()):

it = stable partitioni(ns.begin{), ns.end(},
bind2nd{greater<Nstring>{>, "b"});

cout << "Stable partition" << endl;

Ccout << "Partition point: " << *it << endl:
print(ns.beg"in(), ns.end(), ||n' " ,,);
P

REXT-EFERNREFFEt2zTiEEREF. (WTLIBEREFEFRMHB—43ci:d.)

vector<int> vi@igfbh— B B2 OHFFEA, FAITEIXSFY. EHEEEE
copy_backward( YiE (E5Blve, ve5vuiHFRR/D) SEEAEHAEE. B—KkRiE.
copy_backward( )5 copy( M R A TVE—— SR LA R O NG FF#gfi:.

reverse_copy( )k | 8@ — " HEMFRIE R, reverse( JEE H#0hr B TEH
HE. 87Tk, swap_ranges( )8 70 L2 R4 8o ST #. JEE AT LAth g
vectorf) -8/, REENIRDHEZFRTLL.

rotate( )2 EH B THFFFRIE-R, BRI EREHE VI =52 —kEEHFT
E. B2 rotate( M T#HH T LERAZEHEAS 2. @XM, BERTSTLE
fprint( MEHEA) A SN, BASEREMEEREY R, TTLVRA RS HE charfiA .

1 1 i rnext__permutation( )fiprev_permutation( )}, f&#n! (nfFrE&) #
HAEHZ “abed” MA-FEMES. MRS ATLIER, HEFDEFEEA0E i F (J)
HEZU A MR AL 2 ).

random_shuffle( YH)— P re i1 o HEl —{-string, FRLEHERLMTL. B
Fistring ¥ R E A7 Al LOE Bl 435 2% Mbegin( Yflend( )ik R % . REBSTLREIEHRRILL
RS MERE. X BEhER T charfisd .

EJ5 . FANString#4i = T partition( }fistable_partition{ ). £ B45 53,
St st RRAE AR Echar 4, ENString&F —/~char*{iiEmsk. ©iEA
A .

Mgt &R ol LIFBFAARENR S, HREBIER “HRa” £¥>s2 02T,
B LA e T, Rz FRER U I 0] 4 I £ e IR e B DO e
6.3.5 EHRIHi

X AR HREENTEENER IR E2 M HE, ZEERATHEOFENERESE
M.

InputIterator find{Inputlterator first, Inputlterator last,
const EqualityComparable& value);

EANEEERSEEANFEF TEP A Evalue, BB —EARE, ZERBEANEGE
[first, last) fvalue 1R B E . mEvalueAAFELEP, find( )is[Elast, X%
bk & 3% (lincar search) ; HEAE., MCHRERE LT, I8 ESE0TRIERKREFTHRSE,
AR ITCEN MR 2T MER. 85, binary_search() (ZEFHEEX) 2E—41B2
1 ERFP LR, e E e iT AR,
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Inputlterator find_if{Inputlterator first, Inputlterator
last, Predicate pred);

XA mEfind( ) —#, find_ifO)#4 52 M50 ENTENER. R, LB
$value, find_if( )F4— i EpredfiTsE, LBHRIXHEN TENPredicate pred;x
Bltrue. FRARERBLX L CEDGE Bllast,

ForwardIterator adjacent_find(ForwardIterator first,
ForwardIterator last);

ForwardIterator adjacent_find(ForwardIterator first,
ForwardIterator last, BinaryPredicate binary_pred):

mEfind( ) &, XERHEFEREOFFEEARTEEEE. BAERER -PxE,
MmRAEEANTBENAETCE. ARWEIFHERERF I HENTCE (Hidoperator==),
MR ERFANBEOTE, SHIEH A TEH L% binary_predit, Ftirue
R R . MARRIDXAN TR, MERKERFAENITEREIN CERERS: FREElast,
ForwardIteratorl find _first_of(Forwardlteratorl firstl,
ForwardIteratorl lastl, Forwarditerator? first2,
ForwardIterator2 lastl), '
Forwardlteratorl Tind_tirst_of (Forwardlteratorl firstl,

ForwardIteratorl lastl, ForwardIterator2 first2,
ForwardIterator2 last?, BinaryPredicate binary_pred);

mEfind( )--#, EEXAAERLEEERNFFERNMTEEER. XAFEARN
RERNTEENERSE I EEARNEASCEREOTE. F1FERFEHoperator==
EomBAEHESOH RS, EE2RERXD, FINEAFFINNATERY
binary_pred#E11&%, 2 EEFFIAMTER Sbinary_predf) 82/ 25
ForwardIteratorl search(ForwardIteratorl firstl,

ForwardIteratorl lastl, ForwardIlterator? firstz,
Forwardlteratar?2 last?);

ForwardIteratorl search(ForwardIteratorl firstl,
ForwardIteratorl lastl, ForwardIterator2 first2,
ForwardIteratar? last2 BinaryPredicate binary_pred);

EEBHEBER N FFALEES HAES S FANEEA URFbLse -3, uie
MR Bl — % s, BB HFR AN TEE AP E2NTEEFFI BB E. RS
HRE IR Blast1. §F1IHEAMRE Poperator==, F2RHA LM HLEHEHTER
L iE{Ebinary prediZ [Eltrue.

ForwardIteratorl find_end(ForwardIteratorl firstl.
ForwardIteratarl lastl, ForwardIterator? first2,
ForwardIterator? last);

ForwardIteraterl find_end(ForwardIteratorl firstl,
ForwardIteratorl tastl, ForwardIterator? first2,
Forwardlterator? last?, BinaryPredicate binary_pred);

XUE A S R Esearch( ), HREVEENFIILASES I TEEAES T
#HA, BEsearch( )EIZTFREERHIMLE, ffind_end()UBEHRZTERE Hjﬂﬂ
Mol B, AR EIE RIS T RS T EO%AS.

Forwardlterator search_n(Forwarditerator first,
ForwardIteraztor last, 5ize count. const T& value);
ForwardIterator search_n(ForwardIterator first,
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ForwardIterator last, Size count, const T& value,
BinaryPredicate binary_pred);

EEREEfirst,last) BEANEK —AitcountESENE, XEEHSvaluefiF
(FEFEVFPRR A ), SR L HE XY Svaluef RIM{E ik binary_prediifik mtrue
(fEF2RME ). RAREILIAN—A K AR plast,

ForwardIterator min_element (Forwardlterator first,
Forwardlterator last);

ForwardIterator min_element (ForwardIterater first,
Forwardlterator last, BinaryPredicgte binary_pred);

X IR — AR, BERBERERAN BT EEKNRANEE (TFHEHA
BE—CENTESESREIEE). WFAEDZREFEast. 14 fHoperator<
BATECY:, BREME Hr, HELR: ¥ FEE first,r) hE N tHe, e < *rHHE. F2
FhifA fibinary preditif, BiREEHr, HER: MTHEE Hhrst,r) hEgi e,
binary_pred(*e ,*r)&f4{E.

ForwardIterator max_element(Forwardlterator first,
Forwardlterator last):

ForwardIterator max_element (ForwardIterator first,
ForwardIterator last, BinaryPredicate binary_pred);

R EIR - AR, IZERBWEEBARKETREBMEE. (ERATES S
AR K. ) IRHE LR Elast, F A Hoperator<thfrtbik, HiREEHr, K
BE: X TiaE [Arst,r) g rEe, *r < *efiAH. F2FE 4 Hbinary predsifrit
8, HERENr, HEGR: T [firstr) & 7THe, binary_pred(*r,*e)2E% R,

void replace(ForwardIterator first, ForwardIterator last,

const T& old_value, const T& new_valuve); '
void replace_if({Forwardlteratcer first, Forwardlterator
last, Predicate pred, const T& new_value);

putputiterator replace_copy (Inputlterator first,
InputIterator last, Qutputlterator result, const T&
old_value, const T& new _value);

" putputIterator replace_copy_if{Inputlterator first,

Inputlterator last, Outputlterator result, Predicate
pred, const T& new_value};

Xy, BB “E#" BREMLERELER [firstlast) i ER, H3G
Frof IR A Finew_valueBit 211, replace( }fireplace_copy( Y& E X {XNFEH
old_valuei: st #i784; replace_if( )fireplace_copy_if( YEEHEHHE L& i §pred
WiE. R BN BASBRREMEE, mAREABRN -1 BERSresult, BihE
R (ERB{EFHEhresult).

AL A2 1) '

W TG AR TR, XAFFEEINA Kivector, BRIA—Kk, AR FE—4
WA RESREL R, (—HELRABMAERER:T.)

//: (B6:SearchReplace.cpp
// The STL search and replace algerithms.

#include <algorithm>
#include <functional:>
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#include <vector»
#include "PrintSequence.h”
using namespace std;

struct PlusOne
bool operator()}(int i, int j)} { return j == 17 + 1; }

b

class MulMoreThan {
int value;
public:
MuiMoreThan(int val) : wvalue{val) {}
bool cperator{}{int v, int m) { return v * m > value: }
]

int main{) {
intall=4{1, 2, 3. 4, 5, 6, &, 7,7, 7,
8§, B, &, 8, 11, 11, 11, 11, 11 };
const int ASZ = sizeof a 7/ sizecf *a;
vector<int> v{a, a + ASZ);

printi{v.begin(), v.end(), "v", " ")
vector<int>::iterator it = find(v.begin(), v.end(), 4);
cout << "find: " << *it << endl;

it = find_if{v.hegin(), v.end(),

bind2nd{greater<int>{), 8));
cout << "find_if: " << *it << endti;
it = adjacent_find(v.begin(}, v.end());
while(it = v.end{)) {

cout << "adjacent_find: " << ¥4t

<€ M, " ek (L + 1) << endl;

it = adjacent_find(it + 1, v.end(});

}

it = adjacent_find(v.begin(), v.end{}. Plustne()):
while(it !'= v.end{)) {

cout << "adjacent_find PlusOne: " << *it
e Moo "o ¥(jt + 1) << endl;
it = adjacent _find(it + 1, v.end(), PlusOne()):

}
int bi] = { 8, 11 };
const int BSZ = sizeof b / sizeof *b,

print{b, b + BSZ, "b"., * "}
it = find_first_of(v.begin{). v.end(}), b, b + BSZ};
print{it, it + BSZ, "find_first_of", " "};

it = find_first_of(v.begin(), v.end(),

h, b + BSZ, PlusOne()):
print(it,it + BSZ,"find_first_of PlusOne”,"™ "):
it = search{v.begin(). v.end(), b, b + B3Z);
print{it, it + BSZ, “search", " “);
int ¢[] = {5, 6, 7},
const int €57 = sizeof ¢ / sizepf *c;

pr‘int(c’ c + CSZ' "C”, " ":I;
it = search{v.begin(), v.end{(), ¢, ¢ + C5Z, PlusOne());
print(it, it + CS5Z, "search PlusOne", " "};

int d[] = { 11, 11, 11 };
const int DSZ = sizeof d / sizeof *d;

print(d, d + DSZ, "d", " "):

it = find _end{v.begin{), v.end{), d, d + D5Z);
print(it, v.end()."find_ena”, " "}

int e[] = {9, 9 };

print(e, e + 2, "e", " "};

it = find_end(v.begin(), v.end(), e, e + 2, PlusCne(});:
print{it, v.end(),"find_end PlusOne" " "),

it = search n{v.begin{), v.end(}), 3, 7);
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print{it, it + 2, "search_n 3, 7", " "y,
it = search_n{v.begin{), v.endf),
&, 15, MulMoreThan(166)};
print{it, it + &,
"search_n 6, 15, MulMoreThan(100}", » ");
cout << "min_element: "

<< *min_element({v.begin(), v.end{)) << endl;
cout << "max_element: "
<< *max_element({v.begin{}, v.end{}) << endl:
vector<int> vl;
replace _copy(v.begin(}, v.end(),
back_inserter(v2}, 8., 47);
print{v2.begin{), v2.end{). "replace_copy 8 -> 47", " "},
replace _if{v.begin(}, v.end(),

binddnd(greater_equal<int>(), 7}, -1);
print(v.begin{), v.end()., "replace if >= 7 -> -1", " ")

Y 41l

EAFFLARANHERBIT . PlusOne— "o mk, MEBIMESHETHE]
AEHMINE Eltrue; MulMereThanii & — /" “RHEHE. MREBINTE2ESE24 5
BRI T EFRPAENEREtrue, X8 7052 @ 8 £ T BRE TR .

Fmain( )i, G —E#HadH R Avector<int> ViDL @, vector B
MERTHN B, ERIEARLET TE—TN IR - BER/EREFRR.

FUTMABGRnd( ), {Evih X B4, B E{ERIE ML I SHENRE, PESH
KREREHRNE, REEERBAEENERE (v.end()).,

find #OBHEAT - MHEREARRERTER TERNTE. 484, A—4 3
AHigreater<int> (HI, “FEFFINTntREBHET R FEASE") MEEHB225S
RER—ATHITHRIAE A bind2nd( ). E, wEVHEEATSUERE.

BEAEF S Tvh 2 UBLA A HERMEAS R, Fillikitadjacent find( )Mk k%
HEM. FRMFABFHRERINE, BEEA—whilefd3, LLERZIEMABIUEIE TS
ZEMAFIINRE (REREACEHKAELRATE). S THRIANS S ITE, FBIRTE
XL TTEFEMS T T - adjacent _find( ), XBPEE it /eI 2% (FXFH
BHRE AN FI M IR T ).

WEwhilefih, BBl aEM M TIESSRAE NG, MR

while(it '= v.end()) {

cout << "adjacent_find: " << *it++
<< ", " e ¥it++ << endl;

} it = adjacent_find{it, v.end{)):

R BRFERRMZATZIRAE R, BREERFEEMRIES LA a3 HE G H
Eit e XA AR TR G SR AR A R B ¥ R 41 0 A i L T ) SR R

T/ EM TEAPlusOne¥E R fEh S Hhadjacent_find( ), X/ HE @K
PlusOnef L FFvep i A T — LAY — M SCE T100C B B . R, R Awhile
75 3 MBETR B B X R AH 1L

Bikfind_first_of( ) FEBN I HREEERTME ., XhHAbRE. HT
find_first_of( )HE A INE 25 E AR AER S HASH, EmR, XA TEE R
SIMMAAEERAES. find_first_of O)MNE2RMB AT TR, &/ TPlusOne,

search( )REih 48 1A F 2R KB V24 EE 55, SFReimcE A4 HE
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HIN . search( )MEZHIEAER T — A HE @, RIS Iy A T S S
A, BB T E A AR —AX 8, PlusOned| & A K BHEE 2{4,5,6) -

find_end( YA LB FrES 2026 HAA {1,111} . 5T BRBEdhs el
BB 7B A A T, MR BRIHE m e AL B AT EvER RIS 804 .

FE14search_n( )X FIK7RI3A3i4, BB e BEITEER. S Hsearch _n()
BUE 2R AT, 0 R R B — AR Bk e SR M WA T R AW S, B R ETLL
A -SERENAan. FAER--TREHR, XTEREHREH (EAFP) RETFHIHE
g, 3 ERAEMEEALTI00. dig i, search _n( JEMEGAHE "R ESRIAIE,
CMPEISTERT, A4 FEAERISORT100, 7 XA R BRI R IR IR D, MEA
] LA A T GRE| A T E A SR RIS i i — 2 .

min_element( )iimax_element( YREZEHBER, {If2F LA ERER. RRLPERE
H—A “*” 31T, s b, RBINE SRR A (8 = A 3T ERRAE .

S TR, &% Hreplace_copy( ) (XHEASBERFEIFvector) LAEATREH
FAEASTE. 1E, B—/12=tvector va2rtback_inserter( )#4Ti8/M. A THT
replace_if{ ), Atr&#itigreater_equalii[@bindzndtigt— M @¥xi%, B - 1855
FHEAXFETFMcE.

6.3.6 HEIER

THEGX SRR SR TEERN S . FRER., XEREIGIER%{Usearch( )
FH. A, search( )FERPOEF2SFHHIREZ I FH R E, mequal( )
lexicographical_compare( ) Fiiff) R &# 5 F7INtkE. H—7m,. mismatch()
R WA P AR B LR R S b, R B IS A e &M ENHR .

bool equal{Inputlterator firstl, Inputlterator lastl,
Inputlterator first2);

bool equal{Inputlterator firstl, Inputlterator lastl.
Inputlterator first2 BinaryPredicate binary_pred):

XM - @, [firstylast) ZonmE 1A ERR — T RENR S &, B2 EET
fhtficstz, (HREA “last2” FAF2ERORKEHEINEROKERRE. MEMHATE
EseatmE (FHRMTERMEEHETF). equal( VAR RE. EREIFFLYT, @
operator==hJTELEE, FEF2MFHENR S, hbinary_pred i EW AL A AHR.

bool lexicographical_compare(InputIteratorl firstl,
Inputlteratorl lastl, Inputlterator? first2,
Inputlterator? last2}:

boel lexicagraphical_compare{Inputliteratorl firstl,
Inputlteratorl lastl, Inputlterator2 first2,
Inputlterator? last?, BinaryPredicate bipary_pred);
XENERREFINERRET "FREBEMUFHN/NT (lexicographically less)” F2A47
Bl. {mEEELEE2ERtrue, FUERfalse. ) %3t 5% 208 A ¢ L3 (lexicographical
comparison) i ¥rh “Ffil(dictionary)” HoBr, Wk E LLARON T SR F i SR Y F R R
IR ok 1nE. WRBIANXEAE, BITTBERRE TR F B HERIER,
{HAMBMR, BRSBTS RRERE T, ML T HEHBI A AL k.
TR B L, BRI, RN E R B A TR T B2 A R T
lexicographical_compare( )iE Htrue; & AEEfalse. tREHFEBAMBTE HEMN L
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ZRAM—ATEER S —AEE (FEEPTERNKERTLUAR), FEFEIASRENmE,
FEELA) FHEE2, B %ok false,

MREANTEENRKEARR, FHREME, - THEBAGPHITHELER ST
{precede)” BA—ATEENGFEMNTTEMNIER,. EHHE “abec” §H%T “abed”. ERHEMITR—
TEEMER, LA R A CRERTCEY, XERREE Sk (7 BN r I, /).
EEMERT, oRENEELEITER. WS Ektue, K22 false.

HRBEOEIFMAEET, Hoperator<ifrth, EF2RMA G, ERAERK
binary_pred.

pair<Inputlteratorl, Inputlteratorl>

mismatch(InputIteratorl firstl, Inputlteratorl lastl,

Inputlterator2 first2);
pair<InputIteratorl, Inputlterator2>

mismatch{InputIteratorl firstl, Inputlteratorl lasti,
Inputlterator? first2, BinaryPredicate binary_pred);

X ARl equal( )b —#, HiTHERFRMEENKERSHER, BB EE2L
FEERfrstEE, FIEENRKETOL AREEMERNKE. X1 R5&05EE Sequal( )
iR, equal( MYHAFHATEE L2 EHE . mismateh Y5iFHENRBARIEAR. HT
SeAix-- LE, SHmBELiTILAE (1) FIAHEEREAARENCENIZE; (2) #2990
BEARNEIAEACREOTENGE. R ERE—RBEA—{pairdtfIHEE . mREEFHAA
VLA, REER S22 uEESFE—BREEK RN S Slasty. pairfi 2 —struct,
iZistruct &4 57 A 5k A &firstfisecond 2 peR . E<utility>3k 3 fFbE L.

wFE fequal( Yh—#, E14-REMNAHEHERoperator==, ME2#H
binary_pred, '

AL A- % 1) :

HAFRAECH string 68 E B inE—/A% (BH X Mstring:iteratorfZ R 5
A begin( Ynend( )}, WLAKGEEL RSB FHFERAFYIRMRASTLIER . A,
TEFEANRE, stringff—MRYZENRTACHERE, RREMASTLEERBImaR 2
B, BEEF — Tstring3k.

/7 CB6:Comparison.cpp

/¢{ The 3TL range comparison algorithms,
#include <algorithm>

#include <functional>

#include <string»

#include <vector>

#include "PrintSequence.h”

using namespace std;

int main{) {
f/ Strings provide a convenient way ta create
// ranges of characters, but vou should
// normally took for native string operations:
string s1{"This is a test"):
string s2("This is a Test"): ,
cout << "gl: " << 51 << endl €< "s2: " << 52 << endl;
cout << "compare s1 & sl: "
<< gqual(sl.begin{), sl.end(), sl.begin{)} << endl;
cout << “"compare sl & s2: "
<< egual{sl.begin(). sl.end{), s2.begin{}) << endl;
cout << “"lexicographical_compare sl & s1: "
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<< lexicographical compare(sl.begin¢), sl.end(),
sl.begin(), sl.end(}) << endl;
cout << "lexijcographical_compare s1 & s2: "
<< lexicographical _compare{si.begin{). sl.end().
52 .begin(), sZ2.end()) << endl;
cout << "lexicographical_compare s2 & si: "
<< lexicographical_compare(sl.begin(), s2.end{},
s1 . begin(), sl.end{)) << endl;
cout << "lexicographical_compare shortened ™
"s1 & full-length s2: ™ << endl;
string s3{sl);
while(s3.length(} !'= @) {
bool result = lexicographical_compare(
s3.begin{), s3.end(), s2.begin().s2.end());

cout << 53 << endl << 52 << ", result ="
<< resylt << endl;
if{result == true) break;
53 = s3.substr(@, s3.length(} - 1),
i

pair<string::iterator, string::iterater> p =
mismatch(sl.begin(}, sl.end(). $2.begin(});

orint(p.first, sl.end(}. "p.First", ""};
print(p.second, s2.end(}, "p.second”,""):
} A~

I, stins2fiE— A AR s2f] “Test” #MIAEFAR “T . thisifis2iiFHk
fedtrue. AR, HAXSER T, sifils2 1%,

T HEiglexicographical_compare( YA MH%HER, EipEREE: Bk, &
Bk A EEHEE AT RANRFHRGHE; 82, BECHREERHNBEEE L, KEF8
FRHOERT NBERER. £FI4MNRG, Es15nETHE. IARLETE2EE. L
F RN AT AR, e A A — A FFNT BTN R (R R F AR,
HibgE R Rlalse., FE2AMIARN “s18ik Ts2iB” 7 HELAHTH “est” PREITER
B, ERsIHEVMEFEREF ‘C AT s2aMARBTRTHE T7, ALiEFEEfalse.
HE, mRAMNREEFEs2R UL T, EHEktrue,

BT EH—F i BT, AR T M E R s 1fis2 (RImEAIEE
MR Fifalse ), XRERXTHE, SRBIBEREZs1 (ERRs1EHEs3) KR4
5, EIMRERERtrue., ZEBSFIEH L BIHE: HEMs3 (s1fygl&) $
RRREI KRB R T, phit, MEASFAATE -EBX - A%, FTRETHER.
B Asglvs25i, s3TMEREBEFHIA Ts2.

B G H0IR{# Mmismateh( ). A THIREE, AR SENpair p, AEI1TEE
AR AR R B2 M ERAAC R AR (FEEHS, Estring::iterator) MiEHEHE. A
TINZREENERE, P EIABENRCREREEp.first, B29EE XN
B2p.second. 7EXFEFERA. MRS ESHIE LR A BITE B RIAR BT EN i R B 4
FRUL RS AT RD F 200 B R B R 2R IS I A
6.3.7 MRTHE

RASTLHE FHE, X B MERGEER A - S MRHl. BEARESTL PRI AR S “HkR”
ToE, THERETLMRmEA. vector. HstH%, 4R EHSEREBBERCHEMR S
ATEE [firstlast) B A/PRERZEBEAAEN. (Hlal, —TLFERATERE TR
o) BESkEmRZ, STL “WER" RECEFHEFZAFS, RAH “CHBRNT THRET
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FIRA R, “FMERAT" TREFERFFIRFL (SUIETMIRFER,. REREEBERrTE—
HREAR, X2 TR GEE). RERERE —NHREFVE “BRRE" TEMERSE,
EA BRRT TEBEAEHBBRIUTENFFINEE, SRR TEFAIN L., EiEl,
nEnew lasti2 M ‘Bl @BEGREIFEMRSE, WHER [first,new_last) B &FE MM
RIERERFH, mitE [new_last, last) & uEMER T EH R F.

IR AE S E L RSTLR Bk B b 5, HeiiE iR T B AN,
af LY fnew_lastfEA MR ZH AR, BE, mEFER— LIRS SC
(AR—TA), SBANA S FHEEREMERAITCER . FICLE Ferase( Mk, Hlin:

C.erase(remove(c.begin(), c.end(), value), c.end(}};

WAl LAE AR T a5 A sk fresize( ) R (E£XTHEBHNESEST
ZAr B ).

remove( JHLEB{ERFFAnew_lastdyi%{t:%, Werase( ) Med B F BB S H
E MR TE .

[new_last,last) REE S EAERN N, (HEBLETRERBEEE, HENELEH.

ForwardIterator remove(ForwardIterator first,
ForwardIterator last, const T& value):

ForwardIterator remove_if(ForwardIterator first.
Forwarditerator last. Predicate pred);

OutputIterator remove_copy(InputIterator first,
Inputlterator last, OQutputlterator result, const T
value),

Dutputlterator remove_copy_if(Inputiterator first,
Inputlterator last, Outputlterator result, Predicate
pred):

ZBrAmE—F IR EABMAAZREHER [first, last), 32BN
H, FAHERRERERACEFELECHEMEENTE (HETHEMERTE). REMERAT
RHIAHEPIBF AR . B EE R EAEE R RMERE, BB EME R
BREGICE. X MERBEETREOEREEE.

T ARMEREE - OEERA N CEEpred( ), KAERTRIZME. (B
pred( )ik Fltrue, WIMERIZTTHE.) “copy” BAMIMERABE BB EHLAF, MRmAZE
B HlAR B MERIHE B — 4~ F th Fresulth sl , H:E B 5 Hiys BAIEEE ZRERE.

ForwardIterator unique{ForwardIterator first,

Farwarclterzator last);
ForwardIlterator unique(Forwarditerator first,
Forwardlterator last, BinaryPredicate binary_pred);
Outputlterator unique_copy(Inputlterator first,
Inputlterator last, OutputIterator result);
QutputlIterator unique_copy{InputlIterator first.

InputIterator last, OutputIterator result,
BinaryPredicate binary_pred);

EX kb, “unique” @IS —FIRAREEM L5 28 GYEE [first, last), $%3)4E
WAHESE (B4, JERETE STk “HER XEEIA. MR TR
W BB H AR . 38 IBHE A 48 TS B A oK AR5 T A AR E A O MBS

B A E MR R MABRIA, B Ra TAEMIE, 8 “unique” BREZAT, B
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sort( ), XAHEREAETR UE £ ¥ o9 Sl 4 A0 M B .

HFRAJCEANENEAERMEL, A4 binary_ predifFiik 4 -

binary _pred(*i, *(i-1));

AR EE R true, WIAAH*R - -4

“copy” MRANECEIRAAF, BRifu fOZEH AR BERAER — T 4 Tresultfo iz,

FiR E 5 AR B BB R YRR E .
AL A 2 51

EAFFEHH T “remove” F6 “unique” F¥t TIER— BT

f/: CO6:Removing.cpp

// The removing algorithms.
f/{L} Generators

#include <algorithm>
#include <cctype>

#include <string>

#include "Generators. h"
#include "PrintSequence.h"
using namespace std;

struct IsUpper {

bool operator(){char c) { return 1supper(é}; }
}.

int maing) {
string v;
v.resize(25);
generate(v.begin(), v.end(), CharGen());
print(v.begin(}). v.end{), "v original", "");
// Create a set of the characters in v:
string us{v.begin(), v.end());
sort(us.begin{), us.end{)):
string: :iterator it = us.begin(), ¢it = v.end(}
uend = unigue{us.begin{), us.end{}):
f// Step through and remove everything:
while{(it != uend) {
cit = remove(v.begin(}, cit, *it);
print{v.begin{), v.end{), "Complete v", ""):
print{v.begin{), cit, "Pseudo v ", " "):
cout << "Removed element:\t" << *it
<< "\nPsuedo Last Element:\t"
<< *cit << endl << endl;

THit;
}
generate(v.begin(), v.end(), CharGen());
print(v.hagin(). v.endf{). "w"., "%

cit = remove if({v.begin{), v.end{}, IsUpper()):

print(v.begin(), cit, "v after remove_if IsUpper”, "

// Copying versions are not shown for remgve ()

/4 and remove_if(}.

sort(v.begin(). cit):

print{v.pegin(), cit, “sorted", " ");

string v2;

v2.resize{cit - v.begin()):

unique_copy{v.begin(). cit, v2.begin());

print{v2 begin(). vZ.end{(}, "unique copy", " ")

// Same behavior:

git = unique(v.begin{}. cit. equal_to<char>{));

print{v.beg-n{), cit, "unique equal_to<char>",
| R

B I

RE



238 E=dy FRAC++ 4

FREvE—THEILFENFHRBNFRES. BT F ¥ Eremoveid i iR,
BREXKBERLMGERFEY, RRESNGRALLT (Fiffcith ), RITLIFRXLE
Rl PR T 11 £ 2L

AT §rremove_if( ), {EREREIsUppertiiRRECE K isupper( ) (&£
<cetype>t}, H-—PXMHRIEA—MHEHE L ESHremove_if( ). HFTFHRKSHIM B
EEtrue, FARENGFERF. B, EprintC MIRMAFER THBGAR LS,
HIEM B RENTHE. remove( Yiremove_if( M HHABH TR, BACTHRIER
BB AR — R EER, EREIFRMIESER.

Fex NS FRFFIETHET, AR “unique” W¥iR% . (RBOFFIRAF, W
“unique” BRI ARERIE XL, HIXABAFRIEEHEN.) HE, unique_copy( ) EMR
INRSTREEEE PR — R TR EIRA AR vectordr, ARG R &K B el Y

unique( YR FzEEHBRA BB Requal_to( )+, BEERIARTRILE EHF R
&R

6.3.8 XEHFRIFFFHITHEFFIEN |

STLREM — N E MR LA D HE VS B R P REITIZ . STLRSE T kB sy
ROEFRR, o i TRER. HaomRURANE (TRer) H. RbaseE, R
SHFEEHGEE. RERLCHEFREFATEE-ASIF L TE, RoRFEEENRF
WL P E ORTEERE L E.

T D2HFFRFS . aILAEEAF BT ERIEE, RIFENBEFFIRRUEEN
FArARBEAE. BS54 EHFmFFST A, REPES HRIERIESF

IS,

# EHET ST AR S ENE N A TR A . SIS RS Y
C.foperator< RfFELEE. F2FEEF Hoperator( Y a,b) ki EafbrysHxF. Bk
2B EH AARRIZE, FIDASESMBERNERPEEH X AR A,

1. HA

HF R EREMENF RSB RRBFFIRER, iovectorideque, HstFRA
B O AsortO )3k, B BEIURSR RELENR.

veid sort{RandomAccessIterator first, RandomAccessIterator
last) .

void sort(RandomAccessIterator first, RandomAccessIterator
last, StrictWeakDrdering binary_pred):

EER G (ficst,last) FEEARFFRAFEFHER. %lﬁiﬁﬁ‘.{iﬁiﬂperﬂoﬂ #
2RPT A O 3R (A L 3 2% 34 G 3k T E M -

void stable_sort(RandomAccessIterator first,
RandomAccessIterator last);

void stable_sort{RandemAccesslterator first,
RandomAccessIterator last, StrictWeakOrdering
binary_pred);

X EEEfirst,last) FEHNOFFIRIFIFERF, GHRSTROEANF. (B
BRIV LLAHFNESREMARR, X—RREE.)

void partial_sort(RandomAccesslterator first,
RandomhAccessIterator middle, RandomAccessIterator last).
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void partial_sort(RandomAccesslteratar first,
RandomAccessIterator middle. RandomAccesslterator last,
StrictWeakOrdering binary_pred):

Ee g R A [firstlas)EHE P — E HEMITRIETHRE, ZBERXRTUMA BE
[first,middle)rb. HeF&R, 7L Imiddle,last)HH o i AR TT# A R IE B IRIBUF .

RandomAccessIterator partial_sort_copy{Inputlterater first,
InputIterator last, RandomAccessIterator result_first,
RandomAccessIteratar result_last);

RandomAccessIterator partial_sert_copy{Inputlterator first,
InputIterator last, RandomAccessIterator result first,
RandomAccessIterator result_last, StrictWeakQrdering
binary_pred):

X RS A Lirst,last)7EB d B — & B BRI FHFTHF, XELRALURATE
[result_first,result_last)d, ¥ B ZE4ix2TEH [result_first,result_last). g
o E [first,last) e {result_first,result_last) )\, Qi{EHSEPHTE.

void nth_element (RandomAccessTterator first,
RandomAccessIterator nth, RandomAccessIterator last):

void nth_element(RandomAccessiterator first,
RandomAccessIterator nth, RandomAccessiterator last,
StrictWeakOrdering binary_pred);

X B R partial_sort( ), nth_element( &4 b (HEF) EEANTE.
{54, Eltpartial_sort( }E “/b4H” 3%, nth_element( Y—RIEMZTLREFT
L4 B, M EARE AR A, TEBElArst,oth) AR A TR SRR T
E ¥ (AXERIAZoperator<), fiizH(nthlast]ARFRE CRBAFRZHZ. (B,
E—4- FEESA R~ MM ENUF TR, T fpartial_sort( ), EME1
A5 O HEF . |

MBEAEZNERBOHALE (Fin, kedhlE. a04AF%), Z4MELER
partial_sort( )18 £.

2. AR TIREEEAE

—HENERESHRTF. RUERENEN R REER CE. ETENEESP,
BRFEAMAENR. —fRBREMNENoperator< KHWTHEF, B2FERAREH 5]
fib T B A Bt ROk BT HERF . B SRATHEFF RIS Bk e LT3 B, &5
AWE. B4, WRREEREEFWEE LERXERE, EREBATTE.

bool binary_search(ForwardIterator first, ForwardIterator
last, const T& value):

boal binary_search(ForwardIterator first, ForwardIterator
last, const T& value, StrictWeakOrdering binary_pred};

XL SR AR Gvalue AL CHEFRUTEE [firstlast) i,

ForwardIterator lower_bound(ForwardIterator first,
Forwardlterator last. const T& value);
Forwardlterator lower_bound(Forwardlterator first,

FarwardIterator lasi, const T& value. StriciWeakOrdering
binary_pred);

REERRR B AR LR, REREE HvalueE CHEFHUTERE [firstlast) 1T



240 K =&K4 FACH++ A

HEMLE . ffvaluelddF IHI, & EAERE NN G R IA B

ForwardIterator upper_bound{ForwardIterator first,
ForwardIterator last, const T& value);

ForwardIterator upper_bound(ForwardIterator first,
ForwardIterator last. const T& value, StrictWeakOrdering
binary_pred);

XER R B — kLR, RBRFFNECH)FEE [first,)ast) JigiEvalueg s
HILY MMrE. fnivalueidH HEL, IR [ B3k AR AR MBS B IR 7 RO L A2 B

pair<ForwardIterator, ForwardIterator>

equal_range{Forwardlterator first, ForwardIterator 1iast,
const T& value);

pair<ForwardIterator, ForwardIierator>

equal_range(ForwardIterator first, ForwardIterator last,
const T& value, StirictWeakOrdering binary_pred);:

EXERES, 58 LE&4 Tlower_bound( )flupper_bound( ), &R —/#H

- valueZt CHEFREE [firstlast) dRyE R HAAEEES UM pair. MRS, X

A s LSRR valuefE iz /75 dh 7 i H B & .

BETRHRSET TR, NZomk (hidrbas) ERER - RREEHEN
R MRV ERAEES. (SR8 iR iiEsl.) oM ERE
feds “& (is-a)” RANRFERERR, STUBERE (RMENEERE) fSemiy.
ﬁuﬁ'%ﬁ?ﬁ%ﬂ“’bﬁﬁz {3k R B b R RLI AR, MEMT A RRE R AR, &
WIth TR A k. '
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THE TS A RS — A ANt ENSiring, %Fﬂﬁﬁ;jnAﬁlvector<NStrlng>
*#F{iﬁivedorﬂéﬁT%#ﬁFﬁﬁE?tﬁa%o

/7. CP6:5ortedSearchTest.cpp
// Tést searching in sorted ranges,
7/ NString

#include <algorithm>
#include <cassert>

#include <ctime>

#include <cstdlib>

#include <cstddef>

#include <fstream>

#include <fostream>

#include <iterator»

#include <vector>

#include "HString.h"
#include "PrintSequence.h"
#include "../require.h"
using namespace std;

int main{int argc, char* argv(]) {
typedef vector<NString>::iterator sit:
char* fname = "Test.txt";
if(argc > 1) fname = argv[l];
ifstream in(fname);
assure(in, fname);

S Eidikiitag, BEEBHREE BT, IHEBTRIR.
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srand{time(8));
cout.setf{ios: boGgtalpha);
vector<NString> original;
copy{istream_iterator<siring>(in}.
istream_iterator<string>{). back_inserter{original));
require(original.size() »= 4, "Must have four elements");
vector<NString> v(original.begin(), original.end(}),
wi{original.size() /7 2);
sart(v.begin{}), v.end{}));
print{v.begin{(}. v.end{), "sart™};
v = original;
stable_sort{v.begin(}, v.end(});
print(v.begin(). v.end(), “"stable_sort"}.
y = original;
sit it = v.begin(). it2;
f// Move iterator to middle
for(size_t i = 8; 1 < v.size{) / 2; 1i++)
++it:
partial_sort{v.begin{), it, v.end()});
cout << "middle = " << *it << endl:
print{v.begin()., v.end{), "partial_sort"),
v = griginal;
ff Move iterator to a quarter position
it = v.begin();
for(size_t i = 8; 1 < v.size() / 4; i++)
++1t;
// Less elements to copy from than to the destination
partial_sorf_capy(v.begin{), it, w.begin(), w.end(}}):
print{w.begin()., w.end(), "partial_sort_copy"):;
/4 Not enough room in destination
partiat_sort_copy{(v.begin{), v.end(}, w.begin() ,w.enc(});
print(w.begin(), w.end(), "w partial_sort_copy”);
/f/ v remains the same through all this process

assert(v == gtiginail):
nth_element(v.begin{), it, v.end(}));
cout << "The nth_element = " << *jt << endl;

print(v.begin(), v.end(), “nth_element”);
string f = originalirand(} % original.size(}];
couf << "binary search: "
<< binary_search(v.begin(}, v.end(), f) << endl;
sort{v.begin(}). v.end{()};
it = lower_hound{v.begin{), v.end{}., f};
it2 = upper_bound(v.begin(}, v.end(), f}:
print(it, it2, "found range");
pair<sit, sit> ip = equal_range(v.begin(}, v.end(}, f);
print{ip.first, ip.second, "equal_range“};
Y i~

EANFFERNE R THENString2k, S A FF RN FHIAN K.
stable_sort( YA B T S HEE T EOMRYERBNFE O {EFRN. FHETLE
B “WoriFE MABER LM 2B (REOREFVLRLETIEEENBFZF ). &
HE “Momiaetr.”

%, fEnth_element( YHiEHF, TibnthTRBEKT 24 (HAURandGenk 42,
TR ATEERZE—ITE), HaHTRLENTE, FERETEXRTE, BiMX
s EANERENNE. I TURandGen %A ZAFERA, HAWREALFIFHER
A8, A BHnthTTE AR L E/NTE TiZnth T

XA T T WA o EREE:, RSB —4. lower_bound( )AI%A
{ AT AN R R B EY L, upper_bound( )iFRBE— A& RELEN




T—i#, WMequal_range( PR RIED HEBRED.

4. S CHEA 1B 5 _

WEFTHE H. ETREWEITHENRE HANENoperator < fTHEF . B2HER L
B -~ AR AR R Wt RTHE . L 406E B ST EE TN E I ke fiii#E &
W, HERATE. A%, MEREEREFRFFIFEE L& RZ e85, &R 0SSRk,

Qutputlterator merge(Inputiteratorl firstl, InputlIteratorl
lastl, Inputlterator? first2, Inputlterator2 last2,
Outputiterator result);

Outputiterator merge(Inputlteratorl firstl, Inputlteratorl
lastl, Inputlterator2 first2, Inputlterator? lastz,
Qutputlterator result, StrictwWeakOrdering binary pred);

XL G, Mfirstalast1) # [firstz,last2) 5 §lcERiresult, XHEEEL R
BRI FFICLT PR . X E— T RENSE.

void 1nplace_merge{Bidirectionallterator first,
Bidirectionallterator middle, Bidirectionallterator
Tast}:

void Tnplace_merge(Bidirectionallterator first,
Bidirectionallterator middle, Bidirectionallterator last,
StrictWeakCGrdering birary_pred):

x B E [first,middle)fn[middle,last) 27EHRFFIh EHHFFRPITEER. &
HxXHAFLEF B AR AT, 28R FFTEE [first,last) 8585 G R E 5
A R—HITHERE.

5. 42 A 3P

RESHEH, MRESHFPEMAINRBESEET 281G, TR TR QLEE TR
dh (LRS8O printiiilR ) REASHAMESR KT EM: '

/1. C@e:MergeTest.cpp

// Test merging in sorted ranges.
/7{L} Gererators

#inciude <algorithm=»

#include “"PrintSequence.h”
#include "Generators.h"

using namespace std;

int main() {
const int SZ = 15;
int a[$Z+*2] = {@}:
// Both ranges go in the same array:
generate{a, .a + 5Z, SkipGen(®, 2)),

a[3} = 4;

afd] = 4;

generate{a + SZ, a + 5Z*2}, SkipGen{l, 3)):
print{a, a + %Z, "rangel", " "),

print{a + 572, a + 52*2, "range2", " "),

int b[5Z+%2] = {B}; // Initialize all to zerag
merge{a, a + SZ, a + 57, a + 3I*2, b};

printi{b, b + 5Z*2, "merge", " ");
// Reset b
for(int i = B; i < 57%*2; i++)
B{i] = &.
inplace_merge(a, a + 5%, a + %&%2);
print(a, a + 52*2, "inplace_merge”, " "),

int* end = set_union{a, a + 52, a + 5Z. a + %Z*2, b);:
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print{b, end, "set_unicn", " "}:
VoA

fEmain( )b, AR QIR MR, iR AP GRS EAGENTERE . (X
Ayinplace_mergeiik 7. ) Fi{merge( YATEMICHE RIEA — ARG EHAbS. KT
TR, FEHiEMset_union( ), ‘E5514/-merge( )ik A A HF AEIRFT B XU
A, BT EAE2 AR IEREIS. B, inplace_merge( )iFanypsA-Ehor £ £ —R.

6. AEHEA AP LB FTREEN

—RJEE EHHT T, BTLATEM ERITRPREABE.

bool includes(InputIteratorl firstl, InputItefatorl lastl,

InputIterator? first2, Inputlterator2 lastl);
bool includes(InputIteratorl firstl, Inputlteratorl lastl,.

Inputliterator? first2, Inputiterator2? last2,
StrictWeakOrdering binary_pred),

xRk, mE[firstz,lastz) & [firsta,lasty) f)—/~74£. RErue., HHEMA
—MUEHEBEREHES S — T REE2 A ENTE, BR4WE [first2,last2) FEnMGEE
frc#, BHEaEREER G Stree, [firstylasty) b2 HEH B PRERTHE.

Outputlterator set_union(InputIteratorl firstl,
InputIteratorl lastl, Inputlterator2 first2,
InputIterator? last2, Outputliterator result);

Outputlterator set_unjon{Inputlteratorl firstl,
Inputlteratorl lastl, Inputlterator2 first2,
Inputlteratori last2, Outputlterator result.
StrictWeakQrdering binary_pred);

X H ik Eresult /L H o S M A CHF BN EIFR . BEEHRMRHTERHERE.
HAEN—THAEERRARE S S - MERZLARMNTER, B2t NWRERITBAERS
HERHAR T RER, SRRSPHATZLMARMEHANERKE.

Qutputlterator 'set_intersection{Inputlteratorl firstl,
Inputlteratorl lastl, Inputlterator? first2,
Inputlterateor? last?, Qutputliterator result);

Gutputiterator set_intersection(Inputlteratorl firstl,
Inputlterataorl lastl, Inputiterator2 first2,
Inputlterator? ltast2, Qutputlterator result,
StrictWeakOrdering binary_pred):

B Fresultp P AR AR A RS IZE, R IEHEHEE LR R -—IERE A
MARSPAEIAHBERNES. BEEN—THABEERRBEES - EHEZLTFN

TR, MREOMRETFREEEATBARSTERME, SREATHASTLSMEMNENA
iSIEWNE

Outputlterator set_difterence(Inputiteratorl firstl,
Inputlteratorl lastl, Inputlteratorz first2,
Inputlteratord last2, Qutputlterator result):

OQutputlterator set_difference(Inputlteratorl firstl,
Ynputlteratorl lastl, Inputlterator: first2,
InputIterator? last2, Qutputlterator result,
StrictWeakOrdering binary pred):

w R Eresulth PREE B AME, BRIEERNRLLREEANRE. FEHRE

{
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[frist1, last1) o, {BFfE[firstz, last2) ST EBRALRES. BEEN -
ATEBER A# AN TE. ERNMELITHEEEFR I BABESPERHER (AEA1F
nk, Ea42hmi), HRBELELE R EYmax(n-m,0) HIE,

Outputlterator set_symmetric_difference{Inputlteratorl
firstl, Inputlteratorl lastl, Inputlterator2 firstl,
Inputlterator2 last2, Qutputlterator result);

OutputIterator set_symmetric_difference(Inputlteratorl
tirstl, Inputlteratorl lastl, Inputlterator? firstl,
Inputlterator2 last2, Qutputlterator result,
StrictwWeakOrdering binary_pred);

fEresult B &#H g, B

DI BEEEIPMAEEES2FHTE.

2) A FEARZHRAEESIPHTE.

FExEREED, REEM—TRAETHERSHFAMENLE, BE20RENMHFEHEMN
MAAESPERHE (EEAIPKR, Ea82ddmik), HFREAHEE X ENabs(n-m)
AEA, Hhabs{ JRMGAHESRE . EREEAMBEREBRORE.

7. 4L A 3 1)

MEL{E HF R vector R iF R EQFZEEEME R .. X TR~ ER, Hukdk
. BRETER, SE TEIEN, BERTURIESSEERDIT.

// CP6:5etOperations.cpp

// Set operations on sorted ranges.
//{L} Generators

#include <algorithm>

#include <vector>

#include "Generators.n”

#include "PrintSequence.h”

using namespace std:

int main() {
const int 52 = 248,
char v[57 + 1], v2{5Z2 + 1];
CharGen g:
generate{v, v + SZ, g);

generate(v?, vl + SZ, g);
sort{v, v + 5Z);
sart{vz, v2 + 57);
print(v' v + 52’ uvrl. !IFI);
print(ve, w2 + SZ, "y2", ")
bool b = includes(v, v + 57, v + SZ/2, v + S7):
cout.setf(ios::boolalpha);
cout << “ipcludes: " << b << endl:
char v3[5Z*2 + 1], *eng;
end = set_union{v, v + SZ, v2, v2 + 52, v3):
print{v3, end, “set _union", "");
end = set_intersection(v, v + SZ, v2, ¥2 + S7, v3):
print(v3, end, "set_intersection", "");

end = set_difference(v, v + SZ, v2, v2 + SZ, v3):

print(v3, end, "set_difference", ""};

end = set_symmetric_difference(v, v + 57,

v2, w2 + 57, v3};
} ?;;nt(vB, end, "set_symmetric_difference","");

Eviiver A HFMITNZE . BXARv2HEEE T GSE VG0 =K
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includes( )5 &. WRAE. GRATVERZA. HAv3RFset_union( ).
set_intersection( ). set_difference( Yfiset_symmetric_difference( )HHHEF
B--TEEREERHE, ZRIEEFMATUSH. BEEl], HREEETEmEGIRERT.
6.3.9 HiEE

WA - AMRECR IR, RSB AT, “IRAEBFI” B— AR
BLENHTCEHSNFRN, Bhin it mioeem. wEREPREE LT
AFFIEACAR -4 M BOBEW. XBEFALATBENESERANMNICE, MLFE
HHEF A 5.
mE CHEET R, BRI AERRRE. RGNS A ChJoperator<kihiT
ki 2R A B SMISrictWeakOrderingtf & ffoperator{ }(a,b)ELLEFA MM HR: a<b.

void make_heap (RandomAccessIterator first,
RandomAccessIterator last);

void make_heap(RandomAccessIterator first,
RandomAccessIterator last,
strictwWeakOrdering binary_pred}.

XSRS - ME R FTIRETE (LRHE.

void push_heap(RandomAccessiterator first,
RandomAccessIterator last);

void push_heap(RandomAccessIterator first,
RandomAccessIterator last,
StrictWeakOrdering binary_pred}).

X L E [first,last-1) gL (last-1). BmER, BuEF—1
AERBAEDSERZE.
void pop_heap(RandomAccessIterator first,
RandomAccessIterator last};
void pop_heap{RandomAccessiterator first,

RandomAccessIterator last,
StrictWeakQrdering binary_pred};

FxfEds, BRAMOE (EERMKE Eersth, MR LT AWEHR) H
AL E*(last-1) 4 L BFHHARKNTEE . FROAREROMFH. nF AR first, T
—ARERBAET N RAHITE Hit, RBLATSMRERTIRINF R, 45881
pop_heap( )R ERXMEH.

void sort_heap{RandomAccesslterator first,

RandomAccessIterator last):
void sort_heap(RandomAccessIterator first,

RandomAccessIteratar last.
StrictWeakOrdering bipary_pred):

AT LA R BBk S R AR hmake_heap( Ykb7E. BE—ALUEIEFFHEFIR Y
Fl, BUREBOHFNY . XHECHRAEL . XERELREAsort_heap(), &
FREFEXAFFITER L Alpush_heap( Ysipop_heap(). (=48, fRETCMERIX 2R,
BAERAEMAREINTE. ) XN TRERHE.
6.3.10 ME—ERARMAAITRRTER _
ZEELADENTEEANES TERATERE. ENEMHSENSRITAFAR:
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for_each( JEFZEFEMEE, Mitransform( YEE HEENEERA—THBAFEF (L
EIIME-EE = DR

UnaryFunction for_each(Inputlterator first. Inputlterator
last, UnaryFunction f);

EizR#ET, 3 [Orstlast) GRE RN HAKHRE, ZF840 13 HRLE R
. WRIER—E8EE, RSB EREIETLR; B2, mAR-1REFEEN
ARSI AR, MEZHARTLIHHE—DTEEE, EMNHFESH—RBEARIZER k.
for_each( )iy 5 m{E 21,

Outputlterator transform{Inputlterator first, Inputlterator

last, Outputlterator result, UnaryFunctien f);

CQutputlterator transform(Inputlteratorl first,

InputIteratorl last, Inputlterator2 first2,
Outputlterator result, BinaryFunction f);

weRk, fnEfor_each( )—#:, transform( )*7E@E [first,last) FHIE TR
HEHBMRE. B, A2EREXREBIHANEGR, wransform( )k HEREH (#H
operator=) ¥|*result, Bk EHFEEINresultfyNZ. (resultd @ FET| L85 2 8E
FREEE; SR, R - EARFREE AR ERE.)

transform( )HTFE1FEAL AR THCfiest), X EFINERRT—-TRATH. %
i, E2FEXIHALCfirsta, *irst2). GEE, F20-WAEENKERE1MRATBER
RERE.) ZFMENE R EEKENERE, BERSIHHEERHER.

2 A 34|

R A% 7% 8% fh U R MR R TER M BT XM RN AR SR, XN MEANER
FIE S, (B80S H—2HE.

B, oirfor_each( ). EAMEAGH, RKRNENSTEHEEED - DEHT
Fid. mERANEMEETRRR S —&. Bk, for_each( )fTIEH A RERE
ERZEE. WEBREREEAL HTESfor_eachOMERE Y, BASEH TRE:

template<class Inputlterator, c¢lass Function>
Function for_each({InputIterator first, Inputlterator last.
Function f}) {
while{first != last)
F{*first++};
return f;

}

THRFITRR I — S8 R MR LM k. 8%, %ﬁ—"ﬂﬂﬁxﬂ% EHH R
B2, EARIRATRR T LASNIE X 0T S 58 L b S 4

/4 CR6:Counted.h

// An object that keeps track of itself.
#ifndef COUNTED H

#idefine COUNTED_M

#include <vector>

#include <iostream>»

class Counted {
static int count;
char* ident:
public: .
Counted(char* 1id) : ident(id) { ++count; }
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~Counted() {
std::cout << ident << " count ="
<< --cpunt << std;:.endl;:
1
b

¢lass CountedVector : public std::vector<Counted*> {
public:

CountedVector(char* id) {

for{int i = 8; 7 < 5; i++}
push_back{new Counted(id)};

}
}:
#endif /7 COUNTED H ///:~
/4 CO6:Counted.cpp {0}
#include "Cournted.h"

int Counted; ;count = @;
i~

class CountedC Gl Counted 3t A B fRTF— AN, A XX SH
RS, B4, B Counteddf RIEH— Mehar*sRiAFFLMEEEM HEMAE S .

CountedVectorfivector<Counted*>E& ik, 3B 7F#% cadb 0f  — 2k
Countedit %, hHE/,HEMNchart, CountedVector{EHlRF 4G H, I FFoR:

//: CBB ForEach.cpp {-mwec}

f/ Use of STL for_aach(} algorithm.
F/7{L} Counted

#include <algorithm>

#include <iostream>

#include "Counted.h®

using ramespace std;

// Function object:

template<class T> class DeleteT {
public:

void operator()(T* x} { delete x; }
b '

/7 Template function:
template<class T> void wipe(T* x} { delete x; }

int main¢) {
Countedvector B{"two");

far_each(B.begin(), B.end(), DeleteT<Counted>());:
CountedVector C("three");

for_each(C.begin(), {.end(), wipe<Counted>);
Yy FAf-

BR, EXRF-ESHFTERESRER. BRTEE, AToeFi—E %k Hfdelete
R MERE S A RIIREIR Y WTLAE Ftransform( )R ZREX BT . transform{ METF
for_each( )M A& Ttransform( )EHA BB RNERRAERER . ZERERAE
br LEBMAEE. ZHERERENQATCEHOFITE RS, B384, cER2E A
Bi— k. EFRFPEITHEERAMN. BHAESES R H Adeletefs, hEBELM
FHEMES. transform( )r]LLRZ B RBlx .

©  FERAET RN TR W BORIRE R . AN BEH BT
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Lo L& Transtorm.cpp {-MWCC}

[/ Use of STL transform() algorithm.
f/{L} Counted

#include <iostream?

#include <vectorz

#inciude <algorithm>

#include "Counted.h"

using namespace std;

template<class T» T* deleteP(T* x) { delete x; return a; }

template<class T> struct Deleter {
T* aperator()(T* x) { delete x: return 8; }
I

int main{} {
Countedvector cv("one"}:
transform{cv.begin(). cv.end(), cv.begin(),
deleteP<Counted>) ;
CountedvVector cv2("twa");
transformicv2.begin(), cvl.end{}, cv?.begin().
Deleter<Counted>()); '
y A~

XHE B TWR R B S R SR L i S % . £ M Atransform( ) E,
vector il & 5423, B ELEHHEHER E Adeleted i T

A— i EAARER, WEETER B hdeleteim MigEr. WiEE € RSO R HE X
deletefr7iB A . BN 20T i A

for_each{a.begin(). a.end(}, ptr_fun(operator delete)):

X LT fdestroy( YHAB #HFEIRIAIE: operator delete( )IkKEL—/-void*, {0z
BRI AR . EEMREH R TRE, BN —RFF 85728 67 L iE
M. FReBIdarb g AR iRAdeletet B E . RMAXRHARGRE. ZEATEER
HIEESR, LG R deletefyiRA .

ferimpfor_each( YRUH ., ZrE TEEAREE, X8 E{EE % #E S for_each( )
HIAS . IRXABEALERE-- TR R, ZERAFAEREN,. Efek—1H
HHBRIMZLEART, X TRBEHRTEESHE NS AR, TSR X R RR
EXF1Efor_each( )b AW BN RIEL.

Bz, ZE—TERAFRELESR. i InventoryH RS ERRABNTRER (&
X HH AR ORI B 2R . 15 BRI E LR R R

/7 CO6:Inventory.h
#ifndef INVENTORY_H
#define INVENTORY_H
#include <iostream>
#include <¢stdlib>
using std::rand:

class Inventory {
char item;
int guantity;
int value;
putlic:
Inventory(char it, int quant, int val)
oitem{it), cuantity{quant), value{val) {}
// Synthesized operator= & copy-constructor OK
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char getItem()

censt { return item; }

int getQuantity{) const { return quantity; }

void setQuantity(int g) { quantity

=q. 1

int getV¥alue() const { return value:; }

void setValueiint val) { value =
friend std::ostream& operator<<(

val: }

std::ostreamk os, const Inventory& inv) {

return os << jnv.item << "; "

<< "guantity " << dipv.gquantity

<< ", walue " << inv,value;
}

3

/¢ A generator:
struct InvenGen {
Inventory eperator{}{d {
static char ¢ = 'a';
int g = rand() % 188;
int v = rand{} % 580:;
return Inventory(c++, d, v},
}
3
tendif // INVENTORY_H ///:~

HAREREASSRTHENAR, RSB EHERNEEMIiE. operator< <[
ostream3THIHInventory#t$ . fA— &4 SR O IX IR, X EHFAFIRTFRICH

7 I B A REEULRY R AN fir
AT A B S 2R irE,
— A ERBHER:

ff; CAh:CalcInventory.cpp
/! More use of far_each().
#include <algorithm>
#include <ctime>

#include <vector>
#include "Inventory.h"

FILAE &R BHEE R AR for_each( )R A1

#incluge "PrintSequence.h”
using namespace std:
¢/ To calculate inventery totals:
class InvAccum |
int guantity;
int wvalue;
pubtic:
InvAccum() : quantity(@), value(®} {}

void operater () {const Inventory&
quantity += inv.getQuantity();

inv) {

value += inv,getQuantity() * inv.getValue():

}

friend ostream®

operator<<{ostream& os, const InvAccum& ia) {

return o5 << "total quantity:
<< ", total value: "
}

}:

int main() { .
vector<inventory> vi,
srandf{time{@}}; // Randomize

generate_n(back_inserter{vi}, 15,

" << fa.quantity

<< fa.value;

InvenGen(})}.
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print(vi.begin¢), vi.end(). "vi");

InvAccum ia = for_each(vi.begin{),vi.end{). InvAccum(});
cout << 13 << endl;

Y Ai i~

InvAccumfJoperator{ Y5 — &%, X Efor_each( YEKH. Yfor_each( )i&F i
A-JEER, ERILTEENE AR HE R EESInvAccum: :operator( ), EfTHEHFR
AEER. X HERRG, for_each( )& [EInvAccumid %, HITENliZInvAccumift4z .

i Fifor_each( ) o[Li*xtInventory¥t &R £ &, Hin, for_each( ) o[l 7 {Eb 4 Fr
AR EE 0%, HEEESEEH Inventoryitt REA D&M Bitem g . &it
InventoryEF FiANEE— T HFER. BE, AfraBlEES -1 BRaR? HE
Ny ERR s L e TEEFNFREHYCARE, GHefBELES “Fif. Sutm”
e —FE. fRNEEM TR Lo Algr = iy (97, ATWH ENRS
AE B Yo BrLLix BLAE Ffor_each(), 2 Atransform( ):

ff0 Ca6:TransformNames, cpp
// More use of transform().

#include
#include
#include
#include
#include
#include

<algorithm>
‘Cctype>

<ctime>

<vector»
"Inventory.h"
"PrintSequence.h”

using namespace std;

struct NewImproved {
Inventory operator()(censt Inventory& inv} {
return Inventory(toupper{inv.getItem(}}.
inv.getQuantity(), inv.getValue(}):

}
Y

int main(} {
vector<Inventory>» vi;
srand{time{8)); [/ Randomize
generate_n{back_inserter{vi}, 15, InvenGen());:
print(vi.begin{}, vi.end(), "vi");
transtorm{vi.begin(), vi.end().vi.begin{(} ,Newlmproved(});
print{vi.begin{), vi.end(), "v{");

Y FA7~

AR, SREBESHAGCERMAR; 8, 758 4r90 BTk,

BEREHER TRESE -2 rEL, YERELEARSITN. FEARNE SRR
HIRY, REFEEEESRNEN. SEEIS ST RRE 1 Bihtiniue
MFE. N TREGE AR, X B Atransform( YE) 2R A

f1: CB6:SpecialList.cpp

/i Using
#include
#include
#include
#include
#include

the second version of transform()}.
<algorithm>

<ctime>

<vector>

"Inventary.h”

"PrintSequence.h"

using namespace std;

struct Discounter {
Inventory operator({) (const Inventory& inv,
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float discount) {
return Inventory{inv.getltem{), inv.getQuantity(},
int{inv.getValue{) * (1 - discount))):
}

¥
struct DiscGen §
float operator{)() {
float r = float{rand() % 18):
return r / 100.8;
}
}:

int main() {
vector<Inventory> vi;
srand(time{@)}; // Randomize
generate_n(back _inserter(vi}. 15. InvenGen{}):
print(vi. begin(), vi.end{}, "vi");
vector<float> disc:
generate _n(back_inserter{disc), 15, DiscGen());
nrint(disc.begin{), disc.end(), “Discounts:"};
vector<Inventory> discounted; :

transform(vi.begin(),vi.end{), disc.begin(},
back_inserter{discounted), Discounter()};
print{discounted.begin{), discounted.end{),"discounted™};
Yy A~
%% —A-InventoryX i — A Hiinkkak, Discounter®¥at St A Hay & Hantr
#iInventoryit# . DiscGenh $3 & P ARHLAT M 1 % B 10% 2 @ &4 F{ sk gt vl
K. Emain( )4 glEFH{-vector, —/-HFInventory, —/-ATHin. HENHEE
Discounterif & {3 transform( ), transform{ YH & — T HIF Hdiscounted )
vector<Inventory>3f# .

6.3.11 M{ENE
XS EAL & Ak <numerie> g, BEAENEERRMBTERIEHR.

T accumulate(InputIterator first, InputIterator last, T
result);

T accumulate(InputIterator first, InputIterater last, T
resutt, BinaryFunction f};

FUF AR - EEAAT, T hERFHEmMN [frstlast) piig—47E, W7z
Hresult=result+*i, 7EiXx HresultRTAY. {1, FIHBAELR, ExTHEE Pk
EREHE R (result,* D).

B transform( i) E2HIE A flaccumulate ( )R 2802, 2 1B RIFELL 2 4k .

T imner_product{InputIteratorl f1r§tl. Inputiteratorl

lastl, Inputlterator2 first2, T dinit);

T inner_product{Inputlteratorl firstl, Inputlteratoril

lastl, Inputiterator2 first2, T init, BinaryFunctionl
opl, BinaryFunction2 op2)}.

FEixteBEch, {(FERATER [firsty,last1) 01 [firste,first2+(last1-first1)) f—4-
W, AELIAFAIR R RN RTRT LR BT ERET AR
mfE. Hik, wRAHEASFF {1,1,2,2} 1 {1,2,3,4F, ABE

(1*1} + {1*2) + (2*3) + {2*4)

BEEFRAT. SHEInitRNRTTMmEE

AfREROM FTREREfIE, XM TEMEIFF
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AHEE, FAEERANWREE. F20 L EPBEE SE 1T —HEHTR.

F2REAENFFI A @A @fopr AR, s op2 X KERE
. Bk, R EEAFIE Hinner _product( YRE2RERA, HRSE T EmxLE
ZH:

init = opl{init, op2{1,1)):
init = opl(init, op2(1,2}),;
init = opl(init, op2(2,3)};
init = opl{init, op2{(2.4)):

Bkl , ix Htransform( )4, BAMTHEACZEERERE—1EE.

Outputlterator partial_sum{InputIterator first,
Inputlterator last, Outputlterator result):
OutputIterator partial_sum(Inputlterater first,

415 InputIterator last, OutputIterator result,
8inaryFunction op);

X AEHE AN YRS Q- AFEresult TR FF . FEAhE T REAT
Z[first,last) EEFTAEINTTEB LA LB TR ZEARE CRE M. Flin, MEE
WBEFIR {1,1,2,2,3}, g RFARE (L1144 2,0 +1+24+2,0+1+2424+3F, A
{1,2,4,6,9}.

R AED, - cEsiopiiE + cBH, BB RIRABA-SMARRN “&it7.
HEREEHESAREK. F, X EEAFFEHAmultiplies<int>( ) (—Ffdedop) {E
AR, wHERE{L,1,2,4,12). HE. ERA/GERATFFT. FIMRHSRESRES
F14 A EAEE.

3K Bl #2 M4 H TE A [result,result+(last-first)) fIk 2.

Outputlterateor adjacent_difference(Inputlterator first,
Inputlierator last, Outputlterator result);
OQutputlterator adjacent_difference(Inputlterator first,

Inputlterator last, Qutputlterator result, BinaryFunction
op) .

XEB TR 2WIERE (first,last) FEMEAITCERNIE. XEKEERHITIIF, Bk
MERREBFFPLYTESHONTENEE (EIMERE). S, mREEFIIR
{1,1,2,2,3}, Z&EEXFE {1,1-1,2-1,2-2,3-2}, H1{1,0,1,0,1}.

F2RMERERAZ CHABopRE * -7 SBAHGT “KE". fln, mEMFAEN
multiplies<int>( }e GRS (BIA “Feak” {8 “W&™). MmHERE {1,1,2,4,6}.

iR Bl{E S HTEE [result,result+last-first)) fEE.

416 A2 A 3 49

ETBEFEEREEAH LR <numeric> LT AR REZEAMIER. REBSER
3, LB TIRULE A Mkl BT AN P, X R R AR W), W
i A BN A MRS E . FRgRERLHERN. XELERT EnFWNEE, &%
BRHEZETZRENMERAP A CHER.

f/7; C@6:NumericTest.cpp

#include <algorithm=

#include <iostream>

#include <iterator>
#include <functional>




£o¥ A AKX E 253

#include <numeric>
#include "PrintSeguence.h”
using namespace sid;

int main{} {
int afl] = {2 1, 2,2, 3,5, 7, 9,11, 13 };
const int ASY = sizeof a 7 sizeof ald];

printfa. a + ASZ, "a". " "}:
int r = accumulate{a, a + ASZ, @)
cout << "accumulate 1: " << r << endl;

{// Should produce the same result:

r = accumulate{a, a + ASZ, B, plus<int>={(});

¢out << "accumulate 2: " << r << endl;

int b[) = { 1, 2, 3,4, 1, 2, 3, 4,1, 2 };

print(b, b + sizecf b / sizeof B[P}, "B", " ")

r = inner_product{a, a + ASZ, b, 8};

cout << "inner_product 1: " << r << endl;

// Should produce the same result:

r = inner_product(a, a + ASZ b, 8,
plus<int>(). multiplies<int>()J;

cout << "inner_product 2: " << r << endl:
int* it = partiat_sum{a., a + ASZ, b);
print(b, it. "partial_sum 1", " ");

// Should produce the same result:
it = partial_sum{a, a + ASZ, b, plus<int>()};

print(b, it, "partiat_sum 2" " *):
it = adjacent_difference(a, a + ASZ, b);
print(b, it, "adjacent_difference 1"," ");

/f Should produce the same result:
it = adjacent_difference(a, a + ASZ, b, minus<int>{});
print(b, it, "adjacent_difference 2"," "};

Y SIS

{£F., inner_product( )fipartial_sum( )H‘J:&Dfﬁ%iﬁ%ﬁﬂﬂ’ﬂ@&;ﬁ%mﬁﬁﬁ
H e print( YA Beh A2 B3

BAETESRMEZRERXLIFA A REH IHREXR. LR EAE1IFHEA RS
“BdEmT. L, Hinner_product( Mg £ fEA0 S B A E B WM E RO B
6.3.12 BAXHERF

Bia, RAERAERANEE-EEHN—SEA TR, HAa0wiEs, BalERSE
B xR,

{Templates in the <utility> header)

template<class Tl. class T2> struct paijr;

template<class Tl, class T2> pair<Tl, 2>
make_pair(const T1&%, const T2&):

FEATATRMAAIME AL T, pairfE— M EARMERINT IR (TEEAFERHNHE )
HES—NHRETE. YFENITE&EER LA FRAHER B REOFR, BEDL
LA GE - fpaird AR, SBES M EE2EL T2 &S, @itp firsti
p.second R EIEERTE, X EpEpairdt&. fim, FAEhHERNequal _range( )iF
. EAEREBDpairiREER. TLIHEinsert( )—/ pairZ|mapsimultimaprh; %}
Fix 7y R Kifipairdvalue_type,

R ERITRT Sl —Tpair, SR SR HEE & make_pair( ), mAR
iﬁﬂﬂ*@ﬁ —/-pairiff. make_pair{ )2 H SN H ERBRS AV ER, XFNER

B RITERI6R, WiEin TEF R HHEM.
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(From <iterator>)

difference_type distance(InputlIterator first, Inputlterator
last):

ZEHiH FEArst Slastz AIRTTEN B . FEEWRER, SEE— B E, I BEET
fEfrist% Flast> i L MM me k. Ex—tEFRP R SR ERFERENIAR.

{ From<iterator:>)

HHENME AT NS B B . (AR A RS E WM A, LA Enm g m e ah. )
EARERING, HAREERROSE/RBFLIZRAFFNGE. MEeEEH0E&EG RN,
Flan, HMBEHLERB LI HEEEAR (+=n) EEHEM, mRFEERS LB I,

(From <iferator>)
back_insert_iterator<Centainer>
back_1inserter{Container& x):
front_insert_diterator<Container>
front_inserter(Containerl ).
insert_iterator<Container>
inserter(Container& x, Iterator i);

XA AR AR ENASRIENRE, LMEMERFHEATLE. A EHoperator=
BEABPUAERNTE CXRERIAGTH). SHEYAEREMNEAEARRMEH
back_insert_iterator{f Fpush_back(), front_insert_iterator{f Fipush_front( )},
fiinsert_iterator{f Minsert( ) (FEM LIS RBA AR —RER, W HNEHATLL SR
RS —aEA). XemirEEgIEh .

const LessThanComparable& min(const LessThan{omparable& a,
const LessThanComparabled b);

const T& min{const T& a, const T& b,
BinaryPredicate binary_pred);

ORI | SRR BN A, SRR SIRSIERE IS, B
Fhl5 A Floperator<$UThsE, MMM ER/ 2K Ekbinary_predss L.

const LessThanComparable& max{const LessThanComparable& a,
const LessThanComparable& )

const T& max(const T& a, const T& b,
BinaryPredicate binary_pred);

BHE Smin(O)EE, BREBHASEHBERA—.

void swap(Assignable& a, Assignable& b);
void 1ter_swap(Forwarclteratorl a, Forwardlterateor2 b);

ERREY S Sk atfbiE . &R, HTHNASEEAMNLRswap( ) A, X
AR AEERTERE.
iter_swap( )i ¥ 35 E i RS BAHE.

6.4 AIRACHSTLRENE

REFEN TSTLHEMNAN, RARTUIF SR A CHERERE. BAXENETS
STLH A R R ENLE, SHACESHERREMBERSTLAE Y RRHENES
WX g A “¥ RSTLIRICE" FI—MbR.

i p A ) R e 2 B B O R A 3k S0 # < algorithm> i, SRBVIBE: &5 B BB AU ThREMILL
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) —EE R R AR, EREEGRSACHRM, ® (FKE, E£hehmAaSTL
SEPLAT AR R LR, )

MEFHREIECHHEPFRENTIR, RUfdEs— 1D MAER: Ehcopy_if()
Yk, RE Fremove copy if( )ofJLARRARMER, HXFEREASAFE. BALHE
HicplE &, (ictk, remove_copy_if( MU E IR H LB REMTE. HEHEHE
R i AL B ) E P TR . )

A VT REA SRS — - s B OB AC 8 R T X TR LVE R 2L, TR BB LG Ae 28 143
shremove_copy_if( ) Z B ERFEMIBEAHEHZREWLE, XEREBATIWTRIS
BH 3 52 K

// Assumes pred is the inceming condition
replace_copy_1f{begin, end. notl(pred)}:

TR ELEARAE, BRNESFHEERAZREN, MiZHE A& — R R REERN
REGER . REFHAHAEAETE—not RN — BB T BARHR, WALER
RIXAE . GRE copy ()P — MR BRI MGHE. AN RE bR MBS TS
MEA ML EER T RMRERE. BaR DA TENAFERX—T 1k

/7: C86:copy_if.h

// Create your own STL-style algorithm.

#ifndef COPY_IF_H
#define COPY_IF MW

template<typename ForwardIter,
typenane OutputIter, typename UnaryPred=>
OutputIter copy_if{(Ferwardlter begin, Forwardlter end,
Qutputlter dest, UnaryPred f) {
while(begin != end) {
FT(F(*begin))
*dest++ = *hegin;
++begin;
}

. return dest;
'
#endif // COPY_IF_H ///:~

HE, mgmmE%EﬁT%mEﬂ&Aﬂﬁﬂiﬁﬁzw
6.5 hiE

FEN BARRSEE PR TR B SR eERg . bR, Sifrmadt
RER B TRESTL, IFHMATLIERAC++HRNNER LITEERT (RBELXEER
B, EH—F, RERSREXEFIRGENHMRTE.) STLRRAR, FREMEEEGHE
Breany LR, wHEA e ( BEREgR s R %,. el ok T RAES.

REABEHHN T LA ACMTAMH T, HEERHASZSEBSTLRIRE ik
ZACRT LR EIEER . — B AKHNEIEER, BERSOBHLE2NM KRG wIs T
R TR, #XRENEy HRESH0 REBel, B RRRADEREEN
THEMMEZEMNER—EZE, ROWERRSRE KRN RE, CEERE—X
—RKHE A it B THIRETTS .

e N2, UHBEREMMBRES L
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AXERFHEETHRSTL (ERFRFIW FER), ERESTEXE5AMNEFEScot

Meversf] {Effective STL) (Addison Wesley,2002),

6.6

6-1

6-3

6-4

6-5

6-6

6-7
6-8

6-9
6-10

6-11

6-15

6-16

%3

g — iR E clock( ) (fE<ctime>k rid) AN EEB. QlE—4
list<clock_t>, 3 HifiitiZk £ % Fgenerate_n( JHEHFEE. EFRFMEREEDNZE,
3 B.{# Flcopy( HEEITH Flcout.

{& Ftransform( )fitoupper( ) ({E<cetype>Litd), MB—AEEAH, B
T EFEETMEBLERETR.

1 —A-Sum FEO R, 1%t S 28 Fifor_each( )i, Ebﬂmﬁﬂﬁ‘?ﬁ
HHH

ME—A kiR g AR, DL PREE A& ST, HET R RTRER T 24k
7.

RE—/ “DFETHEGEEESR. D— 1T EA&STEE. FEEMETEN
W ERARHER. (AEZFTFTRENR, NRBENRELASD.)

F#E B 4= X DRIE — R Bk E10X% F . B A —/ virtual 7 F ¥void £( ),
B ERHTEN— A BorBHA OB IARMHEE, HADERE X REBRTH — T AR
HIfEE. Al —/vector<B*>, 3 HRABMDMMEIEIE. #Hfor_each( )kH4
vector {2 IRAL).

fz i FunctionObjects.cpp, L) {# AfloatfL&int.

&% FunctionObjects.cpp, HHELIHE Lk, ﬁﬁﬁﬁﬁﬁ%ﬁmﬂmiﬁ ( S5
fEmain( JA AR AT —A B i Rt . )

WRE— "B, D—1TBEEAGSITEN, R ERmAR%.

BE—TBF, A\—MXFXHMEREAGSITEYE. ITHEANXHFABRIEA—
A-RRR (iR ER>>). HWEANIREHEE — A vector<string> . HETERIRIE LK/
g, FEAEEN]. BERSHEOBIAHITENER.

HE— 1R, #Mset_intersection{ MEHFH A X AT IRFMRE LI, ik
BF. 8 fset_symmetric_difference( )R B AANMMATHPIEEFH BRI,

Al — M EF, EGSTHEE— BN, fIR-Am LR AEaSTREENNRA
MR “BRE". ATREXANTIE, K51 E4EHFKHTvectorint>,
250G SiniE R & — & Apartial_sum().

EtkCalcInventory.cpp, FEERIAFARR/DTESLBIXR. BT B8]
Ve 41758, It Aeopy_if( )fibind2and( )3 4k /hF B i{E HEENERE .

{# FiUrandGen( )/=24:100/-¥. ($POI/MEERFR.) RALBHEDBHRER 2% (F
BELH2IRMAHERN ). 2EFITHE—MHLE, XA ERTEZTCH
th, XEET X EEOFIEPGE - EFREERR SR IRLEN, AFAN
XA ERA G Afind )#EiTHER.

AEREHPRRAENEE A vector<double>, {imﬁﬁﬁz‘ﬁﬁéﬂﬁt 7= t:vector
FRIBTA TTHRANET (WL<emath>3L30).

TR %2 07 i B EHLE S E . A srand(time(0)), RiEE— RS AHA.
Bi#&kiEAsrand(time(0)), FEF24 %EA P4 RER N HOBENYE. Aequal( )k
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6-17

6-18

6-19

6-20

6-21

6-22

6-23

BARAREREGHE . CnRURritEy 2otk fi®, FkidHtime(0)$3:i5 B0 A
H.) 2nERANEHANERFER. FefHETHF. HEAmismateh( Yk EFEFEMNF
R AR . o R, BB R H R .
Gl — - STLRUSAI R itransform_if{ ), T E#Etransform( YR E 1#ER, BT
Eige — AR B R LTS, BAER A ERBERRMERTZEE. £
iR B — 80 “ERET EREE.
N —ASTLRE 3for_each( YOEREA R, v ftransform( Y E2HER.
ERBENMATGE, XHERTLEEZMRATEEOXNREBE -1 CEk, HE1DH
T8 A R R X A B B
& - Hvector<vector<T>>#lEM Matrix itk ., HIEHEA2E=EHN—4 KT
ostream & operator<<(ostream&,const Matrix&) & B4k, £ gEaHh S
FISTLHRM M SR LLT Z0EW: operator+(const Matrix&,const Matrix&)$h,
fTHRE ;. operator*(const Mairix&,const vector<int>&)fH—f-vectorF —
146F%, operator*(const Matrix&,const Matrix&) L f7EMERLE. (MREEIDT
ENREHEMN, AIREEEER - TERERENESES L. EHintfifloatflid )
Matrix3Eith .
{ERHULTHIEZR

"~ 1@#$% 8 () _—+=HIT\:;" <22/,

R — N EISA, CLArS T8 2R A SCHEA R x A0, A% EHRREx B
., AR ESREFACEPREEE Y FHR. SE—FHr8 B aHETIE S 5 -4
gid, 2. :

"= %@ > & -~ i+ #(<\" apple

N~ A% ([ =K ER),@<" carrot
f@=~[1\/ <= >#") %+, :&?1_{:]$}" Carrot
BE.

MANEFERAFTIAEERE (HR) (EORAR. #Alexicographical_
compare( JAFD LITHEF. AEDALFTRCHIEREN. BHREIFR0
AT, HRIARBNEECHES SRCHAERBNE.

MTHMEF

Jon Brittle
Jane Brittle
Mike Brittle
Sharon Brittle
George Jensen
Evelyn Jensen

PR A A ARHSILIR PR TREMI A .

EXaBAE, SNFRAFHBASERFREERF EAANEDRE—RZS Nt
iEsL. Mdm, AR PTERFOETAE (Jon BrittlefJane Brittle) 4R, $RH 4B H A3
AZHER I AR TRED . '

— R AT H BB RN FEETIN— A KR — B8 B—im (RExA AR ) Bt ey
FEE RS, RERTERED, —SBEER R ERORSE, B AGM RLEEELTFEN
£ (XEEMFEIERFKS B AT). HHTEEES, £ vector LFE 1T
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6-24

6-25

6-26

6-27

6-28

6-29

6-30

6-31

6-32

K. fffremove_if( Yii{fvectord A SN A . Hvectorth HBHIEIG{E 2
H— R & K 1A A fEs 52 B K47 .

int travelTime() {
i/ The "outlier"”
if(rand{) % 1@ == &)
return rand{) % 108;
// Repular route
return rand{() % 10 + 18;
b

EX—A CHEA M FFPITEB ST E4RM . B Abinary_search() ( —sr#k) =
tefind() (MI-EE4R) FH Sk

EFEEESRAFENREGRA2ARTEEF L. i1C20EEEIREE 19974 41
M RAER AR, MU AER, NERBERHTBRERTEEZEERH. Fvectord
FEABRHERMA (RBUBIRRA. fnagefyearEnrolled). Xisyvector, (F#Hi&fr
1997 M TR AL HT BRI A B I AL R . B BRI E RN,
L SR 3 gt S U R I (5

RAD. (B BEMESSEERAZ- -MaATowniclass. K5 H—/enum
A% g% {RAINY,SNOWY,CLOUDY,CLEAR} &+, B—4 74 Townxg
R . HEIREITER CRAES A OEMNE B iid SR T X £ 58T &N
B EAEEREER K. RITSBNRELHRE N8, HAGEEE. A THER
W, BATRVRIFRFALIRA—MA. HAD. BREENRSTR, QIR E4E,
BEAL =t RS, 7EFEEE[100,1 000 000)PRAI A N K[0.8 000)3 R ° ji#ik. F
TownXtRIEFEvector., {EvectorE FHE A 44 ShTowns. txti)BHisc .
H-THEFEE, SETEMEEAOKI0%AEE®K. & Hrransform( ) ¥ #ix
HhR A NE, HouainE R S E .

MBI A A REH X g, X METI ¥ Town® L ioperator <¥ifE. 32
LB, ZRESFTINSENTE NS EMERtrue., $ e ERE
LR E R

KU B H IR TE2500~35002 RA RS, HIEEE N Town R iTHLER.
AEBEAEABRE RN T & — A, i B RS, BEBAHRE
EHEMEHEAERE (BIEE%RE: EHEMIORRTEE ARG g, Flanxrer
FEHAE [100,199), [200,199)%%). {Ff<functional> @@ EHE., EAHEHARR
B ER AR TR DBRFREEN TIE. HEBEEMTown LR EXZE.
EE THRAEAP A —AEER BN . £Hmax_element( )R BHE &KL
B BeSERAXZHERTRIE. HAREAHEHEARELHEZET. HFaEx
HEEI AN LESESEE. SREERN, R M HEFNSEE. X
“EEHEFT ) _

RE—TEBT, A1 XHHRBRBIESHE (AU riaESEmEh),
H B LL222F (00 i SR B AHLIRGIF . RIMEREBNEDN. XAFNT
B

© 1#R=0305m,
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6-34

6-35

6-36
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222 8945
756 3920
222 8432

F%.

WE—NTBFE, HE— MR, RUEMEX A EERALL RS RRRIESE. EH
ABREFEFITEERES: (Fiinlower _bound. upper bound, equal_range®%).
LA X8, A Ehdctm i adr. ME MR TRISCHRiEA 4
BiESEh, Oy, SRERIursF, ERSERNANPEERATHTT.)

John Doe 345 9483
Nick Bonham 349 2930
Jane Doe 283 2819

SE—TESRUTEREOXE . BHEHHNEF R IHRRURAFHEA T
Bosshyrfech, (B, TREAENREER R IEEEAT ST, SURATSRIITR
AEBEHLET. )

ALABAMA
AL

AK

ALASKA
ARIZONA
AZ
ARKANSAS
AR

CA
CALIFORNIA
cO .
COLORADOG

FF.
MR, BB TRE MY FRERRERAIE, T
ALAKAZARCACOCTDEFLGAHIIDILINIAKSKYLAMEMD

MA M1 MN MS MO MT NE NV NH NJ NM NY NCND OH OK OR PA
RISCSD TN TX UT VI VAWA WV WI WY

il —{-Employee2t, iZKSEHFHITHBIEK A hoursiilhourlyPay. Employee
EEA--AIEE R R #F KO EcalcSalary( ). *EER R ® A7 R L3R
*&If’ﬁdwlﬁﬁ H--4-vector<Employee* > ﬂéﬁﬁkﬁlﬂ?&ﬁ ﬁﬁ ToEE
X BT i HAGE £ /4R .

BRAE L tkEsort( ). partial_sort( )finth_element( YR . EEHMEHEE
BT, BadEAEXPIR—A S5y L E T A5 E .
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F78 @A &

FBEAA—MHIRSERFMEARETE. CNARN TR B EALA 614
¥, AL ARG ETRETRES,

— AR ERA T — /M FA AR R, AR EEDFE T ey R R i
R RIEEHIERM. hiofESmalltalkrp, B AMARBIES BE M SR L SR RINEIEEF,
MR EREARENES. B, CrmiRBmitiiEaANaitsS AR08 TR
. RERSEER, FEHE1EPLEGAKERNTEidvectorE £ 2105 .
| OBRTRE KR RMNICH R, R AR T Smalltalk (i £ T 3 & 892 ok 45
{ object-based hierarchy), iX#hE¥7ESmalitalkth THEBREF, B BECH S HIF B b 44
mAELEN . TREESIRR b E.

CH+p it EARRERAETHRNOT R, HRECH+EDPHERRMU T EFHRIBES. X
WAL SRS R T, RBRELNREFRER.

7.1 BEEFIENRR

ERR—THEREN, MR NERERFES DA HE, XS BERS K,
WATRET M B NS, MERFTESTE Rl ER L A&,

EE R X SR FIRT P R £ BUX R R RS R PR 8 RARIRY RS — Rk
BIBERILAT o SHFAEama, Rha it & 28 R 45 Hotort 8 38 R AR X e $ 0#5F . X
FRER R LY, AEACHPHRANES (F—EiEEdh iR E R (collection), 244
THENBEECABNFAYROFEENE, FRELETVR. FLASHEQEES T
BHERAL LI HER, NEBUE—ITEEHNER, AEHAZRLE LMY,

ZiZME, —THHERMRGBIESHERE - S BRE. BCHR, TREREEIR
B {STL). EREER, AfTAA—-PFOEHERNIXEBEENENSE, melp
B (RHECHT) MHHARANTERTRAUNES: —vector AT HEMIHFIK PN
AR, mM—TeRlist A Faih AR XPNRE R L#ETHEARE, THESHihE
A, BrLAAMTRILIRYE A S RTEE Sk B KRN 28,

FANESRBEEMFEAR MBS RO . HE—HREGE—-ABB0RH B+
HEA; ATHR--M8A “EAT R “WEn” KRERMIEFTHERE. TIAERPEESEN T
AR BREARY . RIEXR—RUBARTHE, in—/vector, FLHFH AR
FREFRRECETR. B2, ERSHFETXEMIESEEEL. WA, i*ﬁﬁ@ﬁ&ﬁﬁ
RifRtE. MEFEAERSPRIKELE —H TEHIZELADR?

HTRIENTEGEIVBETRRZEEARKE, ERBE—ITHE, EHNTEREAES
PR R R R RRMERHE. 1%, SREFMBRET —{WMEE,
HETE S E SR AHEEa T S AR ESAORESRIFER. SdERs, ZRAUNE
E—1FF, ZRELTET—-NFFiGERLEEREL—NFTER—Fvector, —/-
list, —/-set:REHApEH ., k—k, MBHTIEMRENE: EEREHRTE TREE
REMEHLLE, LTI PARMBRFRD. BERBREASBNEHTOEBTER. &
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o R LR £ Bk feag.

MBETFRIMRR . Af%EEr EHEMO N AT REEE N FH), Haeasid iz
LAREDE B CHIRIRE . SR PR — AN 2R ST LA R B E ERNIE, S L EEARRIRR,
ETHARRAGEESSPHTES. Tk, £FAEBRET ARG X HTH.
stack B Squene f@aEOMITH, T - Isetf—Mlistmia X W_RAFN. EhiE
— A ZF e Al RELL A SRR AR E MR AR K, L TRBHEXAMETTSE
BRI EEW AR . Kk, FTRINESE THERETREA A FE$R. thin, vector
stz FAETELE, WERESHEHAR. EIEERA JLEHRATHE N IMNRAT SR 0 e
Fl. {HRFLBEANTEREAZEARMAM. Evectorh 3 T EABIHL IR HR— B E
EHENRIE TREER - LE RO ARG IE N, AW, &8 5FHHAI—4
listrh Foe ERATRENL L B AR — AR B fRE, nRalisthirBERES. HMEEY
BRIt D—FE, WREMED —ANFFREREA - TE, #EHElIstRH A
vectorff. XEERELLR bR IEARREBFFINRBESEH. EIRTEE, TR (f
A—Alist, j5sk XAF RS TS Fvector, ®E KTk, FH TEAE, BREFER
i 5 A RS 5 0 2 5 S B R s e R B R 3k

FidEmME, FRNE - RAOBTAE. MRBMEFERE TANMENESR,
WIFRLRALE T RER 4T EIN . Rk RAIFANEIFER B TH AR EHRER
B TIERIE, —fvectorfi—AMlist2 AN AIZILIFREMLEE T, TRENEELL
IFFy R R, REBEATLUER M 52X WA SEMHMmE, ERTLIR IR AL A5 A 33 IR
BT EMTm, °

STLSE

mal— BT, iﬁ%‘ﬂ#ﬁ&ﬁ:iﬂiﬁz{iﬁ*#fﬁﬁﬂ@'ﬁ?ﬁiﬁﬁ’l‘STLﬁﬁﬁﬁﬁiﬁI%Iﬁﬁ
REH. BRFERMARBIUEHIAE AR, BRIEELSHEMR R RS8R,
Bl 1HEFF — L% FDinkumware, Silicon Graphics A & STLPort STLSCBIAI T FI AV E S, ©

7.2 Bk

RER A MsetB IR EHT, — M HEEGSEPESNAR. ZEBENESHEEH.
THEHRAset Sint RO 3E 48 T 1%

ff Ca@7:Intset.cpp

£/ Simple use of STL set.
#include <cassert>
#include <set>

using namespace std;

int main{) {
set<int» intset;
for{int 1 = 8; 1 < 25:; 1++)}
for(int j = @; j < 10; j++)
/f Try to insert duplicates:
intset.insert{(j);
assert(intset.size() == 10};
Y AL~

B XE—AStateflF A0, WAL 0BT,
© ik htp://www.dinkumware.com. http://www.sgi.com/tech/stIg¥, http://www.stlport.org,
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B insertO)ZEHTANTA: EREHA AALEHLWRER D OLHEERR
MZRUATHEA. EEA-TESTSENEREEYE IR TEATENRILGETASE
WAWTLTE. BT —THE. —ARERE 2, RN ERRERDE A%
BHITR. FEXTHITH, [HO~98EARE25K, {HERA 10— FlEss.

BE% B 45 Ml Intset.cppiy AN 2 E, AR FREEE P HRIFAES, X
PR EERIER R,

£ C87 WordSet. cpp
#inciude <fstream>
#include <iostream>
#include <iterator>
#include <set>

#include <string>
#include ". . /frequire.h"
using namespace std;

void wordSet{const char* fileName} {
ifstream source(fileName):
assure{source, fileName):
string word;
set<string> words;
while(source »>> word)
words. insert({word);
copy{words.begin{). words.end(),
ostream_iterator<string>{cout, "\n"));
cout << "Number of unigue words:"
<< werds,size{) << endl;
}

int main{int argc, char* argv([}) {
1f(arge » 1)
wordSet{argv[1]):
else

wordSet("WordSet.cpp");
Yy £~

EER—-MLRENET, EARGTIEMARBN. XU iRE M — B %,
B M Sintset.epph RNl ZHMH AR B RHAETRENRIAEDS B EBE, i
H i Fsetfu B R, x5 inaRaE o shhbikd fe.

set2 X B X E X (associative container) §)— /T, EREARECH+ERMMIHER
s TERFIBTHE R ps: ' '

S % x5
5% 3% vector, list, deque
AHIEALE quene, stack. priority_quene
F B A set, map. multiset. multimap

XEERERN, HMARMBFEERSROBEL, FFIR RS CIR T ES A 5
K, BREEANESIY. dFRERME, XBFFIRER IbSnnEt, STHFRAASR
BEFZEIEE —EMEmAFI R MR, RBEREBNE TR kA
AENMERE. H ot BRI,

PR AR AFANHRGE L, FARESEY RENORR, RLXSE
XGELARTHE 4 N (copy-constructible) (AA A HHAERAEEK) MITHE
(assignable) I (HA -5 RIMBRERET) . — AR E5ROES ZHHE TR
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2T EIERNE D ARG R AR AT A v R k.

NiEH LA MBI, vectord- -FhCiFHUERLEREF TENRFS. BF, A
%A FvectoriX dEHEE — R F TR B #H A — T EOMRMEAF HARB AR, BHEHF—4
BAMITIXRRE—F. —ideque (BUEEEAF| (double-ended-quene}, IEE “deck™) HLiiF
JLF Evector—#4RIIBE LR, (BRSF/FE s EFNGES AN EEHPEER, MARES
FE IR HT s G s I F TR . HstR— /MR 5EE . B ER LBV 2034 T B R
fetriRE . RAFTLL ARG XA ERTEATE. Bk, list, dequefivectorit
EATHRE ERALL CEMEESRMESFT ), REESMRENAN LA HARR. E—7EFRIF
EMBATLLER b —RhEH, REATIHBEEMHESRERALMETS.

REFEOERLE HEBRE—/Rlist. dequedivectorix il RrILEFF. B3
P ERBANEERTRFFIREEA— N ICHE 0K RS Epash_back( ) (listfldequeiff—
A-push_front( KR, A-THE A THEAFFRR).

HE, MAIE—TFARSTRETROICER? X Tvectorfidequer LAE HF 51
EH(Effoperator] 1, {HXt FlisLXEITABN . XIFASIAILUEH SRR RHRTE.
7 SR EBIR AL T #H R 2R RIS 2R R Tl ERI |

BRANHERRENR (AR, ©MNFEHSMNB#R), mEXEMHEG AR
ar A — e s, XERERILIE M E - BRERHE . X RRWTLARIRRERRN 2
Bfrh. ZELHK "B (shape)” #FlF, X BMANEREA - LEOEREL, fA
HEAERENEE. ZEE —-ITRFEFA-. EEERMBREMSTL vector kR R/ MIEH P
Bl A R 2t R Shapext & i '

/7 CB7:5tlshape.cpp

/f/ S5imple shapes using the STL.

#include <vector>»

#include <jostream>
using namespace std;

class Shape {

public:

virtual void draw() = 8;
virtual -Shape{} {}:

b

class Circle ;. public Shape {

public:
veid draw() { cout << "Circle::draw” << endl; }
~Circle() { cout << "~Circle” << endl; }

yi

class Triangle : public Shape {

pualic:
void draw() { cout << "Triangle::draw” << endl; }
~Triangle() { cout << "-Triangle” << endl; }

1 ' '

class Square : public Shape {

public:
void draw() { cout << "Square::draw" << endl:; }
~Square() { cout << "-Square” << endl; }

I

int main(} {
typedef std::vectar<Shape*> Container;
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typedef Container::iterator Iter;
Container shapes;
shapes . push_back (new Circle);
shapes.push_back{new 5Square):
shapes.push_back{new Triangle};

for{Ilter 1 = shapes.begin(): i != shapes.end(}; i++)
(*i)->draw();
ff ... Sametime later:
for(Iter j = shapes.begin{(): j != shapes.end(): j++)
delete *j;
Y FAS -

#Shape. Circle, SquarefTrianglef | %#H 1. Shapell —-hig iR (F
AHRERERAFL =0), EEXTHAShapeX BRI Q. AR E %8 EHvirtual
draw( )ULSEH AP ERE. BETAE — BT FEEHShapert§, HEERHTHER
FE—STLEZN. MFEREN, MR EL:

typedef std::vector<Shape*> Container;

#Shape*fyvectorfiliZ— %14, TAXRE L

typedef Container::iterator Tter;

{& F i E L B # Avector<Shape* > iterator it 2314, HE, SRR L0
AT ESEERE, BHELA—TRER. SRFETRRHBERSE (FiR. Wn.
PEHLEE ), HEfTEME R —T-258 0 WLAE R0 8n, sl s
FRATLAE = e M M A PRI &, WA LUMREfMAEBERTOLT T R7IMRER, Xt
RAE0Y M A EEMAEN . S LERAEH FHABNHER — EBEURLUS, B
HATRFZKShapetist. EF. M ERXWERE A K 4Circle, Squaref
Rectanglefi¢l 4 AShapesz 3t 00 &, A FFEBEMAREHEERR, %5
BHRUER#FAShape®, —HigH#REAES, TREXTHRMBEGRA T I ELD
Shape*. X ESRITEER: BEMN2EEHETES. REERAZ S EMd® Nk,

FifforfFREAIE—MERSB, FHLALEAEENbegin ) KASHBFHIRE HI]H
FRFIMI T e . PRE AR5 Abegin( Yinend( D5k AR, & BIFINR S A4 23 Fr 3 77 24 b
MABMA RRNERE. TR BFIA RS A F @ W Hend( )@ = fad L 585 00 b ik
HRBIERTELTHR FEFA <« ## <=. BRE = == RS EEH, FUUR B8
BE R TR

for(Iter i = shapes.begin{); 1 != shapes.end(}; i++)

ERIENNERE “BHFFIRE - TE.”

MERBFE A TR EIREBERTER? ATUUET * (XEFE LA -IERTH
BIET) MITHSIN (FREEZHMFE) KT, BRNRAFREENENER. XTE
s Shape*, LUK F R R. mEFREBShapeifk A EY, LHAERR
{EFF >, HE5 W T —17:

(*¥i)->draw() ;

XA A TARENRS YA EBryShape* fydraw( )5k 6l B4 . ﬁf@.l’ﬂﬁ?ﬁ%iﬁﬁ (R
BB AR LR,

HRENRELHHBR A L MEN T xRN, STLASH A2 BzHAE
I1a &t M Hdelete. R AnewEBH IR T - MHE, HEEEHTRAIES TS
B, ZTEBASEREEHRERAMBAEAR T 2- 5%, USRS EET AN
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HRES IS AE . B P SRR TR A AR 6L . B RIS — 1T 53 LB b
HERPMANNE, DEMEETHERFRIIE. LEESPREFEEEMER SN SR E
HEHE (smart) f5¢l. EFFEMNZauto_ptrHAREATXFMER, FLASHECHIREEL,
S F-HOE M APRERSE. ©

HLABSCE AN EFPRMATLE XA EANER XY, Had<list>kEBXLEE
<vector>, HHIFE 1 typedefk ST

typedef std::list<Shape*> Container;
LARLIETE(F Fvector, SfHARMEMME iz, ATLOXHBARE S EMABMT — 1%
O (FESTLHAR/L—AgkE& ), M2EAESTLHRIR T Z RS A SE TN, FRLis
DIk g a4 e . SLFESE R LR 75 By b 7E vector 5SSt R AR i S S e iRl i O
(BEFIE X FHHERF) fERzn g, FEEFT TERREBHE S TIEERmiR.

721 FRERR

AR MR T4, Emain( YWEEFERFE ML, A AdeleteMRFER
Shapelf¢t:

for{Iter j = shapes.begin{): j != shapes.end(): j++}
delete *5,;
STLAHWBRER B SHEZRMTE AL SHEA S £0rBE. A/, BHEaIRe
R, R H P LH R G Rldelete®IEREA.

X HEE EHSTLRH — i Hith: EIMASTLE S AT B 3 Adelete MR £ 1R 5H
FREHATIRHE . FRUALASR A THEE fT R . X RWSTLARHZ N R IA ARENAZRHTZ—
AR, HREIARXEERN. o

HTHFT$ £4 R F# (multiple membership) A&, {#48 B shMIBE— ¢t ak A B, 4n
R EBEERAE TR RS HRAES, FARUABMEHRTSED - THERH L.
Trashif¢t 3 H i) — M Aluminum 3} REIEEL, WATREEAE T —fAluminam 3546
T, WRRETEMER, BOERORFEXME—HREEER HE X THRE?

EAERREE LW CLE S TERR DR A RIS . SRR WA (LR
EHEENARLAAEES. EXE, 5530 MRS stringf 5 R HE R, STLER
HTEMRAES. TEMHATHEE -MAGEI - Astring¥WFEHEHREA—

vector<siving>H1;

//: CB7.stringVector.cpp
/f A vector of strings.
#include <fstream>
#include <iostream>
#include <iterator>
#include <sstream>
#include <string»
#include <vector>

#include " .. /require.h"
using namespace std;

int main{int argc., char* argv[]) {
const char* fname = "StringVector.cpp®;

2 FBEEEMsmaniFHRAUERAT-TRENERE, BEBSRESL. mRBELETHREN. AL
www boostorg Fy 8 X L I aEIR .

R PN A s e e E st s e
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if(argc > 1) fname = argv{l};

ifstream in{fname);

assuredin, fname);

vector<string» strings:;

string line;

while(getline{in. line))
strings.push_back({line);

/! Do something to the strings. ..

int 1 = 1;
vectar<string>::iterator w;
for{w = strings.pegin(}; w !'= strings.end{): w++} {

ostringstream ss5;
S5 << j++;
¥w o= g5, 5tr () + " "+ g
b
// Now send them out:
copy(strings.begin(), strings.end(),
ostream_iterator<string>(cout, "\n"}));
J/ Since they aren't pointers, string
// objects clean themselves up!
Y A~

— B4 %stringsfiivector<string> 818, XHH ST & h -/ string® R #
ik A3 Bk Avectordi:

while(getline{in, line)}}
strings.push_back(line);

iR EPERTS. —/stringstreamst R4 T HES A EE -1
Y B ok ok — A Al R IR B S istring.

B4 s Foperator+ D EHR. HLUASstringd S EHSELEMN. S 4 PHFE,
A Bwa LU e e — B R G A THEAZ R TS,

W= oss.str() + "I " o+ gy

W& BT R M ES PR TERTRE. X TERALABRIRET, {RXgEMSTL
R LS i Y Y Fak . _

Bl Yyvector<string>f &R, XBHWAFEREE. £—, RBRATEREIHINRE,
Ao b IS stringd R . AEH ISR X Sstring  REHHE DB B R T B h—
B, Dius Astringsitk “ERER", CHA X IR R ER.

B, AAMERMENERCRAE, HALBEA{EAnewkHdelete] FAD
ZBRETEHFEHONRAEN . FFXERAEZ Avectoriff T4, FHHEEBEHEFER
=1

7.2.2 MNSTLEREAEAR

AFED R AR R ) — P R FANRIGE DS AR, N ERELAT AR IX A
$FREGR I IE R T £ 00 R . tbdn, BETAMERTSEEIENTIRE, B eiEiR
T, B, RARRERBEE b, #8h T AStringVector.cpp P B S REH-H
HATHRE 12, UMELISER.

MEMRER: EREREH D, REIE I vectorRAH R FIXT SR, BRAF HkAR S
AR AN - RO R? —BERT. mrERIEHENEE R TERAA (KRAMR) m
TRAEA, ARG EIRERBERSEEZE—SFS, EMNKIETRHIED, HibgeRpE
HERRULEN.
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/. CO7:FileEditor.h
fi A file editor tool.
#ifndef FILEEDITOR_H
#define FILEECITOR_H
#include <iostream>
#include <string>
#include <vector:>

class FileEditor : public std::vectors<std::string> {
public:

void open{const char* filename);

FileEditar{const char* filename} { open{filename). }
FitleEditor() {}:

void write(std: :ostream& out = std::cout):

1.
#endif 7/ FILEEDITOR H ///:.-

LR R BATIF X, BHIRAF|FileEditor, HRAK A d¥write( )2 &stringity
vector 5 A LAl fostream. #HE. Ewrite( ) LAER—PMRIAKISBIEARSIA.
K HUAN 2 1R B

/4. CB7:FilekEditor.cpp {0}
#include "FileEditor.h"
#include <fstream>
#include ", ./reguire.n"
using namespace std;

void FileEditor::open{const char* filename) {
ifstream in(filename);
assure{in, filename};
string line;
while(getline{in, line))
push_back{line);
}

f/ Could also use copy() here:
void FileEditor::write(ostream& out) {

for{iterator w'= begin(): w != end(); w+)
out << *w << endl;
Y S

& HStringVector.cppfy @ X BB EHITE. XRIHMAHKATE—BFR
fEFSh0 B — B RBBRE R, AR R SERNTIRE. RTLHE A
B -3

WAE, AMTSERF T AFileEditorBEFHHAB T

S+ CO7:FEditTest.cpp
//{L} FileEditor
/f Test the FileEditor toal.
#include <sstream>
#include "FileEditor.n"
#include "../require.h"
using namespace std;
int maintint argc, char* argvil) {
FileEditor file;
if(arge > 1) {
file.open{argvill};
} else {
file.open("FEditTest.cpp”):

}
/4 Do something to the lines...
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int 1= 1;
FileEditor: iterator w = file. begin();
while(w != File.end()) {

ostringstream ss;

g5 << j++;

*W o= ss5.5tr() + "1 " 4+ Fwg

++W;

'
/7 Now send them to cout:

file.write():
Y AH i~

B4, HTEBOCEB eSS b T
FileEditer file(argv[l]);
(R TERR 5 i fropen( )9), MSHEREFRMP—TH (BRIASEIB AN Tl cout):

file.write(};

IEFR el bl & R LA AR (S R RE AT 10
7.3 EXHiE{iaE

SRR ARG A AT R - 5 RE R REIE & TR T RIS E 2 3
EiRl. BRSO RIIRENE, LTS T

<ContainerType>::iterator
<ContainerType>;:const_iterator

A—TERURERBRT. G- ARIME - MELR R EbeginOLI AN ES b2
TR RER, M -DARER R R rend ORI 3 B AR LIRS R E. WER
a e —eonst (F) A%, Nibegin( Yfllend( )i=4const (#) EHAE, NARETEHX
R B EROITE (B AMRNZ T Zconsti).,

PR R AR AR R A i s (Rt iz B Foperator++), JEB i
R == #11 = #iTHE. B, AETEHEROIR T as— "ﬁ;’alﬁ’]ﬁﬁ%& RILASES T 4
TAbE:

 while(it != pastEnd) {
// Do something
++it;

}
i HpastEnd 2 i 745 9 5L A iR Send ( )7=2: R AEEE R JR AARIT

B EHBHTEET (operator*), —AMSABWRATEAK SN ESETE. X
ALAHRRER. MRIR—TLUR A BMIEARE, HAFOREBREN S K%M —
TR YRR, MATLUE ARHMER A T - FER

(rit) . £4);
R

it->f(): ‘

TRTRBLIE, ALAE - ALl S s— EIH:E’J’EHT FiXHE, B

apply( ARZHHETHRIEA MRS, SER—A 8 m R R &8s e 250
frits:

S AEENR. K. IR I AN, AT AR R EOIGT A S F RN X IR
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f/: CO7:Apply.cpp

ff Using simple iteration.
#include <jostream>
#include <vector>

#include <iterator>

using namespace 5td;

template<class Cont, class PtrMemFun>
void applty(Cont& c, PtrMemFun f} {
typename Cont::iterator it = ¢.begin();
while{it ‘= c.end()) {
((*it).*f3{): 7/ Alternate form
++it;
}
}

class Z {
int i;
public:
Zint 1) @ 1(i1) {}
vaid g() { ++i; }
friend ostream% operator<<(ostreami& os, const 2& 2) {
return 0s << z.i;
1
}:

int main() {
ostream_titerator<Z> out{cout, ™ "});
vector<I> vz,
fordint i = &; i < 18; i++}

vz.push_back{Z{i)};

copy(vz._begin(), vZ.end(), out};
cout << endi; :
applyivz, &Z::g).
copy{vz.begin{), vz.ena{), out);

Yy -~

fEix B A g Floperator->, B Ax B S80Eak h:

(it->*Fr (o

TR E RSB Moperator->*, THiXBASERRE LR, ©

MBEFET IR, LARA B fifor_each( )R FHtransform( )@z
b — A R 8RB A

7.3.1 WHERPEHEN R

— B HWMATLAR T @8 (reversible), XBWEERTLATE ~ MWK ER 5
kA, REERBMTUNESNERTEN MBI, BARENAESH XX
%A :

i AnBHAERAdErbegin() (AFFEE - TRETERARNER Breverse _
iterator) firend( ) (T4 -0 “BEEGL" Rkt Breverse_iterator).
IMEAHE HeonstAZR, Mirbegind Yfirend( )iE&S /™% const_ reverse_
iterator.

THEA T Hvector, {BiZGIE M T A X FHERIERNES:

& CEROCERTIEER T- -4~ (aTY) S4HEAZRE L DA IvectorfTLB, IR STLPort AT
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/7. CO7:Reversible.cpp

// Using reversible containers.
#include <fstream>

#include <iostream*

#include <string=>

#include <vector>

#include "../require.h”

using namespace std;

int maing) {
ifstream in("Reversible.cpp”);
assure{in, "Reversible.cpp"):
string line.
vector<string> lines;
while{getline(in, ltine))
lines.push_back(line);
for(vector<string>::reverse_iterator r = lines.rbegin();
r = lines.rend{); r++)
cout << *r << endl;
Y M~

RN —AE%, ERS- A uE e b B8 A Mk R EAR IO EE.

7.3.2 5LERATENS

i C+ B Rk AL B IR LT R LERR 0 IR, W el 8RHE IR
FrE AT B E0TR B PR O RR 2R BIAT U ThRE & o KRR

L Ak KB Rk, —hiid

S AGE A B HITE L R R istream_ 1terator?ﬂllstreambuf iterator, FF i
A A distream | ER . SURBEIOIBEE, —AE AR RSB NN EEEEN B LR
57— BB IE AN B AV A AR R A R — ik — . BN SRR, — A F (]
Bk BN L TASER RS . B2, HAOSS e RIS SR TR O —1
{1 -—2k) . AAERIR 83D

2. %aAE BB, —AHE

PR A A ECRN AT, DR SR RIRRIE. Sha R R AT (BRI A
4ostream_iteratorfiostreambuf_iterator, HT MR- -/T-fﬁtlﬁmostream_'%&iﬁ, ik
& — A4 — B/ E flfraw_storage_iterator. FREE, BN B4 5 HOERTT
e fRE . R RAERTMEEED. A PRMARB R, B SRR RN R R
B, BHERR R LI SERIERE TR (e T ERIT—&), SRIGaEsl.

AT EAE: FRESE

HIME R RS TRARR SR BRSWFAE DGR, i LB S R — 15 REE
IR, BRI - MERTERIES. BB, WikAsARMABa. &5%
AIATRLEAC B TR AR RS

4. % E ik A & operator--

I S 102 LA AT RS B A M hEE, BN BT TLARR & Btk operator--i 5
""" IR E . st e 0] Ak fC SR BB I M e

5. AL AR AT —AHEY

BeFs. BEALDF IR eSS A S AR R B ETRE, Fm L EHIRENIEE (-8
Shak—ABEALFR LIRS ), BRT®A—F “& (null)” ER B AR . BeAs BAT
DLICEEIE . — A BEYLU )G B s — e s B R T LA AT fE T R . ELAE(E FHERETE
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operator[ F#{T&S|, MAENBHAD BT MW MG E T E, NBE
Mt s RTFEERE 2T EEE.

6. E£M

ATAT L B ax sy R8 MEGEEL —FIART 5 (bban, {(XRF THIEEE
B ESAF PRI RIEITEIA ) RSN, XESREFAFTHARE. Mo, ik
REMTRBEA T 2HE. HZAEHFRETHSEPRBEE:

D) FHERARAEFAHCHEFERNEMEMLR KLY, KFZHIEE “SEilisEl”,
AEMERECE AN B S RER ML (EEAEHRIET).

2) {EHISTLER: (et ). SHEAAMLEREHNAERISER. AER P
O EANESEERMARE, SREFENMIATRLETEE. HAE X HEETEIE
B ERE T ZEENREME. NENERBERFNEREHE (MARERHEERE),
XAVEIENE A T %4 (copy( VbR XER — T ).

— ARG - R AR I B ik S RIE R TN . RARE B BRI TE
HHEEN T2 MEgiRe Bk a1 ez f&:

struct input_iterator_tag {};

struct output_iterator_tag {};

struct forward_iterator_tag :
public input_iterator_tag {(};

struct bidirectional_iterator_tag :
public forward_iterator_tag {}.:

struct random_zaccess_iterator_tag
public bidirectional_iterator_tag {};

#¥forward_iterator_tag{l{iinput__iterator_tagiR4¥. W 2 houtput_
iterator__ tagi4:, BAAFAITTSNSNEEDEETBEEARINENRSE, ERFEHR
HiA A RIS SR R E IE R operator* AT LIRATH. 26 TR, RIE— 8
ARERVHESA S S S I EAE M AR RSN RREEMN.

AfEEEE, RERBAARFENESHEHEARRES, 28R SR—M B Hw LK
RERicH it kf. EFEHFE SRR B OrnERRRN, B RBXSERITk.
7.3.3 FAREMEILEE

STLﬁﬁ‘—"RFHEﬂ{*H%’i{ﬁﬂﬂﬁﬁﬂ){ﬁfﬁ%&m%”& AR N, ﬂﬁﬁ?ﬁﬁiﬁf&%ﬂﬁ
JHrbegin( )furend( )i F|reverse_iterator¥i% .

F AR ESTLEEZTES A4 K { (insertion iterator) —HF#n, copy( YR —{F AR
i fEttoperator= FXRPGEANESH L. ERFEPRL (All) IARBEECLLFE
THMAEF NI TEN, JEBECLRASRTEENNE, REFEmE. HA%L
& AR T EE foperator=M KIUR B RBERME, BAREEN EA” &
AT B, RHZERBRSIEESEFNIEEEN. back_insert_iteratorf
front_insert_iteratoriZ & K EERN - M EEFHRASBZHER (vector, dequelk
list) {E 28, 14— 3l Apush_back( )& push_front( LU TR EREAL
% . ARk Eback_inserter( Yfifront_inserter( )ik RE A X R AL L& %
FRIBHR D — SR, HARANESRFA RS push_back( ), iEETREL KA,
{ fiback_inserter{ )L B AR RN T E. |

insert_iteratorfRfim — - FRMhAEATTE,. F -kt Toperator= FIE X,
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(B X — kW A S REA &¥insert( WigAZEADS “BA” &, insert( ) ARNKSE
E—TiENBAEAREERANGCESE, UK TESMELIS, insert_iterator B HFE;x
EREE. AR A Ednserter( )4 AR L.

TR PR T A 2R EURIER A 3% 094 .

/7. CA7:Inserters.cpp

i/ Different types of iterator inserters,
#include <iostream»

#include <vector>

#include <deque>

#include <list>

#include <iterator>

using namespace std;

tnt afl = {1, 3, 5, 7, 11, 13, 17, 19, 23 };

template<class Cont> void frontInsertion(Cont& ¢i) {
copy(a, a + sizeof{a)/sizeof{Cont::value type),
front_inserter(ci));
copy(ci.begin{}, ci.end(),
ostream_iterator<typename Cont::value_type>(
cout, " ")};
cout << endl;

t

template<class Cont> void backInsertion{Cont& ci) {
copy(a. a2 + sizeof(a}/sizeof{Cant::value_type),
back_inserter(ci));
copy{ci.begin(), ci.end(},

ostream_iterator<typename Cont::value_type>(
cout, " "));

cout << endl:
}

template<class Cont> void midInsertion(Cont& ci) ¢
typename Cont::iterator it = ci.begin();
+Hit; ++it; e+t
copy{a. a + sizeof(a)/(sizeof(Cont::value_type) * 2)
inserter(ci, it)):
copy(ci.begin(), ci.end(),

ostream_iterator<typename Cont::value type>(
COLIt, L] ||)) :

cout << endl;

}

int main{) {
deque<int> di;
list<int> 11;
vector<int> vi;
ff Can't use a front_inserter{} with vector

frontInsertion{di};
frontInsertion{li};
di.clear{};
li.elear{);
backInsertion(vi);
hackInsertion(d‘};
backInsertion(1i);
midInsertion{vi);
midInsertion{di);
midInsertiont(1li);
Yy A~
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B Aivector s X#rpush_front( ). FRLLEAfE= 4 —front_insert_iterator. #:
i, WL Tivector ik y sbFFhiEA MRS (BME M, WEHLHFEBIM TFvectorikiil
insert( )R- NEBNERE). X, KBRASRERTCont::value_ typei 4 £l 43t
Fa) L1 E kN

1. 2RENAR

gD, Zhcopy( VREMNE THKE L Bostream_iterator (FHE{LF) M
istream_ iterator (A58 MR, Eict, wbBELEER "4 I/M#Ee, B
HAPEREFSBBHELZNTE. R, AARHEESER (km, B3 TXHER),
BiAEES R FikRFBX K. istream_iteratorHFEH BB, —MHRBBARK
istreamf H 7 A4 — P ELhRIZRBHIERSE,. B-T2BAGEERE. m¥F§z~*iﬁﬁﬂﬂﬂE
REGFRCEA R 72 T HF X% #dr 4 vend:

i/ CR7:Streamlt. cpp

/4 Tteratars for distreams and ostreams.
#include <fstream>

#include <iastream>

#include <iterator>

#include <string>

#include <vector>

#include "../require.h”

using namespace std.

int maindy {
ifstream in¢"Streamlt.cpp”}:
assure(in, "StreamIt.cpp®};
istream_iterator<steing> begin{in), end;
pstream_iterator<string> out(cout, "\n"}:
vectar<string» vs;
copy(begin, end, back_inserter(wvs));
copy(vs.begin{), vs.end(}. out);
*out++ = vs[@];
*out++ = "That's all, folks!™;

Y} ffi~

HinAsE@mAN (EXAHFd, BBRETXHMAERR), initSendH%E, TR
copy{ Yek 1t .

H hout—{-ostream_iterator<string>, {#HizE Foperator=n[LLs BT
string: A MAT ISR G, H LS4 string i AT, RIRERTHoutBiga
ERTIRIIRFE . B houtfEE XL - AEE 288, LA RERFELES X
BB AT FT.

BSRAIEEQIE — Aistream__iterator<char> fllostream_iterator<char>, {Hsklz
X AR NEER B (parse) MAFASBGEMEHEHE TR (FHg. BRI
BATIF), WRFEH--THRARNRERAEBXERE. RAMERN. B—fI5% e
R A%  Bistreambuf_iteratorflostreambuf_iterator, BRI RS
BIHTH. © RREHREE. HENHEEFEMcharf#wchar _WELBHREN. °F
THEAMA P, LB R AL HOE A SR AR s LS T oA

O OIEXEsE R EE LA L THARE AR ARSI PR R, AiteBlnmies BT AR A
LR Adstin . ZR BB YRR A B R TR AL e hla R (LBt irE A A).
© FHFAMBWER. RPEEZRE— M P iichar_traits,
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F7: (B7 Streambuflterator.cpp

/f istreambuf_iterator & ostreambuf_iterator.
#include <algorithm>

#include <fstream>

#include <iostream>

#include <iterator>

#include "../frequire.h”

using namespace std;

int main() {

ifstream in(“Streampufliterator.cpp");
assure(in, "Streambuflterator.cpp");
/f Exact representation of stream:
istreambuf_iterator<char> ish(in), end;
ostreambuf_iterator<char> osb{cout}.
while{isb != end)

*gsh++ = *jshte; // Copy '"in' to cout
cout << endl;
ifstream inz{"Streanbuflterator.cpp”):
/F Strips white space;
istream_iterator<char> is(in2)., end2:
ostream_iterator<char> os{cout);
while(is !'= end)

*os+t+t = *is+r]
cout << endl,;
Y FEFi~

Migd: bkt WiER R histream::operator>>RE L, MRIEELEREN
Bk LT ANIE O ARG A R ——EAFHE A A NS R TSR
HYEN, B RS AR BEN TR E R R & R85, AR ERARENE.

B5b, istream::operator>> AT R PRSI T AN/ DU IFES . BB ER ;ﬁA%‘*ﬁﬁg&B’]ﬁ{’F ,
HoioiE s B .

2. G AL HHE

raw_storage_iteratorff <memory>hE N, CE—THHEAE. CHEETHER
SRR A R HBRSWRIERATRRD . KEOHYHER: HEEieg — i
th (FWiAit) AEEEAEAE (NEREY), A ZN Foperator= 4342
AR AT . MRS H SR BORAE EW T HUTHERY, HHEREFHENIZ

B . X EMFei8 T Noisy R, EAHTEHHX S Reyik. BIELUR A
et (BHEMEMENoisy 2/ L ):

£/ CO7:RawStoragelterator.cpp {-bor}
/f Demonstrate the raw_storage_fiterator.
/7{L} Noisy

#include <iostream-

#include <iterator>

#include <algorithm>

#include “"Hoisy.h*

using namespace std;

int main{) {
const int QUANTITY = 18;
/f Create raw storage and cast to desired type:
Noisy* np = reinterpret_cast<Noisy*>{
new char[QUANTITY * sizeof{Moisy)]}:

O AN E % Nahan Myers 3R T RREE.
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raw_storage iterator<Noisy*, Noisy> rsi(np);
for(int i = @; i < QUANTITY: i++)
*rei++ = Noisy(); // Place cbjects in storage

rout << endl;

copy(np, np + QUANTITY,
ostream_iterator<Woisy>(cout. " "));

cout << endl;

f// Explicit destructor call for cleanup:

for(int j = 0: j < QUANTITY; j++)
(&nplil)->~Noisy();

/7 Release raw storage:

delete reinterpret_cast<char*>{np);

ViAo~

AT RERE IE W {E Hraw_storage_iteratorfifh . [FaAfFfE X 2 XU 5 B (I AIXT
RATHGE . XA AT 23k A Ficharf A 5 4 P K W H A Noisy* R EH .. BIESRER
{8 ¥ MUK e SOl OB R E ARG Y . £, BB IRRAfaB U E#TE S
MU T 7, xR ERAE B R EXME— 3% . BFiEKdelete npJiid i 7

e, BAfEdeletedibainp) — M ERIEH AR, SA SnewZiARX P AT .

7.4 BEFHEL: vector. listfldeque

FEESFAER TR BAERMRRFREXN SR AW, M TARNESFIIES,
EirHR AR AR, B R E R B F IR SRFH, MR 2953 AR ERIE %
HkEAENER. HATAIL., FEM D CEEAT vector (BB ENESR. HEFL—
LoRBIR R AE. A, AFEMAESBEERROTEN, FEL£HTRA SRR LINTH
AERBREE T, IERERSEF ARRBREETEEMND ERESE.

7.41 BAFFIHENRE

THEEF A AR TR XA FIES vector. dequefilistiy X RrraER ik

/1 C@7:BasicSequencedperations.cpp

// The operations available for all the
/f basic seguence Containers,

#include <deque>

#include <iostream>

#include <list>

#include <vector>

using namespace std:

template<typename Container>
" woid print{Container& ¢, char* title = "")

cout << titlte << ':' << endl;

if(c.empty ()) {
cout << "{empty}" << endl;
return:

H

typename Container::iterator it;

for{it = c.begin{): it '= c.end{); it++)
cout << *ip << " "

cout << endl; .

cout << "size() " << ¢.85ize ()

<< " max_sizef() " << c.max_size()
<< " front{) " << c.front)

<< " back() " << ¢,.back()

<< endl;

{

454
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template<typename ContainerOfInt> void basicOpsichar* s)

cout €< Moo - R S " << endl;
typedef ContainerQfInt Ci;
Ci c;

print(c, "¢ after default constructor");
Ci c2(18, 1): // 18 elements, values all 1
print(c?, "c2 after constructor(l0.1)");
int da[] = { 1, 3, 5, 7, 9 };
const int IASZ = sizeof(ia)/sizeof(*ia);
f/ Initialize with begin & end iterators:
Ci c3(ia, ja + IASTY;
print(c3, "c¢3 after constructor(iter,iter)"y:
Ci cd4(c2y; // Copy-constructor
print{cd, "c4 after copy-constructor{(c2)");
C =c2, // Assignment operator
print{c., "c after operator=c2"};
c.assign(le, 2); // 18 elements, values all 2
print{c. "c after assign(l®, 2)"):
/f Assign with begin & end iterators;
c.assign(ia, ia + IASZ);
print{c, "¢ after assign(iter, iter)"):
cout << "C using reverse iterators:" << endl;
typename Ci::reverse_iterater rit = c.rbegin{):
while(rit != c.rend{))

cout << *rit++ << "o
cout << endl:
c.resize(d);
print(c, "c after resize(4)"};
C.push_back(47);
print{c, "c after push_back(47)"};
.pop_back();
print{c, "c after pop_back{)"):
typename Ci::iterator it = c.begin();
ity ++itg
c.insert{ft, 74):
print(c, "¢ after insert(it., 74)");
it = c.begin();
+HHit
c.insert(it, 2, 98):
print(c, "c after insert{it, 3, 96)"};
it = c.begin():
++it;
c.insert{it, <3.hegin(). ¢3.end());
print{c. "c after insert("

"it, c3.begin(), c3.end(}})"):
it = c.hegin();
++it;
c.erase(it):
print(c, "c after erase(it)"),;
typename Ci::iterator it2 = it = c.begin{);
++it;
++it2; ++it2; +Hit2; ++it2: ++it2;
c.erase(it, it2):
print(c, "c after erase(it, it2)");
C.swap(c2); '
print{c, "c after swap(c2)"):
c.clear();
print(c, "¢ after clear{)");

}

int main{} {
basicOps<vector=int> >("vector");
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basicOps<deque<int> >("deque”);
basicOps<list<int> >{"list");
Y oA -

FITERBER, print( ), SURTHRBMAEMFIIEBTIHIMEELEER FRRETY
T BESHAUh. FRORAAIRERT. BcENE L TES. WALIER, 848
A g A i begin( Yfend () HLELE FEEAEE .

HfbasicOps( MM 45 £ Fuaig R B ENWI A bR (FAKKIRAprint( )):
Bilk G . #aEmE. HKBMwmE. EHmE 28, 2F ~HFRERD
operator=FIM LM assign( R A EE. AT EBRR Tz — R R MIGE .,
Mo 25— W A e R R AR i R S st IR SR 3 .

PEREAEEFZMEA MRS, REEHER Erbegin( Yfirend( )FECRA —HE .
— A FFEEVLAEE RN, AL Aclear( YHERESRDPHILHAR (BTETE).
i firesize( Y R—/A-FFk, FULRFERAFFIATELMOBRINEERYE, R0
ERNBARRY, WEHOE D IRAIE.

A= EZRERFELEMN —TFAEABR T EESBACENERYE, LA Hinsert( )
HBARDLE, SHARSHREN—HAITE, K&h—S50E L& RFIRIR%KA ik
A —HITE.

EHerase( JigRF5IP R —tHE, FH -MERE EMerase( )iFRFF |+ ias
—HHILE, FHAHRAE. B, BANTRREENARRS, listrhirg kA B4 Rl ot
I RMIEKETED. (MREFATLLTHRBEVIHRE SN vectorK#Hdeque,
operator+¥loperator-s] DL E BB HE AKER. )

lelstﬁudequejiﬁpush _front( )iﬁ]pop_front() vectorFH A F, {HIFH# X
Fpush_back( )fipop_back().

B A R B swap( JHfr 24 A F AEEER, FAEEESI—AdbR A ® iswap( YEZ:A
LI HRIZE AN RIPHE. B AR swap( ER AR EZHAEEE (nRximt
BaAHEXRBAHRNIE), KB LR ZH TESEEE. BRI REIEBINE
B I AR, XLRRAE AR . MAER B & Hswap( YE 358 % R ARE AR
HRAEZGHZE (HTEIEFS RN LEENRE), AN THREER R, 20
22l it SR FRF L E B0 R B e frswap( ) T . & —{ iter_swap¥ ik, #HEMRR
F R R — 1 F E R AT _

LA #B 4y I PN 15V & Rl BB 9115 28 045 3
7.4.2 Ok

vector ik A B Ix IR BERE— PR, R CETEARENES | HX,
i B ek FT LI Abi 74 B . vectorkBiR B AIEFXENAE, UBT RIS MMM
S —FREAR SR, HERENEH TR2EEH. 32— EEEARNEvector.

KT AR B A S TR S &L, vector B IE M N A TE A — A a0t R n e
¥i. {EFEfgvectorfIfF AHE —A- e, IPRRRERSITLERBAEEEHR, &4 LE—4
HRMA EHTREIIER R, AR, XhEWRBERTERR A TEZERAFHTE
(ADHEXbETTCE) b, MvectordiE A — A SR LR ABRE. B, L—Avectorfi
SERFEEERHZELUE, ASPEERGHEREA ., CU4MES T EHaRKHER
(FE KK fi5%ER, HELARICAOWRENIFNFEEERAP L, XFHEERT %4
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AR EIRITER

1. 2 5846 K E b 8R40

vector \ AR MBIZLIFE i X P o, BUATIR -E7ESTHEN: BF FHIFRR L 03 %
5. EHRARRREEARBHMGT I ATEEE A S 5 B 6, EEREIRE TS &
. (IRFEFAH A Sl E £ P MFTREIE, ETLLE Areserve( )Tk BAEK ). HL,
EEREFESITIES, REBSBRATEMNR (MU IEAHBXOEELE, BBEEE), XM
vector & i B A TRk :

1) 550 —Bedifl) . BRI .

2) B FE X p e R 8 MBS RN R & (EME iR .

N WROFBEPRABERSER (AR HHTREE).

4) BB TR AR X BN TF -

FTEHNER, REFIEvectorEEHG N HMNE, RY0HES X s Mg INH iR
ERER M ESREORM, XER A Lvector (LIR—RAISTLASE) WiIRIHRME%D (b
AR B4R DI RY) MR E. K hidgias .

ATHMEERE—-vectorft &k B 23, X ILE—AiHE D243 Noisy e,
T IR R, . WE L L IaENER:

f/: CB7:Noisy.h

!/ A class to track various object activities.
#ifndef NOISY_H

#define NOISY_H

#include <iostream>

using std::endl;

using std::cout;

using std::ostream;

class Noisy {
static long create, assign. copycons, destroy;
tong id;
pubiic:
Noisy() : id{create++) {
Cout << “dl” << id << "]* << endl:
}
Noisy(const Noisy& rv) : 1di{rv.id) {
cout << "g" << id << "]" << endl;
++COPYCons;
}
Noisy& operator=(const Noisy& rv) {
cout << "{" << qd << ")=[" << prv.id << "]" << engdtl:
id = rv.id;
++assign;
return *this;
}
friend booal operater<(const Noisy& 1v, const Noisy& rv) {
return lv.id < rv.id:

}

friend bool operator==(const Noisy& lv.const Noisy& rv) {
return lv.id == rv.id:

}

~Noisy{} {
cout << "~[" << id << "]" << endl;
+rdestroy;

H

friend ostream& operator<<(ostream& os. const Noisy& n) {
return os << n.id;
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1
friend class NoisyReport:
}

struct NoisyGen {

Hoisy operator{)(} { return Noisy(); }
b

ff A Singleton. Will autematically report the
// statistics as the program terminates:
class NoisyReport {
static NoisyReport nr;
HoisyReport{) {} // Private constructor
NoisyReport & operator=(NoisyReport &): // Disallowed

NoisyReport{const MoisyReporté&); /f Disallowed
pualic:
~NoisyReport{} {
cout << "\p------e-iimm oo a o At
<< "Noisy creations: " << Hoisy:.:Create
<< "wnCopy-Constructions: " << Noisy::copycons
<< "\pAssignments: " << Noisy::assign
<< "wynlestructions: " << Moisy::destroy << endal,
!
}:

#endif // NOISY_H /7/7/:~

£ CB7:Noisy.cpp {0}

#include "NWoisy.h"

long Noisy::create = 0, Noisy::assign

Noisy::copycons = B, Noisy:.destroy

HoisyReport NoisyRepeort: nr;

FHE =~

FA-Noisyit REF HATRIT, HFARE T SR EstaticE & FAREFAHAE. &
{6 (ERizRfroperator=}. # NG FIbT e, M H - createt BRI Kyl Bk sk
Miaftid; ¥ N R BRI R IR NGAD A BB ENNidiE. 528 Foperator=14
—ERLERE - C2MmBt TSR, FLAAESAE RS E SLANETE DB kAvidfE .,

AT XFEmEF AR (EMNEEEFTRREmER) #iE, Noisy XS Ha®E®
operator<floperator==, X{U{XEHLKIdHE. HHiKostreamif A FFHEREE FHBELRIE
HOUTENHiAIE.

4RI NoisyGens § & 2B =t Noisyt @RS & (45— operator()).

NoisyReport2— /¥ E, ©HARIMUNEERFEERITH MRS, ©H—
T RAprivated) g Bk, ¥ ATREGIE B4 NoisyReport#H 4§, A RiFrREMEN
. mHA— &ML AnrNoisyReport i fil. EffR Ky RETHTIER, &1
TEE PR ORI s S 1 R B T . X BETE I Noisy b U i static R S0 &
Pk BRI —E HE R,

EHNoisy.h, THIRFER T —4vectorsy Rk HAEE:

ff: COT:VectorOverflow.cpp {-bor}

{f Shows the copy-construction and destruction
// that eccurs when a vector must reallocate.
£/A{L} Noisy

#include <cstdlib>

#include <iostream=>

n ol
@

S BHE -WE RS, BERI0RHEANSR.
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#include <strings
#include <vectar>
#include "Noisy.h"
using namespace std;

int main(int argc, char* argv([]} {
int size = 1009;
if{arge »>= 1) size = atoifargv[1]):
vector<Neisy> vn;
Noisy n:
for{int 1 = @; i < size; i++)
vn.push_back(n):
cout << “\n ¢leaning up * << endl:;
YA~

BT CA(E FHERIAE 1000, el CUBitr& TR ARE B iR ERIE.

Yz fTiERFn, BEEH—ARiIAOERKIAA (Chn), REER L0 N0EEH
FBER, BTREE—SFHaEniRl, REXERENENUERKOEH,. 5%. 4
vector LT (ABH) AHMBASRPNTRHTHM, w56 (P8t a Paprg fE,
EREH LI REENSY) RS- FERAFEHERH LB ERNNE 28T 5. &
TSR G Rkt 4 . ATULRRE|, BT REERmMENOME, HdRELSRPRSE
B4 NEmMHE.

EATREEHRMARESR. BTFNRE I ERZEXBEF ARCAERREERE LA
R. EXPERT, JLL6 Areserve( )k ifvectorfiisrfit £ KIGAE X, XHptBEE T
B W DRI # il , M AR T AR b i (RF B (E i {EfToperator| ]
et B AP BEML R ) . HEE. (i freserve( ) B RERK S@d At &% IEY
vector¥iE BHEMEI N SERF XN, FEEERCEXAUNBIMGERBCkmELER
TR .

EEELT. BFAHADEFSREELDNHE. mfvectorfE o BB IESBAMAT
TR, LIS AR ER. TLUEAMELst, HRZHHSET, dequeRiFLEF
FIRI W G A THE, HHELY BEEKAMKASZE MR ARE. deque
B foif (& fEfroperator] LEFTRENLIGM], HEZE&H vectorfyfi{Effoperator] {1/
Botk. Bk, MRERFNEOCOIBRANNE, FAREDS —AMLERTEN, fLiER
#—4-deque, Fi\izdequelyial FElE—vector, FHLLAFHERIINEN. RRIX
HEXANREIAEE —REAERF XY RERT T (WEEE, #a L aeiii).

SR, vectorfINTFES BT SHWREEMNHE. EHivectorE—MEER FHA+F
R MR, vectorfE FIR& N E TLIRE LR . XBHF—ERENFESD.
AR AR AR B B RA AR AR, ARENRE R SR, E&—-19Fh8
RSN BHAERENR, ZELNEMT -4 RN, AftaskESHK
vector# T EFH o EFHEH LB KANESHB L L. BRERAELFZOITHER
T—A-FRAnH 7

ff7 (87 VectorCoreDump. <cpp
i/ Invalidating an iterator.
#include <iterator>
#include <iostream»
#include <vector>

using namespace std;

int main{} {
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vector<ini> vi{1g. @);

ostream_iterator<int> out{cout., ™ "};
vector<int>:riterater i = vi pegin();
*i = 47

copy{vi.negin(). vi.end(), out};
cout =< endl;
/f Force it to move memory (could alse just add

/4 encugh objects):

vi.resize(vi.capacity() + 1);

// Kow 1 points to wrong memory:

*i = 48; // AcCess vioplation

copy(vi.begin(), vi.end(), out): // No change to vi[e]

Y AA~

IXHEGIE T — /A FRAE A & A# (iterator invalidation) AU, HERMEESIR TER
FHEKBRRPMNHENL, HREBLCZHAERGREERRTEERHAREEY. mix)
B EREITEE, AT R — vectorfIA 24 M B, WS —TEHAEIEREN
8. ERvectorthMATREE EHiEFoperator] IR TRARLUE, EEBH—
AFERE. WREIHNZFLEREN —vectorM AT R AENEBTETHE/ELS
&, STLARH FRER. BH— vectorfREL4M Sk, M —KEMEAFEHTLE
(ARBMOERE T, BERZOERRFEELDIMHR), REEEFDE —SERE (&
BMAEZHAE). ZHESFHI B ATH 1L Avectorfi Bk, FRMlEC++EITRSSH T ik
LB LR EBRE.

A %2 AR HivectorfE2h “E£47 ERWASF, BHURDSWNED, hiF
EMARMEN T AR B EMER. XEABNSEEHE PN E4[E, —BHs—
“RET ERENRERRTESNER S, B HBALE, vectoriEd ‘Bl B RE
ERERB—HAEFHLL, FEFEAEERERAERENEANSE. ARNRETG, &
PEFE T AR L PZ 7% B — T A S AT Ath (A1

2. e MRR AF

{ Fvectori A3 fI & 4:-%:

1) FEFF4ET Fireserve( )iy i T IEFAM B HITET5X., Hikvectori R H B2 BfEfEX .

2) R TEFFF ) favm s sk & B T % .

FA— A& BFvectorf EEARZ MR TRETERY, AR TENERYBRT —
itk

/11 CB7:VectorInsertAncErase.cpp {-hor)
/t Erasing an element from a vector.
JA{L} MNoisy _

#include <algorithm>

#include <iostream>

#include <iterator>

#include <vector>

#include “"Noisy.h”

‘using namespace std;

int main{) {
vector<Noisy> v:
v.reserve{lil);
cout << "11 spaces have been reserved" << andl;
generate_n{back_inserter(v), 10, NeoisyGen());
ostream_iterator<Noisy> out(cout, " ");
cout << epndl;
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copy (v.begin(}, v.end(). out).

cout << "Inserting an element:" << endl:

vector<Mopisy>:iterator it =

v.begin() + v.size() / 2, /f Hiddle

v.insert(it, Noisy()).

cout << endl;

copy(v.begin(), v.end{(), out);

cout << "\nErasing an element:" << endl:

/f Cannot use the previous value of it:

it = v.begin() + v.size() / 2,

v.erase(ith;

cout << endl;

copy(v.begin(}), v.end(), out);

cout << endtl;

Y A=
EETIZBAFmEE, ATLIBE, sk dreserve( YRYE R KEs LR 5 BLAT I8

X— HA#EAAABEEE. dgenerate_n(DWAAERHE: B&H
NoisyGen::operator( YWIRHAMSR ki, —&#¥N4E (InAvector) F1—4-IEkt
EATH M. (R, & -/ HREEABvectorfad G2 R, L0 R G 3h iZHAGL
BIEERAEWRRUFEESE SN, A TAR2BNEN, Bl RIEREr kL.
(fnreserve( NS 210 AR, ERSHEFH > EFHE.) ZMvectord x4
G, Bk i RS E R ZBERA B GG R ass LU S kR TR .

(FER., XSZERREBEATERRFRER.) &5, FHRGERAITREMER.
7.43 TUNMBAF

WEbA 7l deque % & —F L TH . EFFIFEES B TERINMRREREER R
B, BlhAE b TRN FR—k fRvector—#, EilE—1operator] 1#1%
. R, BirfvectorfJIFME AN AR GFE —BLUESEMANER PR, deque
(5 L B SC LR FI A £ ELE Tt (R E— - St a5 H vh R i se e e HONR A RO ERES ) .
Hil, dequeiy # ik oS MER B RPIIFHMR /D B, CEARTEESEIHOE
FEME HIHEHREA NS (R vectorilpTANEE ), FLAER FHFmEnEak
FIat g, dequeiiitbvectorE oK. X EXKE, RACHUDMEINETEL L MARD
W, vectorA RERAERE. Db, EARMIIEWEENBFAENYT £ EHvectorfy
push_back( YRR, Rk AdequeB s, IRESEARA¥ME. dequelyiE N
vectorfJiE O N {XHFR/PHIA—F (tcin, dequedflFpush_front( Yfipop_front( ),
Y{E HvectorM B EH ). FLLEE Avectorf) D45 38 4 i Hdeque Bk AT T{ER
TREN. XERFStringVector.cpp, {UIUEESEFFHAEREKBIR “vector” &
1 “deque”, gFILL{EFHdequeT . THIR)TFHESIringVector.cppiinSvectory
fEFiTidequetiiE, #H[ﬁ_hiﬁ”}:‘.ﬂ']ﬂ’?#tﬁﬂﬂﬂ:

J/0 CA7:5tringDeque.cpp

/f Converted from StringVector.cpp.

#include <cstddefs

#include <ctime>

#include <degue>

#include <fstream>

#include <ipstream>

#include <iterator=>

#include <sstream>

#include <string>
#include <vector:>
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#include "../require. h"
using namespace std;

int mainfint argc, char* argv(]) {

char* fname = "Stringleque.cpp";

if{argc > 1) tname = argv([l]:

ifstream in(fname):

assure(in., fname):

vectar<string> vstrings;

deque<string> dstrings;

string line;

// Time reading into vector:

clock_t ticks = clock({):

while{getline(in, line))
vstrings.push_back(line);

ticks = Cclock{) - ticks;

cout << "Read into vector: " << ticks << endl;

/! Repeat for deque:

ifstream in2{(fname);

assure{in2, fname):

ticks = clock(};

while(getline{in2, line}}
dstrings.push_hack(line);

ticks = ¢lock({) - ticks;

cout << "Read into deque: " << ticks << endl;

// Now compare indexing:

ticks = Clock{);

forisize_t i = ©; 1 < vatrings.size(}; 1++) {
ostringstream ss;

55 << 1,

vstrings[i] = ss.str{) + ": " + vstrings[il:
}
ticks = clock() - ticks:
cout << "Indexing vector: " << ticks << endl;

ticks = clock{);
for(size_t § = 8; j < dstrings.size(); j++) {
ostringstream ss;

£g << j;

dstrings[j} = ss.str{) + ": " + dstrings{il:
}
ticks = ¢clock() - ticks:
cout << "Indexing degue: " << ticks << endl;

// Compare iteration

ofstream tmpl{"tmpl.tmp"), tmp2{"tmpl.tmp"},

ticks = clock{):

copy(vstrings. begin(), vstrings.end(},
ostream_iterator<string>{tmpl, "\n"}}:

ticks = clock() - ticks:

cout << "Iterating vecter: ¥ << ticks << endl;

ticks = clock():

copy (dstrings.begin{), dstrings.end{}).
ostream_iterator<string>(tmp2, "\n"));

ticks = clock{) - ticks;

cout << "Iterating deque: ™ << ticks << endl:

P~

o B LA i vectorth H IIF RIH B R RIE T, MEFE DMK ESN, hETabs
T e B B, WA, M T LIMBEI AR, H— R R R R
R (RS R R RN T4/ 5 25 ch M R OB SRR T, TR )

Read into vector: 8358
Reao into degue: 7698
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Indexing vector: 2360
Indexing deque: 24808

Iterating vector: 2470
Iterating deque: 2419

AR HEFEEFRELS I FBEREX TR, SRNERFSAT S A RBHEREL,
MEIE ARG X g T — S T A (e

D) Tefi ] (BAFAMES) HHETREABETFEN, RAEEREFHNT ST HERNE
TR 4.

2) AEXAEFREMNAS. FxXB, B - THBRERATT BT LA LE
vector dtdequef{fr A BEEREE.

3) string 2 £ 4036 K A LHHE M 5.

EHA B EEATE N REC T A SRR RS Adequeif Aivector., 1F4f
i, WNiZHFldeque—4¢ I L RS R FAMEGENR . FRGETES, SRR
BRI 8 AR TEPR A A R T . T R tERE NS i) i A AP — 5 BB R B AT AR, .
EAEMFHANED, BEHSESIvector. dequefilistz [HE “aifh” #aEke.
7.4.4 FREHEHNER

HFGEBRFHE SO FEL MR NITAHRER, GERAFNE—HONEERRE
|AVITABARE. i, E£RERPFENNRFNEEdequedig®, QEEMX RN RHT
FE5|I X FEvectorfIyE. B -TEEFFIER (vector, dequefnlist) 4 — 4k
REmgm (BUHTECR - FHHEHEF TR iRRABHME - EE), fi—-H
THREREA B 3 1 B B i Sassign( ). BRLARICARE B o & M —4 1551
FRBRE D —AFH AR _

TEAIFF IR IEAdeque, SRIGHHERE]—vector:

/7 CO7:DequeConversion.cpp {-bar}
/f Reading into a Deque, converting to a vector.
FA{L} Hoisy

#include <algor{thm>

#include <cstdlib>

#include <deque>

#include <jostream>

#include <iterator>

#include <vector:

#include "Noisy.h"

using namespace std;

int main{int argc, char* argvi[]) {
int size = 25;
if(argc »= 2) size = atoilargv[l]);
deque<Noisy>» d;
genarate n(back_inserter{d), size, NoisyGen())};
cout << "ypn Converting to a vector(l)" << endl;
vector<Boisy> vl{(d.begin(), d.end()});
cout << "\n Converting to a vector{2)" << endl;
vector<Noisy> v2:
v2.reserve{d.size());
v2.assign(d.begin(), d.end());
cout << "\n Cleanup" << enpdl;

Y Fif~

EEALUZHE RTINS, HRIEEE, XHEHEATLEN—X R (Y
HEWRERFvectort k. ABNE, EAvectorfIiBEVIF AL BHERATSE,
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FEMH S P RAREIE. RE TRBEMANS, LIMTENEv2 R, Boraem e
RILARE R T AL A, (RXBEALE, Hihvai HiHE i ke THENRFZER.

L& B A6 Kk 65 K 4

EVectorOverflow.cppAls], o[L)#HBHER, £#Hdequef)iFR T, M—4-1F
fikth & A e M & & AT A B

/. CB7:Dequelverflow.cpp {-bor}

/f A deque is much more efficient than a vector when

// pushing back a lot of elements, since it doesn't

{// require copying and destroying.

//{L} MNoisy

#include <cstdlib>

#include <deque>

#include "Noisy.h"
using namespace std;

int main{int argc, char* argvil}) {
int size = 1068;
ifdarge »>= 2) size = atoilargv[1]);
degue<Noisy> on;
Noisy n;
for{int i = 0. i < size; i++}
dn.push_back(n) ;
cout << "\n cleaning up “ << endl;
YIS~

f£ “cleaning up” My HBL 287, XM AR (WPEAEME) HEREAR. BEh
dequeft £ srRENEERE, WAL Rvector —H6 F—RBANTTFRHE, BMA
RABEHDIAITFME T EBNGEE . (i, A ARSI g TR A . )
deque( (X4 —hEHEHE . HTHENERE, dequen] LR b F7|F 46w noc
#, AAMREMETERE. BRE (FH—Kk) AFFINIFFER B~ FWTEikbe. (8
. ATREEBRESHEANFHARNEITREEEER R.) T, E—1dequedyid
FBALE, e EtbvectorB S (R4 K).

FAdequeld BiF) G E A3, fLmdequedPimiR Mt EzLLG, BERERESA
£, MBETR P vector FiflthI Ik ( AVectorCoreDump.cpp). R B
dequefELL TN T BIFE— MNP MiRiEA KMERTE, SEibtREHRbh, LLEER
operator| I L POERBEHL IR — 2 B SR R IFORE .

7.4.5 WAAENFREHIAE

vectorfldequefifte it [ BABEHLIH R A ¥ TS HRER (operator] 1), X&id
FOE2FAEM, Dikat( ), EENMESHFEIGERALN, mfEd THRWHRNE A
RE. {EHatCRHUE g

f7 CR7: IndexingVsAtL.cpp

/¢ Comparing "at()" to operator[].
#include <Cctime>

#include <degue>

#include <igstream>

#include <vector>

#include ™. . /require.h"

using namespace std;

int main{int argc. char* argv[1) {
lang count = 1000;
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int sz = 1290:
if{arge »= 2} count = atoi{argv[l]):
if(arge »= 3) sz = atoi(argvl2]);
vectar<int> vi(sz);
clock_t ticks = clock();
for(int il = @; il < count: f1l4+)
forf{int j = 8: j < sz j++)
vilil:
cout << "vactor[] " << clock{} - ticks << endl;
ticks = clock();
for{int i2 = @; 12 < count; i2++)
for{int j = @; 3 < sz, j++}
vi.at(jy;
cout << "vector::atfd " << clock({}-ticks <<endl;
deque<int> di(sz};
ticks = ¢lock();
forfint i3 = B8; 13 < count: i3++)
for(int j = 8; j < sz; j++)
di(jl:
cout << "deguel] " << ¢lock(} - ticks << endl:
ticks = clock():
for(int id4 = 8; 14 < count; i4++)
for{int j = 0: j < sz; j++)
di.at(j),
cout << "degue::at()} " << clock()-ticks <<endl.
// Demonstrate at() when you go out of bounds:
try {
di.at{vi.size() + 1):
} catch{...} {
cerr << "Exception thrown" << endl;
}
YA~

RBEPIEPFEANOIN, FENARLREARRN T ZERLCERBRN RN, BREM
FAat( YHBE, RALEAT 2 HERMEBFNE - HoxA THR, TEEER
operator[ 18t &V gEX I — T ATAI.

746 HER

listlL - AR B IRA R LB, miikit /A T & — 4 FFIREAT e 5 P i A
SBEeEE, M TvectorfldequeiFiERA—TRNESENERIE. listie GRIEMH
operator[ 1. FrllYxt—Alist#E{TREHLIG RS B dRE 218 . Had AW a s 7E
FEMEEI R (RZIR8) BB — 1 F7INEE, w2y A7 EEE—-—1TR. 7
EAbKE, HEEE SvectordItL{BREEE . HInBAMILL £8 HRIEMTE, RS &k
RGN EE P RE )L

Flisth B SRR NG T8 75 B 0 L bRt R BT TE R il X TRSR IR B — 4w e Fo b md a4t
FHik, EFEAHASEEMisth RIETHEA RZWERS, listad — /- EarnksE.

RAR AR A R EIR R A, Bolg (s Allist, R DhiE D0 B st F dhve —ixX 2
- GRS ARIER Y, BB E - EAE. EihmCaEt e BiRBamirE —a®
| BRI IE AN, FrEE R AU IE) 5% 5 R BINSUT dR 2 (A R X S8 B JEEk .

listh X R QUGS A LB, "B — st e RERE R EHERERXER,
{4 ALk i Mk B M AN LR RRE. XHERE., ExEkindlisthit, &R
ERLRM, REEERFAFFH HvectorfURMAE. XBE—A i FiNoisy R #listH)
7l 7



£7% HHERE 287

/7: CB7:ListStability.cpp {-bor}

// Things don't move around in lists.
f/{L} Noisy

#include <algoerithm>

#include <iostream>

#include <iterator>

#include <list»

#include "Noisy.h"

using namespace std;

int main() |
list<No sy> 1.
ostream iterator<Noisy> out{cout, “ ")
generate_n(back_inserter(l). 25, NoisyGen()):
cout << "\n Printing the lisg:" << endl;
copy(l.begin{), l.end{}, out});
cout €< "in Reversing the list:" << endl:
1l.reverse();
copy{l.begin(), 1l.end{}, out): .
cout << "i\n Sorting the list:® << endl;
l.sort();
copy(l.begin(}, l.end(})., out}:
cout << "\n Swapping two elements:' << endl;
list<Noisy»::iterator itl, 1t2;
itl = it2 = 1.begin{}:
++itl,
swap(*itl, *itl);
cout << endl,
copy{l.begin{), l.end(}, out);
cout << "A\n Using generic reverse(): " << endl;
reverse(l.begin{), l.end{)):
cout << endl;
copy(l.begin(}. l.end(), out};
cout << "w\n {leanup" << endl;

} 1S~

fFlst, lanigitiTissaEx SRR RS RIENATER NS, BEAMD, X
EF M ASHETMAREIIHR. Rifi. EEsort( )fireverse( JRliswIR A%S, Pl
EiElStREMSEHRMIN, EEUBEIFITERRBENEN. $--Hk, Siswap( )R
—AERES, BN TR XSt Ak, BTOLE R R A Bk T R T RS .
—BEN T, mBRERG T HNREN K RASRERXA R RRAET T R EFE R
ik, FeRiRi s, i@ Bassort( )inreverse( ) 00UE H T 4l. vectorfiideque.

WRERK. EaMES, BOTEEYNLESlst, AR MBRE. . ¥ iEL
BERERENRTER, MBEST KRGS THEF AR e T = HHE
Bl HeE RORHE A X FE .

1. s o listiR 4

listAy — SRS TRV B4 IE i UL BAT 097 200 listi k4. 188 EL2FF) Treverse()
fosort( ), X BiAA 5 rh— I

/70 CB7:ListSpecialFunctians.cpp
//{L} Noisy

#include <algorithm>

#inciude <igstream>

#include <iterator=>

#inciude <list>

#incliude “Hoisy.h"

#include "PrintContainer.h"
using namespace std;
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int main() {
typedef list<Noisy> LN;
LN 11, 12, 13. 14;
generate_n{back_inserter (11}, 6, NoisyGen()):
Eenerate n(back_inserter(t2}, 6, NoisyGen());
generate_n{back_inserter{13), &, NoisyGen{)}.
generate_n{back_inserter{l4), &, NoisyGen(}},
print(1l. "11", ™ "}, print{l2. "12". " "):
print{l3i, "13", “ "), print(i4, "14", " "},
LN::iterator itl = 11.begin{);
++itl: ++itl; ++itl;
11.splice(itl, 12):
print{l11l, "11 after splice(itl, 12)}"., " "):
print(l2, "12 after splice(itl, 123", " "),
LN:citerator 1t = 13 . begin():
+Hit2; ++it2; +Hit2;
11 .splice{itl, L3, it2):
pript{il, "11 after splice(itl, 13, it2)", " "}:
LH: iterator 1t3 = 14.begin{), itd = 14.end();
++it3; --it4;
11.splice{itl, 14, it3. ita);
print{1l, "11 after splice{itl,14,it3,it4}", " "};
Noisy n;
LN 15(3, n};
generate_n(back_inserter{15). 4, NoisyGen());
15 . push_back{n}:

print{15, "15 before remove{}", oy
15.remove (15. Front{)):
print(15, "15 after remove(}". " "):

1r.560rt(); 15.s0rt(}:
15.merge(ll};
print{15, "15 after 15.mergef{11)", " "}:
cout << "\n Cleanup™ << endl;
Y AAf -

7L FNoisy §UEF T4 list 2 fa, —Mlistillif3f s XA R % — 1 list. Hi, B4
Rl S A B BRN. 8, TR ZR2ETH AR E%ENREE
MBS AR R, BARESMEEDHEERBiteCRIT . MRS TRBABERIRA
HACRICVEFF AR R . B3R B S MR AR B IF R, HFEEMH TRED R T
o Bit3s TR RIMIBLLE. WRE LEMEMEMNERE SR, XEH LD
Sl it (R4 B B AV SERAY TR A RSN P ER.

E G R Sremove OMREMHERH, MEREAtEEERFATE, BHRALHT.

BiE, mEEPmerge( A HMIEER, RAHTXSHRETHCSHTF. &3FA
HE L. EXFERTRESINE MO8 TRIRRPITA LR Fosd (R
FOLWME: —HIHAAEGTRCSHES AHBHNERD LT ).

—A-unique( )5 7 R ¥E Mlisth BIERFTH BERM R, #—R&RGEREE Srlistil
frkFr:

/i CB7:lUniguelList.cpp .

/! Testing list's unigue{) function.

#-nclude <iostream>

#include <fterator>

#include <list>

using namespace std;

int all = {1, 3,1,4,1,5, 1,6, 1}1%:
const int ASZ = sizeof a / sizeof *3;

int main{) {
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{4 For autput:
ostream _iterator<int> out{cout, “ ")
list<int> lifa, a + ASZ);
li.unique();
/f Oops! Ne duplicates removed:
copy{li.begin(). li.end{}, out):
cout << endtl;
/f Must sort it first:
1i.s0rt();
copy{li.begin{), 1i.end(), out);
cout << endl;
// Now unique() will have an effect:
1i.unique():
copy{li.begin(), li.end(), cut):
cout << endl;

} A~

ek BLGE A listi il BRI B Ao — T A SRR RAEE R R s, it
wEEPOAGTREMNFK A Cmlistd, B, “FHE UEE-IBE, m BRET £
A B GRE . OREAHSTLARLE, Msteks @R T oMR & REM i A8 —HMR
B b .

EHunique( MU OUFet kM BETEBER. B RHunique( ) 2 fiHE 5T
HEF . TR E R A0 181 % MR U =9 AT HR A M B 2RO B B ST R R A BISh.

X DA A B IR list R Bl R R i remove_if() 68—/ TR, ETlvee 7 &
A LBRRGRERME; unique() BG4 ZoHITHREIREATIE —¥EELE:; merge() 3R —AH
I TR TS S sort(OBRE— /M AR (DUR Btk Bl 3 M ERIRA TR ).

LEALES

B—ANWEREAFF. ZEVERCSERT, nAFE- A EECRIA TR
- BUFF, BREERTUE A B Aset. XA TE RNEEETHLERSRARY:

Jf: CB7:ListVsSet.cpp

// Comparing list and set performance.
#include <algorithm=>
#incluyde <cstdlib>

#include <ctime>

#include <igostream>
#include <iterator>
#include <list»

#inctude <set>

#include "PrintContainer. h”
using namespace std;

class Qbj {
int a[z2e); // To take up extra space
int val;
public:
Chij() : val{rand() % 568) {}
friend bool
gperatpr<(const Obj& a, const Dbj& b) {
return a.val < b.val;
}
friend bool
operator=={const Obj& a, const QObj& b) {
return a.val == b.val;
}
friend ostreamd
operator<<{gstrezm& o0s, const Obj& a) {
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return os << a.wval;
}
1

struct ObjGen {
Obj operator()() { return 0bj{); 1}
}i

int main() {
const int $Z = 5800,
srand{time (&)} ;
List<0bi> lo;
clock_t ticks = clock();
generate n(back_inserter{lo), 57, ObjGen{));
lo.sort():
lo.unique() .
cout << "list:" << clock() - ticks << endl;
set<Qbj> so;
ticks = clock();
generate_n(inserter(soc, so.begin()).
$Z, ObiGen()):
cout << “get:" << clock{) - ticks << endl:
print(le);
print(sc):
|

TR MR, RE2kHsettblistihi8 £, X ETHN—EE, setEET &

iR FRFF I RR R —E e E.

ETBEFEM T A PrintContainer.h, Ha & — A4 MR, ZEBERE T8

EMFFIE SHTENE — - Hiif. PrintContainer.hi X fnT:

//: CB7:PrintContainer.h

// Prints a seqguence container
#ifndef PRINT_CONTAINER_H

#define PRINT_CCONTAINER_H
#include " .. /CO&6/PrintSequence.h”

template<class Cont»
void print{Cont& ¢, const char* nm = "',
const char* sep = "\n",
std::ostream& os = std::cout) {
print(c.begin(). c.end(). nm, sep. o0s):
}
#endif 777~

3 B Mg print( ) {XUAH T 7E 8] — 2 B A PrintSequence.h b & 3 # & itk print( ).

7.4.7 TEIFS

HMNEMEHLLREHL, FHEOEEFNARHE R AR kswap( ), R

R —A N8N 5 — A5 (EREEH THEIZRBEE). KA ESswap O)FE T
BRI A AR ATIR, MR & T R sk,

A0 LB7:5wapping.cpp {-bor}

/7 All basic sequence containers can be swapped.
//{L} Noisy

#include <algorithm>

#include <deque>»

#include <iostream>

#include <iterator»

#include <tist>
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#include <vector>

#include "Noisy.h"

#include "PrintContainer_ h"

using namespdace std;
ostream_iterator<Woisy? out{cout, " "};

template<class Cont» void testSwap{char* cname) {
Cont ¢, c2; :
generate ni{back_inserter(cl), 18, NoisyGen{));
generate_n{back_inserter{c?), 5, NoisyGen{)).
cout << endl << cname << ":" << endl;
print{cl, "cl”); print{c2, "c2");
cout << "\p SwWapping the " << cname << ":" << endl:
cl.swap{c2};
print{cl, "cl"): print{c2, "¢2"});

}

int maing) {
testSwap<vector<Noisy> >("vector"):
testSwap<deque<Moisy> >("degue"):
testSwap<list<Noisy> >»{"1ist");

Y Hi -

FisfTE A BN, BEHLEI, B HRMENFFIESTREETRERHREMED
WO T R - R E R RO B — T, EMEXEFFINR T AR, B KRR T &M
F— T AR CHA B — T RAVRR.

STLREHEE —Mswap( ), HZREHEHFREMMHERLDMESRM, SFEHX AR
swap( VRSB PRAPERE. BTLL, MM FASIH— AR Hsort( )RS, BERARAK
PATE AR X R I 2 R - A dk i i R IR S TLI - -1 B 1.

75 85

4 (se) AR NEZTHENITEN AR, EthxxEdF. GETHFEH D Esetii
S5 LA, HESTL setfl — B EHM BRI L TR IR RN, Bik
{Eil set Rt =4 T HEFRIEE B . ) fEARZKRTH N H-Fh AE T setl.

ZEA—EBORBESINRE. SATRERMNBPHORE LRFEE. BRENSYIR
AFTE-ALHA, HAFREIHELR. FXARE, BEsetRBRNERE, BRLIEZER
P DR IGXA HE. Ri. BFEFERATERREE R ERRNE, S FmEELIEE
EWRYELIRL. %R R bR BARMECIE iR Bisalpha( )flisspace{ MRE HFEE
HIFELT. WA A FIPRAERET A AT BRI LR, X ATLVRA S A RS —17hig
By i {5 0 B 4]

frr CR7 :WordList.cpp

{/ Display a list of words used in a document.
#include <algorithm>
#include <cctype>
#include <cstring>
#include <fstream>
#include <iostream>
#include <iterator>
#include <set>

#include <sstiream>
#include <string>
#include "../require.h"
using namespace std,
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Char replacedunkfichar ¢ |
{/ Only keep alphas, space {(as a delimiter), and '

return (isalphafc) [l ¢ == """y 2 ¢ o ' ',
}
int main(int argc. char* argvl]) |

char* fname = "WordbList.cpp";

if{argc » 1)} fname = argvil]:
ifstream in{fname);
assure{in, fname}:
set<stiring> wordlist;
string line:
while(getline(in, line}) {
transform(line.begin{), line.end(), line begin(),
replaceltunk);
istringstream is({line);
string word;
while(is >> word)
wordlist.insert{word);
!
ff Qutput results:
copy(wordlist.begin{}. wordlist.end ().
ostream_iterator<string>(cout, "\n"));
Y iff-

i Atransform( ), UZBTASRES EHA2BENTE. Adset MEZMBET S
id, WAHEAREH Rless<string> (setFRBIANE2TRESH) B ERFEMIRLE
W, ek AE Fstring::operator<( ) B fTELERME, RiX & 8 indF BN H .

DAY A FEBE A2 H FERFS, RRE LEE set. WLIEARMSTLE 3 Li#EH
Afsort( ) (5STLASHHMAL) REFXTBR. Al EXERTsetGRITRIBE
AR . B R RIRER, i HsetE SR ER, BHIHEOnd( Ik B 2 A R
M, Bt eloiRfind(O)RREZEYRSB £, watkk, #AHAGANd( )V BEFERT&H
EHAEIRIERINAE (ZHFAERHFRTEERRMEAN, FHERMNN/2). #
. wEA - Lathd FRIFAIA S, EERTEMNEHequal _range( ), #EAILIEER %
¥k I RE S S

THIXABE RS TinfdE g Bistreambuf_iterator i oigF, SAeBB
FFI—AHh (AN B3 S - E (—Isiring i R), EBREERBIRECERE
isalpha( )F) R E{E & & A KE: '

f7: COT7:WordList2.cpp

/f Illustrates istreambuf_iterater and insert iterators.
#include <cstring>

#include <fstream>

#include <iostream>

#include <iterator>

#include <set>

#include <string>

#include '..frequire.h"

using namespace std;

int main{int argec, char* argv[i]) {
char* frame = "WordList2.cpp";
tf{arge > 1} fname = argvily;
ifstream in(fname)
assure{in, Tpame);
‘streambuf_iterator<char> p(in), end;
set<string> wordlist;
while{p '= end) { >
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string word;

insert_iterator<string> ii{word, word.begin{})):
// Find the first alpha character:

while(p '= end && 'isalpha(*p))}

ff+zgﬁy until the Tirst non-alpha character:
whi}g(p !=‘e23.&& isalpha(*p))
iTmord.size) 1= )
wordlist.insert(word) :
ﬁ/ Qutput results:
copy (wordlist.begin(), wordlist.end(),
gostream_iterator<string>{cout, "\n"]}:
Y Fii~
XA - Nathan MyersiZidfy, fbx B Tistreambuf iteratorf HZERK A .
EAEARBN — TR EFE TR s 8. BRistreambuf_iteratorf i £ 5 vTRERE T
P B4R B A ANt A i Echar RUS R, (HEcHIRRIXEE . XS B R b e Ry
HHFIchar2e R bl TR 37,
XIS . SRhphiyistreambuf iteratoriifit FiZistream t, XA afLAM &
BREST. Abwordlisttset<string> {777 1 bEs M,
FHwhileBHMAMAFZPIERQREIEARMAKER. Z2Histreambuf_
iteratorfBRIAEYHE B EURITRMAT, 8K RREARM Rend. Flk, MRERT
MK LAR{EATEIZRIIRE, REHpl=end.
ik B AN E 2k A SRR AT 225 FMWinsert_iterator. F|H =24 54
A—TRE, E3E, “B8” 2 4B bwordystring, ‘&3 -Finsert_iteratorfl HiY
i, HiFAHE—4 R, HTinsert_iteratorfi¥ik sy, MEEIZFERM— M EHME
{Ar b FF RAHE A X B TR AL RS . WRTLAE Al —4-back_insert_iterator, EEARHNE
—A-push_back() (stringf™2:),
while{& A MG R MPEER . RABEEREINCFREN, Hstartgb 78 HREA R
FRHEED . REEERBMTN -SERESREANZEEHRE D T ERFRANELE,
L LB —AeE B ARHE I EE . BEHAA%, IEF—4wordilil mFwordlistd 2.
w] 55 & B A AR IR R B SR
BIRRFEEARR G &M FRBARIRS, S EMNHANHMAE. FASTLESHA
BRMEESESRERBEAN., FLUSRENMER FHEECACHERSRSE. TLE
Tokenlterator B M ERE ., XA BB AEMEEE L AN RHERSE. BA
CHETE - TRASRERY (BFBRERSERR), WLIREMSTLEZBMHEH A . (K
HAGHE /B4 HEN TR, TP TokenIterator 2 infiil B A A &R BRMR
HEmT. ©
Tokenlterator$ HENE RiGME. &%, TLLEHE ™ Echarig ARNEREFHRE. HK,
Tokenlterator T EMNEAFL2FHETSTSAF,. MEER - TEBHRHERE. K
operator( M&EZ A char® £ I Z 2T AT ARIEH. BRXHNRFEXREH
THAFEBRTHRINFNSSES, HEH P TURE SR A IR EHR, LUEARA
FHOMHERTRRE, OB ET MBS,

© X A:Nathan Myersit$204 % — 4~ H17-.
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fiTokenlteratortiy —i2, THAELEAE THAINEARESY, IsalpbafiDelimiters:

f/0 CO7:Tokenlterator.h
#itadef TOKENMITERATOR _H
#define TOKENITERATOR_H
#include <algorithm>
#include <cctype>
#include <functional>
#include <iteratar>
#include <string>

struct Isalpha @ std::dunary_function<char, bool> {
bool operator()(char c} { return std;:isalpha(c): }
I

class Deltimiters : std::unary_functien<char, bool> {
std:;string exclude;
public:
Pelimiters{} {}
Pelimiters{const std::stringk& excl) : exclude(excl) {}
bool operater{)(char c) {
return excluge.find(c) == std::string: :npos;
}
3.

template<class Inputlter, class Pred = Isalpha>
class TokenIterator : public std::iteraters<
std::input_iterator_tag, std::string, std::ptrdiff _t> {
Inputiter first;
Inputiter last;
std::string word,
Pred predicate;
public:

Tokenlterator{Inputlter begin, Inputlter end,
Pred pred = Pred())
first{begin), last(end), predicate(pred) {
++*this; -
!
Tokenlterater() {} // End sentinel
/f Prefix increment:
Tokenlterator& operater++() {
word.resize{); )
first = std::find if{first, last. predicate);
while(first != last &% predicate(*first))
word += *first++:
return *this;

i Postfix increment
class CaptureState {
std: :string word;
public:
CaptureState{const std::stringd w) : word(w) {}
std::string operator*() { return word: }
3
Capturestate gperator++{int) {
CaptureState d(word):
++*this;
return d;
}
// Produce the actual value:
std:;string operator*() const { return word:; }
const std::string* operator->() const { return &word,; }
// Compare iterators:
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bool operator==(const Tokenlterator&) {
return word.size{) == 0 &% first == last;
éool operator!=(const Tokenlterator& rv) {
return !'{¥*this == rv};
}
iéndif /¢ TOKENITERATOR_H ///:~
Tokenlteratorkii 4 & std:siteratoriitzr . B ol M N £k A std:iteratori)
Thek, HE/fEo S TPRich —#h X, FEGRFEEHENEFSTLAME, 2. 75X
B, A[LABETIE Yiterator_categorviE i 2 finputl_iterator_tag——iX & iF i EiqA]
%, Tokenlterator &5 — M A S RIEED, FESHEERFEINERBNRE—
RERH. BTEHEITHRICLLSN, std:iterator FRESE H R HE .6 HAV SR E SLAUE ] .
ARS8 TR R L am e
RMIEETEES Y STokenIterator2i F 541, HAXFITHEERFE “F&H” 0
gk EERSEEASE. el 8N E - HESRE. 10E, X|—1 “HESE
HALEE, LRAS R ERAEBEWA SRR ALTRE, FRUEEI Mg RE0PiX
A LT ERSELLATFN. B20 (BN HEEEGFESRAE. STLRE (LIRFIEH
PRALMRTSHEHEZ) FE—/TokenlteratoriRit fE Ak ZME. K bH(M--4
TokenlteratorZ2 & SR A KM ANKZNFREGEEMCERE I T B R BWE, X$2
A4 H f B E TokenIteratorxf 2, FERESRERES ST ER.
ARG R R 5B Toperator++ 1. & Histring::resize( & 4aiwordA{E .,
FRI i Bfind_if( ) 3 1R 25 s B 7 (At e 28— A EofR iR TR0 R ).
ZRE RS wo i Sfirst, HiHhrstF 23 EARIRTHEEMCE. KRG, ~HHEHRK
HE X ERRERmANKE, SATHREE #Flwordd . BfF, Tokenlteratori}
SR I, F H 6 Sk AT LU AE U 1] 37 IR IR AT - .
X WHIRT £ 1 R —~CaptureState X R RUH RIEM TR AE, B TEATLLE R
B PAERMKEREE— T HiZEfoperator* 8E. AR 2 L O AR B {E
operator==Hloperator!=, FLl{flTokenlteratorZ2& 23K THEWMAMEKE. i
# i[LA R F|operator==f) S # 28— ERORS LSRN lasuk R &, 1
E., operator!=Eitoperator==¢ ¥ #).
—A 4 Tokenlterator®IL G £ AR REMBA T, B streambuf_
iterator, —/-char*fi—/-deque<char>::iterator. BJ5. EWMAYYE AR/ &) B M a0
T

f/: C87:TokenlteratorTest.cpp {-g++}
#include <fstream>

#include <iostream=>

#include <vector>

#include <deque>

#include <set>

#include "TokenIterator.h”

#include "_ freguire.h"

using namespace std.

int majn¢int argc, char* argvij) ¢
char* fname = "TokenlteratorTest.cpp”:
iftargc > 1) fname = argv([1];
ifstream in(fname),;
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assure{in, fname);

ostream _iterater<string> out{cout. "‘wn");

typedef istreambuf _ijterator<char> Ishblt:

IsbIt begin{in}, 1isbEnd;

Delimiters delimiters(” \tyn—; (IN"<> {}[]+-=2%%_ , /\\");

Tokenlterator<IshIt, Delimiters>
wordIter{begin, isbEnd, delimiters). end;

vector<string> wordlist;

copy{Wordlter, end, back_inserter{wordlist}}:

ff Qutput results:

-copy{wordlist.begin(), wordlist.end(), out);

L LT I e T TSR "
/f Use a char array as the source:
char* ¢p = "typedef std::istreambuf_iterator<char> It":

TokenIterator<char*, Delimiters>

charlter{cp, cp + strlen{cp), delimiters). end2:
vecter<string> wordlist2;
copy{charIter, endZ, back_inserter(wordlist?));

copy{wardlist2.begin{}, wordlist2.end(), out);
ol o Y i S "

// Use a degue<char> as the source:

ifstream in2("TokenIteratorTest.cpp");
degque<char> d¢;

copy (IsbIt{in2), Isblt(), back_inserter(dc)};
Tokenlterator<deque<char>::iterator,Delimiters>

declter(dc.begin(), dc.end(), delimiters), end3:
vector<string> wordlist3:

capy(dclter, end3, back_inserter{wordlist3)).

copy (wordlist3. begin(] wordlist3d.end{), out):
o 1 o S "

// Reproduce the Wordlist.cpp example
ifstream in3("TokenIteratorTest.cpp"};
TokenIterator<IsbIt, Delimiters>

wordIter2(IsbIt(in3), isbEnd, delimiters):
set<string> wordlist4d:
while(wordIter? != end)

wordlistd. insert(*wordIter2++):

copy (wordlistd .begin(), wordlistd.end(), outy;
Y i~

£ Alistreambuf_iteratorft, €18 -~ B Tistreamfyit®, H5BRAX0E B
—RE AR BERID. XFHH T 08~ £ TokenIterator; ;% ik ¥ B
@~ Tokenlteratori#ikk RHtRic. ( XN EASS A EEE.)
Tokenlteratori £ ML R A string ¥ Bifstring— X H, BTRE /LU, 7
FrE Rt UL T 88 Aivector <string> . (L ALUEHTH M kg — {ostring. ) (k7 5h,
Tokenlteratorsf § fE M H i Ak B — BT 48,

EE L —AR IR (I B E B — A BEHL DA ) o Bit, TTLL{E Astd::reverse
iteratorZR s “HRih” BSRERMERE. MEDAN - NEENAEIBAREL T 4
EACEATE. ATEAUN N TR 35 35 EAVATRGE WS K B R 88— A RME R %

/f Assume "iterator” is your nested iterator type

typedef std::reverse_iterator<iterators reverse iterator:
reverse_iterator rbegin() {return reverse _iterator(end(})y;
reverse_iterator rend() {return reverse _iterator{begin¢});

Std::PEVEI‘SE_Itel'atOI‘ﬁEE,%E‘-EI DA A X T 4E. Eein, 2R RSB kb =
AR, B A BT R AR A B B — At R, LR B FReITE, HY
R AERREEE LR EIB I HOTERN T -2,
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7.6 R

SitkstackZF 2, Squeueipriority_queuve—aFHEhit & B, XEUE TR
AR - A EARFFIABLUEM G COABE. XA -ARIENA ARBRMAER. HHadis
i - EE S ENERRHNANRRA R — X B RS R GEE AEMHAME
rIGIEE A A EANME. AP ERENR, BEHAXLEMNETRERE, AHaEE
fIsERS MR H CRIMBERRST T R, HHmETLOEE AR LR SE ERFRIESRIRL
EREL—-TERFREFHN, AR, EEN BRSO CETmERBRNIT AR BEMERT .
B, mEEREICEANFSHERFHE - TERSE, RARENEE LG 2EERLEH
. 8, 8 -EYMEREHEA —MEGEFEELX FRBRIARNZE S, TR MEIAR
BHERSHER. EXEEBLT, AATRERORENERNEETH,

THEEHF R RLBstack<string>83Fh HR: BRiAAA (FHdeque), BREEH
vectorfi 53X, Bin- K MHlistgy

f7 C87:5tackl.cpp

/! Demorstrates the STL stack.
#include <fstream>

#include <iostream:>

#include <list>

#include <stack»

#include <string>

#include <vector>

using narespace std:

/! Rearrange comnents below to use different versions.
typedef stack<string> Stackl: /f Default: deque<string>
/i typedef stack<string, vector<string>» > Stackl:

/{1 typedef stack<string, list<string> > Stack3:

int main{) {
ifstream in{"Stackl.cpp"):
Stackl textlines; /7 Try the different versions
// Read file and store lines in the stack:
string Line;
while{getline{in, line}}
textlines.push(line + "\n");
/f Print lines from the stack and peop them:
while(!textlines.empty ()} {
cout << textlines.top();
textlines.pop():
}

Y A~

RS ot K b stack 0018, X BEitop( Yfnpop( MEMRAUTFHAER. HiEMA
pop( it, iR Bl —-void{Eifi A& B MBI cE. mRAERTcE, TLAdEidtop( )
BEBHEAEN—1sIH. SEEMEREETE. FAH%HEpop( )& AL HHR Bl A E
AR—A5 A, AEiBHEELaEERYE. FEERNE, IEAEFTE LY (exception safe),
MR BAOEE PRI . R pop( MER T RAR SN R RER B TTE, Motk
TENENMGERS P mENEIREREFHTCENE L. EEMAstack (HE -1
priority_queue, FERGHE) B, WLIREBRES0p(), RIEFEFBAR, Bi5
B e Fipop( YT cHEF. (hiF, WREA-HARTAKAERN “pop” FHAIR
Bl LAY, BERETTRSERE AL

489
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stackB i — R LRV — B R LR R R AT B RIM Ik 5 b S, BN T—
AstackoR i, RAHEHARTCEA A B, SHLHESE T SRR, WitHEam
AL, DR MAFEEHMIE, TLAE AstackRER . thin, Bed TR,
HstackfiZ® 0, HEEBRFHUHARI>TERSREMELIsth . TEOBR SIS
W& 17, BRGTPIHSEAFFINE RIEHE. (FTLVBRRIE A0 HHE fO T Rk
BRI EEN & AL )

/. COT7:StackZ.cpp

// Ceonverting a list to a stack.
#include <iostream>

#include <fstream>

#include <stack»

#include <list>

#include <string>’

#include <cstddef>

using namespace std;

7f Expects a stack:
template<class Stk>
void stackOut(Stk& s, ostream& os = cout) {
while(!s empty (3} {
05 << s.top() << "\n";
5.pop();
:
}
class Line {
string line; // Without leading spaces
size_t 1spaces; // Humber of leading spaces
public:
Line{string s) : line{s) {
lspaces = line.find_first_not_of (" ');
if(lspaces == string::npos)
lspaces = 8;
line = line substr(lspaces);
}
friend ostreamk operator<<{ostream& os, const Line& 1) {
for{size_t 1 = @; 1 < l.lspaces; i++)]
08 << '
return os << 1l.line;
1 .
/4 Other functions here...

b

int main{} {
ifstream in("Stack2.cpp™);
list<Line> lines;
// Read file and store lines in the list:
string s:
while(getline(in, s}}
-lines. push_front{s});
// Turn the list into a stack for printing:
stack<Line, 1list<Line> > stk{lines):
stackOut{stk}:
Y Fif i~

T EstackiZ DM R UL R X E T op( )R B —-ostream, 2J538 A HApop( )
FHMER. LineX P FEZAFH0OT 8, RAEFEHEAAIENSTAELTNITHNE.
ostream operator<<HEFHHHA M T2 A5 . FHiZiTreosvk EriTEIN R, {HRERER
7 it M FEIspacesFE A MR B FE M. (X GENDRABKEEEXHRTR.)



27 ERBRER 209

fEmain( ) P, WA CHEIEAF list<Line>, $E#HEXHWE —fTHEEZHEA—1
stack, iZstacktixFstackOut( JeR % .

FREMGK BRI — stackFHiTiEM, XMMBIHET, S6E —-{stackl, HEHENE
P irstack® . aIULE H— vector & Hback( ). push_back( Yinpop_back( )i il &
ORGSR “HERR" ThaE, i vectorfU B AR INMZIEE. £ Stacki.cpp ] LI HE T
m TR

/7 €O7:.5%tack3.cpp

/4 Using a vector as a stack: medified Stackl.cpp.
#include <fstream»

#include <iostream>

#include <string>

#inglude <vector>

using namespace std;

int main¢) {
ifstream in{"5tack3.cpp”);
vector<string> textlines;
string line;
while{getline(in, line))
textlines.push_back{line + "\n");
while{!textlines.empty()} {
cout << textlines.back();
textlines,pop_back();
}
VAR -

Bt g Stack . cpp— R, BELET LA Svector - HBfE. listd
STEAYSIERIE A B, 1R % H veetor — it ipush_back( JHIECRIE. (B5h, %
THUTERAMRDRIE. dequed#ElistBERER.)

7.7 RS

queune?; %t — M F PR HRdeque B —— R ATCATEA A —Sm A LE, W0E S 5w
BRefl. fEThAE L. WLAEFEM Hquenefyttfafth 75 {# FHdeque, I haEss{# Fldeque
Rkt inzheE. FE{E Hquenefifdequeii —H BB, HigHHARPBUNKITY
queneAB{LiRFT A .

queue$ £ — M FstackBERIE, BACHERIEE AT FAESNEMZ L. BmK
ERHMAIE, Xqueunef)FEHG) L £deque, M itquenesifi LBk AT 2 5
RAFELARPILH,

MBI XFE- - ARERY, RESGHRESETRIFESH S —SCEMIRSH, BE
{HRIEAT . “BiTHaRRIE" BE-- 200 . BE0IERPLE R R RALS R,
ABE—ITRAFIHERN, #4F5H AHMRIRS . BABENIEEMILL . A8 - 1TEEHFB
AR 45 I i S B R B , BRULSE A — Ry iRt e Pl TE AT (A 1A AR AT BAS I B K
BRI, EIXEMERE T A ERIIES R T ABE AL TR,

B, S EERETHARASERINSR ET. K2R 2ER
KR, REsmEnHARSBatE CRSE. Rf, FECHA LI SaELeE. »-Fm,
I AR — e N R, HEUR AT B e R I — IR 5 R T RER. ©

9 WANEAFURRRIDLEL BRI,
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EERELEYD, 24REMOAREMET, XXE— kSR, BEH A REN
CPUK BRI THRERE D (HHHE—1CPU). HETBEINFE, MiESE 128
BHAA R A CHCPU, —Fhet M 4 % (time-slicing) #lHI1 “OK, MpreBirc2 5 H
TRGZREE, B ERELLRE LMW KR iR T, XA g sk m
BREhFR A% & (preemptive), EEKE (BFR) TEELFTHABRLENTRE.

A—FHERREN &R A SHRCPULLARBERE S, ZERBAESKREINRS —IF
HisiTHIERE. B, BiL BR R EABREPREA%K. EXE, BIBEHARER
SR (BEREEDR). BHAREE - TRERLEN R A A Srun(), %
B B ERTRERER R EEE . Eol{EHEFRRENLE, HEER T EAE
EHITOAZ SRS, SR ENEFRD, BRERET - T IAEEHABRNELSR:

/1. C@7.BankTeller.cpp {RunByHand}

/f Using a queue and simulated multithreading

// to model a bank teller system.

#include <cstdlib»

#include <ctime>

#include <iostreams

#include <iterator>

#include <list>

#include <gueue>
using namespace std.

class Customer {
int serviceTime:
public:
Customer{} : serviceTime(@) {}
Customer{int tm) : serviceTime(tm) {}
int getTime() { return serviceTime. }
void setTime{int newtime) { serviceTime = newtime: }
friend ostreamé
operator<<(ostream& os, const Customer& ¢) {
return os << '[' << g.serviceTime << ']°
}
N

class Teller {
quele<Custamer>& customers;
Custoner current;
enum { SLICE =5 };
int ttime; //f Time left in slice
bool busy; // Is teller serving a customer?
public:
Teller {queue<Customer>& cg)
D customers{cg). ttime(®), husy(false) {}
Teller& cperator=(const Teller& rv) f{
customers = rv.customers;
current = rv._current:
ttime = rv.ttime;
busy = rv.busy;
return *this;
}
hool isBusy{) { return husy: }
void run{bool recursion = false) {
if{lrecursion)
ttime = SLICE:
int servtime = current.getTime();
if(servtime > ttime) {
servtime -= ttime;
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current.setTime(servtime);
busy = true; // Still working on current
return,
}
if(servtime < “time) {
ttime -= servtime;
if(lcustomers.empty{)) {
current = customers,front():
customers,.pap{); // Remove it
busy = true;
run{true); // Recurse
}
return;
}
if(servtime == ttime) {
/7 Done with current, sel 1D emply:
current = Customer {8}
busy = false;
return; /7 Ko more time in this slice
}
}
Y

/7 Inherit to access protected implementation:
class CustomerQ : public queue<Customer> {
public:
friend ostream&
operator<<(ostream& os, const CustomerQ& cd) {
copy{cd.c.begin(). cd.c.end().
ostream jterator<Customer>{os, ""))}:
return os:
}
I

int main(} {
CustomerQ customers,
list<Teller> tellers.
typedef list<Teller>::iterator Telllt;
tellers.push_back{Teller{customers)};
srand(time(®)); 7/ Seed the random number generator
clock_t ticks = clock();

/¢4 Run simulation for at least 5 seconds:
while{clock() < ticks + 5 * CLOCKS_PER_SEC) {
/7 Add a random number of customers to the

// queue, with random service times:
for{int i = 8; i < rand{) % 5; i++)
customers.push{Customer{rand() % 15 + 13}).
cout << '{' << tellers.size() << '}
<< customers << endl;
/4 Have the tellers service the queue:
for{Telllt i = tellers.begin{);
i != tellers.end{); i++)
{*49) . runfy .
cout << '{' << tellers.size{) << '}’
<< customers << endl;

f/ If iine is too long, add another teller:
if{customers.size() / tellers.size(} » 2)
tellers. push_back(Teller{customers));
f4 1f 1ine is short epough, remove a teller:

if{tellers.size{} » 1 &&
customers . si1ze{} / tellers.size{} < 2}
for(Telllt i = tellers.begin():
i 1= tellers.end(); i++)
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ifC(*i).isBusy()) {
tellers.erase(i);
break; // Qut of for loop
H

}
y £~

BAPE AT E— e R SRS, XEiE - A RS HEEAE T RERLE LS
AR5 EIe Rt iRl e, AEANBEFREM RS MR RBEEAR, H LXHELSEHE € LR
gLy, B8, bASmBREATRIEIRARESH 200 EERE, HibxthieERne.

XxEphZCustomer®t R ik {R 7 1E — T quene<Customer> v, }HENHH ATeller
HEEEE NI —A2 | H. Z£—4Tellertt &5z i3 4 iCustomer#H R HIEELLE,
XM TellerfZ MEA R P A E 5 —Customer, FiidkiEhix 1 #HCustomeriR itk % ,
AN iZTeller B BN A - B/ Customerfy iR 5 rHA . BiA X EPHPAESER
RErun( ), SRR B340 XNIOEMD, ZENE TUATEA®T, B YATHE
P T IRSBHALE MR /N, KT ST N F 7E 2 skt ia] 5 A s el 4. %,
o i% g4 ATellerfEsc k3t —4-Customert i & IS A4 £ £ W, SEIEAE—4 FHH
Customer, R/GNEH FABYTEME. st Hstack—4:, fE{Efquenelt, =HE /-
queve, FEFEMAFAEROEMABIE. BRSBTS RELLUE DstackfViE D .
2, Equene NEHBHICEFFIZE S (BRqueneUEal) (24— fprotectedsf ARIES .
FEC+HHRdE P IZAR A g LU SR SARIRAF, X Bk F LA SR A A quenedy 2K E R
LH. ExBEH#CustomerQEEXHFMNW, XHE—-BHIRREEN — /1 ostream
operator<<, [lffifiquene LR EARHEREKR,

R RENRE R RAmain( YHE P while{dIf, E#F LB BOMSHE (F
KT <ctime>d} SRk IZRERLER G OLE VBT T5080. kLT LIRTEER
RIFER, SEMAMILPEES, MEIMESERE. S TEIRSEYAARE, HMAME
HAMAFIFAEREE K. EMHARGERER, BEEBERXBER. BX—4A L. &
i@t LR R R A RS Bl kTR . mREGRFERE, A RBBHHMEA, dmn
REAF| 2 apkE. NUMEBR— /MR, TREFEPHXNAEXES, WTLLHATKRAKER LT
TR LA AR B e 5. PR FBEEXARKE, hiFEsEEIEFIRRR
Bk,

A B RIE BN E ST B T B Box A F.

7.8 {R5cB\F

2 o) — L EBA Fl|priority_queue fpush( ) EA —ARREF, BT3B — HeE8ER
R R BT RATIhHE . (FTLAAFABRIAM less Bl A ESX AR KRS &R, BB
LIRS —AH A 8 O LR R Bt R . ) priority_queuefi £ Mtop( ) EEWHILE
B . ZTEERRAESRERN—rE. UEHRIZTRIE. ARpop( YMEE, 3EH
RET - TIEHEAZME. Hik, priority_queneffify SstackJL FHEED ., HEMER
B A

giistackfiquene—£¢, priority_queuvel— P ETHAEFFFFEHTHRIERS—
BLINBI A7 A 2% R vector.

3 — - A SRAL B Im M R fypriority_queune R F 5 H IR



E7¥% HAES 303

ff: C@87:PriorityQueuel.cpp
#include <cstdlib>
#include <ctime>

#include <iostream>
#include <queue>

using namespace std;

int main()y {
pricority_gueue<int> pqgi;
srand(time(8)); // Seed the random number generator
for{int i = @; 1 < 1B88; i++)
pgi.push(rand() % 25}):
while(!pagi.empty()) {
cout << pgi.top{) << ' *;
pgi.pop():
}
VoAA -

R F i priority_queue/E A 1008 A FOR24 2 MIMBEHLE . 7EBITE N BFR,
AFIHERYHABEMNME, MAEHEXDH. A THosmmETIRERAS A ONRERE
¥t BULBCE KT ROHFIGET . TRORFS TERER B s g

/f: CB7:PriarityQueuel.cpp
£/ Changing the priority.
#include <cstdlib>
#include <ctime>

#include <functional>
#include <iostream>
#include <gueue>

using namespace std;

int main{}) {
priarity_gueue<int, vector<int>, greater<int> > pqi;
srand(time{@)):
for{int 7 = & 1 < 189; i++)
pai.push(rand{) % 25):
while(!pqi.empty()) {

cout << pgi.top() << ' ',
pgi.pop():
}
Y Ai -

—AMEABRFE R - R, XEBIMRMBELE—string, I—TERERR—
MRS AIE:

/1 CB7:PriorityQueue3.cpp

/f A more complex use of prierity_gueue.
#include <iostream>

#inciude <queue>

finclude <string>

using namespace std:

class TobDoltem |
char primary,;
int secondary,;
string item:.
public:
ToDoltemi{string td, char pri = 'A', int sec = 1)
primary{pri), secondary(sec}, item(td) {}
friend bool coperator<(
const ToDoltem& x, censt ToDoltem& v} {
if{x.primary > y.primary)
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return true;
if(x.primary == y.primary)
ifix.secondary > y. secondary)
return true;
return false;
}

friend ostreamék
operator<<{ostream& os, const ToDolItem& td) {
return os << td.primary << td.secondary
< " " o2< td.iten;
}
3

int maing) {
pricrity_gueue<ToDoltem> toDolist;

toBolist. . push(ToDoltem{"Empty trash". 'C'. 4)):
toDoList.push(ToDoItem("Feed dog". 'A'. 2)):
toDolist.push(ToDoltem("Feed bird™, 'B', 71);
toDoList.push{ToDoIltem("Mow lawn", 'C'. 3)):
toDolList.push(ToDolten{"Water lawn", 'A', 1)};
tobolist.push{ToDolten{"Feed cat", 'B°, 1));

while(!{toDoList.empty()) {
cout << toloList.top{) << endl;
toDolList.pop():

}
Y S~

BT Eless< >—REL{E. FiliToDoltemfloperator< 44— 36k AES. B
bz s, B-rEEBRASAEN. MESRWT:

Al: Water lawn
AZ: Feed dog
Bl: Feed cat
B7: Feed bird
C3: Mow lawn
C4: Empty trash

Bkt ERSEBE, A GEE—/-priority_queue | JA LB RHEFFER, BRFTLUH—A
vector ¥ flpriority_queuefiiTy, R £iFilEIE vector., WfLART RS
priority_queuefyKHLEX#E . B MK A make_heap( ). push_heap( )LL &
pop_heap( ). (XEFRKApriority_quenefJRs—HE L, WLLHHEE — LK
F|, priority_queune L& EH— A H3k. ) £ RAMSMY, HREETHRAN, LT E
—/A~{8. BEApriority_queuell fIfIA 5% Eprotectediy (3 H ARG, BBIREECH
B, SRR G &ohe), BrLIRTLARR—AEE, %S RIEa T IHRER SN2

ff. C@87:PriorityQueued.cpp
// Manipulating the underlying implementation.
#include <algorithm=

#include
#include
#include
#include
#inciude

<cstdlib>»
<ctime>
<ipstream>
<iterator>
<flueue>

using namespace std;

class PQI : public pricrity_gueue<int> {
public:
vector<int>& impl() { return ¢; }

h

int maint

)
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PQI pqi.

srand{fime{8)):

for{int i = 8: i < 1B8; i++)
pqi.push{rand() % 25});

copyipgi.impl() .begin(), pai.impl(}.end(},
ostream _iterator<int»(cout, " "}}:

cout << endl;

while(!pqi.empty()) {
cout << pqi.top() <<’
pai.pop();

}

Y FAf~

R, IERBTXTER. MERIYEApop( W, #EX A vector@ S HITTEH
TREREFHES, xR EMAEBNFIEBFNGF. PR BEaE— M EAL PR
vector, UHFL5xET. B T miXsE:

£/ CO7 PriorityQueueS,cpp

/7 Building your own priority gueue.
#include <algorithm>

#include <cstdlib>

#include <ctime>

#include <iostream>

#include <iterator>

#include <queue>

using namespace std;

template<class T, class Compare>
ctlass PQV . public vector<T> {
Compare <omp,;
public:
PQV (Compare cmp = Compare()) : comp(cmp) {
make heap(this->begin(}, this->end(), comp):
}
const T& top{) { return this->front(): }
void push{const T& x} {
this->push_back(x);
push_heap(this->begin{),this-»end(). comp):
}
void pop(} {
pop_heap(this->begin() ., this->end{()., comp);
this->pop_back();
}
e

int main{) {
POV< int, less<int> > pqi;
srand(time{@));
for{int i = 8; i < 188; j++}
pgi.pushirand(} % 25);
copy(pqi.begin(), pgi.end(),
ostream_iterator<int>(cout, " "));
cout << endl;
while(!pqi.enpty()) {
<out << pqi.top() << ' ';
pai.pop():
}
Y A~

{ERX AN B PR IR ATE BA-BF—#! iEEvectorfR B — - ##RAHR (bheap)
FIfE MBI H 2. XAOHERBEHGRI TR FIRIR g (B fd{Evectoryy
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SMET ), (EEXM LB RETEARE 6, 7SR - DR A 7R FF
freIREIN A ATLA B Hsort_heap( YEiTHE, HRIBARER —RkIEM . REHGHEABAA
~AHE. T RE- - R AARRIR. X ERE, BRENFEEA -TRERER, Mg
fEE £ make heap(). XSeEEnI g E) B & LRV ER 5 rh 2

f70 CO7 PriorityQueveb.cpp
#include <algorithm>
#include <cstdlibe>
#include <ctime>

#irclude <iostream>
#include <iterator>
#include <queue>

using namespace sid;

template<cliass T, class Compare>
class PQV : public vector<T> {
Compare comp;
tool sorted;
void assureHeap() {
if{sorted) {
// Turn it back into a heap:
make_heap(this->begin().this->end(), comp);
sorted = false;
}
}
public:

PQV(Compare cmp = Compare()) : comp{cmp) {
make_heap(this->begin(), this->end{}, comp);
sorted = false;

}

const T& top() {
assureHeapd).
retura this->front{}:

}

vaoid push{const T& x} {
assureHeap():
this-rpush_back{x); // Put it at the end
/t Re-adjust the heap:
push_heap(this->begin(),this->end(). comp):

}

void pop() {

assureHeap();
f// Move the top element to the last position:
pop_heap(this->begin(),.this->end{), comp);:
this-rpop_back():// Remove that element
} .

void sort(} {

if{lsorted) {
sorf_heap(this->begin{).this->end(), comp);
reverse(this->begin() . this->end());
sarted = true;

!

}
I

int main{) {
PQV< int, less<int> > pgi;
srand{time(93).
for(int i = @; i < 188; i++) {
pqi.push{rand() % 25);
copy(pgi.begin(), pgi.end(},
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ostream_iterator<int>(cout, " "))
cout << "\p----- " << endl,
}
pgi.sert(};
copy{pqgi.begin(}, pgi.end(),
ostream_iterator<int>(cout, " "));

cout << "\-e--- Y << endl;
while(!pgi. ampty(}) {
cogt << pqi.top() << ' '
pai.pop(});

H ;ff:~

mZsorted AR, vectorft A 24— HRETHIAN, mRIRANHE PR
A FrassureHeap( )R UELEX #1712 BU 68 H@HR A — M HER . main( )
HHEE I TorfEIRSIA T FRTEIMeE, BRI EESERIIE.

FOEAEACBRRHRAT “this->" ai@raX MRl LH4ESE (extrancous) AL,
BREWRFBEIAFEXIMAE, HiEC++IEXEIHAE. F, XPQVKLSA
vector<T>, [RiL4k& [ vector<T>frbegin( Yflend( )ERKBIMLT. © FEHIRATE X
. RERATRE T X R Y THREBMERNLE (EXFER T hvector), EA¥THA
MEMEF, — TR LRERR S TRERNFIR - TR EWERA. MG aHRR
IEEREER R TRAAASSREERARN - ~EXKR, E2MOERTREATRERXE —45
Bz (Fin - ~2R0) R, i3RI iARcbegin }REHRAT, FHLHER
“this->" REHERE—TRE. PZHERF TRER, X/ begin( YREPQVHITER 2A
M, AERSFHFAAPQVAI— LT s Lok, RIMiXAREas, RSk
23 & Fbeginflend AT AR (TEAWUE SUARIEE, HASERER,. RAEX
AT P L SRS S il b T ARk e 2 A ). ARTOZE R RRTE AR, RS —
BEpqik eIl — R %R, SETEvector<int> i Fikbegin( Yinend ( OFI ERHAMEFL .

R 7 R — AR R, AL EER e — BT A RISt T R 2

Al ST Hlsort( ) (—ASFTLIREFR S, MAEHE A RS- R RES0EA®.

B, UEBRIEHFIGEST). Z— 1R Zaktig—/devector{t B A, BR. &Y
BN st — 1 (E Alvector i JERAF:

/7 CO7:PriorityQueue? . cpp

£ A'priority queue that will hand you a vector.
#include <algorithm>

#include <cstdlib>

#include <ctime=>

#include <ipstream>

#include <iterator>

#include <queuer

#include <vector>

using namespace std,

template<class T, class Compare» class POV {
vector<T> v;
Compare comp;

public:

© kX BWE TSN T RSN, SBESEEN A FARNE .
© MESEAE. WERARRE. LEPQV::, Sk,
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f/ Don't need to call make_heap(): it's empty:
POV (Compare cmp = Cempare{}) : comp{cmp) {}
void pushiconst T& x) {
v.push_back{x); // Put it at the end
// Re-adjust the heap:
push_heap{v.begin{}, v.end{), comp):
}
void pop() {
/7 Move the top element to the last position:
pop_heap(v.begin{), v.end(), comp).
v.pop back(}):; // Remove that element
}
const T& top() { return v_front{); }
bool empty{) const { return v.empty(}: }
int size() const { return v.size(}; }
typedef vector<T> TVec;
Tvec getVector{) {
TVec r{v.begin(). v.end()):
/7 1t's already a heap
sort_heap(r.begin{). r.end{), comp};
// Put it into priority-queue order:
reverse(r.begin{), r.end());
return r;

int main{) {

PQV¥<int, less<int» > pqi;

srand(time{@)):

for(int i = @; i1 < 108: i++)
pgi.push{rand() % 25);

const vector<int>& v = pgi.getVector();

copy{v.begin{), v.end(),

' ostream_iterator<int»(cout, " "3}J;
cout << "\f-------c--- " << endl:
while{!pqgi.empty(}) {

cout << pgi.top() << ' *;
pqi.pop{();

y 117~

PQVRRERIEG R A T 5STLEIpriority_queueti ROTER, EEAH — M AR R
figetVector( ), Z@AMEE T - MMPQVH GXEHRBEEOEE ) BEHlkEn
vector., R EXILFIFHTHEF (MPQVIvector B & SRR ), 2 B4 5 19
FRlids, BRLLEEE G RIvectort =4 T 5 M—A-th SeBA 7 dh 3 B4 e R IR PR M 2.,

AICAGER B, 4k R FI7EPriorityQueue4.cppr {# Fl ) Mpriority _quenerh i 4:
FHERLH FREEARRIE, oT0LE B E B A R

F1 CeT PriorityQueues.cpp

ff A more compact version of PriorityQueue?.cpp.
#include <algorithm>

#include <cstdlib>

#include <ctime>

#include <iostream>

#include <iterater>

#include <gqueue>

using namespace std;

template<class T> class PQV : public priority_queue<T> {
public:
typadef vector<T» TVec;
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Tvec getWector() {
TVec r{this->C.hegin(),this->c.end());
/4 ¢ 1s already a heap
sort _heap(r.begin(), r.end{). this->comp);
/7 Put it inte priority-queue arder:
reverse{r.begin{}, r.end()}:
return r;

)
Y.

int main() {

POV<int> pgi.

srandi{timef{@));

for{int i = 8; i < 18B; i++)
pgi.push{rand() % 25);

const vector<int>& v = pai.getVector().

copy(v.begin{}, v.end{),
ostream_iterator<int>(cout, " ")):

cout €< "\p------ooo - " << endl:

while(!pgi.empty()) {
cout << pqgi.top{) << ' '
pqi.pop(}:
} i!/ I~
CA LSRR, mMEeRIEBATAEGR—MEERSHFRE vector, T
ERRAA D RS AR, -BENRERE X ABigetVector( YRRBENHRER

vector<T>, X WHEES BB ATIE ELEE et &5 % R v 3 Mo JT 44 ) 8 .
7.9 FE_iHSIE

BACR—FEE “S6EMH" MiFE. HREABRA -4 NERGBR, BREs
THERFEA -FEAN ZHBRRRF . Y8, BHEMNRNEE GETUARZ. YA
FEMEKE SRR TR R —H BRI ), RABEME? WRF 6250 EE
I T MRS A AR AR, X ARAE AR E SR PR E
FHEB—OIMER Z#EH. B, CRikfoborontoLRMT TS, BRHE, ML
MEAIE S R, XA EBFOMES £.

BARECHH AR FEANRE R HHN S, TR NN R EAbitset
T2 48 i} Evector<bool> i S50 FidFss, B 1538 FRBO—HIF/2E, xe
ReB 7 A FERA AR

* i bitsetFf — - B E e Z9EHIz (bit). A 7rbitsentySiR S8 B 1 — Rt
¥, RIE%vector—#:, vector<bool> ALLZh A4 R M54 (£3% B fibool(s .

» bitset#in 2 4 7 I kSl i HERERY B Ui i, RILHETE 4 “EXn
STLER. Hik, ERAEMAE. EA-TEREN, sl B EaErme
AT, HAELYTREKENBYREAGHESFMHOEL. B —-FHE,
vector<bool>Z & Rvectorfi) — &L, BrLAE — - ifivectorf T B —iZi%
£ LE# 1% kit mbool B2 A {E F &,

fEbitsetfivector<bool> 7 H#& 4 BEH G, XE%ECTNRBAT LA RNEMN

©  ChuckiZ #4215 T & %1405 Tbitsetzkbitstring. LM vector<bool>5 R EURERE, L. HI20i
L0904 {8 BLEA S R CH+bpift B R A — iGN ER .
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M. A, BIIEAREESHR “STLA R . bitsetifir R H 4w 3R Bk
FBE#ED, @SB HWAILEARHERITIEAOSTLER K. vector Mfs{k
vector<bool>2{] F2-STLEH, HS5REE THIHENABTHEARFER.

7.9.1 bitset<n>

bitset{E AERBERZ — LS BHURIRZH, ZEBARERZHBIGAML. ik,
bitset<10> Sbitset<20> LR FFARRIEE, REEEEMNMAAZRSHTELE ., SESHRE.
~bitsetl) A A IRAE TR RV A e AR A, & -bitsetif
1T A PR — 8 il R A R U AR ok R B (AR M dnunsigned long, EED
A2 ZHFBGL). B, M—Tbitsetd — B BB LEEA—T
unsigned long {ifiitE#to _ulong( )).
FEAFE T 7L ERrAbitset IThEE (X B AN FMEL RN EENRE). 2&8W
LLEEATEH SN AL BB bitsetig i haE . B, FILCH R HisiR SR kME
FATEREE. WRIEE BB R IEEAR TR R RIES ARNE, ST X TR SRERE.

f/. COT:BitSet.cpp {-bor}

// Exercising the bitset class.
#include <bitsets

#include <climits>

#include «<cstdlib>

#include <ctime>

#include <cstddef>

#include <jostream>

#include <string>

using namespace std:

const int 5Z = 32;
typedef bitset<5Z> BS;

template<int bits> bitset<bits> randBitset() {
bitset<bits> r{rand());
for{int i = 8; i < bits/16 - 1; i++) |
r <<= 16;
/7 "GR" together with a new lower 16 bits:
r |= bitset<bits>(rand()};:
}
return r;
}

int main{} {

srand(time(®));
cout << "sizeof(bitset<lo>) = "

<< sizeof(bitset<16>) << endl;
cout << "sizeof(bitset<32) ="

<< gsizepf(bitset<32>»} << endl:
cout << "sizeof(bitset<48>) = "

<< gizeof(bitset<48>) << endl;
cout << "sizeof(bitset<hd>) ="

<< sizeof(bitset<b64>) << endl;
cout << "sizeof(bitset<gSss») = "

<< sizeof({bitset<b5>) << endl;
BS a(randBitset<5Z>()), b{randBitset<5Z2>());
/7 Converting from a bitset:
unsigned long ul = a.to_uleng();
cout << a << epdl;
/¢t Converting a string to a bitset:
string cbits("1116119101168111");
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cout << "as g string = " << ¢bits <<endl;
cout << BS{chits) << " [BS(chbits)]" << end};
cout << BS{chits, 2) << " [BS{(cbits. 2)]" << endl;
cout << B5{chits, 2. 11) << " [BS(cbhits, 2, 11)]"<< endl:
cout << a << " [3]" << endl;
CouUt << b << " [b]" << endl;
ff Bitwise AND:
cout << {a & b) << " [(a & b]" << endl:
cout << (BS(a} &= b) << " [a & b]" << endl;
ff Bitwise QR:
cout << (a | b) << " [a | b]" << endl;
cout << (B5(a) |= b) << " [a {= b]" << endl;
i/ Exclusive OR:
cout << (a ® b) << " [a ™ B]" << end};
cout << (BS(a) "= b} << " [a "= B]" << enpdl;
cout << a << " [a]" << endl; f/ For reference
fF Logical left shift (fill with zeros): :
cout << {(BS(a} <<= SZ/2) << " [a <<= {S2/2)]" << endl:
cout << (a << $Z/2) << endl:
cout << a << " [a]" << endl; /f For reference
/7 Logical right shift (fill with zeros):
cout << (B5{a) >>= SZ/2) << " [a >»= (SZ/)1" << endl;
cout << (a »» SZ/2) << endl;
Cout << a << " [a]" << endl:; /f For reference
cout << BS{al).set() << " [a.set{)]" << endl;
for(int i = @; 1 < 5Z; i++)
if(la.test{i)) {
cout << BS(a}.set(i)
<< " fa.set(" << §i <<")]" << endl;
break; // Just do one example of this
}
cout << BS5(a).reset() << " [a.reset{)]"<< endl:
for{int j = 8; j < SZ; j++)
ifia.test(j)) {
cout << BS{(a).reset(j)
<< " [a.reset("™ << j <<")]" << endi;
break; 7/ Just do one example of this
}
cout << BS(a). flip{) << " [a.flip()]" << endl;
cout << ~a << " [~a]" << endl:
cout << a << * [al"” << endl; // For reference
cout << B5(a).flip(l) << * [a.flip(l})]"<< endl,

BS ¢;

cout << ¢ << " [e]" << endl;

cout << "c.count() = " << c.count()} << endl;
cout << "¢.any{) ="

<< (¢.any{) ? "true" : "false") << endl:
cout << "c.none{) = "

<< (c.none{) ? “true” : "false") << endl;
c[1l.flip(); c[2].Fflip():
codt << € << " [c]" << endl;

cout << "¢c.counti) = * << ¢c.count() << endl;
cout << “¢oany() = "¢
<< {(C.any() 7 "true" : "false") << endl;

cout << “c.none() = "
<< (c.none() ? "true” : “"false") << endl:
// Array indexing operations:
c.reset().
for(size_t k = 8; k = c.size(}; k++)
if(k % 2 == 8}
c[k]l.flip(}:
cout << ¢ << " [¢]" << endl:
c.reset();
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/7 Assignment to bool:
for(size_t i1 = B; i1 < c.sizetl); ii++)
c[ii] = (rand{) % 10Q) < 25;
cout << ¢ << " [c]" << endl;
// bool test:
1T{c[1])
cout << "c[1l] == true";
EIizut <¢ "g[l] == false"” << egndi;
y 4~
AR HBNEbitset, EEFDOIE T & randBitset( ). R I
#ERAE LR, Hfbitset (HXR-TA/AERET LKL T) W hit, LIk
sroperator<<=iJ{# fl. Floperator|=:3 4 FHBHFTIN 60 il ad k.
main( JERE LR F— P bitset LT R/h. IR E/NF32{, sizeofft™ 4 (43
=32, HEKREHE - MongBayk/h. mFEE2F 6428, WEER Mlongil,
ATATEINMongR, &%, Hik, AHTEAERHFIAZTE, BiERAN 360G EE NS
HABWE Flong WM FRGEE P . B, EHEBEMNE, HENERFERINTFHE —
SRS — M ong RIS T F T iFm—#.
HRAER [to_ulong( ) Z5NER K AR Mbitset i B w55, BRA—MHEEAR
stream inserter, Ef4E - R & IH0MIstring, x> 78 ATLURSESRbitset —H
SBIRANIRIRA AT Ron ZH e E A iR (R bitsetE B UGN ik SIFE R
RIF0SERDAIBIKA LY (least-significant bit, Isb} —#24 iy —Pstring, 3N H1ERA
Bl — R AUstring . EF2N T BAstringtl B M B2 EFFHBE L4+
&R string. LI {# floperator<< M—/bitsetE 3| —/-# Hifostream. TLL1IHO
AR R, WALl Hoperator> > A — Mg Aiistreamip i A Zlbitset (FEXBHRE
R
CAER, bitsetfHIMERRAZREMT: 5 (&). & (|) K (1), KpisiH
fig — /- Faobitset(E O R RE. ERFRERENE Y, 2HAESFHERN&=. |=
FIENMIEE RaBRF. R, XERA BT rbitsetfMl OGX/MAEE LEHFK 2 S W
Hla). A fe &4 ixfiEml, ot R Aafs# Mtk 3 a0 — A VR0 AR w4 X8k
A 2 BS(WIER k. FRMANLSRBERH%k, FHRaERITHHRMMESR
B eHiTEH.
RS, FHFOXAMIAARMERE WREHE, BETLAEAERNRE
& B SCEY P B TE A BLAE R SR b B rp PR A 4 .

7.9.2 vector<bool>

#ékvector<bool> Evectorfithi ) — /" Hitk. — T 4rikfibool LT BEAPTE 451,
{1 HA—bool B! HEFEN®E., FLIERvector<bool>LHE XN, E—/ bool
BERF T ZHERRER. BARTNETHE A RS RRa 2N, L%
R LA E L H B A GE —Embool B M4 .

H-Fvector<bool>{i g4l m K tkbitseti L AR ZHE LR H]. Evectorh LF
i SRR, B ol B Wl R M — Bk R R st B ip (), AT EFRAEMNCERKE. Ti%Hbitset
thRYset( )aireset(). %{f Foperator[ 1. #t4i%E —4vector<bool>::references %!
RxER, %M MA—4 AT XA AR DK R fthip( ).
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ff C87 VectorOfBool.cpp

/{ Demonstrate the vector<bool» specialization.
#include <hitset>

#inglyde <cstddef>

#include <iostream>

#include <iterator>

#include <sstream>

#include <vector=>

using namespace std;

int maiad) {

vector<bool> vb(1€, ftrue);

vector<bool>;:iterator it:

for{it = vb.begin(}; it != vb,end(}; it++)]
cout << *it;

cout << endl;

vb.push_back{false);

ostream iterator<bool> out{cout. ""},

copy(vb.begin(), vb.end{). out):

cout << endl; .

bool ab[]l = { true, false., false, true, true,
true, true, false, false, true };

/f There's a similar constructor:

vb.assign{ab, ab + sizeof(ab)/sizecf{bool)):

copy (vb.begin(), vb.end{(), out):

cout << endl;

vb . flip(); // Flip all bits

copy(vb.begin{), vb.end{}. out):

cout << endl;

for(size t i =8; i < vbhb.size(); i++)
vh[i] = &; // (Equivalent to "false"}

vb[4] = true;

vb[5] 1;

vb[7].flip{): // Invert one hit

copyivh.begin(), vb.end{}, aut);

cout << endl:

// Convert to a bitset:

ostringstream os:

copy(vb.begin(}, vb.end(),
astream_iterator<bool>{aos, ""));:

bitset«10> bs{os.str());

cout << "Bitset:" << endl << bs << endl;

V Af -

X AT B B Je—#B sy il T —/vector<bool>, Fibi e g— L E 051
AIstring. FHMACH—bitset. X B4AERFHN B AmEDbitsetfI X/, FTLIEHEK, X
MEH T RET HHITARE.

R b A BRIFR LG R R T . vector<bool>$5{b& ARIEER R —Fp “HHkpar”
STL#&RS. bban, ERMRFFHERNTRR:

// Let ¢ be an STL container other than vector<bool>:

T& r = ¢, front{):

T p = &*c.begin();

A AR e, front( YRR 4 — M AEE (EAMREERB - EREHIEER
SIH), Bfbegin )BA £ XM RARNT, FESBHubhl. FAZHE AR AR F4k
i, BELL RERERARRA SRR T RE R ZHSIMNES. vector<bool>fbitsetii®
EEHA—REE (REMreferences |2, Zali#¥lid) ELEROBHEERMIEE 3EE
fiz.
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7.10 KEXAFR

set. map, multisetflimultimap#i#F4 £5% X, £ B {associative container}, K501
X4 F 54 RBER. Eomapiimultimap @y SECEKRAE &, EE LG —4setE
HEEERHEmap, ERAXET (FX L, ENMNFTLLAZERAGTALE ), multisetif
multimapZ AR HFREFAER. Bk, BTSN, setfimultisetaiHk 124 b3

Va5 o

FRBEAESBEEENESRERL/ M FULRES . HFEEsetlIFIT. EEFENR
EHECLERAT, EmapfiT, FRAEBEXRATFRACL2FEmapd, NMRFE, B
FEAHWA B FRERXBAE. EXNTEELARLEER, EEBEEEHS. THAH

TR T ik A e
/f. C@7:AssociativeBasics.cpp {-bor}
// Basic operations with sets and maps.
FH{L} Noisy
#include <cstddef>
#include <jostream>
#include <iterator>
#include <map>
#include <set>
#include "Noisy.h"
uUsing namespace std,
int main() {
Noisy na{7]:
/f Add elements via constructor:
set<Noisy> ns(na, na + sizeof na/ssizeoT(Noisy));
Noisy n;
ns.insert(n); // Ordinary insertion
cout << endl;
[/ Check for set membership:
cout << "ns.count(n)= " << ns.count{n) << endl;
if(ns.find{(n) !'= ns.enrd(}?
cout << “"n(" << n << ") found in ns* << endl;
/i Print elements:
copy(ns.pegin(), ns.end(),
ostream_iterator<Noisy>{cout, " “J};
cout << endl;
cout << "\m-------e-e- << endl;
map<int, Noisy> nm;
for{int 1 = 8; i < 18; i++)
nm[i]l: // Automatically makes pairs
COUL <€ "\M--m-vmae-== " << endl;
for{size_t j =8, j < nm.size(); j++)
cout << "nm[" << j <<*] = " << nm[j] << endl;
fout << "\A------cv-u- * << gndl;
nm[{18] = n;
cout << "\n----------- " << gndl;
nm.insert(make pair({47, n)};
cout << "\ ----eoaano " << egnpdl:
CoUut << "\np nm.count(l@)= " << nm.count{(l@} << enagl;
cout << "nm.count(ll}= " << nm.count{ll) << endl;
map<int, Noisy>:.:iterator it = nm.find(6);
if{it != nm,end{))
cout << "yalue:"” << (*it) ., secand
<< " found in nm at locatien &" << endl;
for{it = nm.begin{); it != nm.end(): ft++)
cout << (*it).first << ";" << (*it).second << ",
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COUT << "\p-=--on-omoo " o<< endl:
Y AA~

X B ABEA SRk Eset<Noisy>iffns, {HHFEA I NoisyxRPBHZN.
{BELAE—ATBINOHE R - - IS R S, T A —A SR LAE RS — Mg
1%, setiimapW EHE — A A%insertQ A TR b A XE, AILLARRERR
TERBEMRES CAEETHSRER AR, Y488 —RExl, KARKcount( )
LTI SRFERSHRTFES Dk, (Esetdifmap HeEZ0KH 1, [E&FEmultiset
fomultimapd N FgEE T—4 ). RARKAnd( Y& E - MEMERLE (Eseti
maprp R H—HB) AE XEE e RRERAS, RENRRAT BT, B LR
B RAERE. FENERRARTAcount( Jfifind( )X Ak, XEREELMN.
X e e 20 B AL ERAS B A i dlower_bound( ). upper_bound( )flequal_range( },
BT H multisetfimultimapf & X, EWEEFN. (BERERBEIEERCN
setfimap®|EHH2H. FHAEMNBIHARCHELMEEAEE XY, X{Esetiimap
BT ESTER.) .

iZit—/{-operator[ 'J& 2 £ G AHRFEME. RATHEEEBES—THHEETIRER
%, AfIEERW—BASEBN TR, {28, RakelimsBEH8HEAEHE
LLSME G Bt & & A A —FhdfER M — R4, B&%F—/map, “ZERAEH
LM BT O E%REFEERNT BRI HE&E ., XRRESTL maphyah®@ 5K,
{6l tmap<int,Noisy> nm2 5181 forfg§35{f Foperator] )3k “##R™ X#, {HE
Br_bix 2 7ECIER M Noisy R 4k Hoperator] JEI —AEREX AFEENE, X4
map 2 tl@— gy -Ex (HXMTMEFTHBRNARERE). XERE, wRLTEHE
FOREEIEANHNRIEFHOE - HEE., L8 AR RS count( ) (FX3HR
AGEMRE) KEAnd() (BHBREOENSE).

Eforfg—d iz Foperator] IX{THASFHEAATZAME. Bk, CREE
g (ExHERTEE). K HEHNE, mRAENEHTHRRESEN, Rl
2 5E OB A2 B WA /N2 BRAN AT 1, B RS R A XS Y- ENEE,. REHEA
AR ENH ST - WERENRET. &EF. mRREforfER AL, B&FRH LIE
EFEN. BEEEFSHLNRDT, ~TRANESEL2 NI mL SRS SHEE? RHEY
E¥Imapif iz & % Toperator] 10740 Z LA FEAHH 4, ZBABLTHR:

mapped_type& operator[] (const key_type& k) {
value_type tmp(k.T{)):
return (*((insert(tmp)).first}}.second;

}

B ¥omap:tinsert( Y% X @F- 3, REREDEEFEHEMNLETE LD
%&H, o ftit—SHEARXRTHA—1T%H. ERAEZPE—BHT, B\ —
AR EF-EA, Ex@F-EE ) aRRE R EEA TR, nREAETH
ABE, EHEE2NTERAENA. Rifirstiisecond sy BN TxRBFME. HA
map::value_typeXx | R&— 1 Jystdipairitfr 2 8% ¥ Ftypedef:

typedef pair<const Key, T> value_type:

hEESENEER T stdpaivlif, ERFA B AWENREHEE . RRELE
S B E B
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template<class T1, class T2» struct pair {
typedef T1 first_type:
typedef T2 second type;
Tl first:
T2 second;
pair(});
pair(const Tl& x. const T2& y) : Tirst(x), second(y) {}
/t Templatized copy-constructar:
template<class U, class V> pair(const pair<U, V> &p);
I
pairZREIEEHH, AR E— " RECEEFH R AEE (B4 —/returniffy)
HEERE—AWR), ATHERE—-IXkEF-EXpair, EELHF-THREMNKS
make_pair( A0S, = HEAssociativeBasics.cpp,
B EEHATHEAN SR, mapivalue_typefmaplf) 4% F - {Hxpair— %k
L. Efmapii—4-%&H. HEELEE, pairfi{EHE TR, X EkEHHFEApair
ZW. BINRELLEER. FHik, {£map::operator[ 169tmp &t B, T4/ -pair
Fri Rt GG B4 2018 RS R BOE R — T Hr R S AL R, ALITRE ST
e, HNXEFRIntYA). R, MRV EEF#HIEmap:operator] JMEZH R
FRAE M AR, EET THEXARA
//: CB7:NoisyMap.cpp '
/7 Mapping Noisy to Noisy.
//{L} Moisy
#include <map>

#include "Noisy.h"
using namespace std;

int main() {
map<Noisy. Noisy> mnn:
Noisy nl. n2;

cout << "y\A-n~------ " << endl;

mnn{nl] = n2: '

cout << "\m-o---a-ooo " << endl;

caut << mhn[nl] << endl:

COoUt << "\p---o_ - " << endl;
Y A

AR, SANMEINEDLERSEMOME, XREAmpIREaE. o
Atk FEmap::operator] 1. BAeFHH2/FHH Tinsert( ), #HHHLgtmp—aD
operator[ 1G5k H#T THAERE. Hinsert( JAHE BER —MAEfpairdc® | 3
first — M RE BIRE A RSB - X AE RS, fisecondfl R —4FREGMES £ 4
THEA#ENbool{E. FILLFEF, operator] JMME Thirst (3E{C3%), W EMTRFLLF 4
pair, Rf5iEElsecond, AT E _FHHE.

Plt, M EWF#RER, mapAy “HREBELHFXBMIERNE—4" BT
A, BRMATE (AERE) XEF, B2ELHAmap:operator] 1% 2 B3R £ HsMY*
ROBFHTHHRIE. FiEHR. AssociativeBasics.cppligsk T Anfi sk b3 A Fnsibs s e
FITH. WRAFE S, RR#4 i Hoperator] 1. A @ #insert( ) troperator[ 1 #
MEARE. HTF—Aiset, NNEHFF MR, T Tmapkid, HEHLEERF-EY;
Frllinsert( )JFE—pairtE AKX S5, XHEitAmake_pair( )iRE LAY, Bk
R BB IR AREE . _

ATHE—AmaphEIxE, FLAEAcoumt( )R EFEZNXB TR T Emaprh, &F
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AL AfNnd( )™= £ — g ginm e i T - {EA ek R, FREE, EAmap@&pair, X
REERIT R HE AN A& R B MIER, FLAEIrstflsecondfEAHK S5 . FiE
frAssaciativeBasics.cppfIF &, ZHHSEEI, ERECFE A EA S £
SARE IR E. AR, AR E S EIEME MM REDERTS, XA THA.
7.10.1 BATFRBAEHBE ERNATH

E{E Bl <algorithm > dr ffyfill( ). fill_n( }. generate( )iigenerate n( )R HHEH
MFFI74%E (vector, listfndeque) HFFHWIEM, CLE2FA T ENRELWNTEMH. A,
T 1AL 4 Roperator= WHAH G EREFFIESE, MFRBERE R P TR
FREFEHENEANARA B insert( ), Hit, £ER5XBAETREEH “Wx (M1)7
1 “H (generate)” RBFMIFE, BRING “BE" GAHBEERE.

— A RRFTEMEES EE” A" R, SIEFTN-FREM TR ERNES.
g, RAE_n( Yfngenerate_n( )R iR K (A Yfigenerate( )EHIF7Y, i&
HEFXBEARESKRIRBENL2ER), HEEXNTEEMAYERL, BARLIF AL HF
<algorithm> &4 T.fERIAR

/. CB7:assocGen.h

{7 The fill_n{} and generate_n() eguivalents
// for associative containers.

#ifndef ASSOCGEN_H

#define ASSOCGEN_H

template<class Assoc. class Count, class T»

vaoid assecFill_n{Assoc& a, Count n, const T& val) {
while(n-- > @)

a.insertival);
}

template<class Assoc, class Count, class Gen>
void assocben_n(Assock a, Count n, Gen g) {
while(n-- > @)
a.insert(g()y:

¥
#endif // ASSOCGEN_H ///:~

REFTLUEE, BAHRARASR. ZRRAGEMHET (MR, EFERCIA).

XBRBEA THARNEDLEZI. F&RE, WEEH2EBENTHEEAREN
BEf, MUEHSHERBENRE., FABRELABERE. ESTLAXHAPEREFIME
BT, MX—AKRR, RERTELEFLESERT .

FEBLHVH—BKH: mBERBUFHAEBE, REXAESTLRE —FFEE#
XALE, AL HBEWUEASFHEAEN. SARRETLI Hinsert_iterator (HH
inserter( )ir=4) kMo, EiRAinsert( )ifiikoperator=LIEERHFIHAMR. KR
£ (i front_insert_iteratorsZback_insert_iteratorffJ=i®E ., F AR EREE
H# B fypush_front( )fpush_back( ). &/ A S EE LA -THEA BN R @
BE AR GRATARRLAR, insert )ERRMNAFEN - ER. XEF-TERERH
P Emapfisetpi - ZF & HH L. (EHR9LLATmaltisetiimultimap.) #%,
Bl - R RS, (SLUTREAFADy. AEFECNNMHE., APELRSMmE.
Sk, R EE—A LS, )
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/77 CB7:SimpleGenerators._h

/7 Generic generators. including one that creates pairs.
#include <instream:>

#include <utility=

// A generator that in¢rements its value:
template<typename T> class Incrben {
T 1.
public:
IncrGen(T i) : i¢ii) {}
T operator(}{} { return i++; }
}:

/! A generator that produces an STL pair<»:
template<typename T1l, typename T2> class PairGen {
T1 4;
T2 §;
public:
PairGen(Tl {1, T2 jj) @ iCii), 1411y {}
std::pair<T1,T2> operator()() {
return std::pair<T1.T2=(i++, j++);
}
}s

namespace std { _
// A generic global operator<< for printing any STL pairs<>:
template<typename F, typename 5> ostreamé&
operator<<(astream& os, const pair<F,5& p) {

Feturn o5 << p.first << "\t" << p.second << endl;
h
Yy A~

FAEEBEAETLUETHLIRE, TIEHM RETOHEE, ENHRXEH
operator++E = FE . PairGenfi—4-STL pairdt R pIEBHE, o imR Rt
40 LA Alinsert( ) [ —-mapH multimap A 3 SRR .

B 5 00 i SR — # B T4 H i ostream R fE ffoperator< <, {REpairf)E—47T
EHEHF R FEToperator<<, FEEMpair&laEHdTH . CGXREFSTHSIHRENET
Z2iEstdh RPN A FEFNER . EAxEThesaurus.cpp 2B H—KERE.) WTHR,
iX i ¥ Feopy( ) S map:

ff. C87:AssocInserter.cpp

/4 Using an insert_iterataor soO fill_n(} and generate_n()}
// can be used with asseciative containers.

#include <iterator>

#include <iostream>

#include <algorithm>

#include <set>

#include <map>

#include "SimpleGenerators.h"

using namespace std,;

int main{) {

set<int> s;

fill_n(inserter{s. s.bagin()), 10, 47);

generate_n{inserter(s, s.begin{)). 19,
IncrGen<int>{12)):

copy(s . begin(), s.end{},
pstream_iterator<int>{cout, "\n")}:

map<int., int> m;

fill_n{inserter{m, m_begin{}}, 16, make_pair{98,128));
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generate_n{insertercm, m.begin{}), 18,
PairGen<int, int>({(3, 9);
copyf(m.begin{). m.end().
ostream_iterator<pair<int,int> >{cout,"\n")):
Y AP -

F# inserterf) 2 SRR A RS, EREERR. BRI ER R T
A (A BN B RHE 2 MR kT8 E ). Hbhinsert_iterator LA TR £ K [F
FKMZENE, HTIE-XBAREERR, BERFELNE L —ERLTEN .

T Eostream_ iteratorg in{n i lE 4 H— T pairfy. i el operator<<,
ARG AEN. BACR—TEIR. &% 83 bpair<int,int> 317 LH .

7.10.2 FRRIHIRLER

—WE AR A E R — T BUE R ARG HEF R EFM RN TR EHRTHES . mapk—
AKX K% dn (associative array ), XEIRE, HBREHANHTRAE IR —IHRxK
BB —E. mARRLEEARANT RN —#EN I BFRERLIMRATR, TXERH
—AERETER TEAIH T — A A R R T . RS AR R
fystring %, #EFESRLERFESR (i) SRR,

E— T RUTvectorRlistREMESR G, NRFE--BRA. HEE -/ mapf, &
SEBRFERA: X8F (key) (HEREFTET. RS mapnamelkeylt) LI ESRN
RETHOSESBIANEXE. MRARLQEHE I mapH 7| Hie —REF-EMAIE, 7
LAER—TERE, EEBTFNmE—AE8 T R8T RHEApaic . LR EE
firstfiisecondijj[Apairit RPEIKH.

E R R — T4 SRR B T ROCHIE AmapiyiRE, HBAE TERT
R lafpairg {E Amap ALy —Es RFETAIERY. Zpairfkdvalue_type. FFLIEA S
TCRBIERN - EERE O —value_typext R, LLELMMSEHE, BEhmapidf
insert( )l M RPHEATHEARE. THHNHATFERT LR mapikitk: mRERAE
operator] {# @~ TRBFRERENT T, YWBAHRLLHFER . operator] & HF
{8 FE X A BRIA M KB A — BB, LDUXFRBARANER, BEXE 48
A R RSB

£ C87:WordCount.cpp

// Count occurrences of words using a map.

#include <iostream>

#include <fstiream>

#include «map>

#include <string>

#include "../require.h"
using namespace std;

int main{int argc, char* argv[]} {
typedef map<string, int> WordMap;
typedef WordMap::iterator WHIter;
const char* fname = "WordCount.cpp";
if(argc » 1) fname = argv[l];
ifstream in{fnamej);
assure(in, fname);
WordMap wordmap;
string word;
while(in »> word)

wordmap [word] ++;

for{WNlter w = wordmap.begin{}; w != wordmap.end(); w++)
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cout <t w->first << ": " << Ww-rsecond << endl:
YA

BT B T RS (zero-initialization) (OIRED . %R RAAPENXTT:

wordmaplword] ++;

EA U word S B — AT RIA R T IR, IR mapB R b AT XA — R
iR, WIFE Az i e L s — A 3R A A SHiE A S mapi i, 18R E{E 00 D #iE
s Brint( ) 45 HAH AR L A0,

FTENR A5 R EE— R F i FIR SR E. (XEAHFERA TmapytREL X
copy( ), BRAFEEE Ymaphipairfa’5—/{-operator<<.) MAFE, BIIZERES
Pe i —Avpairdt R, Khfirstl A AERT, secondsf ROHVHE.

AR A SRR E A B WA B, FTLUGE R EEA IR S IRIES, T Bow:

cout << "the; " << wordmap{'"the"] << endl;

AAES, maplEERAZ —RENFEBMIFE, — M REEBEN THREREEEN
1. CRMEEZAR, WRRE “the” EAREwordmapd, —AFM&FARIER] )

7103 ZERRTIEENXRF

%\ fgmultimap — A& BENXRFHmap. X FRELPRE— T ER
Mk, B ARTOXFMERDLE R, HmBiE S0, B 2FTLHFRELT%E.

BoEidd EEWMPF LY. REREE HERE AR LA e A, Bk,
YR FTRE B BB £ [F —FrARIEh, EAEBER RAVM AR R LB, Bk, anRHay
PR R BMEG LR T, SEE— multimap. TR |

0 CA7:WildLifeMonitor.cpp
#include <algorithm>
#include <Cstdlib>
#inciude <cstddef>
#include <ctime>
#include <iostream>
#include <iterator>
#include <map>
#include <sstream?
#include <string>
#include <vectar>
using namespace std,

class DataPoint {
int %, y; // Location coordinates
time_t time: // Time of 5ighting
public:
DataPoint() : x{@), y{@), time(®) {}
DataPoint{int xx, int yy, time_t tm) :
x(xx), y{yy), time(tm) {}
/! Synthesized operator=, copy-constructor OK
int getX() const { return x; }
int getY(} const { return y. }
const time_t* getTime(} const { return &time; }

b

string animall] = {
"chipmunk”, "beaver', "marmoat’, "weasel”,
"squirrel", "ptarmigan". "bear", “"eagle",
"hawk", "vole", "deer”, "otter”, "hurmingbird”,

}i
canst int ASZ = sizeof animalfsizeof *animal;
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vector<string> animals{animal, animal + AS5Z);

/f ALl the information is contained ir a
/f "Sighting," which can be sent to ar ostream:
typedef pair<string, DataPoint> Sighting;

ostream
operator<<(ostream& os, const S1ghting& s) {
return os << s.first << " sighted at x= "
<< 5. sacond.getX() << ", y= " << s.second.getY()
<< ", time = " << ¢time{s.second.getTime());

1
I

// A generator for Sightings:
class SightingGen {
vector<string*& animals,
enum { D = 100 };
public:
SightingGen(vector<string>& an} : animals{an) {}
Sighting operator(){} {
Sighting resutlt;
int select = rand{} % animals.size();
rasylt.first = animals[select]:
resuli.second = DataPoint(
rand() % D. rand{) % D, time(®));
return result;
}
H

// Display a menu of animals, allow the user to
/7 select one, return the index value:
int menu() {
cout << "select an animal or 'q' to quit: ":
fer{size_t i = ©; 1 < animais.size(); 1++)
cout <<'['<< i <<']'<< apimals[i] << * ':
cout << endl;
string reply:
cin »> reply;

if{reply.at(&) == 'q') return 0;
istringstream r(reply);
int 3

r »» i, // Converts to int
i %= animals,.size();
return i;

}

int main{}) {

typedef multimap<string, DataPgint> DataMap:

typedef DataMap-:iterator DMIter;

DataMap sightings;

srand(time{(®)); // Randomize

generate_n{inserter({sightings, sightings.begin(}),
58, SightingGen(animals)):

/4 Print everything:

copy (sightings.begin(), sightings.end(),
ostream_iterator<Sighting»{caut. ""));

S/ Print sightings for selected animal:

for{int count = 1: Count < 18; count++) {
// Use menu to get selection:
£ int 1 = menu(};
/{ Generate randomly {for automated testing):
int i = rand() % animals.size{};
f// lterators in “range" denote begin, one
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// past end of matching range:

patr<pPMIter, DMIter> range =
sightings.equal_range(animals[il):

copy{range.first, range.second,
ostream_iterator<Sighting>{cout, ""}}:

by EN:- .

FWER BRI BB ERE #F — M DataPointde b, ERIEE R AR LA FSEABR{EM
¥ UL B oot b TR 1R . B FIARMEC BE RO AT BR 380K I8 ol B2 IR 1A

fEstring Hanimalth, ERENE DB, char®iER S XA RIAA,
R A string BB T BB BHEFE. BATE—vectordt i ) F HZH 45,
L EGRANKER. HAKGdKvector(iterator,iterator)k@iat — 4
vector<string>.

AT i Sightingfyt @5 - G R E AT £FAstring. DataPointni e
% PRI R R . R paicBiR R BRA RS RE%, SFHERRBE L
Sighting2e %, #Rf 4Sighting |k —ostream operator<<; X RLEH—IEHET
Sightingffimapz multimapi# TR H B RE.

SightingGen™ A MR AMAMEIAREER TR, EF -1 HEN
operator( )}, XM FRE A2 RiLRESER, B ERE - HHERE, HTREMERE—

A-SiH#vector<siring>, X2 BN 2B .

DataMapi— % T string-DataPoint¥ffmultimap . X EH%E = iESighting
. Hgenerate _n( )i~ 4150/ Sighting® £ R FiZDataMap, HHEREN]. (iF
¥, AAHEE—EESightingdoperator<<, FLUFLAGIE - HHKERSE
ostream_iterator.) MitEL AT LLiE R FOE BRI TE B4 8 B W 8105 b - Frgh e
. wmRGAQERRSIRH, HEMPEER--NHPRRS ., s Aequal_range( )
ERAEY. XHSEE—TIER RS pairEHEFTRANERS (DMlter) f1— 5%
EMpairEEEARNERE. BN T wEPHERE —-/HE, Bit
equal _range( M{# f Tpair. R hrangedf#i#f ILECERARLE R LK, FLLXEEN
% AT LLTE copy( ) iR ¥ob R SCITEI M L frf KA i Br A MR IR 5%

7.10.4 EE&S

EE LA MiEset L AFERA B MENE — % . MimaltisetBklkEHE, B
AHERVFEASNERE TR, XUFERT “Ra” HEEREE, RFATRREM, “TE
EEXTEETH? 7 WREAGHHFEEEZS "B HERETLE?

H—-BEEHE, MRXEHEINAHAHEE2MHE, TR EETHERENYR
BXHAKR (MBEHBAHRETHENER TR AN, 52, REEFRERNE

EE, XA EETLUUER AR ERERE) . Bk, SRR RELEEH a4

FOCCARTT AR EE N R —RH AR A LB R R R 3 Bl X R I RAV A RIFTAR
HER. hatkil, B b8 X Sn R FRRMER, BEEIHEHE— LA R E.
REMISTLE BB AR A H U Hd 7 HEF - -8, multisetE B L BRIAME R T Aless A #
MEREELEONF. CERTHES XML ER Ffoperator<, HALIAFAFHAA
R R BRI E.
ZEAFRNEES — A THTHRERCE 5B T2 iR TRy .
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i/ CB7:MultiSetl.cpp

fi Demonstration of multiset behavior,
#include <algorithm>

#include <cstdlib>

#include <ctime>

#include <ipstream>

#include <iterator>

#include <set>

using namespace std;

ctass X {
char ¢; 7/ Used in comparison
int i; // Mot used in comparison
/f Don't need default constructer and operator=
X():
X& gperator={const X&)
// Usually need a copy-constructor (but the
{f synthesized version works here)
public: .
X{char cc, int ii) : c{cc), i{ii) {}
}/ Notice no operator== is required
friend bool operatoer<{const X& x, const K& y) {
return x.< € y.cC,
}
friend ostream& cperator<<(ostream¥ os, X x) {
return os << x.¢ << "1 << x.i;
) .

3

class Xgen |
static int i§;
// Number of characters to select from:
enum { SPAN =6 }.
public:
X aperator{}{) {
char ¢ = 'A' + rand() % SPAN;
return X{c, i++);
}
}:

int Xgen::i = @;

typedef multiset<X> Xmset:
typedef Xmset::const_iterator Xmit;

int main{) {
Xmset mset;
/f Fill {1t with X's:
srand{time(8))}; // Randomize
generate_n(inserter(mset, mset.begin{)), 25, Xgen{}):
// Initialize a regular set from mset:
set<X> unique(mset. begin(), mset.end{));
copy(unique.begin(), unique.end(),

ostream_iterator<Xr{cout., " ")).

cout << "w\n----" << endl;
// Iterate over the unigue values:
far(sat<X>::iterator i = unique.begin{(};

1 1= unigue.end(); i++) {
pair<Xmit, Xmit> p = mset.equal_range(*i):
copy(p.first.p.second. ostream_iterator<X>(cout, " "));

cout << endl;
}
Y A~
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FEXA, AR LEAT S char ¢, FAHFEXAH-F-F A TEIARIless %R, ELEK
fHoperator<it{y, Xutfmultisetir LB LIE. R XgenfEHl - EXN S, HEH
T HEAEHREEAR'E 2 AREER. tmain( )@, OE—multiset<X>3H-H
Xgenm@ B HEA2SNXHR, IXMARIETIFRGFEERNNET. LA T THEEWHEHE
—RIX#E=E, Bifmultisetflg 7T — /1 HHlfset<X> ({#Hiterator. iterator#)i&if
). xwEHBERHE, AEHEmultiseth G k@ FEM™Eequal_range( )
{equal_range( YYE:x EfiEmultimaph HFEHEMFEANE L. AN TEMSET LR
SR E) . AENNE RN TEE,

ERE2NEF, AmultisetB8IE—1 (7THE) R4 EAREAWordCount.cpp:

A4 CB7:MultiSetWordCount.cpp

£/ Count pccurrences of words using a multiset.
#include <fstream»

#include <iostream>

#include <iterator>

#include <set>

#include <string>

#include ", ./require.h”

LUsing namespace std:

int main(int argc, char* argv[l) {
const char* fname = "MultiSetWordCecunt.cpp”;
if(argc > 1) fname = argv[1l];
ifstream in{frname};
assure(in, fname);
multiset<string> wordmset;
string word;
while(in »> word)
wardmsef ., insert(word).
typedef multiset<string>::iterator MSit;
M5it it = wordmset.begin();
while(it != wordmset.end()) {
palr<MSit, MSit> p = wordmset.egual_range(*it);
int count = distance(p.first. p.secaond);

cout << *it << ":; " << count << endl;
it = p.second; // Move to the next word
1
Y Hiti~

main{ )@ F X E 5SWordCount.cpph g 2R, ARfEEA RIAE R EE AR
multiset<string>H. —-%ERE WO H kI B st A mimultisetfyiggit; RN
0K B RL AT LAF= A2 CHT R W 80 24 Bl LI . AR A R Sequal _range( ) (FFIEBARE) P4
AT R T AR AN (R R EY . Rikdistance( ) (fE<iterator>HhE X)) Hi%EHE
NMTTEETH . 25, SRBitNTEBEELIE 24, HFA4AHRA T4, mi
EEAEL AR Emultisetd)if, XHEMARMMRAIERELESR. HEMNESEMEBEHRE
B mCountiX A X F 2 2 A F R BAIE S 7. .

Big, ZTEBIKENTESH "4, SFLARNYERINETRGEER? 5—
MEERE, TURREMAATERRRRERE LH—BRAD “87 (bag)” HESR. BAh—14
L FAILAME HHRFEMAE——EEEERN R, XSG EELXEREN, T2
PR FRA R TERESENEFHEFISHRE, UL TERE4ES . maltiset (=%
RS EERTCECAHAEMAHAER) ifsett4 KB XS /g, — -setLil
AIREFE ARSI E S (hashing function) RHFIHLE, XHEHEASEEFRIRTFERXYT
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F. A5, WRBESZRM (RFEMEERME) Fl—N88, TLI{ERvector,
dequesiFlist,

711 PHSTLEMRAER

TEMEH— AW GBI (thesaurus) B, %3 TREABR 4038 Br A &5 30417 22 B 1R) MRLLAY By
ﬁ%‘iﬁ—]o Eﬁ'ﬁ“—“ﬂ&‘@ﬁ]mﬂﬂ'fﬁy ﬁ#%%%%ﬁ“%iﬂﬁ%mo iiia ﬂB% “gﬁ” g%ﬁ
(multisetzEFmultimap) HFREES. WRHIRLBAEEREE REM, ZHEHSTLR
HRERA., EXEH, #NEFE—ATH, HERRBE -1 DR KNE RS, L
#5257 B 5—4-vector&ik K hmap:

f/1 CO7:Thesaurus.cpp
ff A map of vectors.
#include <map>
#include «<vactor:»
#include <string>
#include <iostream>
#include <iterator>
#include <algorithm>
#include <ctime>
#include <¢stdlib>
Using namespace std;

typedef map<string, vector<string> > Thesaurus;
typedef pair<string, vectar<string> > TEntry;
typedef Thesaurus::fterator T]ter;

!/ Name lookup wWork-arcund:
ramespace std {

ostreamd aperator<<{ostream& os,const TEntry& t}

os << t.first << ": "
copy(ft.second . begin(), t.second.end(),
gstream_iterators<string>{os, " ")};
return os;
3
K

// A generator far thesaurus test entries:
class ThesaurusGen { '
static const string letters;
static int count;
public: }
int maxSize() { return letters.size(); }
TEntry aperator(}{) {
TEntry result;
if{count *>= maxSize()} count = B;
result.first = lettersicount++]:
int entries = (rand{) % 5} + 2
for(int 1 =8; § < entries; i++) {
int choice = rand(} % maxSize(};
char cbut[2] = { & }:
chuf[8] = letters(choice];
result.second.push_hack{cbu¥f);
}
return result;
}
¥

int ThesaurusGen:  ¢count = §;
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532 const string ThesaurusGen::letters("ABCDEFGHIJKL"
"MNORPQRSTUVWXYZabcdefghijkimnopgrstuvwxyz™) ;

A Ask Tor a "word" 1o ook up:
string menu{Thesaurus& thesaurus} {
while(true} {
cout << "Select a \"werd\", 8 to gquit:
for{TTter it = thesaurus.begin()
it '= thesaurus.end(}; 1t++)
cout << {*¥it).first << * ';
cout =< endl;
string reply;
cin »> reply;
if{reply.at(g} == '@0') exit(0); // Quit
if(thesaurus.find{reply) == thesaurus.end()}
continue; // Not in list, try again
return reply;

.

int main() {

srand(time{®)): // Seed the random number generator

Thesaurus thesaurus;

!/ Fill with 18 entries:

generate_n{inserter{thesaurus, thesaurus,begin()),
18, ThesaurusGen{)):

O Print everything:

copy{thesaurus.begin{},. thesaurus.end(),
ostream_iterator<TEntry>(cout, "wn")};

// Create a list of the keys:

string keys[10];

int i = @;
for(TIter it = thesaurus.begin();
it !'= thesaurus.end(); it++}

keys[i++] = (*it).first;

for{int count = @: count < 18; count++) {
/7 Enter from the console:
/7 string reply = menu{thesaurus);
// Generate randomly
string reply = Keys|rand{) % 18];
vector<string>& v = thesaurus{reply];
copy(v.begin(), v.enc(},

ostream_iterator<string>(cout, " "))

cout << endl;

}
333 Y Hil i~

Thesaurusi¥ -/j-string (EJ& ) 5B —~vector<string> ([ Xid). TEntry
& Thesaurus#§)—4 % H . it ATEntry gl — /Mg ik B fE Fostream operator<<,
FTLAR 2 B HATEN Sk § Thesaurusth (ix — % B (1% /~Thesaurust[ L% B Hi Fcopy( )
ETTTED) . %, BEATREHIEESRIOCE: EHRBEsALFEEE P! ° LHX
Jroperator<<( )#¥o £ main( YT I 1 copy( iR H s #ostream_iterator{iif.,
ESH TS L FEE, i ERostream_iteratorff b B R & LR F I (argument-
dependent lookup, ADL) #iIl], ‘EAEHFstd, FHAEScopy( )Hif NS ET ILA.
MRELRBEFZAHEREAT (HLUAREAIBLTSHE), CRAAWEH, #

S LA L P RHE £ T ] BRI TR T R A A TR, 1L S 1 L B B B 4 B IR 8 1
¥ Jrik. I BHESE MO A RIES .
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K Astddr, ggal LAETADLERT] .,

ThesaurusGenflli “Hid” (BIULERANFE) LIEXERIEN “FXid” GXE%
Sh—LEREPLE RS A T8) DUAKRSGEEILBNE B . EHHLEEE 5 R SRR B 845,
HEFE L HFEA . AR NT MRt 415 EF0 Pstatic string&50¥, %
static string ThesaurusGenf)—#4r.

fEmain{ JEHK+, 6I#- -fThesaurus, HiHA 10448, HHiARHcopy( YBESE
HTERE . BA¥menu( )ERHETBAREZAFNFEREE 4 “RiA" RHFE
. Mg Hegfdind( ) k&ERUFEIZZBZGTEmaph. (idG:FE{# Hoperator[ 1, ¢
FLEARRFICREZBMFL T AZIER—HED ) nR7HEE, stfHoperator] 15!
vector<string>i#{7 8. X Freply = S EEEILE/N, LiFET AR,

BRI AERIKADRERANBSEHRES, EETUEHR - B S og—4
vectorfiymap, ffivector X & Emap%%. BTXAEE, LKA BAERSTLAE.

712 ERRESENTE

{eStlshape.cpp, FRFHBEHEHECARAFER. AHENLRERA S MK
EEEE, RLE—RHALRS FRAG. XLET S ARSI B g6 i R o
. R CERRCEFAEM M B R T ECLS EAE A

A0 tpurge.h

/f Delete pointers in an 5TL sequence container.
#ifndef PURGE_H

#define PURGE_H

#include <algorithm>

template<class Seq> void purge(Seq& ¢) {
typename Seq::iterator i; .
for{i = c.begin(}; 1 I= c.end(); ++i) {
delete *i;
*H =09
}
}

/f Iterator version:
template<class Inplt> void purge{Inplt begin, Inplt end) {
while(begin != end) {
delete *bhegin;
*hegin = 8;
++pegin;
}

}
#endif /7 PURGE_H ///F .~

fEpurge( ) FEIRT, BEEERFiypename R4t LER, %A FAIEHM
RFRER: Seqfk — 1 #HREH, miiteratorMRHKEFAZERPNEFEN. 2
Seq::iteratoriittt Z HlE? X@Tiypenameit®], CHRIWBNXT, THARLLMBHL
. : '

mRpurge WA RRELHE—STLAMNZA R KT E, {Hpurge R ELEK
AR LEXRNEETHACHE, DEKA.

XEE -4 EE THyStishape.cpp, #ditER Tpurge( )ik
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f/: CB7:Stlshape.cpp

// Stishape.cpp with the purge() function.
#include <jostream>

#include <vector>

#include "../purge.h”

using namespace std;

class Shape {

public:

virtual void draw() = 8;
virtual ~Shape() {};

}:

class Circle : public Shape {

public:
void draw() { cout << "(ircle::draw” << endi; }
~Circled) { cout << "-=Circle” << gndl; }

¥

class Triangle : public Shape {

public:
void draw{) { cout << "Triangle::draw” << endl; }
~Triangla() { cout << "“-Triangle” << endl; }

I

class Sguare : public Shape {

public:
vaid draw() { cout << “Square;:draw” << endl; }
-5quare{} { cout << "=5Sguare” << endl; }

1

int main() {
typedef std:;vectar<Shape*> (ontainer;
typedef Container::;iterator Iter,
Caontainer shapes:
shapes.push_back{new Circle);
shapes.push_back({new Square);
shapes.push_back{new Triangle);
for{lter i = shapes._begin{): i != shapes.end(); i++)
(*i)->draw() .
purge(shapes);
Y A~
i Hpurge( )R, P RIZANHRAEREE. mRESIERPEAR X
SRSE . EWERAHLHETRERMEEERE. AREEE2NE S & AT RV E A Z AT
EEITERIBEER. - FEHTRAKREREEPurge( )AE-EHM, FHH
purge( YEMBE— /5t R HER YT, N —EH AR R Edelete 2 — 1R &)

Bk,
713 fIRBCHIRER

A TSTLAERR, RARTLAIBADHERT . Bk RBRfnEaREEERD,
FAEOABRMRAEREARABRER - NERHSTLESE.

R4 W BESH, ER-AERAFNER. mRIEGETHRAKRRA, W
PR R 2 M B A CRESRSRIRERARF ). X LAERAERLstIE
il ESEBL, AnTFHTR:
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0 CB7.Ring.cpp

/4 Making a "ring" data structure from the STL.
#include <iastream>

#include <iferator>

#include <list>

#include <string>

using namespace std;

template<class T» class Ring {
list<T> 1st;
public:
/f Declaration necessary so the following
// 'friend' statement sees this 'iterator’
/7 instead of std::iterator:
class iterator.
friend class iterator;
class iterator : public std::iterator<
std::bidirectional_iteratar_tag.T.ptrdiff_t={
typename 1is5t<T>::iterator it:
1ist<T>* r;
public:
iterator(list<T>& 1ist,
const typename 1list<T>::iterator& i)
1t(i}, ri&ist) {}
bool operator==(const iterator& x) const {
return it == x,1t;
}
bool operator!=(const iterator& x) const {
return !(*this == x);
}

typename list<T>::reference cperator*() const {
return *it;
}
iterator& operator++{} {
++it:
if(it == r->end()}
it = r->begin(};
return *this;
} .
iterator operator++(int} {
iterator tmp = *this;
++*this;
return tmp;
}
iterator& operater--() {
if(it == r->begin())
it = r->end{);
--it:
return *this;
}
iterator operator--{int) {
iterator tmp = *this;
--*this;
return tmp;
}
iterator insert{const T& x) {
return iterator{*r. r->insert(it, x)):
}
iterater erase{) {
return iterator(*r, r->erase(it)}:
1
¥,
void push_back{const T& x) { 1st.push_back(x}: }
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iterater begin{) { return iterater(lst, 1st.vegin{)): }
int size() { return lst.size(): }
3

int main{) {
Ring<string> rs;
rs.push_back{"one"});
rs.push_back{"twa");
rs.push_back{"three");
rs.push_back("four");
rs.push_back{("five"):
Ring<string>::iterator it = rs.begin(};
++it: ++it;
it.insert("six");
it = rs.begin():
/7 Twice around the ring:
for{int 1 = &, i < rs.size(} * 2. i++)

cout << *it++ << endl;
Y A=

EEWLLER, #A2 R MR &R FHITH. X Ring iterator55 78 45E LA
FEFREEBREAR A, FFLVESARFE — TR {EAR B5E” RingxtRmlistiysI A, Mm%
HET AR THARRRS, e AR RE 2 B B b5 A .

VEIEE, ARIngiEEMEOHLSER; 02, XHEFend( Yk, BA—THMNN
REHHTEFORE. XRERETRCEEZERESEZNEAROEMSTLRESE S #HARing,
STLHEHNEERERE. (FNXTRREXAREEERENOLN.) REXUPEXERSAT
P, {ER%E—TFstack. queuefIpriority_queue, EfIXE2HMEH = EEMNERE

714 MSTLHIY T

RESTLESVTURESAPrE2FEN 26, HENARE T2 20, iREn
setfimapf) CHUERGE Al BB £y, RAEHEBIEMR NS, BHRERERELEEHE -
BENERE. EC++rERASD, HEP AR RS K setfimap a5 C++ix i R i
M TR HIR. ATl TR LHRBHRIMA XA, RS gs Tixkd, °

ZiERRE, REFTHARNGRERS. FXSTLHEFZGZ —, SE T AGIER-STL
(STL-like) RUBLESL TREAREY ., Fibin AP CERE TSTL, P& HEREER R
WEWE@%%‘ME%EJEET, :

% B FSilicon Graphics® #ISGI STLE et HAISTLRI LR 2 —, mBEHBEILIAZA
SGI STLE{CA P RIFE/EMMSTL. Bo4h, SGUEMTREY FEAER, ©iEhash_set,
hash_multiset. hash_map. hash_multimap. slist (§8%) Firope (ZE—4
stringiJ Ry, HIEEKRMPFRE . SR BTG IEESIE T S SRERT TRK).

B E % B H T REHFmapfHISGI hash_map 7@ i7HEAEELES. ABHEEN, x8
R AT A IntEint 2 [ARIM

/7. C@7:MapVsHashMap.cpp

f// The hash_map header is not part of the Standard C++ STL.
/f It is an extension that is only available as part of the
// 5GI STL (Included with the dmc distribution).

8 ENARERBERBCHNT -MRTkET .
@ W htp/fwwwasgi comitechsstl,
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/f You can add the header by hand for all of these:
Hr{-pbor}{-msc}{-g++}{-mwcc}

#include <hash_map>

#include <ipstiream>

#incluge <map>

#include <Ciime>

using namespace std;

int main{) {
hash_map<int, int> bm;
map<int. int> m;
clock_t ticks = clock();
for(int 1 = &; 1 < 186; i++)
for(int 7 = 9; § < 1088; j++)
m.insert(make_pair(j,3)):
cout << "map insértidéns: U << clock{) - ticks << epdl;
ticks = clock(}:
for(int i = @; i < 186; i++)
for{int Jj = 8. j < 1908; j++)
hm.insert{make_pair{j.j));
cout << "hash_map insertions: "
<< clock() - ficks << endl;
ticks = clock();
for(int i = B; 1 < 188; i++}
far(int j = 8; i < 108@; j++)
mtil:
cout << "map::operator{] lookups: "
<< clock{) - ticks << endl;
ticks = clock();
for{int i = 8; i < 188; i++)
for{int j = 8; j < 1088: j++)
hm[jl;
cout << "pash map::operater[] lookups: ™
<< clock() - ticks << endl;
ticks = clock();
far(int i = B; i < 108; i++)
for{int j = 06; j < 1808; j++)
m.find(j);
cout << "map::find{) lookups: "
<< ¢clock() - ticks << endl;
ticks = clock();
for¢int i = @; i < 100; i++)
for(int 7 = 8; j < 1888, j++)
hm.find(]j};
cout << "hash_map::find() lookups: "
<< clock() - ticks << endl;
Y A~

BB R RS ERNRGEF, ERARRIEhhash mapiiiEmapit i BEH x294:1
Fudcait (ifd Bst G B RUARTAREE, » TR rmapitfr &R, find()#fttoperator{ J#%
Prik). nfiprofiler g /it il Fmap A AERE R A RGANEI, WL [E4E Hhash_map.

715 JESTLE#R

FERRE PR “IESTL %5%: bitsetfivalarray. ©ZBiAF2Z% “fESTL”. RH
HE PR B MR STLA Bk, EA MMM Thitsets %, ¥ i
AT L AR FOR AL YRS SR AT B 4. valarray it —4-de-vectorfi & B

O HHELSENT, ELHERE Lvector<bool> ¥t B —AJESTLAK.
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R B ERROB BT ERT TR, IR ARSI, SRTULHIER{E K
Kok scfflitvalarray, {BR A — S TEEREE S IEORS A, thinsin, cos. tan
=3

XEA BT valarray R e EH T A

f/: CO7:PrintValarray.h
#ifndef PRINTVALARRAY_H
#define PRINTVALARRAY H
#include <valarray>
#include <iostream>
#include <cstddef>

template<class T»
vgid print{const char* ibl, const std::valarray<T>& a) {
std::cout << 1bl << *; ":
for(std::size_t i = B; 1 < a.size(}: ++i)
std::cout << a[i] <<
std::cout << std::endl;
}
#endif // PRINTVALARRAY_H ///:~

valarrayft k £ R EcHa B valarray fE 5 — M 86 RHT8E, REBETEOH
(8] BH g — %

/i CB7:Valarrayl.cpp {-bor}

f// Illustrates basic valarray functionality.
#include "PrintValarray.h"

using namespace std:

double f(double x) { return-Z.B *x - 1.8; %

int maind) {
double n[] = { 1.8, 2.8, 3.6, 4.8 };
valarray<double> vi{n, sizeof n / sizeof n[8]};
print{"v", v):
valarray<double> sh{v.shift(1));
print{"shift 1", sh);
valarray<double> acc{v + sh);
print("sum", acc);
valarray<double> trig(sin(v) + cos(acc));
print("trig", trig);
valarray<double> p{paw(v, 3.0}});
print("3rd power"”, p);
valarray<douhle> appi{v.apply{(f)}:
print("f{v}", app);

valarray<bhool> eq(v == app};

print("v == app?". eq);

double x = v.min();

douvble y = v.max();

double z = v.sum() ;

cout << "x =" << x << ",y =" <y
<< M, 7 =" << 7z << gndl;

Y A1

valarray2ef@ 8t 7 — 38 W%, A8 @ BT — A BiR R SR e i T
HEAARSER MG — N Fidgvalarray. &5 & #shift( )# &5 M valarray m &k &5
BB (3E, MREMBEREAGUENRASESD), HFARBETEBHEAPIEAEZ
REUEIAE (EXAAILTRO). BH—/ 6k A #feshift( ), ETHEHBE (REK
A ChEEET). ARFEREANRERET T ERUER R RIEvalarray, “H U ZEFE
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kvalarray B A HHER R DS K. Btransform( ) BaE—F, &A@ Kapply( )7t
BN ENH - ER, AR WES R valarray . X REEFKEE KL
ffivalarray<bool> L, ZLFBR T AESTERA M ROER, #Hinbaeq. X
EZHEBERR -FEREA, OUERLD, B TEMSAMER, Ky - -8R E—
#E, tbiammin ). max(). Fsum().

Mvalarrayr[ LA BB FHE LS AR 2N 4T, AOTURUEE. @
HA[PLEHx{E s . valarrayfd— T8R4 -0 A (slice), EEERAFERY A *
BEMT/E. TEEPBRFRER TR

fr CB7:valarrayZ.cpp {-bor}{-dmc}
/f Illustrates slices and masks.
#inctude "PrintValarray.h"

Using hamespace std:

int main{} {
int datall = {1, 2, 3, 4, 5, &, 7, 8, 9, 10, 11, 12 }:
valarray<int>» v{data, 12);
valarray<int> rl(v[slice(®. 4, 3)]);
print{"slice(®.4.33", rl);
/! Extract conditionally
valarray<int> r2{vfv > 6]):
print{"elements > 6", r2);:
/f Sqguare first column
v[slice(d, 4, 3)] *= valarray<int>(v[slice(@®, 4, 3)]1);
print{"after sguaring first coelumn" ., v):
// Restore it '
int idx[} = {1, 4, 7, 18 };
valarray<int» save{idx, 4):
v[stice(0, 4, 3} = save;
print("v restored”, v);
ff Extract a 2-d subset: { {1, 3. 5%, (7,9, 111} }
valarray<size_t> siz(2);

siz[B] = 2;
s1z[1] = 3.
valarray<size_t> gap{(2):
gap[9] = 6;
gap{l] = 2;

valtarray<int> r3(vigslice(®, siz. gap)l):

print("2-d slice", r3);

/f Extract a subset via a boolean mask {(bool elements)
valarray<bool> mask(false, 5);

mask[1l] = mask([2] = mask[4] = true;

valarray<int> rd{v[mask]);

print{"v[mask]", r4;y;

ff Extract a subset via an index mask (size t elements)
size_t idx2[] = { 2, 2, 3, & }:
valarray<size_t> mask2{idx2, 4);
valarray<int> r5{v[mask2]):
print("v[mask2]", rS):

// Use an index mask in assignment
valarray<char> text{"now is the time", 15);
valarray<char> caps("NITT", 4);
valarray<size t> idx3(4),;

idx3[8] = 8;
idx3[1] = 4:
idx3[2] = 7;
idx3[31 = 11:

text[idx3] = caps;
print{"capitalized™, text):
Yy M~
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—Aslicex RFHZINSY: BHFES. BRBRUTESHELR “BE", BIFEAH
ST E 2 MIMEE. A FLIAREAR 1B EvalarrayfE 51, HFHRIER—BE TH
R tENFIvalarray, thin—/{bool®#valarray, EEBFAXv>6RBIAE, W
LAEA 5 —4valarrayfu# 5| BBEA Struel JiEL BT REBHER IR, MEFHHI
e, R ATEAR Y MRS e A& s | HE -1 REREMN EL. —gslicedtR (BN “generalized
slice”, EAIA) BE—5, BT &HEASESER CIE AN, XBHE
LU — A-valarrayf@ B 40— 2 H A . FEHAMFEMvhIRER T — 23604, MviR TR
SAHOFITT RIS, BB TEA B r F1ENITER. Iy b3 S 7 & b i
BB A OB BRI — A8, XA E RO R T — M ERE:

135
7911

LA 23X AP - 52 8 5 U

slice(®.4,3): 1 4 7 19

elements > 6: 7 8§ 9 18

after squaring v: 1 2 316 5 6 49 8 9 100 11 12
v restored: 1 2 34 567 89 18 11 12

2-d slice: 1 3 57 911

v[mask]: 2 3 &

v[mask2]: 3 3 4 7

capitalized: N o w Is Th e Time

FEHERE S b T — A G VT B R SR B . % T RO S 05 5 A 0 i
FRFERT R B .

void matmult{const int aI][HAXCULS], size t m, size t n,
const int bi}{MAXCOL5], size_t p, size_t q.
int resulti] [MAXCOLS):

EA BB — T mEnfEEall— A pRaPEFEDER, X EnFIpl NiE% . RigiEE
WLABEIN, &R T2 Gvalarrayiliie, LACHENERENE2ERERRE, FAH%EA
TR EIERRRE TR (BER). WAWRRRTEER -8R 5E, BEkiam
HRE B —TEREEEAS .

fEAlvalarray, 7 {XETEAfE3 8 ADRER:, TEFTEAZ Bib b B4R 3 R A4ERS
FAALEENLTREMNER. KERHFRXNT xR

fi: CO7:MatrixMultiply.cpp

/¢ Uses valarray to multiply matrices
#include <cassert>

#include <cstddef>

#include <cmath>

#include <icstream>

#include <iomanip>

#include <valarray>

using namespace std;

/! Prints a valarray as a square matrix
template<class T»
void printMatrix(const valarray<T»>& a, size_t n) {
size_t siz = n*n;
assert(siz <= a.size(}):
for(size_t 1 = 8; i < s5iz; ++i) {
cout << setw{5) << a[{].;
cout =< {(i+1)%n 2 " ' : '\n');
}
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cout << endl;

}

// Multiplies compatible matrices in valarrays
template<class T»
valarray<T>
matmult{const valarray<T>& a, size_t arows, size_t acols,
const valarray<T>& b, size_t brows, size_ t bcols) {
assert(acols == brows);
valartay<T> result{arows * bcols):
for(size_t 1 = B8: 1 < arows; ++i)
for(size_t j = 8; 1 < bcols; ++j) {
/f Take dot product of row afil and cot b[j]
vaiarray<T> row = a[slice{acols*i, acels, 1)];
valarray<T> col = b[slice(j. brows, bcols)];
result[i*bcols + j] = {(row * col).sum{];
}
return result;

}

int main{) {
const int n o= 3;
int adata[n*nl = {1,0,-1,2,2.-3,3.4.8};
int bdata[n*n] = {3,4.-1,1,-3,8.-1,1,2};
valarray<int> a{adata, n*n};
vatarray<int> b(bdata. n*n);
valarray<int> c(matmult{a, n, 0, b, n, n});
printMatrix(c, n);
Y A i~

R e, §- & BREPRE- -7 5bhirE SRR, BFERDN. &
LAt eefrnd it dvalarrayiZ [RH K, HE A2 B zREFfovalarrayf it fysum( )
BT . AR valarray7EiEiTi T HE; BE L EEOBARRE
P& fEXEAXFE AT RECEAIGIOLERER (L LEPAKI * beols + ), {42
BT 8 i valarrayf o NS, BRERM.

7.16 &k

FEAEMONARXRKEELHEREE LRAMTESTLA S . REAS TRRAEX ERBSTLHIMN
BT, RERELTHRTEBOEER, FeERANRFEPEAESMER. RNFREL
X— B BIRE ST 2R HhRE, B8 T EBEREMiE ASTLRER L. i E
SRR S R b R

717 43

7-1 flE—/set<char>, ITH - (XL ERSTHEN), BRMAZEPEA—
char, B charig NiZESP. ITINERFRBRAEN. BT EXHBHNT
Hh R EE AN TR

7-2 A3 NoisyMZ)F7], vector. dequefilist. M EiIHTHAF. HEEE 1Rk
Bt . #Edvectorindeque FH{E4 B Bk A ENETHET . HICFK THEFONR. 4R
L— LR S A B st T RIAE R 8 (WR AR A Rsort( )i A3 i
MBH). HEREHEYFFIERE.

7-3 HB— B HEE S I flist: :sort( L4 K std::sort( ) (STLRE K AAsort())

347
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7-4

7-5
7-6
7-7

7-8

7-9

7-10
7-11

7-12
7-13

7-14

7-15

HEERETHEFREE.
G- AZEHBCATA0H20 (21F20) 2 MMEALIintRE, AENHEE—4
multiset<int>, HEMELIAARETF7iH%, 5B HEMultiSetWord
Count.cppr# it Hik.
&k StIShape.cpp. il‘&Hldequehif fAvector,
ZtReversible.cpp. {#H 5dequefllist—E T fEMiEvector.
{E il —A-stack<int> 30 A% (Fibonacei) ¥FIFGERE Y. BEFEO& ST %S
AR AR AR T RN, REE AU EERTRGR TREEHITE
RITEHN, MRFITREFATILE, WESFERERBRDEA— T & BRI
FIRI L.
{EF3/-stack (R#R (source). HeA& (sorted) FIX WA (losers)), BT H LN
HECERRE L, R THAREEFFHT. B A LR TER_REXRNY, &
HEAMAH. HRERFERPRCERHESHEA R DPPRTTER]SE. TRB/ME
B, BT A Kt R EA R 3., — LR A, (FHEREH
EABREHEEILIE, HAERAEREARKE H, YHANEFHLSHTFA LA
AR (HEAR) LDUS, BiEER
FIH--A X, EasSfThRIEEFa. 8—kAHEDiEA— 8RR, HER
multiset<string> 4 &~ B iR flE — A8 idit&.
ZE%WordCount.cpp. {#}H:{f Hinsert( )ifijkoperator[ 1rmap i ALE.
G A —~-operator< 1 -J-ostream& operator<< f)— 2%, EENIELES—
THAREENE. HEZEUE—-TRER. HESEMAMNAERCEAK. Hizk
R AR BUATE — P priority__quene, SRERHTEHRE SR % B F #0I5
FHEFI.
E TRing.cpp, FHA—4dequerfiiklist{E 53 K E K.
&k Ring.cpp, FHERZHLUEITERZHARITER. (BIMER SN
ffi3% blist. ) - -
Sl —-& hBitBucketfik 28 2, BIBUREXHEMTRI AEREHEA, HAL
R EH{EMHe Y . '
G —H “SHIET RBERRA. A8, BBREES—AcharBg AW — M 55X
charMe AT LW BEPHbool BB R. M— N iEhHENERE R, #8
FHIRAH P RIF RN vector, EFMIFE A --MEF0NRBEMN, CEREMZE,
Bk ERRRET, HRBPHNTFHFER TSR, £iFs A Remns i
R K. B8 —&BMNZENEER]L, AZEINETZATMREP TLHEE,
A R ' ’ .
TH A, HELBEA-ATHS. FiZEMEER2A - FHFBKstring
stream. FFRISTT R Tokenlterator A% 7% # fistringstreamif A 477 3
FHEHFEAHLlist<string>h,
He§2 5y 9% Fvector., dequedlistLHistackiyf:at.
QI — A AL — A £ bSListf i gi R . IRHEM IS @S, begin( ) Fflend()
R GEad & MM EEERE ), insert(). erase( Pk s® .
AL ERSS, BEMEA—TIintBHEH. AEASRDEE—5
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valarray<int>. Hivalarray{ﬁ{"ﬁHﬁi‘z@ﬁ$}$§ﬂﬂ’»ﬁ-‘ﬂ wm/AME. BoRlE. FEE
AEFFIIE P e ENE.

7-20 H124-BEPLVE R -~/ valarray<int>, Jﬂzﬂf‘-ﬁﬁﬁuﬁﬁu@% ~Avalarray<int>,
W Avalarvay BB N —43 < 4F0IntBMERE, F2NEEBRH4 < SHUImt B, H-HAR
PR RIEM M AT I HERRFEXNALHvalarray<int>ct, BFRTR—

A3 x SO RAERE . (DR B LB RIAT S SR 2 ERERI I . WA RLLKR
BRI R AT EN 3k

AL g — L ———
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Few niThIAAIR R

HAH AR A AR R AN, A REFFRPRA (RTTD) T liks)—
At g ey A AT,

BT RARB T RREIAARCHF—A “RE” WHHE, HBF AR BRRRAIEY R
it , TAELCREMMBEHRN. EFHRT, BFATEARZRRDERREY, @
FIF R e BAL A R BAPA- R B ER R IET R . 2, B —AEE it &g
BITEATHAN (NELRRENEY) BIRFHN. HTRES, BRTLIEA BT Lk
BRAEUAERNE, BT EREOBETILE LR ESEM. KBoNRERFAS TERY, LME™
AERBENETHEREER. MECHIEINT RALEN, X MHEREEXNREETHANNEE,
B, BAE R BNTFBRE T -~ P LHEEGRES . FEERERTTIORZmAERE.

8.1 BITHHEA%ER

ST it H et 5 | I Bl 3§z AT 2 AR — B B G647 B & M 4648 (runtime cast),
PR 2 T DA VE s T T R ML E TR 5575 . 24 TR SR b SRS M D Wt 2R | 3

MERIEREM. BTaANRRERNRMEREERARERD b, BT kb,
bW T AU (downcast),

IR TR E k.
Security
4
I ]
Stock Investment Bond

T

Metal

ETHAERFRES, Investment4 —/A-H iR H IR RIE, FUleBES
i Securityf{5$t £ 4 51 Al TInvestment X R BEEM . H TR EITHAYR TR
B, BOREHA-TBBESRT, LUEWLLS Bksoh bR 9T k.

/7. CBB:CheckedCast.cpp

/! Checks casts at runtime.
#include <iostream=>
#include =zvector:

#include ". . /purge.nh”
using namespace std;

class Security {
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protected:
enum { BASEID = 0 };
public:
virtual ~Security(} {}
virtual bool isA{int id} { return (id == BASEID); }
Yi

class Stock @ public Security {
typedef Security Super;
protected:
enum { OFFSET = 1, TYPEID = BASEID + QFFSET };
public:
bool isA(int id) {
return id == TYPEID || Super::isA{id};
}
static Stock® dynacast(Security* s) {
return (s->isA(TYPEID)} ? static_cast<Stock*»(s) : 8;
H .

b

class Bond : public Security {
typedef Security Super:
protected:
enum { QOFFSET = 2, TYPEID = BASEID + QFFSET }:
public:
boel isA(int did) {
return id == TYPEID || Super::isA{id);
H
static Bond* dynacast{Security* s) {
return (s->isA(TYPEID)) ? static_cast<Bond*=>(s) : 8;
H
}:

class Investment : public Security [
typedef Security Super;
protected: ' '
enum { OFFSET = 3, TYPEID = BASEID + OFFSET };
public:
beol isA{int {d} {
return id == TYPEID || Super::isA(id);
1
static Investment* dynacast{Security* s3 {
return (s->isA{TYPEID}) ?
static_cast<Investment*»>(s) : 8;
}
void special() {
cout << "special Investment function” << andl;
}
3

class Metal : public Investment {

typedef Investment Super;
protected:

enum { QFFSET = 4, TYPEID = BASEID + QFFSET }.
public:

bool isA(int id} {

return id == TYPEID }|j Super::isA(id};
}

static Metal® dynacast(Security* s) {

return (s->isA(TYPEID)) ¥ static_cast<Metal*>(s) : 9.

H
N
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int main() {
vectar<Security*> portfolio;
porifolic.push_back{new Metal};
portfolic. push_back {(new Investment);
portfolio.push_back(new Bond);
portfolio.push_back{new Stock);
for (vector<Security*>::iterator it = portfolio.begin();

it 1= portfolic.end();: ++it) {
Investment* ¢cm = Investment::dynacast(*it);
if{cm)
cm->special(};
else
cout << "not an Investment” << endl;

}

cout << "cast from intermediate peinter:" << endl;
Security* sp = new Metal,

Investment® cp = Investiment::dynacast{sp),

if{cp) cout << " Ht's an Investment" << endl;
Hetal* mp = Metal::dynacastisp);
ifimp) cout << " it's a Metal too!" << endl:
purge(portfoliao);

Y AfF -

ZHRPHSA()FHEEEHZR AT SENRARE K (id) HE, REKEIFIdSHER
typelDAEFIRICEL, & SH AL Z MR RE (EEXHER TiHFASuper::
isA()). F¥dynacast( YEEG LT EREMER, dynacast( ) A4S ARIsA()
REFERVHMZCHA. MFisA( JREtroe, NHARDEHE AN, HHEELER
BRI FEGAGE. TUHRRE =, XEIFAHEEFRNERTLE, BhERWREGHENY
FERELD (WHRBIRER) MRS, 3 TEEERE D ERRA SR B, X FL
filse 2w me, PG TR, A—MER— Metaldt & fUSecurity 4 Bl {5
&, i&HchInvestmentd§sf, ©

Ew RN RERFT, BARERE RN BT RH > RE, RS8R Fx
B TRAEEREALEN, HAELROBRFRTFHREME. B, S TRELE. %
REMEEANSER IR T ERFRY, EAFRESRERUEBMERIRIEETEEMN. 58
dynamic_castiRfEff. C++B#IIXB—RIRERRTES. #Hdynamic_cast i
IRFHFHITES, REIITIHAES:

//: CB8:%ecurity.h

#ifndef SECURITY_H

#define SECURITY_H
#include <iostream»

class Security {

public:

virtual ~Security() {}
1.

class Stock @ public Security {};
class Bond : public Security {};

class [nvestment : public Security {
pualic:
void special() {

© fEERANRIES, RMNLFBRARTIL ERMFETZERERIN. FRHER&STERE/GR,
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std::cout << "special Investment function” <<std::endl:
1
b

class Hetal : public Investment {}:
#endif // SECURITY_H /// .~

/1 CO8:CheckedCast?.cpp

// Uses RTTI's dynamic_cast.
#include <vector>

#include " ., /purge.h"
#include "Security.h"

using namespace std;

int main{} {
vector<Security*> portfoliec;
portfolio.push_back(new Metal};
portfolio.push_back(new Investment);
pertfelic.push_back({new Bond);
portfolio.push_back{new Stock):
for(vector<Security*>::iterator it =
portfolioa.begin();
it !'= portfolio.end{); ++it) {
Investment* cm = dynamic_cast<Investment*>{*it);
if{cm)
cm->special();
else
cout << "not a Investment” << endl;
}
cout << "cast from ittermediate pointer:” << endl;
Security®* sp = new Metal; _
Investment* cp = dynamic_cast<Investment*>(sp):

iflcp) cout << " it's an Investment®™ << andl;
Metal* mp = cynamic_cast<«Metal*>(sp);
if{mp) cout << " it's a Metal too!” << endl;
purge(portfolio);

Y 4~

AT ERATFP A ORBISEHETREEEEE &, FLUX A TaSAnt > 45.
MFEHAL BRI HIC+H+ R R (static_castiF) —#¢, dynamic_casti) Hx 25
RS, HHERMNRIBAERM T ANE. nREER A T TRR N,
dynamic_castEK{E B3t R ALK $ 54 (polymorphic), ®XBMER TR MBIMEE
PH--TEER . EahUR, Security##H A EHMENR, FLOXEAEEEM®R 4
BSMIRABEMOXIALE. B Ahdynamic_castERFSHFHER T REKE. FHUHE]

e TR 6 2K U R B PR T RO RN S

RS EE e ERE L FAidynamic_cast, {HR M FHA 25| Bl .
X ER ok TRERHBR G AN, X0 ‘B fiiiikbad_castRi%,

20T By

/7. C@8:CatchBadCast.cpp
#include <typeinfo>
#include “Security.h"
Using namespace stad;

int main{) {
Metal m:

©  HIFES MR — R R — I IRTTIR M A4 AR AR AR R D
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Security& s = m;
try {
Investment& ¢ = dynamic_cast<Investment&>(s);
cout << "It's an Investment" << endl:
} catchibad cast&) {
cout << "s is not an Investment type" << endl;
K
try {
Bondg& b = dynamic_cast<Bond&>(s);
cout << "I{'s a Bopd" << endl;
} catchi(bad cast&) {
cout << "It's not a Bond type" << endl;
}
| T

bad_cast®7{r <typeinfo>L it L, H BdRERDX 20 —8, Estdr
72 il Y.

8.2 typeid 2{EFF

RBAELX I HRETHELNE —1F, ERtypeidBEFRER. XHERIER
BB —/-type_infoRihx %, EMRED SHEMAEROMEARMER. AREARAIA
R E &N, BHSHIANER (154% (dynamic type)) KIS RAEERFLE; &, &
W HEERMER. typeldﬁf'ﬁﬂﬁ‘j=f‘ﬁi:$;%zif%—‘f‘ﬂﬁﬂﬁz¢%E%lsﬂlér‘]ﬁﬁ: Bl 4n
const char*, R{&7E A THRILIERN.

/f CBB:Typelnfo.cpp

/f Illustrates the typeid operator
#include <iostream>

#include <typeinfo>

using namespace std:

struct PolyBase { virtual ~PolyBase() {} };
struct PolyDer : PolyBase { PolyDer(} {} }:
struct NonPolyBase {};

struct NonPolyDer : NonPolyBase { NonPolyDer(int} {} }.

int main{) {
{f Test polymerphic Types
const PolyDer pd;
const PolyBase* ppb = &pd;
cout << typeid(ppb).name() << endl;
cout << typeid(*ppb).name(} << endl;
cout << boolalpha << (typeid(*ppb) == typeid{pd}}
<< endl;
cout << (typeid(PolyDer) == typeid(const PolyDer})
<< endl;
/¢ Test non-palymorphic Types
const NonPolyDer npd{l]:
tonst NonPolyBase* nppb = &npd:
cout << typeid(nppb).name(} << endl;
cout << typeid(*nppb).name(} << endl;
cout << (typeid(*nppb) == typeid{npd)} << endl.
// Test a built-in type
int 1i:
cout << typeid(i}.name() << endl;
Y} S~

BAEH — A E SR SRR RS H A
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struct PglyBase const *

struct PolyDer

irue

trye

struct NonPolyBase const =

struct NonPolyBase

false

int

B hppbit— A%, B BRE TR IR ERR. A TEEFTEARTTING R,
HRAEREESIHBRM &, XEFTPRY. FEEEAWL, RTTIZEE T E const
fivolatitef . fFRPIELARRA, FEHF TLRRHERT (BHSe A SIUXR). Emik
HER, XPhEHANERTY.

e BHVEE W iH AR oA S 3 B AR LR RAE, FrL EEtype_infoXf b Ak
fiftypeldiBEME R, BARESSHEROIAERERE. B, Bidtype_info::
name( BE B LERFH KB TRIES. fn, T P00, BieaiER Knpi
TR “class C7 MARTFHE “C7. typeid i BRI - g5~ RIERB &5
&—/bad _typeid RE s (IR Hthe L <typeinfo>H ),

T+ B or htype__info:iname( ;2B IR 4 B L2REN.

F4: CBB:RTTlandNesting.cpp
#include <iostream>
#include <typeinfo>
using namespace std:

class One {

class Nested {};

Nested* n;
public:
One() : n(new Nested) {}
~0ne() { delete n; }
Nested* nested() { return n; }
}:

int main{) {
One o

cout << typeid(*o.nested()) . name() << endl;
Y AP~

H A Nested Z2Onedif)— /B F%E, FLIE RREOne::Nested.

FELBLELH “BENF (IXER A RHEFRD) &, hiTL Abefore(type_info&)
wiE—type_infod REGE S -~ Mype_infoxt R 2 8. HiREE btruekfalse, 45
FRG

if(typeid(me) . before(typeid{you))) /7 ...
W, BORIRE Y AT REBEAF T, meREffyourii. wRittype_infortREAX@ %
SHEIRA ALK
8.2.1 YFEHPrhER AT

RREEEFTEA [ Securityk Bk &SP AT ERR, dynamic_castR{LiE%
BLHETRHI R, - BEetE £ BRadb R RGP R RIEb R ERY. Tk s —AFF.

//: (98:IntermediateCast.cpp
#include <cassert>
#include <typeinfo>
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using namespace std;

class Bl [

public:

virtual ~B1(Y {}
3

¢lass B2 {

public:

virtual ~B2(} {}
¥

¢lass MI : public Bl, public B2 {}:
class Mi2 :© public MI {};

irt main{} {
B2* b2 = new MiZ;
Mi2* mi2 = dynamic_cast<Mi2*>(b2}:
MI* mi = dynamic_cast<MI*>{b2);
B1l* bl = dynamic_cast<Bl*>(bZ};
assert(typeid(b2) != typeid(MiZ*)):
assert{typeid(b2) == typeid(B2*}).
delete bh2:

YA~

BABTHE T EHRNRE OGN (EAZSEHHE MBEIEELEAHELHL
£ BHAN ). RO — A Miza QIR T L3R B gk Bk mRTH (i
BT . EEEMAATRERMR P R — A ), WLART HifEdynamic_cast BB BEH N RAE B
MIgMi2 e [ Ef] -4~ |

#HERALUA—RE 5 - T B

BL* bl = dynamic_cast<Bl*>(b2):

XM, EAB23;kE ERgE — A Mi2dt g, EMizxREE 1Bl T &,

BEVEHBPREHEA, Fdynamic_castfitypeid i HE Zimr&: - FBMHER.
typeidB1ETT4488 PR 5 ) B S fUtype__infoR S5 | A, BH#IRIZH R0z ERYN. B
e, typeidB{EMARAHFRIBHRPLUEL., ETEHHRBIRF (FRitrue), K
dynamic_cast—#§, typeidif#fifiba X Eigm iR 2a0H5E]

typeid(b2) = typeid(Mi2*)

b2y 8 KAt Rt a8
typeid{b2) == typeid(B2Z*)

822 voidBiE§t

RTTHR (A5 BRI TR, Xk L Atypeidit, FTEMZME B LHR TH
. FE, BARESvoid¥iRH R TIE:

Fio COB:NVoidRTTI . cpp

/4 RTTI & void pointers.
F/A1include <ipstreams>
#include <typeinfo>»
using namespace std;

class Stimpy {
public:
virtual void happy() {}
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virtual void joy()} {}
virtual ~Stimpy() {}

b

int main{) {
void* v = new Stimpy.
// Error:

47 Stimpy* s = dynamic_cast<Stimpy*>{v);
/f Error:

/41 cout << typeid(*v).name(} << endl;

Yy LSS~

—Avold* A RMBF L “THRUER". ©
8.2.3 ZREHEEMRTT

Eh B R MR M T/E SR P R, IR R TR BRITI—E LIE.
RTTUREE T —4 B ERIE R RN SRR AR, T RAREETE 8 R R f
ST FE W

fF CRE:ConstructorOrder.cpp
// Order of constructor calls.
#include <igstream>

#include <typeinfo>

using namespace 5td,;

template<int id> class Announce {
public:
Announce{} {
cout << typeid{*this).name(} << " constructer” << endl;
}
~Announce () {
cout << typeid{*this).name(} << " destructor” <= endl;
}
¥

class X : public Announce<@> {
Announce<l> ml;
Announce<2> m:
public:
X() { cout << "X:iiX()" << endl: }
~N() { cout << "X::~X(}" << endl; }
b

int main{) { X x; } /f7 i~

XAV — /- intg BiE - AR X E o7, BELTERANENR. EAERE
AT RSN, RTTUE BRI A . XXFIASRMASHEI AR 1K, X
A7 —AF R K R EORAT 9 R BT RN . Hitian T

Announce<B> constructor
Announce<l» <onstructior
Annoyunce<2> constructer
X:ix{)

Xii=X{)

Announce<?2> gestructor
Announce<l> destructor
Announce<@> destructor

S  dynamic_cast<void*> BSR4 HNTAMHET AL T FH M. EEOERE FMILIRL—A.
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Wk, FRERBIFEMOHHER, XRETHRESNAEREHname( )58,
8.3 HEMAK

RTTIHL &I 420 IEHRib AL 8 £ WARAIAT G G At SR E ¥ virtual (ETEEARRH
fritie— T RORE 2, BEUTFRERRE kEEFTRINE):

/7 CB8:RTTIandMultipleInheritance.cpp

#include <iostream>

#include <typeinfo>
using namespace std:

class BE {

public:

virtual void f() {}
virtual ~BB{) {}

¥

c¢lass Bl : virtual public BB {};
class B2 : wvirtual public BB {};
class MI @ public Bl, public B2 {};

int maind{} {

BE* bbp = new MI; // Upcast

/f Proper name detection:

cout << typeid{*bbp).name() << endl:

// Dynamic_cast works properly:

MI* mip = dynamic_cast<MI*>(bhp);:

/4 Can't force old-style cast:
/71 MI* mip2 = (NI*)bbp: // Compile error
Y A=

typeid( )EIFFR EMlbRMH KRN RPAT, HEEREBvirtual 2455 K2R Z
TEFH, dynamic_casth ERsh ey LIE. (HRbk L, KRIFSALGRFARLIAAOH
5 2R e HlETT R B R

ML* mip = (MI*)bbp; // Compile-time error

WIFRAEXHEEAR TR G, HRFERR A EAdynamic_cast.
84 SHE{ERRTTI

B HRTTISE — P E A E AR £ AR D RBIENER. wEERESRAE. B
EFSERERYGETEERMABEZA, EARTTIRAR. ¥ THEEIRLERT RN
AFR, FHRFALARswitchiZAMBEARREAER . EBHRTTHRAFTLAZRXMESR,
BiXFgHa T E£EMERDARMAFTRPVEEME. C++HHRRER ZRE RN
£ B IR, e MR ARTTL.

Shitn, (A 0% BHVBIRY 7 EBA, Bk BIIMAERE LKIETIR, BAERRY
SRR ERT, TRARAELTEHDERIIMTEENERE. WREIRRA I EREH
BN, XFRTTIgR — MR IZAERTR; FTLARE—DEFE, HARMEIIEED
RARE. ARFAGHKARRY, TUEEBBRILE TR, FHLBRTEHRRAEK.
EHBRAEHLEESEMEFNT RED ., BARNXE-AFLAELTREERFAE
switchiffy. #ifi, ATEEEFEHE P EMATOFRE DN, WARERRTTURE
HIZAFEMIREL
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AR R 2T AL 2R I A R e 28 b BOE SRR . X RUOE AR A iR A 1Y :
AFFE R F R BA - N EREMBERTXEELEUMARN. XEEEOENELRE  [S6S
B, R ERA AT 25 A AR R BT AL R A, X RIRA A SRANAY.

BfE—al, RTTIAM TLARARRGE. MR RNETEERSH T 2488, A2E403
RAELL RN A RATX A By, a2t k, #RARTTI, HiEdAHH
2% 5 DU AR SR AR B

VR X

ATEH—DPHREFREURTTIEERS, TEMBEFREUT —AERFES. RRFK
A “hRT AR —EET . RERE NSRS K.

ff: COB:Trash.h
/! Describing trash.
#ifndef TRASH_H
#define TRASH_H
#include <igstream>

class Trash {
float _weight;
public:
Trash(float wt) : _weight{wt) {}
virtual flecat value() const = 9;
float weight() const { return _weight; }
virtual ~Trash{}) {
std::cout << "~Trash()" << std::endl;
)
3

ctass Aluminum : publi¢ Trash {
static float val;

public:
Aluminum{float wt} : Trashi{wt) {}
float value() const { return val; }
static void value{flcat newval) {

val = newval;

}

}

class Paper : public Trash {
static float val;

public:
Paper(float wt) : Trash(wt) {}
float value() ¢const { return val; }
static void value{float newval) {

val = newval;

H

}:

class Glass : public Trash {
static float val;

public:
Glass(float wt) : Trashiwt) {}
float value() const { return val:; }
static void value(float newval) {

val = newval;

}

1

gendit // TRASH H /7//:~
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//: CB8:Trash.cpp {0}
/7 A Trash Recycler.
#include 'Trash.h”

float Aluminum::val = 1.B7;
float Paper::val = 0.18;
float Glass::val = 8.23;

Hif~

sumValue( JIHF LB R 1B TR, Bt

/. COB:Recycle. cpp
/f{L} Trash

/4 A Trash Recycler.
#include <cstdlib>
#include <ctime>
#inciude <ipstream>
#include <typeinfo>
#include <vector:
#include "Trash.h"
#include “../purge.h”
using namespace std;

/7 Sums up the value of the Trash in a bin:
template<class Container>
void sumfalue{Container& bin, ostream& ¢s) {
typename Container::iterator tally = bin.bégin{);
float val = @:
whilei(tally !'= bin.end()) {
val += (*tally)->weight() * (*tally)->value{);
05 << "weight of " << typeid(**tally).name()

<< " =" << (*tally)->weight() << endl;
++tally:

}

05 << "Total value = " << yal << endl;
}

int main{) { :
srand(time(8)); // Seed the random number generator
vector<Trash*> hin;
£/ Fill up the Trash bin:
for{int i = 0; i < 30; i++)
switch(rand() % 3> {
case 0 :
bin.push_back{new Aluminum{(rand{) % 1866)}/16.8));
break:
case 1 :
bin.push_back(new Paper({rand() % 1800)/18.4)):
break;
case 2
bin.push_back(new Glass({rand{) % 10808)/18.8));
break;

} :
// Note: bins hold exact type of object, not base type:
vector<Glass*> glassBin;
vector<Paper*> paperBin:
vector<Aluminum*> alumBin:
vector<Trash*>,:iterator sorter = bin.begin();

/7 Sort the Trash:

while{sorter != bin.end()) {
Aluminum* ap = dynamic_cast<Aluminum*> (*sorter);
Paper* pp = dynamic_cast<Paper*>(*sorter):
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Glass* gp = dynamic_cast<Glass*>(*so