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ERBE MBAM— (STL BAHH 5l I

SERA DEAR

— {STL JZIB8I47 ) SITT

5% C+oRHEER EEMHA A, STL GREREE) R - ITE AASE,
AR EFHiE SHEE NN EESE (framework) . “EE” XM, £HH%
HEK. B2, ZRMATRURYL. RWER, NRA-TTHIERNRY, Ak
~AER. BE. REM TP RAKERE. BEHRETRER0ABNE, BEHEX
B RATAR STL 1 1994 5 A Crint, HRRARMASMRDH CrntEZR 4 F
A EARTE, 82 EME ERGE. T4 STL AMUA TR CER BB
B#EM, i AEMRENERIE, B -TEE, -MER. E5--TRIFER,
STL FFEBMmRTY, SEAUR R B8, REAENEGEERirek, €
Z2EHMRESEE.

¥ JHBPHATEE, FiL. 3F 2 ARNRRRKTHES. BRI, 1L
B, A AERE. AREE. HARE. RARE. BEEFAEIATRMZ
., ERFEREE T, 2RRB2N, RAKEZRE, GHik. BE. R, WA
PEHAGMBLRBRENER. SIREM STL XHERATHBNER, Tkl
KT R SRERB KU RNK, TEEAR IETRRTRENE, B4-X,
ST T — 0 fevector- B H<algorithm>19 k2, BT STL BEHRERIRE.
# o BH AR AEE. WB “under thehood” , SEMARWMIKE, FEWR, X
WREE, ERESSORLEEE, LECHBRNETABERNRS, THER,
2 — AR RE TG

Fit, SHPESTL AW, SNREHARE. STLAESNEGER, AR
FAEREFAAEREEAL, RRELHSEERNAFEANERGR, RiZY
HEREESE, B Cra BB RRREM B, RIERTTERE,
WF A lENSE I ERE, BE- AR W) T LighEREEL. FRL
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KRR, iF i MU RS AnL, YIREHET STLRBWRMZ B, AFses -
HERHRERIERTHON &, FAEABLER -2k “WRAH-FH,
BREEMS IR RPN, AREMMLE, B3 7 R, FidLaEe BT, EiRE, FHR
R IR STL B4%, Wam s 7

HEKKH STLEFRER, — "BE WCHBFR, BPaA—-HRE. 5
ACSTL Il LR, WA T KEHRE, BIRE TrREWEM, FJEmRlE, EET
RO, G & 20 Matt Avstern B €Generic Programming and STLY , Nicolai Josuttis
() {The C++ Standard Library} , Scott Meyers B {Effective STLY , B C++H2 B ZF,
R, ENESISEAEET STL BEAMMEE, LIRRRAERA. £HE, BEE
BRBAL, B RS, ThHrESR MM, CEERE AR, AR
Wi, RANEREAME ZES, ERATHERTEREANS, HRAMER
FIF HIR.

BT XA (STLEWMID 26, AR, X TERETHEILT!

FHNEEREEEREAHRRENES T HAEE, & C++. Windows R4
B, ZEESH STL SHASREREMER. AW, FEERSAREZL, it
MR EHAAE N, FHERH AR, REEMEEERRLIATITRESES, B
Eh, BREOWE, HRRE, FEAK, BF LRLK- R EARBR LA E,
SEHY, Hit BEMT, SEME. T - RENEREREREE. XFMETS,
RUNECEEARAERS, BEESRER! EANEE GRAKL MFCY 7,
PG A OO I R IEMBE, WERA (STL EBAD ., KNEE
TX—-WEINEER RN

RENSENKER AR MEE 2 —, HIBETREENZE STL %8, W
GEET RS AN, BEG— & BRERARIIA REXR, Rl
BECENAEE S, BT R R T R G0 & STL BT R EE.

%, EHHEY, TEEE. STLR My, BMASHLHEs. & TN
B SGISTL, ALLKRIHRS Y. BERKE. HARERE. AF&E/ 0 STL XH
TGsk MY E STL 240 Alex Stepanov, [LR& Matt Austern, David Musser %E
KZ EMARESR, HNEREXARLEEEREANOS. RO T
SHARE, BRESIGESENN, REERABEHEHEN. M, X0k
MY, B EABY, REMELGILIHESY, FRAEE STL HHETEDER.
SRS, KA ANED, FENRE HAMNEERLE, FALITER,
BEEH.
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EREEE ABAM— (STL FERLSATY 3l 1

HK, BRegimr, HEMFR R, (E0 AATH R G0HE STL AT, i
HER— MR, MR REDEL BN, -TREESNHTERBEEE
B SAE allocator MAEFTA A2 ATHHA. BEALE, wlocator XA, X —REEH#A
TERR, FFERAHEAFALE, UMETEELF (The C++ Standard Libaray} ', Nicolai
Josuttis 43X -HHHEL RS . BANLE, MK TENESERRLE? &
—FHETERAERM. HFEk, HESH YR STL KK, 7&K, HOIERE
B R AT LA allocator REAE, A—HEHE STLMTAREE, RERBCYRESTL
FITOEE, WIXTT allocator BB ILFRE — B AN, KT H alocator, WAIEHHTL
B, TROE, R4S, RREERRE, YERRERIL RSN, Bk
2 TERELHE. ERENESH itcator & traits, EA STL HHELRETRER
#, Skrhde, EREE, SES, FiRH2, ER0HEM ST NPAXTIRETL.
pE—T, EEHESE, RTLANRERITE STL HEEXE. iR A EREE
£, BENFIREDLES. REENEMLE, XERARTFE!

HAh, APEHAR AR L, #HEYS, TETMEREL. THSCISTLHE
HHEE, HERM CH+ERMEA I STL M T ARMY T, M T & AKEA allocator,
LR E R Z A B A rope, BLEER slist, LIRTREMAT hash BREH, B0 L STL
KERAREEM2 0, BRALHESTL. BERENES, BAHE-LBEZ0,
KA NS EANBERE. ATEGERE Fi 3 EOERETRS, TRRINEY
SRRIEEAETE, REMEEER STL RS %, NEADTRAEEHLA, B
FHHME SRR, BrhlAR B, BHA AR YERASMERLY. B--0H,
FHESINER, EEMETHE, B, REHKT, FAREFEEE, AWM.
Hi, — BEmige, ShgREES - RENAE-EEE, HEYE, -BTH
ERTABY, K- AW TREEENEIRE, FEERNEL

BE &, ABETAREEARBRANSEFDE, ERKEFIRERLE,
BATIEX - SHERE, BREFABMEEHERE, MFRIZF, FINR
—EIEEAE A, STL ZFUNAR R AR, BT HEERAZN, RANAR
BCTE. TRE%N, AEEEEELRNLENE. B EFR, WRIERM
BEEREN, ATLREISES, MRGRERAEFY, KULIALERATH
%,Eﬁﬁﬁmﬂu$mﬁﬁﬁwﬁm@%$,ﬁﬁﬁ%ﬂﬁ%imﬁﬁﬁ@ﬁ%&,
%W,M%%Kﬁﬁﬁ%ﬁﬁﬁ&%%ﬂﬂﬁ,$ﬂ%ﬁﬁ%ﬁ5ﬁ%ﬁ§$ﬁ%,%
ﬁ%%%%ﬁﬁ‘?ﬁﬁﬁ%ﬁﬁlWELWE%%Q@E%WW?%W¢%%,W%
%%aH%ZT,$ﬁﬁ#ﬁ%ﬂﬂﬁﬁ&ﬁﬁ%=ﬁ%.ﬂ@ﬁ%ﬁﬁ%%ﬂﬁﬁ—
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\% STL JERG&IH

FHEEN-F, SLRHA-- KRN INERE RN DA O -BRT
B, EARERYRANSEETE, RETLEE LRk, BT 80E
AEEZES ARNRBEAT . BIBHE GiEE, BAEHS B0 — 95 @5 E B
T8, FEMBENOMER, WENERZENELER, DITREHBRIISMNK
Fl. REXFETN SEAENEFREICERBH A AH L L HREE, AETR
FHEEREIFIF. ELAERBIE, RNEFLRFTS (Effective C++ T
Bt HPE -ERERAZEF BN IRIFE, PRE MRRNIHTE:

KAAE KR B EE + HiFE
adapter it A 4% Ao
argument %E (EHEH) 514
by reference k&% fhht &k
by value 2l %{E
dereference | RS HL.HEF g
evaluate LakNIE il BE
instance 5 4L
instantiated | SEHI{K Sk, BBt
library FE R E HFE
range Felidl KB (BT STL &)
resolve it gl
parameter s (EAZE) 2%
type i) il

B — B2 A STL SRS, ¥ STL {12 WA B =40
B: &f, BH, £1R. RESTLHFNRHE BRERBE-RK, WHETHZE
WM —&HR, YRCE-REATEZE. NRAR-TBTEREENEFG, W
SRR — 478 T # under the hood 2 EEMBF 1, WALIRERE STLXBHING
LR, XAESAKBBIE. REXRHOMEREIFEE. 28, BEHH
BHMARTE, BAEMY, L& BEFBC!

F =)
2002 4 AFAEE
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BTHY « GIEET 1

BT RS-

BREERF

R HE TR, HRES.

2000 ETFHE, BFHLTRPN (ZREHE) - BREEEHAT, HT
AT RURERAL R STL SHBEAFERNES, MELHAES STL HRHS
FRNEEREER, EEHEAT STL BilhE0# 5K, 2001 F2 BRHE—
¥, RRKAFRM: FR1IETREHNED STL B, 57, MTEH,
HAECEN—- A%, BR-TEREMNERE LR HEIANE, ~HitE
VERM STL IR0, #rfrdE, mBRNPELE, —FhETEARENTRE.

SR S0 PR B 4 . B K M A R R ¢ F XA R AT ARG
R . TREE -LBEET.

K% SGL STL fEHEBTXE . KHTIMEMTEERE, ERR, &
N GNU C++ MbRERFE, WHFREMER. SRME SGI STL [k, &%
KRN EAS NS L. TRAENRY, RABELENAE. FMURNIA
P E RN REIEEE (data structures) HEF (algoritms) £ STL HHRE
MEH, ERERESERLRETERTREMME. WKW, BT ERRN
AR S I, B (components) BLIREHEZR, EXETEH
LHERIE. W

VETHRET: CBEEGA, MIOEEE: UEBAFRE, REFATEILHR
#&. " BERLL, UHER.
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i STL HFLH

BERBREES C++ WFE, FEE Genericity (EREAR)WI1%E, & STL 7
Z¥ . BEBOREEHFGHE T RAE (Object Oriented) FA——RRY, STL
SERdREEAEXE. 2N HERH T RN NG ENEE, RS
HRAEY. MR Generic Programming/STL 32 7 2 DL & 4 4 57 2 BT HHAG
Ba, 8, FEETEELS, LA -BERXEESER. FEINTTHE,
I8 ED vector FISEM. list HEH. heap HIZH. deque HJZH. RB-tree
323, hash-table f93EH. set/map MIZCHL: MEBRESMEY (HF. B4,
HFEE, BEBSEREH--) HEH; FEZHFEEEY memory pool FH
R0 traies PLBIMASCHR. TLRBELSH, BLRE, BLEFEWE, HLmE
EETREERRENSE, BEERCAGHERESEMMNICEL, HEFER
)RR RN 25t

AMER, FEARTERGE, EWEEANRE L. mHHERTHEN
wie STL A, BARTALERTARIHAREIANTE? EREATR.
AEANAEES, FAFERESEAY (RMALRERAVAUKEER, WX
FERRENNEY) . ABAWRSERRADRERE, KEBTLLLES
FxiE—i, ARRATEREESHARE, RELEHERTAR, SRR
H—-FTHAMANRT, HTELRBREHEZA LR,

KERE, BETH!

SM KAL) FRALGFERIRG H%, CRELRESTF WL RUNRES
LB A H2%, SR LR REA 1 RS E.
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RTRG: « BEEF

1l

BRI AL, XABOBE, SREFEDH “HEn™ 1 5"
RHRRENRE 1AM, L ATA R RRREL B (RIS | =5
A THRANRE. R, WRALLEBIERS SGISTL FHl T oL K —#f
4, MEECHE%, HAZEREY, LEHEMARRERESGS. Fil,
B WERFTHFRRFS, ZHECXENRE=HER, HMESHLE—
EE BN 0999 % WEFRHEHNER, # SGISTL WATHRE HAH ©.

5 20020330 #1T - 1

hetp://www.jthou.com (B8
http://jjhou.csdn.net  (HiH)
jihou@ijhou. com

ps. UTFEFBEAEN, BLHXE, TN, hTAEREHEMEN
NE, Rty REREEEHs ¥ LEGELRE:

o (EE5ENY , AERE. Cw BE. BE. WEEL, ERAMRES,
A framework W, O0P HRAZK, BiH#R (design patterns) F5.

o (ERBHAY, REWTE: BFRIK (Cr+ templates 1535 . Java generic 1815,
Ci+ BIFRER) , STL REMRERMMT, STL ABHER, STL BE
RH, STL¥3Er, 2HEE.

® (STL FR#IFY . AEEE. STL AU ZERBRANESE R RERE.
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ABEM

C++ HERTFEE - MIAWER. BNHE, MYRE LRTET C++ BF
R DL R Y. A STL (Standard Template Library) HyEIRT, $rfEfe/F
FEMT AR, GFERKECHAEN sring. steam F%, FEHLL template B %
L. 845 HERIF E B A1 K %19 00 (Object Oriented ) , 52 AL A7 GP( Generic

Programming } .

C+ FRERREDPHRE STL FHE#, 11k 470 80% 1L, HEHARTHE,
STL ZRBHE, WLAFERIFEEE. FHBERAT S, STL 2ERAE—
A SHRBT R W RN — LR 72 AR BIRA RS E, STL #
B, HHERE (M) MR, RMUME, STL Kt S, LRIERH
BoAEMES, AR, H5MEEH (coupling) BRI, B (revsability)
R, BFMAM LT R N TR E M 5 -], &M, STL AULE
B, THLAS framework 185, SLUFHE S M LB AN, SZRGHA,
R—AFE&HHEHN (Open-Closed) RARIERFE.

WRRRERS, (£ 6 Crr BFREREEEFAM. BRI
BRENTEFFRE, 8 CAXESER DEFPRAEFREE— AR
RESA TEMR- KGR, AT, T -MEERERT STL MERTT RN

1 5 5% Learning Standard C++ as a New Language, by Bjame Stroustrup, C/C++ Users
Journal 1999/05. %3 http:/Awww.jjhou com/programmer-4-learning-standard-cpp.htm
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xviii STL P51

MAAEG, MUTEERAE STL FRMELENSR. 21, 4T -MHELIH
BEMSEEERGMA, HFRMZHEREENA, "AXREHR BLEH
AH, B8 STL FAUHN R AN AR ERK,

BEREM STL, HEWHEE (The C++ Standard Library) by Nicolai M.
Tosuttis; AEEEAIA STL K BEMHFATTESE, DN STL MEMmRE, K
W&  {Generic Programming and the STLY by Matthew H. Austern; MEMIBERH
T, FERENABR, TSP E, REURE GZREHD) by &, 8%
BA STL LHEE, —HARKE, £ AHSENL, REWRENRT LER
(STL JIHHY — BT ERATERA, HOEATHLE - AR E 2.

BERE

ARREE STL WFH (MRERLE Crr WFE) . ZHARARIME
(Object Oriented) #i3% B#E. FHAE T FAFY STL WFHNA.

R F RS R % STL LIMAT, ML STL WH AN, &
BADHEGIE STL B, FIHR HEFAST, FAEABTTHSFE
ZEAZBRREENEERNA . FRRESHE.

BERES I

EARE STL ART 270, RERIRE— KA B, RHIEFRELD
3, B SRS TR — . WA TR, LR
BAAMBEBE, BALY. MKERBGERNE, BHE, BT, HA
%5 (containers) ME R —FLH& N sAEER (alocator) RzH, B
RSB SERET S 2 TN, ARTRE LS T - H R
h. WA, BEREZEFETHLHE- e RRKEARE, LREENT
cot]_construct > P RTFMRBESH O ERELR, URELT

2 The C++ Standard Tempiate Library, by P.J Plauger, Alexander Al Stepanov, Meng Lee,
David R. Musser, Prentice Hall 2001/03, S&HEMAL, BERIFTX LRA AR,
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~stl_uminitialiced.h> ZF ATALSTHAGESTBEY, UBRZ LT
<st1_algobase.h> ZHHNEHERRE. NERLe RRACLATHETTH
i, REEREGRBREF—EBE -t kl. TAREFHHFR, FHE
B A I RE.

FETLIRAYE AT =R

FH 4N (STL |RBHNY . AW STL FTHRRA TS M, REHH AE X
Wi, BEET20. EE—MFNIIERE, KEINETNRERAEEN.
RERNHHHSEFLRS, CERMAFMERE -1 5. SGI (Silicon
Graphics Computer Systems, Inc.) W<, iXfrf STL Z X Alexander Stepanov. £
it 548 { Generic Programming and the STLMEZE Matthew H. Austern. STL F [ David
Musser % ARTED M STL SEA, AEERARK. BHAEHL. RAHA
i b, AR R, XGRS GNU C++ FRAER PR, AT
REF - T8 GNU CH++ HikH, ATHBGEH STL BItE, #HBE Mz AN
7 GER 18T .

R A R cygnusd C++ 2.91.57 for Windows Wi . I AR 8RR
A, - -RBE R KT R R H N KA —— S B B RE,
—REHNBEEME TR TRENT STL EREAAFUEARWER, LERER
AR, AREOENNER SBEAREANXRARBABEAE, =X
SGI STL SCHefh B AW BAL GNU C+2.8 LIRE S+ RE, EREM, MRFE
B 291 A, EMYRE, MR MARA BT LR R AR EE BIEE,
ANELHTTEREHRERRA TR (underscore) —— FRIKEXR B o BN
EHEAME, BHAEE FHEMURRFHEEEAN.

Fi2% E# ~/~ STLport ( hitp:/iwww.stlport.org) ¥ 5, #Re&t—#rbl SGISTL &
AN S ETEARSIEE. ABWE C FERERENEHXE, £ O
STLport B8 F] Visual C++ F1 C++ Builder RIZ%14.

3 % T cygnus. GNU BARMFHER, DREEEHEESS (FSF), B 13 ¥

g
.
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XX STL JERG 4

HEEM

ARBERR STL CAREFUFNENEERIZRES. B, BTE-F
BAEM R4, AR A STL AL, FHEASTL AXKAH (components) AE
W TR, PUMES EAR, RN THORT 8 8 — T AR LA
BT EMETPRBATOER. SR, BAZENXBEESE S, ArETTR
MR LR, RHGEHEIBRERRAT L.

B1E STL e 5Hmsm

#F2E ZEAAS (allocator)

WIE EMRE (terators) EEH taits FHERKE
$a43E FHIAASE (sequence containers)

®Bs5HE XBAFH (associaed containers)

F6E HH (algorithms)

$7% HEBNEETHR (functors, or function objects )
¥8E fkEds (adapter)

mELR

A4 3 EHF SCI STL B, FREPEWHEF. WRMEEF R #hr
HEB STL 4, Kig & SGI STL THAY, MARKLE VC6. CB4. cygnus 2.91 for
Windows S4iFTF 4 F4H B EA].

&% SGI STL WK EEREEMN, RATDIXBHELE A, ¥ SGI STL
WEREOITH, RRBACE STL A, I/ B BE, LINEA KL
B OXMEET, BENEBAR SCGISTL, REHAER GNUCH RiEF.

4 SGISTL S5 FRA GETHRHENT S, TRERT GNU Cr. NEW &G
BAHAE A AR (1.83 1) EallA——. B4 kA& —4 STLport H1E, A@AN
s SGLSTL HEBLHHETE L. HERFHHRC,
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pal;

XXi

PRABHZERANE

REZEEL -BEA "ERFEE COERT" WLE, BRRAH i
AN FEANPERBEAEZE. L REFT K BEMMS
hitp://www.jjhou.com/article99-14.hem . [ T & FAUR KA.

ATHEARHL R IR, €T DERAHEN, A EEARFETHE
fit Gk A RGN B MRS, RREEARRE TR bR
LAE. BEEO5E, RERE. RUANAREEREHKIE.

e — AR E S E RS, RATHR O R ERER AL 8F . il
REBBRNLE. - MEARNEIE, BRIIWHERARLESE (BHED
HE) , MEREFRMEAREXL.

BEFMAEIAE, £XEE. FRRFER, ARETHE, GReN921E
FEY. FURARBENMEARET "BLFEUE" B e - B
TR B CREHRERTRANEE . PARABENEENME, £T5HEHR,
SIRE Y, HTRERE, BNFIRE.

R EREANEIRRBR AW, EROUHEREF NG LTLE
EMEEX (REWTPENF, HERBERET) , FEE:

o Crt HIFBMB/EERFXPTL, F- BRFEEHHALUTFM:
unresolved, instantiated, ambiguous, override, TIREFEFIRA AL A
XEHFARHRFANEAEL, ALY .

o HUIBIEERS library functions, [ library functions 8 ZFRHAF LILO.
LR insert, delete, sort. HIL, BEHEmE, R EEARET.

o MENERELANEEAEE, FTIULEEARARNBZYERE, Ra
RRE, S0 static, private, protected, public, friend, inline, extern.

AR AR — SRR M
K BEREYREMGEE, TRBRERREYN W TR e
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AXil STL JHRSHI&T

AKX, FHREE 2T EFER. BERARUREFERERAK
LR, 852, WHFRARNTERRERQBERART. mREEIAH
—Feer s, LR RN R T ANE, A IE LIRERE 6
iT B 5 AEAERERFWRGRIL (MEEAEERARAHRRGO) - A
FAmmE, $Cad- ik, RrSEENRR.

RN A EFRARRM

PRAME, M FELALPLUFARRA, BERF R WRFILE
REWE (REVRHELALE) T LR, BAaMLRA T eV HT
H¥ . S0kR 2R 0.

flm, polymophism Fii £, BB NREH PR “2E MILRAY
LWEH. 0, ERKOESAIL vinual function B, BTUME AR SCEK
AMEARB. S8 # CER” WETI overloaded EEE, EXNER, M
H A D,

RN, SHUEALFEXELRTEIME data member A
“MEHR” . i member function M AR “HREER KERT.

DLF B3R AESOR B LM R . FER, AR LR, AN
BEE - FCER. W, ARAEE K, REREETR LR HF AR
SR REE,

o HREEMAE, FAMY. FN. B R BB B FBPEIR
B EM A0S C+HOOP/GP (Generic Programming) K.

o BT F A, MM EE @ B input, output, Ivalue, rvalue...
o EEEUELNRMEL LA, AiE: template, class, object, exception, scope,

namespace -

o KF. EEEEY. PESHRHOE, £F: explict specialization, partial

specialization, using declarafion, using directive, exception specialization.

o HAEZ&FR, R copy assignment BAEHF, member access #AEH , arrow
Wi, dot BIER, addressof #AEff, dereference #fERF-----
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il

oIk

il

e ol Ft W, A constructor, destructor, data member, member function,

reference.

e HE Cvt TRHFESH, ¥ public, private, protected, friend, static,
e SYRYE, RTEME, REGKNFE, ¥2Z: 7% (polymorphism) , EH

# (virwal function) , Z 8 (genericity) -

e JETUTEELIRR M LIk 2 RERE, PR
o EEME. WHAE, WP EFHT). BB (ambiguous), TN (resolve) .

HE (override) , BT (argument deduced) . BIAL Uinstantiared) .

® STL THAIE: FHTL, MERES (terator) . F#% (container) . {7THEH

(functor) . ACEESE (adapter) . SAEEH (allocator) .

o NiELHERAE, REBFMEL, W vector, 1ist, deque, queue, stack,

set, map, heap, binary search tree, RB-tree, AvL-tree, priority queue.

BT, SAE AP RIA, RGN - MEERRE: FHELRX

fE ARSI RE.
hitp:/www jjhou.comyterms. txt 147 H 4~ A B &Y — ) R BRI ARE X R %

R E S BN

3

el

eSS

¢ F3: FRANSHR
o fRiE: FEERAEE
o WAhiE: ERPE

X

® 5 %, Times New Roman, 9.5pt, Fil%i: class, object, member function, data

member, base class, derived class, private, protected, public, reference, template,

namespace, function template, class template, local, global

o AR, Times New Roman FHE 9.5pt, §l10: resolve, ambiguous, override,

instantiated

® class 28, Lucida Console B.5pt, #l4N: stack, Yist, map
e BEFEAWNINEITE, courier New 8.5pt, FliN: int, min(SmallInt*, 11t
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XXiv STL SHL AT

® BRI, Aral9pt, HA1: member initialization list, name return vaiue, using

directive, using declaration, pass by value, pass by reference, function try block,
exception declaration, exception specification, stack unwinding, function object,

class template specialization, class template partial specialization. .,

® cxception types 3 tterctor types # lostream manipuldtors,  Lucida Sans 9pt, 1l 11
bad_dlioc, back_inserter, beolaipha

o BEHEGRKEEREKRIE, Pootlight MT Light 9.5pt, #il: copy
assignment #1F%F, dereference BAEFF, address of H{EH, equality #
%%, function call #fERF, constructor, destructor, defaultconstructor,
copy constructor, virtual destructor, memberwisc assignment, memberwise
initialization

o BRI, courier new 8.5pt, FIHN:

$inciude <ioscreans

Lsing nanmespace std;

WA TP - BNSRREARGINGR, BARE, FERRAR
RAMABERER, REAT A MZ MR MBI . SR E &R KT
WAREE. Ak, WEE, SHTHEGER, RN TIHEREN A RENK
¥OHASHARLECEN. REN-—SHEE TR .

BRRBENSTH

SGL STL, B TSR Gf —f STL BILE, BEFHFREHLARET
ETLHENA AT, REME OERiHe SR sdulil. BN
BEHAMEGHY, FEEFRBEERD. A0 H %Y. Bk, A8MEE
Frz P B SRR, L ERERAETMEFEIER. ZHEA%
i (#idet ) MEBARTAIA. classes 4. data members Z#5Hl member functions
VRS ET. SYETRENHS (B emplae BE SR KERKEH
W A0 W EKE S Gl

template -class T, class Alloe = ellocs ./ BE{EM alloc ABCE ¢
lass vegtor
pubslie:

sypedef T valus_tvpe;

svpadat value_type® iterator;
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halllg

XXv

protected:
/1 vector RBBENEHESTR. HFH M EAE scart Al end 4 IHEFLE,
77 FRAECH end ol sloraye IINERREN. HETER E-%) Tk,
1 BRKEEME T
lterator start;
iterator finish:
iterator end_of storage;

void £ill ipitialize{sizc_type n, const T& value) |
gtart = allocate_and fili(n, valuel; // EEESEFEHH
finish - start - n; /AR KA
end of ptorage - finish; s TR KA

i

1

#ifdef _ STL_FUNCTION_TMZL_PARTIAL_ORDER

template =class T, class Allocs

inline vold awap (vector«<T, Alloosz& ¥, vector<T, Allocx&k v} |
x.swaplyl;

1
#endif /* _ STL_FUNCTION_TMPT,_BARTIAL_ORDELR */

X h:
i/ UTFHRRBEEHERED adaptable Binary Predicate WIERTE

template <class FPredicate=
class binary negate
: public binary_function<typename Predicate::first arquibht, type,
tybename ’ Predicate: :second_ardgimént type,
bools |

TR T R R A SIS (ER) - AERR IR RRRIR
HBibEE R EREAEE S, RSt EEN SGISTL FAEEL Microsoft Word
97 MHR, %M SGI STL AW, BETH&EMMEEMTHS. B, B, STL
BETES K, BABKE, ZEHNFENER, & HEEREAREE MR,
SRR LS S 1R TR, WA LN AR B AT
1.

5 FE i RAS| GRS, EW 13 WETARRGESS (PSP . BAE
FLH T (open source) ¥E# LIRS RENFMA.
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XXV STL SRS &i#T

LIRSS

REME (P RLTHE) 2R AMY. REFAEFG, GFFE, B
W R AR S, G

® HhiRAEH

o ARG

o BFHTH

& HTFVHTH

fi% B MEERH - 5351048,

HFEY)

TERH R A, XEREEY A MR VALINEY (Genericity) B4R EE
R SH IR STL S5 W HEE 4.
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BTRYE (BEERF)

=
o

EHEN
BEMNIEE
BEREF
T R R
EFELHE
HiELA
PRAFENE AN
RRERREN
R T = 0 XL
FRAMEASTR
ELRF
RN
#1E STL M SEAEMA
11 STL #if
(1.1 STLMF®
112 STL 5 C++ WHERFE

BR

xvil
Xvii
Xviil
XViij
Xix
XX
XX
XXi
XXil
XXIil
xXiv
XXvi

XXVi
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STL RS

1.2
1.3
1.4
1.5
1.6
1.7

1.8

1.9

STL A KA thiESizH

4
GNU JRACEDIF R 8 7
HP IR A 9
P.J. Plauger THM A 10
Rouge Wave SCILRE A 11
STLport SEH] WA 12
SGISTL AR A 13
1.8.1 GNU C++headers U4 (FEFEHFF) 14
1.82 SGISTL Xft4r-fF5H4r 16
(1) STL #riEk XM (RTEA) 17
(2) C++ Standard EEE, HP MIEH STL L3 (FEZR) 17
(3} SGI STL WEEF A (SGESTL HIERE T 1) 18
183 SGISTL MmiFHHAEA (configuration) 19
AT EEA R Crv 1B 26
191 stl_contig.h HHEMAAL 27
#7 3. static template member 27
47 5: class template partial specialization 28
4 A 6: function terplate partial order 29
#75 7; explicit funciion template argumenis 29
#H75 8: member templates 29
#17 10; default template argument depend on
previous template parameters 30
#75 11: non-type template parameters 31
#1A;: bound friend template function 32
4175 class template explicit specialization 34
192 WEEREN=ES2H 36
103 BAEBEENE A class WATEENEY 37

in-class static constant integrer initialization
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H x

Vil

FLE
2.1

2.2

23

HIE
3.1

1.94 increment/decrement/dereference #AFAT
195 BMETERZERE ()

196 function call BAEAF (operatori))

FEALE S (allocator)

72 [ e B S AR R O

211 Rit—MRRKEEA R, 1T:allocator
HEWEE /1 (sub-allocation) f SGI 2 [E & %
221 SGL FR¥ERZRACE A, std:allocator

222 SGIL HEMZTRRESR, sdialloc

993 HMEFUTMEETER: construct(y # destroy()
224 EHHEESHE, sdalloc

225 B—HAER _ malloc alloc_template SIHT
226 B_HNES _ default_alloc_template Fl#T
227 FHEER allocate()

228 ZHABMEH deallocate()

229 EH IR free lists

2240 WM (memory pool)

MEERLET R

23.1 uninitialized_copy

232 uninitialized_fill

233 uninitialized_fill

HEARIE (terators) A5 taits B
YEAE 2 B STL LERTE

12 U8 (iterator) &—F smart pointer
33 MRS (associated types)
34 Traits HEHHE —STL BAENH

37
39
40

43
43
44
47
47
49
51
53
56
59
62

63
6
70
70
n

11

79
79
80
84

83
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viij

STL il

3.5
3.6
3.7

H4E

4.1

4.2

4.3

Partia} Specialization (fW4Eik) ME X
341 HEREFHERINZ--: volue_type
342 HEASHNAHZ . dfference_type
343 HAEHENARZ=: reference_type
344 H{CHANMYZ M. pointer type
345 EABHEMERZE: ferator_category
Pl advancea() M

W AR R R EEC

bl distance ()

stdi:irerator FMRIE

iterator JWILFATEE R

SGI STL MFLE%: __type_traits

FEFIRZER (sequence containers)

BRI SE o3

411 JEHIRXZES (sequential containers)

vector

421 vector fif

422 vector EXHE

423 vector ME{4F

424 vector HMIFRLEH

425 vector MHIESMFEHE: constructor, push_back
426 vector KITLEMRIE. pop_back, erase, clear, insert
Tist

431 Vist #ik

43.2 Tist W& (node)

433 Tist MERR

434 list IWEELSH

R6
9
90
9
91
92
93
97
98
99
10
103

113
113
114
115
115
115
117
118
119
123
128
128
125
129

131
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H %

4.4

4.5

4.6

4.7

435 Tist MU SH{FEE: constructor, push_back, insert 132

436 1ist FITLERIE: push_front, push_back, erase, pop_front,
pop_back, clear, remove, unique, splice, merge, reverse, sort 136

deque

4.4.] deque Mt

442 deque HIfUEH
443 deque BIiEMH
444 deque MR

143
143
144
146

150

445 deque MTIESHLERE ctor, push_back, push_front 152

446 deque FIICHIETE pop_back, pop_front, clear, erase, insert 161

stack
451 stack #if
452 stack ¥ LTHEHNE
453 stack HAERR
454 UAlist fEX stack HERHH
queue
461 queue Hik
462 queue E N TEIE
463 queue WA AN
464 VLlist fEH queue KRR HE
heap (B2, %3k, implicit representation )
471 heap B
472 heap B
push_heap Bk
pop_heap HiE
sort_heap Bk

nake heap B

167
167
167
168
168
169
169
170
171
171
172
172
174
174
176
178
180
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X STL IR & 4

473 heap RAEREH 181
474 heap M 5LHI 181
48 priormity_queue 183
4.8.1 priority_queue & 183
482 priority_queve ¥ X RED|% 183
483 priority_queue HEME 185
484 priority_queue Wit 4 185
49 slist 186
49.1 slist ik 186
492 slist M98 186
493 slist MEAE 188
494 slist NEESH 190
495 slist WLE#RAF 191
5% XBHAZHF (associattive containers) 197
510 RKSW 199
541 Z¥IEEHR (binary search tree) 200
512 F#& - Wi§ER (balanced binary search tree) 203
5.1.3 AvVL tree (Adelson-Velskii-Landis tree) 203
5.4 HIE¥ (Single Rotation) 205
515 AUEH (Double Rotation) 206
5.2 Re-tree (Z13EH) 208
52.1 WA 209
522 —A# LT TFHRET 212
523 re-tree MR 213
524 RB-tree AIEES 214
5.2.5 Rre-tree MEIELEH 218
526 Re-tree MiESAFERE 221
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527 Re-tree MILEHNL
LEBABRE insert_equal)
TEW A inscrt_unique()
HIEMBARTRY __insert ()
W% Re-tree (hE¥E REEEE)
LENEI
53 set
54 map
5.5 multiset
56 multimap
5.7 hashtable
57.1 hashtable ##
AW (linear probing }
Z ¥R (quadratic probing )
F#% (separate chaining)
572 hashtable f4ETF (buckes) 9775 (nodes)
573 hashtable MizE{U8R
5.7.4 hashtable HIEIESTH
5.5 hashtable HiHESRHFER
HARLE (insert) SRMEE (resize)
HATERNEMFLL (bke_num)
£ 4 (copy_from) KRB (clear)
576 hashtable i& 3L
5.7.7 hash functions
5.8 hash_set
5.9 hash_map

5.10 hash_multiset

247
247
249
251
253
253

254

258
259
262
263
264
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Xil

STL R #ET

511

¥ed
6.1

6.2
6.3

6.4

6.5

hash_multimap

¥k (algorithms}

Bk

6.L1 HEMIEERERT O
612 STLEZZH

282

285
285
286
288

6.1.3 BZEME mutating algotithms — 2 TBEMRZE 201

6.1.4 JEMmAE B nonmutating algorithms
6.1.5 STL B#H -
BUEEY <ol nuneric b
631 BH%EMA

6.3.2 accumulate

633 adjacenr_difference
6.34 inner_product

6.3.5 parcial_sum

6.3.6 power

6.3.7 itoa

EABY: <stl_algobase.h»
6.4.1 ERELH

642 equal
till
fill_n
iter swuv
lexicographical compare
max, mr
mismatch
SWap

TR AR TR AR

644 copy backward

Set MXHE

6.43 copy

AHEBREMR ZE 292

292
294
298
298
299
3K
301
303
304
305
305
35

307
308
308
RILY
310
312
313
314

314
326
328
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B %

Xii

6.5.1 set_unicno 331
6.5.2 set_intersectiocn 333
6.5.3 set_difference 334
654 seat_symmerric_difference 336
6.6 heap Bt 338
6.7 HUHEHE 338
6.7.1 BRAMBIELE 338
adjacent _find 343
count 344
count_if 344
find 345
find_if 345
find_end 345
find_first_of 348
for_each 348
generate 349
generate_n 349
includes (WHETHFKIE) 349
max_element 352
merge (B AT # FIXiHE ) 352
min_element 354
partition 354
remove 5B (IEAMED 356
remove_copy 357
remove_if 357
remove_copy_1f 358
replace 359
replace_copy 359
replace_if 359
replace_copy if 360
reverge 360
Yeverse_copy 361
rotate 361
rotate_copy 365
gearch 365
cearch_n 366
swap_ranges 364
transform 369
unicue 370
unique_copy 371
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Xiv STL Fikail by
6.72 lower_bound (JHTHFREME) 375
6,73 upper_bound (WRATEIFRE) I
6.74 binary_search (¥HTEPXE) 379
6.7.5 nexL permutatior 380
6,76 prev_permutation 382
6.777 random_shuffle 383
6.7.8 partial_sorlfoart.al sort_cooy 386
619 sor. 389
6.7.10 equal_range (W FTHFXIH) 400
6.7.11 inplace_merge (W R TH XA} 403
6,712 nth element 49
6.7.13 merge sort 411
B18 AN (funcrors, B4 BHAA function objects) 413
7.1 (@AY (funcor) #EM 413
7.2 WAl (adaptable) RIXE 415
7.2.1  unary_function 416
7.2.2  binary_function 417
73 BAX (Arithmetic) {FeRE 418
74 FFEEHE (Relational) {FeA% 420
75 BBIEHEAE (Logical) {HRY 422
7.6 GEME Cidentity) . 1AFF (select} . 841 (project) 423
BeE NER (adapters) 425
8.1 MEBZEMSH%E 425
R.1.1 MHTHS, conainer adapters 425
81,2 JHT%IEE, iterator adapters 425
813 WRAT{R%, functor adapters 428
8.2 container adapters 434
8.2.1 stack 434
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8.2.2 queue 434

8.3 iterator adapters 435
8.3.1 insert iterators 4335

8.3.2 reverse iterators 437

8.3.3 stream lterators 442

8.4 function adapters 448
8.4.1 FHEEMATEBRTL: notl. no 450

8.42 FEHATLHE: bindlst, bind2nd 451

843 MTANAK: composel, compose 453

844 FITHREBIEL: pr_fun 454

84.5 BTHAMEIEY: mem_fun, mem_fun_ref 436

Mt A BERESHEFRY (Bibliography) 461
R B RS (-6 RRE ) 471
& C STLPort MIREIEEES (by &A) 475
Borland C++Builder 5 476
Microsoft Visual C+4 6.0 479

#Al 483
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.1 STL it |

1
STL #fi s RAE 7T

STL, BARE—E£ERFE (libary) , AR RZ --BURKPNEFE, TR
AHENNAREY, BEHALEEASEEEENR. Kk @b, &
CEMEETL, EERHEGERREREIN—IMRERS, B2k,

1.1 STL #ig

ALK, B R—H&YBY - FREFEANEA, UE -HFEUSIES
“MEEEMOFRN" MFE, LTER / B RO AS TR ETR. AF
By HLEE . AEREITAE S8 T EFR (subroutnes ) . 17 (procedures) .
¥ (functions) . K (classes) , $IE¥FEE (function libraries) . RAE (class
libraries ) « & #4344 (components) , WEHI{Li%3t . BHALETE. WMXTR (object
oriented) i, BERX (patterns) MAFBE, T—-FERHAIENBEBE LR

BWERERE (reusability) FHRH.

2RSSR TEEREZ T — RS RIET BR AR, SRR AR
o, ER AR, AR, EFSTHERET, BERGAAREFRNRES
¥ (data structures) FIE % (algorithms) MERRBKREF —-FEink. RERFRH
BAEXBEEMNIE, ERATERAMHAREKANE CF LIRTFHRFN
. BURGCRANFRMR R, tR i 8RR

1 EREERE TG R T W R . BHE STL, COM, CORBA, 0O, Patterns... th A fE
HHO.
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2 F1E STL B SRAERI

ATERULEBESANREN - Emi, FERRERNES (coupling) KF
DU & HRIh . 4. A2 A8fEYE (M H 5168, interoperability) , C++ #t
BEEET STL.

STL RrEA ™. HEBRIRS, STL #HARN—ER LA ER
W, DR ARANDS. IHGERSE MFC B VCL 2T Windows #f¥
FRSBFEROME—, ERMAYN, SREEAFETAHSHRRZ. RIL
24, STL BHEBRN-1TEZ0M. MEREE (Generic Paradigm) AR
£, £EAWEN SR %Y (components taxonomy) " . MK
B¥E, STL -SSR (library of abstract concepts) , X8 “HEEE"
AR ERMA Asignable (A[#R{E) . Defautt Constructivle (R {58
s ) . Equalty Comparatle (¥R E%SRE) . LessThan Comparable {7 kL
/) . Reguiar (IEH) - &H —SHESRER Input terator (FL4w A ThEE
k) . Output terator (R4t STRERI SR} . Forward terator (8L [E]IEAY,
%) | Bidirectional tterator (im%{LA%) . Random Access tterator (R BUZ
£28) . Unary Function ( -7CEE¥) . Binory Function ( ZnE%() . Predicate
(A EBERN—THEZL) . Bnary Predicate (EEEREN ZcHEHA) - &
E B S A sequence container (FFRIR A ) . associative container ( KBk
AFW)

STL MRIM EHEATRASAT DREEHBHE, HMPLRLR.

HmANEW, STL Wi, RERZHEERE Rk —THESN. Z1
PUHSHE 4 (abstract concepts) FFHMIELISCERYE (classes) HTFERMIHH,
RT—AFEEMEDEE. EHEDZT, AMAEHEARRNMIE, FEE
BALE (terator) BARER, HLIPHAES (adapter) HAMEE, SLIANBHE
¥ (functor) ShZAEBFFREL (policy & strategy) .

R4 A — B E S R A 68 (keyword) W LATGRRRS I EikFT
B S, (AR C+r classes RIFRATETTE LM, C+r emplates RFHAT
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Ll STL#:# ;

B Sgt, BUMESSIE rais WERE, HAT STL BAFER2.

£F STL MAriEHHAt %K%, UERENHLEIE, Bo%
{Austern9B8— WA FM — A BEFXFTEURLEETF. BxE.

1.1.1 STL 9B

STL F M Alexander Stepanov Bl TF 1979 HifG, X th1E R Bjame
Stroustrup B3 C++ RIGMY. B DavidR. Musser T 1971 FRHEENIL
MG KB B R R MT MR FRIHS, ERERREEERFES IREN
R, BN LHERESKES B Ada. Alexander #l Musser & T 1987 £ &
MR B Ada tibrary. $ATT Ada EREE TYRSIFREEHSE, Cre B
R kB A M AR T SR RO AR e+ BRRA remplate ¥R,
{8 Alexander AR HRD, Ce+ SRR BB BELRRNF, X
HERBER—BL (ZE) IREEEN - EEXR.

FEENR, PAMFHERY -4 BIAZRARL L WENERER
#1. Alexander £ AT&T TR E [ B 8 1%/ 7§91 5 % P (Hewlett-Packard Palo Alto)
TRE, AIER T EHEMNEEAR, £ CEM, TEHN Cr M. 1992
4 Meng Lee fIA Alex 8318, @0 STL 5 ERME.

/R (Belt) CW%E A Andrew Koenig T 1993 &4GHRX AW, Bk
Alexander T4 11 A ANSVISO C++ HiERR & 4W ERARNE, FBAMNE
F7. Alexander TEBEAR, TRELKN Waterloo (BEA3) SUFEH, M
FREBE, HLUEHY 28— HiEXME KRN Cr RHERUEN — 36

1.1.2 STL 5C++ MEREE

1993 £ 9 fi, Alexander Stepanov Fifti— FAIHM STL, 5 Co+ IREERRAR

2 XAUE SEREN. HHSTL HATLRTERET Cr H—~BERKEIEH,
{40 template partial specialization.

3 FREZWABEMEHCHOMT, BNERTKEMEHBSST
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4 F1E STLHESMERN

HTHR—REM.

Lif Alexander A (EWE) 4 G+ HEBRSET -MEd, #ER:
The Science of C++ Programming . S HWIHBHERE, ERSHE. 19461 6H
Alexander £ Andy Koenig (C++ InEERSM A, SITH) C++ Standard LIHEE
IR AR, FUIRREE STL BN C++ PRHER FFHERD — 804, AT 1994 51 A
25 HRTEE ~ IR RMEHERS, Alexander ] Lee TREHGHE [ 2R THHHE.

RER 199443 ANERT LW, STLESWERET RydEm, He
HEERNEN. TENAMELRE, C++ BB TRBELER, T STL ML
X, HFEANARY. AREREMERICHNIZR TIHRE -T2, #
R EEFEHTREW.

THRSWBIRZH, STL M7 LEERNEE, 7S U0 Bjame Stroustrup.
Andy Koenig % A KJ3R 5 32 F .

REEEBHEASN. ZTERNERCTE, HaKRKRMW, X Alexander
Fl Lee, DIBANMESRATS, FROSEERNRY. BEER, 0% B
B, 20 % JA, TRSILEAT Cr+ FREAHERGRE, FATHN 199859
HERHE Cr+ REMMPH Cr RERFEN - KRR, BAKE, BFEAH
Ct++ BIFFE, Wl stream, string ZERLL template EHH L. FIALER templaes! ¥
N Cr REBRFEER “FHILAE HEH.

Dr Dobb's Journal % F 199543 AT — 5 &4 Alexander Stepancv and STL #)
PrikCE, #F STL AR $. Alexander FEBKRHE. SIL WA C++ HHERF
ENEE, B8R, RAFERR. BEMY (WKFEB) bARETEN
i OCSTL 2 A3hiksE” . AW,

1.2 STL ;NKBH hEe5iEA

STL LA KRES, HRPIESER:

1. 5% (containers) : BHJIBLM, 1 vector, 1ist, deque, set, map,
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1.2

STL A K& el 5

FARTFREAR, % AT 4, S WE. WA MERE, STL FIHE -1 class
template. BEHT 5, X —F2RERKILARR TR LE.

B (algorithms) : S AEEN sort, search, copy, erase #H,
FoxE., NIPTMABEE, STLHEELRE -# function template.

R (terators) - MFEAMSHE2 MMRAH, BFIEYN “SAEH",
HRE 3 B AFHMER, DEEEHESE, AITANMEXE. E14
B H ¥ operator*, operator-», operator+-, operator-- Sig¥f
HEEEFLERNY class template. B E STL A8 HMHHH CERAER
B—RE, RAFSHEFRENMGRHE AN TR, FEEH (native
pointer) LR —FEAEE.

(A% (functors) = T REMIES, WENEHRNEMKE (policy) , L
ETENLANAERE, FRKE--FEHET operator () Pclass & class
template. — i & ¥IEE AL R AT 0T A EL.

AiEsd (adapters) : —FAIRBMHESR (containers) BLTRE (functors)

B (erators) BOMF, RS 8 &, MM, STL #R{EAT queue Al
stack, ARENAHR, HEAEHE -MEREESR, AACNHNRSTE
&8y deque, FIERMERHESH deque B, BUE functor BEOE, KA
function adapter; 2% container 0%, ¥5 >4 container adapter; B3 iterator
BO#, B iterator adapter. ELESNEHBERBE-SURZ, L4F
~ 4, HILE 8 E.

REE (alocators) : METENESEM, FAE 2 . NLIWAKE
H AERE-TLATHEEENE. AEHE., EEREIH class template.

W 1-1 BT STL AKAFKAZREER.

@ STL B Cor RERFENIRE, Bk, BAREN Cr HFR

—w X STL, EWE? REMMM &N Cr+ LU (headers) H. 2H],
STL FE4EL SIS (binary code) HARHH, MRLRATMAME. & Crt
Standard B8, FARELUSBATAY BS, ARARITRFRSE, KIF
EHTRTASAHT, L5 STL iARNFARY R EHLY RENFH X, 4
81 Visual C++ B9 Dinkamware SAFN A% <vector.h> Kl <vectors; #&
STL ki RFFf A BAHLTH, M0 C+Builder ) RaugeWave ik H#
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cvector.he, B8 STL AR UAE —&EN, 66 8RN, M GNU C+ Y
SGI MAARER —KM<vecior.n- Mevectors, B KB ezl _vectar.hs.

~ORER ' Insert iterators - .
Allocator p Stream iterators b EHEES
:  lterator adapters

& Teverse iterator

sdt::allocator {terators

malloc_allocator

defanlt_allocator

g Algorithms

Sequence Containers

Basic Mutzting Algorithms

Nop-mutating Alsorithms

Associative Containers

}; Sorting and Searching Algorithms

Arithmetic Cperations
Comparisons A
Logical Operations

Identity and Projection

Functors

BIOREE

binderlst, binderzpd, | unction adaptors

unary_negate, binary_negate,
‘. unary_compose, binary_compose

1.4 STL AKRMAESRE%LE: Container dExL Allocator BB IR ETF
23[8], Algorithm i Herator FEL Container PI%¥, Functor fLAEIH) Algorithm
ZRAFE R, Adapter WL E 4 Functor.

WRARNASTL, HEMEEFHAFERR IR, RO+ ML, &
BRTRENR TS, MEFAZHRR, 5% STL BRE, RBERHasl
2L ARRAN . 18,2 TS 48 GNU C++ BT SGISTL &4k 30,

& JULBIESE (BN C++Builder) & LT hHFM, @EYRELHETH
FohRs B RAMRIE . RAHEMEN S REEN.
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1.3 GNU BIIEBARE

S RER STL LB A, #BET Alexander Stepanov 1 Meng Lee 584
MIEREE, ZHEBEARH Hewlett-Packard Company (EEAR) WE. 1
LY HEE-BER, LEEmAEEER. BN, . &%, BRIy,
AENR, WM RERLIMZHERETERERT LS THA,

RMTRERBAEH, —BERY open source. A HPRMAR AL E %I
RIRREY, O LSRR R AL A e SEAK--MES.

T RCE A F A IR E £ E A Richard StalimanS (% « 278) . A AH
BEALRE MR ANRETS. MRS AR, SR
TANPET, FEHEAREHIES. HBRABAKTURER - HRAR “E3
ARAENRE"  HARTEAZEAPEIAEER RN S, Staliman T 1984
ERFHREERT S, 8 3 f {4 %22 (Free Software Foundation®, 7 FSF},
ETE4K GNU B (GNU Manifesto) , FFHHATEK GNU KPR .

GNUT X4 SRR BB R, f£5 GNU is Not Unix. 4/ Unix 2
HBEHANEFIREES, d ATET Bell LR E [ Ken Thompson #] Dennis Ritchie
B, REARE—AZALIGHEIFER, ATRT WU EAFEFHAR. BR
AP 5 TEX AT MAT G RN, AT&T FHESRENIZBNHRE,
AR RARLTS . FREFRERKERARMAXFRA REH, BRG]
FEAFRER UNIX B, JF%E) Berkeley (HIRFD REMALERNE UNIX,
S %% 4 BSD(Berkeley Software Distribution) &7, P ¥ 8 5 3 i FreeBSD.
OpenBSD. NetBSDS--

5 Richard Stallmar B AR IL hiip:/fwww stallman.org -

6 BB 22 Free Software Foundation, W, http://www gnu.org/fsi/fst.html.

7 R GNU WA, HidN ‘R0, BEEAERERENME. FUAE,

8 FrecBSD T hitp://www.freebsd.org, OpenBSD L http://wrww.openbsd.org, NetBSD N

bup:/fwww.netbsd.org.
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Stallman ¥ AT&T 89X AT AR A BARHT &G, LUR R RFENE . £l
Zf, HEUANHFAR KRR EE AR CHRERRREHERT) .
Staltman A5 ATET WAFHER, R FEEOES, HFHRHI0HAA R
FEHEMEL. TRAEFT TR, ¥H2X GNU: GNU is Not Unix.

GNU it%lF, EBEZFFLAHHEARE Emacs f1 GCC. HIE R Sallwan TR
M- -MER A G ASREE, RFEEALTEMERMRNE. FEE--T CCH
WIFS, MUH ONUSRAREE T FEH B STHEYE, 2 ONUITHIRnERA
£ .GNU T80T 4% 280 R 1991 #4524 A Linus Torvalds 7 % ) Linux #
TERS. FEHFLRMEZ TIFSERAFHCHER, 4 ETRRRE.

GNU BABTiBH GPL (General Public License®, | E MR K (HiR
BED) HRA: GRETNEAMESES GPL REMEMDE, HREHER
A% B GPL BAFTT T BV SR, MBI F & GPL Hl3E. XA T AW
EIERE S GPL N EE. BZTA, #TA.

GPL M FHRAL (copyright) MAWRERMHMR, EEWHKL “RES
(copyleft, X —TBTFIFENEROME) . GPL M AERRAEMFSEN
B, BT HHR, RREHARGEHEL QEURERSFEST NEHEES.
F &, BIG X4 S &R 5, B4 Library GPL, LESSBIL GPL, Apache License,
Antistic License, BSD License, Mozilla Public License, Netscape Public Liccnse. ix e p
ErMERENRE TREAR" . RHEHERBIPRARBRNAME N,
MmEEESFELZHA M, 8 TTHERE BEPRE M, ELGHEE
ZEAM Y. KPREEN GNUGPL H BSD License {#FE .

1998 4, BmEEHBEARAIE L — /5 £ open sovrce XBEET . i
MR R T — AW AR, M — MR, M. open source HIE X
1t 9 K10, (TiTik i HER & 9 &, WAIFIEHE C % open source Hft.

9 GPL Hy14HA & W http://www.opensource.org/licenses/gpl-license.hirnl -

104 http://www.opensource.org/docs/definition_plain.html.
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A3 R ARy GCC B4 £ Cygnus C++2.91 for Windows, X ¥4 EGCS 1.1.

GCC 1 Cygnus. BGCS ZIBMEHM %4 AW, Cysnus B—FFLAE, &
FHEESREHEE MGG TR, FRESMERF. BB HY, H,
% GCC, 7f GPL AR ATHLTE TH GoC BAARDME & A T iit; ATR M GCC
BEEL, RAHEREE, FREAN GCC RAGENRZEERMMNR, Cygous
AAEZTF GCC, H{ifE Red Hat (£14F) AF Z T Linux. HR Cygnus Mt
FHEAREHFE2HFEE GCC, BRAIFFAEH GOC. GCC MBRAEWEMRA
GCC #8% R4 (GCC Steering Committee) 5 .

U GOCWRBHAE R, A THE-FH, GCCRFERASHLHELS
1997 R 37 [f) EGCS (Experimental/Enhanced GNU Compiler System) it#l. Xt
NEBHERFROFRSE, WREGCCEEE S MM EANTE L Crr EEHR,
SRERERRT, Bib, GCC 295 MRk T BGCS A, WM&
, GCC HERAIA EGCS —HMARFA. H 1999 Fi, BGCS LR I
—#) GOC B oL,

1.4 HP E£HMIRE

HP i RFA STL LHMAMEE. §— 4 HPSTL A XAHANT —hF
R, REEmAGRER. B, 85, &%, REmyds R, -
sE AR, DAERE AN E B fMA RIS AR, KRR
# KRBT GNUGPL {8, {BJET open source HI%5.

/‘*
Copyright {c} 1954
Hewlett-Packard Company

L
*
*
* Parmissicn to use, copy, modify, distribute and sell this software
+ and its documentation for any purpose is hereby granted without fee,
* provided that the above copyright notice appear in all copies and
* that both thal copyright notice and this permissicon notice appear
* in supperting documentation. Hewlett-Packard Company makes no

* representationg about the suitability of this seftware for any

* purpose. It is provided "as is" without express or implied warranty.
*/
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1.5 P.]. Plauger SEINRRAS

P.J. Plauger JE#4°M Pl Plauger F %, &3 &8 DL P) STL FidiX -4
A, PIOMEARER HP A, FTENE - ECHEA HP FUEARE, sihEm
Lt P.J. Plavger -~ AALAH:

/*

* Copyright (¢} 199% by P.J. Plauger. ALL RIGHTS RESERVED.

* fopsult your license regarding permigsions and restrictions.
*/

BT RBEABT open source i, TARZ GNUGPL. ZAMEEEN, B
% HP MRRAL A3 GPL, HER R KA Ry ZUr R R,

PJ. Planger MAW Visual C++ A, FIABREALIE Visval Ci+ §
“inchude” FHFET (BN ¢:vmedevivessiInclude) REIFE STL k30, B
BEAEAFEREREHETREE. DR ANRELRANEER, RAED
AT ENEE, TERAEPHFS@LRAR, Bim:

// TEMPLATE FUNCTION find
templatecclass _II, class _Ty»> inline
_II find(_II _F, _II _L, const _Tvk _V)
{for (; _F '= _L: ++_F}
if {*_F == _V}
break;
return (_F}; }

BT Visual C++ ¥ C++ BEHHEMNEHAEEAN, 8P REHRAL
TR,

I GE Y Dinkumware 1227 BER S

1 A AFHEE — R AREH: hup/iwww jjhou.com/ga-cpp-primer-27.txt

12 3 i, hip://www.dinkumware.com
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1.6 Rouge Wave SEIIRA

RougeWave RiZil] Rouge Wave 227 JF &, A BSHET'E L) RW STL F7H

E—RiA. RW AR HP 4, UEHE Tk LHHA HP fmE SR,
AR E Rouge Wave {2y & HEAL A B,

z*****i************************i************************ww*w*wwrr*wgtw

*

*

®

{c) Copyright 1994, 1998 Rogue Wave Software, Inc.
ALL RIGHTZ RESERVED

The software and information contained herein are proprietary to, and
comprise valuable trade secrets of, Rogue Wave Software, Inc., which
intends to preserve as trade secrets such software and information.
This software is furnished pursuant to a written license agreement and
may be used, copied, transmitted, and stored only in accordance with
the terms of such license and with the inclusion of the above copyright
motice, This software and information or any other copies thereof may
not be provided or otherwise made available to any other perscn.

Notwithstanding any other lease or license that may pertain to, or
accompany the delivery of, this computer software and information, the
rights of the Government regarding its use, reproduction and disclosure
are as set forth in Section 52.227-19 of the FARS Computer
Software-Restricted Rights clause.

Use, duplication, or disclosure by the Government is subject to
restrictions as set forth in subparagraph (c){1){ii) of the Rights in
Technical Data and Computer Software clause at DFARS 252.227-7013.
Contractor/Manufacturer is Rogue Wave Software, Inc.,

P.0. Box 2328, Corvallis, Oregon 87339.

This computer software and information is distributed with "restricted

rights." Use, duplication or disclosure is subject to restrictions as

set forth in NASA FAR SUP 18-52.227-79 {april 19853) “Commercial
Computer Software-Restricted Rights (April 1985).° If the Clause at
18-52.227-74 "Rights in Data General® is specified in the contract,
then the "Alternate III" clause applies.

*w****w**ifw************t*****************i*t****i****i**************]

ZHEREFBT open source ik, EARR GNUGPL. RABR G, A

% HP MR B3ESE GPL, F 84 RiM KA = @ A S0 BOR A,

Rouge Wave Ji## C++Builder R, FLiY MG LTE Cr+Builder 4]

“include” FERT (BN ¢:\Inprise\CBuilderd\Include) A STL %
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X, BEARALFCABEREAREREE. RBTARRELZEEANLES,
BEWR, RTRENTEEETR, S

template <class Inputlterator, class T
Tuputiterator find {(Inputlterator first,
InputItergtor last,
consgt TE value)
{
while {first != last && *first 1= value)
++first:

return first:
3

BREXAATF (class vector WAFEL) , BARPERNENEE, X
Gl i ) M 1 B — KB R

#ifndef _RWSTD NO CLASS_PARTIAL_SPEC
typedef _RW STD::reverse iterator<const_iterator>
const_reverse_iterator;

typedef _RW_STD::reverse_literator<iterator- reverse iterator;
felse

Y] . TH: :reverse_lterator<const ikterator,
random _sccess_iterator tag, value tvpe,
const_reference, const_pointer; difference type>

'D: : reverse_iterator<iterator,

random_accegs iterator_tag, value type,
reference, pointer, difference types

S, ERELHFARTEER (FSHES SCGISTL ) .

Ce+Builder Xf C++ BERHENTHM YRR, Bl T T RW EFEEN
2R

1.7 STLport SEIRMRA

P4 A4 STLport 3%, 88— Pl SGISTL i iy B v St 50 3
WA, ABKR CHAERERERSH—-RXE, /M4 STLport BAHE Visual C++
# C++ Builder F2%. SGI STL ( FHA4) BFFHBEABARN—R, KLl
STLport & A I AH .
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1.8 SGISTL SEMIEZE

SGI KA Silicon Graphics Computer Systems, Inc. 228 & &, &M HP Wi 4.
FLVEHE AKX OEA HP KA S, HIHEN L SGL M2 AU,
MEHATH, EBT opensource #- - B, ERET GNUGPL () EFBELD .

/*
* Copyright f(c) 1956-1957
* 8ilicon Graphics Computer Syetems, Inc.

* Permission to uge, copy, modify, distribute and sell this software
+ and its documentation for any purpose is hereby granted without fee,
* provided that the above copyright notice appear in all copies and
* that both that copyright notice and this permission notice appear
* in supporting documentation. Silicon Graphics makes no

* representations about the suitability of this software for any

* purpose. It is provided "as is" without express or implied warranty.
"/

SGI A GCC %M. 4AT LT GCC By include” FH 3 T (Bl ¢: \cygnusy
cyguin-b20\include\g+s) REIFA STL ki, HHETHLARHERBRER
ERELE. REAAREEZREMALSE, REY, FMLAERSHEHmE
Kb b, AR AR RS, A

template <clagg InputIterator, ¢lass T»
Inputiteralor find{InputIterator first,
InputIterator last,
const T& wvalue) {
while (first != last && *first != value) ++first;
return first;

FHEEMET G2 RW i 095 B %41 (class vector HINFREX),
th B+ T

#ifdef _STL_CLASS_PARTIAL_SPECIALIZA’T‘TON
typedef reverse iteratorcconst_iterator» const_reverse_iterator;
typedef reverse_iterator<iterators reverse_iterator;
telse /* __STL_CLASSJPARTIAL_SPECIALIZATION */
typedef reverse_iterator<const_iterator, value type, c¢onst_reference,
difference type> const_reverse_iterator;
typedefrevense_iterator<iterator,value_type,Ieference,difference_typE}
reverse_lterator;
#endif /* __STL_CLASS_PARTIAL_SPECIALIZATION */

The Annotated STL Sources
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®1E STLESSRARS

GCC ¥ C++ BT FHENSCIFHEARE, £ G+ EfimFSPRIER, &

WHATFT SGLSTL FEEW. H9 1 SCISTL % THESERHEN, (A%E
T ANFE SR8 H A F M40 iFEE 7, F01.9.1 5.

SGI STL 1% AE & GPL (/7 Z M FARER) L, FIE0 < st.d\complext . hs,

cstdicomplext .co», <atd\bastring.hs, =gtdibastring.ccs. RELHEE
T FRYE

Iy,
i
i
4
i

!
i
4
I

i
I
i

i
I
I
r
£

i
i

This file is part of the GNU ANSI Cer DIibrery. This library ls free
anftware; you can redistribute it and/or modify it under the

ternma of the GNU Ceneral Public License as published by the

Free Software Foundatzon; either version 2, or {at your option)

any later verslon.

this library 1s distriputed in the hope that it will be useful,
bur WITHOUT ZNY WARRANTY: without ewven the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAER PURPOSE. See the
CNU General Public License for more details.

You should have received a copy of the CMU General Public License
along with this library; see the file COPYING. If nor, Write to the Free
Software Foundation, %9 Temple Place - Suite 330, Boston, Ma 02111-1307, USA.

e a special exception, if you link this library with files

conpiled with a GNU compiler to produce an executable, this does not cause
the resulting executable to be covered by the GNU General Public Licemse,
This exception does not howsver invalidate any other reasons why

the execiutable file might be covered by the GNU General Public License.

Written by Jason Merr:ll bhased upon the specification in the 27 May 1954
C++ working paper, ANSI document X3J16/94-0098.

181 GNU C++ headers XD (HEEHS)

HF F#) Cygnus C++ 2.91 for Windows %3 FERH 3% Cleygnus. B 12 &

A EANRE LT, BT Clreymusieygwinb20include\g++, 3 128 M3LH,

773,042 bytes:

algo.h algobase.h algorithm
allec.h builtinbuf.h bvector.h
¢assert cctype Cerrng
ctloat cigsobdh elimits
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clocale
complex.h
cstdarg
catdlib
cwrhar

dedque
floatio.h
functicn.h
hash_map
hash_set.h
inlibio.h

1og fwd
icgtream.h
iterator
likioP.h

map
multimap.h
ostream.h
pfstream.h
pthread_alloc
rope

set

sliat

gtack.h
stdiostream.h
st1_algobase.h
st]l config.h
st 1_function.
st1_hash_map.
gtl_iterator.
gtl_multimap.
st1l_pair.h
gtl_relops.h
gtl_slist.h
stl tree.h
stream.h
string
tempbuf.h
utility

=i S R =

cmath

cset jmp

cstddef

cstring

cwotype
degue.h

fstream
functional
hash_map.h
heap.h

iomanip
ipatdio.h
iogtreamP.h
iterator.h

list

map.h
miltiset.h
pair.h
PlotFile.h
pthread_alloc.h
rope.h

set.Lh

slist.h

[atd]

stl.h

stl _alloc.h
sL1_construct.h
gt 1_hashtable.h
st1_hash set.h
sti_list.h
stl_multiset.h
st ] _gueue.h
st]l_rope.h
stl_stack.h

st]l uninitialized.h
streambuf.h
strstream
tree.h

vector

T H# (stal A 8 T3LH, 70,669 bytes:

bastring.cc
compiext.h
ldcomplex.h

B 1-2 Cygnus C++2.91 for Windows B A %

bastring.h
deomplex.h
straits.h

conplex
ceignal
cstdio
ctime
defallec.h
editbuf.h
fatream.h
hashtable.h
hash_szet
indstream.h
ismanip.h
iostream
igtream.h
libio.h
list.h
REMQITY
numeric

parsestream,h

prochuf.h
queue
ropeimpl.h
SFile.h
stack
stdexcept
stl_alge.h

stl_bvector.h

st1_deque.h

stl_hash_fun.h

st1_heap.h
stl map.h

stl_numeric.h
stl raw_storage_iter.h

stl_set.h

stl tempbuf.h
stl vector.h

strfile.h
stretream.h

type_traits.h

vector.h

complext.cc
teomplex.h
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TREMCHERRZUE Cygnus C++ HXH2H0:

#E o FEa i 150X
[mﬂ@_ﬂm ﬁmmw IRD HB® | % |
G ' | P A i i |
Ii e % nx'r ux | o8 X ﬁ% 5
ey 7 4]
H.&w[._!’ ‘sl g h‘Uu.l:Ju!rqu 3!
f m = : i - .:_x_ 1M 'lﬂ edifbgf h __!]J,'IJ‘LIJ_II" (1] #tl_canfuh
33 ) ':] l'] glen b 1] e b ) mubmmap b [h] #l_ctinstrnet h
) Adibenyy | Aﬂ alechoce b | fetovam EI‘ kst b I_!] l dmgue b
%1 ] Bossnd I_c:l_[ algnpthm ] feteeam ) ] e ] etl, furetem b
- cypme :E,n:llr.- h h] fmmcton b [h] ostwem b ) el bash_ fun b
0 e b ] bbbt ) gt b ] o hath_map
—‘J e ﬁ] beeite ] parmitienm b _l_|‘! Al bash wih
4 U] H-a5ebcypeurii2 | ] ezt ] pietean } ] Al hazhinbie }
1 wclude ety } ] PhotFile b EE A
- Jn :!.]'Hr'”' Jh i wnth _th.]ln".hl‘ ] l'_l]\.‘l_illl'!b'.’: h
‘ ~ '_I-?: [m] At [h] hast Sble b ] pihesd_alioc ] wd_jith
= b P ] ceafid] |_|jhra1- h ] plrmad_efior i W] ol _map b
[ tham 7 | r
] Efbas@s ﬂ o imuts h] tnd strearh 2] e (] stl_mudbmag b
. St past ] clocale ] okbun (o] e [n] ol_amltiet h
G -.r:' na Vil ] ensth ) man “!ﬂmp- h E] A _numnre h
] Fromifag T.J e -,'l]":_ 5l ) anl b e }
3 '_.J ikl 1 W) OmpE AT 1Y ] mopeumpl B A e h
| a5 ) alow h] complex b | dved ._-__1"' [v] ol _gtwue b
i 7 MO0 _.] whinp E} ekl & _E] =1 h !_IJ atl_rww_ntorage ikt h
, j i [ csisl o) isieni e ) ¢l_swlope b
7 3 My Dovtmments lmjcotdnrg ’_]h:r“"\'ﬁu 1 o] it ] stl_rope b
£ 73 My Inmllsnose o] cctidel [y] oskiwaiP A ] dlist h h] ot et h
| o ) Progoun Filed ] esiio () eteviin e ﬂ] o deth
B Rrcychd ] cotilb |oa] ez hj ek h [h] =t stack h
. _: Sonbile E mAg E] fieradog b _;l} idezepl ‘!]] stl_temphaf b
£ L teatp | [myenms ﬂ libao b ] sdmstrenm b ih] ol tree h
‘ P (] v ] ok & njulh (h] tl_snralzzed
: _J Win (] ety .-ILH ]l alen i_',l dl veesorh
B L1 Window ] detaloe Jhm In] ol slgmbese b [h] crmam Iy
P ) = -
[~ P e i Wedoor b
"_'| ‘[';ﬁb’-! ¥ L[I dngue b llluup h J ol beekin b '_I'I_]_".I'.'IIJ.!||
(=) FRE
P =14 — i 4
i PKE GaRTREN § %05 O

1.8.2 SGISTL M#EFoHHhSET
L N I A Bk SR, TS R T

8 Ct %Fﬁﬂ?ﬁ—l:m C %if*(i‘.ffﬁﬂ) . Wﬂlﬁ cstdio, cstdlib, cstring...
® Cr+ MERREDRBT STL WMEE, HI0 stream, string.. § X H.
® STL Ak 3oty (¥ B2) . Fli vector, deque, 1ist, map, algorithm,

functional ..

® C++ Standard TEAT, HP AT STL &30, MM vector.h, deque.h,

list.h, map.h, alge.h, funection.h ...
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® SGISTL WIS (STL B+ M), B0 st1_vector.h, st1_deque.h,

gtl_list.h, stl_map.h, stl_algoe.h, stl_function.h ...

HARMARESHITEEER. RZAXTHRENET .

(1) STLHELXH (XTVRE)

FHE, &2 “FHET EMAFIHETSE, RrEERhEd "6
B RRM st soo B, EME, TREESNEENEMFL stl oo X4
EEY, WREZE=5E.

Xfeg EFHERF)  byres FHET W

algorithm 1,337 ref. <stl_algorithm.h>
deque 1,350 ref. «<gtl_degue h>
functional 762 ref. <gstl_function.h>
hash_map 1,330 ref. «stl_hash_map.h:
hash_set 1,330 ref. «stl_hach set.h>
iterator 1,350 ref. <stl_iterator.h-
list 1,351 ref. «egtl_list.h-

map 1,329 ref. <stl_map.h:>
memory 2,340 3.2 N auto_ptr, HAE

<5t1_algobase.h>,

<stl _alloc.h=,
<stl_construct.h:,
<at1l_tempbuf . h>,

<gtl uninitialized h=,
<st]l raw_storage_iter.h>

numeric 1,398 ref. «stl_numeric.h>
pthread_alloc 9,817 N/A Y pthread #XH node allocator
Jqueue 1,4%5 ref. «stl_queue.h>

rope 920 ref. <stl_rope.hs

set 1,329 ref. <stl_set . h»

slist 807 ref. <stl_slist.hx

stack 1,378 ref. «stl_stack.h»

ueility 1,301 % «stl_relops.h»>, <st)_pair.h»
vertor 1,379 ref. <stl_wvector . h>

(2) C++ Standard EIEI, HP HER STL kX H (FRE b

BEE, 53X ‘SHEFENANDET S, JonLxbEm "B
817 R2PH st oo B, B, SRMFNBRMEREZ stlxxx X
EREH, Rz 8=5%.
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XA (EFREF) byres

complex.h L4l
stl.h 303
type_traits.h g, 548
algo.h 3,182
algobaze.h 2,086
allec.h 1,214
bvector.h 1,467
defalleoc.h 2,3e0
deque.h 2,373
function.h 3,327
hash_map.h 1,494
hash_set.h 1,452
hashtakle.h 1,359
heap.h 1,427
iterator.h Z,792
list.h 1,373
map.h 1,345
multimap.h 1,370
multiset.h 1.370
pair.h 1,518
pthread_allec.hh 867
rope.h 809
ropeimpl.h 43,183
set.h 1,345
slist.h 830
etack.h 1,466
tempbuf.h 1,709
tree.h 1,423
vector.h 1,378
(3)

Xg GEFRHEF) bytes
stl_alge.h 86,156
atl_algohase.h 14,105
stl_allec.h 21,333
stl_bwvector.h 18,205
st1 _config.h 8,057
stl construct.n 2,402

EHER
N/A

2.2.1

N/&

N/A

HHEHN
6
6.4

NSA
1.9.1
2.2.3

{9
BH, W& <complex.
WE 5T ik L ft

<gdeque,

calgoe 't hms,
~functionalzx,
slterator:s,

<. lsts, <mapw,

“TEMOry +, -umnerics, <sct .,
<atacks, cucility., ~vector:
SGI MRS cype-traizs fi%
ref. «gtl_algo.ax

ref, «stl_algobase.hs

ref. «stl_allcoc.h~

re{, <stl_bvector . h=
REEEIALER std:aliccator,
FERNER.

#af, «stl degae.h.-
ref. <stl_function.h
ref. =2tl_hash map.h-
ref,. <atl_hnash_get.h~
ref. «stl_hashtable.hs
ref. «stl_heap.n-
ref. «<stl iterator.h-
ref, <stl_lis: . h=
ref. «stl_map.h=

ref. «gtl_multimap.h:
ref. <grl_multiset. h-
ref. <stl_pair.h>

#include «ptbread allocs
refl, <stl rope.hs

rope MTHRESEA

ref, <stl_set.h-

<stl slist.h.-
<gtl_gtack.h.-
«5bl_tempbut.h=
<gtl_tree.h>
<gtl_wvector.h=

ref,
ref.
ref.
ref.
ref.

SGISTL AMESFAEM# (SGISTL RIEERIMF )

Bt

B (FEER)

EXxFH cwap, min, max, copy,
copy_backward, copy_n, fill,
f11i n, mismatch, equal,
lexicographical_compare
TRIARES scd:alloc.
bit_vecor (FEUHEN bitset)
Hu B R A KK AR
Hare/ A T B
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(construct{), destroy(})
gt 1_degue.h 41,514 4,4 deque CRBHFOH queue)
gtl_function.n 18,8653 7 MR (function obiject)

PR EE (functor)

sti_hash_fun.h 2,752 h,6.7 hash function

(Z4%H¥, BT hash-table)
st.1_hash map.h 13,552 5.8 1) hast-table %2 map, multimap
sti_hash_set.h 12,990 5.7 M hast-table ML set, multiset
st1_hashtable.h 26,922 5.6 hast-table (HEE)
gt1_heap.h 3,212 4.7 heap B¥: push_heap, pop_heap,

make_heap, sort_heap

stl iterator.h 26,249 3,84, 85 HAMEIEXEER. HE XENE
WK advance (), distance ()

stl_list.h 17,678 4.3 list {847, WFE)

st1l_map.h 7,428 5.3 map (HER)

stl multimap.h 7,554 5.5 multi-map (BEMEE)

stl multiset.h &, 850 5,4 multi-set (EHES)

st1_numeric.h 6,331 6.3 HEXRY: . accumulate,
inner_product, partial_sum,
adjacent_difference, power,
ipta.

sl _pair.h 2,246 5.4 pair (BAHEE)

st]_queue.h 4,427 4.6 queue (BAF)) ,
priority_gueue (B TTIARD)

sti_raw_storage_iterh 2,588 N/A EY raw_storage_iterator
(—fk OutputIterator)

stl relops.h 1,772 N/ A EY WA templatized operators:
operator!=, operators,
operator<=, operator>=

stl_rope.h 62,538  N/A KM (ERHE) HFHFE

stl_set.h 6,769 5.2 set (RE)

gtl_slist.h 20,924 4.9 single list (H[FPAT)

stl_stack.h 2,517 4.5 stack {#E)

st1_tempbuf.h 3,328 N/A EY temporary_buffer class,
MAT <astl_alge.h>

atl_tree.h 35,451 5.1 Red Black tree (A 2H)

stl_uninitialized.h 8,592 2.3 AGEEESTE:
uninitialized_copy,
uninitialized_fill,
uninitialized f£ill_n.

stl vector.h 17,392 4.2 vector (FE)

1.8.3 SGISTL HUmiETZLETIRE (configuration)

FRNHEEN Cr+ BN HREEARRAMR. fEh— A HER &R
fie ¥ #RF M, SGISTL WET—1THEAS LY <stl_config.hx>, R T
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FEEER, R ERYLER R 9T, A STL L LR A A 2iXME
B, FURSAEY:, LMARS (pre-processor) HBIEENH & w26

/4 in ¢lient
#inciude «vectors

{f in evectors
tinclude =s5tl_ualgobase.hs

// in <stl_algokase.h:
#include <stl_config.h»

#ifdef _ STL_CLASS PARTIAL SPECTALIZATION 7/ HLHEBH&HINR
template <clags T=

struct _ copy_dispatch=T¥, T*:

{

b:
$endif /* _ STL CLASS_PARTIAL_SPECTALIZATION ™/

cetl_config.h> CHREGEEE — 6% Bou SOHW, AR ST & H AN %
B RAENAGEE, ATERTE. NXEROTHU -8 XEEEE
C++ MXHBIE. L8, WERANEGE, TRARBATECE. KFRUAS
(31, (5], (6], (7], (8}, (10), {11}, BT 1.9 ¥4 R VC6, CB4, GCC — X%
e LAl

PIFE GNU C++ 2.91.57 <at1_config.h> BMTEAE:

Ges 2.91.57, cygmis\cygwin-b20}includeg++\ati ponfig .k FMMN
#ifndef __STL_CONFIG_H
# define _ STL_CONFIG_H

-y gy ok 8-

1ty WRAFBNEEX bool, true, false, FEXEN]

/72 MBPEIERMAERERF L drandss () R, @EX __STL_NO_DRAND4S
Ji(3) MBHIFREEAE static members of template classes, BEX

I _JSTL_STATIC“TEHPLATEAMEHBER_BUG

ff1ay DEHFBARTHERE ypenane, B4 typename’ EXH—1 null macro.
;7 (5) MIBAFEYpartial specialization of class templates, PIEN

i __STLrCLASS_PARTIAL_SPECIALIZATIUN.
/7 (61 IMRIRIEB I partial ordering of function tomplates (FR R
¥ partial specialization of functien templates) , HiE Y
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A
i
I
I
£
I
I
i
/7
Iy
/i
i
i
H
i/
i
i
i
I
I
i
Iy
£
i

__STL_FUNCTION TMPL_PARTIAL_ORDER
(7] MNEEFRAFRINEEA 4 funcrion cemplate BV LMAMEER
template arguments, #i ¥ _ STL_EXPLICIT_FUNCTION_TMFL_ARGS
(8] MAEHEBLH tenplate members ot classes, MEX
__ STL_MEMBER_TEMPLATES
(9} MEMIFERLIE LRI oxplicit, ME L explicit’ B—Tnull macro.
110] IRBIEBTLLBIEIN — template parameters WiE F— template
parameters WEBIAE, HEY _ STL_LIMITED_DEFAULT TEMPLATES
(117 IEHIEME I non-type template paramcters T function template
MEBHF (argument deduction) HAME, KTEX
__STL_NON_TYPE_TMPL_PARAM_ BUC
(12} MRFREBTLELIFEABRE operator—-, HENX
__8GI_STL_NO_ARROW_OPERATOR
{H}m%%ﬁﬁ(EWﬁﬁﬁWﬁﬁ*}ﬁﬁewﬂtmm,ﬁﬁ%
__8TL_USE_EXCEPTIONS
(14) %% _ STL USE NAMESPACES FIFHMEZHE using std::1ist; ZRMER
(15) WRAFRIFER scI HEfkmF, WHEAHEH KL pthreads
HHT threads, S X __STL SGI_THREADS
(16) MBEARFER—T w32 BiFERE, FEASERELT, MEX
_ ST1, WIN32THREADS
(17) FE4#E X5 namespace %M macres # _ STD, _ STL_BEGIN_NAMESPACE.
(18) EUMEN exception FEH macros M _ STL_TRY, __STL_UNWIND.
(19) 1%  STL_ASSERTIONS R#EN, # _ stl assert EFXH -1
Bl g fF s —4 null macro

$1fdef PTHREADS

#

define _ STL_PTHREADS

#endif

# if defined( _sgi) && !defined{_ GNUC__}
/i A sol SsTL EHAREM GNU Ct++

#

#
#
#
#
¥
#
#
#
#
i
#
#
#
b
¥
#
#

if tdefined{_BOQOL)
define _ STI_NEED BOOL
endif
if !defined( TYPENAME IS_KEYWORD}
define _ STL_NEED_TYPENAME
endif
ifdef _PARTIALASPEClALTZATION_OF_CLASS_TEMPLATES
define __STL_CLASS_PARTIAL_SPECIALIZATION
endif
ifdef _MEMBER_TEMPLATES
define _ STL_MEMBER_TEMPLATES
endif
if ldefined(_EXPLICIT_IS_KEYWORD]
define __STL_NEED_EXPLICIT
endif
1fdef __EXCEPTIONS
define _STL_USE EXCEPTIONS
endif
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# if (_COMPILER_VERSION »= 721) && defined{_ NAMESPACES)
# define _ 8TL_USE NAMESPACES

#  endif

#  1f tdefined({ NOTHREADS) k& !defined({_ STL_PTHREADS!)

# define __STL_SGI_THREADS

#  endif

# endif

¥ ifdef _ _@NUC _

¥  inrlude < @ _config.h-

# if _GNUC_ < 2 |§ (__GNUC__ == 2 E& _ GNUC_MINOR__ « §)

¥ define _ STL_STATIC_TEMPLATE_MEMBER_BUG

# define _ STL_NEED_TYPENAME

# define _ STL_NEED EXPLICIT

¢ else // REJEE ovuc 2.8+ WEEX

¥ define  8TL_CLASS _PARTIAL SPECIALIZATION

# define _ 87TL_PORCTION TMPL_PARTIAL ORDER

# define __STL EXPLICIT FUNCTION TMPL ARGS

§ define __ BTL_MEMBER_TRMPLATES

# endif

/* glibe pre 2.0 is very buggy. We have to disable thread for it,
Tt should be upgraded to glibe 2.0 or later. */

# if 1defined (_NOTHREADS) && _ GLIBC_ _ »= 2 && defined{_G_USTNG_THUNKS]
# define _ STL_PTHREADS

# endif

# ifdef _ EXCEPTICGNS

¥ define __STL_USE EXCEPTIONS

# endif

¥ endif

# 1f defined(_ SUNPRO_CC}

# define __STL_NEED BCOOL

# define _ STL_NEED TYPENAME

# define _ STL_NEED_EXPLICIT

¢ define _ STL_USE_RXCEPTIONS

# endif

4 1f defined(__COMC_ |

# define _STL_MEMBER_TEMFLATES

# define __STL_CLASS_PARTIALQSPECIALIZATION
¢ define _STL_YUSE_EXCEPTIONS

t define _STL_USE_NAMESFACES

# endif

/i EHEE: voe MIRAEEIERE 1200

# if defined{_MSC_VER)

4 if _MSC_VER > 1000

# include <yvala.h: PSR MeDEVL Ve TR g
# else

The Annotated STL Sources



1.8 SGISTL R4 23

# define __STL_MNEED_BOOL

#  endif

#  define _ STL_NO _DRAND4S

# define _ STL NEED TYPENAME

#  if _MSC_VER « 1100

# define _ 8TL NEED EXPLICIT

{ endif

# define _ STL NON_TYPE_TMPL_PARBM BUG
# define _ SGI_STL_NO ARROW_QPERATOR
+ 1lfdef _CPPUNWIND

# define __ BTL_UBE_EXCEPTIONS

$ endif

§# ifdef _MT

4 define _ STL_WINJZ2THREADS

¥ endif

¥ endit

¢/ B Inprise Borland C++builder FE X HILHER
// C++Builder MEABFNTRRXBRED?

# if defined{__BORLANDC ]

¢ define _ _STI, NO _DRAND4S

# define _ STL_NEED_TYPRNAME

# define _ STL LIMITED_DEFAULT TEMPLATES
# define __8GI_8TL_NO ARROW _QFERATOR

# define _ 8TL NON_TYPE_TMPL_ PARMM BUG
# 1fdef _CPPUNWIND

# define _ STL_USE_EXCEPTIONS

$# endif

4  1fdef __MT _

# define _S5TL_WIN32THREADS

g endif

4 endif

# if defined{_ _STL_NEED_ BOCL)
typedef int bool;

# define true 1

4 define falge 0

# endif

# ifdef  STL_NEED TYPENAME
define typename /7 Gt WHAPIK #define typename class M7
# endif

¥ ifdef _ STIL_NEED_EXPLICIT
define explicit

# endif

§ ifdef _ 8TL_EXPLICIT_FUNCTION_TMPL_ARGS
¥ detine __STL_NULL_TMPL_ARGE <
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t else
# define _ STI, NULL_TMPT, ARGS
# endif
# ifdef _ STL_CLASS_PARTIAL_ SPECIALIZATION
# define _ STL_TEMPLATE_NULL templatecs
# else
# define __STL_TEMPLATE_NULL
# endif

// __STL_NO_NAMESPACES is a hock so that users can disable namespaces
/7 without having to edit library headers.

¢ if defined{_ STL_USE NAMESPACES} && !defined(__ STL_WO_NAMESPACES)

# define _ 8TD std

# define _ STL BEGIN_NAMESPACE namespace std |

#  define _ 371 _END_HAMESPACE }

# define _ STL_USE _NAMESPACE_FOR_RELCFS

# define _ STL BEGIN RELOPS_NAMESPACE namespace std |
$# define  STL END_RELOBS_NAMESPACE }

# define _ STD _RELOPS std

# else

# define _ 5TD

# define _ STL_BEGIN NAMESPACE

# define __STL_END_NAMESPACE

# undef _ STL USE_NAMESPACE FOR_RELOPS

# define _ STL BEGIMN_RELOPS_NAMESPACE

# define _ STL_END_RELOPS_NAMESPACE

¢ define __STD_RELOES

# endif

ifdef _ STL_USE_EXCEPTIONS

define _ STL_TRY try

defina _ 8T CATCH_ALL catch{...]

define _ STL_RETHROW throw

define __ STT._NOTHROW throwi)

define _ STL_UNWIND{action) catch{...} { action; throw; ]}
else

define _ STL_TRY
define _ STL_CATCH_ALL 1f (false]
define _ STL_RETHROW
define _ 8TL_WNCTHROW
define _ S&TL_UNWIND{action)
endif

a4 S 2 3 SE o 3E R = gk A4k ¥ ¥

$ifdef __STI_ASSERTICNS
# include <atdio.h:-
# define _ stl_assert{expr)
if (1{exprl) { fprintf(stderr, "%s:%d STL agsertion tailure: %s\no",
__FILE_ , __LINE_, # expr); aborti); i

The Annofated STL Sources

Y



.

=Ny ]

18 SGISTL EHg % 25

s/ Bt MR siringizing operator #, BN (EESEBED &4 7
felse
¥ define stl assert{expr)
fendit

fendif /* _ STL_CONFIG_H */

// Local Variables:
i/ mode:Cer
/7 End:

TRz NMERF, R GCC HERITE:

/i file: lconfig.cpp

// test configurations defined in <stl config.h>

#include <vectors // which included <st)_algobase.h>,
// and then «<gstl_config.h»

$include <iostream:

using namespace std;

int main()
{
# 1f defined{__sgi)
cout << "__8gi" << endl; // nonel
# endif

# if defined{_ GNUC_ ]

cout << "__GHUC_ " << endl; /f _ GNUC__
cout <« _ GNUC__ << ' ' << _ GNUC_MINOR <« endl; Ji02 81
/f cont << __GLIBC___ << endl; // __GLIBC_ undeclared

# endif

/{ case 2

kifdef _ STL_NO_DRAND4S

cout << *__GT1,_NO_DRAND48 defined" << endl;
felge

cout << "__STL NO_DRAND4B undefined" << endl;
fendif

/] case 3
#ifdef __STL_STATIC_TEMPLATE_MEMBER_BRUG

cout << " STL_STATIC_TEMPLATE_MEMBER BUG defined" << endl;
telse

cout << '__STL_STATIC_TEMPLATE_MEMBERABUG nndefined" << endl;
#undif

// case &
Bifdef _ASTL_CLASS_PARTIAL_SPECIALIZATLON
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couk << "_ 8TL_CLASS_FPARTIAL_SPECIALIZATICON defined" == endl;
felge

Ccolt <« " STICLASS PARTIAL_SPECTALIZATION undefined" =< endl;
#endif

¢/ cage 6

Pl P EEEM. BN LY config.cpp (MEEEM TE)
}

WAL RIT . B EN GCC M &# Cr BiEM I RRE:

_ GRUOC_

2 91

__STL_NO_DRAND48 undefined
__STL_STATI1C_I'EMPLATE_MEMBER BUG undefined
_ STL_CLASS PARTIAL_SPECIALIZATION defined
__8TI_FUNCTION_TMPL_PARTIAL_ORDER defined
__STL_EXPLICIT_FUNCTION_TMPL_ARGS defined
__STL_MEMBER_TEMPLATES defined

ST, _LIMITED DEFAULT TEMPLATES undefined
_ 8TL_NON_TYPE_TMPL_PARAM_BUG undefined
53T STL_NG_ARROW OPERATCR undefined
___S8TIL_USE_EXCEPTIONS defined
___8TI,_USE_NAMESPACES undefined
__8TL_SGI_THREADS undefined
__STL_WIN32THREADS undefined

__STL_NO_NAMESPACES undefined
_ STL_MEED_TYPENAME undefined
__STL_NEED_BOOL undefined
__ 8T1, NEED_EXPLICIT undefined
__STL_ASSERTIONS undefined

1.9 TOIEESIRBEMN C++ BE

i8 WHPEAL AR, ARXAHIFREN Cr+ Standard 8 FFRE.
ZILAE, DERTFEBFEAMT C+ EHEBRIERZHE. UTRE——W
HGOC AR AELMRE. FUNRBFERRM (FH#H) B SGISTL ¥
50 B, RATLAE DRI SGLSTL B aoscfl. T LAHBH LR
M EE tlemplate SRS (argument deduction) . WFFE (partial specialization} Z
KEEE, FLAGERS AW classes B functions g1, R AMLASR
AL
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FVHERNAERT C++ BERK, FEFBRFELIA. B, daxdhg
AR F RN, R SRS BB RAAREA - TR, SRIEECH
Primer) 3fe BB EF AR K EENA.

1.9.1 stl_config.h PRSP AT (configurations )
LTI EHRS S L —FHA#<ctl_config. h>XHE LRSS AR .

'H7% 3: __STL_STATIC_TEMPLATE_MEMBER_BUG

/7 file: lconfigl.cpp

i/ BT class template FH static data members.

// test __STL_STATIC_TEMPLATR_MEMBER_BUG, defined in <atl_config.h=-
// ref, C++ Primer 3/e, p.839

/¢ veelo]l cbhd[x] gceolo]

// cbd does not support static data member initialization,

tinclude <iostream»
using namespace std;

template <typename T:

class testClass {

public: /t ERNTHEME, R public
ptatle int _data;

Yi

/7 ¥ static data members MTEX (KRAF) , Faod
int testClass<int=::_data = 1;
int testClass«<Char>::_data = 2Z:

int maint)

{
/¢ U, cBs REFE, BFEZVERE
cout << testClass<int»::_data =< endl; // GCO, VC&:1 CB4:0
cout << testClass<char>::_data << endl; // GCC, VCh:2 CB4:0

restClass<int> objil, objiZ;
testClass<char> objcl, objc2;

cout << objil._data << endl; // GCC, VC6:1 CB4:0
cout << obji2._data << endl; // GCC, WCb:1 CB4:0
cout << objcl._data << endl; // GCC, VC6:2 CB4:{
cout << objc2._data << endl; // GCC, YC6:2 CR4:0

objil._data = 3;
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ohic?._data = 4;

cout << apjil._data << endl; // GCC, VC6:3 (B4:3
cout =< objiz._data <« condl; // GCC, V(C6:3 CBd:3
cout «< ohjel. data =< condl; /S GCC, VC6:4 (CB4:4
cout << obijc?, data <~ ondl; [/ GCC, VC6:4 CB4:4

A7 5: __STL_CLASS PARTIAL_SPECIALIZATION

// file: lconfigS.cpp

{/ Wit class template partial specialization——4 class template @)
i —BRIEFZA, BIHHEYE renplate SHEMEHRR

/i test _ STL_CLASS_PARTIAL SPECTALIZATION in «<stl_config.h=

// ref. C++ Primer 3/e, p.860

/o vebix] cbd o] goolol

#include <icetreams
using namespace std;

11— Bt
template =class I, ¢lass O
struct tegtllass
{
testClass() { cout << "I, O" << endl; }
b

/1 R
template «<class T=
struckt testClass<T*, T*»
{
testllass{) { cout =« "T*, T*" << endl; }
1

/0 WA R
template <clags T»
struct tegtClasceconst TF, T*»
{
testClass () [ cout =< “const T%, T*" << endl; }
}i

int main()

{
testClass<int, char> objl; I, O
teatClags<int*, int¥*: objld; f4 T*, T*
testClass<const int*, int*> obil; // const T*, T*
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(RZ 6: _ STL_FUNCTION_TMPL_PARTIAL_ORDER

HHE, BB <stl_config.h> LHHEH, XM HFRHTURE parial
specialization of function templates, HE LM EHAHF. WEEXWT xR, a&
MR ES % Crr BREHRHE.

// file: lconfigé.cpp
/7 test _S8TL_FUNCTION_TMPL PARTIAL_ORDER in sstl_gonfig.h=
7 vee(x] cbd[o] goele]

#include <iostream=
using namegpace std;

class alloc |
b:

template <class T, class Alloc = alloc»
rlass vector |
public:
void swapl(vector<T, Alloc>&} { cout << "swap{}" << endl: ]
bl

4ifdef _ STL FUNCTION_TMPL_PARTIAL_ORDER // RUGWM, HE&BEAH
template <class T, class Allocs
inline void swap{vector<T, Alloc»& x, vector<T, Allocr& y) |

x.gwaply};
}
yendif /7 HWEHE, EERFRE

/7 SEHRE stl_vector.h, KEMSAERBTHANRE, FAMIEFNE

int main()

{

vecror<int> X,¥;
swap{x, vy /7 swap(]
}

487 7: __STL_EXPLICIT_FUNCTION_TMPL_ARGS
-/ SGLSTL Hy#FEA RRIX ~ M X.

(A7 8: STL_MEMBER_TEMPLATES

// file: leconfigB.cpp

// Mif class template ZWEHEF template (members)
// test __STL_MEMBER_TEMPLATES in <stl_config.h>
// ref. C++ Primer 3/e, p.B844

The Annotated STL Sources



F1E STL #R LS MAR

/f wvealal chdle] geolol

tinclude <iostreams>
using namesparce sted;

class alloc {

1.
I

template <class T, class Alloc = alloc-
class vector |
public:

typedof T value _type;

Lyvpedef value_type* iterator;

template «<class I=
void insert{iteraror position, T first, I last) |
cout <« "insertil" <<« endl;
}
b

int mainf(}

{
int ialh] = {0,1,2,3,4};

vector<ints= X;
vecLor<int»::iterator ite;
w_insert{ite, 1a, la+b5}: /7 inserti()

Y5 10: __STL_LIMITED_DEFAULT_TEMPLATES

i file: LeonfiglO.cpp

/¢ B template B¥e[ SR - template SHMAERAE

// test _ STL LIMITED DEFAULT_TEMPLATES in =stl_config.hs
/f ref. C++ Primer 3/e, p.816

/i veefol chbdlo] geclo]

#include <iostreams
ginclude «¢stddefs // for size_t
using namespace std;

class alloc 1
T

H

template <class T, claes Alloc = alloc, pize_t Bufsiz = 0-

claszsg deque {
public:
deque() i cout << “"degue" ~- endl; )
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I

JOBRBEH-TERET, BE F—12H8 Sequence HHIMER deque<T>
template <class T, class Sequence = deque<Ts =
class stack |
public:
stack(} { cout << "stack" << endl; }
private:
Sequence c;
i

int main{(}
{
stack<int: x; £/ deque
// stack

H7%11: __STL NON_TYPE_TMPL_PARAM_BUG

/f file: lconfigll.cpp

/7 Wi class template A EHE non-type template B

// test  STL_NON_TYPE_TMPL_PARAM BUG in <stl_config.h>
// ref. C++ Primer 3/e, p.B25

/4 veElo]l cbhd[o]l grcolo]

#include <iostreams
#include <cstddefs // for size t
using namespace std;

class alloc {
¥

inline size t __deque buf_sizef{size_t n, size_t sz)
{

return nn = 0 ? n : {8z <« 512 ? size_t (512 / sz} : size_t(l});
i

template <class T, class Ref, class Ptr, size_t BufSlz>
gtruct _ deque_iterator {
typedef _ deque_iterator<T, Tk, T*, BufSiz> iteralor;
typedef _ deque_iterator«T, const T&, const T*, Buffiz»
const_iterator;
static size t buffer_sizef) {return _deque_buf size(BufSiz, sizeof{T)}); }
}i

template <class T, class Allec = alloc, size_t Bufsiz = 0>

wlass deque |
public: /{ Iterators
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typedef __deque_iterator<T, T&, T*, Buffiz» itcraror;

} L

int mainf!

{
cout << degue<inls::iterator::buffer_size(} << endi; f/ 128
coul <« degque<int ,allos, bde:1terator sbuffer_sizel) <« endl; // 64

!

DFAERBEBAANAREZN, PR <st1 config.h> AHEX, #
KA TR SGISTL 27, HRAMNLE,

7.  STL _NULL_TMPL_ARGS (bound friend template friend)

cstl config.h> EX __STL_NULL_TMPL_ARGS HF:

¢ ifdef _ STL_EXPLICIT FUNCTION TMPL_ARGS
# define _ STL_NULL_TMPL_ARGS -

# elze

8 define _ STL_NULL_TMPL_ARGS

# endif

EAMEAEBEE ERERLXEERHE (class template §) friend BRFAEH ) +

f/ in «stl_stack.h>
template «clase T, class Sequs
class stack {
friend bool operator== __ STL_NULL_TMPL_ARGS (const stack&, const stacké):
friend bool operator< _ STL_NULL_TMPL_ARGS {congt, stack&, const stack&);

i

BFRBERT :
template <class T, class Seqignge = dequedis =
class stack {

friend bool operator== <> (const stacki, const stacké&);
friend bool operator< <» [const stack&, const stacké);

"
TR AR EE R N T LML bound friend templates, WEER class

template B34 R (instantiagon) S H friend function template ¥ 54~ B A
H-N—MEtE. TEE—-THEREF:

/7 file: lconfig-null-template-arguments.cpp
// teat __STL_NULL_TMPL_ARGS in <stl_config.h=
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f// ref. C++ PBrimer 3/e, p.834: bound friend function template
J7oveh[®] chd[x) goolo]

tinclude <lostream:-
#include <cstddef- /f for size_t
using namespace std;

class allog {
}:

template <class T, class Alloc = alleoc, size_t BufSiz = (>
class deque {
public:
deque(} { cout =< "degque® << ' '; }
i

/0 UTABIMRTER, coc merbLEd. WRERM, coo o Ri@id. X —&f
/! Ce+ Primer 3/e p.834 WEEBHA. F L — 5 BA XL &

Jf'*

remplate <class T, class Sedquence:s>

class stack;

template <class T, class Sequences
bool operator==z{const stack<T, Seguence>& X,
const stack<T, Seguenceri yj;

template <class T, class Seguence:

hool operatore{const stack«T, Sequencexk X,
const stack<T, Seguencexk ¥):

+/

template <class T, c¢lass Sequence = deque<Ts »

class stack {
// BRERRLK
friend bool operator== <T» {const stack«T»&, const stack<T»&);
friend bool operator« <T» {const stackeT»&, const stack«Tri);
7/ BEEREGRETK
friend bool operator== «<T» {const stack&, const stack&) ;
friend bool operator< <T» (consl stack&, const stackél;
tr BEXFEHETR
friend bool operator== <> (congt stack&, const stacks):
friend bool operator< < (const stack&, const stacké):
/1 BAERERA L
// friend bool operator== (const stack&, const stacké);
// friend bool operator< (const stacks, const stacké}:

public:

stack() { cout <« "stack" << endl; }
private:
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sequlence C;
h

template <clage T. class Sequence:s
bool gperator==(const stack<T, Seduencer& X,

const slack<T, Sequencexk y) {
return cout << "operators==" << '\,

remplate <clagss T, class Sequences
bool operator<{const stack«T, Segquences& x,
const stack<T, Sequencesx& v}
return cout <= "operator<" <= '\L';

int main()
{
atacke<ints> x; // degque stack
stack<ints v; !/ deque stack
cout << (x == y)] << endl; // operator== 1
CoUL << (X < ¥) << endl; // operator« 1
stack<chars y1; // deque stack
/i coub <« (¥ == y1} =< endl; // error: no makch for...

/f cout << (x = yl) << endl; // error: ne match for...
}

$A7: _STL_TEMPLATE_NULL (class template explicit specialization)

<stl_config.hs> EX T -4 _ STL TEMPLATE NULL #F:

# ifdef _ 9TL_CLASS PARTIAL SPECIALIZATION
¢ define _ 8TL TEMPLATE_NULL template<:
# else

4 define _ STL_TEMPLATE WULL

# endif

EAMEETEEERAEELEHNG S

/4 in <type_traits.h»
template <class typer struct __type_traits { ... }:
__STL_TEMPLATE_NIILL struct _ type_traits<char> { ... }:

/4 1n «stl_hash_fun.h>

remplate <clasg Key> struct hash { };

_ STL_TEMPLATE_NULL struct hasheccharr { ... };

__ BTL_TEMPLATE_NULL struct hash<unsigmed char» { ... };
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B EERAT
template <class types> struct __type traits { ... };
template<» struckt __type_traite<char:> { ... };

template <class Key> struct hash { };
template<> struct hash<char» { ... }:
template<s struct hash<unsigned char» { ... };

T EFFEH class template explicit specialization. T iX4-#F&MT GCC #
VC6, RFHHAEFER templatess HEH explicit specialization. C++Builder I
RAeEEEHEBERAFITLER Cr 3RS, CERLTTATL templatess.

// file: leonfig-template-exp-special.cpp

7/ FMiE class template explicit specialization
// test _ STL_TEMPLATE NULL in <stl_config.h>

/! ref. C++ Primer 3/e, p.858

/f vea[o]l cbhbdix] goofol

#include <igpstream>
using namespace std;

/; %  STL_TEMPLATE_NULL E X% template<», AL
/f EENH blank, T, MRBERT ccc
#tdefine _ STL_TEMPLATE _NULL /* blank */

tomplate <class Key> struct hash {
void operator(){} { cout << "hash<T>" << endl; }
i

// explicit specialization
__GTL_TEMPLATE_NULL struct haph<char> |

void operator{){} { cout << *hash<char>" << endl; )
bi

__&TL_TEMPLATE_NULL struct hagh<unsigned chars {
void operator{){) { cout << *hash<unsigned char>" << endl; }

¥

int main{)

{
hash<long=> tl;
hash<char> t2;
hash<unsigned char>t3;

t1¢}: // hash<Tx>
t2{); // hash<char>
t3(}: /¢ hashecuns.gned charz
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192 IBENRETESER

FrBIES At %, R —FEZHE (unnamed objects) . B HIAWRFER
FRABIEZ T (BmMEM pass by value BIEF25IK copy B, TRER-
AR ), EEEREE LHAES. HERRAEHE -HiEREE, HX
AHERFTRERAST. ATHEEM RN T RE, ANANERZEEZM—
ANMES, HAHEVE, A shape(3, ) B incia), HE MY TRRBMRE
i constructor BL ARS8k, STL BEHEETTHATHER (functor) 5
BHMEE.L, F:

// file: leonfig-temporary-object.cpp
[ FRFETRRRT for_each() ok §7
// weelo] cbd{o] geclol

#include <vactor:

#include <algorithm:

#include <lostreams

using namespace std;

template <bypename T=»
class print
{

public:
void operator{} (const T& elem) // operator{) R, Lig.eM
{ cout << elem << ' '; )
};
int main{)

{
lnt ia[ﬁ] = { 0!1:2131'4.‘5 };
vectore int > iviia, 1a+6);

// print<int>{) B—TRER, AR—EH%FR RN

for each({iv.begin(}, iv.end{}, print<int>(}):
1

BE fHEREE “function template BRI printints H— AR XA
ﬁ&ﬁ%%ﬁﬁkfmgaN}Z*@ﬁmﬁﬁmme(%ﬁW}QTﬁﬁﬁ
SRR TERNEM.

13 i 5% (More Effective C++) 53X 19: Understand the origin of temporary objects.
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1.9.3 ﬁ%u"%"%%ﬁl!ﬁﬁ& class W%EE%%‘{‘B

in-class static constant integer initialization

MR class S const static integral data member, FARIE Crv IRIMEHH,
BATALATE class ZREEBTEME. A integral (28R BB, FRHAR
1% int. THRE—HF:

/¢ file: lconfig-inclasg-init.cpp

// test in-class initlalizatlon of static const integral members
Jf ref. C++ Primer 3/e, p.643

Jfoveh[x] cbdlo] goolo]

#include <iostreams
using namespace std;

template <typename T=

class testClass |

public: // expedient
statiec const int _datai = 5;
gtatic const long _datal iL;
ptatic comst char _datac

b:

1
p]

int maini)

{
cout «« teatClass<int»::_datail << endl; /7 5
cout «« btestClage<inte::_datal << endl: // 3
cout << testClasg<int>::_datac << endl; // ¢

}

1.9.4 increment/decrement/dereference B{EFR

increment/dereference REFEXRBOEALAFEFEEORM, AA
A — R E DA T AT Gincrement, operator++) FBUE (dereference,
operator*) IR, MIEESHAER (prefix) FUSE R (postfix) WiFR, FIH
HERER, FEERBEEWRBHHE, MARLABRHE decrement FiE
¥ (WANERNEERAAM) . THRE—-THH:

14 ¥ 5% (More Effective C++» %3 6: Distinguish between prefix and postfix forms of
increment and decrement operators
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/4 file: lconfig-operator-overleoading.cpp
J/ vehix] cbdlo] geoclo]

/7 vet B friend PR c+v WHERFE, A bug
#include <iostream-

using namespace std;

class INT
1
friend ostream& cperator<<{ostream&s os, const INT& i};

public:
INT{int i} : m_i{i} { }:

// prefix : increment and then fetch
INT& operator++ ()
{
s+ (thig-»m_i}: // BE#E clase BIKR, &AW EAEARMRE

return *this;

/f postfix : fetch and then increment
const INT operator++{int)
{

INT temp = *this;

++{*this);

return temp;

}

// prefix : decrement and then fetch

INT& operator—-()

{
——(this->m_1i}; // B# class BAF, EITHEERRERERE
return *thisg;

}

// postfix : fetch and then decrement
const INT operator--{int}
{
INT temp = *this;
-~{*this};
return tLemp;
}

// dereference
inté operator®*{] const
{

return {int&im_1i;

f L EEREES RIS, ¢ﬁxﬁﬁcmwcmbﬁﬁﬂwcmthHMe

/7 BRI AR, GHRERRAATEE, FEEMHORITR IR
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}

private:
int m_i;

bi

ostreamé operator<<{ostreamé og, const INT& 1)
{

o5 << "[" == 1.m_i <= ']7
return os;

}

int main{}

{
INT I{5};
cout =< I++; £ 5]
cout << ++1; A7)
cout << I--; AT
cout << --1; /4151
cout << *I; i8S

}

1.9.5 BIABHRXERTE [)

B4 STL Hi, HEEKBH-HEAH (EREH) FrisnmXE,
L E R . & — 3 A SRR RSB ATH 5 FFXES, B (first,
last) BR. HRRY, BAEEEEM rirec 8, HI last-1. AR last
MR “BE-NTENT—ME" . E of by one (M —H, Bk pass the
end) BIRRRE, WRTHLHE, FIMTEMAA STL HENERRT, RER/+
g UEE

template <class Inputlterator, class T=»

InputIterator find(Inputlterator first, Inputlterator last, const T& value) {
while {first 1= last && *first !'= value] ++first;
raturn first;

}

template <class Inputlterator, class Functions
Function for_each{Inputliterator first, InputIterator last, Function f) |
fur { ; first !- last; ++4first)
fi*first);
return f;
}

15 B -8 (haif-open) . J5JF (open-ended) X[l
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HABRHERERNT (AT, RELRLRE S REZAFSR)

|

iterator Werator

1.9.6 function call }%ﬂiﬁf (operator())

ROKAEED, REAARAE (Cvr BRTHERNMET) BATLARER.

#E STL AHARBTRERE, —PAT—RRKE (DT RgT
RHFD, — A A TSRRR (0 e AE R 2 LR R X RETHN)
BEAFHER, BERPEEEN AR RS, MAGERBATES - BEHR
R, ERELMBKRNATRAEE " -RURE" .

o “—BERE" H, YRERE. IF c EFNA, HERKLHSRE
¥, MAETHYIEH (pointer to function, HLFR function pointer) A B, #IH0:

// file: lgsort.cpp
tinclude <cstdlibs

¢include <iostream>
using namespace std;

int femp{ const void* eleml, const vold* elem2);
vold main{)
{

int 1a[10) = {32,92,67,%8,10,4,25,52,59,54};

fortint i = 0; 1 < 10; i++)
cout =< lafi1]l =< " " J/ 32 92 67 58 10 4 25 52 H9 H4

geort (ia,sizeof{ia)/sizeof(int),sizecf(int), fcmp);

for{int 1 = 0; 1 =« 10; 1++)
cout =< 1a(i] =< " " J/04 10 25 32 92 54 58 59 67 92
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int femp| const vold* eleml, const void* elem2)
{

const int* i1 = (const int*}eleml;

const int* 12 = (const int*)elem2;

1f{ *il < *i2)

return =1;

elge if( *11 == *i2)
return 0;

else 1f{ *il » *i2)
return 1;

BEREEARE, BEENREAREREF O RESUNBRTMRE, local
states) , EEFEBHEAEABHIERY (adaptabitity) —RHRAHEBHR
B A MET R LR S HRE.

i, STL EEMSHEEMESHME R4 & "5 R "Bl
7, BLEEEEASR. FEHER (functor) HRE FHERSGSEY — KR
. INRARETRIEA class #T operator () HE, ERMMA—Mrd¥. ETH
RoA— I RENERY, THEN-EEANSEN (FNBEHE) .

FEZE - operator (v FHRH T

// file: 1functor.cpp
tinclude <iostreams
ueging namespace std;

/¢ BIT#H operator (} B®T. Bt plus BT —Mid¥
template <class T»
struct plus {
T operator() (const T& x, const T& y) const { return x + ¥; 1}

}:

// BT operator() ERT, AMK minus KT —MIR¥K
template <¢lass T>
struct minus ¢{
T operator() (const T& x, const T& y} const [ return X - ¥; }

}:

int main()

{
/¢ AT P fh RO &

plus<int> plusobi;
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FIE STLEBESHEERES

minug<int> rinugcb:;

fr LU R A, SRR
cout <« pluschi(l, 5] <<« endl: fF0H
cout << minusobij(d,h) << endl; iro-2

o UFEEEEFREERH S (B-dAMES) |, FHfiz (BTWAES)

cont << plus<intes»() (43,50} << endl; i 93
cout << mimma<ints{) {43,580) <« endl; A=

P plueeTs Ml minus<r> CEEJEEEE STL FISSHT, ¥ 1R

TS “PIREENT . AT CAREmENT , HIER 3 EiL.
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2
=2 E|BC B 32

allocator

LASTL gz AR S, ZRRERRRATENANRN, EERERE
— S (AR ISER, container) PR, BRTIE, MBAHK. BEF
PLSTL MIZAMETS, $—1TRENENARSHRES, AAEA STL i
g (FAMYE) SEHEREZA, NMER - ERENETHUEMEH.
AGRERTEEERNEE, BRENERY STL AfHKRR A REHE.

hft AW allocator RNEREFTNHERTHAIHR? AAEMF -
BAE, SHGTNEESSKEHBEN R, B8, FE—4 alocator,
EERBEEEREE. LTFAEME SCISTL BMNEERS, FENYS, 11, &
M, BRE ©.

2.1 ZEiE:sBsREREO

HIE STL p3EFE, LI F&E allocator KA ERENO2,
;7 BT ER cype MIRITER, B3 Eifz

allocator::value_type
allocator: :pointer
allocator::const_pointer
allocator::ireference
allocator::const_reference
allocator::size_type
allocator::difference _type

1 ;5% % Disk-Based Container Objects, by Tom Nelson, C/C++ Users Journal, 1998/04
2 #H% [Austern98], 103 .
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allocater::rebind

~MER (nested) class template. classrebind<U> FEH - A other, #f
=1 typedef, 4K aliccator<us

allocator::allocator ()
default constructor
allocator: :allocator{const allocatori)
copy constructor
template <class Usallsoator::alloeeator (const allocator<Us&)
ZHH copy constructor
allocator::~gllocator ()
default constructor
pointer allocator::addressireference x) const
BEENM S, BX 2 addressix) FET ax
const_pointer allocator::addreses{const_reference x} const
BEEA const MR, HX o address () FRET &x

pointer allocator::allecate{size_type n, cosnt void* = 0}

B, ZLUEREn 4 - e, B M ER. THETESARAER
I (localiy) , RREEEMKZ

void allecator::deallocate (pointer p, size tynpe n)
YA I8 S ATAC B # 2SH]
size type allocator::max_size(} const

EET AR ENRAR

void allocator::constructipointer p, const T& x)
ZET new(const void*} p} Tix)

void allocator::destroyi{pointer p)

%R T p-=~T{)}

2.1.1 Ei— TSNP EAcESE, [):allocator

WERRRERE D, BOTHETER - BEHE. EOXRELAF LY
allocator 21°F:

// file: 2jjallec.h
tiftndef JJALLOC_
#define _JJALLOC_
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45

Finclude cnews /t tor placement new
finclude <cstddefs /f for ptrdiff_t, size t
#include <cstdlibs 4 for exit()
#include <climits= /4 for UINT_MAX
$include <ipstream= // for cerr
namcspace J&
{
template <class T
inline T* _allocatel{ptrdiff r size, T*) {

set_new_hamdler () ;

T* tmp = (T*)(::operator new(({size_t] (size * sizeof(T}1}];

if (tmp == 0} {

cerr << "out of memory” << endl;

exit{l);
}
return tmp:

template <class T

inline void _deallocate{T* buffer) {
::gperator delete{buffer);

template <class T1, class T2
inline void _construct(Tl* p,

new{p} Tl (value};

template <class T-

inline void _destroy (T* ptr}

pEr->~T{};

template <class T»

class allocator ¢

public:
typedef T
typedef T*
typedef const T*
typedef T
typedef const T&
typedef size_t

const T2& valuel {
// placement new. invoke ctor of T1

{

value_type;

pointer;
const_pointer;
reference;
const_reference;
size_type;
typedef ptrdiff_t difference type;

// rebind allocator of type U

template <class Us»
struct rebind {
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typedef allocator<Us other;
bi

/4 hint used for locality. ref.[2usLern],pl8s
pointer alleocate(size_type n, conat void* hint=0}) |
return _allocate{{difference_typeln, f{pointer}0y;

vaid deallocate(pointer p, size_type n) { deallocate(p); )

void econetruet{pointer p, const T& value) f
_gonstruct {p, wvalue};

p—

vold destrovipointer p) { _destrovip); |}
pointer address(reference x) { return {polnter)&x;

const_peinter congt_addresa{const_reference %) |
return {(const _polncer}&x;

sizeo_type max_pize!) const |
return size type{UINT MAX/sizeof (T));

i
} /f end of namespace JJ

#endif /s _JJALLOC_

# 07::allocator M TRFZW, RNEW, ERAEFREMER PISTL
# RW STL, .

/t Eile: 27jalloc.cpp

ff WCE[o], BCB4A(o]., GCCZ.9(x%1.
#include "jjalloc.h"”

tinclude <vector=

#include <icstream:

using namespace std;

int maint)

i
int 1a{5] = {Dtltzfg!q-};
ungigned int 1i;

vector<int, JJ::allocator«ints » iviia, ia+5);
for(i=0; i<iv.gizell; i++}
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coul e iv[i) w0
cout <~ ondl;

}

“HEEAREHA PISTL” REA, PISTL AL HEF STL Mk, HFH
WHITEFHRERE PERENT A SRR allocalor:: Charallow()s
“HEEA R EIEA RWSTL” MER A, RWSTL 4R EABE LERTEMK,
BMERBEL, J0::allocator RESZHE. EYEELENAT S STL,
RE % SGI STL Fix- M H HARARBE T STL e, ER-1T%EBH. A
TIRZRE (sub-allocation) FEJIN. BEMEHIFHAES, MEAHANE.

AT LU A — S B . B5E L SGI STL AR Mt T — MRl E
wED, FRLCHT --BRE. I MMEEONEESFAN sinple_alloc, H
=R,

2.2 Eﬁmﬁagn(w‘b-allocatinn)m SGI Qrﬂjﬁggg

SGL STL WINE# SRR, LS5HERNAR, HEZ%R2 allec M
allocator, M EAEZTMER. LEE, WRERERFFHORM SCL &
g, WXL L.

vector<=int, std::allocator<inty - iv; // in VC or CB
it At

vector<ing, std::allocs iv; /4 1n GOC

SGI STL allocator F 87T SFRMEMAR , AN FEE R SHRIFRELE, B
WEERINEASRENSREES, RPFEAGKEERES 2, T SGISTL /)
B ARBCEEEETEN=ARERY alloc. MITEE vector BH:

remplate <clasg T, ciacs Allow = allec> // BHEM alloc AEEHR
class vectar { ... };

221 SClpENDERERS, std:allocator

B SGL MELE MEEIMRE. BH allocator HACEE. A SCI
ENARDE, AAENRNER. FEFEERETE, AL Cw
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ff} ::operator new M ::operator de_cteff —ETEAAEMD. MR SGI
B std:: allocator -

G++ 2,.81.57, cvgnus\cygwin-b20yinclude\g++\defalloc.h FEAH

fp BABEUSITH. LRIREN 1P delfault ollocazor. RIFCHEN S
PR

/¢ DO NOT USE THIS kI1LE SEMHXTTE, BIFEST EHE SRS ML

/W — RAFE— A HP-ctyle interface WEBBEASK. sc1 st #H
/1 RRM aliccator B, 36I-style allocators 4 M35 R X
ff B BRI void~ RH (BT NRERERD, K2WEN—4

ff “IRMBRENT IR, ™) . BXAFABETEEEM so1 st J i

#ifndef DEFALLOC H
#define DEFALLOC_H

kinclude <new.n.
#include <stddefi.h=
#include «stdlib.hs
fginclude <lim:its.h.
#include <lostream.h>
#include <algobase. hs

template <ilags T»
irline T* allocate(prrdiff_t gize, T*} {
cet_new _handler(0);
T* tmp = (T*){::operator new((size_t}(size * sizeof(T))1};
if ltmp == 0} !
cerr << "oput of memory" -« endl;
exit(Ll);
'

return tmp;

template <class T.
inlire void deallocate(T* buffer) |
roperator delele{buffer);

remplate <class T»

rlass allocator |

public:
f7 B ERM Lype ANTITIER, FE 1 SR
typedef T value_type;
typedef T* pointer;
typedefl const T* const_pointer;
typedef T& reference:;
typedel const T& const_reflerchoe;

The Annotated STL Sources



22 REKEEHD (sub-allocation) ) SGI AR BB 49

typedef size_t sizeo_type:
typedef ptrdiff t difference type;

pointer allocate({cize type n) |
return ::allocate({difference_tvpeln, [(pointerid);
}
void deallocate(pointer p) { ::deallocatelp); |}
pointer address(reference %) { refurn {pointer)&x; }
const_pointer const_address{const_reference x) |
recurn (const_pointer)ax;
H
size_type 1lnirt_page_size() |
return max{size_type{l), size_type(d096/sizenf(T)));
1
pize_type max size{) const {
return max{size_type(l), size_type(UINT_MAX/sizeof(Ti)};
'
}:

/7 ¥ (specialization) . B, Wt ABWMMAENL templatecs?
s Wil WHRENL. &, RERT cce
class allocator<veids> |
public:
typedef void* pointer;
}i

#endif

2.2.2 SGl HHENTEIRESE, std:alloc

E—HEiRI allocator HEEENFEREMRBTH (BHZ : coperator
new H ::operator delete) W)—EWMHEMALR, F8GHEF EMHE LA
. SGI BEEEMHEEREMER.

—|E, BAHMIME C+ AFRIRAENBRRHRFLEIRE:

c¢lass Foo [ ... };
Foo* pf = new Foo; // BERE, REHENR
delete of; ff BRENH, RERBNF

ZEFM new HRANETTETERENS: (1) HH ::operator new KENF:
(2) 18 Foo::Fool) MEMNRHE. delete HALAE M ERME: (1) WA

3 R CEESELD e £i13H.
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Foo::~Foa (3 BTSN, 2) B ::operator delere FHINAT-

KHTH%S T, ST allocator RESEIMH BIFRAT TR, HEEER
ﬁ‘ﬁ% alloc:allocate() ﬁf‘.ﬁ, Wﬁﬁ-ﬂfﬁﬁ‘ﬂﬂ alloo:rdeallocate() ﬁ‘lﬁ?
MBEMERER . consiruer (b W, MEMHRIEE :destroy ) 3

STL #EHB SRR, BERELTF merory» 271, SGI -memory -
BT R L

¥include «stl_aliocc.hx ¢t AN HHEE SR
#include <stl_construct.h- rf BTA RRHREE S

S R E BB SRR A NWEATH, HAEEEZR U L.
KA cstl_construct.h EXAMMERHEE: HEMD constrace iy FTH
Al destroy (). E—ARATHOMFINAME TERZA1. RN HEL
5 1 o 50 o 2 W B P A T AT A

STL #.7F RERYIEREHN
EER (allocator) . construct() ] destroy(),
FYFIL, <stl_construct. h> 7198 T S B S AOAT 46

et {12 EF STUIR AL TG,
<Memory> I
XEEYT—. “HEES,
HHE\M&LfﬂJiEiEL BIATE, EER2H alloc,

<stl_uninitialized.h>

XEFENT-ELERE, BXREE (All)
EH (copy) KIRATFEE, Tilkd
PEF STLIFHENT,

un_initialized_copy(}
un_initialized [}
un_initialized 611_n()

X BHEAETEERONE, B5RHHE

BREX. WTESHAMRTREIRER

. JLRBUFRXEEDBRINZEE. _
FEER & 1AHconstruct(),
REERNSBACHERYmenmovejERHET

P EERRE L. o
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22 H&EUWHRE N (sub-allocation) #] SGI 256 & & 2% 51

223 WEHHARBAERTE: construct() F destroy()

THE <st1_conscruct.h-BIEGAA R FRARE, B2 58 2-1).
$include <new.h /¢ U placement new, WA ALLTH

template «class T., class T2
inline veold ecomstruct (T1* p, const T2& value) |
new (p) Tl{valuey; // placementnew; ¥/ Ti::T1(value):

/f AT destroy() B—WEF, H#F—THH

template <class T-

inline void deatroy(T* peointer)
pointer-.~T(}; /¢ WH dtor ~T()

s

s/ MR destroy() BTHE, HEATRMAHE, HRBEHRETENTERS,

Jf HETAA _ type_traits<s KEEREYHEE

template <class bForwardIterators

inline void destroy(Forwardlterator first, ForwardIterator last) {
_destroy{first, last, value_typelfirst}};

}

/7 B ERRAR S (value type) £&H trivial destructor

template =class Porwardlterator, class T»

inline void _destroy{ForwardIterator first, ForwardIterator last, T*}

{
typedef typename _ type traits«Ts>::has_trivial_destructor trivial_destructor;
. degtroy_aux(first, last, trivial_destructor(}):

}

f/ MBLEEAMETN (value type) & non-trivial destructor: -
template <clags ForwardIterators
inline wvoid
__destroy sux{lorwardlterator first, Forwardlterator last, _ _false type) {
for { ; first < last; ++first}
destroy (&*first;
}

/7 METEMBAER G (valve type) # trivial destructor:--

template =class ForwardTterator:
inline void  destroy aux(Forwardlrterator, Forwardlterator, __true_type} {1}

;0 VTR destroy () B THRAHITIERBEY chart M wehar_t+ MU
inline void destroy ! char*, char*) {}
inline void destroy{wchar_t*, wchar_t*] {}
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52 $£2F FRAAE (allocator)

% for(; firstciast; )

Ef _ destroy() 7Bty destraoy(&*first);

__false_type
<ForwardIterator,
FarwardIteratars

{ no-ap
Lo no-op __trus_type

(char*,
char¥)

destroy() —

Bt » N0-0p
(wChar_t*,
wchar_t*)

pointer->~7(J;
{T* pointer) < -

construct () —2ti—y. new(p) Tl(value};

(T1* p,
const T2& value)

B 21 conscruct() Fl destroyi) e

XA . .2 RN RS Y 2 RER, 4 STL MMliis.
4, STL ARERERUARA &Y construct () A destroy (+ BIFTAA
B (217, RMEIFTE SGISTL FXBFFMRIAEH stdisalloc HAL
BHRIFAFTX -RN (FERTA) .

FiR construct () EE RS o HI—MHE value, WEHBMERE
B B S IT A2l . C++ ) placement new ERS T AR
—{£%.

destroy () BRAMA, B—AREZ- MRS, B EW R ZY
Mt XA, BRI R AR BB AR firer Fl last
FA LS REERE, %3 EHBENE) , BEH (firsc, last) EHAN

£% [austernss] 1041 .
*

¢ [Lippman%2] 845 .
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22 HEWHRE N (sub-allocation) §) SGI %A A & 4% 53

P s g amsans, BOANEXMUIRAEER, T—RE, TiATHRH0T 088
HIEME (I8 wrivial destructor) , M2 — WU X & T RFE A e 5,
EER FHE. Wik, ZENENA valce_type) RBEAFHHI LM
A, EHA _type_traits<T> HMZERHMFTHRBRTEERE. F£
(__true_type) , W AHAEHRER: BF (__faise_type) , BALARH
FRAEIFBANEE, FLeBEFTEEn -THREERE - THRAN destroy ().

REMMEMRE, B C FEHAHEELEN “BiEzy” (i
Wi, RS EA UWURTEB RN triviel” BTHE, Hl, FAF value_typel)
T type_traits< ZUMTSEIIR? 37 WHEAME.

2.2.4 DEINEBSEN, std:alloc

5% THEREE N RTS8 BT R R8Ty, BERTR
EENFRAEEMER.

A MR A B AR AT GRS B, B <stl_alloc.hs AT,
SGL Mg EImT:

® |i] system heap ERZH].

o ZELZHERE (mulithreads) RKE.

o EHENAFTENKERRE.

o ZiEpg Y PRKE AEERNASFEES (fragment) FRE.

HTHEEE S - EZNERER, LTRRUNARERERRN. SHER
EHRBRENAHE.

C++ WWHEEEjEﬁFFE 1ioperator new(} , P T TR R A 4 1R
£ ::operator delete(}, ﬁWj”i‘%%@ﬁ*ﬁ%ﬂ:Cﬁﬂmlloc{} H free() B
¥. BN, ERmit, SGI EEL malioc(s #lfree(y ERAFHHESEE.

4 e BNV BT S R AR, SGI it THEAREERS, B
—FERNEREEEM walloco # free(), %Lﬂiﬁﬂﬁ%ﬁmﬂﬂ‘%ﬁ%ﬁﬁﬁ%ﬁ
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54 219 ZFNEES (allocator)

M SNCEXRMIT 128bytes B, 2% “EBAT , ERAS- KRES: L
BRIANT 128bytes B, M2k "2/, HTRKBAGIE (overhead, W 226
1), (@RAEZE memory pool BH FA, MAGBRKYTE ARES. B
WREAFHGE -ARES NEABFRE REESR, T _vsz mriroch
REHE L (G, RITTLMSZREEE, SGISTL A ¥ _vst warrec)

$ ifdef _ USE_MALLOC

typedef _maloc_alloc_template<0s malloc_alloc:

typedef malloc_alloc allog: i/ % allec WE-REER

 else

1% alioc AR THRNEL
typedef _ default_alloc _templates_ NODF_ALLOCATOR_THREEADE, J- alloe;
gendif /* ! _ USE MALLOC =/

iiqj_qmalloc_alLoc_template Etf%ﬁﬁ-'ﬁﬁﬁaﬁiﬁﬁ, _defanln_uiloc_
template HEBEKEBH. MO NFEHANE. BFRERFER, alloe
ANEZEM template T HZH.

Tit alloc BELAB--BEEENER, SCI FAEHLE-MEOW
K, GRERNZOREBAS STL BE:

template<class T, class Alloe:
class simple alloc |
ublic:
static T *allocate{size_L nj
{ return d ==n? 0 : (T*) Alloc::allocatein * s-rent (Thi; |
static T *allocate(vold)

[ return {T*] alloc::allocate(sizeot (Thj; !
atatic void deallocate (1 *p, size b nj

{if (0 = n) Alloc::deatlocate(p, n * sizeaf (Ti}; |
slatic void Qeallocatei'!l *p)

{ Alioe::deallocate({p, aizeol (TV); 1}

b
RSN R RREERANEER, FRARSRES (THERS &
HAREREE &) WA REH. X MEOERESMA RN bytes HA A
BF/h (sizeof (T} . SGISTL AB4 A MX T sinple_a loc #MN, HIAL

8  UsE_ranLoc XAMAHEAREEN, WA etle, BREIRER nalloc ()
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22 HEWEE N (sub-allocation) ) SGI &AL E #% 55

template <class T, class Alloc = altloe- // WEMH alloc NEESR
class vector |
orotected:

0 ERZTGHNES, SREE TR

rypedef simple_alloc<value_type, Alloc> data_allocator;
void deallocatedl) |

A

data_ailocator::deallocared{start, end_of_s.orage - starti;

—, CHERESNLER, BUak, REESHANA, o TR 22 LxR.

SGISTL 55— IRACKES
templatecint inst>

class  malioc_alloc template { ... };
Hp:

SGI STL 8 RFEEE
tenplate <beol tweads, int mst>
chss __default_alloc_temphite | .. )

1. atlocate( ) SRR malloc( ), H.
deallocate() EHER free() 1. HEP 16T ERER (free lists)
2 81 C+ (9 set_new_handier( ) DARME 171 = 16y B R REC RS D

A REEMR P37t (memory pool) DA mallec( ) BRETHS,
NENGTE, PAE RAES

(A EREER) -
i 2 INRERERAT 128 bytes, FAFEBM
= AN T

M 22a $-HAERTHR_ANES
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H2E

SRIECER (allocator)

J‘h—"

1% alloc EXH
FE—NEKES

typ
typ

il

1B alloc EVY R

cdef malloc_all

edefl  malloc_al :ﬁ i mplate<D> malloc_alloc; §

| &Ei%%
| typedel _default_allocétemplatc::[l,(lg allog; i; .

B0, TAlcRSirERD]
—

template<class T, class Alloc>

class simple_all <
b ple_alloc | <

public: '
static T *allocale{size_t);
static T *aliocate(void);
static void deallocate(T*, size_t )} 7
static yoid deallocate(T*);

|5

class vector {

b
Pt

clags deque |

b

KB LR, Bk

template <class T, class Alloc=alloe>

.-typedef simple_alloc<T, Alloc» data_alloctor,
data_alloctor::allocate(n); // EE @ TILE
HEBTRG, BTRMMGENE -

template <class T, class Alloc=alloc, size_t BufSiz = 0>

~ typedef simple_alloe<T, Alloc> data_alloctor;
typedef simple_alloc<T*, Alloc> map_allocator,
data_allocator::allocate(n); / BB T 708
map_allocator::allocaie(n); /A Br T B
K EREEA, BT RWIEEDE -

AV

B 2-2b H-HEERSFE _ANESHLRENME AT

2.2.5

HERIMUEE -RRES:

#it O
B include <news
#  define

#clif !defined/(
# include <iostream.h-

# define _ THROW_BAD ALL
#endif

// malloc-bdased allocator.

F—REBE __

__THROW_BAL_ALLOC)

00 cerr <«

"out of memory”

malloc_alloc_template BI#T

__ THROW_BAD_ALLOC throw bad alloc

<« endl; exit{l]

EEHREE TR default 21l0c HHEE
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22 BAWKKEN (sub-allocation) HY SGI ZE[RIALE 2% 57

/1 ~BTEE thread-safe, WHMTLAHEKSH (efficient)

fr BT R BB A

iR, £ “rewplate HYBE” . BT “FEMISET inst, WEEREERS
remplate <int inste

class _ malloc_alloc_template |

private:

/1 AT EE BRI, FTREN RSN RARGBAT AR NER
// oom 1 out of memory.

staric veid *oom_mallocisize t);

static void *oom realloc{void *, size_t);

static void (* _ _malloc alloc_ccm handler) {}:

public:

static void * allocateisize_l n}
i
void *result = mallocin); // B—FREREEEN nmalloc()
/i UTrEmEERE, A com_malloc()
if (0 == result} result = com mallocin);
return result;
}

staric void deallocate(volid *p, size t /* n */)
{

freeip); // B HWEEBHEER free()
}

static void * reallocate (void *p, size_t /* old_sz */, size_l new sz
{
void * result = realloc{p, new_sz); // B—BREBREEEH realioc)
U EREHBERRI, ¥/ oom_realloc()
if (0 == result} result = com_realloc{p, new.s2l;
refturn resnlt;

}

/7 BUFAFE e+ B set_new_handler (). Bmigl, HaLLEEE
// BREHRACH cut-of-memory handler

gtatic void (* set_malloc_handler({void (*{)()}}(}

{

void (* old){) = _ malloc_alloc ocom_handler;
__malloc_alloc_com handler = f;
returni{cldl:

}
}i

// malloc_alloc out-of-memory handling

Jf BN 0. BEREWRRE

template <int inst-
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58 F2E FRAES (alocator)

ol Y _malioc_alloc_terplate<irsts:: _malloc_alloc_oom _handler) (i - C;

terplato - ing insoe
viord * _ malloe_allog_Lemplate-inst=::oom_mallocisize 1T nj

v

1
void {* my_mailoc _kancler) () ;
void fresult;

for t::) o £ AWEERR. BE. 48X ARE-
my _malloc_handler = _ mulioc_alloc_oom_handler;
F 40 2= my_malloc_handler) { ___THROW _BAD_ALLOC; 1
{*my_malloc_handler) (); // WHAHORE, CEBERAF
reault - mallocin); Jf BRI BAE
it (resulti returni{result};

i\
I

template «int insts
wn1d * malloc_allec_template<instr::oom reallaecivoid *p, size_t ni

!
void {* my_malloc_hrarcdier) (),
vold *reault;

for (;s5) | fo RPN, BiE. BRI 4
wy_malloc_fardler = _ malloc_alloC_ocom _handler;
if {0 == my_malloc_handler) { __THROW _BAD_ALLOC: }
{*my_malloc_handier)(}; // BB, REFBONT
resull = realloclp, ny; // BREAREART

if {result) returni{result);

&
J

frFE, UWFEBRER Lnst BEAN O

typedet __malloc_allou_template<l)- malloc_alloe;

B HEERL gallocti, free(), realloc() ¥ C @ﬁﬂﬁi%‘ﬁ‘]ﬂ#
RE. B, BREERAE, HFLHEED Cr+ newhandler” HIHLE. 2,
HIEEM C++ new-handler HLH CHEER - operator new FACERF.

B8 C++ new handler M2, HALERREERNTREFTKILERBIL
B, EM—- e RE. BREH, —H :operator new KR TEREF.
FEY std:bad dloc REREZE, LSRRk EmiEEN AR, ZLBA

7 R (Effective C++) 2e, F3K 7: Be prepared for out-of-memory conditions.
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22 REWRBEEN (sub-allocation) By SGL S E R 59

FE B ER Y new-handler. new-handler M EREINMEESTHES, &
5% {Effective C++% 2e &3 7.

HE, SGI Ulnalloc M4 ::operator new EN BN (FHTEESSEP K
AEEENEEE, B-MEEE C++ FREMANT reatiocty HAER
BB . B, SGI REEEEMA C++ ) set_new_handler(i, HAFH—

T ELB set_mailoc_handler(}.

HHEE, SGI B—ANEHH allocatet) F realloc() HEER
malloct) M realloc() AEIE, HFM ocom malloc ) Al com_reallec(l.
NMESAENER, AEEH CAERRAERAR"  BRERREMZE. &
BEBHNFENERTRTS. BE “WEARLRAE" FREFRTE,
vom_malloc() M oom_realloc() EELAFTHWEM __THROW_BAD_ALIOC,
ZH bad_dloc REEE, BRM exic(l) AP RS

o, W AEAELAHERAE" RERATE, T TAERRERER
HRESNTE. B -KRER, “NEARAEAR e ERMEaEEE
W7, HEF [Meyers98] &k 7.

226 SE_RBBCESE __default_alloc_template JI4F

EOHRERET LM, BRKRDMEKBERRANER . DK
FUHIRUENERR, RERNEESRIE (overhead) - -k EE. Hijh
AR THERE, ERAAERX S WO TRRE—N T, WH 230~ A
RKEAA, BARENSHIEARAR, S2ERHR.

B {55# [Meyers98] Fal 10: write operator delete if you write operator new.
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60 B2E TRAES (alocator)

cookie, RL [ﬂj;-'
M{F K0

w

od

ohject

FimAE

B 2-3 AW —MRoydlE, BUE-B TR H48 RS

SGl SR BAMMH R, MEKEW A, B 128 bytes B, ABLE—
BEERME, YXEANT 128 bytes B, WELAER (memory pool) BHE, Mk
VEAWENE (sub-allocation) : MNALE — ABAE, FHAEPINZHEBES
(free-tist) . THEBERERNNAETR, WABM free-ties 1. NRE
FER AN, HhEE BRI free-lists —R, WET, RESKRT R
FME, AT, AT HFEEHE, SGIE_ RN ERS Lo (LA K AR
MEERELHE S MEE (BIMEFREK 30 bytes, SEBIREN 32 bytes)
HHEL 16 4 free-lists, FEEBIMIEIR 8, 16, 24, 32, 40, 48, 56, 64, 72, 80, 88,
96, 104, 112, 120, 128 bytes FINBIKHL. free-lists )T &N

union ehbi ¢

union ohj * lree_ligc_link;

char client_datal’]: /* The client geeg this. */
}s;

WREIFLE, FTHEPESE Lsts) , MY SFRERIMOES (Rt -
A E)  IRLERE RS NEL RHBEENN, BRECHEFNERD
. i, B obi FIAME unon, BT union Z&, MEE-FEMZ,
obi ATHEHL N --MEE, FerEEERM R -4 oni. MEEZTEWLZ, obj A
Wiy — s, fSMEFEKE, DE24NE. N RRERE A TH
e BT LA TR TR A S R (RINEES AW EAENITHR) .
R IGERE (strongly typed) B S M Java FAE, HEEFBRBET Crt
ft R

9 ¥H#E [Lippman98] p840 K [Noblej p254.
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22 REXBED (sub-allocation) #) SGI Zjejif B 28 61

free-list 5 NE—MNhER
’ '}::PfT::;j___f__J
]

& | AR RDR
SRIRFR.
12\ | BDL free-list TR

B ‘}“ \1 )
./
| &—" |

K24 HHHEE (free-list) KJLBETT

THEZE_ZEESHHT THAR.

enumn {_ ALIGN = 8}; A DX EWAR
enum {_ MAX_BYTES = 128}; // /MEIXKBMER
enum {__NFREELISTS = _ _MAX_BYTES/__ ALIGN}; // free-lists T¥

/0 RAFRBZHMNE %

jr B, L “template MABHT , AEZSRF WK LAY
JB-SERATERBRHE Y. RERTE 2 EEKE

template <bool threads, int inst>

class _ default _alloc_template |

private:

// ROUND_UP() ¥ bytes HEZE 8 HEK
astatic size t ROUND_UP(size_t bytes) |

return ({{bytes) + __ALIGN-1) & ~{_ ALIGN - 1});
}
private:
union obi { 7 Jree-lists B9 S b
union ohj * free_list_link;
char client_data[l); /* The c¢lient sees this. */
Yi
private:

/i L&A free-lists
static ob] * volatile free_list[_ NFREELISTS];

7/ UTREREREAN, RFERE o 7 free-list. n M1 RE
static size t FREELIST INDEX(size t bytes) |
return ({{bytes} + __ALIGN-1)/_ALIGN - 1];
}

;7 BE -NRAR o #48, HATEMAKNS o BEERERE free list
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FHI1E FRAEEL (allocator)

static vold *refill{size t nl:
f0 R KRN, WA nosis TMRAE rsizer B
Y MRRE robis TARARAE, nobic WEE SRR

smatic rhar *chunk_allogizisc_ i siwc, int &nobis);

S0 Chunk allo~alion stare

stal..c char *start_free:; /' WHFMERME. B4 chunk_olloc i)
atatic char *end_free; vy NFFbERME. T cwnk_alioc (A
tlat 1¢ 81461 heap_size;

peblic:

i

L)

stabic wold * allocate(size t nt 1 /% iRATE -7
araric void deallocateivoid *p, size_t n) | /* HdTH * 1
slatic vold * reallocate(void *p, size t old_sr, fize L now Sz);

VIFE stalic data merber RIE X SHIERTE

templute <bocl threaas, iat inst s

char *  default_alloc_template<ihreads, inst»::start free

1l
[

template ~<bool Lhreads, nt insts

—F

crar % default alloc template<threads, insts»::end free = 0;

complate <bool throads, int insts

slee bt defanlt_alloc_template<ilireads, irstr::heap size

]
L]

terplate <konl threads, int insbs

default_alloc_template<threade, inats>::free_list(_ NFREELTSTS =

defa.it_alloc_templatesthreads, inst.::obj * volatile

{0, 0, 0, 0,0, 06,0, 9, 0 6 0, 0 0, 0,0 0, %

22,7 ZREECERE allocate()

EH—IRES,  detanlc alloc_template JHA B H 2 MR LA

ecate() . HEHEEHKRER D, AT 128 bytes HIAME - HRER, /4
V2R bytes BERE N free list. WS free b ZRURAIRMIER, REREA
A1, AR, WSS B €8 RS, RETR retitio,
5 free it BHEATM. reriinn HTHFENME,

A must be - 0
static vold * allocate(size_ L n)
{
ob] * volatile * my_frec_list;
obi * regalt;
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22 BEXREEN (sub-allocation) B SGIEHRE R 63

ffXT 128 RS- aNES

if (n > (size_t) _ MA¥X BYTES) {
returni{malloc_alloc::allocate(n));

}

/1 34 16 A free Hsts PiEHH -1

my_free_ligt = free_list + FREELIST_INDEX(n});

result = *my_free list;

it {(result == 0} {
s BARBI] B free list, BEABHIAR free list
vold *r = refill {ROUND UP(n)}); // Tk
return r;

}

77 TR free list

*my_free list = result -»> free_list link:

return {result};

bi

XIRE free list FILEIESE, WHE 2-5 Prm.

my_free_list

¢
ATl
06 bytes[X &8
!I‘L‘t’_hj[[ 16] - | P
[ 40 | ‘ B w | m e [ w6 | 0 | #g-w 410 | 411 | #12 | 13 | 4
| | by
result J
—0- |
f -H_"‘-____ -H_f"_
e
. eumih
| < -
v
9fibytes
my IT - g1
I — FT PST_TNDEX (n) ;
i res lis
[th'u s = Sl
Pl T B free list
 — 3 *my_free_list = result->free list_link;
() efturn (resu | s
"?hh_\ic'_*

2.5 [KHE freelist T, RiERFEEEPRS
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64 #B2E FRAEES (aliocator)

228 TEIFRRE deallocate()

E’ff‘] —"/I\'EEE‘E#, _defaurt_allec_templace Wﬁﬂﬂﬁﬁﬁ?&ﬁ H @ﬁ
deallocate(). ERBNEHBRE KA, KT 128 byes MIAME -G E .
/T 128 bytes BEIRHAT R B free List, FEKEEIE.

/1 p AR[RAE O
static volid deallocate(vold *p, size_t n)
{

ubj *q = {ob] *Ip;

obj * volatile * my_free list;

tr Rt 12s HIEAE-REE®

If (n = {size_t) _ Max BYTES) |
malloc_allcc::deallocate(p, nj;
return;

1

£ IR free list

my_free_list = free_list + FREELIST_INDEX(n};

7/ T free list, THKEE

q -» free_list_link = *my_free list;

*my_FErec list = o;

}

R E A free list BIBRtE, DI 2-6 BT,
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22 BEHEMEN (sub-allocation) f) SGI SR

65
my_Irec_list
®
@ = ] |T"'|
free _list[16] B6bytes £
r 1 T = : = £
# | #1 | w2 | ‘ g | #s | 6 | 47 | M8 | W | #10 ‘ #11 | #12 | 413 | #
==l | == I ] * i
P e ®ll.,. .'|
@
I aRve=Say —
._.Ev%ml : ,"/
Vg
. = —
Y
v
Q6bytes @ obi *q (abj *)p;
ob] ¥ volatile * my_free list;
v
Gt S free list
96bytes @ my_free ligt = free list 4
] FREELIST_TNDEX (1) ;
v
0 4@ EET: B freelin. DIWEER
Uhhytes ©)] 1->free list ink *my_ free list;
) @ *my_free list i:

26 KHEK, BA freelist. HERFEERTHRS

2.2.9 ERFRIRTT free lists

B 3k i3 RTIIT M allocate ) . HEEM free list PRF A HRE T,
BB refill(), &N free lis EFHEATHE. FNEAHBENFL (&h
chunk_alloc() A - BHEB 20 MHH A FRE) , {BE7 —AFIHZEA

B, BRMYAK (KE8) THANT 20

/7 BE—-AKAH n WE, FEEHBERELE free list BNV
// B n CERELERE 8 BN

template <bool threads, int inst>

void* _ default_alloc_template<threads, inst»:irefllli{size_t n}

{
int nobjs = 20;
/7 A chunk alloc(), it nobjs FEBRIESR free list PHH A
/1 BESB¥ nobjs £ pass by reference
char * chunk = chunk_allocin, nobjs); // Tk
obi * volatile * my free_list;
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66 B2E THEKES (alocator)
obi * result;
obj * current_obi, * next_obj;
int i:
// MEREB AR, RMRERIRERBER, free list TFHT R
if {1 == nobjs) returnichunk);
r7 BREEEE free list, RAFHA
my_free list = free_list + FREELIST_INDEX(n};
77 PLF#E chunk ZE AL free list
result = {obj *)chunk; 7l R—-RERRERESR
/7 CWWFSEI free list SEMBEREMEE (AR
*my_free_list = next_obj = {ebj *)(chunk + nl;
7 VLT 4 free list 087 AREER
for {1 = 1: ; i+s+) { 7/ WLFFH, BENE o MERESES
current_obj = next_cbj:
next_obj = (obi *) {({char *)next_ob] + n};
if (nobje - 1 == 1) {
current_obj -» free_list_link = 0;
break:
} oelse |
current _obi -» free_list_link = next_obj;
}
}
returnf{result};
}

2.2.10 AT (memory pool)

WA B free list A, & chunk_alloct) BYLIE:

/7 B size BEEHLAEE o HEK

;7 HEES¥ nobjs £ pass by reference
template <bool threads, int inst>

char®

__default_alloc_template<threads, ingtr»ss
chunk_alloc(size_t size, int& nobis!

{

char * result;
size t total_bytes = size ¥ nobjs;
size_t bytes_left = end_free - start free; // PR b H A2 1B

if (bytes_left »= total bytes) {
/) RERE&SERSRERRE
result = start_free;
start_free += total hytes;
returniresult);
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22 BAWKE N (sub-allocation) B SGI =/E|Al & 2% 67

} else 1f (byvtes left »= size) |
/! AERRAZAAEREHERRER, EREHE - (§) ULEHER
nobjis = bytes_left/size;
total_byvtes = size * nobjs;
result = start_free;
start_free += total_bytes;
return(result);
} else {
/1 REEE T RE - M RGN ER G
size_t bytes_to_get = 2 * total_bytes + ROUND_UF (heap size >= 4};
/7 UTRELNFRPHEAFREH HRbrE
if (bytes_left = 0} {
/7 RERATRHE —LRL, FRHTEXK free list
/1 BRI S free list
obj * volatile * my_free list =
free_list + FREELIST_INDEX (bytes_left):
/7 % free list, HRFLFHRATEHA
({obi *)start_free} -» free_list_link = *my_free_list;
*my_free_list = (ob] *)start_free;

}

7+ R heap £, AENEATR
start_free = {char *imalloc(bytes_to_get};
if (0 == start_free} |
/¢ neap TRIAMR, malloc() KM
int i;
obj * volatile * my_free_ list, *p;
/) REREENF LAANERE. IR&ERHF. ROATEZFIER
/7 BANRKE, ENBESHER (nulti-process) ABLEZIHKHE
11 T RTFELM free list
ff EENEE “MEERRARLE, BXBRBKT Z free list
for (i = size; 1 <= _ MAX_BYTES; 1 += __ALIGN) {
my_free_list = free_list + FREELIST_INDEX({i);
p = *my_free list;
if (0 1=p) { // freelist ARBRARR
/7 VIR free list LAREHIR AIK SR
*my_free_list = p -» free_list_link;
start_free = [(char *)p:
end_free = start_free + 1i;
t/ BRAFAECS, BTHBIEE nobjs
returnichunk_alloc{size, nobis});
/7 BB, FMRATLERGEE AL free-list P
}
}
end_free = 0; // MBRAEN (WFAR, BLBENFTHT)
// BES-&KE%, KE out-of-memory MEMERAN
start_free = (char *imalloc_alloc::allocate(bytes _to_get):

/7 EERHMESE (exception) , RRFAEHWREAYE
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68 ¥21& TEBER (alocator)

heap_size += bytes_to_get;
end_free = start_free + bytes_to_get;

ff BHBERAEC, ATHBE nobis

return{chunk _alloci{size, nobjs=)};

FE chunk_altoc) B¥LL end free - start_free XFHETAFIREIK
B, NEKEAR, AEERE 20 MXHUBFIL free list. INIRKEFRLUERM 20
MXH, EFESEN - ERRE, SEHXAR 20 MRF=EEE. X
HEH pass by reference £ nobijs S W BECH TR LA HIX S8, R
AFERE ARRSEHLLEN, SEREATELH, KMEFHA nalloc()
M heap FELENFE, FNEMTAEKELLUSARR. FRKEHXDIFKE
RITRE, TR AL B R i R A KM InE .

BN, B 2.7, BIREF—HH, FWEEA chunk_alloc(3z, 201,
FR malloc) WE 40 4 32 bytes K, HPE 1 A%H, 5 19 ML
free_list(3) P, & 20 THLEWEN . ET RE R AA
chunk_alloc{64,20), BB free_list[7] FAMMM, LARATFRERIR.
WA RAE R (32%20)/64=10 1~ 64 bytes RXHt, BT 10 MRBEHE, 14
THEM, A9 M free 1ist(7] HF. WNAFHRET. ETXEREE
chunk_alloc (96, 20], B free_lisc11]Z3 M, SARANFRER K,
TR REZEN, TR nalloct) BE 40+n (HHE) 4 96 bytes KR,
B | AALH, B 194K free_list (11) B, & 2040 (HNE) MXR
HERE-

B -5k, BA systemheap EMEHAB T (LIBTERAFHE ALK
B, malloc() FEIRM, chunk_alloct) BIUARRHAL “HWAKRMER,
BXHE K" 2 freelists. BETRE—HTE, KAHRENE-HRER. &
_ERERETHEMF nalloc() REBAH, BEH outof-memory 2L FEHLH]
(%48l new-handler MU , BIFEVSB I ENRFERILAER. IR,
BT, &Y badadloc FE.

DU fE R RN B AN
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22 HBEERBRT (sub-allocation) ¥ SG1ZF AL E 4% 60

L e iR it
free list|16] 7 32bytes (LR 71 G4bytes 1R 71 Ybbytes X5

; [ ] T * T :
w0 | m [ m | .| s | e | 47 | 88 l 29 | #10 | #11 | #12 | #13
_ i A . L

| s 1 F {
B | RS
= e | - DEBIR
D Lo \
\ o .
?.11hyhs o \ e, /
v EEgss: . 12 union obj | Obbytes s
I2bytes | meigzon ol R T B TR /
o - EEEFE, TR free list B34 a P /
E_.‘ﬂh} tes | BIZHEK +
eI A i
3bytes |
% = | Uhhytes
- S
v | _% =
L] /
¥ /
= / 96hyies
.l‘l 1
U 4@ / PN
_—— P o
= N S R i
O B e L
r— =" O6bytes
fHidbytes start_free
e
T
Gidbytes !
Lbb o bdbytes _
‘ end_free

B 2-7 WEM (memory pool) FFrBR&G R

B —F 224 WEFEIMHMLUERRSFEEDN sinple alloc:

template<class T, clacs Allog>
class simple_alloc {

b
SGL ZHHEH LSRR kb AR -

template <class T, class Allee = allee> // BEWEH alloc AEESH

class vactor |
public:
typedef T wvalue_type;
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70 F£2E ZREAESR (allocator)

ééétected
/f BRZEANER, BARE—FERN

typedef simple_allocavalue_type, Alloc> data_alleocator;

HPE A template BRTEFHRESH alloc, LIRS RAEERS,
WA RE T HER B, AT, SGISTL B ERIFZHEMRER, 2247
K 2-2b.

23 AEERLETAR

STL EXEATeRER, FRTRMBLZE L. XIS TH &%
BRESE, RISES 4 EHEFTMALH, BRENRANEL. R a2
2.23 Hdid . ATHEN construct () AT destroy (), H=TEER
wninitialized_copy(),uninitialized fill(},uninitialized fill_n()10,
ST RHBUAR copy ()« £111(), £i11_n0—X LR STL B, #
EE 6 ENE. MRFECEREFYHN=TMEBRER, BHEES <nenorys, FL
SGIL HMEMIEFE LT <stl_minitializads.

2.3.1 uninitialized_copy

template <clasaf;nput1terator class Forwardrterator>
ForwardTterator -

uniﬁ&ti;iue&_milnpmtenat@z f:.rgt», Inpugzzeratmr 1ast
, > Forwardlteratér regult);

uninitialized_copy () RMEEHATFHERE S A0ET BT ET
. MEMENEL B HMA result, resuivs {lasc-first)) ARRME &
REEFIE AP IBUIRIR, M uninirialized_copy ) MM copy constructor,
BENRAREY (first,last) WENNE MM EFE - RS, BOERH
EEB. mAEE, ANHABEANE-TERSE 1, REEERA
construct {s* (result+{i-first)), =iy, % *i KWEF®, ﬁiiijjﬁﬁﬂjﬁiﬁﬁ

10 jAustern98] 10.4 T T X=MESVWREE FHN 4.
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23 NEERLHETH 71

MHAMEEEL, AWM construet ) © 1 2.2.3 ATidigid.

WRATFELH —1%88, urinicialized copy() EHEE MRS R R
RAMEBER, AAIEHRE2XRMEER (range constructor) MF AP F R
R :

o MENAFX, BRUBSHEANMRETLE.
® TR uninitialized_copy(}, Elﬁ?‘]’ftflz.ﬂ% Tﬁ]fﬂjj—tﬁ

Cot FRERBBER uninitialized_copy () BAT “commir or roflback” 15
g, EEREL ‘WRLFALELE BAGHAFT -1 copy constructor %
Wiy AR AL R

2.3.2 uninitialized fill

template <class ForwardIterator, class T
void uninitialized fill (ForwardIterator first, ForwardIterator last,
const T& x);

uninitialized fill() WAEBHERIMENERE SHENETATER
F.ME (st last O EEANA T ERBBREEAMNBLHNGF, KA
uninitialized fill() SAREENTE « (LRF=28 NEML. &%
. uninitializeq fill() 4 HHBMELE RN ERE 1. B
construct (&%1, xt, 7 i FPIEZAFEE « MEHS. ATH construer ) T
T 223 Tifiead.

5 yninitial;zed_copy (3 —H, uninitialized_f.11 () BARE "commit
or rollback” EE, WAER, CTEASEERALELE, BEAATHIMATE.
WRA T —A copy constructor % i B (exception),uninitialized £3110),
AR P TR TR AT

2.3.3 uninitialized _fill_n

template <clazss ForwardIterator, class Size, class T»
Forwardlterator
uninitialized £111 n{ForwardIterator first, Size n, const T& x):
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72 $£18E ZHAEESK (allocator)

uninitialized_fill_n() BEBFERNBNERESH E2QET IoEHX.
& AIEERERNTE LE R ERENDIE.

MR [first, firsten) BEANE - TERBHEERNAVHLNAE, B
2 uninitialized_fili_n() 2 copy constructor, EHWEMN~% x (L
RE=£8) BEHH. RHERER, @Y (first, firsten TENHEEHF
i, uninitialized_£il)l_n() &M construer (sa*i, x), EMFHEL M4 «
MEEE, THE construct ) BF 223 Fitibid.

uninitialized £i11 n() EH “commitor roliback” BE: BAFEME
DENTE, BURREELATE. WREFM—F copy constructor ZHAH
(exception} , uninitialized_fill_n() SBHMWEFERFELE.

DTF4UNMBE=AERNERE. BEPHERNY iterators GERZ) -
value_typel}. _._type_traits. __true_type. __false_type. is_POD_type

STMER, BETHEITNE.

(1) uninitialized_fill_n

YR uninitialized (111 n(; KMEAE. ZHFEI =124
o LS first BTG LTENERL.
® n ETHEHRAEEMI].
o x Znthik.

template <class ForwardIterator, class Size, class T»
ipline ForwardIterator uninitialized fill n(Forwarditerator first,
Size n, const T& x) {
return _ uninitialized_fill nifirst, n, x, value_type(first});
/7 BLE, #A value_type() BUH first ) value type
1

EAERMHEEE, §RRREERE firer £ value fype UEILE 3
), RIEHEHERARTY POD BR.

template <class Forwarditerator, class Size, class T, class Tl-
inline ForwardIterator _ uninitialized fill n{Forwardlterator first,
Sizen, const T&x, T1*)
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23 NEAFNETA 73

rr M _Aype_lratlscs i, ER 3.y
rypadef typename _ Eype_traita<Ti>%:ism_POD-type is_POD;
reluarn _uninivieoleed Lill_n_awxilirst, n, x, Zs_20D(:);

POD E45 Plain Old Data. 382452 B (scalar types) BULHH Cstruct
®50. POD RIBIARETIA orivial ctor/dtor/copy/assignment H$, [Hit, A
AL POD R R ARG HENMEESESE, T non-POD £ RIRIERE
WL

S B copy constructior HET assignment, MH
/¢ destructor B trivial, BTFHAY
;0 % rop RS, HUTRARSERNUTRE. L2EH function complate
£ S R U T
temnplale <olass PerwordTieratosr, class Sive, class T
inline Forwardlterator
_uninitialized £ill n aux(Forwardlte-ator firasg, 8ize n,
const T& X, _ true_Lypol |
return fill nifirac, n, x); /7 SHAGREHRT. Le.a.2H
!

f/NERE pop MY, HWTRERSERDL T RS, XB#EH rinction template
¢ WS FHLHI
template =¢'ass ForwardIterator, class Size, class T»
Forwardlterater
__uninitialized fill n_aux(Forwardl-erator first, Size 1,
corst T& x, _ Talse_tvpel |
ForwardIterator cur = first;

S RREERY, UTHEEEZAENRESE (exception handling) Hi

for { 3 n > C; --n, ++curl

construnt (&%cur, x); SN2z W

return cur;

(2) uninitialized_copy

T #H uninitiolized_copy (0 M. FEHBEZ=1EH

o ERE tire EHEARVEREE.

® EH lact EHBARNERALE (FIHIG XM .

o AHH resulr MMIES (VWA ZR) Pk,
template ~class InpatIterator, class Forwardl:erators

irline ForwardiIterator
uninitialized copy|Tnsutlzerater first, Inpunltcrater Tast,
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74 £2E ZEAESHF (allocator)

Forwardlterator regult) {
roeturn _ uninitialized_copyi{first, last, result, value type{result));
20, A value_type () B first 8 value type
}

EAERAETEER, BORREERS result M vaue type (31U 3
%), RIGHEERRET A POD HF:

template <clagg Inputlterater, class Forwardlterator, class T»
inline ForwardIterator
__uninitialized copy{Inputliterator first, InputIterator last,
ForwardIterator result, T*) |
typedef typename _ type-Lraisehs :
veturn _ uninitialized_copy_auxi{first, last, result, is POD(});

/i WE, REMA is_pop() HEAMER, imISHSEER

POD %14 Plain Old Data, B EHFRMF (scalar types} HAEHKR Cstruct B
. POD B BILRIEA trivial ctor/dtor/copy/assignment B, B, FATILL
% POD MBIRARERENEHFR, MX non-POD BAIRBEREEAKIME:

¢/ IR copy construction HAT assignment, MA

// destructor B trivial, MTFHEEX

¢/ HRE rop B, ﬁﬁﬁiﬁﬁ%ﬁﬁ@fﬂ?ﬁﬁe KE#EH function template

ff MEERTNHMA

toemplate <class Inputlterator, class ForwardIterator:

inline Forwardlterator

__uninitialized copy aux(InputIterator first, InputIterator last,
ForwardIterator result,
__true_type) |

return copy(firat, last, resultiy; // #R sTL B copy ()
1

/7 E-E non-ponp W H, WHABRRKLFKHI T RR. X EHB functiontenplate
v WBBHE TR MmE
template =class InputIterator, class ForwardIterators>
ForwardIterator
__uninitialized_copy_aux(Inputlterator first, InputTterator last,
ForwardIterator result,
__false_typel) |
ForwardIterator cur = result;
I/ﬁxﬁﬁﬁ%,uTﬁH$ﬁﬁMﬁﬁﬂﬂ(mmqnmnhmmhw]ﬁﬁ
for { ; first != last; ++first, ++cur)

construct (&¥cur, *first); 7/ Wili— P~ TEARNE, TRitEET

return curi
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23 AFEFLHETH 75

#3 char* M wchar_t* WHER, WLEARRZERNHE vemove (E
ERHNFENE) RBTESTN. Bk SGI BLUA X FERE i — G .
/¢ LI const char* BIBLAE&

inline char* uninitialized_copyiconst char* first, const char* last.,
char* result) {
memmove (result, first, last - first);
return result + {last - first);

}

/7 UTREM const wehar_t* HE{bME
inline wchar_t* uninitialized c¢epyi{const wchar_t* first, const wchar_t=* last,
wchar t* resulc} {
memmove (result, first, sizeof{wchar_t) * ({last - first)):
return result + {last - first);
}

(3) uninitialized_fill

TEFIY uninitialized_£ill() BYERN. FEHET =124
® =88 first HERBHE (FWEERE) WRKBL.
® ERE last EMBHE (REREER) MEERL (FIAEFER) .
® x HHME.
template <class ForwardIterator, class Tx
inline void uhinitialized f£ill (ForwardIterator first, ForwardIterator last,
congt Tk x) {

__uninitialized_fill{first, last, x, value_typel(first)];
}

A REAHTEER, B ERRMERE firse f vauetype GERFIH) |
RKEHEZHATH poD B

template <class Forwardlterator, class T, class Ti=
inline void _ _uninitlalized_fill({ForwardIterator first, Forwardlterator last,
* const T& x, T1*) |
typedef typename __type traits<Tl>::is_POD_type is_POD;
__uninitialized_fill_aux(first, last, x, is_POD(}):
}

POD ## Plain Old Data, 3 245 21 H {scalar types ) BEFHEH Cstruct B
. POD RS BRIMA rivial ctor/dtor/copy/assignment HE¥, Hi, KA
it POD EBR FBEMENMEREFE, W non-POD BEIEAHRE %
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76 F2B FTRAESE (allocator)

gl R

// IR copy construction FHT assigrment, ME.
// destructor B triv-al, MMEHREH
;R E roD B, AOHEREEHLTRE. ZEFH funct ion template
/) BERHERIETE
template =class ForwardIterater, class T»
inline woid
_uninitialized fill aux(ForwardllLerator first, ForwardIterator last,
const % x, __true_type)
{
[i11(first, last, x); // TR sTL Bk fi110)
¥

// MR non-rop WH MITH R ¥R L TR XABH functiontemplate
/1 MERESIEINE
template <clags Forwardlterator, class T
vold
__uninitialized fill sux(ForwardIlterator first, ForwardlIterator last,
const T& x, _ falge type}
{
Forwardlterator ¢ur = first:
/7 REREENG, DTHEERXZEMREMLE (exception handling) HH#
for ( : cur != last; ++cur)

construct (&*cur, x): // SH——TuRHiiEE, LikHtEET

A 2-8 DER B A AT =R B SRR EE K.
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23 WAELLETE 7

15 POD ?

s for(; fArsti=last;.)
; o :
0y __uminitialized copyQ ﬁ? construct(.};
<Inputiterator, _ falsa_type

InputIterator,
ForwardTterators

uninitialized_| gy  Memmoved _tme_tycgiy(---)
<00Y0 T const chur*, e

const char®,

char®} memmove()

{const wchar_t#*,
const wehar_t*,
wchar t*)

is POD ?

{& for(; firsti=last;.)

construct(.);

uninitialized_fil1Q) __false_type

# o Fi11(.)
__true_type

is POD ?

{g for(;count=0; .)
construct(.);
__ftalse_type

uninitialized_fil1_n()

it o Fill_n(.)
__true_type

A28 =AWHFEFERNE A SRR
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£2¥ TENEE (alocator)
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31 LS B gE——STL KA & 9

3

E{.EEE (iterators) mﬁ 5
traits fRIBEBLE

HRE Cierators) B -FMHRMIHEDS, AXEFASTHRAERME
TRABENHED. (Design Patterns) — FHEMAF 23 I (design patterns )
MR, Hd tector AELMT: B -FoE, SZESKFETED
B4y (A% HAWE Mg, MILFREERSURAMERRT .

3.1 IERSBITBY STL XBFITH

AR REA L STL HEPREA, ERE Giterators) FEERENHEA.
STL ®DEMAET: ¥HIERH (containers) B (algorithms) 207, ik
maritit, BEBEU—EEENRCIREE -E. FRREEREDRL, MK
FEREHREE, C++ ¥ class templates F1 function templates 8] 43 5135 5L 5.
S R 2 IR AR, T ROER,

DFEAR, B, %HRAE (iterator, IHRNKEAL) MEFRER. DB
fina() H#, CEZFWAEREBH - "WIEHF

// #B SGI <st)_algo.h>
template <class InputIterator, class T
Inputlterator find{lnputlterator first,
lnputIterator last,
const Tk wvalue] |
while (first != last && *first != wvalue)
++first;
return firsat;

}
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80 F1& FAE (terators) WSS traits SRR E

RELSTARMENE, tina)) ERGYARBGEFETERRE:

// file : 3find.cpp
#include <vectors
#include <lists
finclude <degues
finclude «zalgorithms
#include <iostreams
uging namespace std;

int maint}
{
const int arraysize = 7;
int ialarraySize] = { 0,1,2,3,4,5,6 };

vector<int> ivect(ia, la+arraySize};
ligt<int> ilist(ia, la+arraySize);
dequecint> idequef{ia, ia+arraySizel; // ' voe(x], RFAIRE

wvector<ints::iterator itl = find{ivect.begin(), ivect.end(}, 4};
if (itl == ivect.end{)}
cout << "4 not found." << endl;
else
cout << "4 found. " <= *itl << endl;
7 BATER: 4 found. 4

ligt<int»::iterator itz = find(ilist.begin{), ilist.end{}, &};
if {it2 == ilist.end{))

cout << "6 not found." << endl;
else

cout << "6 found. " << *it2 << endl;

Jf AEER. € found. &

deque<int>: :iterator it3 = find{ideque.begin(), ideque.end(}, 8};
if (it3 == ideque_end{)}
cout << "8 not found." << endl;
elsae
cout << "8 found. " << *it3 << endl;
/7 BAER: 8 not found

PEAMATRE, BRBUPRBESRZT. 28 FRAMLTEZ RS
28 RATUEWWETRIPERRNERR

3.2 ﬁ‘f‘taﬁ (iterator ) JE;E_*:P smatrt pointer

AL R —F T HRAUEE A R, TR N ART P RE L ORERNE
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32 BEREE Citerator) S—#F smart pointer 81

EWNERT (dereference) MM AT (member access) . B, HHFREEN
IR TEREY operater M operater-» HITER (overloading) IfE. =T
X—H, CH RHERTEF—T auto_ptr A[@E(1SH. T FREH Co
Bk BEHMILRT auto_ptr (IRERF, HTEO) . ER-AMREBREL
a4 (native pointer) BIXT%R, B ZMEM MR (memory leak) (B FRTFLLIK
B, avto ptr AEMF, MEALBH —E—H:

void func{)

{
auto_ptrestring> psinew string{"jjhou"});

tout << *ps << endl; /7 ¥ jihou
cout << pg«»sizef) << endl; TN T i T

/] BHEAE delete, auto_ptr SHIBERANF

@ﬁ%—ﬁmﬁﬂﬁaUﬁﬁrmm@ﬁmﬁ—¢ﬂﬁﬁ"ﬁmm"Wswhg
e, HBEFEER (—AEERE) 58 auto_ptrestrings MNEHNFE. BE,
avto_ptr BESHRME “EARHFEME" QRG] MAZEREREH MR,

auto_ptr MERMELTH wemory> F, REERHET -HRLHE,
WEA&KEH auto ptr MITHSEEN:

[/ file: 3autoptr.cpp

template<class T=

class auto_ptr {

public:
explicit auto_ptr(T *p = 0): pointee(p) {}
template<class U»
auto_ptriauto_ptr«Usk rhs): pointee{rhs,release(}} {}
~auto ptr{) { delete pointee; ]

template<class U

auto_ptr<T=& operator={auto_ptr<U-& rha) |
if (this !'= &rhs) reset{rhs.release())};
return *this;

} .

T& opsrator*() const { return *po¥btee; 13

T+ operator->{) const { retyrn pointee; }

T* get () const { return peintee; }

o

private:

T *pointee;
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82 F9F ERE (terators) W5 wraits HERE

K X@i explicit Hl member template SHFBHE, FARXBHHAE
B, WXEEHEERSM [Lippman98] % [Stroustrupd7].

BYHEGWS, RERNER Lst (R Wir— AR BT list RE
WEREHT

/¢ file: 3Imylist.h

template <typename T>

class Ligt

§
vald insert_front (T value);
void insert_end(T valua);
void displayistd::ostream &0% = =std::cout} consk;
i

private:
ListItem«T>* _end;
ListItem<T»* _front;
leng _size;

};

template <typename T>

class ListItem

{

public:
T value({) const { return _value; ]
ListItem* next{) const { return _next; }

private:
T _walue;

ListItem* _next; // Bm#% (single linked list)
};

PR List EABENRREK cinan B! ROFEATRW -1
WAL AR, CRR - ERE. YRIVES (dereference) X—ENHH,
ERMMERA Uistitem X%, URFIBHEZERSR, EFEREAT -
ListItem W&, N TitEERFEAFEAREN YR, MAHRT Listiten,
RAOMLIBEET R~ 1 class template:

1 [Lippman98] 5.11 ¥ — PSRN s TWWLIEE. (ZREAY BRE-HiL
BEAER st BRI SHH.
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32 &RF Citerator) B—F smart pointer 83

/4 file : 3mylist-iter.h
#include "3mylist.h*

remplate <class Item> // Item BB MRV AN MERT K.
struct ListIter /1 B ERBREAMERRE, HAR
{ // KM operator++ 2

Item* ptr; // BESERZEN KR (keep a reference to Container)

ListIter(Item* p = 0} // default ctor
ptrip) { }

1/ ABER copy ctor, AARESRUEMNPETHELE
/1 REB operator=, HARERBHNRETHEES

Item& operator*(} const { return *ptr; }
Item* oparator-»{) const { return ptr; }

It VITFH4 operator++ BEHEMHY:, 21 Meyersd6) X 6
/{ {1) pre-increment operator
ListIters oparator++ ()

{ ptr = ptr-snext{}; return *this; }

// 12} post-increment operator
ListIter operator++{int}
{ ListIter tmp = *thig; ++*this; return tmp; }

bool operator==iconst ListIters i} const
{ return ptr == 1l.ptr; }
boel operator!={const ListIter& i) const
{ return ptr '= i.ptr; }
i

MAERMPTLE List FI find() FH ListIter HigHE¥:

// 3mylist-iter-test.cpp
void mainf{)
{

List<int> mylist;

forfint 1=0; i<9; ++i} {
mylist.insert_front{i);
mylist.insert_end{i+2};
}
mylist.display!(}; P10 (4321023456 )

LigtIter<ListTtem<int> > beginimylist.front{});

ListIter<ListItem<int> > emd; // default 0, null
ListIter<ListItem<int> > iter; // default 0, null
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84 BIE BAE terators) AT vaits HBHE

iter = Eipd(kegin, end, 3};

1f (iter == end}
cout << "not found" << endl;
elze
cout <~ "found. " << iter-svaluel() << endl;

¢ ITE R, found. 3

iter = find(begin, end, 7};

if {iter —= end)
cout =~ "not found" <« endl;
else
cout <= "tound, " << lter-zwvalue() =< endl;

/7 BITER: not found

FE, BT fina) BENLL *iter 1= value REATEBERTYS, M
EBZH vatue HEHE dnt, iter WHME ListItemcint, W& ML
W HE R operator!=, FTEAIRDHBIE —N2RW operatort- BHEH,
P4 int Fl ListItem<ints ERERANMSHAS:

tempiate <typename T>
bool operator!={const ListTtem<T=& item, T n)
i return irem.valuel) '= n; }

ML ESIT LR, DTl — T4 Gist MRIHERES, KT #
GHMBERT RS List THAH: & nainty ZHNTHUE begin M end WA
58 RMRET ListItem; 7F ListIterclass 2R TEM operator++ WHE
), BINBEET vistltem HEFREE nexc ). WREARRTENS, Listitem
BARN ZRsaie o R te . B R, B vistiter, HRLTN List
MELHATAESEENTE. BRI TAR%, TERERAKMNFRI A
List Q& T, mik—%, B4R MG %ERAREAEEL.
AERE B8 STL ARFRAFLRARENGL.

3.3 Eﬁ%ﬁ*ﬁ]ﬁﬂ%ﬂ (associated types)

L UistIter BT MERBER. DAETEABERE K, R
(HELRH, HEkDEREREN, RTESHBLMNTS] (associated type) .
HABAMEIR? BRSO AERL . BRBRTELRAA-TE
&, 00 SRR RARIN RS, AR BE Crr RTH sizecl (),
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34 Trais REHFE—STL HHE1 14 85

FRIF typeot 1! MMESNA RTTI EERPH typeiaty, KEMNBLEEESZ
B, ARk EAE 2.

R HA function template {9 B 5HE S (argument deducation ) Hl.H.
.

Ltenplate <class I, class T

> vold func_impl{I iter, T t}
{

T tmp; // KBMRTME. v REERBFEZYOHEN, £HAHN int

7. . RBEMEA func(t HiZMMEIHTHE

}
1 template <class I»
inline
> :roid func{I iter) .
" func_impl (iter, *lter): /1 func MIELEHBE func_impl
}

int main()
' {

int i:

fune{&i);

.....................

FALL func O RXAMED, HESERAESTHET func_iml() ZH. H
F func_impl() &—7 function template, — BB 16, %88 2 8 17 template
L£%8S. TESHEM v, WARRTRE.

AR S (associated types) R HR  “HAMHHMREIBG" —Fii
B. RERK, B AOBEHEHRMH, RTHREARETES—RETHA
LR template SHEFVHREAR. RNTEELEHFE.

3.4 Traits RIERE - STL BRBIIEA

BACSEFTH R T B, FROVEEABN voue type. LRNSHHIES
15 B BT vaue type, HIFELETA: T~ vaue type LB TREHR
i, RRFEET, LERWH “emplate SHEHSNH BETZHALZS
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86 FIE ELE Gerators) IS traits HIERE

f, THEERRBRMMRAER S,

BRNFERETE. FRNSREHUEETT ER, BiaH:

template <class T
struct Mylter |
typedef T value type: // WtRIBIAY (nested Lype)
T* ptr;
MyTLer (T* p=0) : pzrip) i 1}
T& operator*{) const { return *ptr; |
o
bi

template <class T=

typename I::valug type // iX—¥fT# func WELRERH

. funciI ive)

[ return *ite; }

PN
Mylter<ints ite{new int(8)};
“ cout << fume(ive); /7 Wi 8

H&, func) WEEBRHEFM EXET cypenane, BH 7 Z2—F
template 2%, FEHRBEHENMZE, it - —IHE, ROSH, B
RS it RHE My Tter<t>: value_type {AFAIRE — P RLEIEE — 1 member
function (R —4- data member. L cypename PABEETENRIFNIE—
AR, T RERLE I AR

FEXAE. ERATBREHKS: FFRRMAENBEE clas type. RE
BEHRRR! MERR class ype, BRHENTEXABMI. H STL (LIERBAE
RIS SRS EAEEE R EGE RS, U R HE A%, AREDE
T LLE FR i — B S FH A R (S R AETRE) WA LA AR

B, template partial specialization ] EAH(E].

Partial Specialization (fR¥FIL) MIENX

FEASBE Crr B BEMIEX template partial speciaiization H BT 1 9]
(MERE, {BTEO) . KBGELE: R clas emplate 6 —TLLEH
emplare B, AT ADEAD (BT, B3EEEF) emplate BHEITH
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34 Traits ®ERE—STL BREE 87

I, g, BATTLIEZARTPEL— MRS (hIUREZ RS
PRIRE template ZHM FRHMAIEE) |

BiXA —1 classtemplate Z1T:

template<typename U, Cypename V, typename T»
class C { ... };

pertial specigiization B FHE L FHREFRMNLY, il “WEAE" -
Z3 template 2R v vl o HEMAS B EETZHE. KL [Avsternd9]
% T partial specialization K& KB +4%BHE:  “Frif partial specialization K
BEEREMR 4 template XX, MHESMA templatized” . (ZEEBLED
— 457t partial speciafization fE X 2:  “#A (£fT) template S FS — A4 &K
HREFTET Bk — MR E" . ik, AMUTRE A4 class template:

template<typename T

class € { ... }; i BB (%) v AEMEE
BNEREFHESEE - MEAWTMH partial specialization:

templatec<typename T>
class C<T*s> { ... }; /7 BTHEESNEARAT T BEARE fHR
s 4m NESEET BR T BIEMEYNT N-TEX-FHEERSE

HTXRIAME, BOGETLMRRAE ‘ARSI KEFRNAE. LR
@R, BB clas, RETRNEIEXABES. AE, RO
¥ BREBZ emplate BECHIHT F, RIHHORNERS.

AHEE, RITAALBAET! FTEZXM class emplate £TTAX “FR
BHR B, T vouetype ERERBHELZ—:

template <clags I»

struct iterator traits { // traits BA “fFHE"
typedef typename I::value_type value_type;

1

TAFHEN trats, HEVE, MR 1 EXHECK vaue typs, Flaidii
X1 traits H‘]ﬂfﬁﬁ, B kM vaiue_type W 1::value_type. Ha)igiR,
mE 1 ENEECH vauetype, ERTIEA func) ATRIBCEBUEH:

The Annotated STL Sources



88 FIE ERE (iterators) L5 mais HBHE

template <class I»

typeame terator traitc> i value_type // K—MFREKEEH
func{I ite]

I roturn *ite; }

BB T E£—-EEEE, Akt 2507 g4k trats o LEARLE
#=, BE, #A11% iterator_traites A —| partial specializations #IT:

Lemplate <class T»

struct iterator_traits<T*> { // RFFLER—ENEREMRERH
typedef T value_type;

¥

F&, FEig intr BRTE - class type, AP traits BHE value
type. XERFRR T Sl iRl .

EEEEE, 3 “HmEERHIEH (pointer-to-const) 7, FHEED
AT R AFR:

iterator_tralts<const int*s>::value_type

HEHR const int TIE int. ZRBITHERNG? FATH DR RRFHLHIEE
B—AEHTE, FHEASEAEN vaue type R, MIE, FH-—-MLE
B (A const ZH) WEMRLTE, BA4H! Hit, mEEAELD
pointer-to-const , AT HikHE4H vauetype -4 not-const BUE[. RITH,
REFMEIT— MRS, SRR DXl

template <class T»
; struct iterator_traits<const T*= { /1 TR — 2 (AR pOimEI‘-lO-CODSI H‘L
rypedef T value_type; p/ERERORIAEERE © i conse T
T

E, AEEHRERS wyiter, HRBEAERE int H const int*,
FATLESL traits B IERK (KIIFEER) vaue type.

3.1 BB T traits FPEPIEE0 “RRHERIN AG, FRSTEASRYE.
WERFTIRO B, IR ERBNMARRY (associared types) . S, &
XA CHUER traits BEEENEE, E-TEARLAERAE, BT
PR R ¥ (nested typedef) #7722 L HAENMH (associated types) » HE—
AT, ERETENME, BRRERET STL ZTARE.
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34 Traits REEHFE—-STL ¥ {3114 89

AREHE, BTED
B EC AR

liat<ints::1terator

deque<int>::iterator

Y513 class template partial specialization BIfEFR,

FERIREETEL class-type iterators, ﬁﬁ_miits .

Qbﬁﬁﬁﬂﬁﬁﬂﬁ*ﬁﬂiﬂ%ﬂ (associated t)‘pES) . vector<int>::iterator
~ MyIter

vaue_type R, class-type iterators, EEHT

difference_type " :
pointer (BEH) FYSCRIERTSY

relarence
iterctor_category

B34 tralts BE—& CHEFEN , ARETERSKRE CHERE)

BB, BMABMNEREHNEE L. voue type, diference type,
pointer, reference, terator catagoly. MR AFERT T XM FHES STL AAX
B, —FENRNAROEASRE X IMEERE.  “HFEETNL tralts &R
50,5 IR TR AL 1L -

template <class I»
struct ilterator traita {
typedef typename I::iterator category iterator_category:

typedef typename I::value_Lype value_type;
typedef typename I::difference_type difference_type;
typedef typename I::pointer pointer;

typedef typename I::reference reference;

i
{terator traits WA AZMEIN pointer B pointer-to-const #,
WA, BRSO RB R IALET.
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99 FIFE FEAE Grerators) W25 tmits HEEE

3.4.1 EABANEIDZ—: value type

B value type, REEABFHHRNEY. TR—MIFYS STLHER
SCERIERA class, #MIXTE XE CH value type PIRIE], foksi g b TETE.

3.4.2 ERJIEANEBIZ: difference type

difference type AR FRF AN ERBZEHER, BB R LI ARE R4
BROBEREE, AANTEESHMERNS, LEZENEELERRARE.
MR- HERRAET I, B STL B count ), EfEEERLAE Mk
31 difference type:

template <class 1, class T=
typename iterator_traits<I>::difference type // E -BIWERSEH R
count {I first, I last, const T& value] |

typename iteratbr_traigs<I>::;difference_type n = 0;

for { ; first !'= last; +rfirst)
if (*first == wvaluel
++0}
return n:

}

S FIN Y difference type, traits FIINTRT (B EEREHTER) ¥
i, bl Crr REE prrdifti_ L (BXT <cstadess KIUHE) (EREEEH
# difference type:

template «<class I
struct iterator_traite |

typedef typename I::difference type difference_type;
i

;7 B AT FRERT WS (partial specialization) ” R
template <class T-»
atruct lterator_traitg<T*> |

typedef ptrdiff_L difference_type;
¥

/¢ STRTIEAR pointer-to-const MiFEY “WRHHL (partial specialization} ™ M

template <clasg
atruct iterator_trastseconst TFs
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34 Traits HIEHTE~—STL E5531 149 91

typedef ptrdiff t difference_type;
HE

BE, ENEEUERNTBEEMNARCE 1 1 dfferencetype , TUXAE:

Lypename iterator_traitg«I=::difference_type

3.4.3 EKFIBNBIBZ2=: reference type

A CBRBREZONNERTATRE” NAERZ, EAHFT N5
AaEFRT “FHEMEZARAE" #, ¥4 constant iterators, I const int *picy
M ‘RN EZRET &, 5 muotable iterators, @I incr pi. S
it —A mutable iterators HETIETEAENT, KB AN ER —DHE (rvalue) , FF
BRE—EMA (value) , BALHERRIFRESRLE (assignment) , ZEASLF:

int* pi = new int(5);
const 1nt* pcl = new int{9});
*pi = 7; /7 3 mutable iterator H{TRMBMH, RENNEZRIMEHE, LFRE
*pci = 1; // BRAEBERRE, BH pei &1 constant iterator,
7/ B pel BIBRER, BRIEHE, RATHRE

£ CH o, BRINREEERLE, FEU by reference K FAHETT, i
p &4 mutable iterators B, MR HE vauetype & 7, A «p KRR IZE T,
%R T, BB, WM p B—1 constant iterators, J valuetype & T,
B2 p RBSIARIZR const T, MMIZER const Te. XEIHEHN «» KE
%I, BIFTiBE referencetype. LBAWHET N —HFRx.

3.44 ERBJBIBNRBIZOT: pointer type

pointers ¥ references # C++ RHEFHFEWMHRE. MF “4E 0 — A iE,
AERE p FHEZY” BAEN, Ba “HE-MEE, SERE o 2N
Moak” t0—EE LA, KRR, FRATAESEEE — 1 pointer, TMBRFFEZH.

RN R FIT AR RN ListIter class L.

Item& operator*() const { return *ptr; }
Item* operator->(} const { return ptr; }

Ttems {4 ListIter H referencetype, i rtem* {ERE poinfertype.
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92 HIE EAS (iterators) EEH vats HEHE

WAL EANE reference type Ml pointer tyoe XF B RIIA tralts ™:

template <class I-
struct iterator_traits |

typedef Lypename I::pointer pointer;
typedef typename I::reference reference;
bi

/7 SPRTFAERESTRIIA %R ERR (partial specialization) °
template <class T=
struct iterator_tralits«T*: |

typedef T* pointer;
typedef T& reference;
¥

/7 ¥R pointer-to-const MRITA " WERLM (partial specialization) ™
template <class T»
struct iterator_traits<const T*» {

typedef const T pointer;
typedef consk T reference;
b

3.45 ERJBENBBLA: iterator_category

BE-4 (EA) ERBHMERHNSSRBEARNERNIE. £%Z
i, ReskiheERBns%E.

RERHES TR, EASEINEX:

® Inputtierator; XREMRFRAHR, RAFAREE. Rig (readonly) .

e Outputlterator: WS (write only) -

o foward tterator: i “EAM” HE (0 replace () ) FEMARENEIT
i3 R [N iR par A=t

e Bidirectional tterator: B] g 5h. LR 3T Bl i T SR XIR] (1
i MEHEARITE) , 7T LAS A Bidirectionat iterators.

& Random Access terator:  BIPURMEL SR RGLE — SR HARE S (HI=
#E e operatorr+, BIIFEM L operator--) , ERFMNREHFEH
HAGE N, € pmn, p-n, pln), pl-p2, plep2.
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3.4 Traits HIEHFE—STL HLBI11H %3

REERBHILRGNRER, TUAR 32 F7. HRETLARNGHE
C++ MR LR, TRFE concept () 5 refinement (B i) ML &2,

input lterator Cutput lterator

Forward Iterator

Bidirectional lterator

Random Access |terator

B 3.2 ERENILESNEXR

WA EER, R, ROSBEHHE 3-2 PR FEMEASRH— P IiE
X, SR AR S A L, AT RERFRFEL TREEX
W&, EWR STL MdfEs, 848 PRNVBEEHCEL, ZEEIMEER
. BREREETES Foword ferator, #REL Random Access ferator B&E,
TMRELES, BN—4 Random Access tterator 482 —4~ Forward ferator
(RAE32) . BRI AFRAHERE!

L advanced() A%

# advance() ¥ (RRFFBEAHHAR—ITEBH) , UBREERT
8, E0%E o MWE o BRNEH o B o W (W# o BR) . TEHA=
ey, ~#EH Input terator, —#4 X Bidkectional terator, B — 6y #F %
Random Access erator. BIRXHH % Forwardterator THRH IS4, BRI
&3t Inpuitterator i HIK AT £ B

template <class InputIterator, c¢lass Distance:>
void advance II{Inputlteratork i, Distance n)
{
/7 B, B—HIH
while (n--) ++i; /7 BE for { ;on o> 0; --n, ++1 );

2 concept (BE&) 5 refinement (R{L) , REM STL WEENE, #L {Ausiemd8].

The Annotated S5TL. Sources



94 Bi3E ERE (terators) M2 5 maits HHEHE

'

template ~class Bidirectionallterator, class Distances
vnid advance BI(Bidirectionallteratorsd 1, Ristance 1)

{

£ ), & pyst
if .= 0}

while (n--] ++1; S5 tor ( ;onos 0; --n, ++1 )3
elae

while (n++) --1; // HE for { 3 n < 0; ++0, --1 )

}

template <clags RandomdccessIterator, class Distances
void advance_RAI (RandomiccessIterators i, Distance n)

{
£/ Ba), BEERHT
I += 13

}

Mg, SERFEA advance b, MiZER (WA W -HE¥ce KR! 0
BEE advance_11(),% Random Access erctor TI S RERZECE, FE O
MREE RS ON). MFEEE advance_ra1 (), MEXERS Inputiferator.
NEFBEH=FE&—, Tk

viid advanece (TnputIterators 1, Distance ny
{
if {is random_access_iteratori{i)) /b A R
advance RAI(i, n);
else if {(is_bhidirecticnal_iteratori{i}) // MR FER
‘ advance BI(i, n);

tempiate <class Imputlterator, class Distances

else
advance_II(i, nj;

HRAGREERTRARLEE AR MEE, 2EREFAER. BiRsE
i R ERA A . EREEAH T LURREE T E A5,

R ZEA4 advance_xx{) %‘ﬁﬁﬁﬁ‘ﬁﬁﬁﬁ.ﬂﬁlﬁﬁ?ﬁﬁ(lﬂ%%% template
£¥) . ITSHRAL, BREREH, RMNLZnL— MRASHENBREH,
FRBE RN HELIGREERR,

WiFEENT: MR traits FHEREACBHRHE, RIETHAX
“FERBHRR AEBIWEN advanced() MB-BY. X MENBE —E LA
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B4 class type, TEERZHE SHWENALN, HASFHEHFME (7R
FHFEFEEMW (overloaded resolution) . FHEE XA classes, NEAFER
R KA,

A B ARIERM AL (tag tvpes)

struct input_iterator_tag { };

struct output_iterator_tag | };
struct forward_iterator_tag : public input_itcrater_rtag { 1;

struct bidirectional_iterator tag : public forward iterator_tag { };

strunt random access lterator tag : punlic bidirectional_iterator_ta

X classes RAEACH, AT EEEER. 2 T Mt 2z A40RELH
HERER, MAERN _advance) (MTHEMTREM, FTLLBTER M
T EMERE) | FbEE=S% FEiTERER:

Lemplate «<class Inputlterator, class Distances
inline voelid _ _advanceilInputIterators i, DislLance 1,
input_iterator_tag)
!
i/ B, F-Ai

while {n--} ++1i;

;) ER—ARMRMESEMEY (trivial forwarding function) . FAT IR TR HER 2
template <class Forwarditerator, class Distances
inline veid _ advance (ForwardIteratork i, Distance n,
forward_iterator_tag)
{
i/ BHEMHETTEREAR (forwarding
advance (1, n, input_iterator tagi{)!:
]

template «~class PidiectionalIlterator, class Distances
inline vcid _ advance|Bidiertionaliterator& 1, Distance n,
bidirectional_ lterator_tag)
{
df M, F -HEE
1t {n == 0}
while (n--} ~+i;
else
while (u++) --i;
|

Lemplate <class RandemAccessIterator, class DMatance:

inline void _ advance (RandomAccessItcratord 1, Dislance n,
random_access_iterator_ tag)
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04 B|3E EAXE (terwors) BEYH taits RIERTE

{
f0 B, BRI

1 4= 11;

EELERIEE, 51 _agvance() WihA--TEHHFIEWARG], FLET
BEZW, WHTHR ARG ESNE, A2 PHEENZSE. T
ENESRAMENL, MEREEET.

N, BFE  MHAHRNLEEESEZD, ARLAFTRRE
X-LEENATRASE, YEEas TIERSG LK

_advance() B, ABTTMLERE=24. SRSEY, FHit, I LERRLMAH

RE TN EFREBR R R B PR B — 3 T AR R traits 115

__advance{) .

tempiate «class Iaputlterator, class Distance:
in)ine void advance||lnputlterator& L, Distance nj
{

_ advance(i, n,

lterator_traits<Inpul.lterators::lterater_category()} ;3

& F®RIEE, terator traits<Iterators::iterator_category () ¥
P — AR S GEERS cnco &4~ int RN R -F) , RESIN
ZRETHRALAERGEN L —. RE, BREZ IR, Si%siA dog BRW -
4 _advance() BREH.

3 E£THATF, SGISTL <stl_iterator.h> MIRRMNR:
__advance{l, n, iterator category(i}};

W RAE YR irerator_category () M F:
template «<class I-»
inline Lyperame iteratlor_traitse<ls::illeraior_vdleyory
iterator_categoryiccnst L) |
typedef typenare jterator traite<Ir::iterator_category cartedqory;
TELUrn CaTteqoryi;;

AW EA R 6

__advanceil, n,

‘terator_traite<Tnpul Trevatars=:riterator_category (1];
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3.4 Traits G2 ——STL FRIB1H 97

B, ATHLERTH, traits 250 F In— 8 R ATEL 5]
template =class I»

struct Lterator tralts |

typedef typename " ::itevator_category iterator category;
b

foHRFLEH IR et (partial specialization} "
template <class Te
struct iterator_truoits«<T*= {

£/ R, BERETE M Random Access iterator
typedel random_access_iterator_tag iterator category;
bi

/7 Bt AR pointer-to-const MfitA “iR¥ELME (partial specialization)
Lemplate <class T-
slruct lterator_tralls<const T+

f/ BB, 4K pointer-to-const £ —H Random Access ferator

typedef random_access_iterator tag iterator_category;
T

S —AEA R, HERGEWRELT “ZEARTREZEHLEYE, &
AL B HEA" B, inc s B2 Random Access Iterctor, X & Bicirectional tterator,
Rt Forward Werator, 1ff L2 Input terator, 4, HABEZBERHA

random_access_iterator_tag.

HERBFEED advance() [ template B EHFRBIFRAEAHEH,

template <class Imputlterator, class Distance:
inline void advanhce (Inputlterator& i, Digtance nt:

5 advanced() BAT B EMERMMNENRE, BANEHLRGEHa
@ﬁImmﬂaﬁmnﬂﬁ%%Sﬂ;ﬁﬁm“+ﬁ@ﬂm=u§%ﬁ%ﬁ%2ﬁ
EREARER, RARERBENZHTE.

R BafRARNERT

Pl class & MR BM &R LS, AR DU RTRILEN EEE
(EhiER B0 EMVTE&R W, overloaded resoluion) , B - F4tR, #id
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98 FIE EINEE Gterators) A5 raits HERE

MR, BRIVIDARLES “Ra &R @R Bl (FNAEAN advarce
Forwarditerator Mi) . B AREES IO #E NEX MAMVAFE . ML 2SR Id
B

B {5 Inputlterator

M B Forwardlterator

D2 1E#E Bidirectionaliterator

Bl 3-3 HARXE

f/ file: 3tag-test.cpp

i/ HEME tag types SAXATFENEIH
$include <icstreams

1g1ing hamespace std;

struct B { }: // B AIELHLR InputTterator
struct DI : public B { }; /4 D1 WMHEA ForwardIterator
struct D2 : public DY { }: /¢ D2 A[HElA Bidirectionaliteralor

template <clagss I
func{I& p, Bl
{  cout =< "B version' << endl; }

template <clasg I=»
func{I& p, b2}
{ cout << "D2? version" << endl; }

int main(}
{
1nt* p;
func(p, B(}); // BHEBEX2YE. Bl B vorsion®
funcig, DL01Y; // BERSGEEARTEWE: BUARXREME feHRA
/7 @i "B version”
funcip, D2{}); // £H5ENTEWE. Wl "D2 version®

kL distance() 2 5
EF HARREGEE PNA, DTH%E-Fl. distance ) HERWHH—
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15 std:iterator [EHEIF 99

TR BRIERR, MAUAMTRABZEANRE. S ARMEASRRE, ¥
A RRST R, TRARANEE, B EXAIEN advance) W
-

template <clags Inputlterator-
inline iterator_traits<InputIteraters::différence type
__distancef{lnputTierater first, Tnputlteralor last,
input_iterator_tag) {
iterator_traits<InputIterators>::differenceé_type n = 0;
/i H—BHER
while {first !'= last}) |
++f1ret; ++0;
}
refturn In;

}

template <class RandombccessIterator-

inline irerator_trails<RandomAccesslterators::diffefence;type

__Qistance (RandomAccessiterator first, RandomAccesslterator last,
random_access_lterator_tag! |

/i HETEER

return last - first;

!

remplate <class Inputlterators
inline iterator_traits<Inputiteratoy’::difference:type
digtance{InputIterator first, InputIterator last] |
typedef typename iteratpr, toaitexnbatIverdfors : ritérator ddtegory caregory;
return _ distance(first, last., category());
}

W&, distance() AEREMEBNERE: H template WHBHZFrblan
&% Inputiteracor, 2N T A STL BHMALAM: DEEFERTZIEY
WABRAHERBRYSHA L. HALHEE, dTERBEYZRFEES
RER, “EREA (orwardmg) ~ W HEXARBREE—Z—AREH
B—Witiea. AER, YEHMIA aistance) FHEA Output ferators
Forward Herators 5 Bidirectional terators i, Zigidk4s i3 F Input terator fl
fIE4 __distancet) ¥

3.5 std:uiterator ENERE

HTHAWN, MEA BB RS A RBEREAL, AT traits &
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100 B3I EE (terators) 245 trans HIETEIE

B, HUEEA B TEA STLRME, PIMAE GHE STL HEMAER. K
CAERHE—RY, B REAERSERO KSR, MRS FHER L,
HITET. STL #{t T —1 iterators class T, HWESMFITIH AL
MoREE, BARIETS STL B ZAE:

temp.atc <class Category,

class T,
i-lags Distarce - ptrdiff_t,
claszs Pointer = T,

rlaag Referonre = The
scruct iterator -

Tvpedet Category Slerator_category;
typedel T va_ue_tyoe;
typedel Cistance difserence_typo;
typedaf Pointer soLnCer;

tyvpedef Referanceo ratercnce;

iterator class A TR 7, S8 NEMAE L, FiMBREHALARE
PIRSMAIE. T RS M SRS H A, Ot AR HFRAWNHASERIA.
ST 32 FHEBEEMM Listirer, MERALERME, WiZiXAS:

terplate <clasa Tren~
struct ListILar :

public std::iterator<std::forward_iterater tag. Item-
P

(]
[ =]

VB 4 00 AR (associated types) , RIERBMFUL. Ritd HHER
=, MRABOFE. MARES, STEZNEEFRNERASRRHES, 3
BUTHERBEAMERT Y G, AR, RE. BARR--) . BTRE, x2
ARy FASMEASZAATEE, TERIHT LR MEDRAT,

traits SRIRHERBIBIAT STL TEME. EMM "RmES" RRis
SRR emplate SR FHE, B8 Cor RERGAKCTRAETE %
71, RN Ca+ B (strong typed) B EMNRE. T traits MALHTL, W
BB CERITT MOm #, LB STL RUGER.
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3.6 erator WX TEH E Y 101

3.6 iterator JR{CIDSCRED)

BT e Mg, SR RIR ARSI E, sl M ERTE
SGISTL <stl_iterator.h- kKN SAFMRMBTRMN. L UHLAEE
MZ, BT iostream iterators. inserter iterators PA K reverse nterators [ZEH,
THBHEE.

// WFE SGI 9TL <stl_iterator.h>

s/ WFERBER

struct input_iterator_tag i}:

srruct output_iterator_tag {};

gtruct forward iterator_tag : public input_iterator_tag {};

struct bldirectional iterator_tag : public forward_itleralor_lag {};
struct random_access_iterator_tag ! pubilic bidirecticnal_ileralor_tag

J; ABEGREAE WA, AOFEMEREEF®ED TEXD s1d: riterator

remplate -~class Caktegory, class T, class Distance - ptrdiff_y,
clasg Pointer = T*, rlass Reference - Tax

st.ruct iterator !

typedef Category iterator_category;
typadef T value_type:
typedef Sisrance difference_type;
typedef Poince: pointer;

typedef Referonoc reference;
b

/0 R traics
vemplate <class Toevator-
struct iterator_tralta |
typedef typename Iterator::iterator_category iterator_category;

typedel typename Iterator::value_type value_type;
tvpedef typename Iterator::@iffererce type difference_type;
typedef typename Iterator::poiiter pointer;

typedef typename Iterater:sreference reference;

1i

;7 A4S (native pointer) MHEHHE traite WIFILE
template «<class T»
struct iterator_traits<T*> |

typedet random_access_iterator tag iterdator_category;
typedet T Value_type;
typedef pLrdifif_t d: fference_type;
typedef T* polinter;
typecel Tk refcrence;

¥
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102 38 EUE Gerators) ®2Y5 rans SfRHE

;SR .Z pointer-to const MIRHFET traics (REFICAE
remplale «oligss T

struct iterator traits<congt T¥s |

typedel random_accese_ terabtor Tag iterat or_catedory:
typedef T value type;
tvpedet prrdiff d.rforence_type;
typedef const T* pointer;

cyvpedef const TE referenoe;

fp RRBAIRIR TR E T EREHER (catogory)

temp.ate ~class Itelstor:s

inline typcname iterator_traltgsIlerators:::ilterator _oategory

iterator categoryiconst JLeratork] |
typedef typename qerator_rraltsellerator=::icerator_category cabogoery;
return category ()

fr A BB AN B EN ) distance type
template <class Iiéerators
inline typename icerater_traitse Tteralers::difference_type*
distance_type (const Tteratoril |
return stallc_cast-typename .teérater_traltselierabors::d_ffcrence_type*.ihl;

Jf AR LR A fE AR K AR value type
template <class Tterators
inline bLypenamec iterator_trults<lterators::valuo_tvpe¥
value typeiconst lteoratork! |
return statlec cast-typenama iterator _traltseIccranors::va_ue type*~ill;

// BT REH distance AR
template <class InputlItcrators
inline iterator trai.s<InputTierator.::difference_type
__distance(InputTterater first, loputlterator last,
input_iterator_tag) |
lterator traits<Inpuclterators::ditference_type n - 0;

while (first != last} |
++firgt; ++m;

}

return n;

template zclass RandomaccessIterator
inline ilerator_traits<Rardorhccesslterators::difierence tvpe
__distance(FandecmAccesslterator firat, RandomAccossiteralor last,
random_access_lLerator_tag) |
retourn last - firs:;
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3.7 SGISTL B _type_traits 103

templace <class Inputlterarora
inline iterator_tralts<Inputiterators;:;difterence_frype
distance{Inputlterator first, Tnputlterator last) |
typedef typename
iterator_traits<InputIterators::iterator_categery category;
return _ distance{first, last, category!(}l;
'

/0 DT REM advance B
template <clasg Inputlterator, class listance:
inline veoid __advance|{InputIteratora i, Distance n,
input_iterator_tag) |
while [(n--]1 ++i;
}

template <class BidirectionalIterator, class Distances»
inline void _ advance(Bidirectionallteratorg i, Distance m,
bidirecticnal iterator_tag) {

if (n »= 0}
while [n--1 ++3;
else

while (n++} --1;

}

template <class RandomAccessIterator, class Distance:
inline void __advance (RandomaccessTteratorg 1, Distance n,
random_access_iterator_tag) |

template <class InputIterator, class Distancex

inline void advance({InputIterator& i, Distance nj |
__advance(i, n, iterator_category(i)}:

}

3.7 SGISTL BIFEH: __type_traits

traits EHHRE, EERNT C++ BEESHALE. STL RERIM
DI, E 4 iterator_traits JAFEMIRE. SGI XM HA — ST RPE
RELSMMR, FRATHFEN _type_traits. WEREMSHEHZE SCI
STL RERFF AMAT, A7 STL HREREZA.

jterator_traits M REEMR RN, _type_traits MR TARE A
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1M BIE FMRE (erators) HES wais HELE

(type) HVRR{E. BEALEAFTREMRMEHELE: LTEHETES non-trivial
defalt ctor? & B non-trivial copy ctor? 2% H& non-trivial assignment
operator? =7 E & non-trivial dtor? MERERLGER, BNMETI M HEHET
. WA, . MEASRART, BRTURNRARCENSER (AfA%REA
BREM, MESEMNIE constructor, destructor) , MRBANFEHELH RS
I mailoc(is memepy() F%, WHBEEH. X TRARMREHEQ TS,
AERENHERRL

EXT SGI <type_traits.h> " _type_traits, BT -FHLE, A
PFE R AR KR JBIE (type attributes) . R4 VR 7 MR BOR A B (function
dispatch) . 1A% FH8E templae HAMBH), P, BROESEKT - “TENH
AR WECRPIT copy BIER, MERNBEFTMEL CREMNETE — T tivial
copy constructor, FREHMRINATETIHEAMREN nemcpy ) W

temmove ().

BIE iterator_traits BXNAER, BNHE, BEFr2hREFEH
__type_traits<Ts, T {LRTEEN:

__type_traits<T»::has_trivial_default_constructor

_ type_traits<T=::has_trivial_copy_constructor

_ type traits<T»::has_trivial_assignment_operator

_ type_traits<T»::has_trivial destructer

_ type tralts«<T»::1is BOL_type // PQD : Plain 0id Data

HBOFEEAXTFREEN "2 5 B (DERMRERRM AR ,
AHERARZARD vool 1, WIZRMAFHMERM "N EHRAT
FEHBHANA RRFTEEES, MREREHAMK class object HAHBH,
A4MBEHS. B, ERARTHEERRENRR.

struct _ true type { };
struct _ _falee_type { };

WMAEH classes WHEMRR, FAedkuisbfE, MBS EE,
i RAFTE .

4 C++ Type Traits, by John Maddock and Steve Cleary, DDJ 2000/10 87 - Ml #d%.
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3.7 SGISTL WAFEE: _type_traits 105

HTERERAPRAF, __type_traits FHZE X —5 typedefs, HERE
_ true_type B _ false_type. FIf2 SGI fffHk:

template <class types
struct __type _traltse |
typedef __true type this_dummy_member_must_be first;

i FEBRXEA. EER HENAHE _type_traits Hib”
FImiFasiR ENALHEIHXT __tyvpe traite template Jri 3
Bl XN THRES -REROEHN T8N __type_traits MK
TG E Y H AT R RN cenplate B, A EHAIEMAEZE
*/

Jr T S EET. BAREISETHEDNRHAFELREN __type_traits
R
~ el L E L TR R U
- {RATEABBR AT (R AR 5
- AREART LA T R A EH G B AR AR R AN 4R
- ERARRARLRE Y MR, BEGERFERNLEYIE

cypedef _ _false_type has_trivial_default_constructor;
typedef _ _falsc_type has_travial_copy_constructor;
typadef _ false type has_trivial_asslgnment_operator;
typedef _ false type has_trivial destructor;

typedef __false type 15_POD _type;

wt2, SGL BFAMBMGIEE LY _false _type B? B, SGI EX
HEETOE, A5 (RETL) HeutE— MBS (scalar types) TEH
if i) __type_traits SRUMEA, EHRBRTIFE.

=1

L3 __type_traits AT LHESEMMAKSE, HN ypedefs HEE L M
BIRBLA:

® —EME (general instantiation) , WEMHHHIMLEABMRTHE.
FREA has_trivialooo MHEHEE XN _false_type, HEMHE
HANBLEFRHRTE.

o Zi MG MIRE, P <type_traics.h> WA Crr TR
(scalar types) {24 T X W IHL I, MG RR.

® HEIFH (0 Siticon Graphics N32 #1 Né4 SRR SN AE R AR
B S LR . GRERTARRHEAR. A HERE R
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106 F3E EMRE literators) BES traits HWITHERE

PAFERE ctype_troits.hs M C++ FEAHIE XK __type traits
A, REFY M THEE _types_traits HHEEHROAI$3E (FIH0 Silicon
Graphics N32 #1 N64) FEMHE, ST UZLHEINEERT S, WELE.

AUTEA crr BARY char, signedchar, unsignedchar, short, unsigned
short, int, unsigned int, long, unsigned leng, float, double, long
double BEHEE. 38, - THANESE _ true_type, FX S 5ERA
FREHREFR (AN memcpy ) REFTHEN (copy) HRE tassign) R«

s/ T, 96T ST -gtl_config.hs BIUTHAM _ STL_TEMPLATE_KULL
/i EXHtemplatze<s, W1.9.1 7T, BEMEN

[/ class templale explicit specialization

__STL_TEMPLATE_NULL struct __type traita<char> |
typedef _ true fype hag_trivial_default_constructor;
typedal _ bLrue_type has_trivial_ copy_constructor;
typedef _ true type hac trivial assignment_operator;
typedet _ true type has_trivial_destructor;
typedel _ true_tyoc is_POD _tvpo;

I

__STL_TEMPIATE_NULL slruct __type_ tralts<signed char> {
typedef _ true_type has_triviat_defauit_consiructor:
Lypedet _ true_type has_Lrivial _copy_constructor;
typedef _ true_tLype has_trivial_aseignment cperatar;
typedef _ true_type has triwial destructor;
typedef _ true_type ig_POD_type;

_ BTL_TEMPLATE_MULL struct __type_traitec<unsigmned chars {
typedef __true typc haa_trivial_default construclor;
typedef _ Lrue type has_trivial_ceopy_constructor;
typedef _ true type has_trivial_assignment_coperator;
typedel __Lrue_type has_Lrivial_destructor;
typedef __ftrue_type is_POD_type;

b

__8TL_TEMPLATE_NULL struct ___type_tralta<shorts {
typedef _ true_typc has_rrivial_default_ronsLructor;
typedef ___true_type has_Lrivial_copy_constructor;
typedef _ true_type has_trivial_assignment_operator;
typedef _ true_type has_trivial_destructor;
typedef __true_type is_ POD_type;

Yi

__GTT,_TEMPLATE_NULL struct __type_traltsc<unsigned short> {

typedef __true_type has_trivial_default_consfructor;
typedef _ truc_type has_trivial_copy_constructor;
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3.7 SGISTL fI#FH3¥#: _ type_traits

107

typedef _ true type

typedef _ true_type

typedet _ true_type
Yi

has_trivial assignment_operator;
has_trivial destructor;
is_POD_Lype;

__ STI_TEMPLATE_NULlL struct _ type_traits<int> |

typedel _ true_type

typedef _ true_type

typedef _ true Lype

typedef _ true_type

typedef __true type
¥

has_trivial _default_constructor;
has_trivial copy_constructor;
has_trivial_assignment operator;
has_trivial_destructor;
1s_POD_type;

_ 5TL_TEMPLATE_NULL struct _ type tralta<unsigned int> |

typedef _ true_type

typedef _ true_type

typedef _ Lrue tvpe

typedef _ true type

typedef _ true type
b

has_trivial_default_constructor:
has_trivial copy_constructor;
hae_rtrivial_assignment_cperator;
has_trivial destructor;
1s_POD_tvpe;

__ STL_TEMPLATE_NULL struct _ type traits<long> {

typedef _ true type

typedel __true_type

typedel _ true_type

typedef __true_type

Lypedef _ true type
¥

__ STL_TEMPLATE_NULL struct _ type_traits<unsigned long> |

typedef _ trus _Lype

typedef _ rrue type

typedef _ true_type

typedef __true _type

typedef __true type
¥

has trivial_default_constructor;
has_trivial copy_constructor;
has_trivial_assignment operator;
has_trivial_destructor;
ig_POD_type:

hag_trivial _default_constructor:
has_trivial _copy_constructor;
has_trivial_assigmment_operator;
hag_trivial_destructor;

15 _POD_tvpe:

_ 3TL_TEMPLATE_NULL struct __type traitse<float> {

typadef __true_type

typedef _ true_type

typedef _ true_type

typedef __true_type

Ltypedef _ true_lype
Ti

has_trivial_default constructor;
has_trivial copy_ constructor;
has_trivial_assignment_operator;
hag_trivial destructor;

ig POD type;

__8TL_TEMPLATE_NULL struct __type_tralts<doublesr |

typedef _ rrue_type
typedefl __true _tvpe
typedel _ true_type

has_trivial_default_constructor;
has_trivial_copy_congtructor;

has_trivial_asgignment operator;
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108 BIE EAE terators) BEY traits HIERE

Lyvpedal __btrue_type mas travial_destructor;
—ypodef _ True_type is_P0D _type;
bi

__STIL_TEMPLATE_MULL strict _ type traits<long doubler
wypedef | true_type has_trivial_default_constructor;
cypedef _ true_tvpe has_trivial_copy_constructor;
typedet _ true type hag_trivial_assignment_operanor;
Lypedef _ true_type has_trivial destructor:
typedef _ true_tvpe 12_POD_type;

Vs

s EE, UTHMEAESNET _type_traits WAL
o) IR AR B h — SRR B 5

temp.ate <class T=

atruct _type_tralte<T¥» |

typedef _ tfruc_type has_trivial_default_constructor;
Lypadef _ true_lype has_trivial_copy_constructor;
vypedef __true_type rnas_trivial_assignment_operator;
Lypedef _ true Lype has_trivial_destruclor;

tyvpedeE _ true _tbype is_PCD tvpe;

b

__types_traits 1 SGI STL R ARSI, TEEFENLKRA. F— 14
FRAWTEE 233 1) uninitialized £i31_n() £RBAR:

terplate <c¢lass ForwardT.erator, class Sizc, class T»
irnline ForwardIterator uninitialized_fill_n{ForwardIterater firsl,
Size n, const T& =) {
return _uninitialized fill_nifirst, n, X, value_type(first));

WAL x NIEE, EERH rirse FWHEME o AR FRRERAE,
%M value_tvpel) (36 ) FHHENSFE tirse i value type, I
__type_traits HEF4TIRRS R POD B A

template <class ForwardIterator, class Size, class T, class T .
inline Forwaralterator uninitialized £ill_n{ForwardItrerator first,
Sizen, const Tax, T1#)

4

i
typedef typename __type_ trails<Tls::ls_POD. type ig_FOD;
rerurn _ uninitialized £111 _n_auxi{firse, m, x, is_POD{)};

DIFE AN pOD BT FRURE X 0EE.
/7 WERR pop BB, HEIEE (dispatch) BXE
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37 SGISTL MALE3: _ type_traits 109

template <¢lass FerwardIterator, class Size, clags T»
ForwardIterator
__uyninitialized fill_n_aux(ForwardIterator first, Sise n,
const & x, _ false_typel |
Forwardlterator cur = first;
/7 hRIBENBREL, U FEEFEHREAE (exception handling) £BR
for | ; n » 0; --n, ++cur)
constyuct{&*cur, x}; SO 2.2.3 W
return Cur;

;

/7 WMEBE rop MY, K2R (dispatch) BXE. FTRARRLHFHITN

/7 08 copy construction [T assignment, T HA trivial destructor,

/1 BATERER

template <class PorwardIterator, class Size, class T»

inline Forwardlterator

__uninitialized fill n aux(Forwardlterator first, Size 1,

const Ta& x, _ true_type) {

return fill_n(first, n, x); // THENEHEHWT, OFHA

j

/7 DTFREYT «stl_algobase.h> hi] £i11 n{)
template <class Outputlterator, class Size, class T»
Output Iterator £ill_n(QutputIterator first, Gize n, const T& value) {
for { : n = 0; --n, ++first)
*first = value;
return first;

}

%:AM%Eﬁﬁﬁgﬁﬁmd%umdl%E@ﬁuﬂ@ﬁZﬁﬁm&ﬁm
223 THEXEBHRT-

S AP RURTASSE 6 B copy) ZREK (ZHAEZ-) . &
AEHEFEZHHL (speciatization) 53 (refinement) HA, BIEHE, =
ME N THELE, FEELANWATRAR “FERY OTR. BEXW
R

i EN—%, ATENVEERY, ARIRARAHENENTFR

template <class T» inline void copy!{T* source,T* destination,int n} {
copy [source, destination,n,
Lypename __type_traits<T>::has#trivial_copy_constructor(}};

}

;7 BN -84, Hr#ERHIEE non-trvial copy constructors
template <class T» void copy(T* source, T* destination,int n,
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110 HIE U8 (iterators) W5 tras dBIE

_ talse type}

Vo

fr BN -, ExERYIHA trivial copy constructors

{o TR memcpy () AT

cemplate ~ciass T» vold ¢opy{T* source,!™ destinaticor,int o,
_ ‘rue_~yvpel

T ve.

Dl HEH CENEH AR KERmERE). £e6EH copyi
BERAZHEA, ANLERFL. £ 643 1.

ﬁ&ﬁsﬂW&MHﬂ&mﬁiﬁﬁﬁﬁgﬁmmL%iﬁmﬁ,ﬁm%%
=1 2F

/% NOTE: This is an internal header file, inciuded by other STL headers.
*  you should not attempt to use it directly.

L
i

Wik, mAHE SGISTL WA, KT UERCKRERFFRTELA
_type_traits. BB ITEYLT —4 shapeclass, _type_traits SMEE
H- 2R RGN (AN Silicon Graphics ) N32 Hl Nod ZRidds) |
&%, _type_traits §4F shape FRUSRAE - MFE, HEAAHUCTR
By Shape BT trivial defalt ctor, o twvial copy ctor, B tivial assignment operator,
& trivial dtor Ti5E. M KFHRT R RIENSNFEST S, _type_traits#
%t shape ZEEL R - MFHAE __false type, HIfE shape B4 POD RS
FHNEELATTRYT, HENRER, BRERHEN shape, HFHRU -1
__type_traits FfLiid, MG IRGmESRL FEE (B -

templatec= sbruct _ type traite<Shape> |
typedel __true_lype has_trivial_default_constructor;
typedef _ false type nas_trivial_ copy_constructor;
typedel _ _false_type has_trivial assignment_operator;:
typedel __false type bas_trivial_degtructor:
typedaf _ false type is FOT_type;

TE -1 class fHaMBEi%A 8 C K non-trivial default constructor, non-trivial
copy constructor, non-frivial assignment operator, non-trivial destructor W - -ER

BOPIBTHER & A% class MATEELRAL, A EXHATHERE, BLET
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3.7 SGISTL MFH¥: _type_traits 111

class EFELAM B I CH non-trivial-xxx3,

BI@ e 2 EEMFECE LRI, #i__type traits HEE, L
ginfr, F, ETEA _type_traits 2. SE{IEITHFNZHE LN,
WX Ce+ HERSY, EFERNERRERMNRAANENRFERMERF—
BRE MrEUMHEANEM _type traits HLIRE, KFE -1 typedef
M{E#HE _ true_type.

5 %5% [Meyers98] 53 11: Declare a copy constructor and an assigrment operator for
classes with dynamically allocated memory, AR %8 45: Know what functions C-++ silently
writes and calls.

The Annotated STL Sources



12 BIE ERE Gierators) B2 5 taits IR

The Annotated STL Sources



41 FBROESS% 03

4

BINE38

sequence containers

41 BROHFMESDE

B, B,

WREENEEHI TR, U TRIRHFRREERER, Z—&11FR
FAHHHAE M (Data Structures) « KFGELMXBTER, SHERFTER
LEMBE, TEEESHYSREE (Algoritums) . JLFATLAR, k2 rHIE
EMERE A TEAEMEENEE. STL ARIEKERRE H—LRIEE AL
H¥ (H41) . Kk, EELFEEF AN Cr+ REZRLHENF, STLEH
iy ¥ B 75 A RIBESE .

APFRM, BEREBAHANT array (F41) . dise (FF) . tee (W)
stack (#E#%) . queve (PAF)) . hash table (E(FIZE) . set (BE) . map (BRE
F)-- 5% BE REEEEPAHR " X RARE 4 A P72 (sequence)
LR (associative) i, AEFITFHAER, T-TRITRBEAEE.

HERKEEAT STL WE R, ZEATHROFHTIRL. AR
B &AM STL B —EN%, XRBITERE D ARG (STL) EFMARESA.
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114 BaT KRB (sequence contuiners)

=UTE% T &R
Sequence Containers Associative Containers
‘ arraybuild-im) | C+q N2 RB-tree E I
vector I e
. LR rery—
heap " 2ilchespy | map

|

i

‘priority—queue muitiset E
|

i_ list | | ~ multimap

[ stist | £mx [ hashtable | 3z

\ deque | hash_set N3

[ stack | sz | hash_map g

| queue B 1% | hash_multiset |
IIash_mu'ltimap FITE

Bl41 SGISTL Mig®ER (FEUARFAREZEZSNEENLR)

X BATBNME, HERE (inberitance) ¥ &, MEMAE (containment) %
£. 0 heap P& — 4" vector, priority-queue P15 — /4 heap. stack I queve £ 5
— deque, set/map/muitiset/multimap #FFI & - RB-tree, hastx #HH — 1
hashtable .

4.1.1 FBYIT B 38 (sequential containers )

FrBRFIR AR, RPN oREaF (ordered) , HRLFH T (sorted) . Crt
HIEAFEMAT - AMFALER array, STL BAFRM vector, 1ist, deque,
stack, gueue, priority-queue FEFHAFEH. HF stack Rl gqueve HTH
4 deque SCLBREMAL, HAL#AEN -MACZKSE (adapter) , HRTCYE
T EAFETIE,

AERFRFRFLERFPIXFROXBTRAY.
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4.2 vector

4.2.1 vector 8k

vector TR EHLILBAEFK, 5 array FEAL, FENE-ZH0ET
ZREE MM REN. arcay £8E520, - BERETRARNE ERIR (&
N —EMET, L, -UBARHEFREOK. HENRE -SSR, Rk
TEMBI— - R, FHERRN EWRIEH R, vector ZHETE, HE
LEMMA, BRRBWHEBIT SERUERTTE. BK, vector MR
FRENGEH AL AN ASERANR S, BN EORLE S FRZE AR
TR ER M RHL array T, BRITATUROER vector, REVRED.

vector BUSESHIAR, X8 T HA/ YRR R EHAC AN W BIER SR
%, -Hvector TEEMHR, MEEWEHE—-PnE, vector HEART
E—NEERSH, THAY, EABYREE (FMEER) , —ORERR,
B OCREHEH  HERD / BRAEET MATE, MENERE, HiEIA
RRARABNER. HERNETED SClvector HTHEERE.

422 vector ENEER

PAT & vector EXHRMAIRE. B STL #E, WER vector 44
A cvectors, {H SGISTL ¥ vector LHMTEKER <st) vector.h».

// alloc B eGI otL MERRER, LE_E
template <class T, class Alloe. < €B¥é4-
class wvector {

public:
s/ vector MEBJIT
typedef T value_type;

typedef value_type* polinter;

typedef value_type* itferator;
typedef{ value_Lype& reference;
typedef size_t Blze_Lype;
typedef ptrdiff_t difference_type;

protected:

7/ BT, sinple_alloc o6l STL BZEEEEHR, W2.2.4 9
typedef simple_alloc<value_type, Alloc> data_allocator;
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116 FAE FIAES (sequence containers)

iterator start: /F Fea B A A EAS k
iterator finish: /) B AEREGE

lterator end of storage; // KB ATMME

void insert auxf{iteratar pogition, const Te xb:
void deallocate() |
it {start)
data allocator::dealleocate(start, end_of_ctorage - start);

vord £i111_initilalize(size_type n, const T& value} |
atart = allecatc_and f£ill(n, wvalue);
finish - start + n;
end_of_stecrage
}

finish;

piblic:
iterator begin() { return start; }
iterator end() { return finish; }
size_type size(] const { return size_typelend() - bhegin{}}; }
gize type capacity() const |
return size typelend_of_storage - begin{)}: }
bool empty(} const { return begini] == end{l; }

e

reference operator[]isize type n} { return *(hegint} + n}; }

vactor({) : start((), finish({), end_of_storage(d} {!}
vector{size_typc n, const T& value) { fill_initializein, value); }
vector!(int n, const Th value) [ fill_initializeln, wvaluey; }
vector (leng n, const T& value) { fi1l_initialize(n, valuel; }
exp.icit vectari{size_type n) { fill_initializei{n, T{(}}); }

~yector(] |

destroy (start, tinish): fOERER R2.2.0F
deallocatet); /) BR vecror 1— member function
}
reference front(} { return *hegin(}: } 1l B-TRE
reference bagk{) { return *(endi) - 1}; } /i mlE TR
void push back(conul T x] { [/ BILEBEAZRRE W
if {finigh != end_cf_storage) |
construct {finish, x: rrEREE, W22
++finish;
}
elze
ingerc_auxiend(), x): /7 ER vector f1— member function
}
void pop back(} | Jf BRERLERL
--finish;
destroy (finish); // ERER, N2.2.3F
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4.2 wvector 117

iterator erase{iterator position) | Jf EREANE ENLE

if (position + 1 !'- end{}

copy (position + 1, finish, position); // BETEEHZ
~--finigh;
destroy{finish}; JfERAR, W22 W

return peosition;
}
void reglze(size_ type new _size, const T& x) {
if {new_size < sizef))
erase{begin(} + new _size, end{}}:

elee
insert{end(j, new size - size(), x);
}
void resizei{size type new_size) { resizeinew size, T(}); 1}
void clear!) { eraseibegin(}, end(}]: }
protected:

/¢ MERERIFEHRNEF
iterator allocate_and fill{size_type n, const T& X} {
iterator result = data_allocator::allocate(n);
uninitialized fill n(result, n, x); // 2R&AK. HL2.3F
return result;

4.2.3 vector HIIEACES

vector MR —MEERASE], FIAREE BRI, EE et
DUk vector SR STITRERELERNE, B vector EARTRENBIELT
¥, 8 operator*, operator-»,operator++, Operator--,operators, operator-,
cperator+=,operator-=, SR KAERAE. vector TIFREMAIR, Mm@
$FEFEXENES. FFLL, vector {EHR Random Access tterators.

template <class T, class kikakne sl
clags wector |

public:

typedef T value_type;

typedef value_type* iterator; /1 vector MR EEES
I

B ERE N, MRE P RS X A

vecror<int»::iterator ivite;
vector<Shapes::ilterator svite;
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118 P47 FHAEH (sequence containers)

ivite MEVBIETHZ int*, svite KR B E Lo B Shape*.

42.4 vector NEIBESH

vector FT R AMBIESNIEER R, &tZEasE. BLIMMERE start
H tinish SEEEERREESRFHMCHEHRNTE, HLIEAHE
end_of_storage fREBHELTH (FZ2HAZH) HREHK:

template <class T, class ilkoé}? ailoe-
clase wvector |

protected:

iterator start; // ®BrBRAE YRR L
iteratar Einiah; s FRoABHEATRNER

iterator end_of atorage; // %, H@ia FIEHIAE

HTRESERENMEERE, vector LIREEM X NTREEFHER
BEA—W, DIEHETENDT. XERAR (capacity) HIWE. Bk,
— 4 vector MBFBAEXTRETHIN. —EERBETA D, FREWNE, TR
HEFHLE, 1 vector AUHREM, LE4-2.

ER start, finish, end of storage = PG, BURSHMBHERE
. A BE. SRR, BF (1) BT, BREWITEE. RRRT
wH---FYLEE:

template <class T, class Ailod i &Xlog
clase veagtor

public:
iterator bhegin{} { return start; }
iterator emd{) { return finish; }

size_type slzel) const [ return sive_typelendi) - begint(l}): |}
size_type capacity{] conat {

return size type({end_of_storage - begin{)}; ?
bool empty(} const { return begin() == endf{}; }

reference operater() (size type n) { return *(begin() + n}; 1}

reference fromti() [ return *begin(}; }
reference back(} { return *(endf{} - 1}: }
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L start .
P ST SIUTRIE:
éﬁ vector<int> 1v(2, 9}:
" < iv.push_back{l);
P iv.push_backizl;
size( ) 3 o ® operatar(3] iv.push_back({3};
- - iv.push hack{d):
3.
7 vector AEAREAEN
\J e ofimish A
capagity( ) &J'
mm P
iy ¢ cnd_of_storage

MR o, OREISHNSEE, SRy FREE.
BRFEEENAE, My ¥EREANEE,

1R, AEEERARTZAHB LHEeE, EXeikle,
SR RURET B, JToREL. BRRTE FUE,
LiEiEk.

B 42 vector =EH

425 vector NIIEEARTEE: constructor, push_back

FLRAEZMATEE? NEPREFAENES, UERNBEERAGERN
B, R—TEHFNEIHE. TEAR-MNIMHERER, RNERESEEL
K, TENEN, DEAD FENTEL.

/7 filename : 4dvector-test.cpp
#include <vectors>

#include <icstream»

#include <algorithm:
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using namesgpace gtd;

int maing)
{
int 1i:
vector<int> iv(2,9);
cout << "size=" << iv.slze() << endl: / slze=2
cout << "capacitys=" << iv.capacityv() << endl; /) capacity=2

iv.push_back(l);
cout << "glzes=" << 1lv.size{) << endl; // slze=3
coul << "capaclty=" << iv.capacity{} =< endl: // capacity=4

iv.push_back{2);
cout << "sizes" << lw.size(} << endl; // slze=4
cout << "capacity=" << iv.capacity!(] << endl; // capacity=d

iv.push back{3):;
cout << "glze=" << iv.gize{) << endl; /! eslze=h
cout << "capacity=" << lv.capacity{) << endl; // capacity=8

iv.push back{4):

cout << "size=" << 1lv.gizel) << endl; // elze=6
couf << "capacity=" << 1lv.capacity() << endl; /i capacity=8
for(i=0; i<iv.size(}; ++1i)

cont << iw[i} << ' '; fA9 91234

cout << endl:

lv.push _back(5);

cout << "size=" << iv.size(} << endl; /7 size=T7
cout << "capacity=" << iv.Ccapacity{] << endl; // capacity=8
for(i=0; i<iv.sizel); ++1i)

cout << iv[i] << ' % /9912345

cout =< endl:

iv.pop_back{};

iv pop_back{);

rout << "gize=" << iv.size() << endl; /f sizesh
cout << *capacity=" << iv.capacity() << endl; / capacity=8

iv.pop_back():
cout << "size=" << 1v.gize() << endl; // size=4

cout =< "capacity=" << ilv.capacity({] << endl; /! capacitv=8

vectar<ints: riterator ivite = findtiv.begin(}, iv.endt}., 1}:
if {ivite) iv.eraBe{ivite);
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cout << "silze=" << iv,size(} << endl: // size=3
cout << "capacity=" << iv.capacity(} << endl; /7 capacity=8
for{i=0; i<iv.size(}; ++i)
cout << 1v[i] << * ': f9 9 2
cout << endl;
ite = find(ivec.begin(}, ivec.end({}, 2};
1f (ite} ivec.imeert{ite,l,T};
cout << "slze=" << iv.size() << endl; /i slze=6
cout << "capacity=" << iv.capacity(} << endl; // capacity=8

for{int 1=0; icivec.size{); ++i}
comat << ivec[i)] =< ' ';
cout << endl;

iv.glear{):
cout << "size=" =< iv.slize{) << endl;

997772

/7 size=0

cout << "capacity=" << iv.capacity{] << endl; // capacity=8

vactor BEH A alloc (B28F) EATRKES
data_allocatoer, jﬂﬂ‘]ﬁﬁﬁﬁuiﬁkd\ﬂﬂﬁﬂﬁiﬁ:

template <class T, class i
class vector |
protected:

// simple_alloc<> W2.2.4 %

, FRERAEXT -1

typedef simple_alloc<value type, Alloc> data allocator;

?‘E, data_allocator::allocate(n) ﬁf@ﬂﬁ n ’1\3’73*?]‘5] .

vector BELTE constructors, FHH— iR EE R AHRAE:

/) BEEE, AT vector KA n HIFMHE value

vector{size_type n, const T& value} { fill initialize(n, valuel); }

7/ ERIFTLUBHRL

void £111 initlalize(size type n, const Tk
start = allorate_and_fillin, wvalue);
finish = start + n;
end_of_storage = finish;

}

;7 BETGAR

value}l {

jterator allocate_and fill{size_ type n, const T& Xt |
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122 FA4FE FHAER (sequence containers)

iterator result - data allecator::allocatein); /. B'® a MLELSW
uninitialized_fili_niresc L, n, =x): +/ 2REH%. B 3%
return regalo:

Lninitialized_£ill_ny) ZWIEE -S30E 5 {type traits, 3.7 77) ,
WOEEHEE ti 100 BRERNM construer () FBEATE (R 23 HiR) |

YBEAILL push_vack () HHTERAT vector BT, FEBELRERL
E & HER, mMEAAEEEE W LG cE, FRALERE tinish, ¥
vector TR . MEFEFHTH T, KT L0 (EHEE. B840, BlET) -

yoid push_backiconst Ti x) |
if {finish != end of storage) { ;/ LHFHYE

corstruct (fintgh, x): JoeREP, Wo, e 3 Y
++finish; /i HEKNEE

!

else /i CREHEE

insert_auxi{end!{}, x); // vector member function, WL F#|%E

template <class T, clasg 2llocs
void vector<T, Allocs::insert_aux{iterator position, const Ta xb {
if (finish 1= end_of_storage) { // ®HFMAEME
;0 EEREREGEEE -, M vector BRI TTREAEIE
construct {(finish, *{finish - 1}};

¢t R

t+finisk;
T x_copy = i
copy_backward{position, tinish - 2, finmigh - L)

*nogition = x_copy;
]
else | i/ CEBRTM
const size_type old_size = sizel):
const size_type len = old_size != 0 2 2 * ¢ld_size : I;
AV FRBEM: mERI A0, WEE 1 (PEEAA)
s MBEIATY 0, WEEELRFE,
ff AR EBEIE, BEEEE MR ES SR

iterator new_start = data_allocator::allocate(len); // TIRELE
icerator new _finish = new_start;
bry {
;0 B vector FIHBEENEER vector
new_finish = umninitialized_copy{start, position, new startl);
fo AFTUERENE
constructinew_tinisa, =)

/i B
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4.2 wvector 123

++new_finish;: X
/1 B vector % MAZETHAADLEIE IR (RERE: WHEY )

rew_finish =uninivialized copy{position, finish, new finlsh);
i

catchi{...} {
// "commit or rollback" semantics.
gestroyinew _start, new _finishj;
data_allocator::deallocate{new_start, .en);:
Throw;

!

;) FitHBHRIRE vector

destroy (begin(), end(}];
deallccate(}:

/0 BB, 1M vector

start = new_start;

finigsh = new_finish:

end_of _storage = new_start + len;

EE. FESEENA, FARERSREZ G BEHER (ERATRRIUER
#le LG HAE N ERENFED , MRMEAMIWESARE - REREE, &
GHEHAENLR, KA FHERAEZ GG TR, HFRERERE. H),
% vector WHEMEE, — LSIREMEFRE, fBEF vecror BIFTFAENEN
WEHT . AERFARDKM—T#HIR, FTAL.

426 vector NTTEERIE: pop_back, erase, clear, insert

vector MMM TERGEREZ, TEEAREES ——JH-—LSHRA
EERLE, HEEEIDTSARENITE, RBESMEXESEBETR. X
S o Bt 4 B0 7 SRR PR A

/ BREBETEEN, HMHEXAD

void pop_back() {
--finish; /7 ERRIFIRHAB -, BFRAFRRTE
destroy (finish); // destroy RLREE, WF2E

}

¢/ WB [first,last) VMBTATER

iterator erage(irerator first, itcrator last) |
iterator i - copy(last, finish, first); // copy BeRER, ReE
deatroy{i, finish}; // destroy REREK, B2 E
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finish = finish - (last - first};
return first:

3

1 EREMMEE LML E

iterator erase(itlerator position; |

1{ {pesition + 1 != endl})
copy (position « 1, finish, position); // copy RERHRE, Fe &
--finish;

destroy (finish); // destroy E2RE%K, 2.2.3 W
return position;
!

void clear(} { eraselbegin{), end()};: } // erase() MENELH

B 4-3a BRT erasetfirst, last) MEALE.

erase(first, last); 2l

first last
vector

R I

vector«<Ts>: :start vector<Ts::finish

vector<i»::end_of_storage

erase(first, last); 2B

first Tast
vector l
¥ e mm e pmmne ey
4 T T - )
vector<t>:.5tart vector<T>::finish

vector<Ts::and_of_storage

B 4-3a FEXEMNEREIE: erase(first, last)

FH & vector::insert () SEBAE.
/7 M position F#5, #A n TRAE, LEFHEN x

template <class T, class Allocs
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vold vectore<T, Allocs::insert{iterator position, size_typen, const T& x}
4

if ml=0) { // ¥n =0 AETUTHEEE
if (size_typefend of storage - finish} »>= n} |
¢/ BASERTHT "HELEMC
T X_COpYy = X;
/T ERARZ B IRME
const slze type elems_after = finish - position;
iterator old_finish = finish;
1f {elems after = n) [
/f BASZENRELREM KT “HETRAMT
uninitialized_copy{finish - n, finish, finish};
finish += n; // ¥ vector REFiICGH
copy_backward (pesition, old_finish - n, old_finish};
£i11 (position, position + n, x_copy); // MEBASTFREARE
}
elge |
/o BARZENRETRM ATET "HHETRST
uninitialized_£i111 n(finish, n - elems_after, x_copy):
finish += n - elems_aftar;
uninitialized copyiposition, old_finish, finish};
finish += elems_after;
filltpositicn, old_finish, X_copy};
}
}
else (
// BRATEANT "ERTEAM (BRLIFAEEBEIHAL)
/7 EEBEFKE: BRENTH, RARE TR M
const size_type old size = sizel(};
const size_type len = old_size + max{old_size, n}:
/1 BUTREH M vector BH|
iterator new_start = data_allocator::allocate(len);
iterator new_finish = new start;
__STL_TRY {
f!MTﬁfﬁHVWWIﬂﬁﬂﬁzmmﬁﬁﬁﬂﬂﬁﬁﬁ
new finish = uninitialized_copy(start, position, new_start);
/7 DTEUHRETE (MEYH n) BAKTRE
new_finish = uninitialized_£ill n(new_finish, n, x};
/7 WFE#IE vector MIHASZBERNLREMAHZE

new finish = uninitialized_copy{position, finish, new_finish);

}
% ifdef __STI_USE_EXCEPTICNS
catch{...] {

;) MBEREEE, TW "commit or rollback® semantics
destroy{new_start, new_finish);
data_allocator::deallocate (new_start, len):
throw;

}
# endif /* __STL_USE_EXCEPTIONS */

The Anmotated STL Sources



126 F4®E FFIAEH (sequence containers)

/ BATFRBEHBNIAS vector
destroyistart, finlsh);
deallocate();

/4 RUF EE K i

sbart = new_start;

finish = pew _finish;
end_of_storage - rew_starl + len:

HE, WATEE, T AHUTHEEAH (L2 position, HFRLHE
AR) BIEZ VG — X2 STLHT “HARME OiREATL. B4

AT insert{position,n,x) MJEIE.

insert(position,n,x);

(1 ER%E 2 > FETRTE 2
{ﬁ“: -F, n==7,

(I-LIEARZEWBELEN 3 > FRTEM 2

o= =l = —,
i

position P=ut uninitiglized_copy()
vector l L3y
| | smE
t 1 I
start finish

end_of_storage

o = N —
5 /\

osition _—
P i’ ™ copy_backward()

“- m !

| B |
4

start ﬁm'shL’: T

end_of_storage

vector

BAR
position
vector

L4

#_ ENENES |
"ﬁhu :f

start finish

end_of_storage

5| 4-3b-1 insert(position,n,x) R I
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127

(-2 BARZoWAARE Y > <HFETERIH

AR
position
vector
*‘ f HEZH
h
start finish end_of_storage
B initialized_fili_n()
pos-’tion uninitiglized_filt n
vec
tor ! (1 M
| x
i b T
—
start finish@
HAS end_of_storage
vector position f———,_\__—%ujnj"nitialized_cupy()
¥ L
| : |
start N ﬁ-m-sh_Q_/T
position end_of_storage
vector I
| EE
start © o ﬁn‘ish——/

end_of_storage

B 43b-2 insert (position,n,x) fRM 2
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insert(pasition,n,x);

(2) BREZE < HIBTHETY
Bl: TE, n==3
AR
positian
vector
: \ S
! | || EHETE
A s A

start E %%Ehiln15hend_nf_storage
0 ~
upinitialized _cagiv() IEAL 0
position unimitialized_copy()

o vector
O g i i ¥ i T T (e m—
i) X X X | 3

el i ___éi_ L | i

uninitialized fill_nf) o

start - finish
end_of_storac
K 4-3b-3 insert(pogition,n,x) K3

4.3 list
4.3.1 list #R

HWET vector WESRKETI, Tist REAERNFZ, EHTLZ I
AEME-ITE, ERRERRRK T EZR. @B, 1ist ¥ TEENERE
MRS, — SUARRR. WA, MTTAEERUEMATICEBE, 1ist X
LR EEE.

Tist Ml vector BEFMAMREHEANESR . TN TREGHEHAE -HE
#%, LAMTENSHE. TENWEEZE (F L nontrivial copy constructor,
non-trivial copy assignmen operator) . J4 EFFEUT HHHEME . [Lippman 98] 63
WA P ASRE T - RS
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43.2 list BV 2 (node)

F MR st MAREE, st AR lis B ARARNEN, FE
SFE. PUFR STL Tist M7 (node) &ith:

template <class T»
struct __list_pode {
typedef void* void_pointer;
void_pointer prev; // BBIN voidx. HEWEA _ list_node«T>*
vold _polnter nexl;
T data;
]

BRAEE PR

__Tlist_node<T> object

eve --p
next
data

433 list BE33

list REAEMH vector —RELIEEIAEERD, BAETOARIER
BETEos AT, Tist BABUAER DR Vist BN R, FAERIES
FRREe, . RE. RAFRSEE. FHE Vst ZRBERKLE. 2
W, BUE. BRBHT BAERYE, B F s, BEREEm LW
FUES IR S0 ERE, B ARANERANE Yot ME 44,

BF STL 1ist £—A W% (double linked-list) . HRMAAREAH.
BN, FLL 1ist 8£#tHE Bidrectional terators.

list H—AEEWK: FHARME (nsert) FEARAE (splice) HAREMIE
FH 1ist EBEN. X4 vector REMIK, B vector R A RIETTHER
B A EERE , SRR NER B AR HE Vst KTRMBERIE (erase),

1 SGISTL RA— T HEEE slist, BEL49 TIHHE.
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130 F4F FAXZESE (sequence containers)

BRE R METE T MEMEARAN, LELARAREMER.

node

« -Iprev ” prev e .Iﬂrev

NC X! g———————p NEXL g————p NEXL
data data data

operatpr*

B 4.4 Tist B mb Tist AR

DT Tist BRI

remplatesclass ¥, oclasz Ref, class prr.

struct _ liat iterator |
typedef _ lisc_iterator<T, T&, T*: iterator;
typedef _ list_iterator-T, Ref, Ftr» self;

typedef bidirectional_iterator_tag iterator_category;
typedef T value_tvpe;

typedef Ptr poinkter:

typedef Hef reoferonce;

typedef _ llat node<T=* link_type:

typedefl gize_t size_type;

typedef ptrdiff t difference_type:

link _type node; // ERBANPNRELS - TEE. 58 list B9

A constructor

__list_iterator(link type x) : nodcix] {}

_list_iterator() i}

__list_iterataor{const lterabtork x) @ acdel(x.nodel ()

oonl operator==(cors. se:té x) const [ return code —= ®.node; )
pool operator!s{const seli& x) const ! relurn node !- x.node; |}

S0 DT EEUE (dereference) , BURETY GRREES

reference operator*() coast ! return (*noae).data;

7 DTFREARNERFR (nenber access) BF FRGRERE

pointer operatox->(} comsl { refurn &loperator¥ii); |
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A MEAEREM ), REATH YK
sel|fi operator++() -
node = {linx_tvpel (*node) .nextly;
tettrn *chis;

§

selt operator++(int) {
gelt tmp - *thiz:
~1*thisg;
refurn tnop;

}

JiWERFEE L HENER -1V
selix operator--{) |
node - {link_type) (i*node)  prev):
return *this;
}
self operator~-{int} |
self tnp = *this;
~--*this;
return tmp;
1

434 list WEIEEH

SGI list AMEE - mgER, mhEE - MR N iR, FLT RFE
—EE, BULREERAE I EE

remplate <class T, class Alloc. s alloes // MEEE alloc HRRBH
¢lass list |
protected:
typedef _ list_node<T» 11st_node;
public:
typedef list_node* link_type;

protected:

iink_type node; // N84, B0 & 8RR

WRILIEH node EHAEBETERY -1 ER - .node ERER & STL
MT ARG KERER, WA 1ase ERR, WHE 45 TR, X4—3k,
PUF LA S AT DU o

iterater begin() { roczurn (Iink_type){(*node).next); }
iteracor end(} { return node; )
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bool empty{) const | return nede-=next == node: }
size_type gize() const |
size_type result = 0O
distance{begin(}, end), result); 7/« EHEH, H150
reburn result;

}
AT ARG rER
referonce front(} ¢ return *begin{l; 1}

i BEYSHART OLEE)

reference back{) { retura *{--end{]}; *

Tist<intz ilist;

FIRT PR
ilist.end(} < _ . s .
ilist.node ite= find(ilist.begin(),

I — - ilist.end(),
®\A ' 1 o }D 3Y;

ilist,hegin()

o=

Ha45 1ist REE. EFRERAF MR, ATsekrg Mgz, RE
ABHEFRERARRIN L - AZANWA, BHE STL AWZ "WHAEH" XK.

435 list NMEERFEERE:

constructer, push_back, insert

FYASRMARE? EFRETRISNS, RELFBERAEEN
B, RGN EIRE. TER—-TWREF, RMKESEMENY AR
AL

[/ filename : 4list-test.cpp
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#include <1ists
¥include <iostreams
Finclude <algorithms
uging namespace std;

int mainf)
{
int i:
list<int> ilist;
cout. << "gize=" <« ilist.alzaf{} << endl; /7 =ize=0

ilist.puah_back(
ilist.push_back(
ilist.push_back{
ilist.push_hack{
ilist.push_backi4
cout << "gize=" =

i

i
i’

+
!

iy
1)
2}
3;
!
<

r

iligt.zsize() << endl; // slze=5

ligt«int»::iterator ite;
fortite = ilist.begin(}; ite !'= ilist.end{); ++ite)

cout << *ite << ' '; 01234
cout << endl;

ite = find{ilist.bogin{), ilist.end(}, 3):
if {ite!=0)
ilist.ingert{ite, 99);

cout << "size=* << ilist.size{} << endl: /7 slze=h
cout << *ite << endl; /703
for{ite = ilist.begin{); ite != ilist.end{); ++ite)
cout «< *ite << ' ' 01T 299 3 4

gout <« endl;

ite = find({ilist.begin{), ilist.end(}, 1};:

if titel=0}
coul, <= *{ilist.erage{ite)} << endl; li2
forf{ite = ilist.begin{); ite != ilist.end{}; ++ite}
cout << Fite << ' ': 0299 3 4

cout << endl;

Tist BEHEA alloc (224 W) EATEARESR, HERAEIEL -1
list_node_allocater, ﬁﬁﬂ%ﬁﬁ{ﬁﬂbu*ﬁﬁkd\}bﬁﬁﬁiﬁi
template <clase T, class All6&E wad¥ge- // REMA alloc HEEH
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134 BA4E FHHAEH (sequence containers)

clasg list o

protected:
typedet _ list_node-T> llst_node;
v ERZEANES, SREE -THTEAN

typedef simple a:locelist_noede, Alloms> liat_node_allocator;

TR, 1ist_rode_allocatorin) ®aABA n MW EFE, LUFO®RE,
SHHFEE. B, M. % -1

protected:
(/BB R EIER
link_tvpe get_node(] { return list_node_allocator::allocated{); |}

/BT

voldput_node (iink_typep) { list_node_allocator::deallocate{p]; }

(7 (RS N, FRIURE
link_type create_node{const Tk =) {
link_type p = get_noedel(];
construct (ap-»data, x); // ERER, WETEEARLE

return p:
}
/7 HR RHEH) -TA
vaoid destroy_node(link_type p) |
degtroy l&p->datal; SRR, WE/THEATR

put _node (p};
}

Tist #MHIFE constructors, B —4 & default constructor, LiTFA]
AEEETMBRME — =M st Bk:

public:
list(} { empty_initialize(); } // Fo& -M2EE

protected:
void ampty_initlalize(} !
node = get_node(); // RE—-TTWEFHE, 4 node fHME
nade-»next = node: // A node LEMEMAC, AT LEE
node->prev = node;
}

The Annotated STL Souirces



43 list 135

Tist::node

nrey
®next

empty list (&)

SR push_back() HFLERAT 1ist Bumbf, SLRKA#EH

ingsert{):

void push_backiconst Tk x) { inserti{end{}, x=); !}

insert () B—TERAW, AHEA, HPRTAN AT, F5ULEHRR.
BAREAGE—TTE, ALERRETESHISHEE, SFTAlARE:
/v BBEM: EEAH position FENEHA-PTH, WER x

icerator imserti{iterator position, const T& %) {
link_type tmp = create_node(x); // FE—4¥H (HEABTA )
7 T EIEE, F cop HAB X
tmp->next = position.node;
tmp->prev = position.node->prev;
{link_typeci{position.node->prev) ) ->next - tmp;
position.node-»prev - tmp;
return tmg;

}

TR, YEAMABFEEBATE TR (REAN01234) 2K, listH
RAEME 45 Fim, WRAEA Vist APRMEAFT A, BRATREHAN
B, BldEEREE S 3 (AN T EEE S 99 BT AR AM:

ilite = find(il.begin{(), il.end(}, 3);
if (1lite!=0}
il.insert{ilite, 99);

find() BERGEMER. HAZEHN Vst WEWA 46 fir. BE, W
ARRE, FHEBUTHEERS GrRlEA L 2 A —32
STL X T “HARME” WIRERE. BT 1ist R vector HHA alHBAZR A
EMMEFRE. HEBIN0ERE, FUBANNRAFRRABRERAREZEHN
nAA.
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136 BAE FHAEE (sequence containers)

jte= find(ilist.begin(},
ilist.end{),

3
.l'l_lstend() . -i-l'iSt.'inSErt('itE|9g');
i1ist.node ite
T
= ,
: K
. [] [ - -.
ilist_begin(} ‘ ' 99
& » . - —T¢ -
[ [ )
1 .
=] 2
next » ol
> T
e > —
prev
!

H 46 HAFFE 9 FHAIMMUEL (MEHARE AL ZA7)

4.3.6 list BWTTREBIE:

push_front, push_back, erase, pop_front, pop_back,

clear, remove, unique, splice, merge, reverse, sort

Tist REMTERFRE, TEAFRNEERT— - —HAZORA
XIHE, GEREH EAREMNE, RARE X RREVREATSR. 5E
Am e A R AR (pueh_back) , BUAERITRE FHEMFEAREN
B et

s A AT R

void push front{const T& x) { insert(begin{}, x| }
froEA A, HARTA (E—AWAT )
void push back{const T& x) { insertiend(}. x): ]

i BEEER R position FITHTTA

iterator erase(iterator position) {
link_type next_gode = link type{position.nede-»next];
link_type prev_node - link_type(position.node-»prev);
prev_node-»>next = next_node;
next_node->prey = prev_node;
destroy_neode{position,nede);
roturn Lterator (next_node) ;
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137

)

fF BRENYE
vold pep_front{) { erase{begin(})
/i BBRRYA
vold pop_back() {
lterator thp = cndi);
erase{--topl;

}

;f WA A (BAMEE)
template <clags T, class Allocw
void list<T, Allocw::clear()

{

s

link_type cur = (link_type} node->next; // begin()
while (cur != node) f /i mAEg—- R

link_type tmp - cur;
cur = tlink_type) cur-=next;

destroy_node (tmp) ; /7 R (HBRHBER) TR

}
/7 Y node BERE

node-»next = node;
node-=prev = node;

}

10 BRES value ZFAGEBER

template «<class T, class 2llocx

void list«<T, Allocs::remove(const T& value) {

iterator first = begin(};
iterator last = end{];

while (first '= last) { // WAB-T¥&

iterator next = first:
++nexk;

if (*first == value) erase(first};

first = next:;

}

/1 RERBER

J/ BRREARNEELE. HE, RE “ERTHRANTE" , T28BER-1

template <class T, class Alloc>

void list<T, Allocw::uniqued{) {
iterator first = begin{};
iterator last - end{};

if (first == last)} return; f/ mEE, TAR Tl

iterator next = first;
while
if (*first == *next)
erase{next};
else

1 v

{++next '= last} { (7 REE—ATA
7/ MRAERRBPEHRENTE
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tlrot = noxt: C TR
next tiver; re BIFEETI

i

T Tist 2 - PUMEREER, BERNEUR FHEM, o, FLF
WEMIGALE (puch_tront Fl push_back) , 8L -, &L
TR E (pop_tront 1 pop_back) , BEBIEE--FH. BE (c1z:ze)
RARREHRELE. NAHT -2 EARENS, BTEL WRE 46T
LU N PR B, ARBUE I 4.7 e

ize = tindiilist. hegint), i.ist.endty, 11:
It {iter=l)
cous e *i{illasn.erasciite) ) =< encl;
next
L [ o
itist.end{) . >
ilist.node ) . prev
_. X
2 .
- —
. .
®
3
. , "
ilist.begin(} 99
L 4

@ » b : /__' -

.

i 2
(& .
ite= find(itist.begin(), 1 {?@

ilist.end(),
1); destroy_node()
ilist.erase{ite);

==R1 I

Ba47 ®EE “TEER)T AWR

Yist MEBAHE BEETRERIE (Lanster) « BEEHEENITEILRE
FIRMEEL B2 HARERER, TaneEtEHEC. EMRMENRENE
RRIFI eplice, corl, merge FEFRFMEM THE transfer KR

prol ectod:
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/)% [first,last) MG TERHS position ZH

vold transfer(iterator position, iteratar firer, iterator ast) |

1% [position '= lasz) -
(*(lick_typel (*last.node] .provi)).next. - position.node: toal;
(*ilink_type(i*Jirst.node) .previ)).rexl. = Last.ncde; e ld
f*ilink_type({*position,nodel . orev) ). ncxl = Jirst.node; PR
link rype twp = link cypeol(*oos i oorn.nodel . prev); A
(*pogitlaon.nedel orev = (Flast.nodel .orewv; AR
t*last node: .prev — (*fivst.nodel . prev; AR
{*first.node) .prov = tmp; S 0T

1

LEEARE, & - T RTE4-8.

48 {transfer) posion
next . - .
prev N e —
AT
[ hext — —— —‘
I : Il
prev N -

first lasl

o tmp position

next o

F

ad
prev F

aext o

prcy 0 |
st ast
g o /

h
h
3

Lmp position

next " =

b
h

F

prey I 3

i

nexi N o _I ‘

+ -
prev
first /q last

@4—88 lict«T»::trancier Fﬁ]ﬁéﬂ:ﬂ—?ﬁ
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140 FA4E FHUNAAE (sequence containers)

transfer WFIEFHT 1fivst,lass) EF), EEVHER - st ZREE?
EERAL. HHEELE 48 AT E Tists HELER - st BFAPIK
B, AT ERIEE .

TR transcer FHELFED. Tist AHRENZENBEME S B
(splice) : M EHEHETRAMNITEN—T Vst BaIFI S (f)—1) Tist
RS AL IR dlist-tesiopp BRRNER TS, HEWTLIT cpiice
Bt

int iwvl5] = { 5,6,7,8,9 };
ligteints> ilist2{iv, iv+5);

g0 HEr, ilier BNER 0 2 99 3 4
ite = find{ilist.begin{d, ilist.end{), 99);

ilist.aplice(ite,ilistl); 026 87T 89 9% 14
ilist.reverse(); A4 389 9y 7 p b 20
iligt.sort(}; S0 23456789589

MERE I HHAE. B 4sb BrEARE. AR DREE, HENAm
BB, RERECTEM transfer ) #IET.

BE (splice) ZA

===
==

EE (splice} <

k4

I
L ™ w

F 3

& 4-8h Vist fIE4 (splice) $##fF

The Annotated STL Sources



4.3 hst 141

%Tﬁ:{#%ﬂ‘fﬁmﬁﬁ, list<T=::8plice ﬁﬁ%ﬂi/#‘—

rublic;
/18 x AT position FRMIEZA. x BAFFET *Lhis
vold splice(iterator position, list& x) |
if (1x.empty())
tranafer (position, %x.begin{), x.end{)):

%L BETLERGT position B AZAI- position M i RI¥ERA—4 list
void spliceiiterator positicn, list&, iterater i) |

iterator j = i;

+473;

if (position == i || position == ) relurn;

transfer (position, i, ji;

}

/7 $ lfirst,last} WAL REST position B EZH
// position Fl{first,last)JEMAE—4 list,
/7 Bposition FEEMF (first, last) ZH
void eplice{iterator position, listk, 1terator first, iterator last)
1f (first '= last)
transfer(position, first, last}):

t11:f% merge{l, reverse{), sorti{) H@ﬂﬁfﬁﬁﬂ= *ij, transfer(} fE%E,
R AR S
¢t/ merge() ¥ x §3H *this FL. W4 lists MREHLA ST B EHEET

template <class T, class Allocs
vpld ligt«T, Allocs::merge{lict«<T, Alloczk %} |
iterator firstl = begin(j;
iterator lastl = endi);
iterator first2 = x.begin{);
iterator last? = x.endl);

7 FE: WER, A lists SCERHREHRF
while (firstl != lastl && first2 != last?)
tf (*first2 < *firstl} {
iterator next = first2;
transfer{first], flrst2, ++next};
first2 = next;
}
else
++firstl;
if (first? '= last2) transfer(lastl, firstz, lastZ);
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1/ reversei) # +thizs MREEMER
template -class T, ¢lass alloos
vold listeT, Allouc»::reverse{) f
foLAREINE, MRS E, A ILE, ARSHEAERA
JOMER sizery 200 | size(l -~ 1 REE, SBRMTTLL DBRILEE

if (node -next == node || link_rype(node-=next’--next == node)
reburr;

itevarar firats - oegin{);

++Tirmt;

while (first != aadi)) |
iterator ola = t.rsl;
t-first:
trunsfer beging), old, firsty;
!

frolisy ANEEM M ST B sore ), BEEARCH sory () member funcoion.
0 WA sTL Bk sort (v HEEY RamdondccessTterator
S KRR quick sort
terprate <class T, class aAllocs
vor'd listeT, Alloc~::gort() {
ppOLUVR RN, R REEER, U — o, AT AR
i/ R size() == 0 |1 size(y -- 1 ¥HiM, BRETL, BRHEE

if (node--next -- node | link_tyvpe{node-sunext)-zacxt == node]

return;

pioo-REEE 1ists, fERYMTEEEA RIX
Tist<T, Allocs carry;
Tigt<I', Alloc. counteriédi;
int £ill = O
while {lempty{]) 1
carry.splicelcarry.begini], *this, beginil};
nt 1= 3;
whilef{i « T111 && lcounter[i].empty () |
counter[i].mergecar syl ;
carry.swap {oounterfi+v+] by
}
carry.swap (counter[i]);
1¥ 11 == £1.1) ++£ill;

for tint 1 — 1; 1 <« f1ill; +41)
counter [1] . meroe(connteri-21};
gwap lcounter[£i11-1]);
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4.4 deque

4.4.1 deque 2k

vector FBAHFOHEERETH, deque R —MI I O K ELELHA
H. BrE IO, &R R LA kR M Al R aris AN ER Bk, el 4-9
Bim. vector ZRATIALRRMRATRE MEANK) | BRELHRA
WRAE, THEUEE.

— Dush

deque (AR

4 1 7 6 2 3

E 49 deque RE

deque ¥ vector MBAER, ~ET deque RIFFH RPN EXwH
FRLENHARBERRE, —#T deque BEFEFER (capacity) W&, EN
CEFEHUMREETAASTH, BETLSm—-ERNZREERR. &
MG, ® vector Wit “RIBLEAEMEFHRAR-RFREMR, BEEHT
%, BREASH" ZIRNEEE deque BASEAEN. ®EM, deque BHL
FERUITBHZERE (reserve) WHE.

B deque IR Romdon Access terator, BE RIERBHF AR B EME,
HEMEM vector AA[LVGE B (REEFIRNAE, FMEMEH) , X3ARMT
AEMZHET. Hit, RELE, BRIMNEREREMER vector MIE deque.
¥ deque HTRHERRLE, I T RAME, K deque SEXERHE 1 vector
E L, # vector #Ff (FIA STL sore Hik) , BEHE deque.

The Annotated STL Sources
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§.4.2 deque RYPIRZE

deque REZTH (2088 EERMY) , EREHT S SHITHLE
array 3 vector. array TR, vector B A, MOEREMKE, WA
HUERKREE MR, BXHE () BAETRER: ) $EEEEZEHLX: 3
BRETR M. MEAE vector BRNEFTHHAEE rF—La#, K
R BRITEEAMEREELS &R,

deque M- B BMEREZTHEE. -BHLEHE deque MATHIE
mEIHEE, ERE RERELTR, FETED deque MARIRHR.
deque MRAELH, FRAAENRNERERTH L, #rHBEEEENRS,
FRUEMIFROED. #F 7 "EFEE. BEH. BE MRE, ANIEE
A AR

RS REELHTHNTHE®, BIOUEUY deque BTHEHEH
vector HMLLARFIRFLS, HERK. TERAN, RESEFEEEETE, #
WA R, A rEFEREENRR, fdRE AT RAASKIEER
SRIMHFAIEN. deque HIANPAEZL vector I Tist HEFHE.

deque RF—HATIEN map GEE, REZ STL # map &) ERERE. X
BB map R—/PDREZTR, HPBITE (HEFHRA—TT 2, node) L
5, BRF—& (KM EEEUETH, HFHIEHX. ZMXAR deque #)
ffESlE) L4k, SGI STL MFHKINIEEEWK KA, BAE 0 ZRBER 512
bytes ZF[X.

template <class T, class Allec = alloc, size t BufSiz = 0>
rlass deque |
public: /¢ Basic types

typedef T value_ type;

typedef value_type* polnter;

protected: /¢ Internal typedefs
/1 LERNREMIES (pointer of pointer of T)

typedef pointer* map peointer;

protectead: // Data members
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map_polnter map: // 1&H map, map ZREESR, HAKE T TTE
/1 BRE-MEE (BATA) . HEm— g
size_type map_size; // map MUIFEMREDIEH

A ALE RSB RE Y CATRSIES, MEXEFLEN) BE -
T, RIMETER, map HEE—4 oo, HHRRRER—Mas, FRZANE
—AMRE, TWERBE T M- REE, 0E 4-10 BR.

RE#E deque MMEIES, RLFARE mop WAEREF.

»
B
A
ME1TATa T \ r “ .
U BEKCERR, PEBAN AT NSaRE
. Amap, ECEHEEN reallocate_map(} : R —
SR ~ - —

Ft mapFRIUBHESN TR (FOAEESNEPR)

& 440 deque BIZEEIZITT, map M node-buffer (TR-BHE) HIKR
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443 deque BYEHEE

deque RIMEELZE. AHE "BHELE" RROES, BETHRREN

operator++ *ﬂ operator-- W’?‘lﬁﬁ?%t

EFMNEBEE—TF, deque ERBHZRENLGHW. BE, SLMEERS
RS (IRENS M) FEBRE, KR E AR HEEH O R T L8 T AT
o Mg, mRE, -B#ERNRLTMEET L I,
AT LB, deque DMBERTEEEZFL (map) . FEXFHEIM G A
FFK:

template <class T, clage Ref, class Ptr, size_t BufSiz:

struct _ deque iterater { // FUkHK std::iterator
typedef __ deque_iterator<T, Tk, T*, BufSiz» iterator;
typedef _ deque_iterator<T, const T&, const T*, BufSiz: const_ilterator:
static size_t buffer size() {return_ deque buf size(ButSiz, gizeof(Ti): }

/) KB std::iterator, MDBAIBTRELMLEMERSEETR (K3 %)

typedef random_accese_iterator tag iterator_category: // (1)

typedef T value_type; Ho2)
typedef Ptr pointer; foL3)
typedef Ref reference; (4
Lypedef size_t size_type;

Lypedef ptrdiff t difference type: f5)

typedef T+** map_pointer;
typedef __deque_iterator self;

/F RESFHHRE

T* cur; pf RSB ZBHREFRIIT (current) TR
T+ tirst; // WE{LBHIEZBPENL

T+ last; // WERBHEZEFEKARE (SEREE)
map_pointer nede; f REMEEHD

E*Fﬁ%éﬁﬁ%@ﬁkd\%ﬁﬁ buffer sizel} A __deque_buf_sizel),
EER--1T 2R, EXOT.

;7 B o A% oo, HBH n, FF butter size AAFAEX

B n % o0, Faibuffer size HHBIE, T4

ri IR sz (EEKA, sizeof (value_type) ) /ANF 512, &6 512/s52,
/f TR sz AAF 512, 1BF 1
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inline size t _ deque_buf_glzeicize t n, size_t sz)
{

recurn n =0 * n ¢ {sz = 512 7 gize_L{vwlZ2 , 7)) : size t(l)];
!

Bl 4-11 FFRINR deque RIS EE. Znbld, E{ERNHBETLE,

F P buffer

/

ﬁ 1 I ™ node ‘

s CI.?!' figat la:at ngdc
1L 2% iterator

B 411 deque Byeh#f8, SEmiX, BRBMHLLR

ERBERTTE - deque<int>, HE4EEWEAPRE 32, TEHNE
WXATAM 32/size0f (int) =4 THE. BN FEREZG, deque 5 20 T
%, ALK vegin() H ena() FERGEFHNERMINIZWE 4-12 Frm. ZFA
EBET - BERBE deque B, 84 start H finish, FA%E deque %
mEwpETRA .,

20 MLETE 208=3 MEME. Ll mep ZMERT =4V A BNRH
start P cur BETSRBEEFXHB—T7LEK, BRI tinish AN cur #
FugigmamXRECE (KT -8 . &8 &5 -TEFERG&HZE
. MEMRPEFTEERATESS, TEERREBTEREA.
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CRLCACS
F Y
1
cur | first | last | node cur | first | last no&e—‘
start(iterator) finish(iterator)

Bl 412 deque::begin() # H &M start, deque::iend() & EIZENAH
finish, XM ERBHE deque B data members. BEF FTRHIX S deque HiH
204~ int TR, B3 MR Z . BRI 32 bytes, AJETF 8 4 int LE-
map K48 (R&EE) . BRTAT 3.

TEE deque EABHILTXBOTH. & TERAFNMNEMHEEHEHEBHRLT
TERSE, FLIEMHEsrEEmn, &, % GESAEENAZ. EHEX
BORE: - BAXNAINEHRNS, BTEIN0, MHEERME. AIRR
ZEi{R set_nodel) Bi—AEMHX:

void set nodei{map_pointer new_node) {
noda = new_node;
first = *new node;
lagt = first + diffcrence_type{buffer_sizel}):

}
it UTFEAEREE R _ deque_iterator<> WIMBIEHXE

reference operator*{) const { return *cur; }
pointer operator-»(} const { return &{cperator*{}}; }
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difference_type operator-(const self& ) const {
return difference_type(buffer_sgize{}) * {node - x.node - 1) +
(cur - first) + (x.last - =x.cur);

)

!/ &% More Effective C++, 1temé: Distinguish between prefix and
/! postfix forme of increment and decrement operators
selfs operator++{) {
++CUT} /1 EET-TRE
1f {cur == last) { /7 MR KEETES rhX ) B ¥
set_node(node + 1); // BHBET ¥4 (FREEHE)
cur = first: /1l REBE-TIE
}
return *this;
}
self operator+s+(int) { // FEX, HEHEEH
gelf tmp = *this;
++*this;
return tmp;
}
selfs operator--(}) {
if {cur == first) { /7 MRERFES MK L,
set_node(node - 1y: // BRYBREN—WE (FHENEK)
cur = last; /0 MRE-1IRE
)
——cur; /1 REN—TR
return *this;
}
self operatox--{int} /7 BRE, HRERE
self tmp = *this;
--*this;
return tmp;

}
/7 U FERBENAE. ERBTNEERK n MER

selfs operator+s(difference_type n} {

difference_type offset - n + {cur - first};

if (offset »= 0 && offset <« difference_typetbuffer_size(}))
/¢ B EER-ZWER
cur += 1;

else {
/1 RE A RAER RN
difference_type node offset =

offset » 0 7 offset / difference_type(buffer size(})
+ —difference_type({-cffset - 1) / buffer_size(})} - 1;

s/ DEZEFRAHT S FEZEHRX)
sat_node{node + node_offset);

/7 PBEERKITE
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cur = first + (offset - node_offzet * difference_typeibulffer_size{)});
3
return *this:
}

i B MUf&‘Eﬂf?CﬁUE’C++, item22: Congider using op- instead of
// stand-alone op
self operators+{difference_type n) const |
self tmp = *this;
return tmp +e n; // W operators=
}

selfs operator-={difference_type n} { return *this += -n: }
7/ BLEAIR operator+- ®EW operator-=

i B MOTEEEEC&UEC++. item2?;: Consider using ap= instead of
// stand-alone op.
gself operater-(difference_type n)} const {
self tmp = *this;
return tmp -= n; // ¥ M operator-=
}

// WTFEBMIER. EABTLIEZRK n TER
reference operator(] (difference_type n) const { return *(*this +n}; }
+ 7 M WA operator*, operator+

bool operatorss={const self& x} const { return cur == X.Cur; }
bool operator!={const self& x} const { return !{*this == xj; }
bool operator<iconst =self& =) const {

return (pode == x.ngde} 7 (cur < x.cur} : (node < x.neode);

}

4.4.4 deque BVEIBEH

deque [ THP —MEHIRINER mep BIEE S, MEP scart, finish
R ERE, 25N ZnENE - LEARGERKHELR —TE (K
T B . sk, BUAKRDLICHEBRN map K. BR—H mep FriEH
MY SAE, REARFREEXN - map.

/1 W __deque_buf_size(}. BulSize BRIAMEA o FOOE —HREh 5 T (R AR
/) REBRELEERER (constant expressions) FHRA

/7 BEER alioc HRESR
template <class T, class Allots « a)l6¢, size t Bufdiz » 0>

class deque {
public: // Bagic typcs
typedef T wvalue_type:
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typedef value_typc* pointer;
typedef size_t size_type:

public: // Iterators
typedef _ deque_iterator<T, Tk, T*, Buisiz: 1terator:

protected: // Internal typedefs
/1 TLERRE WSS (pointer of pointer of T}
typedef pointer* map pointer;

protected: // Data members
iterator atart; /) BBE TS
iterator finish: / BBEL—AITR
map_pointer map; /¢ 18 map, map BRELESH),

7 REPTRERAIHH, HE-1T A (EX)
size_typc map gige; // map P ST

AT LdgW, DTRMIBETESZA:

public: // Baslc accessors
iterator begin() { return start; }
iterator end(} { return finish; }

referaence opearator[]{size type ni {
return start[difference_typein}]l; // BB _deque_iterator<>::operater[]
}

reference fromt(} { return *start; } // WA __deque_iterator<>::operator*
reference back{] |

lterator tmp = finish;

--tmp; // WM _deque iterator<»::operator--

return *tmp; // WA __deque_ iterator<s::operator®

77 M ESfraAREh: return *(finigh-1);

// BH __deque_iterator<> BFH (finish-1) %Rﬁﬁ%?;}
)

// TARBA®Y o, ATEEARTEE

size type size(} const { return finish - start;; }
;7 BLEA iterator: :operator-

size_type max_size() const { return size_type(-1}; }
bool empty{) const { return finish == start; }

The Annotated STL Sources
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445 deque NMNEERETER ctor, push back, push front

FAAEEITRE? UE R RENs5T, MBI 4RI RER
%, B-TRENFIARE. TEE-ULEF RAREEREWEMNTA
ERANEA, DLRESRATRE A A

Jf Eilename : ddeque-test.cpp
#tinclude <dequex

#include <iogtreams»

#intlude <algorithms

using namespace gtd;

int maini}

{
dequec<int, alloc, 32> idegl(20,9); /) FE, alloc RERT G++
cout <« "size=" << ideqg.slzgel) << endl; // slze=20

/1 BT, WECHEMET -1 deque, H 201 int TE, FHEEH 9
/7 BRE XK 12bytes

/i AE-FPRRRERA

foriint 1=0; 1<ideqg.size{); ++i}

ideg(ll = 1i;
fori{int 1=0; i<ideq.size(}; ++1i}
cout << ideg[i] << © ' 123485 6..,19

cout << endl;

/; ERBHEN A TE, HEX 0,1,2
forfint i=0:i<3;i++)
ideq.push_back(i);

for{int i=0: i«<ideqg.size(]; ++1i}

cout << ideg{i] <« ' '; 0123 ... 19 B
cout <« endl;
cout << *size=" << ideg.sizel] << endl; {4 size=23

/) EERBRwREmLMTE, EEN
ideqg.push_back(3];
foriint 1=0; i<ideq.size{); ++1}

cout << idegii] << ' ': /0123 ...19012 8%
cout << endl;

cout << *gize=" << ideq,sizel) << endl; /i slze=24

;7 EREEER L EE, HEN 90
ideqg.push_front (99 ;
for(int i=0; i<ideg.size(); ++i}
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cout << ideg{i] << ' '; /A8 0 123.,.18901273
cout <« endl;
cout <« "slze=" << ideq.size() << endl; // Bize=25

// EREIREM 2 Mok, HESHH 98, 97
ideq.push_£front {98} ;
ideg.push front(97};

for{int i=0; i<ideqg.size(}; ++i)

cout << idegli] =< © *; i/ B3898 99 0123,..1901 23
cout << endl:
cout << "size=" =z« ideq.size(} << endl; /! 5ize=27

/7 BIFBEA s WK, FTENH*®
deque<int,alloc,32>:::iterator itr;

itr = £ind(ideg.begin(}, ideq.end(}, 99};

cout << *itr << endl; /99
eout << *{itr.cur) << endl; Ff 99

deque MWK Y FREMNNBIBRESR, UTHUAFRIEN L - F-F
HTEMERE . BF—HHEBEHET -1 deque;

deque<int,alloc, 32> ideq(20,9};

HEWX KN 32bytes, FSHAE 20 K= H, SMTETEN 9.
HTHE deque WBE=" template 2 (BHRX KM , BILFKRAF TSR
G L% GXR o+ BHRMA) , Al LFRHRIEE alloc (BF) HER
BB 2%, WK, deque MIERINME 4-12 GZAFABRESTENBERD Fim.

deque BTEXTHASRIZHLES:

protected: // Internal typedefs
y/ERZEERER, SRER-TTEXD
typedef simple_alloc<value_type, Alloc> data allocator;

/i ERZEARES, SRARE- MR

typedef simple_alloc<pointer, Alloc:> map_allocator;

HIRBH -4 constructor T

deque (int n, const value_typek value)

:+ start(), finish{), map(0}, map_size(0)
{

fill_initializein, value):

}
HAFVERR £i11_initialize() MFFEIEHET deque PIGH, I
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LENOHIZEE L

template <clase T, c<lags Alloc, size t BufSizex
volid deque«T, Alloc, BufSize.::f£ill_initialize(size_type n,
const value_type& value) |
create map_and_nodesin}; // 1 deque MR £ HIHT
map_polOoter cur;
_ STL_TRY |
;1 RN AN GENRGEEE
for {cur = start.node; cur < tinish.node; ++cur)
uninitializged_fill (*cur, *cur + buffer_size(], wvaluel;
{1 B - ERNRTERANE (EARRAER&HSR, Reg¥iE)
uninitialized_filli(finish.firsc, finish.cur, value):
b
catchi{...] {

ﬁ':F create_map_and_nodes () ﬁiﬁ?tﬁ#?fﬁﬁﬂ deque EKJ%W:

template <class T, ©lass Alloc, size_t BufSize»
void deque<T, Alloc, BuiSizes::create_map_and nodes(size type num_elements)
{

/) RBHER- RN/ E T EPRE A ENR R T 41

/1 MRBEER, AZE-1TE

gsize_type num_nodes = num_elements / buffer_size(} + 1;

/i =4 map BEE/LATE. BPe i, RER Fimirafinz-
// (AIR&WE -~ ¥ RANTH)

map_pglze = max{initial_map_size(}, num_nodes + 2};
map = map _allocator::allocate({map_size);

/f UERER—1 “BE map_size MTR" B map

/7 BIF% nstart Minfinish M nap A Z BT SR RPRER

f/ BRERTR, THLEBRROE REE K. §ATATHE -1 EHE
map_pointer nstart = map + (map_size - num_necdes} / 4;
map_pointer nfinish = nstart + num_nodes - 1;

map_peointer sur:
__STL TRY {
/7 Hmap BB AATAEEEHX, FEEMEXMIERRE deque 9
J7 G RZE (RS — R e E - R
far {cur = nstart; cur <= nfinisgh; ++cur)
*our = allocate node{):
}

catch{...) f N
/} vcommil or roliback" BE: EEEIEH, H-THAE
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}

/A deque IR RS start Ml end T ERAHF

gtart.set_node{nstart):
finiash.set_node (nfinish};

atart.cur = start.first; // first, cur #E public

fipish.cur = finish.first + num_clements % buffer_size(};

/0 WERE, MERFER, 2FE-TTA
/1 OFEDS cur R SR A A (IEZ SmX) #hR Nt

B TR AER N TR A M E R TR, WS TERRRA = TR TR

fortint 1=0; i<ideqg.size(}; ++1)
ideg[il = 1i;

for(int i=0;1<3;1i++)
ideq.push_back(i};

AT HARE —MENX(E 4 & RATESHE, FUALIEEP XA ER
= WATH deque REIE 4-13.

o | 123475 |6]7]

g ] o |10 1 |z]n]w]is]

ideq: :push_back(Q};
ideq::push_back(1};
jdeq: :push_back(2);

EARIEIREEEEN

cur | first | last | node

cur | first | last | node
start{iterator) finish(iterator)

E 443 JESRE 412 ARA, BEITREFRE, HFARRHN I TUK
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PITF R push_back() BHANE,

public: {/{ push_* and pop_*
void push_back{const value type& t}
1f {finish.cur '= finish.last - 1) |

¢ty BRBWEHE - EHERATH

construct {(finish.cur, ti; // HEE&ATHLHELE
++finish.cur; ¢/ MEREENKAEHRE
}

else /) MESEMWMKOK (RXHH--1) nEFREE
push_back_aux(t);

B, MEEHEN TELTETRE:

ideq.push_back(3);

H TR AH - mE & AZE, TR push_back () B push_back_aux (),
ARME-BRFNENR, BELFTENE, REFHERS tinien WRE:

// AEY finish.cur == [inish.last - 1 BALEREA

ff MEER, REYRE—TMENERE - RAiETAN T 2@ A

template <clasg T, class alloc, size_t BufSize:

void deque<T, Alloc, BufSizes::push back aux{const value_typek ) {
value type t_copy = L;

reserve_map_at_back{); /i ERERAESENSAER— 1 nap
*(finigh.node + 1) = allocate_node(); // RME—-THWI (BHX)
__STL_TRY |
congtruct (finish.cur, t_copy): 77 EPRERR T E R E
finigh.set_node{finish.node + 1); /7 M finish, $ERERFTTH
finish.cur = [inish.first; /7 WIE finish BRE
1

_ STL _UNWIND{deallocate node(*{finish.node + 1}}};
}

B, deque KREME 4-14 Fi7w.
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S AT A TRTE T
Br ‘ first | last [rmuie [ cur | first ‘ last | node
start(iterator)

finish(iterator)

=, > S
i
\:\q\h\-\\

7 414 A 4D HRE, ERREN-MTE, TRIZHERRNEE,

REth SEERE finisn MRBME. mep KNS (FHAE) . BT 44
i

HETRBHABRFA deque MADREA—THLE:

ideg.push_front (99];

push_front {) %ﬁﬁﬂ;ﬂﬂF

public;

// push_* and pop_*

void push_front{const value_type& t} |

if {start.cur l= start.first) [ // H—SMEKHEEREM
construct {start.cur - 1, th; // HELERAEREBETE
--gtart.our; /7 ERE S ARE

else // B—BHEEEHHZE

push_front_aux(t):

}
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MTHIRET, B—FmKALEBEE, BB push_front_aux():

// BEY start.cur == start.firvst B 28iEH
/7 BERE, DEFLE- P EPERAEGERTEN S SHBH
template <class T, class Alloc, size_t BufSize:
void deque«T, Alluc, BufsSizes::push_front_aux{const value_ typek t)
{
value type t_copy = C;

reserve_map_at_front(); ff EHAEMRESMLRER D map
*{start.node - 1} = allocate_node(); // RE -TH¥WA (8PK)
__STL_TRY {
starc.get_node(start.node - 1); /! ME start, SHREMFTS
start.cur = start.last - 1; /) 1RSE start BRE
construct (start.cur, t_copy): ¢/ SRR T ERE
}
catch{...) |

/i *commit or rollback' &FE: HESIMRY. H—1TTH

start.set_node(start.node + 1);

start.cur = start.lirst;
dealleocate_node(*{start.node - 11}:
throw;

HEH—FHEHIAA reserve_map_at_front (3, A& ARAMETHFEY
% map, MABERNETH. BMEREEHN reserve map_at_front () HK
BAE. BAWREFFEEHEG map, HLUERARERE T —RMERK,
HAFHEVTAXBETHAN mep L, REREH TR, AEENRES stare BR
&, 1 4-15 .
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ideq: :push_front(99);
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L\ TTFFFME N
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. \ -
™ | | _______a-"'f
\u
\ e

".\ Iu -I;.’ . —
‘) |\ ! i
. F AU G —
I cur Ihﬁllml nmk‘ ; cur | first | last | node |

startiiteraior)

finish(iterator)

B 415 HLEE 414 KORE, EBRBNEN -1 AR SIRFET KR,
NIt SBOER B cvare WERE. map KARS (FIHME) , Bl AE S M.

BETREHRTIE deque HRIREANIFLER:

ideq.push_front {98 ;
ideg.push_fronl (97);

X—w, HFE - EhRAE &R0, push_front () A HEESAZER L
WEHTE, A 416 Fir.
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ideq: :push_front(98):
1deq: :push_front(97);

o i E\_‘ i 97 oR 00 |

A 4

%
N[\
| N\
| |
| | ma ."\_
] .p \ =
|| l v\ ; == .I¢
\ T"hi GG |
\ / ( —
" | '! B _'__/.. —
"'. . £ < _fl
| l | | I" '.
f | L] !
| L T 5
cur | first | last | node cur | first | last ‘nndc
start(iterator) finish(iterator)

B 416 LM 4-15 ORE, ERANFNRTE. BFE—-ErhENE %A
2, Bk, HEREAEATERGET TR,

Bl 4-12 2 4-16 FENER, CETPERT deque ZFRNTIRE FER.

WENELEE - BMABRE: 28 mep BEEFERT X EEHY
FI#H reserve_map_at_back() Al reserve_map_at_front () #1T, SCHREE
ﬁUJHE{ reallocate_map(} Hﬁ

void reserve_map_at_back (size tvpe nodes_to_add = 1) |
1f (nodes_to_add + 1 > map_size - {(finish.node - map)}
/MR map RRMVEEASEHRE
A R LRSS AER — P rap (REELY, EIERN, BREERN)
reallocate_mapi{nodes_to_add, false);

}

void reserve_map at front {size_type nodes_to_add = 1)
if (nodes_to_add » start.node - map)

/MR nap IRV EERAZRAR
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J R ERGMAMESE A nap (REBKRY, BIFERH, BEFERH)

reallocate_map (nodes_to_add, true);

template <class T, class Alloc, size t BufSizex
void deque<T, Alloc, BufSizes::reallocate mapiscize_type nodes_te_add,
bool add_at_freont) |
size_type old_num_nodes = finish.node - start.node + 1;
size_type new _num nodes = old _num nodes + nodes_to_add;

map_pointer new _nstart;
if (map_size > Z * new_num_nodes) {

new_nstart = map + (map_gize - new_num_ncdes} / 2

+ f{add_at_front ? nodes_to_add : 0};
if (new_nstart =< start.node}
copy (start.node, finish.node + 1, new_nstart};
elege
copy_backward{start.node, finish.node + 1, new nstart + old_num_nodes;:

}
else {

size type new_map_size = map size + max{map_size, nodes_to_add} + 2:

// BTN, EEGEHnap EH

map_pointer new_map = map_allocator::allocate(new_map_size};

new_nstart = new_map + (new_map size - new_num_nodes) / 2

+ {add_at front ? nodes_to_add : 0);

/7 R map AFFE IR

copy{start.node, finish.node + 1, new_nstart):

/7 B E map

map allocator::deallocate(map, map_sizel;

/¢ REH map BR BRI SR

map = new_map;

map Bize = new map_size;

)

;/ EHRERLRS start A finish
gtart.set_node (new_nstart);
finish.set_node (new_nstart + old_num_nodes - 1)

}

4.4.6 deque BVTERERIE

pop_back, pop_front, clear, erase, insert

deque FFEMRTRBERS, REAARNEET —— B —HXNRA
XALE, DTFRARKILT member functions & ARTE .

BRI RESZNEREYE find(y 33K deque METRE:
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degue<int,alloc, 32-::lteracor 1tr;
inr = findiideg.zegint), ideqg.endil, 99);

D find RPN, SRS o WAWE 417 FiR. FExmi e
IHARRBIZE R, EDUERADAT deque EAFATIAA.

coun << *ltr << endl; S 89
cour <« *{itr.cur) <~ endl; S99

. dequecint,alloc, 32> iiterator ftr;
| eur | fiest | lasi ?nodc itr = find(id.begin(), id.end(}, 99);

16 17 18 19 1] | ) 3

- S uﬁyb WSS T {;N T =
a PR = i/ e s 7 7
T )‘/(\/\’?f %3 ” vy AT ,:’ L e f,

nude\

|
rcur first | last \nodc

startiiterator) finish(iterator)

Bl 417 EEE 416 BBA, U finan FRBEHN 9O LE. HEHHEME
AR MR- EASREMCE. TR, YEREHNTNFRELAEE
BRI .
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ﬁﬁ—%ﬂ&ﬁ%ﬁ push_back() ﬁ push_front {} Eﬂiﬁﬂﬁqﬁ, MEFRE
WA pop_back() ¥ pop_tront () AP, BB pop, BRTEEH. KM
deque MRMIRHBRERNTE, BSFLETRENFGT, HERKERE.

void pop back() |

if {finish.cur '= finish.first} {
7t BIREMEE - (REL) uE
--finish.cur; t BB, HATHERTREE
destroy (finish.cur): // BREIENH
1
alse
/) REEMEXEHEMTE
pop_back_aux{]; X BT KRR T

}

/f AEY finish.cur == finish.first WA SERA
template <clags T, class Allec, size t BufSizex

vold deque<T, Alloc, BufsSizes:: _back_aux{} {
deallocate_node{finish.first); /) BRERE-1EFK
finish.set_node(finish.node - 1); // W% finish BRE, MR
finish.cur = finish.last ~ 1; [ E—-AENENERE -1 TR
destroy(finish.cur); /1 BELEETH

}

void pop_fromt () {
if {start.cur != start.last - 1) {
fiB-ENEE-1 (HEE) LR
destroy {start.cur); f BE—-LENH

++8tark.cur; // TIRREE, MY THRTE X
}
else

/] B—-BENE - LR

pop_front_aux{); s/ R BT R R TR

}

¢/ BEY start.cur == start.last - 1WA &HEH
template <class T, class Alloc, size_t BufSizesx
void deque<T, Alloc, BufSizes::pop fromt aux() {

destroy [start.cur); /i BR-BHWEHNE TR
deallocate node(start.first}; i) S -EWK
start.cet_node(start.node + 1}; /7 8% scart BOIRZR, MEHE
ptart.cur = start.first; i F M EBHERE- AR

}
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THZAMSR clear (), FIRERES deque. HHE, deque HIEFHR
B ALAERCERN) #E 1K, A, clear) THZEEETHRA, t
—HERE -1 EMK:
i EE RAFERE -1EmE. XR deque MIHRE, 1R deque BIHHRS

template «clags T, class BRlloc, size_t Buisizex
vold deque=T, Alloc, BufSizex::elear() |
1 UWFHRKBUAN G- RK (B ZHERKN)
for [map _pointer node = start.node + 1; node < finish.nede; +inode) {
Jr BEMKHKFELERE. T8, WHNE destrov() BIHF, R2.2.3 9
destroy (*node, *node + buffer_size({)];
11 BREMRAL
data_alleocator::deallocate(*node, buffer size(l);
b

if {start.node '= finish.node) { // BPFREFI-SEmL
destroy (start.cur, start.last); // #kBEWXAEHHTATENN
destroy (finish.first, finish.cur): // BEEHREYBANE T ENHY
f/ L FREREMK. BE, LEnXRY
data_allocator::deallcocate{finish.first, puffer size(});

1

else // BR—-1EMIK
destroy{start.cur, finish.cur); // HHME—ZREKHNKIETENNK
i/ EE, FABREMEAE. ZR-MRRRERE

finish = start; // FH®ERKE
)

TEXTHFE erasel), HRFREIMEE:
/) B pos FRIEMTE. pos HEERE

iterator erase{iterator pos} {
iterator next = pos;

++next;

difference type index - pos - start; // HHRAZHIICETH

if tindex < (size() »> 1}) ! 1 WRBR SR ARILE D,
copy_backward{gtart, pos, nexLj; tr EBEER A2 E
pop_front{); /i BT, BW—-1NELK, FRZ

}

alse | /i BREZERLERLE LD,
copy (next, finish, pos): // FBIHERAZENLE
pop_back () ; /7 BERE, RE-1RELE, £

}

return start + index:
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THEHEMITR erase (), AXRBE (tirst,1ast) KERKFTATE:

template <ciass T, class Allor, size t BufSizes
defue<T, Alloc, BufSizes::igerdtor.
deque<T, Alloc, BufSizes::eramBe(iterator first, iterator iast) |
if (first -- atart && last == finish) { // MRFRKEEEE deque
clearl}; /) HERH clear () IV

return finish;
}

else |
difference type n = last - first; J/ BREKANKE
difference_type elems_before = first - start; // BREE TR LENE
if (elems_before < {sizel) - mn) / 2} { S MRAH P TELED,
copy_backward (start, first, last); // AR LE (HEHRXAE)
iterator new_start = start + n; /¢ FRC deque HFER
destroy (start, new_start}; /1 BETE, BTAWTRENN

/1 DT HTRRENXER
for (map_pointer cur = gstart.node; cur < new_start.node; ++cur}
data_allocator::deallocate (*cur, buffer size{j};
gtart = new_start; /7 E deque HWENE S
}
else { // WRFHREHEE FHTEEERL

copy (last, finish, first): /f AMBBEATE (BREREME)
iterator new_finish = finish - n; // ¢ deque NHFEA
destroy {new_finish, finish); /1 BEITEE, BARTENRY

[t RTHITANENEER

for {map_peinter cur = new_finish.node + 1; cur <= finigh.node; ++cur)
data_allacator::deallocate(*cur, buffer_size(}};
finish = new_finish: // WE deque REEH
1

return start + elems_before;

AFEFENEE —MIFR insert. deque N HEERHETFERE,
SERBEENELTHA, AFERNA (20 AR, HFREHHE.
/{ fEposition A —ItTE, KER x

iterator imsert (iterator position, const value_type: x) |
if (position.cur == start.cur) { // MEHA LR deque HhlE

push_front {x}; // T8 push front EH
return satare;

}

else if {position.cur == finish.cur) ( // MRWAKE deque BtRW
push_back{x} ; /4 WH push_back A
iterater tmp = finish;
—-Lmp;
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166 48 RFHAESE (sequence containers)
return tmp;
}
elae |
retuyrn tnsert_aux(pesilion, x); ff TR insert aux &
}
}

template <class T, class Alloc, gize_ i BufSizes
typename deque<Ts,Alloc, BufSize-::iterator

deque<T, Alloc, BufSizes:;imsert_aux{iterator pos, cornst value typeé x)

difference type index = pos

value_Lype X_Topy = X;
if {index « size(} / 2} {

}

push_front {(front(});
iterator frontl = start;
++frontl;

iterator front? = frontl;
++front2;

pos = start + index:
iterator posl = pos;
++posl;

copy{front2, posl, frontl)

elge {

}

*Dos = X_CORV:

push_backi{back());
iterator backl = finish;
-=-backl;

iterator back? = backl;
--backz;

pos = start + index;

copy_backwardiposg, backZ, backly;

return pos;

- start;

7 R A S BT R TR
/) ERAMMA ST - A EFAEHLE
/7 W FRRRIET, RFEfT AR

i LERD

// BARZEHART B D

/1 ERBRMASRELERERITER
/f UTRRLS, ARt c®Ba)

/) LERS

/7 BEARERENE
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4.5 stack

451 stack R

stack & ~FEH#G Y (FirstIn Last Out, FILO) WEEEW. EHE—1H
0, BAME 4-18 iR, stack RAFHHELE, BRLE, REBRGLE.
BTRAmN, SEEMEEHFETLUER stack BHETE. #F2Z, stack
AR ERITH.

W EEA stack FIRIEFRN push, BITEREL stack NRIEFRS pop.

stack (AEiEE) push

B 418 stack &M

452 stack EXTRIE

DLEFEE S A B NI, ARBEORE, H2FE “RERHT B
B R —1 stack, RIBE RN . deque BRI IHEFELN, FLL deque
HEMENHSAL LR D, EEMBEMEHT —1 stack. FHIt, SGISTL
@ deque fENELEHMTH stack EMEN, stack HERATHFHRE,
Bt atE, BN,

BT stack RUERABXBAFEIE TRARR "BuiaEu.
B RN ZHRE, XY adapter (RUEEHR) . HMlL, STL stack HEAK
523 container (&4%) , M# XA container adapter.

template <class T, class Sequefice. = dequesis >
class stack {
7/ UFE  STL_NULL TMPL_ARGS 2FBHN <>, N1.5.1 %

friend bool operator== __ S70L_NULL_TMPL_ARGS {const stacks, const stackk);
friend bool operator< __ STL_NULL_TMPL _ARGS {const stacké, const stackk):

public:
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168 FAFE FHES (sequence containers)

typadef typename Sequence::value_type value_type:
typedef typename Sequence::size_type silze_type;
typedef typename Sequence::reference reference:
typedef Lypenams Sequence::const_reference const_reference;
protected:
Sequence c; /1 TERRR
public:
/7 AT 2MM Sequence ¢ HBM, TM stack HIEME
bool empty(] const { return c.ompty();
size_type size(] const { return c.size(}; }
reference top() { return c.pack(}l; }
congt_reference top(} const [ return c.back(}; }
// deque RFLMEN, stack BFEmE, Fiwd (FFLUGHEEE) .
vold push{const value_types x) { c¢.push_backi{x); 1
void pop(} { c.pop_back(}; }
i

template «<class T, class Sequence:s
hool operators==iconst stacke<T, Seguences& X, const stack<T, Sequencess y)

i
'

return X.c == ¥.C;

template <clags T, class Segquence:
bool operator< (const stack<T, Sequences§ X, const stack<T, Sequencerk y)
{

return X.¢ < y.C;

}

453 stack EBIEAES

stack T MK L HLAN S REFL” FH, RH stack TURA
TE, AAINSHEIREA, stack RREEHHE, EREHERS.

454 PAlist fERN stack NRESE

BT deque Z#, Tist RERMFOMNERLES. L stack BABPE
AN EEABKNERE enpty. size, back, push_back, pop_back_, Iy
Tist HAE. A, FL Vist AEBEROFHALRTQ, —HEERIR
w—" stack. FHEMERNE.

/4 file : 4dstack-test.opp
#include <stacks

#inciude <lists

#include <iostreams
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#include =zalgorithm:
uslng namespace std:

int main{)

{
stack<int, list<int> > istack;
istack.push(1):
istack.push(3}:
istack.push(%];
istack.push(7};

cout <« istack.gize() =< endl; J54
cout << lstack.top() << endl; HrT
istack.pop(); cout << istack.top(} << endl; // &
istack.popi); cout << igtack.top(} << endl; // 3
istack.popi}; cout << istack.top() << endl; [t
cout <= istack.size(l << endl; i1
}
4.6 queue

4.6.1 queue $fit

queue B—FhEHEN (First In First Out, FIFO) M$IEEH. EHAMAH
1, BRAIE 4-19 FiR. queve RFFHTE. BETLE. MEERNATE.
RARTGTE. BETRERTMA. BTEABLS, BEETRETE
T LU queue NEERE. BFEZ, queve RRTFHBATH.

HWILERA queue FIRFEF N push, HIEEHEL queue BIBRIEHH pop.

queve (FEHEL) push
4 | 7 6 2 5

\ pop

419 queue KEH
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170 B4E FFIXAER (sequence containers)

162 queve ENSEFIF

LA A AR 0 ETEE, HEEONE, #EFS “Rinh” M,
EE—1 queue, REAEHAN . deque EWHM A CMBIBLEH, BT deque K
EMEHFAHARKRN L OATRMNAD, EEMEERERT -1 queve. A
e, SGI STL f@L) deque fEAMETER T queve EHEH, queve HZHE
MIEFH S, EANTARE, ReTRoY.

BT queve BRLIEHAREREFALE. MEFRM "BXEDED. B
WR—RE" ZHFRE, #H25 adapter (ALEEH) , FHUt, STL queue HEHFRH
17254 container (74%F) , T#JH254 container adapter.

template <class T, clags Sequence = dedue<T> >
class queue |
s/ WFH _sTL_NULL_TMPL_ARGS 2HBHN <», N1.9.1 F

friend hool aperator== __STL_NULL_TMPL_ARGS (canst queued x, const queusé y);
friend bool operator< __ STL_NULL TMPL ARGS {const queues X, congt queuek vi;
public:

typedef typename Scquence::value_type value type;

typedef typename Sequence::size_type size_tLype;

typedef typename Sequence::reference reference;

typedef typename Sequence::congt_reference const_reference;

protected:
Sequence ¢;: /] RZER

public:
/1 ATFREMA sequence ¢ HERA, B queve 5F- X
bool empty!() const { return c.empty({): }
size type size({) const { return c.size{); }
reference fromt(} { return «.frent(}; }
const_reference fromt() consi { return c.front{); }
reference back() { return c.back(}; !
const_reference back{) const { return ¢.back{l; !}
// deque BEFLWHH, queve BEBH. BRE (BFLUEHLFRR)
void pushiconst value_type& x) { c.push_backix); }
void pop(} { ¢.pop_front{); }

¥

template <class T, c¢lass Sequences
bool operators=si{const queue<T, Sequencex& x, consl gquoue<T, Sequencexk V)
{

return x.Cc == ¥.C:

}
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template <class T, class Sequences

kool operator<{const queue«T, Sequence»& x, const gueue<T, Sequencesg y)
{

L
return x.¢ < ¥.Q;

}

4.6.3 queue BHIXE

queve FIATLRMERBLIF G “HHEE" BEE, D4 queue BiFE
LR, FANZEHFEE, queve TREWATNEE, BAEHRENALSE.

464 Bllist fER quene NERETE

% T degque 25, Tist EWAF OMBIREH. ik queue RIBF R
KIKEAEHAKAE empty, size, back, push_back, pop_back, FILF,
Vist HEA&. AL, L Vst ARHEWIIPHARLERD, —SESREIE
B— queue. THRMBERT.

// file : dqueue-Lest.cpp
tinclude <gueue:s

#(include <listx

tinclude <ipstreams
#include <algorithms>
using namespace std:

int main(}

{
queus<int,list<int> > iqueue;
iqueue.push(l);
iqueue.push(3};
iqueue.push{s};
iqueue.pushi{7};

cout << ilgueuve.size(} <<« endl; f4
cout << iqueue. front{) << endl; Ml
iquene.pop(); cout << iqueue.front{) << endl; // 3
iqueue.pop(}; cout << iqueue.frent{} << endl; // 5
igueue.pop(}; cout << igueue.front(} << endl; // 7
cout << igueue.size(} << endl: /]
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172 F4FE FHAXESH (sequence containers)

4.7 heap (RINFEA, implicit representation )

471 heap #iR

heap HAHRBT STL #F&RHEMT, ERMERLH, ¥ priority queue
(4.8 ) MBT. MRBEY, priority queue 1T A, UL K 45 11 T & #:
ABEBNA, HELE -~ 2 RANENES (PREREER) W T ETHBI. binary
max heap (EREFXHERIEE, EEEXN priority queue HIEEHH].

IR — . AR R 43 TN Vst fE X priority queue BIEREHN
i, EEREARETERBEE. ERERE 1ist PRORE, AFENED 1ist
BEATER M. ROCR USEME, T ERANEEIHFE X, #15 list
MTEESEENHK (KA , B 2%, R2EBHRZRE: A%
BARENETCENRREL RSB, TrENEANRALRER.

e e Rtk 1L binary search tree (211 5.1 37/ Re-tree)fE 4 priority
queue MIEENIH. RA—%, TENBAMRENBRBEF OlogN) MR,
(HABRL T, deb/MaKM, —% binary search tree AT B2 8 HFEAM,
Z% binary search tree HRAFLM. priority queve MERE, RENTT
gueue Fi binary search tree Z[H|, A EE AL . binary heap ERXMEH FH
EMEIEA

F71E binary heap B2 —f complete binary tree ( T2 X ) 2, HEkRiA,
%1% binary tree T RERHUT e 240, BEBY, MBEEEHMT S H
EELXABEEW. B 420 FmiiE T complete binary tree.

2 XF tree HFFR, 5.1 WEHEZMA.
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e C|DIEIF|G{H{I|[]

i A | B
N RAOEMETS

H4-20 —4 72 _-XH (completebinarytree} B array %R

complete binary tree BEBNEFIMTARNR, XFE—-TRAKES: &
IR AR arvay ARG TR RS-, K array B #0 TRR
B (FRNTRAEGTHR/ME) , FAY complete binary tree HHIEANH AET
array i ZbF, EAFITEBMT array #1214, HEFWHBMT array §
2ieb 4, HEAWRBMT “1/27 4 (AR 7 REAREGAS, BB .
B X ARBRMERM, array FTRAESEIME complete binary tree. XL
array £ tree 7R, BINFHEHBAFERE (implicit reprasentation) .

WA—%, BITEMNTARBERT: -Tarray #—H heap Hik (H
REBALE. BMBRLTE. BRE, HE-BEZEHIIN—1 heap) . array #)
BB A ESART KA, T heap MFERTER, B, LL vector (427)
8 array REHFHEE.

BEXTEHFIFR, heap W4k max-heap Flmin-heap BfF, WEEH
HMBE (key) BATRAETRTHRRE, FENGMTARE (ey) BT

3 SGISTL ALK heap HE M BR—PHT. HELHFTHRURLYRIRFA, B
mwARRE. FRMFOREABEIRNL.
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HETHFYA@E. HIt, max-heap MR AMEAR TN, H28 20 TER array
B vector fE%AL: min-heap WRAMEERT L, TEEMVTER array &
vector fJi2kib. STL (MR max-teap, AN, D T heap M, HHE

max-heap.

4.7.2 heap BE
push_heap Hi%

B 4-21 BB push_heap BEEMEREBEEN. & 7L complete binary
ree HIRMF, FMAMTE - EEHER T -2V L, FEHERLERHN
H -, CERRIEFTREATER vector #) enay 4

Tl el Lo @R msﬂquw |
(68)

_q

K Percolate @
up e

& ® @g)o
©) @ @ QP @)

] }68{50165|21T!32|26\t9§16\13|04|] ] ]ﬁslsnﬁﬁs)zﬂg_l[_iﬂm 16]13]24] .
&&
19) (19 () (9

i 4-2% push_heap B
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47 heap (BAER, implicit representation ) 175

HARETESTHAFLEER? HHE max-heap B &M (BT EWBE
MATFRETHTHRRE) , BNKGT -MHOEM percolate up { ) ¥
BFTRERGHIWAILE, MRERHE (k) HLHAEK, RLFHEME.
W —E LY, ERATHREEARY M.

THEZ push_heap RIEMERAT . ZEBLZH O ENAE, Ak
T heap JEHAH (vector) HLE, FAFTECEBATIRHARNERRK.
MEATFERXFA KM, push_heap WHFTERKATHE.

template «class Randomiiccesslterator:
inline voi1d push_heap{RandomAccesslterator first,
RandomiaccessIterator last) |
/O ERE, WERHRAN, FLENVCE TRKASARNERR
_push_heap_aux{first, last, distance_type{first},
value_type(first));
}

template <clagss Randomiccesslterator, class Distance, class T
inline void __push_heap aux(RandomAccesslterator first,
Randomdccesslterator last, Distance*, T+} {
__push_heap(first, Distance({({last - first} - 1), Distance{0),
T({*{last - 1}}];

/¢ PLEZEBE inplicit representation heap MEHEE. HELETER
/i BERlRER, KAE-TMRS: (last-first)-1

}

/7 BUFi&Z#E push back () ARIFIEE “A/MNLCEIRE"
template <class RandomAccessIterator, class Distance, class T»
vold _ push_heap (RandomAccessIterator firgt, Distance holeIndex,
Digstance topIndex, T wvalue) {
Distance parent = (holelndex - 1} / 2; // BHLHE
while {(holeIndex > toplndex && *{first + parent) < value} {
H/ A ARBRR, EXTAMTHE (TRFAHE heap HRFHE)
// BFLUE#ER operator<, A/ STL heap B—# max-heap (K&EHXL) .
®(first + holelndex} = *{first + parent}; // 4TREIXE
holeIndex = parcnt; // percolate up: WRRS, MERAELTR
parent = (holeIndex - 1) / 2; /7 WARXHE
Y /7 BEETE, R heap MIRIFH#RLE
*(first + holeIndex) = value; // SIMEAHE, THEARE
}
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pop_heap ¥i%

B 4-22 fr 2 pop heap BHEVEERHEEE N . BR B4 max-heap, Bk
HLAERT A, pop BFRERY O (EXEBZEIES vector HRE -1
TE) Zh, ATHEE complete binary tree RIE4, SRR T —ERAHAH
TagE, BERIINEFEIX M e T A M ESHME.

AHR max-heap FEH (B TANBEHXTRETETYAEME) |
BATHAT - MFiBET percolate down (T¥#1) BF: BB (BKEREES,
BR—1 R ) BALRBANREZEFEZEMH T AE, FHESRAKHT
TERRE (key) , FHRKFHAMAGE. ME—F T, FEZAH W
MBEKXFEERTTFHA, SEHTHEHSEAIL.

~ [ Jeslsoles|21[s1[s2]as[19]16]132a] ][] |50|65|21[31]35[26|19[16h3|ﬁsl...|

@ PNy
\ -
@ percolate -
down

@090

(19) (1) () @) () (& ® &)
B R R B R e DT
65
0
Gy G
®) @ ©

Kl 4-22 pop_heap H:
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heap (B &, implicit representation) 177

THEMERE pop_heap BREMEHAY. FRBESWAELE, AkFEH—

A heap KEAERS (vector) KLE. MERFEIEANRE, pop_heap KHRITE
REKAH.

template <class RandomAccesslterators
inline void pop_heap{RandomAccesslterator first,

}

RandomhccressIterator last) |
_ pop_heap_aux{first, last, wvalue typeffirst)};

template <clasg RandomAccessIterator, class T»
inline void __pop_heap aux(RandomAccesslterator first,

}

Randomiccesslterator last, T*) |
__pop_heap (first, last-1, last-1, T{*{last-1)},
distance_type(first)};
/7 W E, B8 implicit representation heap WWFHFHE, pop RIEHER
/P HEHAERNE TR, B, §ANFRRAREAIEE, REHRAHARE
t/ B URLLLEMENRS result B0 last-1) . RIDEE [first, last-1),
1 BZEHE -TEEY heap

/7 MTEA _ pop heapl) FAFEE “KAhLEHmAE"
template <class RandomAccessIterator, class T, class Distances
inline void __pop_ heap{RandomaccegssIterator first,

}

RandomaccessIterator last,
RandomAccessiterator result,
T value, Distance*) |
*result = *first; // WERENEHE, TRRAWIBRER,
/} TREPHBERUEEESRZ pop_back() REEMA
__adjust_heap(first, Distance(0), Distance(last - first), valuej;

/7 PEBEFAR heap, BEH o (FEERL) , WRBEN value (RRH)

/7 BUFR4 __adjust_heap() AAFHE “KAOLEIRE
tamplate <class RandomAccesslterater, class Distance, clags T=
void  adjust_heap{RandomAccessIiterator first, Distance holelndex,

Distance len, T walue} {
Distance topIndex = holelndex;
Distance secondChild = 2 * holeIndex + 2; // EHAZETFIA
while {secondChild < len] {
J BRI A AR TE, BEL secondchild RERA TR
if (*(first + secondChild} <« *{first + (secondChild - 13})

secondChild-~;
// Percolate down: 2HKTFEIFE, B4HITRERRKT AL
*(first + holeIndex) = *{first + secondChild);

holeindex = =zecondChild;

/7 BBHRETRNEFTR
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gecondChild = 2 * (secondChild + 1};
)
if (secondChild == len) { // BRBEAFYA, HALFHSH
// Percolate down: SETHMNRME, B4ESTEELS M.
*{first. + holeIndex) = *{first + {secondChiid - 11}):
halelndex - secondChild - I;
}
1 R A fER SR, FE, BN TEHEIRST
/R R, TEHERBMY *(first + holeIndex) = wvalue; MWiATlY

_ push_heapi{first, holelndex, topTndex, value);

HE, pop_heap 2, BATERESEN TEXEFRNRRR, MAHR
. MBEREM, TEAKSER (vector) FHEMH back o REREE. MR
FEREEY, ik BEISEE (vector) FAEMLN pop_back(t BIEREL.

sort_heap Mk

BESREW pop_heap MK heap TREBRAMNLE, VRFLEIEA heap
# pop_neap HfF, BRFHBPEERNGORTHRE—NILE (BN vop_heap Zil
RUBANTERCERERNREN) . SBEMEFRTREN, RIVEAT -
D EIBFET. B 4-23 FIRME sore_heap I EFRBREELR.

TEE sort_heap HEMEHMEY. ZAKETM &N, AkRA-1T
heap EMA R (vector) HILR. MERFTERNEMEF, sort_neap KITHR
*AHiM. B85, AR, EXE heap HAER -8 heap T.

H|ﬂFﬁ+someqﬂ)$ﬁﬁ%ﬁ i AN A
template <clasg RandomAccessTterator:
void sort_heap{RandomAccessIterator first,
Randomiccesslberator last) i
7 UTF, BHF—W pop_heap(}, B (FF 5TL heap P HRRKHE) BIHEHERR.
J/ MBRMENGT W pop_heap (), WRAEVHERETRES. HETZ. B5HA
I OHEFRER

while {last - first = 1}
pop_heap{first, last--): // BT pop_heapl) —&K, BAFTEEINESE %
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|.}..Je8[s0fes[21]31]32)26]19[16[13]24) ] |..] = Jes[s0[32]21]31]0a} 26| 19 6] i368] .

09 (65) PoP
o

e I

s) (19 (1) () ORORORN

[ Ts]ar]as]2iia2ais]19]50]6s e8] .| 1] [so]31]32f21[13]24]26T10] 16]es] s8] .
0

31 "‘ A

@ O OO RO ©

() (19
...... |...J-..[32]21] 26[19]13]24 | 16]32] 50]65]e8] . | [26]21] 24]19]13]16] 31 [32 5063 8] .

@ 24.0

[T Tee[iesfoalae[st]s2]sofesles] .| [.].Tea[or[nel1o[13]26]31]32]s0fes[es] .
pop

(24) pop
e /\/\O

() ORN®

6|
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"L iofus]is]z1f24] 2631 s2]sefes]er] .. | [T Jis[13]aofar]aelas]31]32]50]6s e8] .

(19) pop /® pop

® ® &

.| [13] 16| 18]21]24]26]31]32 506568 .

®

M 423 cort_heap BY: AR heap #4T pop 84, ERET Herra

make_heap ¥X

ENREBEN — BHANHERLA— 1 beap. HFERKERR 471 Wk
#f9 complete binary tree KYfa & (implicit representation) .

/7 ¥ (first,last) HF[H-—-T heap
template «Class RandemAccessTterators
inline void make heap (RandomiccessIterator first,
RandomAccessIterator last}
__make_heap(first, last, value_type(first), distance_type{first)];
}

/7 WWFRA make_heap() RAFKE “K/HEAE
template <class Randomhccesslterator, class T, class Distances
void _make heap{RandomAccessIterator firast,
randomAccessIterator last, T*,
Malance*) {
if (last - first < 2) return; // MBKEXN o 8 1, FLEHFHR
Distance len = lagt - first;
fiBREE-AEEEEN TS, U parent M. BTEAMNTABATRT
// perlocate down, SIAHPMTHE. parent WBAE, 4% holelndex EXF

Distance parent = (len - 2)/2;

while (true) {
/7 BHL, parent HEMFM. len BHTIL _adjust_heap() H#TR{ERE
__adjust_heap{first, parent, len, T{*{first + parent}));
if {(parent == 0} return; i ETHRTE, ﬁ%ﬁ
parent--; fo (B EHZ TR KRR
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181

4.7.3 heap RFIENEE

heap #fTA TEALAEBEESE (complete binary tree) HEFIHAI, Brl

heap TRt IheE, AR HERE.

4.7.4 heap FWIEAH

/f file: dheap-test.cpp

#include <vectors>

tinclude <iostream:

#include <algorithm= // heap algorithms
using namespace std;

int main(}

{
{
// test heap (KEL vector TR
int iaf9] = {0,1,2,3,4,8.9,3,5};
vector<ints> ivec{ia, 1a+9);

make_heap{ivec.bagini{), ivec.end{()}):
for{int i=0; i<ivec.size(); ++1}

cout << 1vec([i] << ' ' /7958340231
cout << endl;

ivec.push_back{7};
push_heap{ivec.begin(}, ivec.end(});
fortint i=0; il<ivec.sizel); ++i)
cout <= ivec[i] << ' *; /97835023114
cout << endl:

pop heap|ivec.begin{), ivec.end()};
cout << ivec.back(} << endl; // 9. return but no remove.
ivec.pop_back(); /7 remove last elem and no return

for(int i=0; i<ivec.size(}; ++i)
cout << 1vecfl] << ' '; fAeT7T435%02 31
cont <= endl:

port_heap(ivec.begin{}, ivec.end(}]);
foriint 1=0; i<ivec.slze(}; ++i}
cour << ivecli] << ' ' /012334578

cout << endl;

!
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F4E FHAHEH (sequence containers)

{

// test heap (BB array %M
int ial%) = {0,1,2,3,4,8,4%,3,5};
make heapiia, ia+9);

/i array TEHELTAN, ARATLMHEN array #T push_neap () #fk

// BREBEE array BREN—T%

sorrt_heapiia, ia+9);
for{int 1=0; 1<9: ++1)

cout <<« 1a[il << ' *; f/01 233 458%¢%

cout == endl;

AT ZIEN neap, ARETEEN heap
/7 BEEM -1 heap

make_heap(ia, ia+9);
pop_heapi{ia, ia+%);

cout << ia(B8] =< endl; fr8
}

{

/7 test heap (EEBEL array M)
int ial6] = {4,1,7,6,2.5}:
make heap(ia, ia+6);

forfint i=0; i«<6; ++i}

cout <= 1a[i] << ' '; AT 651324

cout << endl;
}
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4.8 priority_queue

4.8.1 priority_queue iR

B28 Y, priority_queve B— P HATEMNEHN queue, ERFMAET
. BRHEHTE. FATEEFDHE. TR~ queve, LR RIFEERI
ATLE, HFAIRBHTE, BEZANTHEERTR®RE.

priority_queue A BEWE, HAKTEHFFEBEHEANKFHEN, W
£ HSERTEONEHT GERRENTERT) . ERSE, HERWE.

MEBAT priority_queue HF|F—1 max-heap EW, BEE—TLI
vector # Bl A complete binary tree (47 ) . max-heap ™ Il {# B
priority_queue e & “EEE RS SR St

BEARR 417,625

priotity_queve (FUEEEEL) push
por 9 7 6 5 1 2 4

D R R SERATR \ PIBAE Mheap
(FIF pop_heap M3%)

& 4-24 priority queue

4.8.2 priority_queue ENTTEIMNR

BT priority_queue R2VEHAZNEE, BML heap AEMN, R
MESHEEHE, REBR TR vector BEHAR. BAGRERE, L7
.

queve EREBTRIFE T, BAXMN "BHEMEOD, Bim—#
R48" ZHFKE. Fidbadapter (ACERE) , Hitt, STL priority._queue EERH
1725 3% container (& 48) . Ti#IAZ container adapter.

The Annotated STL Sources



134 AT FHAFH (sequence comainers)

template <class T, class Sequende.= vecLor<Ts,
class Cempare = dess<gypenamgSequence::valye type> »

class priority_gqueue |
public:

Lypedef typename Sequence::value_type value_type;

typedef typename Secquence::5ilze_type size type;

rypedef typename Sequence::reference reference;

Lypedef typename Secquence::const_reference const_reference;

protected:
Sequence <} J! EEER
Compare Comp; i ERRNI R
public:
priority queue{; : cl} i}
explicit priority gqueue(const Compare& x) : c¢f}, compix} {}

/1 VLT BlZI# nake_heap(}, push_heap(), pop_heap!) HEZHEK
fpOEE, - MERREL A TRESSEAFE - implicit representation heap
template <class Inputlterator:
priority_gueue(Inputlterator first, Inputlterator last, const Comparsk x}
: offirst, last}, comp{x) { make_heapi{c.begin(), c.end(}, comp); }
template <class Inputlterator:
priority queue{InputTterator first, InputTrerator last)
c(first, last) [ make heaptc.beginl), c.endl), comp}; !}

bool empty(} const [ return c.empty(}; }

size_type Blze{) const { return c.sizel]; }
const_reference top() const { return c.fronc{); }
vold push{const value_types x} |

__STL_TRY {

// push_heap REXEE, KHNAKBEFHEMN push back{) HHTE
rf BAKR, BEH heap. K Cv+ Primer p.1195
o.push_kack (%) ;
push_heaplc.begint}, c.end{}, comp); s/ push_heap RpREE
)
8T, UNWIND(c.clear{l};
}
void pop(}
__BTL_TRY {
// pop_heap BEBHEME, M heap ABH—1TTX. EHFREERTE
;7 B TREH heap, RAEBLRRERHN pop_back() REAEME
i MIEE. LCws Primer p.1195
pop_heap{c.begin(}), c.end(], comp);
o.pop_back({};
}
__STL_UNWIND{c.clear(});
}
b
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4.8 priority_queue 185

4.8.3 priority_queue JEEIEIT

priority_queve AT AT E, HBHHFH— CHAAN, HFH queve TIHH TE
(ERSE) . TENEEARE. priority_queue RNEELEHEE, HA
LR,

48.4 priority_queue JUHKIEH

// file: dpgueue-test.cpp
Finclude <queuex

#include <iostreams
#include <algorithm-
using namespace std;

int mainf)
{
// test priocrity gueue. ..
int iaf[9) = {0,1,2,3,4,8,%,3,5};
priority gueue<int: ipgiia, ia+t9):
cout <« "sizes" << lpg.size() << endl; /i 5ize=9

for{int i=0; i<ipg.slze(}; ++i)
cout << ipg.top{) << ' ' /1l 999999909
cout << endl:

while(!ipg.empty ()} {
cout << ipg.topf{) << ' '; /9 B8BH433210
ipg.pop();

}

cout << endl;
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186 FA4E FFIAFEH (sequence containers)

4.9 slist

4.9.1 slist 8k

STL list & X[El§E & (double linked tist) . SGISTL REH T — T Hms
# (singlelinked list) , BX slist. XTEHHFATERBRZ A, AT EH—
HHY, $FL2F-STARTHRE, FURLEEHAELLE.

slist #1 Tist MIEBLHET. FIHNEAHE T RmM Foward ferator,
a# B85 E T R ) Ridirectional terator, R, slist BWIMREA KRB E ST

FERH. R, BEEREANERED, FERERR, TELE -MiLE.

slist A list XAAHH—THEEEE, CNPFHA Gnsert) . BH
(erase) . #& (splice) ¥HMEHFAZEREANENBRY (A8hl, BHE
BRTREEMENRS, CERREREZEHERSREM) .

{EE, B4ESTL MR, BARELRSEnEBATHELE LM, Wk
f& RTHER—PEmEE, s1ist AT ERIMET AL EHIT— g,
BAHEHFMAEE. BaER, BT slist EALMENREZ 4, #EENE
ERA inecrt | crasc #EFRR, BEAEZE, ZER sTist T 1ist Z
THRABS. R, slist 8F5HRMT insert_after() Fl erase afrer() fit
RTEEA.

ETRER(HE)HE, sTist FRE push_back (), HE Y push_tront ().
BRI s1ist W ERFLSHTERAFRNTFHE.

4,9.2 slist B9 R

slist HEAMEERBIETT, BaEL st ENTE, ERTHEXE,
HER S H - HE 20FR. XIS 5 E re-tree $HE - H.
Bl 425 34T slist T FEEARFHIITEY.
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struct VAR
—slist_iterator_base i M

{ ] | 1 “struct
~=51ist_node_base* node; |- P __slist_node_base °

bool operator==(..); ‘ A y
bool operator!=(.}; ;
h .

/\ b |

inheritance base
inheritance
it D
slist<T>::iterator derived derived

template <T,R,P> struct

_slist_iterator . e,

{ stémplate<T> sthuct
typedef _ slist_node<T> Tist_node; 7 __slist_node
operator*(}; A ' I
operator->{}; : next
operator++(); {
operator++{int); . data

1 R Py

B 425 slist By AAERFNETRY

/1 BREEERNY QEARY
struct _ aliet node_base
{

__slist_node_bhase* next;
1

/i BEERNT SR
template <class T
struct _ elist node : public __slist_node_base
{
T data;
i

/7 EREE: CDHE-TA, BAFTATRE

inline __slist_node_kase* __elist make link(
__slist_nods_base* prev_node,
__slist_node_base* new_node)

/7% new FARMT—FHANprev WEKN F—HAR

new_node->next = prev_ncde-»next:
prev_node-»next = new_node; // % prev FAMN T — AN new TH
return new_node;
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188 FAE FHAFR (sequence containers)

}

/1 EREE: RREEN A (TEMD
inline sice t _ slist_slze!__slizt_node_base* node)

i

cize_t resuly = {1
for { ; node != 0; rode = node-znext}
++result; PE=A T &

return result;

4,9.3 slist B3EALEE
slist EALET I FEER:

| node ‘
L8 w0 L
\‘ ‘
nextg—— nextg————»{ nextg—»
data data data
operator*

ERHEIT. BEREMTENXE (RE4-25) .
/) BnERMEREERSE

struct __slist_iterator_base
{

typedef size_t size_type;

typedef prrdiff_t difference_type;

typedef forward iterator_tag iterator category; // EE, B
__slist_node_bace* node; // RIS EFREH
__gligt_iterator base(_ _clist_node_base* x}) : nodeix} (]

veid imert) { node = node-wnext; } // iid—1 TR

bool operator=={const __slist_iterator_base& x) const {

return ngde == x.node;

}

bnol operator!=(const. __slist _iterator base& x) const |
return node != x.node;
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]
}i

/1 BRI E NS

template <clasgs T, class Ref, class PBtr=

struct __Blist_ilterator : public __slist_iterator_base
{

typedef __slist iterator«<T, Tk, T*= iterator;
typedef _ slist_iterator<T, const T&, const T*:> const_iterator;
typedef _ slist_iterator<T, Ref, Ptr» self;

typedef 'I' value_type;

typedef Ptr pointer;

typedef Ref reference;

typedef _ slist_node<T> list_node;

__plist lterator{list_node* x} : __slist_iterator _baseix) {}

/t B slist<T>::end() WEER  slist_iterator(0), TREALREH
__alist_lterator() : _ slist iterator_base(0) {}
__slist_iteratoriconst iterators x) : _ slist_iterator_ base(x.node) {}

reference operator*{] const { return ({list_node*) node}-»data; }
pointer operator-»(} const { return &{operator*(}); }

selfi operator++(]

{
iner{); // W#-—-ITR

return *this;

}

self operator++(int}

{
self tmp = *this;
incri); // W#HE-—-FTHA

return tmp;
}

/! BEEA operator--, BARXE—1 forward iterator
}:

EE, HEWA slist ZRBETEAN (AMBIIKEERPHLERTZE
REEEZRTF slist.end()), AT _slist_iterator FFM operator==%
WES, TSP _slist_iterator_base::operator==. MIERTPLZEN,
RAVEIE, B4 slist BRBEESE, MH _slist_node base* node #F
2 [7l 1f % -
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190 F4E FHAEH (sequence containers)

4.9.4 slist BYMIBE LR

T slist BARKE, ROEGHE "ERfEEZER K- 2B EE.

template «class T, class Allse*s allod-
class slist
{
public:
typedef T wvalue_type;
typedet value type* pointer;
typedef const value_type* conct_pointer;
typedef wvalue_type& reference;
typedef const value_type& const_reference;
typedef size_t size_type;
tvpedef ptrdiff_t difference_type;

typedef __slist_itevator<T, T&, T*» iterator;
typedef __slist_irerator<T, const T&, const T*» const_iterator;

private:
typedef __ slist_node<l> list_node;
typedaf _ slist_node_base list_node_base;
typedef _ slist_iterator base iterator _hase;
typedef simple_alloec<list_node, Allocs: list_node allocator;

static list_node* create_node (const value types x) |

list_node* node = list_node_allocator::allocate(); // BESM
__STL_TRY {
conctruct {&node-»data, x);: /7 ORE R

node-=next = 0;

}
8T _UNWIND(list_node_allocator::deallocate(node)};
return node;

static void deatroy_node(list_node* node) |

destroy (&node-~data) ; /i RTLENA
liet node allorator::deallocate(node); /i B[]
}
private:

list_node_base head; // k. HE, ©RERH, BED
public:

glist{) { head.next = 0; }

-alisti{} { c¢lear(}; }

public:
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iterator begin{) { return iterator{(list_node*lhead.next); !

iterator end(} | return iterator{0); }
size_type size() const { return __slist_sizethead.next}); }
bool empty() const { treturn head.next == 0; }

// P slist B#: REM head XKHBRAER
vpid swap(slist& L)
{
list_node_base* tmp = head.next;
head.next = L.head.next;
L.head.next = tmp;

public:
/1 BT

reference front{) { return ({1ist_nodé*} head.next}->data; }

J MABEATE (FTEAY slist WE TR
void push fromt (const value_type& x|
__slist_make_link({&head, create_node(x}};

}
¢/ B, BF push_back()
J/ MLARETE (MkZ) . B head

void pop_front (i {
1ist_node* node = (list_node*) head.next;
head.next = node-»next;
destroy_node(node) ;

}

Vi

495 slist WTTRIRIE

THEE~DIRE

// file: 4slist-test.cpp
#inciude <aliat>
#include <iostreams
#include =<algorithm=
using namespace std;

int maini)

{

int i;
glist<int> islist;
cout << "size=" << islist.size{) << endl; // slze=0
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H4E FHAEE (sequence containers)

islist.push_front (9.
isligt.push_front{l);
islist .push_fronci2);
islist.push_£ronti3)

ielist . push_front{4):

cout << "sizes" <« 1slist.sizef) << endl; /! slze=5
sligst<ints::iterator ite =islist.begin{);
slist<ints::iterator itel=islist.end{]:
for{; ite '= 1teZ; ++ite)
cout << *ite <o ' ' A4 32189

cout <« endl:
ite = fipd{islist.begin(), tslist.endf), 1}:
if {ite!'=0)

iglict.insert(ite, 99}%;
cout << "gize=" << islist.size() << endl; /f slze=k
cout << *ite << endl; frl

ite =isligt.begin():
ite2=isglist.end(];
forf; ite 1= ite2; ++1ta)
Cout << *ite << ' 7

cout << endl:

ite = find({isiist.begin{),
if (ite!=0}

cout << *{islist.erase{ite}] <=« endl;
ite =islist.begini};
ite2=islist.end(};
far({; ite 1= ite?Z; ++ite]

cout << *ite << ' 'y

cout << endl:

fA4 2283198

iglist.end{), 31;

o2

i/425%9 19

B FELE 91234 BAZ slist, IREHWERE 4-26.

BETHRBITE L, HFAFLE 9 HALE, DB 427, B8, HLEEE
AEBAL (LF ) MEaENAZGH.

ETREIIE S, FRETEBR, WHE 4-28.
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193

slisteint> islist;
E islist.end(} FMB 0T

0 (+fe

9

1slist.head

islist.bagin(}

B

——
3

ite= find{isiist.bhegin(},

islist.end(D,
K;ED 1);

426 TE 91234 FFHEAT $list ZERERNEH

s; islist.end ()

0] 4T e

islist.head

islist.begin(}
[

F Y

ite= find(islist.begin(},
islist.end(),
13;

isYist.insert{ite,99);

p ite

o0

B 427 T 91234 FFEAE slist ZFHEERSEH
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194 FAE FHASS (sequence containers)

CEiisﬁst.end()
0 Aax Il
9
islist.head

islist.begin()

99

L - &

4 gim Z
ite= find(islist.begin(), 14 {\@f

islist.end(),

D; destroy_node()
istist.erase(ite);

k428 ILE3 HFHETEBR

B TFE 4-26. B 4-27. B 4-28 Pl ena() BEHEREAFE, XERE
By, FEE, FTEFT -ALEFREREDS slist, HUARFRES
F slist.end() fEABEHEREN, SRPE -LEZHAKM T, RO503
BREA. URITAR enat), KEME - EWMRER (TG0 fz8HW, STL
BB AHTH:

iterator end(} { return iterator(0); !

R 2E AR T HE -
typedef _ slist_iterator<T, T&, T*» jterator;
o} 72 RS o Y 5 2
__slist_iterator«<T, T&, T*={0}; {0 EPE—-PENRE, BIE cror
MNnAE BRI FHE X
__alist iterator(list_node* x} : _ slist_iterator_base(x) {}

The Annotated STL Sources



49 slist 195

MRBERN A
_ slist_iterator_base(():

H A PRI IR E X

struct _ slist iterator base
{
__elist_node_base* node; /OB AR KL

___8list_iterator_base{ slist node base* x} : nodeix} {}
Y
[R5

node (0}

B, R 426, B 427, 428 D% TEHEMHTZER end), B
MTELRAERZERLNMHE.

ite
islist.end()

0 1= 0<*
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D
KX\ S 38

associative containers

£3%, BRI, B4 E-FRGMLE T -hk. T8 STL #4, &
REEHTERN—LREL (data structures) THHFK, HEZHEHTRA
FBRERFF R Cr+ RS RLWHRBEHIT

B WEERRTRHS i, FRTESATFIRX (sequence) KK
& (associative) FFR, TFE 5-1. B4 BEEFITAFFIAFH, FEHFITRHK
AR

N STL XBKEAMN N set (H4) M omap (BEF) WAL, LIRZ
R LML multiset (BRES) Mmultimap (FEMEE) . REFR
E2HI re-tree (LLEM) %, RB-tree LR — MMV ER, HFAFHK
BAREH.

HAh, SGISTL R T —MAEREREZ AR AR hash table
() 1, LLRLUK hashtable NEBHLHTI AR hash_set (BFIHRE) .
hash_map (HFEHFE) . hash_multiset (FFIB@BER) . hash_multimap
(HABRUEE) .

1 hash able (BFIE) RHTERBHYTE, BNREIA CHITENERE, B2
KET. TR Cr+r ERFERATRSAAEN.
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168 H58 REXEE (associative containers)

PG FRASH
Seauence Containers Associative Conlamers
array(build-in) Cor PR ’ RB -tree ENH
vector e set
heap ’r' L?ifﬁ:pﬁli{m ’ map =
uiority—queue “ multiset
——
Tist ’ multimap
s1ist F hashtable l Jhng
deque hash_set _ Fipe
stack foteeR hash_map g
quene N g hash.mitiset |3z
hash_multimap b

[ 5-1 SGISTL Wi&FESR. FMUARFRKXRAERSHLEZNLE. X8
FUARATE . FF4EM& (inheritance) X &, MEME (containment) X Z. Hi0
heap & — 4 vector, priority-queue I & - - heap, stack F queue 8Py & — > deque,
set/map/multiset/multimap #MA & - RB-iree. hast_x #4 % — 4 hashtable.

XBERXEE (associative containers)

FBXEBAERS, WO BUXBAREE (THFEEUGLTE) . BEHIE
(BATLE) FA-DRE (key) F -ATE (value) 20 ST EBIHEADLE R
BHEPH, ERAEH (TREL re-tree, M ABER bash-table) FHRIBLS
AR, U ERANEX S TERE TELH T, *EAEBROFELR (N
HEBERALUENERDTE) . BLUALHFE pash_back(s, push_fronc ().

pop_back{). pop_front ). begin(). endt) XTI,

-HRME, XEAEHENFEL R - balanced binary tree (4 ~ ¥ # )
LIB KR E A8 3% % . balanced binary tree 1T ZFIZER!, {335 avi-tree.

2 ot MREFELME. mop MRETLUMETESF, HER—-MLS LR, BTl map
WA FR, R RTR (dictionary, B “Fl/ EYXETHEEES]" Z81E) .
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RB-tree. AA-tree, EF R ZEHAT STL ME RB-tree (ZLBR) . JTH
i STL $REEAR, BUTREIT RB-tree.

A RB-tree FEZE, itHKATEX tree KRB ZHANME. DITIHER
FIRAHIT RB-tree FEVREK. XHNEBARRAEN, WRFHERLH
fiFi, ERERESANBETEN TS,

51 WHEVFE

B (tree) , FEHEMRMFE, &-FHTAERMRBREN. LETARE
AEBETGHERERREWE; LERARNRESERESR - REAW
{expression tree) ; LAEEHET KB XS A (Huffman's Algorithm) 72 M%)
FERE W, WIRE R 8-tree MIE—FHMERIHREH.

AERTE RN Re-tree (LLER) B-ME ZEH, TRERFEIFHE
FIRERETH -

B4 (nodes) HI (edges) Msk, #0H 52 iR, BREH-—TMRLR
Fh, BBV A (o) . BATEAUGA L MRS (directed edges) |
BRRECHEHE, HETEZS, BLERNLYE (parent) , ETERN
FHE (child) . BFHEEH I A Ueaf) . FHETLUFLEZS, MER
EARUETRATEE, MW (binary ree) . REMWEWRAFHERAN
A2, I I L S 70,35 & (siblings ) AR 3 S B ALAT 5 R 2 A WE — BR 42 (path)
BRFTTHNE, FNBBRE Uengh) . BHNEE-THNKERE, &
BB AR (depth) . BYEHFEEXEER 0. RHAEHRRTTR (O
W) MBBRE, RYETAREE (height) . BRREHE, FLURT N
BERE. HEA DB ZAMERE (F—) — &K%, F4ARNBHHER

(ancestor) , B i A BT (descendamt) . fEMF AW (size) BIEHS
PR (BEBED) BTARK.

M 52 i A T - OB,
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200 F5E LHEARSE (associative containers)

size of E : 3 binary tree
height of E : 1
depth of E @ 2 oot

length of E :2
ancestor

size of C : 4

height of ¢ : 2 parent

depth of € : 1

Jength of € ; 1

size of A : 12 o @ @

height of A ; 3 .
gepth of A : O ' child
length of A : 0 (eaf 9 o o e descendant

A 5.2 RGHAHXAGEBE. AFRRAAERMMTHREMES.

511 _—_SIEEW (binary search tree )

P X (binarytree) , HEXE: "BAPEEERATMD LA .
RRAFHAHRAE TV SNAT A WRRUEEF HE LR, RATATL
B A TXWMRANE, FROA-MRTSHELGRTRER: 4 TR
RN ET . _XWHERE. RARIAMIFRRATW (expression tree)
#s % S4EFEH (Huffman coding tree) #2224, WHE 5-3 7.

expression Huffman
tree coding tree

&0 &

5.3 “XHMHA
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B8 — W W (binary search tree) , R[N #ATE} (logarithmic time ) 343
LEBAMFE. “XEEHPTSREANE: EAVTANBE-EXTELT
WhiE - T aNEE, HATEETHTHE M ARRES. B, WE
Ve -EdLE, BERERTE, DBRNLE: META BELAE. HEX
AHBE, BERKAAE. HS4TANHEI B UHEN.

EE-B-TERRFRER KRR TR, B HRAANFE. HEL
RS, AR AER -BEAENR, HRERNETENEANBR. & 55
EZXBAMNTEBAREERR. BAFLEN, MR IR, ARERK
ERmi, BRARWNEROE, —E2RH, MvEAL.

A s5-6 RoRMENNTERRBHEER. SMERIATH A, HRAT M.
WERARE MFHE RNAEESANFIAEEA LT, THEAMN
%. B AFH/ATHA, BORUETHANBAT AL A R, 5THE
BT ABHRE: AETFHEFR MIATRERTR) , -ERETREN
7.

binary search Uef-»’

“
&)

54 ZIR—EZVEEH. EATANRE (o) —RRTREFRTHE -
AFARRE, FATEATHTHE W ANRE. AFTARHRERER
.

3 34 (logarithmic time) AIXERERE. HILE6E.
4 5 E, @A (key) TR (valve) MR, LA EFKERH.
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202 B5E LBAAM (associative containers)

binary search tree binary search Lw\

12
© 0 W )

AARIE L6.
() glEEARE WaEu
geEs 18s. 2hen Beae (13) (19

55 " WRRMETAEHARE

binary search tree binary search tree

cdl / e
dD (B ) d) ()g%

/ BIBRIHES (HE— :‘*31 ) Y
13 EE‘J@H%DH HY D (]’9

B 56a _NEEMNTABRBEL- (HHEYARG-1TFT )

binary search tree

V!
©h
.

binary search tree

Mz IBiEL2 (BRTFDR)
LA i O B/NVEEN M Z,
28, ROERBRE: —B
87 E IR,

B 5-8b _—XEEWHTAMBRREZS (AFTSARTFHR)
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5.1.2 8 _XEEFEH (balanced binary search tree )

IR A AR, BIFE YR AR R, R
BEaRATH, EAEIEERENER, 08 57 Fx.

T i @
A 5-7 BWEAREFHSREATE

FERPTEEE, #EE—THEMTHNRRE, 7O OXEEXE: &
B - AR (BELK) . ARETERYE, SREARNEERT, L
ERFMSIE 208, HHMBHENI alL-tree. RB-tree. Aa-tree, 75K
B RN, B8k —BE (TRANSRTEY) “XERRER,
B, AT SHEEY SRR EGLRE, ERE IR
# (BERTE) B8, ARTFENSRGREMRER T, 5RO

(83) REEHTS LRSS, —RTHsEEINETTE 25% Ef.

5.1.3 AVL tree ( Adelson-Velskii-Landis tree )

avitree B - I B THSMPH & RN, REEEFHRY
AR THREBEMOEE N OlgN). ERLKBREPEREREMANERT
RESERREE, BXApAn T, RIVRMERHAR TR RFEHETH
&M, AVLtree FRIBFIRER, EXEATANEEGTRAENERS 1. RE
A BB, BNESRE HREE (ogaibmic depth) ~ FHRE.
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204 B E CERAR (associative containers )

58 LMPTREYE— T avi tree, WA S WA N 25 (B, RASH
iR ATL tree MTH S, MTRE “HBALMER YL BRALME AT
AT ERE, Hir, NEEELFREEAIT Y S, @ol @& EREHHEE 4,

H ® @& ® 60O ® 6

nop-AVL tree

AVL tree: balanced binary search tree WANZE, RS ERAVL treekl il
ARG NEERSIEE HTFREEARERTABR NET S
O el = @S, B, RSWERD

SRH, FIERIRE T TE.

7 5-8 AR avL tree. HATA LG, EGKETAER ATL tree &4

AT, ARRE “HARERTA" L TERSHEEAZ &
REIREEE- -, @THEERRESRETE. RRERETRAX, ATV AR
PHARS TR, MWAMA " TEENE" SWE XNEARRTHNEERE
2, REFEATA LIk HR o yIF (F 5-9) -

CHEARUT XMEFTARNETR—E/L,
2 HEARLT XREFHVANGTH—AS.
I BARUTXHETHARNETH—Aa A,
4. WASUTXKATHANLTFH—BA-

&1, 4 EIIER, HoNSMN (outside) HA, FTPARFREHERIE (single
rotation} TEREARE. THM 2,3 HULNAR, FRAMM (inside) FA, W LIFE FHOUE
4 4E (double rotation) M.

e
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205

/'-'Ik'. L' .
(12) (16)

@ outside, Sl

BAREXE S BmlE S/ (L)

T

(20)

i N
(20)

(14)

,"l
¥ N
(12) (16)

'}
@ inside, Pl

BAREXE S PEE S HES)

SYRRF

BAREXE T IRAETHEE) h

& 5.9 AvL-tree GJ[0%

BAREXNE T PERNESHEE)

SRR B

5.1.4 ERJPYE-(Single Rotation )

EAEARES, & “BANTE, BAGFTE WE—FLME 5-10
ERFIR. ATRAEKT B, REEHC THHEES 2. B THATENAT
BUTFR-Z, Bk i AL TR FERET. B FREATEEM C 73
NFA-Z, EUE-TIRFERHOHR K MAR K.

Y ‘?
.--—x_ir' ‘.'{ __‘..l\d_
(12) (18)
A\ g > ____l.;‘
/ [

C K N
E:> (11) (16): /(20)

i .
ARETMNEATH A B C

510 ML S8 kA, DL HER BEAMGARFRNATE
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206 FS5E LBEAFE (associative containers )

ATHETERE, RIGEH A FHES -2 CTRTHE-2 — &
CZEH avi-tree BRI FEAHEE 5T, B 5-10 4 WA 2 ARG HER.
RO 2488, el mEER, Sk SATH, 348 THET LM,
EAMERR, CXEEHMHAAERAITNE, 2>k, L SmR A HmE
Pkl A FTE ZXEERERNG SRR, B FROFEGTARBEN
IR K2 ZE, FEAFREPH B TRAAEE 2 KAN.

PLERTARIERERN DR ENRE Him s, Mo lERl. FiaaEmiE
T4 AVL-tree BV S0, AT AR,

510 fRBRME “EE" SMUEA. EF A7 SMllA, FRDLE
— .

5.1.5 XYAE%¥E (Double Rotation )

[ 511 £RCARE AT RN ATRRS. SRERTERTR. %
- RAEEL 6 SR, A%, RIFES O FIK KRR, B
B2 BERRTA (ARGETEERE) . - WL 2 FRIRTE,
K R = XERIID K SAURN @ MET WA, KB SR 2
AT, MIRA-RURELRE T FRNAE. FOREHRE AvL-tree
MEE A, A, BEAERINE R, TRETHABAZINEE, Bit
BRI AT T

St 2R MR N TUEER? RAETUARRRAEER, LES5-12.

bl E BT TR R AR A B fR S R A, BET AR SERLZ SR I H
WA & avL-tree P8 &1, AREMRE.

Es-11 BRME CEAT ANEA. BT HE AMNEA, BRI -
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@ . (D KiEn: R \l fj‘.;’:' .

¢ ;;) AVL-tree T&F 4 AN
kl L~ S ki ' 4 k3
(14) (20) (14) L18)
A = v r—’i> ¢y voN
F; ~ f i '-I e 4 -.! I B { N
A \ 1_'",--'] I'#lﬁ, WHEEE Double rotation l'\] LPN |<, / L:“,‘

£ N FR B EA RS

B

B S MR SR BRE, LUDEERE#E (E R P Qi A T 2B A4
FEEROR AR A ET CAE AEEA, BRI -H.

kl & B k2 4 ki ¥ N, K3
(14) (20) (16) (20) (14) (18)
r =\ D 7= = \D 7
_J'r \'.__ L I / f \.‘. _)" \ ; '."I "\ .
/.J.--l_ 4 k2 K ' ; JL '_}\1_\ !
(12) (16) 14) (12)./(15) 20
AL bt C =)
e L) A B C D
(:j) (12) (::)
5 e
B _ C A . B
ST k1, K2 — RS T K3, k2 — RS

7 512 RSt (Q0f 5-11) TIPS e G AL, X WEFRADTE.

RB-tree RH -METEEANTE _LEBFER, € SGISTL HE— RN
— R IR, (F R A S (associated containers ) B JETEI G2 . RB-tree #
T & BRARE T Avl-tree, MEHESRT RESRTNEEEIERE. T- 0
FHs P EAN A48 RB-tree.
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208 B5E XBAAR (associative containers)

5.2 RB-tree (T2#)

AVL-tree 25, A—THENF BT T2 ARHEE I RHE RB-tree
(ATRH) . PO RB-tree, RR P EEA, MALFEEL FHMN.

L P UEREIARERE (FHhRERAMNARA, RERQARIA,
THY .

2. BTAARE.

3. MERVENL, ATVRLARE.

4 F-TRENULL (MRER) MEMEE, 2R W B8R AHHE.

RARHI 4, FETSBFUN; BN 3, HETAILTEAUIMHE,
YHVERE_XBEWNAMNIEEBAL, HEEFSEREMN, ROAHE
BOEFNERERIE. WA 513 3.

@ _ RB tree: balanced binary search tree

() EMNDAREHD, FIHS,
QR BANE.
| () RIWBEAAREER H,
@) FRBAANULL Y S —BE,
@ PSR S RN TR,
X KAE, BITANULLRREA,

AB-tree =4 B

5, R—TE NI,

- ST e D ¢ TS e o e e B
@:‘i@ gliaR (BRERIEHNER)
oy

RIEAN ), HTIOART, KEANG), FORRDRUNRNR.
SRR SR AR (binary search ree) BRI BHATIE A,
AR S DA RN, ROABREE RN,

[ 5-13 RB-tree By %4554
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521 BADTR

BIFFILIRATAELE 5-13 WIRE, HA-EFHVE, FHEEMEMM ATk &
B R AR A R

fRITTOSHE 5-13 f RB-tree - HIHEA 3, 8, 35, 75, R _IWERRRN,
ZUAHN AR TERE N ME 514 Fon. B, B8, SO1EBE 1 re-tree i
AL, FMBA LSRRI, QR IFUEY SBE.

o N
(1).(2) , . ; \

e A + SRR 1";’: 5 w,.- , ?; X

Nied, MU0 A i TCEETS S
S -t () 8 | RB-tree 4t tﬂD O 5 Brmrs, o
RB-tree 4 . - J RB-tree S

HIEER, FEHA 3.8.35, 75 2 HMEE— 1 0, ST re-tree fFN, 2
EHRNLAEEREHRAETANEA,

% rPEHE, R R R A A UT e #a i i
& BREHENX, RLVERP, HAHANG BLUWE (LVEZHE
) HS, BHATANGG. HA, BE-VHWRMNAMM, Hi X L0
W, HETRHEN 4, X 0RT. EPACK (XEER TAN 3, LARE
WY, NG AHRE (A AF N Re-tree, LFETEAN3) . TR, BE X HH
A BRSBTS (SAGG) MEN, F 1Ll FEFHEE.
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210 F58 XBEXAE (associative containers )

@K 1 S REH X HAMUEEA. AMIES, BINEI PG M-I ElEs,
BHEN PG HO, DMEFRTTRHBHAN I, LE 5-15a.

‘@

g;) m d null 175958

X A —

aulE 5

A B D E

[ 845a S BB X HMUIBA. %X PG H—M Bk,
HEY PG B, BT ENRTLRAHN 3.

AL M R E A TFRRE(BERE LU B . AIETH A HB & nall,
DR E A nuil. XEExE, KA rRe-tree BIFEHZF KL AvL-tree 5.
G re-tree BHEBSHR TV TFHRSE, £H, £REFKT], re-tree HIE
TV AR avi-tree LV H%.

O RA 2. S HEH X HRMEEA . MR, ROLLIEMN P, X & — K RiEH%
HaEy G X Hif, SRS G- RBEE, M HIEELERAN 3.
WH 5-15b.

_rb_tree_rmotate leftik. ool __rh_tree_mtate_right(k.root)

1% 5.45b  fit I H i 5 SGl st tree,n> Frdtfhayetl, BT A s A7 be
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o R 3 S AL X AAMEA. MUERR., X PG TR, H
ML X MEE. LR R GG AR, UHRE. 108 5-15c. AR GG 4L,
W o] B EE A A2t it LRI 4.

P . S X G
X { N = 'R AS
outside W13) € D E A B C K.,-’J
tf; \f

A B D E

% 8-15¢ RB-tree JLEFH AWM 3

ORI 4 S RITA X KEMIGEAL HIECRER. X PHG# KA, il
T XMBE. IR GG RN, TS LY, HAFEANTEEN
ALRIIEDL.

Xy o\ N b . ﬁ
outside 35 C D E A B & ,._h_,;

4 5-15d RB-tree JLEM AN 4
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212 B5E REAEE (associative containers)

522 —THLEMTHNER

ATRLRE 4 “KTHEERNET WELFEN R-tree F.EEAIE
B, BAAEEWR UMAME, RIOOES -8 FIEFRESF (op-down
procedure) : RIZFIW N AR A, MATEE A IR, RERFAAEY DX M
TTHEARMAE, REXEOHMELE, FEMT TSSO RE, A8 515 iR,

M

H 5-15e iE X WHE, HLATBEWAHHA.

HEME AWML AP AR (GEE, R SHBERMRRAA) , WFERRKNR
| — ¥ — R B S HEEEA, SERRN 2 --#ﬂﬁfﬂ—&(ﬂﬁ%ﬁ#ﬂiﬂm&

ARZE, TG OMANREMT. $4EHEA, SABALE-RA
nesEHi o, @A 5-156 .
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5.2 RB-tree (#T24}) 213

B 5-15F HEEE 5-15e FRE, & G P#— AR, FuTHs.

52.3 RB-tree B 181t

RB-tree FLR_HE, HEMAEA TR, RIOBEFKALIHH L
WA, TER SGLSTL MEREME. HTHEXNHYE, YA NME, &
FE ST BERT ANBEHAERBNEEWHLE.

MELTFH ninimom() H maximum() EBREA[EREYL, RE-tree fFH—4
YHEM, HEAEL 285 58T, BT rRe-tree NEMBENEFE LMELY
A, LR MERESE WP EH T —1 parent 54T

typedef bool _ rb_tree color type;
const _ rh_tree_color_type __¥b_tree red - false: // €% 0
const _ rb_tree color_type _ rh_tree black = true; // 88 1

struct _ rb tree_node base

{
typedef _ rb trea_color type color_type;
typedef _ rb tree node base* bape_ptr;

color_type color; ¢t/ HEER, ROME

base_ptr parent; // RB WETFEHE, BIAMELTE
base_ptr left; f fREAZY A

base_ptr right: /) BEAETE

static base_ptr minimum{base ptr x|
{
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214 W8 LCHAAN (associative containers)

while (x->left 1= 0} x = x-»left; i/ —HEAEE, BER3RANME,
relurn x; J) R TREEWA
}

static base_ptr maximumi{base pil.r x}
{
while (x-»right != 0] x = x-»=rigns; // -HE&GL, RoKBBXHE.
return x; /i ERZTEERMTE
)
Ti

template <class Values
struct _ rb tree_mode : public _ rb tree mnode base
{
typedef _ rb_tree_node<Valuer* link_type;
value value_fleld; // TigfH
¥

FHAE RB-tree B A8, H-'*"F} __rh_tree_node: :value_tieldtﬁﬁ 10:

5.2.4 RB-tree BYE{L2R

ER A RB-tree LAY —MEHAR, EABHRIFE—TXRE. AL
BINELET A (caegory) , RIGEFBE WA (increment) . ik
(decrement) . 4% (dereference) . R Ri/ifA] (member access) Z{R1F.

W TEKMEYE, SGI # re-tree ZABLIMAAE, ZHEIHEEIA 49
iy s1ist K00 E 516 FIRNELNEY AEWANZEAREMZHNEE,
B EE& YE. _rb_tree_node # & B __rb_tree node_base,
__rb_tree_iterator #&® _ rb_tree_base_iterator. H T EFHIAR, &
MBI EeRMuEY, RERIT Re-tree MTE BHS, BEEK-TRE.

B EHAHE rb-tree B AMmKME, ML struct A, M struct FETEH
R#E & public, WEIABHEA.
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T FEE ratbr bage

S b T R = —— —
LA *I_[J BIGA# |

. - struct
strict __rb_tree_node_base
__rb_tree_base_iterator
{ parent
—_rb_tree_node_base* node ;u[:[_——[) :
[ void increment();
void decrement();: ! ! .
| 3 Cleft \ right
4 ]
A
base |
e '
| base LN
o 3z
i 78D >
S derived derived

template «<T,R,P> struct

‘ ~.| template<T> struct
__rb_tree_iterator 67? W\ __rb_tree_node
{

typedef __rb_tree_node<T>* link_type;
operator*();
operator->();
operator++();

‘ operator++(int); Mefr EH \E right

parent

operator--();
operator--(int);

& 5-16 RB-tree M T AMIEX S Z BIHE &.
TRWERGH 49 T8 s1ist BHM. #HEEE 4-25.

RB-tree AR T MEAENRE, RARSHIE (Y, HRRRENAR
PinliE S Tist T, BOMRKNREMERRRRE. HE, re-treek
R BRI HERIE operator++ () TR TEREMRMM increment (), RB-tree %
B BRAE operator-- () WA TERENHEMN decrement . WG
RHE AR LRE SR ERN Y AHEEN, B LSRR
. BmEFEAAERANGENA, ERUEALRERD. ETIREHMHRER
I (fRYE) , MERARY.

;i BRREERE
struct _ rb_tree base iterator
{

typedef _ rb_tree_node_hase::basc_ptr base ptr;
typedef bidirectional iterator_tag iterator_category;
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ESE KERAAH (associative containers)

typedef ptrdiff_t difference_type;

base_ptr node;

f ERARSESEZEFEE - EELR (make a reference)

70 PFREMIAT operator-+ W, BABLAL SR [

void increment ()

{

}

if (node->right != 0} { fr MRFAFTHA. AR

node = node->right; /7 BEEE
while (node-=left I= 0] /f BRE—HREETFRETR
node = node-=left; /7 MERE

}
else { P RAETYES. RE@)
base ptr y = nede-sparent; // RHBENE
while (node == y-»>right) {// BIREfSIVEFFETETHA,
node = y; /O B—ELM, B "ARLTFHRTLE
Yy = y-»parent;
}
if {node-»right != ¥} fBERMATTAAETERGLE S
Ff RE(3) BLETER LT SRR
/¢ FEMLEE node SHE. RE (O

node = y;

}

/0 BE, UEAN "SUNRLAFTAARETHEALTA" , BH TR/
/ BEMER: ROKIBRTART-HR, TRORVERLA MR

/4 S8, UERAERELTEE RB-tree MTREHERZ header Z[HIH

[ BRXAR

11 RTFEEASERT operator-- W, EAELMLLEALEET

void decrement )

{

if {node->color == __rb_tree red &&
node-sparent-sparent == node)

node = node-sright;

/i MERAYE, A
ffRTRRATEETAEC,
/¢ REL AT EEARE

70 PLEEMRET node X header B (IRE) node K end(y &)
;! EE, header ZHFHAMN nostright, FHMEHERK nax T&

else if (node-»left !z 0} |
bagse_ptr v = node->left;
while {y-»right !'= 0}
¥y = y-»right;
node = y;
}
else {

base_ptr ¥y = node-»parent;

while {node == y-=left) |
node = v;
Yy = y-»parent;

)

node = vy;

ffMBAEETTA. RN
Ry REETER
/By BRTH AR

/) —BEES TV AEEE
f BIEMREE

77 BEENE, BEEFHA

f/ RE) BELTR

/O UBEYESRETFNR

/) —EXEBELEE, EREOYA
1 RREFER

/1 BT AV R R
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}
1i

// RB-tree BYEMiE{LE
template <class Value, class Ref, c¢lass Ptr>
struct __rb tree_iterator : public __rb_tree_base_iterator
{
typedef Value value_type:
typedef Ref reference;
typedef Ptr pointer:
typedef _ rb_tree_iterator<Value, Valuek, Value*> iterator;
typedef _ rb tree_iterator<Value, const Valuek, const Value*> const_iterator:
typedef _ rb tree_iterator<Value, Ref, Ptr» self;
typedef _ rb_tree_node<Value»* link_type;

_rb_Lree_iterater{} {]
_ rb_tree_iterator{link_type x) { node = x; }
__rb_tree_iterator(const iterator& it) { node = it.node; }

reference operator*(} const { return link_type(node}-»value_field; }
#ifndef _ SCGI_STL_NO_ARROW_OPERATOR

pointer operator-»{) const { return &(operator*{j}; }
kondif /% __SGI_STL _NO_ARROW_OPERATOR */

selfk operator++{) { increment(}; return *this; 1}
self operator++{int) {
gself tmp = *thisg;
increment () ;
return tmp;

self& operator--{) { decrement{); return *this; }
self operator--{int} {

gelf tmp = *this;

decrement () ;

return tmp;

Yi

#__rb_tree_iterator_base B increment!{) H decrement () B RE
d, A4 ARBHENENRE 4 MEEHRE | (ARRDERER) BN
ELETHE 517 FFRRRRET.
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218 BB LBAFES (associative containers)

i)

f . ¥ .f
HEREEOETAMmEE LGS Do, begin() s heade
XA THRE, A (most)lefi ] (imost)rieht
__rtb_tree_base_iterator::increment() PRI A iy,
(2)1(4)0 /.-"

[ ol )
XM EN end(fy, BXUVIHET BRE, SiEA \
__1b_tree_base_iterator::decrement() BRI (1. N

Bl 817 increment{) Al decrement () MBS AHEMRK 4 ANRE |,
H A header BT EAFHERT, WHLUH.

5.2.5 RB-tree PVEIBEH

THERZ rb-tree HEX. HAUBHHTELTEBUZMEER, BUH
REB A AR, WA LIFREHRAIE L, AR FER RB-tree fI=FR
B (HAHATREK, functor, XK FTANRDLRTAY , LA~ member
functions (¥32 3o FFEA .

template <class Key, class Value, class KoyOfvalue, class (omparc,
class Alloe = alloca
class rb_tree |
protected:
typedef void* void_pointer;
typedef _ rb_tree_node_base* base_ptr;
typedef _ rb tree_node<Value> rb_tree_ncde;
typedef simple_alloc<rb_tree_node, Alloc> rb_tree_node_allocator;
typedef rb_tree ceclor_type color_type;
public:
/7 HE, BEEX iterator (&, EXERET!)
typedef Xey key_tvpe;
typedef Value value_type;
typedef value_type* pointer;
typedef const value_type* const_polnter;
typedef value_type&t reference;
typedef const value_type& const_reference;
typedet rb_tree_node* link_type;
typedef size t size_tvpe;
typedef ptrdiff_t difference_type;
protected:
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52 RB-tree (ZIRH} 219

link_tvpe get_mnede() { return rb tree node_allocator::allocate(); }
vold put_node{link_type p) { rb_tree_node_allocator::deallocate(p); 1

link_type create_nodelconst value_typek x| |

link_type tmp = get_node(); /¢ MMEER
L 8TL_TRY {
construct {&tmp->value_field, wu); /7 HEMNE

}
__S8TL_UNWIND {put_nodel|tmp));
return bmp:

link_type clone_node(link_type x) | fo B4R (HEMR)
link_type tmp = areate_node(x-=value_field};
tmp-»=color = x-rcolor;
tmp-=left = 0;
tmp->right = 0:
recurn Lmp;

vold destroy_ncede(link type pl {

destroy (ap -»value_field); /AR
put_node (p} ; 1 BHAE
)
protected:

/4 RB-tree RU-2HEEN

size_type node_count; // BECEWRAD (TEHE)

link_type header; /) KR K-

Compare key_compare: // TEENEEI/PEBEN. HiE&E4 function object

/1 DT =ARE %A ERS header KRR

link_types root() const [ returnm {link _type&) header-»parent: )
link_type& leftmost{) const { return {link_type&) header-»left; 1
1ink_type& rightmost() const { return (link_typeé&) header-»right; }

/7 DTFAMRERERAEBRGTS x NER
static link_type& lefti{link type x)
[ return {link_tvpe&) {x-=left); 1
gtatic link_typet right(link_type =z}
{ return {(link_tvpe&) {x-=right]; }
static link_type& parent{link_type x!}
{ return (link_rype&) (x-=parent); )}
static reference valuef{link_type XJ
{ veturp x-»value_field; }
aratic const Feys key(link_type xi
{ return KeyOfvalue() (value(x)); }
static color types eolor(link type x)
{ return {(color_typek) {x->golor); }
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220 I35 REGUAD (associative containers )

f AT ERMARFERAY S x BER
static link_type& leftibase_ptr x)
{ return {link_typca) {x-=>left); }
static link_type& right(base_ptr x)
{ return {(link_tvype&) (x-=right); }
static link_types parent (bage_ptr x|
{ return (link_type&} (x->parent); 1}
static reference value(base_ptr x|
{ return {(link_typelx)-»value field; }
static const Keyik key(bazse_ptr x}
{ return Key0OfValue(] {value(link type(x)}};!}
static color_type& color(base_ptr x}
{ return (coler_ typek) {link_tvpe(x)-»color); |}

10 KB KEHHEME. node class AEHULIAEE, 3K L1157 AETH
ctatic link_type minimumilink_type x} {
return {link_type) _ rb_tree_node _bace::minimum{x];
1
static link_type maximum({link_tvype x} {
return {(link type) __rb_tree node_base::maximum(x);

public:
typedef _ rb tree iterator<value_type, reference, pointer» lterator:

private:
iterator __ineerti{base_ptr x, bage _ptr vy, const value_typek v
link _type _ copy!link_type x, link type p);
void _ evage{link_type x);
veld init{) {
header = get_nodet}; // FH—41TEEBRE, 4 header HHHE
color (header} = _ rb_tree_red; // % header K4 f4, A¥X4 header
/t B root, & iterator.operator++ Zi
oot} = 0;
leftmost () = header; // % header HEFTRANAC
rightmost{) = header: // % header MAETFEREC

public:
// allocation/deallocation
rb_tree(const Compare& comp = Compare())
: nede_count (0), key_compare{comp} { init(}; }

~rh_trea(} {
clear{);
put_node{header} ;
}
rb_tree<Key, Value, KeyOfvalue, Compare, Allocxk
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operator= (const rh_tree<Key, Value, XeyDfValue, Compare, Allocs& x);

public:
J// accessors:
Compare key_comp()} const { return keyv_compare: )
iterator begin(}) { return leftmost(): )} // RB WHBELIBE (B/) W&

iterator end() { return header; 1 // RB B®IH# A4 header Fifs4t
bool empty{] const { return node_count == 0; }

size_type size(} const { return node_count; }
size_type max_size() const { return size_type{-11; 1}

public:
// insert/erase
/7 # x HAH RB-tree W (REWEEM—-F)
pair<iterator,bool> insert_unique (const value_types x);
i/ W x BAE RB-tree b (RFTLHEER) .

iterator ingert_equal {const value_type& )

Yi

5.2.6 RB-tree NS EARGEHE

TR re-tree FIE XM ERTIANAESR rb_tree node allocator, BH
ﬂﬁ%ﬁﬁ—¢*ﬁoEﬁﬁmmSMﬂQMMM>ERT%:E:

template <class Key
class &j,
class rb tree {
protected:
typedef __rb tree node<Value> rb_tree_node;
typedef simple_alloc<rb_tree node, A rb_tree_nocde allocator;

class Value, class KeyOfvalue, class Compare,

Hedr X

};
SRR B R E R T AT 2 &Y, I get_node (), put_nodel),

create_nodetl], clone_node(), destroy_node().

RE-tree MW EF AR, —HELURHE re-tree EH — THH
RE-tree, B—MRT&—BETMBER, WTFHR:
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222 B5E XBAZEE (associative containers)

th_rree<int, int, identity<ints, less<ints » irree;8
RITEFRANEDIEE T TaMBEE. TH. KALKRGE - AEEA
RB-tree ¥ default constructor:

rb_treae(conct Compare& comp = Compare())
: node,_count (0}, key_comparei{comp) { init{}: }

KRR inic () BEERETT FH— XA

orivate:

vold fmit{) {
header = get_node{);  // FFE—PBEZH, % header HHE
coloriheader) = _ rb tree ved; // A header RO, AXESD header

/7 F root (fF iterator.operator«+ )

rooti) = 0;
leftmost (] = header; /¢ % header MEFFANEA
rightmost () = header; // % header HFWHABEC

F AT, RREHGEERE. BREENRRIARRN L, BREE
PR A AR . b T AICALE, SGISTL Bl ARH duiit—1X
W, BH header, FAHMBREIAE 5-18 .

end! )

“F f!fmft-‘

[RIreRt ’ﬁh:nhf begin{)

[mmer HO r‘m.-nHHu'Ir
(:j’lit right > ,”ﬁr ' ;

¥ Y
{ 0

S, headerf root FRTIAHAR DM, XE—HMKRRIS

7 5-18 LR Re-tree MFMHRA, BANMAS T IEHRE.

6 k. RB-tree JFRBRIT STL iz, BRI 4M, ERARINAE
C25H% 7 ## SGISTL.
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TR, BARAFT S, REHEKE re-tree AN EAE, 5 L4
header FIEHME, EELTIRHA TR, EF v eRmB/ E, &A%
ARATA. TARBEAGREEM, & PTHMREA.

5.2.7 RB-tree BNTCRIRE

AFFEARTE (W5 KIEATEI . re-tree BOFAE AR
insert_unigue() I insert_equali(], HEBRTFFHHEATAMRHE (key) 4B
Ma - B2 (EN, NENPEAEARNEE, BARERAZHIEH
), FEEREHATENBEFCERNTALER, Hit, TigMUEAS2
B (RESHALIREEEK . FRAERMERNE, UTHRERE
MiA (s, FAMXAHERANTEEE Gake) ) FHRENE, B,
BRAEETA, /6 re-tree — FHRANESR A P LA e IR Keyofvalue
HEs, B, AEE (volue) PREBBE (ey) BELMERN.

TTEBAIRIE insert_equal()

¢/ AR TAREANRE
;7 EE, EFEER—A RB-tree HAMR, HREMTS
remplate <class Key, class Value, class KeyQfvalue, class Compare, class Bllocs
typename rb_tree<Key, Value, KeyOfvalue, Compare, Allocs::iterator
rb_tree<Key, Value, KeyOfValue, Compare, Allccs::insert_equal(const Valuek v}
{
link_type y = header;

link_type x = root(): s R R
while {x !'= 0} I J7 MR, T IS AR
y - %

x = key_compare (KeyOfvaluel() (v}, keyix}) ? left(x) : right(x};
ffBE B SR R, B ATEET WEE

i

return __insertix, v, v);

i BE, x BEEEAL, v MRAEZ YA, v hE
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224 F5E LBAASR (associative containers }

TUEIHARIE insert unique()

fBAFE: TRBENLTEY, EEEDEATLR
/i BEE, BEHERM pair, - wEEL RB-tree ERR, HMFHNS,
[ BERERTBARDET
template <class Key, class Value, class KeyDivaloe,
class Compare, clase Allocs
palr<typename rb_tree<Key, Value, KeyQfValue, Compare, Allocs::iterator,
bool=>
rb_tree<¥ey, Value, KeyOfvalue, Compare, Allccx::
inpert_unique (const Values v)

{
link_type y = header:
link type =% = rooti}; P BT SRR
bool comp = true;
while [x != 0} { MR AT, ETIREYUMEAL

Yy = X;
comp = key compare(KeyQfValue(} (v}, key({x)); // v BENTEHWHEZGE?
x = comp ? leftix) : right(x); // @& “K° UM%, @ “PITEET" WL
1
// BF while BFHZE, v EHBARZATA (BHHELEAINTR)

iterator j = iterator{yi:; // LERAB i HMEALAZLYR v
if fcomp) // MBBEF while BHM comp HE (FErB K7 BEATEM
if (5 == begin()) // WRBASZLTRAIRENTR
return pair<iterator,bool={__insert{x, ¥, v), true);
/1L, x AEAL, v ABASZITA, v BEH
else // BN (BAEZXFARHNBETR)
--3; /R 5, EELERR. ..
if (key_comparei{key(j.node), KeyOfValue(] {v}})
77 NTEE (RAB SN BEATHN)
return pair<iterator,bool>{__ingsert(x, ¥y, v}, true};

7t Bk, x ARERAS v MRARZATA, v AFHE
/¢ ETER, ERFE-ESWPRAER, BAATREARE

return pair<iterator,bool>(j, false};

RMEMBARITIEF __insert()

template <c¢lasg Key, class Value, class KeyOfvalue,
class Compare, class Allocs
typename rb_tree<Key, Value, KeyOfvalue, Compare, Allocx::iterator
rb_treecKey, Value, KeyOfvalue, Compare, Allocs::
__insert(base_ptr x_, base_ptr y_, const Valuek v| {

/1 BB x_ WEHEBAL S8y HIRBRAKZATE, 2% AHE

link_type X {link_typel =_:

link_type v {link_tvype) v_:
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link_tvpe z:

/7 key_compare EEHEK/MEEMN. FiESED funclion object
1f {y == header | x !'- 0 || key_compare(KeyOfvalue() {v), key{yv})) {
z = create_nodelv)y; // FA—-1TEFTH

leftiy) = »: /7 EBRY v Y header B, leftmost() = z
if {y == header) {
root () = z;
rightmost{} - =z;
1
else if {y == leftmost(]) iRy ARETR
leftmost () = z; J/ B leftmost (), HEALERRAETS
}
else {
z = create_node{v); i EE-THTA
right{y) = z; [l AERARMEARZLTR vy BATVAR
i1f (y == rightmost(}]
rightmosc () = z; /! ®# rightnost (), HEEKEERELGTR
}
parenti{z}l = y; /f EEBR TR R
laft{z) = 0; /i REETANEFHA
right (z) = 0; i REFTREEFER

s/ W HENBEEE _ rb tree_rebalance() HWE (FFiEE)
__rb_tree_rebalance(z, header->parent);// B8 —hFHEVI, BHH root
++node_count ; J/ FEERD
return iterator(z); // BE—TERE, BRFENA

}

5% RB-tree (ERRUTHE)

AR, THRBATERE, BEM—KRAEEE, KRHRSRES
ﬁ‘% RB-tree H‘]EE}Zo_rb_tree_rebalance i) %Eﬁ'ﬂﬂlﬂiﬁ'ﬁﬁﬁq""ﬁk%%ﬁﬁ:

/1 2RER
7y BFHSHETE (AEHBREEME)
/) BB RERTE, 28N root
inline void
__Tb tree_rebalance { _rb_tree_node_base* x, __rb_tree_node_base¥%& root)
{
x-w»color = __rb_tree_red; 1 R A R
while (x != root k& x-sparent-»color == __rb_tree_red) { // RITANT
if (x->parent == x->parent->parent->left) { // LHEMBLNEZEFTR
__rb_tree_node_base* y = x-»parent-sparent->right;// Ay AT

if {y && y-»color == _ rb_tree red) { J BT ETFE, BAY
x-»parent->color = __rb_tree black; Jf BT AR
y-»color = _ rb_tree_black; /) Bl Aad
¥-=parent-sparent-zcolor = __rb_tree_red; J/ BT RN

® = ®-»parent-sparent;
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226 HBIE EHEAAR (associative containers )

}
else { // KLY A, SOLTERE
if (x == x-sparent-:>right) S MEFTEALTESZETHA
X x-sparenk:
_ rb tree rotate left(x, rool); // % -B¥ 5L
1
x-»parent-=color = _ rbk Lree_black; f UBBE
X-»parent-zparent->color - _ ro Lree_rod;

__rth tres_rotate_right (Xx-sparent-sparent, rooll; 7/ BB NAES
1
else | // HXYWRAMETEZHFTS

__rb trec_rode_base* y - x--parcht-.parent-=lell: //f Ay NIRRT

if {y k& y-»color == rb_tree_red) | o BT, BRn
x-s»parent-scolor = __rb_tree_black; ff R EARR
v-»color = _ rb_tree_black; ff ERA T e AL
x-sparent-sparent-scolor = _ rb_tree_red; // ESELITHALL

® = ®-»parent-rparent: [ EEMEL LERE
}
else [ // AR E, ERLTANE
if (x == x-sparent-s-left) { // WEFHEHALTEZATFHA

X = HK-=parcnt;

__rb_tree_rotate_right(x, root); B BB HEES
}
x-»parent-»coler = _ rb_tree black; [ & L)
X-»parent-=parent-scolor = _rb tree red:

__rh_tree_rotate_left{x-=parent-=parcnt, root); //f = G E T
}

}
} /¢ while B5H
root-=color = __rb tree_black: i RTERENE

}

EAARTREEE, RE 522 WTRMHEDS “mERMTHES" . MRRE
BN, FURHEAFAET SHA, FEAREMEIEE, o ZHIEs
(FREEs)  FUMRELN, RERRELR. THRLRATNAEEH:

/) EREH
Jr B AR, INEE AL R SR A, R R R, R
r/ HRERE (RBENTE, ZEFEL)
inline void
_1h_tree rotate_left(__rb_tree node base* X,
__rb_tree node_base*& root)
{
/1 x KB R
_rvh tree_node_bhase* y = x-sright; // %y AMESMAT IR
x-»right = y-»lecft;
if {y-=left 1=0}
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v-»left-»parent = x; F¢ BUET B D i AW A
V-sparent. = x->pdarent;

[y TRIE x MRBL CBAH x HEXTEMNERTEESEITIR)

if {x == root) fox ARYE
root = y;:

elge 1f (% == x-»parent-=left} /o ARXTEMEFT A
x-»parent.->left = y;

else fx ARATARETUA
®-»parent->right = v

y-=left = x;

X-»parent = y;

1

/1 ERA¥
JO T RBHAT A, MBEALZ LTARME NS, KERLRRRN, MR
J BBER (REERE, EEFHEL)
inline wvoid
_rb_tree_rotate_right! rb_tree_node base* X,
_ rh tree node_base*& root)

1w MREREE
b _tree_node_base* y = x-»left; // vy AEEANEFTE
x-»left = y->right;
if {y-»right != 0}
y-sright->parent = x; // METHIBREXTH

v =parent = X->parent;

/7%y TR x WG (BRK « AELTERXRTEEREGTR)

if {x == root] 1ox RRHA
root = ¥;

alse if (x ==z x->parent->right) 1fox REXTENE TR
x-»parent-»>right = y;

else i ox REATAMETFTR
¥-rparent->left = y;

y->right = x;

A-»parent = yi

THEEE PR FESERA K TRE re-tree I MLARENEE:

ff file: Srhtree-test.cpp
rb tree<int, int, identity<int», less<int> > 1tree;
cout << itree.slze{] << endl; f70
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O UTEETFREROERAH, BN <stl_tree. b7, 2= PHEE
LR ARG TR

itree.insort_unique (104 ; f1 _rhotree rebalance
itree, insert_unigque(?7); f/ __rb tree_rehalance
itree. msert_uniqueid); /f _rh tree_rebalance
ff  __th Lree_rotate_lefr
/{  __rb tree_rotate_right
jtree,insert_unigue(l5); /f _rh tree_rebalance
itree.ingsert_unique (s ; /i __th _tree_rebalance
irree,ingsert_uniquel(6); I/ b tres_rebalance
[l __rh tree rotate left
// __rh tree rotuate_right
itree. insert _uniqueill]; ff __rh tree_rebalance
/f  __rh_tree_rotate_right
Jf _rh tree rolate_left
itree.insert unigue(i3}; i __rb_tree_rebalance

itree, ingert_unique{l2};

cout <« itree.sizel) << endl; I
for{; itel l= itel; s+itel}

coub <« *jitel <= ' '; S/ 56 7 8 10 11 12 i3 15
cout << endl;

J/ ML EE R operator++ (! rb_tree_iterator_base::increment)

rb_tree<int, int, identity<ihr>, less<int» »::iterator
itel=itree.begini|;

rb_tree<int, int, identity<int>, less<int>’b::iterator
iteZ=itree.endf(};

__th_tree_base_iterator rbtite;8

torl; itel ‘= ilteZ; ++1ibtel) |
rhtite = _rb_trec_base_lterator(itel};
/7 WL, MEEE up-casting, ALRRE. K (ER5EN 2/ ET0F
cout <« *itel << '{' << rbhtite.node-scolor << ") *;

}

cout << endl:

g0 BB 5¢0) 641} 7(0) 8(1} 10(1) 11¢0) 1210) 13(1) 15(0)

[ 5-19 £ LR BFRENTERR, — &SR Re-tree HARKTHE.

T g, MBEEGE H, B SCISTL BAH, FEE&fFEEaS.

8 (b tree_basc_iterator 4% SGI STL AEREE FARYACEE . Il Il (T BEMAB T
EE6) , FUERFREAZ. YAXETSGEN, REEQIIA STL AR,
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TENET
RB-tree B—P_XWHEEW, nEMEIELHLTHE. IUTRE Re-tree
RAUEM £ina RE
/R RE WPREFHBAEAN c TS

template <class Key, class Value, class KeyOfvalue, class Compare, clasg Allocs

typename rb_tree<Key, Value, KeyOfValue, Compare, Blloc>::iterator

rb_tree<Key, Value, KeyOfvalue, Compare, Allocs::find{const Keve k) |
link_type vy = header; // Last node which is not less than k.
link_type ® = root{); // Curtent node.

while {(x != {}}
/1 AT, key_compare BTAREK/NEED. RMiZ4R function object.
if (ikey_compare{key(x), k)
/f ETRIREE, #ok x BEAT k. BRXERTELE
y = x, x = leftix); // HEEE:
else
Jf HITHRE, FR o« BEANT ko ARDMEREAE
x = right{x};

iterator J = lteratorly);

return {3 == end{) || key_compare(k, key{j.node})} ? end{) : j:
}
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XN
(e el ] andi )
LT A hecler begin() 1'-!'1."'14'-" — A hender
{ras! et fiveast |l |.IIH"|I'||||i'|'.|_ [Eraae A i
il Q .-'”---'- e ¥ E:}. o . .
Ir:,l'l' 7 _.-".. " \
| J I_.-" )
——— > | rosii) e —r
. header 3] rool . !
EnpEmiéss ¢ N S - i *
R —BTHE i 0 -ﬁ i
N C
i | K E J
s il il
L :
E Endi )
. *’ﬂmrr.'-r'r e :
pegini -"r Pl begin(] : A ey
.'m'r.'.hl'_lﬂ _.I#n'l.ﬁrerj.'J'Ir (st Wed R
o - ¥ r o — :
/ i, &« |
/ \  —ri_nres_rebalancei} i |
raat () _rh_tree_rovate_lefr() | R
—rh_tree_rmtate_rightl}

Il". J
A
4

HTm
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231
nd{ | andi ]
..-ﬁ|-|-.|u'|-| __"‘l"‘llllllf"
begini A bagind] .
e - demean |kt {rireid il ] { vl g
- - c ---- . . . .l-... -l ", "
NE mh 1G] ~ :
!. \ b rree sebalance il | Foal(] !
: | TR ARAEERE y .
- ] Tl /
o o9
i ik i @
{___,].'-"' endi }
o ekl
Esgnd ] §
{ rrverd e [l AR i
| H | T
__,. 4
roat()
|
r |
: : : : \ £ T ;
o, '\'.‘ ." I.\:\'.
a" o .\.é
A beggder el
kegin{} <7 i) :-l-;|1r-|:!r_ <" {1
{ et Mt famsaist Hieft
i e | mmniaii ekl i LT AT
- AN T P 2
e hy 4
rooti) __fhi_tree_rehalence() f raati] '.I
[ _ri_trie_rotate 1eftl) | ! |
| / J __Fb_tres_rotate_rightil] | o f
L ‘ ri Q #
!— ._.-l-. 1 R 1 ._.:‘ F .-'-
A T {B _ R bgavler
r Ll I:-:n'-rl-r:"||I ’ end{
| meeand lief?

s "‘--.,.rnnumlgﬁr ___.---" "JII‘I_I'f'-'JfIEI'r-'
Aegint) W . ~
ansr Wefd % ‘::.:' / '||
{ 1 | i roat{) .
[ . __ri_trea_rebalancel) | ’ J

j rh_pree_rofate_rightl} | L
: __rh_eree_ratate_lafel) % ;

[L]

n

ﬂ_ul.l'

3 o

xégb ;6

The Anmpdated 5TL Souroes




133 35 CEERHE (associative conlainers |

* faruder # ke
Eginll e | b imi } __-"l- end{]
(e et .-.-.'r.--:|||'|_¢.lu fmast feft
— ~-.. (st jriph
|:|P f 2 -.l'-\.\_.\.
2 L]
FoaEl h | 3 . I. roatld |II
: s |
A Ty TR0, = !FL'.-' nﬂ!‘"‘ [ f.-
9 .. |M|
5608 - é
bigind] . Fnrll:"

femces M - {mut it

* header
begin() - end{)
PP mosie g imoright

» ©

rb_gres_rebslance()
__rh_rraw_rorate_right () foati]
p, !

il 5.49 H;'J'f-:i#1||.7-H..15.5.b.n.|3.|:Mi:x‘r-.rza-wee. - M S,
UL BB ATE .S Srbtree-test.opp T MEEEE
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5.3 set

set MFFHE, FALRBLBELRKBALDHHT. set HAERE
map HREEUTLIRMFE KE (value) FRE (key) , set TEWBERLTH,
TEBERE. set RAFPAPTEAMENRA.

BRATOTLAEILL set FIEBNE set HXEMEE? Ky, HA set TREW
FHEME, X7 set LEMAFAMAN. WRTENT set TRE, STEEN
set AL, MEHETE sert BRBZPEHN, set<>::iterator BE X AR
RB-tree Ml const_iterator, HAAEA®RIE. HAEH, set iterators B —F
constant iterators (A T mutable iterators) .

set AT list HEAMHEEER. YFE A ECET o REFTEEL
{insert) HMPRIRIE (erase) B, BEZEHMHAEMRRE, FRIETRZEH
HRER. 4%, eMEMETENERFLRENF.

STL %5 % 8 #t 7 — 4 set/multiset M A HE, B H X &
set_intersection . Bk # set_union, #£ # pet_difference ., WHEE

set_symmetric_difference, HM. 6.5 .

1T re-tree B—MEE VHER, BiHFRRRB AR, TLURHER STL
set EILL rB-tree HEEYIHS. AT set FIHHKEMHEERED, RB-tree

WRMET, FLULFHAR set BiETY, HRREFRN re-tree KRET M.
FRE set BARATLRR, Hr IR L LA T — 1. A VAR B PRRE.

template «<class Rey,
class Compars s’ lesmeieyy, /7 BRERRT RRBRHEF
class allod®y @lloe-
class set |
public:
/f typedefs:

9 g1 RiRdt—#p) hash-table REEHHA set, fA hash_set, #5877,
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234 BSE LBAAHR (associative containers)

typedef Key key nLype;
typedef Key wvalue_type;
/¢ EE, DT xey_compare ¥ value_compare {8 — L5 si%
Lypedef Compare key_compare;
typedef Compare value_compare;
private:

/) B, DT identity EXTF <stl_function.hs, BHHE7 &, T WA
/*

template =class T=

struct identity : public unary_function<l, T- {

const Té& operator{) (const T& %) const { return x=; |}

Ve
*f
typedef rb_treeckey_type, value_Lype,

identity<value_type», key_compare, Alloc> rep_type;
rep_type t; // RROBR (RR-tree} X&H set
public;

Lypedel typename rep_lype::const_pointer poilnter;
typedef typename rep_type::const_pointer const_pointer;
typedef typename rep_type::const_reference reference;
typedef typename rep type::const_reference const reference;
typedef typename rep_type::const_iterator iterator;
/) EELE—Fr, iverator XN RB-trec M const_iterator, XER set M)
J/ ERBABROTEARE . XEAH set MR —ERFEH
fi ARFRPERELRTEARE
typedef typename rep_type::const_iterator const_iterator;
typedef typename rep_type::iconsh_reverse_iterator ravarge_llerakbor;
typedef typename rep_bype::const_reverse_iterator conal. revorso_izeralar;
typedef typename rep_type::size_type size_type;
typedef typename rep_type::difference_type difference_type;

// allocation/deallocation

/R, set —EHARE-tree f insert_unique() MIF insert_egual ()
// multiset AR RB-tree B insert_equali)

/7 ¥ set RAEHERETE. nultiset FRAFHRABEFE

pet(} : tiCompare(}) (]}

explicit set(const Compare& comp) : t(compl {}

cemplate <class InputIterator:
get {Inputlterator firsc, Inputlterator last)
t{Compare(}} { t.insert_unique(first, last}); }

template <class Inputiterator:
set {InputIterator first, Inputlterator last, const Comparek Comp)
. tilcomp) { t.insert_unique{first, last}; }

set {const set<Key, Compare, Alloc»& x) & t(x.t} {°

get<Key, Compare, Ailoc=a operator=({const set-Key, Compare, Allocsd xf !
t = ®x.t;
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return *thig;

A7 L RBRE zer BETRN, BRB-tree MER, MR scr HE4EEE BRI

// accegsors:

key_compare key_comp{) const { return t.key_compl); }
ff BV FIEE, set B value_comp() FEL RN Re-tree M key_comp(}
value_compare value_comp(} const { return t.key comp{}: }

iterator begin() const { return t.begin(}; }

iterator end{} const { return L.end{}; }

reverse iterator rbegin(} const { reLurn L.rbegin{); }
reverse_iterator remd{} const { return t.rend{};

bool empty{) congb { return t.empty(); ]

size_type size!) const { return t.sizel}; }

gize_type max_size() const { return t.max_size(}: }
void swap (cet-Key, Compare, Allocs& x) [ t.swap(x.f]; }

/{ insert/erasc

typedef pair<iterator, bools palr_iterator_hool;

pair<iterator,bool> ineert{const value_type& %] {
pair<typename rep type::iterator, bool> p = t.,insert unique(x];
return pair<iterator, bools>{p.first, p.second};

1

iteratur insert{iterator position, const value_types x) |
typedef typename rep_type::iterator rep_iterator;
return t.insert_unigue{(rep iterator&)position, X):

1

template <clags Inputlterators

void insert{InputIterator firat, Inputlterator last) {
t.insert uniguei{first, last};

)i

vold erape(iterator peosition) {
typedef typename rep_type::iterator rep_iterator;
{.erasefl {rep_iteratorzlpogitiont;

}

gize type aerase(const key_typed x} |
return t.erase{x};

}

void erase{iterator first, lterator last} {
typedef typename rep_type::iterator rep_iterator;
t.erase({rep_iterator&)first, (rep_iterator)last);

}

void elear() { t.clear(); }

// set operaftlens:

iterator find{const key_type& x) const { return t.find(x);: }
cize_type countconst key_type& x) const ! return t.count(x); }
iterator lower_bound(const key_type&k x) const {
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recurn L lower_bownd (ki
i
iterator upper boundccnst key_tvpok %) const
return t.upper_bound(x);
h
pair.iterator,itera-or.. egual_range {conat keoy_ Typek x) const {
renlrn, C.equal_range(x);
1
/7 WFRY__ STL_NULL_TMPL_ARGS BEY A <, HRE 2.5, T
triend bool operator== _ STl _NUOLL_TMPL_AKGS (const sets, const sets);
friend bool operator< _ STL_NULL_TMPL_ARGS {(const sebk, consl setk);
Y

template <class ®ey, <lass Compare, class Allocs
inline bool operator==(congt sel<Key, Compare, Allocr& x,

const. set«Key, Compare, Allocs=&k vy |
recurr x.t == y.t:

-

template =class XKey, <¢lass (ompare, class Allocs
inline bool operator<iconst set«<Key, Cconpare, Alloc=& X,

censt sete<Key, Compare, Allocs& v) |
return x.t < v.L;

TR — v set WAER:

{f file: Sgert-test.opp
#include <sets
$include <icgireams
using namespace std;

int maini}

{
int i;
int ials] = { 0.1.2,3,4};
set<int> iset (ia, ia+h);

cout <o 'gize-* << loet.slzel) << endl; /i 8ilze=5
cout <= "3 counb=" =~ iscb.counti{dl << endl; Jf3 count=1
iset.ineezrt (3} ;

cout <= "gize=" << igef.sizel) << endl; /) slze=5
coll << "3 count=" «<: Iset.count{3] <« endl; /43 count=l
iset.insertis);

cout <e “gize=" w« iset.zizel} <« endl; // slze=6t
couf << "3 count=" << iset,count{i} << endl; /i 3 count=1
izser.erase(l):

coLt <o "gizes" <o 1get.sizel) =< endl; ;5 oslre=5
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cout << "3 count=" << lset.counti(3) << endl; f43 count=1
cout <« "1 count-" << lset.counti{l} << endl; A1 count=0

set<int:>::iterator itel=isct . begin(};
setxint»::iterator itel=iset.end(};

for{; 1tel != ite2; ++itel)
cout << *31tel;
cout =< endl; 62345

f/ A sTL Bt find() ¥WIRE, ALIFHEE, DREYLE

itel = find{iset.begin{), iset.end{(), 31;
if {(itel != iset.,end(}}
cout << "3 found" << endl: S 3 found
itel = find{iset.begin{), iset.end{), 1):
if fitel .= izet.end{))
cout << "1 not found® << endl: /1 not feound

// EREERER, REERENREN find BEOERI AR, sH
/7 B SsTL B find() EAEE. AN ot B% find() REBFRT
itel = iset.find(3);
if fitel != iset,endf(})
cout << "3 found" << endl; /43 found

itel = iset.find({l};
if (itel == iset.end{)}
cout << "1 not found" << endl; // 1 not found

/0 EEERERNE sec K, BRABAIFK

*itel = 9: /{ error, assignment of read-only lccation

54 map

map MAHER, Bt iEHLRETENRESSIHAF. map MHHLR
#2 pair, ANAELE (volue) MBE (key) . pair BE—LEEMARE,
EoNRPWREAE. map FAFFA TEWAHRMNRE. THER<scl pair.hs
H ) pair & X

template <class T1, class Tz»
struct pair {
typedef T1 first_type;
typedef T2 second _type;

T1 first: ;7 HEE, B public
T2 pecond; /7 EE, ER public
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238 #sa LELESH (associative containers)

pairt) : Fivati(TL{)}, second|T2{}) {1}

paivfconst T1k a, const T2& b) : first{a)}, second{b} {}
1.

AT LA map RIENBHE map WARATY? NERBEETER
B, EXRAT, Bl map TEMERAEXET map TEMFAFM . H£EHT map
KEREHZMERE vap HY, EMEMESETRNIYE, BERATL, K
Amap TENTEFAZW map TRAEEFHRN. B, map iterators B2 --FF

constant iterators, AR —F mutable iterators.

map WA Vist AEHRKEER. 4FFENEET TRFERE
(insert) BB (erase) B, BAFZAMFGENE, ERFZHLIRHE
KRG A%, MR T RGBTSR RE 75

B T RB-tree & — MoV — WS EH, BEF R IRR A, BT DARHER STL
map RILL Re-tree /EREHE10. Mt T map BT LS & WEERET, rRe-tree tl
ST, BLLL TR map BIETT R, #RERTAR rRe-tree BIRIEST M.

B 5-20 %89 map RYSRH. TR map BIVHEHZ, HPEBREHT 1.

_/® header
begin() o end()
(most)left

—{most)right

.

root()

b |

® ©

B 5-20 SGISTL map LIZLEBW HEEVH, BITWEHHABER—1 pair
pair f1 5 — CEHW AHE (key) . B_LEKTEUNELE (value)

10 SGI T — ML) hash table NICEVUHIHT map, ¥4 hash_map, # 159 %,
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/7 EE, BT Key RHEHE (key) BE, 7%%HE (value) B

template <class Key, class T,
class Compare = less<Keys, /7 RERBARREERF
class Alloc = alloc

class map |

public:

/f typedefs:

typedef Key key type; /7 BMEE R

typedef T data_type; /7 BB (SEE) RF

typedef T mapped_type; i

typedef palr<const Key, T» value_type: // TEXH (%H/%HE)
typedef Compare key_compare; // BMEWE®RE

i BTEX—A functor, HEMBRRA "AELREE
class value_compare
; public binary_ function<value_type, value type, bools {
friend class map<Eey, T, Compare, Allocs;
protected :
Compare Gomp;
value compare{Compare ¢} : campic} {}
public:
bool operator() (const value_tvpe& x, const value_typek y) const |
return compi{x.first, y.first);
1
bi

private:
/7 MTFTENFERBY (representation type) . Bl map TERS (-4 pair)
/7 BIE—HR, R RB-rree HFEMHRAEART
typedef rb_tree<key_type, value_type,

selectlstevalue_tvpe:r, key_compare, Allocs rep_type:

rep_type t; // PMZIBB (RB-tree) I map

pubilic:
typedef typename rep_type::pointer peinter;
typedef typename rep_type::const_pointer const_pointer;
typedef typename rep_type::reference reference;
typedef typename rep tvpe::const_reference const_reference;
typedef typename rep_type::iterator iterator;
/¢ EBEE—F, map BAM set —H¥W iterator TX N RB-tree ¥
/7 const_iterator. BAEAFAPEIKEARBENTENEE (value)
typedef typenamc rep_type::const_iterator comst_iterator;
typedef typename rep_type::reverse_iterator reverse_iterator:
typedef typename rep_type::const_reverse_iterator const_reverse_lterator;
typedef typename rep_type::size_type size type;
typedef typename rep_type::difference_type difference type;

/¢ allocation/deallocation
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240 B8 LBINAH (associative containers)

/)RR, map —EMHHAKE RB-tree B insert_unique() T3 insert_equal ()
// multimap A insert_equal{()
/7 WA map ARHHREFT, mltinap 4 RIFHEBERT

map{) : C{Compare{)} {}
explicit map{const Compared comp) : tlcomp) {}

template «class Inputlteratcrs
map(InputIterator first, Inputlterator last)
: t(Compare(}) { t.insert_unique(first, last); }

template «<class Inputlterator:
map(InputIterator first, InputIterator last, const Comparek comp)
: tlcomp) { t.insert_uniquel{first, last); !

map {const map<Key, T, Compare, Allocs&k x} : ti{x.t} {}
map<Xey, T. Compare, Alloc»& operators{const mape<Key. T, Compare, Alloc=& x)
{

t = xX.t;

return *this;

// accegsors:

/7 BLFHiEN nap BTN, RB-Lree HORHE, map LERERMAMNT

key_compare key comp(} const { return t.key_comp(); }
value compare value_comp!) const { return value_compare{t.key_comp(}); ]
iterator begin(} { return t.begin(}; }
const_iterator begin{) const { return t.begin{}): }
iterator end(} { return t.end{}; 1}
const _iterator emd{] const { return t.end(}); 1}
reverce iterator rhegim(} { return t.rbeginf{i; }
const_reverse_iterator rbegin{) const { return t.rbegint); !}
reverse iterator remd(} { return t.rendi{}; 1}
const_reverse_iterator remd{) const { return t.rend(]; 1}
bool empty{) const { return t.empty{}: }
size_type size{) const { return t.size(}; }
gize type max_gize() const { return t.max_sizel(); }
/4 EBEETF T (subscript) BER
T& operator[] {const key_typek k} {
return (*{{insert{value_typel{k, T{J1})).first)).second;
1
void swap (map<Key, T, Compare, Alloc»& x| { t.swap(x.t}; }

// incert/erase

/i BT insert #AEEEKRIH
pair<iterator,bocl> insert{const value_type&k x] {
return t.insert_uniquel{x}; }
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iterator Insert(iterator pesitien, const value types x) |
return t.ingsert_uniquelposition, x};

H

template <class InputIterators

void ingert (InputIterator first, Inpullterator last) {
t.ingert_unique{first, last};

}

void eraga(iterator position) { t.eraseiposition); }
gize_type erage(const key typek x) { return t.erase(x); }

vold erasef{iterator first, iterator last) { t.erase(first, last}; }
void clear() { t.clear(); 1}

// map operations:

iterator findiconst key_types x) { return t.find(x); 1}
const_iterator find(conat key_type& x) const { return t.find(x); 1}
gize_type count{const kKey.typek x] const { return t.countix}; }
iterator lower bound(const key_typek x} {return t.lower_bound{x); }
const_iterator lower_bound{const key_type& x) const {

return t.lower_bound(x);
}
iterator upper bound{const key_type& x) {return t.upper bound{x}; ]
const_iterator upper_bound{const key_type& x|} const {

return t.upper_boundi{x};

pair<iterator, iterator> equal_range(const key_type& x) {
return t.equal_range(x):

}

pair<const_iterator,const_iterator:> equal_ range{const key_type& x) const {
return t.equal_range{x):

}

friend bool operators= _ STL_NULL_TMPL_ARGS {const map&, const mapk}:

friend bool operator< _ STL_NULL_TMPL_ARGS {const mapk, const maps!:

}i

template <class Key, class T, class Compare, class Alloc>»
inline bool operators==(const map<Key, T, Compare, Alleoc>& X,
const map<Key, T, Compare, Alloc=& ) {
return x.tL == y.t;

template <class Key, class T, class Compare, class Allocx
inline bool operator<(const map<Key, T, Compare, Alloc»& x,
const map<Key, T, Compare, Alloczk y) {
return X.b < v.t;
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IR — /R B R A

i/ Tile: Smap-test.cpp
#include <map:
#include <iostream:
#include «string>
using namespace std;

int maini(}

{
map<string, int> simap; /7 B osrring AEME. B int HLE
simaplstring(*jjhou")] o/ 1 HRAER ("jihour, 1)
simap{string{"jerry") i /P2 MNER (errvt, )
simap{string( i /0B 3 HAER (U jasont, 3}
simap[string ;o4 B ARABR (imayt, 4)

H

1
s bt b

]
"jason") ]
"3 immy ") ]

pair«string, int> valuef{string{*david"},5};
simap.ineert {(value);

map<string. int=::iterator simap_iter = simap.begin();
for {:; simap_iter != gimap.endf}; ++simap_iter)
coult << gsimap_iter-=first << ' !

<< simap_iter-zsecond << endl;

/¢ david

// dason

//oderry

/7 Jimmy

/{ Jihou

[ A S R TUINT |

int number = simap[string{"jjhou")];
cout << number << endl: fi

map<string, intx::iterator itel;

ff ENREAFS. MEFHEFRED find SBKAILE, 2K
/7 R STL B find() ERRE. @R sto Bk find() REGEFHEI
itel = simap.find{string{"mchen")};
if {itel == simap.end()}
cout << "mehen not found® << endl; /¢ mchen not found

itel = simap.find(atring("jerry"});
if (itel != simap.end(})
cout << "jerry found* << endl; // jerry found

itel-»second = 9; // FJRLET map BERABEEM "value" (not kev)

int number2 = simapistring("jerry"tl;
cout << number? << endl; ff9
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EEEAEAPE AN insert () KUK subscript ( NR) SAER I — L0t 8.
ISR insert ) HHLG

Jf HEBLTE insert $81F B AT 5
pair<iterator, boel> ingert{const value_type& x)
[ return L, insert_unique{x); }

WA T HIERARENE rRB-tree #] insert_unique() EHAT, Kt
T, EEENEEREMERME— pair, H-—-PMEREN—1 bool &
M, FEFRIEARDES, RIREENER#EHAGTESTE.

ET subscript ( Fi5) #{EF, AEAWH, TEFREEEH (AFTH
B, WUEEREEER (MERTHER) | A

mapestring, int- simap; /¢ M string ARME. U int HAE
simapletring ("Jjncu"yl - 1; // FiH=R

int number = simapl[string("jihou")l; // HiEEH

FEBAESEANERET. BEETA by reference fEEHAM.

FIEHNE, subscript B#ERFM TH, HEEREBRENDATE, BEITH.
b T R SRR AT

template <class Rey, class T,
class Compare = Ie§f<Keyos,
class Alloe = allod>
claas map ¢
public:
// typedefs:
typedef Key key_type: /i RA R R
tvpedef pajr<const Key, T» value type: // LEHS (BE/LH)

public:

Tk operater[] {const key_type& ki |
return (*{{ingsert(value_typelk, T(})}).first)}.second; // (&)

}

b ARERES, ERBEAH. §%. RESEMTAERH TR,

1 T[4 % {Meyersd6] # 5K 30: proxy classes.
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ATREARM, FEFTE - SRERNERKENR1Z .

value_type(k, T{)}

FREAREAD map Bl X

insert (value type(k, TO))

HARMERR 1 pair, EE-TERMERHE, EABAZINTLR,
HEMBARN S (BEER) MIBLE. BE, WRETHFREFERLEENR (&
ERRBENHAE) . ROEFL “TESE” HxEHGEFE WRT

RBEFEIAECH (ARErERERERLIE) | HEMNHAREREE
(flpair ME—TE (RMENS) BENBEFANELE.

B HATBAE ARMEATREIK pair RIS —LE:
tinsertivalud, rypelki T f)  first
XE-TERMEAS, AREEANTE. BE, BELENES:
* | (Lnwktt (valie_cypelk, Teifii-Fimat)
KAt map TE, - THBEMTELERE pair. REEZRE, AN
oA
{*{ (ingert {value_typelk, T{HI})«fiest)) . second;

B, ZTREM by reference H 4R, FLIEENEEREESTLL.
AR () ANREEA.

12 XEERAR LE), {84 STL B A (KA funcor) HITRHBIE. ERE 7.
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5.5 multiset 245

5.5 multiset

multiset BOEEMEELL RAIEA set E4HA, —WEINTTE AirEHEE
2, AREREABRBERZANZERNH rB-tree M insert_equal() MdE
insert_unigue(). FEE multiset FWRANESE, HEIY ry set Alg.24b:

remplate <class Key, class Compare = less<Rey», class Alloc = alloew
clags multiset {
public:
/4 tvpedeis:
{5 ser MR

// ailocation/deallocation
;7 T, multiset —EfEM insert_equal() MAEM insert_unique()
;1 set A insert_uniquef)

template <rlass Inputlterators

multiget {Inputlterator first, Inputlterator last}
t{Compare()) { t.insert_ecual{first, last}; }

template <class Inputlterator=

multiget (Inputlterater {irst, InputIterator last, const Comparek comp)
t{comp) { t.insert_equal(iirst, last); }

(KES set M)

// incert/erase

iterator imsert(const valuc_types x} {
return t.ingert_egual (x};

}

iterator imsert|(iterator position, const value_type& x) {
typedel Lypename rep_type::iterater rep_iterator;
veturn t.insert_equalil({rep_ iteratorklposition, x];

1

template <class Inputlterators
void lneerti{InputIterator first, Inputlterator last) {

t.ingert_equali{first, last):

(HES set HRE)
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5.6 multimap

multimap RIBHIRAES vap TR, B—-NENETEATREE
£, ﬂﬂﬂt’ﬁﬁ?fﬁ/\ﬁf’ﬁ%fﬁ&‘]%ﬁﬁmﬁ RB-tree A ingert_equal (1 L
insert_uniguet). FEAR multimap FEACTERE, HAW 75 map A [E.24b:

template <clase Key, class T, ¢lass Compare = lerscKey>», class Alloc = allocs
class maltimap {
public:
I/ typedefs:
(5 sec HRE)

/{ allocation/deallocation
/7 S, multimap —FEH incert_equal() MAHEM insert_uniquet)
/f map AfA insert_unique()

template <class InputIterators
miltimap (InputIterator first, Inputlterator last)
: t{Compare{l} { t.insert_equall{first, Tast); }

template <class Inputlterator:
multimap(InputIterator first, Inputlterator last, const Compared Comp)
: tilcomp) { t.insert_equalifirst, last); }

(E¥S map HE)
/7 insert/erase

iterator inserti{const wvalue_type& ») { return t.insert_equal (x); }
iterator lmsert{iterator position, const value_typek xX) {
return t.insert_equal (position, xi;
}
template <class lnputlterator:
void imsert (Inputliterator first, Inputlterator last] |
t.insert_equal({first, last);

(HE5 map HE)
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5.7 hashtable

511 fSrEAT AR —MER, 512 TAET N 7 — XMEN, 52
TR R ARA R T —Fg 22 AN TFE _XREWN: re-tree (ZLAR) .
Re-tree NUTEMTLH T4 L RIAHE, ERCERBMETHE K ERFH SN

P ©, Bz AR, WELY STL set Mmap b REN .

T EEMEANECE YA (logarithmic average time) )&% M, EIX KR
ntEE—ERE: BANBEESNENE. X -TEAHE-FHEH hash
table (BWF) MHEEH, AHEHERA. HE. BISRELECRE K
FOESONE " R W, TR IR G R, FRMEWA T RMTE.

5.7.1 hashtable iR

hash table WHREIMEMAEM (oamed item) HFFBURIEMMER RAE. &
FRENSES LM, 7L hashtable WAIHM K —FF BEH (dictionary) .
TR AEETRENENMEZ EEBE, % stack 3k queue M. Ely
TFRLERFAERMESR, BRARMEETIEZ», TAEA EEm, 238
L@ EME SR,

Bl ARR.

BAAF, MBHANTERTR 16-bits AW HSHER, EH 0~65535,
WL HE A~ array BATLIBE LAE. 5EEE—1 array &, 115
65536 ML E, BIBH 0-65535, WELTN o, WA 5-21. B-ITERERR
MW RTINS, WREATE i, RITRRT ari1++, WRBBIR 1, &
TR F A --, WREITE 1, RIBEE A0 BTRO. PLLEKE-T]
Ve B ARl R B BISRA (overhead) £ array B97%5 HIFIHI FLR 1] .
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hashing 5
hashing 8
hashing 3
hashing 8
hashing 58
hashing 65335
hashing 65534

1) | 2| |31 Fi1]1

#O ¥1 #2 #3 B4 OKS HG X7 #8 #9 ... #58 #59 #60 ... #65535

6 521 MMEFHFHALEEHE 16-bis B RFTIENSHRES, ROTU—-18E
65536 T ALEM array 2, ¥{ELHER 0, P AEECERE TENHMRE.
TR, FTEREA. Wk, B3, BTRESELRETHTE.

ENMBEFERIRIRE. -, MPEILER 32-bits ME 16-bits, FTI
AN array a MADRATE 27 = 4GB, RMABAYZR V. £, WE LK
RISEFHS (AHRY) MEER, BXEgEREY array HE3,

FEAEE (CRT R AR, RAE 1234 BRMUERT 12,34
MR —#, FHE jjhour BEFEMN 509 v, e, w ML BB, B
B 1234 B 110%+2+10%3% 10044+ 10°, RMNBALEEREL, B 7H
LA~ 7-bies EERFR (EFE ASCITHRIN) , NWHEFEFR «jinou EHA:

jrR128% + 1 jrr128° 4 he*128% o' %128+ rurrl28f

FRERMW array SEERWERT "TREIANTHS" HHEMT. AL
HALA, BHREFERFEFEROBE. 1inou HIRSIERE:
106+128% + 106*128° + 104*128%+ 111+1281+ 117*128° = 28678174709

FRAYER 7. E LN FFHAS FHE KWETE R P38 — MW
array MK/,

I G fd B -- A KETIBR array W7 Ak —RURAE FRFRIRET AT,
WARME AN, AFEE-TRUH - CRATEZZETT . EHE
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5.7 Thashtable 249

oK KPR 0 hash funceion (BN EEE) . BN, il x RAT &, Tablesize & array
KA, W wstabiesize 2/ - MER, HBE 0 - Tablesize-1 Z[A], HH
fERER (MR array) MES].

{£ 7l hash function &% -MAlME: WA ARNTEREERMMNLEE
(FREEMRMRSD . AR, BATETRAT array H8. ZEEHR
1889 “REWE (colliston) ™ (o] . FESLIN MR RAY T LA T 28, AL EN (inear
probing) . ZIAFM (quadratic probing) . TF#% (separate chaining) ---FM%. &
FAERRES, FHHNHEEFHA—SF array HEBEEHRRXNRE.

HMEM (linear probing?

BEERITANA—A &1 A (loading factor) . EETE L
FHFA. ARRBGKEE 0~1 ZE—BEFATFHE (separate chaining) K,
Gik.

% hash funcion WWEHEALENEANLE, Mi%VE LNZEEAETH
6f, RIINEELL? BRANAERRBEFET - — FR (WRIRER, UK
P Ak IR, AR AT AEM AL, RERE (Gl array) 28X,
BEEREI - MESIMNEE, QRELLPHERBERT . FOERT
WiERT, HBEMAMRE, f0F hash function HHEIBRMOUE LT RESRNHEF
HEFAR, RBFET——F&, HEKRYGE, REHNBLTRTR. ETX
HOME, DERABEME (azy deletion) 13, AER FAFCMEICS, S
RSN EHEE (rehashing) WEHT—XEHE X bash table PRy E—
T REAMBACED, LRARILCTENHT.

] 5-22 R RS — T XH.

13 EFH % [meyers96) iteml7: Consider using lazy evaluation.
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Linear Probing
hashing 89
89
hashing 18
haShng49 FO #1 #2 ) B4 OEY K6 HT7 B8 #9
hashing 58
hashing 9 181 89
20 #1 #2 #3 B4 #5 #6 #7 48 49
45 18| 89

#0 #1 #2 #3 #4 #5 ¥6 #7 #B #O

49138 1889
#0 #1 #2 83 #4 #5 H6 T #8 49

49(58| 9 18| 89
B0 H1 #2 #3 #A S WG AT B K9

B 522 ZHHEW (linear probing) . HKFHEA 5 TLE, aray HENR.

EATERENHFA, FERMEL: (1) RBREFK: O FPORES
Wi, ARBEZT, REOWAZAEEHESRE, FARLMNELE ¥R
i, REEMBAITEENEREERERET, TERpRHELREEE. HRbE
EREABERLTRE.

SXFEHAF RS, B2A 522 KRGS, RIEFTEE hash function K
HEZGEBEAENE #~47, TUEE &~ 47 ALATERER, BAVE
¥ AEEE-FE. BAER, HTERER 89,0123 REE 4, ok
R BL FTEMERL 48 s, 6, 07, f2RFERENE #4, J #5,
d 46, o #7 L. XBHEEREET —ANE: FOEARFHERERL, TRT
FRERWREEE. XHOINEE hashing ARG EEE (primary
clustering) . WHMERNFLANE--KACHEALNFH, HAREREAHE
18R FERRGETFRE BT, REBEMERNE, BEAS1ES, BEY
LB T 2 RBIEITER.
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ZRBEM (quadratic probing)

THRFEMEE R =4 (primary clustering) B, HEArZHRER
HEREEAENTES o = 8 BRI ER. FHRARE, MR bash
function WREFHLEMME R 1, MEMETRECHEH, BABIRKFE
& oael?, we2?, meat, medt, L, pelt, MARGEHEMIERFEM e, ve2,
H+3, Hd, ., Heio B 5-23 FORED R UCENR — 256,

Quadratic Probing
hashing 89 ”
hashing 18
hashing 49 ~ #0 ¥1 ¥2 #3 #4 #5 46 #7 #3 #9
hashing 58
hashing 9 18| 89

F0 #1 #2 #3 4 #5 #6 #7 #8 #9
49 18| 89

#D KL #2 #3 #4 BS #6 HT #§ 49

49 58 181 89
#0 O #1 42 #3 #4 #S #6 AT #8 ¥

49 589 181 89
BO O BL B2 43 M4 WS 46 #7 #8 #9

8523 ZWEWM (linear probing) . KFEEA S MR, amay WER.

Z IR R — LEE

o SEBENETRENNEARE-MRARANEE, ZKENRERRERLE
W RENERBRSRIENRRR ZPERA X, BARIMEA X
RERS R

o AHERUBROEEMERLGE, TKRMENEARARS. BRESE
RITRE AR K X8 TR

o FREHEME BN, YRR AN, RRETREITAK
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FENE, MRKIHRRRRKDRER (prime) , T HAGERIEARER
05 AT (BHBiRdE 05 gEFAEHERERRE) , Baglishe
BEA-THLTRTTENFEUREARZT 2,

ETEARRENMA, -REREHAE: BOLENE, SEFEMH. R
N3 ROEM TR, FRRR Ry 56820 TR I 2L,
ARG, BARE, SERFTRENE Mg nD . MR OB
RERERERAL) , Uk MEFHZHEE (AUREEL) ZKRNEE
MR- (K -1 B0 L AR R D, Bk MR-
mod EH. ARRBEEALBRZE. RAUIPEDE-LAFTT, JLlzksa
F B e LB s

H‘i = H:l, + i_z (mOd M}
H ., = H + (i-1)%{mod M)

B 5

- H,, = 1% - (i-1)7imod M)
= H;j., + 21-1{mod M)

B, mMRHNESLH - HERTE T - HE, RAFERTZRF
FRENEET. BREEFE—AFE, BFERL2, ALABA (bit shift)
HREFEH. £T mod B8, REAHERARE (FLK) .

RG-SR array MK, BEREH, §ROERE T —HFMME
B (KAFE BRE, REOHHEERBER (rehashing) WRF—EN,
AU AEFRH A AHHENTD, RNLARROEETRE - 2F, WEHE
FRETHLR, BRFEANFERT,

ZURIEIIET DL T S8 0 ( primary clustering ) , #17] 8 & 1% ik S A ( secondary
clustering) : M JL &% hash function HEH FMIEZHRE, WAL
B G R, EREMR B FRREANIEYREHE, AT (double
hashing) .

14 ERERREHEME, BENEXERREE @, FCHEREERTRAE.
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5.7 hashtable 253

B ANERAN RN EE LR, R, PR R s R
F*, BEWE., CUHEMGRERRE.

F i (separate chaining)

W5 ZXENETERILY, ST (separate chaining) . iX
MHERAB - MR TEPEP — list: hash function HRTSEE--A
Tist, REBRITERS Vist 5 LRTLENEA, B3, HERS8E. 3R
Tist MATHE T REL—FRERE, R Vst B, EETRBR.

EHRARFE, EROOBRERELRT 1. SGI STL F hash table EEX
Aixfhifis:, MREAFANIETA.

5.7.2 hashtable B8 (buckets) S AT (nodes)

B 524 RLIFFHEE (separate chaining) SERE hash table HEERRK. X
TS SGI STL RAHS, FEIE SCI M&rE, fR hash table REAWI TR AN
T (bucket) . WAHMKRAT LR, ERANETET, BENARRIMTA (G
), RAWEE— "H# T

buckets vector

[ . ’ . [
iterator 2y L L
i —p frJ Lopi [~
e op oy | node
bucket list

B 5-24 T4 (separate chaining) $55EALNY hash table. SGI BRI,

Tl hash table BV EFE ¥:

template <class Values
struct _ _hashtable_node

{
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254 FIE LHARS (associative containers)

_ hashtable_node* next;
Value val;

i

Ak

IX# 1 _ hashtable_node object

A&, bucket FTAEIPH] linked list, KM STL & Tist & slist, WREBE
17 AR hash table node. =F buckets S, ML vector (4.2 1) T,
DEHHEY TS, BGT hash table HIE XAAFRINTUBEERDL— 4.

5.7.3 hashtable BUI%4038

AT hash table iB{C2HIE N

template <clagsg Value, class Key, clasg HashFen,
class Extract¥ey, class EqualKey, class Allocs
struct _ hashtable_jteratoer {
typedef hashtable«<Value, Key, HashFen, ExtraclKey, EqualKey, Allocs
hashrable;
typedef __hashtable_iterator<Value, Koy, HashFcno,
ExtractKey, EqualKey, Allocs
iterator;
typedef _ nashrable const_iterator<Value, Key. HashFcm,
BxtractKey, EqualKey, Allocs
const_iterator;
typedef __hashtable_node«vValue> node;

typedel forward iterator_tag iterator_rategory;
typedef Value value_type;

typedef ptrdiff_t difference type:

typedef gize t size_type:

typedef Valuek relerence;

typedef Value¥ pointer;

node* cur; Jf ERBHWEZ Y
hashtable* ht; // REMESNEEXR (AHTHEFEMN bucket BE bucket)

__hashtable_iteratori{node* n, hashtable* tab) : eur(n), ht(tab) (}
__hashtable_iteratori{} {}

reference operator*() const { return cur-»val; }

pointer operator-»() const { return &loperator*ii); }

iteratorg operator++();

iterator operator++(int};
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3.7 hashtable 255

bool aperators=={const Ilterator& it} const { return cur == it.cur; }
bagl gperateor!={const iteratork it} consl | refurn cur ‘= it.cur; }
b

HE, hastrable BERFLTKEREZFSE DT “buckers vector” MX K,
FERB ARG WA, HAHRERT BN E e M AR, slE—1
g (HE), AFHEEZET 1ist A, FUMAT SN nexe HHNTES
BRI EE. MEBMTEESE list HES, HET -1 bucket & £,
FREET -1 Vst BLHEWE.

template <class V, class K, claseg HF, class ExX, class EgK, class Ax
__hashtable_iterator<V, K, HF, ExK, EgK, A=&
__hashtable_iterator<V, K, HF, ExK, EgFK, A>::operator++()
{
conet node* cold = cur;
cur = cur->next; /7 MEHE, BT, FUHEART (£ 0F
if (tour) {
[/ BETEE, EMET—1 oucket. HBLGKERINE i
size_type bucket = ht-sbkt_num{old-»>val);
while {lcur && ++bucket < ht-»buckets.size{)} // EX. operator++
cur = ht-sbuckets[bucket];
}
recurn *thisg;
i

template <class V, c¢lass K, c¢lass HF, class ExK, class EgK, class A>»
inline __hashtable iterator<v, K, HF, ExK, EgK, A»
__hashtable_iterator<V, K, HF, ExK, EgK, A-::operator++{int}
{

iterator tmp = *this;

++*this; // A operator++()

roeturn tmp;

}

#iEE, hashtable ML BRFGIBHRAF (operator--(}) , hashtable
%A E R &8 (reverse iterator) .
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256 B5E LEXEE (associative containers )

5.7.4 Thashtable BIEIREH

THEA hashtable FE XHE, KPR K duckets &L vector i,
LIRS A8 %,

template <class Value, class Key, class HashFen,
class Extractley, clags EgualKey, class &?f&¢f&@éi§qﬁ;
class hashtable;

L A

template <class value, class Key, class HashFeon,
rlass ExtractEey, clags EqualKey,
ciass Afloe> // RHISEHM, B4 T alioc Bk alloc
class hashtable
public:
typedef HashFcn hasher: // A templare HHEHEHRE L - EK
typedef Equalkey kev_equal; // B template MPEREFEX -T2
typedef size_t size_tvpe;

private:
ff WF=#8E function objects. <stl_hash fun.h> HEXHEA
j/ SRERIY (W0 int,c-style string F) B hasher
hasher hash;
key_equal equals;
ExtractKey get_key;

typedel _ hashtable_node«Value:> nodco;
typedef simple_alloc<node, Allcc» node_allocator:

vector<node*,Alloc> buckets; // Ll vector T
Eize_type num elements;

public:
/¢ bucket BN buckets vector RJAM
size_type bucket count () const { return buckets.size(); }

”
hashtable WHUREHIRY%, Wi

® Value: FAMTER.

® Key: WRERENS.

® HashFcn: hash function fIERHH 5.

® ExtactKey: MWW EFRHBENTE (BBEFEY) .
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5.7 hashtable 257

® EqualKey: filr AR SRAAE (BRHEHRED .
® Alloc: ZHEEAS, BEEH std:i:altoc.

MR STL WEMRZEENIN N, AXERSHEANSH. Mkl
— PR EF SRR ENMEE Al AR PP AR hashtable. 5.7.7
) <stl hash_fun.h> EXAYPIAS bash functions, 247 (7R
BENE7E) . EE, LR RSN, BI1H hash function BIHHTEME (W0
A 7 52 bucket £ B ) B K ¥, SGI #HXTEFR T pkc_nue (), HERA hash
function Bt 18— LAAAT modulus (B ZEMME. #MiEHEE “HRETR
B KiEEN, KLBRER K.

B SR FFEEHE (separate chaining ) 3R B RFR K NBHUNEE, (H SCISTL 1
SRR ER O, FHAY 28 MRE (EHEARAWENLR) HH
i, DIgHeE, BEHLE - EE, FEEemy 28 MEEZY, CRER
HEHRTREE HHR

// EE: Bi# long EVE 32 bits

static const int _ stl npum primes = 28;

ctatic const unsigned long _ st]l_prime list (| stl_num primes] =
{

53, a7, 193, 388, 769,

1543, 3079, 6151, 12289, 24593,
49157, 38317, 1964613, 353241, 786433,
1572869, 3145739, 6291469, 125829817, 25165843,

50331653, 100663310, 201326611, 402553189, BOL308457,
1610612741, 3221225473ul, 4294967251ul
b

f7 TR B 28 AFKZH, BREEHRT n KR RE

inline unsianed long __etl_next prime(unsigned long n}
{

const unsigned long* first = __stl _prime_list;
const unsigned long* last = __stl prime_list 4 __stl_num_primes;
const unsigned long* poa = lower_bound{first, last, nj;

77 BLE, lower bound!) EEMHZE, LE¢E
s/ B lower bound(), FREESERF. BRE, tAGACHF

return pos == last ? *{last - l} : *pos;

/7 BRI £ buckets, BAFH bast_table #—4 member function
gize type max_bucket_count () const
[ return _ stl_prime_list({_-stl_num primes - 1]; }

/7 HEWN 4294967291
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258 F5E KBEAAESH (associative containers )

575 hashtable HI¥IESAGTER

£~ hashtable & LXHEHAT - SRENT ANE -

typedef simple_allocenode, Allocs node_allocator;

THETARERT SV ARERE.

node* pew_node (const valuc_typei ohil
1
rode* 1 - node_allocator::allocate{);
n-=next = 0;
_ STL_TRY {
conslruct (&n-~val, objl;
return n;
I
___BTl_UNWIND(node_allocator::deallocate(n)});
1

vold delete_node {node* n)

{
destroy (&n->vall ;
node_allocator::deallocate(n});

}

WA E B HE - - F 501 SR hash table BIF:

// <value, key, hash-func, extract-key, egqual-key, allocator=
/¢ B hash table BAMEWN default constructor
hashtable~int, int, hash<int»>, identity<int=, equal toeint=, allocs
iht {50, hash«<int»(}, equal_to<int=(}):

cout<e< iht.size(} << endl: /400
cout<< 1ht.bucket_count(} << endl; J/ 53, oTL B#tmE- -Fi¥
FikiE SR AT RS R

hashtable{size tvpe n,
const HaghFeonk ht,
const EgqualkKeyd: egl)
: hagh(hf}, equale{eql), get_key{Extract¥ey(}), pum elements{l}
{
initialize_bucketg{n};

}

void imitialize_buckets|size_type n)
{
const gize_type n_buckets = next_siza(n):

s/ Bl A 50, BESI. NTEARTE 3 A EDR, REHELTHC
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5.7 hashtable 259

buckete.reserve (n_buckets) :
bucketse. insert (buckets.end(), n_buckets, {(node*) 0};
num elements = 0;

}

HPW next_size() EEREELE 0 HFXT 0 HHEE

size_type next_slze(size_type n} const { return _ stl next_prime{n}; }

MG A buckets vector REE[E, it EFH buckets RIHTE N 0(null 1§5) .

FHEANRAE (insert) SRBEE (resize)
LUEPIRFHEATE (14) 1.

iht.insert_unique(59};
iht, insert_unigue(63);
iht.ingert_unique (108} ;

hash table Wi &HTLUT B1E:
tr BATE, AFER

pair<iterator, bool> insert_unique (const value_types cobjl

{
resize{num_eslements + 1}; /7 A REREEERRE, IEERTR

return insert_unique_noresizef{obil);

t

7 MTERHNETRETEXN, WRAFE, vHREE. NRFE, dF--
template <class V, class X, class HF, class Ex, class Egq, class A=
void hashtable<V, XK, HF, Ex, Eg, A»::resgize(size_type num_elements_hint)
{
/BT, ‘EBRERSE” HHERUENTE, REXRME (EHEEREHAR)
// bucket vector BIA/IEH. MEMNEXRTEE, HEBZXH
// BEATHE, 549 bucket (list) MBEAFTEM buckets vector MK/HE
const size_type old n = buckets.sizel);
if (num elements_hint > old_n) { // BEEMRETIFALE
congt gize_type n = next_size(num_slements_hint); /i BET ¥
if (n > old.n) {
vector<node*, A» tmpin, {(node*) 0); // WMHH buckets
_ STL_TRY { -
/¢ LB - MHB bucket
for (size type bucket = 0; bucket < old_n; ++bucket] {
node* first = bucketsibucket]; // RV EHMNZ BITHERTA
7/ AT E —4IH bucket F& (8 HE-IMTR
while (first) { // BVTERZHRE
/7 AT RE T AEEE— T8 bucket W
size type new_bucket = bkt_num{first-»val, n};

/1 UFEARIE SR
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260 B5E LN AR (associative contyiners )

A0 (1 % backet fRPIRARIRZ BT T — WA (DIEEALHE)
buckets [hucket] = firvst--pext;
AL2Y(3) BRI AE A EE bucket W, AUBHMWHITRIE R
filrsl-»next - tmp(hew bucket |;
topinew_hucker] = flrst:
£/ 14 EHIE bucket BiiffmAmaiT, HELH r—-rTA
first = buckets[bucket];
}

)

buckets.gwapitmp); /s wector::swap. %ﬁ””ﬁjﬁ buckets AT

v RE, BEATRRRAAN, KNSTER, AHEER

dF B Jocal top FAFF

}
}
}
!

f BERFERERNELTEARTA. BEANTER
template <clags WV, class K, class HF, class Ex, class Eg, clazs A-
pair<typename hashrable<V, K, IF, Ex, Eq, As::iterator, bools
hashtakble<V, K, HF, Ex, Fg, A»::insert_unique_noregilze{consl value_type& obj)
{

congt size_type n - bkt_num(obj}- /f HEobj BT #n bucket

node* first = buckets(nl; // ¥ first 1 bucket X ZETHEE

/¢ TR buckets[n) UEEM, W first ¥E R o, TEEAL VIR,
s/ R bucker FRAMAETEE
for {node* cur = first; Qur; cur = Ccur-»nexc)
if lequals(get_keylcur-»val), get_key(okjl)}
Jp IBREMEEAPHERERT, KAEA, LHEE

return pair<iterater, bools{iteratoricur, this}, false};

() B EES (RREREAER) B, first 180 bucket FTIEEEFE AL AL
node* tmp = new_node{obj); /f EEFES

tmp-»next - flrst;

Luckets[n] = tmp; BT ERNEENE T A
stnum_elements; J1 TR EEm L

return pair<iterator, bool={iterator(tmp, this}, true);

BIAK resize) WP, WELE, REWHRBETELE. BIEMENT,
HTHES5-25%.
/7 110 IR bucket JEPEITAEZSERE N —PFE (DUEE L)

buckets [bucket] = [irst-=next;

S 02) (1) BATET Y A AF vucket A, &ﬁﬁﬁuﬁﬁm% Ol
firat-»pnext - tmplnew_bucket];

tmplnew_bucket] - tirst:

/7 14) EHIH vucke: FRiSfsabEstE, HELRT A
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5.7 hashtable 261

buckets[ | tmp ] 455

e[ []
|

first % _ 4
.'—Ir!|
. |
| 55 2 108 152

o _‘._'

5 | 152
55 Log] ]| =

E first™ ._H‘._L,.H ‘ | i-H |

i“'
e | |
el e

B 5-25 FRERBESR. AEFEAME nashtablecTs::resizel) WH
7Y%, BEMN buckets(} 2/HHFH buckets, BAK top[) £FHE buckets. B
BLBEIHE A buckets Wi, # buckets() B TEHRIEM top ) HERE.

MEZPRPATHRB -FFAFEATS CRHER insert_unique, 1R

insert_equal} :

iht.insert_equal{59);
iht.insert_equal {59} ;

TR BRI T
/ wATE, RIFER

iterator ilmeert_equal({const value_type& obj)

{
resize{num_elements + 1); [ HREEE A SRR, NEERY R

return insert_egual_noresize(oki}:

}

The Annotated STL Souirces



262 B5HE LHAAEE (associative containers )

M ERFEREERRNEN THEAFY Y. BEATER
template «<class V, class K, class HF, class Ex, class Bg, c¢lass A»
cypename hashtable-V, ¥, HF, Ex, Eq, Ar::iterator
hashtable<Vv, ¥, HF, Ex,
{
const size_type n - bkt_numiobj}; // HE obl M{ET #n buckst
node* first = buckets(nl; // % tirst 3MA bucket W ZEHELI

Eg, Ar::inBert_equal noresize(const value_type& obj)

s¢ W buckets(n] B#EH, W first 7K 0, TEEAL FHIF,
;/ Eil bucket Fr¥WHIEAHE

for {node* cur = first; cur; cur = cur-snext!

if {egualsiget_key(cur-svall, get_kev{obi))) |

A MBRBSHRPHEREMRRA, KIS LEA, R5EM

node* tmp = new _node{obj}; fTEEEYA

tmp-»next = cur-rnext; ff BEAEHATHNOE

cur->next = tmp;

++0UM_&lements; S WATERL

return iterator(tmp, this); /BB —ERME, TRERRET A
'

f¢ RN, RrBARTERORE

node* tmp = new_node(abi); fr TR A

tmp-s>next = first; ff BT REATEELE
buckets[n] = tmp;

++num_elements; ff TEAERN

return iterator(tmp, this); // ®E—PEAR. HOHED L

FIMAEBER A (bkt_num)

EHEFABEAERAERERER T L REEHTH— 1 bucket 2.
XA KA bash function ML, SGI LA MEFBET —Z, TA&HE bkc_nun()
%, FHMERIAA hash function, B1§--0] AT modulus (HUE) BHH
W, AAERAH? RAFLTREYNTEHZEERX hashtable KK/
FEER, AMEFERS const charr, ZRERNTFEM - LEH. THR
pkt_num¢) R, 5.7.7 I SGI MEMTA hash functions.

/) KA 1 BFEME (value) Hbuckets T¥

size_type bkt numiconst value_type& obj, size_t n} const
{

return bkt _num_key {get_key(obi}, n); // BRNE 4
}

J/ WA 2. HEEEE (value)
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size_type bkt_pumi{const value_tvpe& objl const
{

return bkt_num key (get_key (chj)}; // ARMA 3
}

/0 RA 3 RESEHEA
cize type bkt_pum key{const key_type& key) const
{
return bkt_num_key (key, buckets.size{l); // AL 4
i

/4 WA 4 ERBREM buckets TR
gize_type bkt_num key(const key_type& key, size_t n) const
{
return hashikey) % n; // $GI HFHMNEN hash() #1)5.7.7 %
}

B4l (copy_from) FEEMER (clear)

i F#A hash table H vector Al linked-list A&, Hit, ERHABHE
e, HEETEAEENENRREE, T2 hashtable S K -5 H

template <class V, class K, class HF, class Ex, clags Egq, class As
void hashtable<V, K, HF, Ex, Eq, A»::c¢lear()
{
/7 HBE— bucket.
for (size_type 1 = 0; i < buckets.size(]; ++1}) {
node* cur = buckets{i]:
/7 ¥ bucket list PRE—TAMERE
while (cur i= 0} {
node* next = cur-=next;
delete_node{curi;
cur = next;
H
buckets([i] = 0; // % bucket WAAN null {25
}
num_elements = 0; // FAWETHNIO

/7 BB, buckets vector FEBHMENE, MMEARKKA
}

template <class V, class K, class HF, class Ex, class Eq, class As
void hashtable<V, K, HF, Ex, Ea, A>::copy_from{const hashtable& ht)
{
)/ %W HH buckets vector. XBAERFM vector:iclear. BEAIALENXO
buckets.clear(};
/7 HEFH buckets vector fRHE. #5953 R
J/ BB FEEKL PR Y, BARS, MESHERNHEY, BalX
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264 F3E KBEAZE (associative containers)

buckets. reserve (ht .buckets.size(});
/) MCHM buckets vector BWFlE, BAnANE, HEN null #H
t/ EE, K buckete vector A%, FFUERES, #2&la

buckets. insert (buckets.end{), ht.buckets.size(}), {node*) 0);
_ STL_TRY {

// ¥ buckets vector

for {size_type 1 = 0; 1 < ht.buckets.size{}: ++1} {

{7 Bl vector WB—TRE (£ 1984, 1§/ hashtable ¥ A)
if (const node* cur = ht.buckets[1]} {

node* copy = new_node{cur-»val);

buckets|i] COpY ;

W

1

/¢ FHE— bucket list, BB 4TS

for {(node* next = cur-»next; next; cur = next, next = cur--next)
copy-»next = new node (next-»vall;
Copy = COpY- >next;

1

'
num_elements = ht.num elements; // BEEFN AR (hashtable AN
}
_ STL_UNWIND{clear{}::
}

5.7.6 hashtable ZFE3L{HY

SHIA bash table BYLELHMTEN, CERTHAMTET ~BEFFR
BF. TEHR—2EH%H.

/¢ file: Shashtable-test.cpp

SR EPBBFREEE S A <stl _bhashtable,hs, WiZ& AH F3l hashtable
{/ BERLVHE, FIIT <hash_set .h> B <hash_map.h>

#include <hash set> // for hashtable

#include <iostream-

using namespace std;

int main{)
{
// hash-table
// evalue, key, hash-func, extract-key, equal-key, allocators
// note: hash-lable has no default ctor
hashtable<int,
int,
hash<ints>,
identity<inks,
equal_to«int=,
alloos
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iht {50, hash<int>(},equal_to<int>{)); // HEMRE 50 4 buckets
coutes 1ht.size{) <<« endl; ff0
cout<< iht.bucket count{) << endl; /7 53, AR orL HEFHNBE TR

cout<< 1ht.max bucket count () << endl; // 428549672851
/1 RE sl ERERE— TR
iht.insert_unigque{59};
iht.insert_unigque(63);
iht . insert_unique (108} ;
iht.insert_unigue(2};
iht.ingert_unigque{53};
iht.insert_unicue(55};
cout<e iht.size(} << endl; // 6. IH hashtable<Ts::num_elements

// MUFBEB—4 hashtable FHAH

hashtable<int,
int,
hash<int»,
identity<int=,
equal_to<ints,
allocs

ititerator ite = ilht.begin{);

/7 PhERSR N hashtable, WHTH Y S MEITHHE

fortint i=0; i< iht.sizel)l: ++1, ++ite)
cout << *ite << ' '; //f 53 55 2 108 59 &3
cout <<« endl:

;7 BRI buckets, MRHAFEMFRR o, BITHBHAITH

for{int i=0: i< iht.bucker_count{):; ++i) {
int n = iht.elems_in_bucket {i};
if (n !'= 0}

cout << "bucket[" << 1 << *] has " << n << " elems.” << endl;
1
/7 bucket[0] has 1 elems.
// bucket[2] has 3 elems.
// bucket[6] has 1 elems.
// bucket (10 has 1 elems.

;7 WTHKIF “bucket (list) MHABRE buckets vector A" (ZRM
// hashtable<Ts::resize() BHMHER) , RABRTEME 54 1,
/! BEREEEY “EHER (re-hashing) ~
forfint i=0; i<=47; i++}
iht.insert_equal(i};

cout<< iht.sizel) << endl; 7t 54, R (FE) TR
cout<< iht.bucket_count{} << endl; /¢ 97. buckets ¥
/7 RIFIFAE buckets, MERTEAEAFN 0. BITEHH 4

for(int i=0: i< iht.bucket_ count(}; ++1)

int n = iht.elems_in_hbucket{i});

The Annotated STL Sources
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i in =0
cout <~ "hughn[" cx L 2 "] has " << o<~ " alens.' -- endél:
i
OATEREE R bucker ' 2 F buckec (11l MY ETEN 2,
p ¢ TL& bucket T0]-bucket [47] @AM A 1
/AN bucket (93], 7551, (591,163 HvaTHHAL

7o R BRED hashtable, #PTH W EMAITHHX
Ite = iht.bBegin(};
Toriine 170 1< iht.slwet): ++1, ++1ite;
CouT o< Yite oo ! !
cout - ondl;
o002 2234567806 1011 108 12 03 14 15 16 17 18 19 Zo 21
S22 23024 2% 26 27 28 26 30 3L 372 3% 34 35 36 37 38 39 40 41 42
ff 43 44 45 446 47 53 55 59 63

coun <« *{iht.find

(2)) =< endl; /7 2
gout <« iht.gount (2) <«

< endl; fe02

EAEFEHARELE hash table BT SHIIIR A SEMBLESGR. — N
8RS0 MY S, thTREER STL A0l 53, FTLL buckets vector REHIE 33
4 buckets, 7 buckets (f55F, ) 4 hash table F/5) BWHIEN 0. EFX,
TEEIA 6 1~ CFE: 53,55.2,108,59,63. T hash table ZE K 5-26 Br R HIFE T

insert_unique %5:59,63,108,2,53,55

num_elements:6

#0 #2 #6 #10 #53
ol ly L L Lol 311
e ‘

d | l
53] El 63

Hl igikal

5502|108

K526 A6 TETES. hash table BV

BT, BEEARDTE, FLELEET 54 4, 8 BETR buckets vector
kg, BEEBEESENE GXEM hachtablesTs::resize(] HBCPERE)
+ 4 hash table 7ERE T 18] 5-27 B B HE
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267

size:97
num_elements:54

#0 #2 #11 #47
’ 3
h r r
VIR S I
1]02] 108 111 47
#43 #51 #53 #59 #63 #96
HCINE | E:

L

e

53]

|

F

|

59

P 5-27 hash table B4R, &, bucket #2 F bucket #11 TS HEF
2, HAeMKE buckets, T A MHEE 1. AR buckets BARTRMR 0. K
GEHEARRNTHES R, HANREYALELX, BEIHERT. HYH
bucket #47 FI buckes #48 R %L, WRKNAETNX R, T AMEBR,

BEREHMER T hash able #EKH rina M count B, BIREN2
Mg, MEEREN 2 HTE . HEE, REMAEANLE, —TEER -
A bucketlist ZH'. THEE find H count MIHMRHN:

iterator find(const key_types key)

{

gize type n = bkt_num_key(key);

node* first;

//ﬁ%%&ﬁﬁm—?lmﬂa:w

/7 WTF, Mbucket list BLTFM, - —HHEPTERRE. K RHEBkY

for { first = bucketelin];

first && 'equals(get_key({first-»val], kay);

first = first-»next)

{1

return jteratori{first,

}

this);

size type countlconst key_typek key) const

{

const size_type n = bkt_num key(key); // B IRHEEW: -1 bucket A

size type result

:D;
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71 BT, Mbucket list #XF#Hh, — WG nENRHE. KR ED 1.
for (const neode* cur = buckets[nl; cur; cur - cur-snext)
if {equalsiget_key(cur-»vall, key)}
r+result;
return result:
}

5.7.7 hash functions

<st]_hash_fun.h> & XS ITMEH hash functions, SEE{TFRE (F 7
) . RWREEMEN, FA ¥ hash function R HLRMENRH, SCGL #HIX M
{ESRT T SRATREM okt_oun (), FHTERFEMZEEBD hash function, B
— AR hashtable #{THZHME. $% char, int, long FEHEFI,
X B KBRS hash functions fH AR KM, REEFZERFE. EXTFHEAH
(const char*) , BFT T —THEEEHNT:
/1 BTFEYTF <stl_hash_fun.h»

template <class Key> struct hash { };

inline size t _ sBtl_hash_string{const char* g)
{
unsigned long h = 0;
for { ;: *s; ++8}
h = 5%¥h + *a;

return size_t(h};

}

/1 DIFHIEN __STL_TEMPLATR_NULL, & <stl_config.h> PHEELA
template<», WH 1.9.1°%

__STL_TEMPLATE_NULL gtruct hash<char*>
{
size_t operator{) (const char* s} const { return__stl_hash stringls); }
Vi
__STL_TEMPLATE_NULL struct bhashe<const char#*:
{
size t operator () {const char* s} const { return _ stl_hash _stringf(s); }
Yi
__ STL_TEMPLATE_NULL struct hash«char> |
size_t operator() [char x) const { return x; }
Hi
__STL_TEMPLATE_NULL struct hagh<unsigned chars> |{
size L operator!){unsigned char x) const { return x; 1
i
__STL_TEMPLATE_NULL struct hash<sigmed c¢har> {
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gize t operator?!) {unsigned char x} const { return x; 1}
Y
__STL_TEMPLATE_NULL struct hash<ghorts> {
size_t operator(}{shert =) const { return x; }
Ti
__STL_TEMPLATE_NULL struct hash<unsigned ahort> |
size_t operator({){unsigned short x) const { return x; }
b
_. STL_TEMPLATE_NULL struct hash<int> {
size_t operator(}({int x)} congt { return x=; }
b
__STL_TEMPLATE_NULL struct hagh<unsigned int> {
gize_t operator () {unsigned int x} const { return x; }
i
__STL_TEMPLATE_NULL struct hash<long:> |
size_t operator() {long x) const { return x; }
b
_ _STL_TEMPLATE_NULL struct haphc<unsigned long» {
size_t operator(}{unsigned long x) const [ return x; }
i

# W, SOl hashtable TLELE L ARFIEARINUANTE, R
string, double, float. BRADEX RIS, B F LA B 17 e 1% X hash function.
FTEREZL SGIhashtable 43 scring FIKBHEREAR.

#include <hash_set> // for hashtable and hash_set
#include <iostreams

#include <strings

using namespace std;

int main(}
{
{/ hash-table
// <value, key, hash-func, extract-key, eqgual-key, allocator:
// note: hashtable has no default ctor
hashtable<string, string, hash«strings>, identity<string-,
equal_to<strings, alloc»
iht (50, hash<string>(},equal_to<string>{}};

coutece iht.sizel) << endl; /70
cout<< iht . bucket_count{} << endl; 1/ 53
iht .insert_unigquel{string{"jjhou"}); /{ error

/7 hashtable BEABHBI, nash_set SAULELE
hash_set<atring: shs;
hash_sete<double: dhs;

shs.insert {string("jjhou")}; // error
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dhs. 1nsert (15.00; /1 error
1

5.8 hash _set

B STL RALLE &A GRO, AR TUTE, A STL ser B34
RB-tree NEEHE . SGI WEE STL HEMRKZ 4B LHEM®T - MoriEn
hash_set, 1\ hashtable AIEZHLH. BT hash_set FT#ii iR D,
hashtable ¥4t 1, HLIL-FFHE MW hash_ser BfEfrdy, HRARHEA
hashtable FI#EFT AL .

Ef set, AMERBEENITE. K- & AEHEEE rRE-tree HE
hashtable, #r[LLUAHT % HE AT E, Re-tree H H HHIIHE T hashtable
B, RMNEOEERE, sert MUEAASHEFIIMET hash_set ¥ 4.

set MTERE map THETLARNBE LA (value) HEHE (key) , set T
FHREFETM, ERERE. X A hash_set PRE—HH.

hash_set BT A, '7set L.

FER hash_set WM, RREOERAFHET U, 085
WOCF R

BEE, 57.5 WBEXE, hashtable A —BRLLAMEMELL (FRIERF K
TR BB hash function) . Fl& hashtable THEAEH, hash_set HAE
gL

tomplate <¢lass Value,
¢lass Hashi'en - hash<Values,
class Equal¥ey = egqual_to<Valuex,
class Alloc = alloc:
olass hagh set
{
private:
s/ WWUFfH# identitye> £ XTF <stl_function.h» ¥
typedef hashtable<Value, Value, HashFen, identity«<Values,
Equalkey, Allocs ht;
ht rep: /1 REHEI hash table T
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public:
typedef Cypename hit::key_tvpe key_type:
typedef Lypename ht::value_type value_type;
typedef typename ht::hasher hasher;
typedef typename ht::key_equal key_egqual;

typedef typename ht::size_type size_type;

typedef typename ht::difference_type differencc_type;
typedef typename ht::const_pointer pointer;

typedef typename ht::const_pointer const_pointer;
typedef typename ht::const_reference reference;
typedef typename ht::const_reference const_reference;

typedef typename ht::const_lterator iterator:
typedef typename ht::const_iterator const_iterator;

hasher hash funct{) const { return rep.hasgh_functi{}; }
key_equal key eq{) const { return rep.key_eqil; }

public:
/7 BEFAKDN 100 BERE. $H¥ hash table VR B ARk 2
hash set () : rep(100, hasher(), kev_equal(})} {}

explicit hash_set{size_type n) : repi{n, hasher({), key_equali{})} {}
hash set{size_type n, const hasher&t hf) : repi(n, hE, key equal{)} {}
hask set{size_type n, const hasherk hf, const key_egqualg eqgl)

: repin, hf, egl) {1}

/1 BT, BARELHER insert_unique(), FAKFREER
template «class InputlIterators
hagh_get {InputIterator f, Inputlterator 1)
rep (100, hasher(), Key_equal{}) { rep.insert_unique(f, 1};
template <class Inputlterator:
hash_set (InputIterator £, InputIterater 1, size_type n)
repin, hagher{), key_equal()} { rep.insert_unique{f, 1); 1
template <¢lass Inputlterator=
hash_get (InputIterator £, InputTterator 1, size type n,
const hasherg hi)
. repin, hf, key_equali{}) { rep.insert_unique({f, 1}; )
template <class Inputlteraters
hash set {Inputlterator f, InputIterator 1, size_type o,
const hasher& hf, const key_equal& eql)
: repin, hf, eql) { rep.insert_unique(f, 1l}); }

public:
¢/ FiE®RAE N EHE hash table MEMA. EHEART
gize_type Bize{] const { return rep.size(}; }
size_type max_sgize() const { return rep.max_gizell; !}
hool empty() const { return rep.emptyl); }
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vold awaplhash_set: hs) [ rep.swapiha.repl; }
friend bool operator== _ STL_NULL TMPL_ARGS {const hash setk,
const hash_set&d;

iterator begin() const { returh rep.begin();
iterator epd() const { return rep.end(}); )}
public:

palr<iterator, beols ingert {const value_typok obj)
{
pair<typename ht::iterator, bocls p = rep.insert_unicquefobjl;
refturn palr<iterator, bool=(p.first, p.second};
}
template <class Inputlterator:
vold imsert {InputTterator f, tnputIterator 1) { rep.insert_unique(f,1); }
palr<iterator, bool> insert_noresize{const value_type& obi}
{
pair<typename ht::iterator, bools p = rep.insert_unigque_noresize(obj):
return palr<iterator, bocls(p.first, p.second);
}

iterator findiconst key_type& key) const { return rep.findikey); }
size_type eount{const key_typek key| const { return rep.countikey}): }

pair<iterator, iterator> equal_range{const key_typek key| const
{ return rep.equal_range{key!; }

size_type erage(const key_type& key} {return rep.eraselkey); ]}
vold eraae(iterator it) { rep.erase{it); I
void eraae{iterator f, iterator 1) { rep.erase(f, 1); }

void elear() { rep.clear({); }
public:
void repize({size type hint) { rep.resizelhint); }
gize_type bucket_count(} const { return rep.bucket_counti{); }
size type max bucket_count (} const { return rep.max_bucket_count{}; }

size_type elems_in bucket(size type nj const
{ return rep.elems_in_hucket{n); 1}
i

template <clags value, class HashFon, class EqualKey, c¢lass Alloc»
inline bocl operator==(const hash_set<valuc, HashFcn, EqualKey, Alloesk haol,
conat hash _sebeValue, HashFon, EqualXey, Alloc»& hs2)

{
return hsl.rep == hsZ.rep:
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FHXMF, BHE [Avstern98) 1625V, HENEEFB RN — BER
A, AIRRAL hash_set WITEH LEMETHTF, ERABATHRR
8, WERAE-FHER. BFPHT hash_set ) cqualkey WA
fiit, R RARER equal toer>, BAMHAZ PHTER CFHF (Catyle
charactors string) , fl C FHRPMESE, LA TER T TRBRE (T
FCHHERE stremp (), AEEEELL const char* #ILH.

// file: Bhastset-test.cpp
finclude <iostreams
#include <hash_sget>
#include <cstrings

using namespace std;

struct egstr
{
bool operator(){const char* sl, const char* s2) const
{
return strempisl, s2) == 0;
}
1:

void lookup{const hagh_set<const char*, hash«<const char*», egstr>& Set,
const char* word}
{
hash_set<conet char*, hash<const char*s, egatrs::const_iterator it
= Set.find (word);

cout << " " o=e word <« " M
<< {it 1= Set.end{} ? "present" : "not present')
<< endl;
}
int main(}

{
hash_set«<const char®, hash<const char*:, egstr» Set;
Set . insert{"kiwi"});
Set.insert("plum");
Set.insert{"apple"};
Set.insert {"mango*®);
Set.insert ("apricot"):
Set ,insert ("banana";;

lookup (Set, "mango"): // mango: present
lookup(Set, "apple"): // apple: present
lookup(Set, "durian®}; //  durian: not present

The Annotated STL Sources



274 FS5E LHLAER (associative containers )

hash_set<const cha:z*, hagheconst char*s, egatr>::itcrator itel
= Set.begin(};

hash set<const char®*, hash<const char*., egstrs::iterator ite?
. Set.end();

tori{; itel !'= ite?; ++irel)
coul <~ *itel << ' 'y // banara plum mango apple kiw! apricot

BREWTSRBEARTT hash_set ANFHHRFREHF, BRHLARE—
ARIFHMIE, EABEFHT. EELUCERM const charr HHFAR, W
4 const crart STREMNTHBHTHF. THME hash_ser BEHT, BY
EPL inc fERTUEMA, W01

hash_set<int» Set ;
Set.insert{59);
Set.insert(63);
Set._ insert(108};
Set.,insert{2};
Set.insert({53);
Set.insert{55);

hash_set<ints::iterator itel = Set.begintl;
hash_set<ints::iTerator ite? = Set.endi};
fori{; itel 1= ite2; ++itel}

cout << *itel << ' "¢ /S 2 53 5% 5% 63 108
cout << endl;

HRT, WAL AEER? hash_set FERAHE—4 hashtable 152
ST 576 TRAFRRUMHRNKFHART 6 MEMHE A S hashtable N, #
HaE R R4 EARR?

PWEE POARSMINE. BERE, 576 'K hashtable R/MEIEER
50 CRYE SGT f0iit, MAKS3) , WX WA AN hash_set REER Fi5E
hashtable X/ 4 100 (34 SCI #kit, RFAGE 193) . T buckets %%,
AREHEFEE. MR TEIEORFRA R R

hash_set<int> Set; // KER: hashtable BE XK/A 100
Set.insert(3); /1 B H 193

Set.insert (1496};

Set.ingert{l);

Set.insert{389);

Set.insert {194},

Set,insert (387
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hash_set<ints::iterator ilel = Set.begin(};
hash_set<ints::lterator ite2 = Set.end(};
fort; i1tel '= ite?; +-itel)

cout << *Fitel =< ' '; f4 3BT 194 1 389 1360 3

RERHFHFNRET . EMEZEN hashtable HEEIT.

size:193
num_elements:6
#) #1 #2 #3 #192
! :
L y
|r«1 e w8 = o o—+H
387] |194 1 389 196 | 3

5.9 hash_map

SGl 7£ STL s 24, BEMT —4F18% bash_map, L{ hashtable
WEEME. T hash_map FFHLR BT, hashtable HRBET, HLULT
% hash_map BAETT%, #ARHEA hashtable ARATAMC.

B map, WHESSRERENERTILE. X - A FERERE Re-tree
& hashtable, HAPERES. AREEE, rRe-tree ABHHF RN
hashtable W&, RAMENLERER, map HTEA B HHFDRER hash_map
BE.

map MR, BT TRBABEE —FLE Galue) H—PRE key)
X — &7 hash_map F 2 —#6. hash_map BEAFR, # map T2HMR.

FEE hash_map WEATHET, HFHERLFRRAT -, #VFRA
o RE.

WS, 575 WRERE, hashtable F—EXHRLBERBF (RIEAF N
LT BIRE hash function) . JLAE hashtable JiEALEEE . hash_map h
ALE.

/¢ DLFM hashe> B4 function object, FYTF «stl_hash_fun.h» WP
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J/ B: hash-int>::operator!() (int x] const { return x; }
template <class Key,
class T,
class Hashieon = hasheKeys,
class EqualKey = cqual_to«Key:,
cvlass Alloc = allecs
cluass hash_map
{
privare:
/¢ UITFEBY selectlstes X1 <stl_functien.hs P
Lypedef haghtable<pair-const Key, T=, Key, HashFcn,
selectlstapair«<const Xey, T» », Equalkey, Alloc:> ht;
ht rep; J0 REMHEL hash table SER

public:
typedef typenawe ht::key_type key_type;
typedet T data type;
typedel T mapped lype;
typedef typename ht::value_type value_type;
typedef typename hi::hasher hasher:
typedef typename ht::kev_egual key_equal:

typedef typename ht::size_Lype size_type;

typedef typename ht::difference_type difference_lype;
Lypedel typename hr::pointer pointer;

typedef typename ht::const_pointer const_pointer;
typedef typename ht::reference reference;

typedef typename ht::const_reference const_reference;

typedef typename ht::iterator iterator;
typedef typename ht::const_iterator const_iterator;

hasher hash funct{) const { return rep.hash_funct(]; }
key_equal key_eq{} const { return rep.key_eql); 1}

pulrlic:
/7 BREERAAN 100 HFEMH. Bd hash cable BB ARELAWAZEYR
hash map() : rep{l00, hasher(}, key_egual{})} {}
oxplicit hash map(size_type n) : repin, hasher{), key_equal(}] i}
hagh map{size_type n, const hasher& hf) : repin, hf, key_equalb{}] {1}
hash_map{size_ type n, const hasher& hf, const key_equal& eql}
repin, hi, egl} {}

/7 LR, ARELBEA insert_unique(), AAFRMELE
template <¢lass Inputlterators
hash map{Inputlterator £, Inputlterator 1)
rep(100, hasher{), key_equal{)} | rep.insert_unique(f, 1y; }
template «<class Inputlterators
hagh_map{InputIterator £, InputTterator 1, size type n)
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rep{n, hasher(), key_equal()} { rep.insert_unigue(f, 1}; }
template =class Inputlterators
bhash_map(InputIterator f, InputIterator 1, size_type n,
const hashers hf)
repin, hf, key_equal{)! { rep.insert_unique(f, l}; }
template «<clags Inputlterators
hash map|{InputIterator £, Inputlterator 1, size_type n,
const hashers hf, const key_equalk egql)
repfn, hf, eqgl) { rep.insert_unicgue(f, 1); }

public:
/1 FIERIENESHE hash cable MRS, FEEHRT
slze_type gize() const { return rep.size{]; )}
size_type max size() const { return rep.max sizel(}; }
bool empty{) const { return rep.emptyl); }
void swap(hash_maps& hs) { rep.swaplhs.rep); }
friend bocl
operator== __ STI_NULL_TMPL_ARGS (const hash_map&, const hash_mapk};

iterator begin(} { return rep.beginf{); }

iterator end() { return rep.endf{}; }

conat_iterator begin{) const { return rep.begin{); }
const_iterator end{) ceonst { return rep.end(}); }

public:
pair<iterator, bool> insert{const value_type& ob3)
{ return rep.ingsert_unigue{cbil; )
template <¢lass Inputlterator:
void ingert (Inputilterator £, Inputlterator 1) { rep.insert_unigue(f,1); }
pair<iterator, bools- insert noresizel{const value_type& obj}
{ return rep.insert_unique ncresize(ohj); }

iterator find{const key_type& key} { return rep.findikey); !}
const_iterator Eimd{const key_type& key) const { return rep.find (keyi; }

T operator[] (const key type& key) |
return rep.find or_insert{value_typelkey, T{)}).second;

}
size_type counticonst key type&k key] const { return rep.count {keyli: 1

pair<iterator, iterator> equal_range{const key_typeé key)
{ return rep.egual_range{key); }

pair<const_iterator, const_iterator: equal_range (const key_type& key) const
{ return rep.equal_rangelkey}; }

size type erase{const key_type& key) {return rep.eraseikey); |

wvoid erage|iterator it) { rep.erase(iti; }
void aerase(iterator f, iterator 1) { rep.erase(f, 1}; }
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vold ¢lear{) { rep.clear{l; }

public:
void resize({sizce_Lype hint) { rep.resizething); }
size_type bucket count () const ( return rep.bucket_counti{); }
pize type max_bucket count () const { return reop.max bucket_count(): }

size_tvpe elems_in bucketisize tyvpe n} consat
{ return rep.elems_in_buckel (n); }
¥

template <class Key, class T, class Hashbien, class FEqualKey, clags Allocs
inline bool operators=iconst hash mep<Key, T, Hashrcn, EqualKey, Allocs& hml,
const hash_map<Key, T, HashFon, Equalkey, Allocs& hmZ)
{
return hml.rep == hm2.rep;

!

FRZXAMF, M E [Austem98] 1626 7. HFNERFREHENT B
WAERE, SHRRIE hash_map AR XEFTEAREHESF. BFPHT
hash_map K Equalkey SMEAHHME, FEDRBREN equal_toors, 428
WRZ PO ERTENE, BTHRENR%SE, B DFH - TR (]
A CHERE stromp (), BEEFEL const char IR,

// file : Shashmap-test.cpp
#include <iostreams
#include <hash_map>
tinclude <cstring:

using namespace std:

struct eqgstr

{
bool oparator!} {const char* =1, const char* s2] const {
return strempisl, s2} == 0;
'
i
int maing{)

{
hach_map<const char*, int, hash<const char*», egstr» days;

days["january”] = 31;

days{"february"] = 28;
days["march"] = 31;
days[ april"] = 30;
days["may"] = 31:
days["june"] = 30;
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days(["july”] = 31;
days["august"] = 31;
days["september"] = 3§;
days{"cctober"] = 31;
days{'"november"] = 30;
days|["december"] = 31;

cout << "september -» " << davs|'"september"] << cndl; S/ 30

cout << "june - " << days["june"| << endl; £f030
cout <« "february -» " << days["february"] =< endl; // 28
cout << "december -» " << days("december"] << endl; f7031

hash_map<const char*, int, hash<const char*», egstr.::iterater

itel = days.begin{):

hash_map<const char*, int, hash<const char*:, egstrs:riterator

ite2 = days.end():
for{; itel = ite?; ++itel}
cout << itel-=first << ' ';
// september june july may january february december march
// april november october august

5.10 hash_multiset

hash_multiset M-S mitiset T2ME, ¥ -HNENETEHEEN

¥ £ hashtable. LEM,, hash multiset HLEHRLHEE sHHEE.

hash_multiset 1 hash_set LW LM ERET, NEM TEBARER
B2 4] hashtable Y insert_equal (), BEWEFH insert unique().

THE£ hash_multiset HRMANEE, KFMNERLEEET -, 27A

BABCTRE.

BWEEE, 575 FEGED, hashtable A-BLEAENEN (BREAS N
IFEH PR E hash function) . JL hashtable FLEAHEE, hash_multiset @

T A,

template <clags Value,
class HashFon = hash<vValue»,
class BqualKey = egual_to<Value=,
gilass Alloc = allocs

class hash multiset

{
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private:
typedef hashtable<value, Value, Haghfen, Identity<Values,
EqualKey, Allocs ht;
ht rep;
public:
tyvpedef typename ht::key_tvpe key_tvpe;
typedef typename ht::wvalue_type values_type;
typedef typename ht::hasher hasher;
typedef typenams ht::key_equal key equal;
typedef typename hi::size type size_type;
typedef typename ht::difference type difference type;
typadef typename ht::const_pointer pointer;
typedef typename ht::const_pointer const_pointer;
tvpedef typename ht::const_reference reference;
typedef typename ht::const_reference const_reference;
typedef typename ht::const_iterator iteratoer;
typedef typename ht::const_iterator const_iterator;
hasher hash funct{) const { return rep.hash_functi{]; 1}
key_equal key eq() const { return rep.key_eg(}; }
publig:

// BEGEAINE 100 BER. ¥ hash table AEARETIABRAZRH

hash_multiset{)

rep{l00, hasher{), key_egual{}] {1}
explicit hash_multiset{size_type n} : rep(n, hasher(}, key equal{)} {}
hash_multiset(size_type n, const hasher& hf) : rep(n, hf, key_equall))
hash _multiset{size_type n, const hasherk hf, conat key_equals eql}

: rep(n, hf, eqgl}

{}

i UTF, BARHFEHM A insert_equal(y, RIFREER
template <class Inputlterators:
hapgh multiset {Inputiterator £, Inputlterator 1}
: rep(l100, hagher(}, key_equal ()} { rep.insert_equal(f, 1};: }
template <clasg Inputlterators
baeh_multiset (InputIteraior [, InputIterator 1, slze Ltype nj

repin, hasher(],

key equali)) { rep.insert_equalif, 1}: }

template <clase Inputlterators
hagh_multiset{InputIterator f, Inputlterator 1, size_type n,
const hashers hi)

rep(n, nf, key_egual{)} { rep.insert_equal(f, 11; 1}
template <class Inputlterators
hash multiaset {InputIterator f, InputIterator 1, size_type 1,
const hasher& hi, const key_equalé egl)
rep(n., hi, egl}

public:

{ rep.insert_equal{f, 1}; }
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/f TIERENLTHE hash table BB WMA, SERABAT

size_lype slze(} const { return rep.size(}; }

size_type max_slze{) const { return rep.max_size(); }

bool empty() const { return rep.empty(); 1}

vold ewap(hash multizets hs) { rep.swapihs.rep}; }

friend bool operator== _ STL_NULL_TMPL_ARGS i{const hash_multisets,

const hash multiset&};

iterator begin{) const { return rep.begin(}; }
iterator end{} const { return rep.end{); }
public:
iterator insert{const value_type& obj} [ return rep.insert_egqual{obj); }

template «<class Inputlterators
void insert {InputIterator £, Inputlterator 1) { rep.insert_equal(f,1}); }
iterator insert_noreslize{const value_type& obj)

[ return rep.insert_equal noresize(objl; }

iterator find(const key_type& key) const { return rep.find(key); 1}
size type count{const key_type& key} const { return rep.count (key); 1}

pair<iterator, iterator:> equal_range(const key_tvpeé key) const
{ return rep.equal_range (keyl; }

size_type erase{const key type& key} {return rep.eraselkey); }
vald araseliterator it) { rep.eraseiit); }

void erage{iterator f, iterator 1} { rep.erase(f, 1l}: 1

void clear{) { rep.clear(}; }

public:
void resize(size_type hint) { rep.resize(hint}; }
size type bucket_count () const { return rep.bucket_count{}; }
size_ type max_bucket_count(} const { return rep.max_bucket_count({}; }
gize_type elema_in bucket({size_type n) const
{ return rep.elems_in_bucketin}; }
};

template <class Val, class HashFcn, class EqualKey, ¢lass Allocs
inline bool operator==(const hash_multiset<Val, HashFcn, EqualKey, Alloc»& hsl,
const hash_multiset<Val, HashFcn, Equal¥ey, Alloc>& hs2)

{
return hsl.rep == hsi.rep;

hash_multiset B AF R, 5 hash_set E2HE.
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5.11 hash_multimap

hash_multimap H%tE S multimap EEMHE, B —HNEJETCHIERZH
%R hashtable. AL, hash_multimap MILEF AL E SR

hash_muttimap #l hash_map SEH0 MM — L BIE T ATAN KB ARER
REEN %] hashtable 8] insert_equal (), HEMRER inscrt_uniqueil.

TER hash_muttimap MEREHE, AFHERILFENA T4, FHA
BRMIERE.

W, 575 FRFEIAT, hashtable F- -BLEAARNAY GrIEHF R
HRE AR E hash function) - LI hashtable LEEEE . hash_multimap 7
ToEAb B,

remplate <class Key,
class T,
class HashFeocn = hash-Key:s,
class EgualKey = ecgual_to«Key:-,
class allogc = allogx
class hash_multimap
{
private:
typedef hashtable<palr<const Key, T>, Key. HashFcn,
selectlstepair<const Key, T» », Equalkey, Allocs ht;
ht rep:

public:
typedef fypename hi::key_type key_type;
typedef T data_type;
typedef T mapped_type:
typede{ Lypename hi::value_Lype value_type;
typedef typename ht::hasher hasher;
typedef typename ht::key equal key_equal;

typedef typename ht::size_type slize_type;

typedef typename ht::difference_tvpe difference_type;
typedef typename ht::pointer pointer;

typedef typename ht::comnst_pointer const_peinter;
typedef typename ht::reference reference;

typedef typename ht::const_reference const_reference;

typedef typename hi::iterator iterator;
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typedet btyperame hi::const_iterator const_iterator:;

hasher hash funct{} const { return rep.hash_funct(}; }
key_equal key eq() const { rerturn rep.key_eg(l; }
public:

fF BEEERIAAE 100 BFER. HH hash table WEAREIIHBEXZ AN
hash_multimap(} : rep(100, hasher{), key_equal{}} {}
explicit hash _multimap(size_type n) : repin, hasher{), key_equall(}} {}
hash multimap{size_type n, const hasher& hf) : rep(n, hf, key _equal(}] {1}
hash multimap({size type n, const hasher& hf, const key_equalk eql)

: repin, ht, egl) {}

s0BUF, BARESIMER insert_equali{), RITHEER
tomplate «<class Inputlferator=
haeh_multimap(InputIterator £, TnputIterator i)
rep(100, hasher(), key_equali{}} { rep.insert_squal{f, 1}: }
template <clase Inputlterator:
hach multimap({Inputlterator £, InputTterator 1, size_type nl
: repin, hasher(), key_equal{}} { rep.insert_equal(f, 1); 1}
template <class Inputlterators
hash_multimap{TnputIterator £, InputIterator 1, cize_tvpe n,
const hasher& hf)
. rep(n, hf, key_equal(}) { rep.insert_equal(f, 1}; 1
template <class Inputlterators
hash_multimap{Inputlterator f, InputIterator 1, size _type 0,
const hashers hf, const key_equalé egl)
: rep(n, hf, eglt { rep.insert_equalif, 1}; ]

public:
/) FHBENLEHE hash table HIFTRMA, EREMAMT
size_type aize() const { return rep.size(); }
gize_type max aize() const { return rep.max_size{): }
bool empty{) const { return rep.empty (); ]
void swap(hach multimap& he) { rep.swap(hs.rep); )
friend beol

operator== __ STL_NULL_TMPL_ARGS {const hash_multimapg, const hash_multimap&};
iterator begin() { return rep.begin(}; }
iterator emd(} { veturn rep.end(}; }
const_iterator begin() const { return rep.begin(}; }
const_iterator end({} const { return rep.end(}; }
public:

iterator insert [const value_type& obj) { return rep.insert_equal{objl: }
template <class Inputlterators
void ipsert {InputIterator £, TnputIterator 1} { rap.insert_equal (f,1}; }
iterator insert noresizeiconst value typek obj)

{ return rep.insert_equal_noresize(obj}: }
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iterator f£ind(const key_typek key) { return rep.find(key);
const_iterator Eind{const key typefk key) const { return rep.findikey); }

size_type count(const key_Lype& key) const [ return rep.countikeyl): |}

palr<iterator, i1terator> equal_range(const key _typek key)
i return rep.egqual_rangeikey); }

palr<const_iterator, const_iterator: equal_range(const key types key: const
[ return rep.equal_range(key); !}

size_type erase(consl key_Lypex key) {return rep.eraselkey!; |}
void erape{iterator it) { rep.eraselit); }
void erasefiterator f, iterator 1) { rep.erase(f, 1j; |}

vold elear{) { rep.clear(): ]}
public:
void resize(size type hint) { rep.resizefhint): ]
size_type bucket_ecount(} const { return rep.bucket_count(}; }
size type max_bucket_count (] const { return rep.max_bucket_count(};

size_type elems_in_bucket {size_fype n} const
{ return rep.elems_in bucket(n): }
bi
template <class Key, class T, class HF, class EgKey, class Allocs
inline bool operator==(const hash_multimap<Key, T, HF, EgKey, Allocx& hml,
const hash_nultimap<Key, T, HF, EqKey, Alloc=& hm2]

return hml.rep == hmZ.rep;

hash_multimap BERAAR, 5 hash_map BERAM.
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6
8i&

algorithms

BHGRERT, AR RE LR iE L,
RFTHRGOEE, RETT AKHHE,

6.1 EEBEM

B, Mz,

DERAESR, BREREBFLORE, X4 THERIHIRE
(Algorithms) . K¥FRMAHTER, SRESTEEXRANNA, ERAK
S¥AREH (Data Structures, 780 STL PHIE SR, A4 45 WECHH) . STL B
ENEHREHZANEEANLR, HEEKRAETEESIE KN Crt 5
BEREP REEIT.

FRE, #IFENE M ERFSE -, PS8/ f hEe 18
B, BRI AR S Ol NE R M B SRR . AR PR E
(AR, 2. BEBR. Z&3t% ), FARBEE OB 5IER,
EARHEEA RAUE B, FERTHERYWICRT STL 2%, RAE Rft#E
¥ 70 &4 STL B, REHHE BNHEF (sorting) . HHK (searching) . Hi¥l
& (permutation) Hik, PIEATHRERZ. EHl. WM. R, A6, B80S
FHHIE.

HERBEELEREEAEBEA. fI binary search tree ( —XEHEH )
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Flre-tree (LLBHL, 52 V) EENTHRERBIETR KRN THRIIES,
hashtable( #5113, 5.7 T ) HH HE A0 77 LR max-heap( & min-heap)
o LU B SE BT IR heap sont CHEAET) . JLREWLLE, frEmsiRsii TR
MR EE . Xk RIS WA, #F (RSTL) 1T
RTHESE “LRMAR" (associated containers) 2 ¥, FEFiTIEH, Z0H
AF “ERSHFHRAGRE” 27HPHE - BT XRGEY.

6.1.1 FEDHEERERTR 0()

SEATER CRE)  MIRUBREEN RS, T TERLRERE
BT R NI, 625 (A A0 ] . X458 0 BT (algorithm analysis) -
XA, MR -HEBERHN GB MAFENLEERTS ARBRACR, X
MRENAA-— 2O HATRT RN BT R TAHIE.

B0 o, BRI ER B R RERA L, MELAFEERNE
WA R R (B, linear) . ¥ (quadratic ) . =% (cubic ) 3 % ¥ (logarithm )
FE. MR B/, B AN - TIAD AL GE X 45 R AR 2 P TR0
AEYKEBEX BRIV ZXRENHR) o, AHRBATHMEALES
Hifiz

THZ=TERES BRI E:

1. B/ATEAE: R array FHRADTE.
2, BEEENE RERXY FELY o ASP, BERRINFESA.
3. S AEARRE: RE XY FALE v MAP, BREHEM= A3,
BN EEEERBE - F D AR RILY, 237, v M UEFE KT
3, B BE R AT A B A R, "REEE " FMET B TE Y (pairs)
HE nv-1) /20, FUAREEBHMGHAE ZREARY, SRR HEE
FEMTER (pairs) £F wv-t) (v-2) /31, FMABEEFMPATHE 2 Z KX

17— P RMHEERT LR ERE R - KX R
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2.

ER=RMERE, KRR Big-Oh FRCHEFERA ON) ON?, OMN). AH#
ICHEHE LT

MBHEHEERH c 7 N LAY N2 N B, T <
RO, BARMETH TV WERERFR OFN) 3.

Big-Oh M —WERERICHE, BIBHF WM Big-Omega, Big-Theta,
Litle-Oh %45i0E:, SFENMEES. — WS, Big-Oh {RidEEHTRMER.
B, BH, EHAES kAR THREN.

YT =MAE I — RN ERERR

4, FELD bis ARFHL N TEEERY?
5. M X=1F%, S5E X FRER, FESPRYTEAMEEX2N?
6. N X=NF15, BE X #E—¥, FELPRERAEEX<D

RAE 4=, B4 bits RN B MRFAMES, BIHHERN MHELE
¥, FHEHFER 22N, HEIB2logN.

[E S B CHBENERET | PABEFER X N, KARAE 4, B
WA, T 6 By “HBEmEnE |, SRS s BOER, RRE T
5, BEtREHAE.

WEA A, EREEEE (FREE, O0)) #EMKSBRREEREAE
FWHOERR 12, AT B 6 K, RITERILAENERER OlogN).
HE, FBEENEELAME, FREWREN, BhUak AETHNEE,
MM T BigOh FiCERRAMMY (ETREFLHE, HRAKIER .

2 F-ARRNERTHETRENCRER. HAERADERHEFHFK.

39, BHENZT, ERERERSHRSER, ARSI HERERRERT
0, AR GMIE Big-Oh HRICESF.
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RENERE, TRUERRIEREEAENINE.

6.1.2 STL &Lk

o618 MEMSTL B (LA R —IeirmilEr SGISTL &) NAF. AE.
T hS%, KEEAFNESMFENE. FHRZPRAERE STL fHERBZ
M SCGL HBEY:, Bl » IR,

(BLF B B8 muaing, BBE “SUEMENEZAZ )

Bk 4 Wik R O R% FEXA
accumulate rE BT & <stT_numeric.h>
adjacent_difference HETENER & if in-place <st1_numeric.hs>
adjacent_find ERPANES (LHFER & <st1_algo.h>
F) MLE
binary_search “aER & <st1_algo.h>
copy = Hi £ if in-place <st1_algobase.h>
Copy_backward 526 ) 2 4 B if in-place <st1_algobase,h>
copy_n * E#nMLE ## if in-place <stl1_algobase.h>
count 15813 & <st1_algo.h>
count_if ERERTIHE & <st1_algo.h>
equal HERAREHEEE e <st1_algobase.h>
equal_range REATEFRETIEEE & <st1_algo.h>
(GRE —4~ £ TREE)
111 HETEE v <stl_algobase.h>
fi1l_n WELEE, 0 K 2 <sti_algobase.h>
find BT EL # <st1_algo.h>
find_if BYERFENERFE & «st1_algo.h>
find_end BARENMTHIINERE K & <st1_algo.h>
BB
find_first_of HEREBTRANEREIE & <st1_algo.h>
far_each HEFAHNG—TERT T <st1_algo.h>
Rt
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289
Bk & R COEEY BHEXHE
generate DR etz zBER = <stl_algo.h>
HEBERRPHTE
generate_n e REZBERER 2 <st1_algo.h>
Hitn M TENE
includes RE#EE TEFH 2% & <st1_algo. h»
inner_product ekl o <st1_numeric.h>
inplace_merge GHFEAER (HELE) B <st1_algo.h>
Iota * ARXEHEAREEEN R <stl_numeric. h>
i Bl
is_heap * HERTEXERES—4 heap & <st1_algo.h>
is_sorted * HU R R AR ET T & <st1_algo.h>
iter_swap TELE = <st1_algobase.h>
lexicographical., LA R IRF BT & <st1_numeric.h>
compare
lower_bound “BiEEnERAREAZA & <stl_algo.h>
i AR WD () 2 [ A
MRk E
max =P | # <st1_algobase.h>
max_element BRAENELE & <st1_algo.h>
merge HHFAF £ if in-place <st1_algo.h>
min B/AME & <st1_algobase. h>
min_element B/AMERAENE & <st1_algo.h>
mismatch R RS & <st1_algobase.h>
next_permutation ERT - HFHEE 7 <st1_algo.h>
nth_element HFEZHEFFIFHE L A~ B <st1_algo.h>
TLRMEAP R
partial_sort T = <st1_algo.h>
partial_sort_copy RERHER B B fudk & if in-place <st1_algo.h>
partial_sum AR 1 if in-place <stl_numeric.h>
partition gl 2 <st1_algo.h>
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Wk RH B Mg i B i

prev_permutation BRd — T ETIE A R <st1_algo.h>

power * . FRAAHE ES <st1_numeric.h>

random_shuffle ENEHTE £ <st1_algo. h>

random_sample * WAL B # if in-place <st1_algo.h>

random_sample_n * P ELR  if in-place <st1_algo.h>

remove Wi AT (BTN £ <sti_algo.h>

remove_copy M EETRIFFER 2 <stl_algo.h>
HHB T -

remove_if A EEmBEERTE 2 <st1_algo.h>

remove_copy_if FEPHHGEREETEF & <st1_algo.h>
WBEREHE S EH

replace PRREETE i <st1_algo.h>

replace_copy BEEETE, HHEE 2 <st1_algo.h>
EHER--1MER

replace_if B RGmER y i <st1_algo.h>

replace_copy_if R, HFESE £ <stl_algo.h>
BEHE S TEE

reverse RETERR = <st1_algo.h>

reverse_copy RETERFH/ER £ <st1_algo.h>
EHB B —1EE

rotate e 2 <stl_algo.h>

rotate_copy Mg, HALZREWIL 2 <st1_algo.h>
—AE%

search BERETTFH & <st1_algo.h>

search_n B CEEEE W OB <st1_algo.h>

set_difference
set_intersection

set_symmetric_
difference

set_union

FF7
EH
Bk
WFRLE

g3

# if in-place <st1_algo.
2 if in-place <st1_algo.

£ if in-place <st1_algo.

B if in-place <st1_algo.
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Wik wEmE- - BE BMEX

sort e £ <stl_algo.h>

stable_partition FEF R TEOHEMETF B <st1_algo.h>

stable_sort REFF T REFETTED yid <stl_algo.h>
MR AP

swap T (W) 72 <sti_algobase.h>

SWap_ranges T (EEXE) p <st1_algo.h>

transform LA FFIhEM, *5 £ <sti_algo.h>
R4 % =4

unique BEIMTETESH, pod <st1_algo.h>
o e —

unigue_copy BEENTEITRER, £ if in-place <st1_algo.h>
M —, FE Rt

upper_bound “BHELEBEARAZA & <st1_algo.h>
AL ) 2 AT
fREME

make_heap HIE—1 heap P <st1_heap.h>

pop_heap M heap B —4 TR 2 <st1_heap.h>

push_heap B— TR heap W B <st1_heap.h>

sort_heap % heap HEFF 2 <st1_heap.h>

E 61 STLE¥EEK

6.1.3 FATEHIE mutating algorithms —SBTRIERRZE

FigH STL Bk M mERe (first, last) FIRREKRMEM L.
W OCREERT, RNEEERPSEMREN ERBFER KTRAR. B
MEER (copy) . E¥ (swap) . ## (replace) . HE (fill) . #Bk (remove} .
HFIA4 (permutation) . 7+l (partiion) . WM EH (random shuffling) . HEFF
(sort) SEME, HMRMY. PRFHXEREIAT-THBREL, H:

int iajf] = { 22,30,30,17.33,40,17,23,22,12,20 };
vector<int> iviia, ta+sizeof(ia)/sizenfi{int)l;

vector<int»::const_iterateor citel = iv.begin{};
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292

vector<int>::const_iterator cite? = iv.end(});
sovt (citel, citel);
FO§ LR sort #fE, WAERSESH—AEHERFE.
FERLTEE nonm utating algorithm s—FEERERNRZ2E

6.1.4
FRAG STL B8 FaemiEMRES (first, last) BiinnHRIKE £ 6
B ERTEET, BEREUERASEREEN GERERE) TN,
EINE (find) . PUAC (search) 4L (count) . 15 (for_each) . H¥E (equal,
mismatch} . FREMA (max, min) ZHE, HEEK. BENREE for_each

GEFBATE) BRS EFE- MR ETERNSNHRE (functor) , Fill:

tenplate «<class T»

struct plus2 |
vold operator{} (TE x) const

{ x += 27}
}i
int ial] = { 22,30,30,17,33,40,17,23,22,12,20 };
vector<int> ivi{ia, la+sizeof(ia)/sizecfiint)};
plus2<int=1(1};

iv.end(),

for_each(1iv.begin(}
ISAT v & T

6.1.5 STL BAEN—REIN
BT HEENTITAN SR %488 (terators) , EHWHN firsr H
last, ARGTERENEERE. STL JRREANHAEFEE (EHLBEZXE)

Eaik, BIR [first,last), BRKAEE first £ last (AF last) ZHH
Eﬁﬁiﬁﬁ M first=-last i, tﬁﬁﬁ%ﬂmﬁ%ﬂﬁkﬁglﬁ]d

X [first, last) JZI‘@EM@%{#%, PIEERE £ H increment () &
Wﬁmﬁﬁﬁﬁ;Hfﬂﬂﬂﬁihmoﬁ&ﬁ¢§ﬁﬁﬁﬁﬂ“ﬁoM%ﬁ¢%

AR, SFBRAHEHSRE.

MBS, ERETANSE (AR 32) . §—STLRRNFESR, #
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ZHHEHFENREEERIENHRER. FIU fina0 FE—4 nputiterator,
RRENERER, BEOTLESEELRMERE, W Fowardterator,
Bidirectionaltterator 3 RandomaAccessiterctor, B ¥, M 32 M2, Rig
Forwarditerator B Bidirectionaltterator & RandomAccesstterator th # 2 — f
Inputiterator. BIMBAELL tind) —4 Oulputtterator, &5 4.

BEMMEABEAENEE, BRE—-BEE, HRRIEEEEREN N
BHEL R, NS "ERASEEHAREEZHE S, B4R R function template
K —Fh B SI5% {(type parameters) .

W& STL BEARKE-MEE. - BREENEMEERAREERETA,
B-TMREREFASE, BIHIFEA-HER (functor) , PIERREMR
B. B unique!) BREERTHA equality BEFFRILER ML E, Bl
R TR BIFH R ML equality BEF, SR AP HEE XE ) equality
BES, ETLE— MR (funcior) B8 —EN wniquel) . FHREETH
FX BT RS AR RE SRR, BRI ERE i ERREH,
WM find_it(. B—PHFR replace(), HHNEN equality BEFHTHL
WHBPE, replace if () MILUEWBIMHTEE (functor) HEATHLITTN.

AR (mutating algorithms, 6.1.3 W) BHEMEF A —£ inplace
(BRMBIEETT) M, BAMEEHBERE: B2 copy (BRMMTT) K, WRE
SHEMPAEH —HEE, REEINF EHATERHFEEZRZF. copy BEEL
copy ERBBEHER, Pl replace()  replace_copy ). HARFA R
TEWEHA copy M, B corc) BEA. WRBRNABLUEE "X copy B
x ZREREENGTE-BREEATENRHARE L, RISRETHIGEH ERH -
5zl

EF 75 %0l (numeric) B3, 45 adjacent_difference(}, accunulate(),
inner product (), partial_sum({) %%, #LMTF SGI <stl numeric.h» Z
R REAAEIE, STLRERFLARENRLER aurerics. Bt STL K
EEEMTF SGI M <stl algo.h> H<stl_algobase.h> JLEFH, HERPIFL
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f: AERATLEE, DAREEERMEAIMS <algorithms.

6.2 FRBNZKTIE

o~ TR T BHRERE L VR W, EEMINSERNER D EWmRE
T, X8 THERNHARE (WMEFEHR)  FRMEEE R (AR HEEL)
FRTAEE (MARMZEVEXRRTR) , BEF EARAREE T
B ARG .

R0, WA ERN THA BN BRSNS, ATRESHnESE, &
HEMRAEBARAT . Wikt -8, FEERTHEN (BXEH) &iE
SR WA, RINWAANSLERFZNOBESEY (LR array, 0F
£ vector, HiFR list, ¥R deque ) b, EFRHTHITA R

Y@uEF, NERBESRMNR I mIME 4, LRENSHFRERNREE
B e t, ETERCRE- MR EELIET. BMIESIRE
Mz B4 (generalized) , FIREZAL.

RTIBFREZN —T%E, DEARKNEFER, BERIES -1
find() B, T array P IR EE. AWEBH array, RIAIMERRE:

int* find(int* arrayHead, int arrayS8ize, int value)
{
for (int i=0; i<arraySize; ++i)
if {arrayHead[l] == value}
break;

return &(arrayHead[i]};
3

HRBEEATRANER valve. BEME 1R, HHEFRBNH—
AHSEBETE:, DRERERE, RENRE —MRROT-AE (i) .

“BETERTME” BN end. BH ens MEF “BREEGR™ LT
BAT2EHE. B ATRE nll? B, —0RRAEREIE, ena BEATLL
WEMFRAERHREHNE, RE nll FREXEN., 28, MRS
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%, FRarray W FAREEREXE, BEXE—1E0 array TR,
AETRLEEHAEM array RWEEFE, WETLIFEM array BinLISMNO LM AL
B. ARISEHEE array RREUABUEEN, ©RERXYHEM array $85
A, REBEA (dereference) HAH. FAE, HATLLXEMEA find AHE:

const int arraySize = 7;
int ialarraySize]l = { 0.1.2,3.4,5,6 }:
int* end = ia + arraySize; // BREAENT-NE

int* ip = find({ia, sizeofi(ia)/sizeof(int}, 4};

if {ip == end) /7 B array fRECHEEE
cout << "4 not found" << endl;

glse
cout << "4 found. " << *ip << endl;

find() HRXMEERETHSRENEHAT (HIIN arraysize) , BELK
KA ERSEEER. BTk tind0) BHTHALBNESE, HBENZERSLNL
B, ib fina() BEWAEHEISR, Frd— M REXE, RERTHEE.

int* find({int* begin, int* end, int value)
{
while (begin !'= end && *begin !'= value]
++begin;

return begin;
}

EANEHE “BIMEF KA [begin, end) W (AE end; end [ array
BETENT ) B value, FHRE—1E, MRAEHRBANE -5
SMNTE, WRRARTE, WEE end. BE, HATUXBESA tinda)) BH:

const int arraySize = 7;
int ialarraySize} = { 0,1,2.3,4,5,6 };
int* end = ia + arraySize;

int* ip = f£ind{ia, cnd, ¢);
if {ip == end}

cout << "4 not found" << endl;
alse

cout << "4 found. " << *ip << endl;

find() BREAURFEHBARER array HFRMA:

int* ip = find(ia+2, ia+b, 3):
if {ip == end)
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cout << "3 mot found" <« endl;
else

cout << "3 found. " << *ip << endl;

BT find() BEZAFTEMBERHHEENRY array MEMN, B
TR EME — 1 template:

template<typename T> // *®Bif typename MM NEEF class
T* £ind{(T* begin, T* end, const T& value)

{
i/ BB, UTHIT operator!=, operator*, operator++.
while (begin != end && *hegin != value)
++begin;

/1 HRE, DTRERELSIE copy 1k

return begin;

BFEEWEMNE RS pass-by-value % pass-by-reference-to-const, HH
M RN value, HBBR HEIE: TEMNE K, FENEESHA, 2L
RATAELBK. pass-by-reference A5G E KA,

XHEM fing() B, LFERATEMAER-—REZFRAFEHEA,
TS IS E L TN fingo BEPEBRBRETR.

¢ inequality (F|EFAH%) RIEF

® dereferencelm (R, BH) BEH

& prefix increment (FTEXH) REH

® copy (E#) 1R (LEFEREKELEHE)

Cr+ H-MERIKEER, LERARARTUREAEFRE ELHE
KRR £, ERZEREFSRETHATUEER (overioaded) , BR
Qs A fing RHIE REEGE AR AIRLEERLL LR T RE. TN
RAGEH CERRE” BALIE fina0 BHRT ME—3k, finan R
WEA (native) 18N ERIEETHREBLE. WRRMU-EERAHEEED
Tist, MIXEIGEHET v " REFREECHERT - RTHR, EERRN

4 & (Effective C++) #£3K 22.
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Bt -4 class, WA RLEEHMWITN, ML “. 7 BAEERE list 9 b—4F
M, B4 findn AT T vist FERLT.

REREG (iterator, =) FME. BAHRR—FTRECRINR,
WA EE, B —# smart pointersd, LM fina() REAEEREHLUERERT,
CRERCIOE
template<class Iterator, class T»
Iterator find{Iterator begin, Iterator end, const Ti wvalue)
{

while (begin '- end && *begin != wvalue)
++beging

return begin;

}

EERE—APREEREN tina0 BEL AL RN Crr FREERRA L
HEENY, KALT-H 8. SCISTL EEME «st)_algo.n= Z9.

ETIHGRESES, BXESTL SAEHNZREE, HBRET. I
TR JLE) B STL BiRMEMAN, FERER SRR, KERH
%%H (Lippman98], |Austern98], (ISO98]. - HiENE ALK, FA&#
[Lippman98} Hi3® A, |Auster98] 11,12,13 .

UM AT s e AREGER, s - MERAEONE.

5 5% [Meyers96] R 22
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6.3 ﬁﬁﬁ}‘ﬁ <stl_numeric.h>

E—PFNEBHEE, GRIBE (numerc) B, STL #zE, &EAEMN,
ERRHAAEEL qumerics. SGL FENEIWF <stl_numerie.hs .,

6.3.1 EFRSLHY

WER MR ENTAB LA, EREERAE, £--THBgeE . 0T
BFRBRAHFNANE - EEN Mg, 8 A ostream_iterator fEHI
IR, #8ELFEANRY, EMNAERER—NMHEHRFNERSE HERE
R4S RENRBEERTERSE, EL2EATREL, X—ERBLED
RET - ITHERME.

f/ file: bnumeric.cpp

#include <numerics

¥include <vectors

#include <functional:

#include <iostreams

#inglude <iterators // oastream iterator
using namespace std;

int main{)

{
int ia[5] = { 1.2,3.,4,% };
vector<int> iv{ia, 1la+3):

cout << accumalate(iv.begin{), iv.end(}, 0} << endl;
f/1%, i.e. 0+ 1 +2+3+4+5

cout << accutnlate(iv.begin(), iv.end(), 0, mipuscint>(}) << endl;
/f -15, i,e. 0 -1-2-3-4-5

cout << inner product(iv.begin(}, iv.end(}, iv.begin{), 10} << endl;
/7 65, 1.e, 10 + 1*1 + 2%*2 + 3*3 + 4%4 + H*D

cout << lpmer product(iv.begin{}, iv.end{), iv.begin(}, 10,
minug<int»(}, plus<int>()} << endl;

/7 =20, 1.e. 10 - 141 - 242 - 343 - 444 - 545

/7 A BASRHED cout, FAREM

ostream iteratoreint» oite({cout, " ");

partial_pum{iv.begin{(), iv.end{), oite};
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J136 10 15 (FnMHTEERTIRTESMMLTH

partial_sum{iv.pegin{), iv.end{;, oite, minug<iot»>{)):

/41 -1 -4 -8 -13 (B PHARERN o METENEE LD

adjacent_difference|iv.begin{), iv.end(}, oite);

/011 L1 (#LENESE, mALESET snlARE - #n-1HLE)

adjacent_difference{iv begint}, iv.endi)., olte, plus<intx»(}):

i1 35 7 9 (#ypEMTE, snFnEET op#nlHRE, #n-1 HTE))

cout. << power (10,3 << endl; JF01000, i.e. 10*10¥*10
cout <« power{1{,3, pluas<int>()) << endl; // 30, i.e. 10+10+10

int n=3;
iotaliv.begint), iv.cnd{), nl; pr EAREREWNEAD, 141, n+2..
for (int i=0; i«iv.szizel(); ++1i}

COUT <a Iv[i] «c ' '; 34567

6.3.2 accumulate

¥
template <class InputIterator. class T»
T accummnlate{InputIterator first, Inputlterator last, T init) {
for { ; first '= last; ++first)
init = init + *first; // BEIAREEMBE inic &L
return init;

1

1iOMRA 2
remplate <class InputlIterator, class T, class BindryOperation»
T accumylate{inputlterator first, InputIterator last, T init,
BinaryOperation binary_op! |
for { ; first != lJast: ++firgt)
init - birary opfinit, *firstt; // ME—-TnEWTZiif
return inig;

BHE accumulate A¥IFHE nit M (first,lastt AFETERLH. &
B, - ERRE-DWEA ine, XABHPFEZ-ES (first,last) A%
X e RE— TR T LNE. NEFEHE (first,last) PHERED
BH, NiEE inic B O

SFH T REF ALERSHRS (commutative) FHIEE S (associative) .
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B, accumulave BITTRHMIFE AT E L B8 inic WIL, BT HI
[first,lasu) RAIPRE—MERSE 1, KFAAT init - -+ =5 (B—W
/.131) ok in:t = binary opiinit, *.} (%:Hﬁdﬂ e

6.3.3 adjacent_difference

/R L
template <class InputIterator, class Qutputlterators
Outputlterator adjacent difference{Inputliterator first, Inputlterator last,

OutputIterator result) {
i¥ (firsht == last) returm result;

*result - *first; S EREREAR IR

return _ adjacent difference(first, last, result, value type(firsti;;

S0 BEHIE (HETEE) . AERSNIRGRER, AMARTRE (ETERTRD
f4 Lf {first -= last) relurn regult;

/4 *result = *first;

/7 iterator_traits<InputIterdtor»::value_type value = *first;
/0 owhile (++firsz '_ last) { /7 EZEIMEE

/¢ .. TR adjucerl_difterencel) BIXEHE

£l

i

i EBERR AL, ER A LA AER. DERBEE

cemplate «class Inputlterator, class Qutpubtlterator, clags T~
OthletI‘Eeratar_'_eufljeu:.e::u:_i:lif)‘.’n'-_'rel:u:e',(Input:I':,eratc:rfirsL.r InputIterator las:.,
QurputIterator result, T*) |
T oyalue = *first;
while (++first !'= last} { /1 EEEAIXE
T tmp = *first:
Frrresult = tmp - value; J/ BHTSBTENER (B-f) . MELBEMN
value = {mp;
}

return ++result;

f/ORE 2
template <class Inputlterator, c¢lass Outputlferator, class BinaryQperations>
Outputiterator adjacent difference{Inputiterator first, Inputlterator last,
Qutputlterator result,
BinaryOperation binary_op) {
if (first == last) return result;
*regult = *first; () BERiEERR—-T IR
return __adijacent_difference(first, last, result, value typeifirsy),
binary_op};
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template «<clags Input.Tterator, c¢lass Outputlterator, class T,
class BinaryOperation»
QutputIterator _ adjacent_difference{Inputlterator first, Inputlterator last,
futputlterateor result, T*,

BinarvOperation binary_op) {
T value = *firgt;

while {++first 1= last) { /i EEAKE
T tmp = *first:

*++result = binary_opltmp, value); // HHEMEENZHSE, RELA MK

value = tmp;
H
return ++result;

}

ﬁﬂ; adjacent_difference Fﬁ%ﬁ‘ﬁ: [first,last)@*ﬁ%ﬁfﬁgﬁma
WEEY, T8 vfiret WEL *reculr, IHEXM [(first+l,last) AMNEITE
{JQ%E i, ﬁ' *i - *(i-1) Z{ﬁﬁ{ﬁ% *({result+(1-firstii.

FE, RALLE A Ginplace) BHIX, EHHES result FT first.
B, EXMERTER - MRERZ (mutating algorithm) .

‘“HEE-REZE, RAEHFEHNECEE AREERAER, BARA
R ESNEELEREAKNNREAS. MENESEENEX—0F
HEYL, T4 adjacent difference § partial_sum (EAR) LHEEH.
ATEBE, MBESEEME 12345 $hiT adjacent_adifference, HHBHERN
1,1,1,1,1, G RMIT part al_sum, BLHEBFIBXEE 1,.2345.

$— M A operator- R EEH, FTRARBAFRER ST EH.
B MEEEY [firstsl,last) FHEMERS B <1 - -1 BES
" (result+(i-first)), BIAMMEMNER binary opi*i, *(i-1)) MBEE

%E{E?ﬁ *{result+ (i-firstl).

6.3.4 inner_product

HE
template <class Inputlteratorl, class Inputlterator2, class T>
I inner product (Inputlteratorl firstl, Inputlterator 1 lastl,

Inputlterater2 first2, T init) {
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/1 A BT RANECAME, BRAFTIRE -8
for ( ; firsel 1= lastl; +sfirstl, +-firstd}

init = init + (~firstl = *first2); 7/ BITRNFAR B
rerurn init;

}

JfE 2

template <class Inputiteraterl, class InputIterator2, class T,

class BinaryOperationl, class BinaryDperation2:

T inner_product (Inputlteratorl firstl, InputIteratorl lastl,
InputIterator? first2, T init, BinaryOperationl binary_opl,
BinaryCOperation2 binary_op2} |

ff SRR RN, BRAFREE R
for { ; firstl '= lastl; ++firstl, ++firsta]
£ MR A RO E—RF TN operator* M operator+
init = binary_opllinit, binary_op2(*firstl, *first2)}:
raturn init;

B inner product FE#ITE (firstl, lastl) M [firse2, first2 «+
(lascl - firscl)) B —REPMH (generalized inner product) . HE, fi—ERE
B inic. RAMPERZ -RY (first,last) NZEE, BAHKE—H#
TYRER, MBRETERD vectors F—AR, MEH inic ®BN 0.

E-AMEFESETIKBEREERNLE inie . UXEER, RHSEROE
% init, REHM (firotl,lastl) ME--MERSE 1, DRERKFHRT

result = result + (*i) * *{firstZ+{i-firstlii.

BONESE—EENE -ERREUARBOEZ 0 BRERA operator+
¥l operator*. WA, B EHERMELHR inic, WEHI [(firstl, lastl)
K 5 — MER R i, 38 :‘:E%ﬁﬁmﬁ’ resuit = binary_opliresult,

binary_op2(*i, *(first2+{i-firstl})).

AT B ) T {5 R A R T B A (commutative ) FI4E & 1 (assaciative) .
inner product Efﬁ]ﬁﬁﬁﬁﬁﬁlﬁiﬁﬁﬁ“ﬁﬁﬁmiﬁﬁ
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6.3.5 partial_sum

T !
template <class InputIterator, class Qutputlterators
Qutputiterator partlal sum{InputIteratcor first, Inputlterator last,
Gutputlterator result) {
if (first == lasgt) return result;
*result = *first;
return _ partial_sum{first, last, result, value_type(first));
1

template <clage Tnputlterator, rlass Qutputlterator, class T
QutputIteratory _ partlal sum{Inputlterater first, InputIterator last,
QutputIterator result, T*) {
T value = *first;

while {(++first !'= last) {
value = value + *first; /7 Bl n TR
¥iarasult = value; // IEESB AN

}

return ++result;

JOEA 2
template <class InputIterator, clasdq OutputTterator, <lass BinaryOperations
outputIterator partial sum(InputIterator first, InputIterator last,
" GutputIterator résult, BinasryOperation binary op) {
if (first == last) return result;
*regyult = *first;
return _ partial_sum{first, last, result, value_typei{first), binary_op};:

template <class InputIterator, class OutputIterator, class T,
class BinaryQperaticns»
pgutputIterator __partial sum(Inputlterator first, Tnputlterator last,
QutputIterator result., T*,
BinaryOperation bkinary_op}
T value = *first;

while {++first != last) {
value = bluary_op{value, *first); /4 Ao TR
*yiresult = value; /t BELANR

H
return ++result;

HiE partial_sum }ﬁﬂ{:ﬂ'ﬁﬁ%ﬁﬁ\ﬁ E%*ﬁ' *first m‘[ﬁ?ﬁ *result.,
B orfirst B *(first+l) BOFIRMEL * (result+1), KILEE. FE, result
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AUET tirer, ZHERNELUERBN Gin place) HE. EXFHENFER—+
BAARE (mutating algorithm} .

EHEYPRHEBMELENEAN ~firse, ROMESR rresuir. M T
[flrst+l,last) HEPMERDE 1, MAZREKFRAT sum = sum + «i (B8
£) # sum=binary_opisum, *1) (BHRE) . REHHE cun BEAS *iresult
« - firsey). BWRAFAZ o RS AMKEZHE (commutative) M5 H
f# (associative) . FIAZETAREFHAHBEE.

AHEIRE ﬁﬂj liI‘ETJ E’jﬁ%ﬁéﬁﬁﬁ resuit+{last-fiest}.

MEMESRENE L -MEREL, W24 parcial_sum SHEHF ALK
adjacent_difference L AWEE. XEMNEEHR, IR KA E 1,2,34,5 T
partial_sum, HBEEN 13,6,10,15, B s B 4T adjacent_difference,
B ERBREEEE 1.234.5.

6.3.6 power

EAEEH SGL TR, HAE STLAREZT. CRktEREEN n FRE .
FEFEN s BRAKECHACHETEMHER, ok, BHLUTHAFEE;
WMREE ARE, BARRE.

i1 RE—, BR

template <class T, class Integer:

inline T power{T x, Tnteger n} { . ‘o
return power(x, n, multiplies<T>(}}; /7 TEBRARA bR

1

/7 WA, B, MERENREEE, Nn 5= 0 FHEE xn

// 8, "Monoidoperation" MAIMREE SR (associative) ,

/7 BRAEHLELHE (commutative)

template <class T, class Integer, class MoncidOperation»
T power (T x, Integer n, MencidOperation op) -

if {n == @)
return identity_element (op); ;7 B ERTE” identity element
else { /7 B “ERTE, R7.3 W
while {i{n & 1} == 0} {
n we= 1;

x = op{x, x};
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}

T result = X;

n =»= 1;
while (n !s O} f
x = oplx, x);
if (im & 1} (= @)
result = opiresull, X},
no»== 1:

}

refurn result;
}
}

6.3.7 itoa

RAKEE SGL B, HAE STLHREZA. wRARLERITHKRBHNE,
FHANE - TEMEEN value AN H. EHEERE, ERETXEAR,
FFOVR—FFAEEY: (mutating algorithm) .

// BEHE: iota EHANES?

/) REEN. T [first,last) EKEMAA value, value+l value+2,

template <class ForwardIterator, class T> ;

void iota[ForwardIterator firgt, ForwardlIteratdr last T vaIue} {
while (first != last} *first++ = value++;

}

6.4 E$%% <stl_algobase.h>

STL RSP HEAR AR R ENE R E, Al SGI HHEH HK —&
BEENT <sti_algobase.hs Z':F Epﬁﬁﬁiﬁ){:}: «st1l_algo.h> [F HFE
- Rl BTN E SR,

6.4.1 J=F3EHI

WETHEIEMBANZH, SREEMAE, 2 -MagneIrA. UT
BRREATHAENEG - ERNAR (BFS copy, copy_backward KIRIE, X
WZRERMER) . FREF for_ecach BB -4 BHIMH R (functor) display
P TR, £TFEY, $7E24RAMEE, BUBERER—MEHERG
7 (BRI, 28 function call BEFAAER) WHRE. £T for_each, Hi
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6.7.1 048, HaTEEREE - LB R KER — B,

// file: bhalgobhase.copp
#include <algorithme
#include <vector:
#include <funcrional.
ginclude <iostreans
tinclude <iterators
finclude <string=
using namespace std;

template <clags T»
struct display {
volid operateor() {const T& ®) const
{ cout << o << ' i}
bi

int main()

{
int 1af{9%] = { ¢,1,2,3,4,5.0,7,8 };
vectorzints ivli{ia, ia+5};
vector<ints= ivZi{ia, ia+9);

/10,1,2,3,4) v.s {0,1,2,3,4,5%,6,7,8}:

cout << *{(miematch(ivl.begin{}, ivl.end(}, iv2.begin()).firsc); // @
cout <« *imipmarchilvl.begint(), ivi.end{), 1iv2.begin(}).gecond); // 5
/7 BB AR R R A - AL R E — AN 7 R A SRR pair,

¢/ EhE-AERBERE-KRNALES, B2 ERGEHERE " KEMRLAS

/¢t ERBERGE, FEAHUERBEARZITERMN end (), Mg A 7 Llidch 4

/) WMBRBAFRE (first,last) XEHEE, equal () B true
i MEECERINTERE S, SHENTEATEE

cout <« egual(ivl.begin{}, ivl.end(), ivZ.begin();; J41l, true

cout <« egqual{ivli.begin{), ivl.end(}, &ial3]1; [0, [alse
/7 10,1,2,3,4Y FET {3,4,5,6,7)

cout << equal (ivl.begin(}, ivl.end(), &ia(3). less<int>()); // 1
/f0{0,1,2,3,4) MNT {2.4,5.6,7)

£111¢{ivl.begin{), ivl.end(), 9); /1 XA A 2 %RE 9
for_each{ivl.begin{), ivl.end{), digplay<int>(]1}; i 9 3999

£ill n(ivl.begin(), 3, 7}: /7 NERBEERERG, B3 17

For eachlivl.begin{), ivl.end{), display<int=()): L A T
vector<ints>::iterator itel = ivl.beginil; f (HRIE T
vector<int>::iterator iteZ = itel;

advance{ite?, 3}; J7 (18 9)
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iter swap(itel, itel): S0 B EARETF

CoUt <o *itel <c ' ' << *ire?2 <o endl: ff9 T
for_each{ivl.begin(}, ivl.end{), display<int=(}}; AT 79

/1 LU N RBEZ K &

cout << max(*itel, *itel) << endl; i9
VAP RREZ A
cout << min{*itel, *jtel) << endl; AT

Jf TARBHERU TN, BEEE, BRI ERE (A8) ZKE (HAE)
f BRERBIER 2 A, R, ERBAFNAAD, MARPREREX

cout << *maxi{itel, ite2} =< endl; fiT

coul. << *min{itel, itez) =< endl; fr9

ff WWBHERE, ivi: {997 7 7 9}, 1v2: {0 1234567 8}

awap (*ivl.begin(}, *iv2.begint{)); // BFEHEMNE

for_each{ivl.pegin(), ivl.end({), display<int=(}); /A07T7T 70

for _each{iv2.begin{), ivZ2.end(}, display<int=(}}; f/ 912345678

/i BEEMAFEHPRA
string stral(] = { *Jamie", "JJHou", "Jason" };
atring stra2[] - { "Jamie~, "JJhou", °"Jerry" };

cout << lexicographical _compare(strai, stral+2, stra2, stra2+2);
// 1 tstral /MF scra2)

cout << lexicographical compare({stral, stral+2, stra2, stral+2,
greater<atring» () );
/70 (stral AKT strali

6.4.2 equal, fill, fill_n, iter_swap,
lexicographical_compare,

max, min, mismatch, swap

X T FIHE YT <stl_algobase.n> KX HFRHREE,
copy ), copy_backward{) o, BAXFHITREERTE, EREFHAES
EZE, REEIEHERIMIAT,

equal

WEFHAFFE (firer,last) KEHRHEE, equal () BE crue. TRE
AR 2, BEENTEATEE. Bit, MERMNFERIERMFH
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REME, LATARLTENEETHER:

iE { vecl.aize() == vecZ.sizell &&
equal({ vecl.begin{), vecl.end(}, vecZ.begin(} }:

N i A BT equalivy BARHE, BRI vecl==vec2. MRHEZFHIN
TEWE—FFDY, ENEEAMBETEATNN, 2ERFFIRRR, BRAT
MM ER. F—MAREXMTRYUIFTREN equality BAFFRETAALL
B, FURAERFRIBEG R pred (FRILTIERE.

template <class Inputlteratorl, class Inputlterator2:
inline bool equal{InputIteratorl firstl, InputIteratorl lastl,
InputiteratorZ first2) |
/¢ UFE, BFEFi—Ed—&. BRI SR
/) MRFF-—HXENBRELFA MR T RRERET

for [ ; firstl != lastl; ++firstl, ++first2)
if (*firstl !'= *first2) /i ABERETEREE
return false; /! BEHEIER false
return true; /B, £FHRE, &R crue

}

template <class InputlIteratorl, class InputIteratord,
class BinaryPredicates
inline bool egual{inputIiteratorl firstl, Inputlteratori lastl,
InputIterator2 first2, .BinaryPredivate bimary_pred} {
for ( ; firstl != lastl; ++firstl, ++first2)
if (!binary_pred{*firstl, *first2})
return false:

return true;

1

fill

W ifirst, last) WHIFTE TERHEFE.

template gclass FﬂrwardIterator class T»
void £11l (ForwardIiterater flrsﬁ Forwardrteratﬂr lastf const g value) {
for { ; first != last; sefirst) /7 sftEdBI KR
*first = value; // RENE

fill n

# [first, last) wmﬁﬁnﬁ*fnﬁﬂiﬁﬁ{ﬁ, i&@ﬁﬂ%ﬁ%ﬁ%mﬂﬁ)\ﬁ’ﬁ%
— P REMT-WE.
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template <class QutputlIterator, cilass Size, clazs T-
outputIiterator £11l_n{Outputlterator first, Size n, const T& value) {
for { ; n > 0; --n, ++first) /B n N E
*first = value; /1O ESHE
return firet;
i

WE o @B TEROAARAD, SBHRTAHER? F0:

int ial3]={0.1,2};
vector<int> iv{ia, ia+3};

fill _ntiv.beginl}, 5, 7i:

RMVAEZRTLIN rin1no HERLAE, B TERERETHE
assignment ¥{E, B—MEET (overwrite) §fE, HL - BBEXABRTAH
X, REHEBRATHMMER. BRhkZ—&, M inserter(y FE-1H
BEA (insert) MEWEE (overwrite) BEHMIENRE. inserter() AIFE~1H
R FEC RN (iterator adapter) , W.83.1%. HEWT:

int ia(31=(0,1,2};

vector<ints> iv(ia, ia+3); fi 012
£fi1l_n(insertex(iv, iv.begin()), 5. T}; AT T T T T 012
iter_swap

HR Forwardherators fr 48 %t &R . WTHE.:

a b
b@ . - iter_swap()
ll]i][7][s]

template <class Forwardlteratorl, class FQrWdrdIt&Iat0r2>

inline void 4ver_ swap{ForwarﬂIteratorl a, Forwarditeratof? b) {
__iter_swap(la, b, value_typela)); // EEBZSHHAI

}

template <class Forwardlteratorl, class ForwardIterator?, class T»
inline void __iter swap{ForwardIteratorl &, ForwardIterator? b, T*) {

T tmp = *a;
*a = *b;
*h = top;
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+
I

iter_swap() & “HAEZ vaue type” I LRGH —AMEHT. B, HEK
UAME BN volue type, R - MR, HREGETFHREARN
R, Hik, FRERLENITT - NEHE, R-BRASTE, FEN
ARSI B Y value_type(a) . KA—F, FTRHAE vauetype AIRAAT . F
Rz FHRAGELMX A TASBERAGRAEIROUMNBINTR. AR
value_typela}, BZmHE . HERE value_typel) I HERE, & -2
HwARIFET:

fF M FEXF <stl_iterator.hs
template <class Iterator=
inline typename iterater trmiijseltéfarorsdivdloe, type*
value type{const Iteratork) {
return static_cast<typenahie ieerapss: frayta<iterarde>:tvalue_type*>(0);

}

XE VR SGI STL EREH 4R, EERHELE, ERIAT

template <class Forwardlteratorl, class Forwardlteratori>
inline void iter swap(Forwardlteratorl a, ForwardIteratorZ b} {

eyt ltéraﬁér crattg<Forkat@iloraresibyvalus type top = *a;

lexicographical_compare

Bl “SEHEFFR” WMEAFH (firstl, lastDF [first2, last2) 1T
W, HRHRAEs R R R A R R AL EM TR, HEEEY (1) -4
RREREFARS: ) FARBA 1ast1 M 1ast2 CHFFFIGRAER) 5 @) 3
i last1 & 1ast2 CHFRAIRKXNRR) .

M A BN BT L RAE - ARRSHTEN, AT LR

o MES-—FAWMTERA, BE true. TUWERE false.

o WRIE lastl THAIE last2, B crue.

o YEFE 1ast2 MEREEE 1acc1, BE false.

o IEFENEE last1 # lascz (BAEEHALRMLE) B false;
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WEER, £ AL TR KL (lexicographically) ] 5 A/ TR,
BT, 7L RS

string strall]l - { "Jarie*, "JIEou", "Jason™ ;
by

string straZz[, - { "Jamie", *“JJhou*, "

EAEEEMNE ACEM, HEEAEE, REMETY R, HETEN
A%, BEREMS, odBow AT radnouwr, WY w EFRIEFEF LT
e (EE, HE AT FEEIE KT FRENEREERNTMR. FL0
KEEEM ASCH BH NS THM ASCU BN . FEXIMEREE R "TE
WOET TR, REESE M mEM . HBEERE cree.

srry" }:

BoMERITRIETE MU B comp FENILERIEZM, RINTEEF TR
I less-than (/T ) BAFA.

template <class InputIteratorl, class Inputlteratoris
bool lexlcographical compare(Inputiteratorl firstl, InputIteratorl lastl,
InputIterator? first2, InputIterator2 last2) |
ST, AR kR, KR, SURHERIZRN TR - — #T A
for [ ; tirstl 1= lastl &k first? != last2; ++[irstl, ++firstZ) {
VF (*tirstl « *first?y ¢/ B-FRALEAEAFE AT ENCEE
return true;
P (*first? « *tirstl) s/ BIFFIREMENTE - FIIGEN LEH
return false;

S MBEREALEAAG, FRHEMY. B0 AR TRERELM

}
Jr EHBRE, MRS FFIHREMESFAE G0, BB SR FETFA
return firstl]l -- zastl && firstZ !- last2;

}

template <class Inputiteratorl, class InputIteratorZ, ¢lass Compares»
bool lexicographical rompare{InputIteratorl firsti, Inputlteratorl last1,
InputIterator2 first2, Inputlterator2 lastZ,
Compare comp)
for ( : firarl != Jastl && first2 != Jast2; ++firstl, ++flrst2) |
if {rompi*first!, *first?))
return True;
if (comp(*first2, *firstly)
return false;
!
return firstl =- last] && first? = lastZ;
'
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KT RHEE, SQ IR T — M A, AT R4 const unsioned char*:

inline boel

laxicographlical compareiconst unsigned char* firstl,
const uwnsigned char* lastl,
const unsigned char* Lirst?,
const unsigned char* lastZ)

const size_t lenl = lastl - firstl; fr B-FREE

const size_t len? = last? - firsc; /i BRRRE

/f FElA M R R — E mercrp {) HEEHER

const int result = memcmp({firstl, first2, min(lenl, len2)};
;7 MBERBET, MKERKFEHMBHEX

return result != 0 ? result <« 0 : lenl < len2;

H mememp () & CHRAERS, ERL unsigned char HIHFERLEMFF
P — —F W E -1 bytes. BT XMEA, SCI BR4S - MECEE, AT
B const charr, AL, BEAFHEFRBT.

max

BREAHEPRBERE. ARARAE, B EHANRES o FRAR
greater-than BAEFFRHB X, ARZE G RH R comp RABK/D.

template <class T>

inline const Pt max{const T& a, const T& bl {
return a = b 7 b+ a;

}

tenmplate <¢lass T, class Cowmpare>» .
inline const T& max(const T& a/.const T& b Cornpare comp} L

return compia, by ? b : a; // B comp BE “KMLE HE
}

min

BAAMEPREMI, FRARAE, A -ERANEUE » RN
less-than BAEH SR KT AN, RiA — RT3 comp RAVBTKA.

tamplate «<class T=
inline comet T& min{const T& a. ccmst T& B {
return b < a ? b : a;

}
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template <class T, class Compares
inline const T& miniconst T& &, const T& b, Compare compl f

return compib, a) ? b : a; f7H comp WE CRADHET b
}

mismatch

RPN TFA, 5 TE Z B8 N ARILAL . R - IR A 458,
A BTERPAT A REACS, WTE. MRERFFIRNFEETESLA, R
MERFFTE AN 1ac HAEE, BEER TR equality B EILELE,
BETMA LA EE CRERE. DRECRINTE M RLER A2, Sl
R TEZREAL. WRE _FANCRIEELE-FAL, 2RERTTHBNT
K.

EI@EEl
npanatanne

first2

mismatch( )

mismatch( ) &
-4~ iterator pair

first

DnBEN
[o]l][2]ls]alis]le]l7](s]

second

remplate <class Inputlteratorl, class InputIterator2s
pair<Inputiteratorl, InputIterator2: mismatchl
‘ Inputiteratorl firstl,
Inputiteratorl lastl,
InputIterator? first2) [
i/ UTF, MBFR-ER, REER
7/ BUF, MBEFI-AFH_MREEEES, KEH
J/ BR, FR-HMAEMRUAESEERCHTE M, FUERTITHN
while (firatl '= lastl && *firstl == *firati} |{
++firatl;
++firstl;

6 {Tf— “X” %A, SALE pair RFK. pair £ C++ Standard HTERT—D class

template.
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H
recurn palr<IinpitIteratorl, Inputiterator?s(fivscl, firscz)y:

1

template «<clasgs Inputiteratori, c¢lags InputlteratorZ,
class BinaryPredicates
pair<InputIteratorl, Inputlterator?> mismatch(
InputIteratorl firsti,
InputIteratorl lastl,
InputIteraterd firsel,
BinaryPredicate binary_pred! |
while (firstl != lasti && binary_pred(*firstl, *first2)) {
++firstl;
++flrata;
J
return pair<InputIteratorl, Inputlterator2={firstl, firstl):
}

SWAap

ZEBARE R WAOMRMAR.

template <class T>
inline void awap(T& a, T& b} |

T tnop = a;
a = b;
b = tmp;

}

6.4.3 copy— BICBEITETARHEM

AR ERBFEN STL AT, corv () BE -MHFHARNRE.
T copy #ITHREHSE, MEFBRFELNTZM assignment operator =
copy constructor (copy BHEAMERME) , ERRLETEUAAANE wivial
assignment operator, Hit, fRHEHERAFERERGH (A C i
memmove X memcpy) » BEEE THKERE. Fi, SGISTL ¥ copy HEAR
EfE, AEENES (fonction overloading) . BIBISEHE (type tmaits) . WFF
it (partial specialization) %47, KT AR R MR FE. B 62 RmED
copy () BRIEGIRKE: . WA MMBEAR, TK-—BTHIE.
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CIERR SR ERATE
BAESHEHRT, REE.

for{;firsti=]last;...}
52 generalization <}Enzgzz ;::grr_}
Y51, : specialization P
$&{t,: refinement :

__copy() —copy_d()
<InputIterator, <RandomAccessIterator,
InputIiterators RandomAccessIterators
bkl __copy_dispatch() =— ik > _topy_t() memmove ()
<InputI}teratnr ’ <T#,T¥> has trivial operator=
InputIterators
has non-irivial operator=
¥t memmove () Jiﬂt;-)*_,,ECC'IJ’Y-J: 9, __copy_d()

const char?) RERR.

t, 5 memmove() for(...;a < Tast-Firse;...)

{const wchar_t*, EinERTEBIAFHITRE. FER.
const wchar_t*)

Bl 6-2 SGISTL (M copy HiLlm¥ ke

copy HIETTHBAKIE (tirst, last) WM ICEE BE 4 HEE (resule,
result+(last-firet) ) P. HHRE, ELRFRERE rresulc = *first,
*{result+l) = *(firer+1), -~ M K E# . KM — 4 % { 8% .
result+{last-first). copy #H template Z¥ A ERMNEFEETL. HEA
KB R Inputiterctors #ALET AT, #id XA RE M Oulputiterctor #RERITT .
RERERAILMEA copy Bk, BIEMBESHEN - BRXKBMAST, B HEEA
FaeE—RXE £, mE 63 R,

WTEAWK 0 8 last-first (AF) BB n, copy TMERE
*(result+n) = *(first+n). BEBERFREG (BB o) W7

7RI [Austemo8] MK, MEMARFAE LKW ER, RENFEELIHE.
M result T [first,last) 2P, RERE, MR KERELSAKE
HE, BRIEAEER copy. HDFEWDEH K RRS®AKEBIEE, HaTRHR
copy . copy_backward EEIE&?EIJTH&WBL M%Iﬁ’iﬂzﬂ%%?ﬁiﬁa J:‘Iﬁ%?ﬁ%ﬂ”]ﬁ
AEEIFALH. P result £ ostream_iterator {833 1) FHTHEFM “ia_“
BURENFME" WEAH, BARERF -4 FETRMIEE.
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§ [irst last

e
@EZEEEEEH
mwh-ﬁﬁﬁ@%ﬁﬁ eopy()

SHAZAES

2][3][4)[s)le] ) le ][ L8]

f

EEHE s]isli7][s]

RHXERYER
S ARaER

HHBE BE R

JREELHERER. BHIERR.
AR EcopyhRATE, RIRDEBIIRE.

.]am

result copy( )

B 6-3 copy Bk, FIEIERXEERMEN

MEMAREASLKER2REER, YRETAE, TUNETHAEE.
Hoib B 63 H RN GUER) 2R Ry WRE RS BRBRISE S, copy
R -ETREMRERE, GREBKTNE S TRAZME, copy B
LE (THE) 2TMARRR (R8) TEHARET 20, RESHE, B3k
REE. EXER-FHEAH CWE" X4FER, BEY, MR copy RIEREHN
BB IE BN RE BT removet) RITHES, RASEL ERHR, &
Hmemmove () ZEHBMEAKENAEEH Tk, BAUNENER.

THAME 63 AEh.

i file : bcopy-overlap.cpp

binclude <iostream:

finclude <algorithms

tinclude <degques /i deque WA RondomAccessiterator
using namespace std;

template «<class T

gt ruce dispiay |
vold operator{] (const T& x)
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{ cout <« x << ' '; )

int iall=40,1,72,3,4,5,6,7,8};

tfRF, R RE ST SR ALKE RS, Ri6H

copy{ia+2, ia+7, 1al;

for_each(ia, ia+%, display<int={)}; // 2.3°45 656 7 8
cout << endl;

}

{

int ial)={0,1,2,3.,4,8,6,7,8};

77 UF, WHREHNESSHARTES, TMRSARER

copylia+2, ia+7, la+d};

for_each(ia, ia+9, display<int>()}; // 01 23 23 §'5.8
cout << endl;

f7 EGERTEH, ANERN copy BEFE A nemmove () WITEHE HiEE
1

{

int ia[}={0,1,2,3.4.5,6,7,8};

deque<int> id{ia, la+%};

deque«int»::iterator first = id.begin{);

deque<int=;iiterator last = id.end(});

++++first; [/ advance({first, 2);
cout <« *first << endl; f42

----last; /7 advance{last, -2};
cout << *last << endi; 07

deque<ints::iterator result = id.begin(};
cout << *result << endl; /70

J UTF, WHEEARGSBAKDESR, RE

copyi{first, lasiL, rogult);

for each(id.begin{), id.end(}, display<int>(}}; // 24545656 7 8
cout << endl;

)i

{

int ia[1=4{0,1.,2,3,4,5,6,7,81;

deque<int> id{ia, ia+9};

deque<int>::iterator first = id.begin(];
degue<int>::iterator last = id.end{):

++++f1irst; // advancelfirst, 2);
cout <« *first << endl; il

The Annotated STL Sources



318 B6F Fi (algorithms)

-~--last; /{ atvanceilast, -2};
cout << *last << endl; i
deque<int=::iterator result = id.begin(};
advance{result, 4};

cout << *result << endl; f/4

0 UF, HRANESERARAES, ifESHME
copyi{first, last, result);
for_each{id.begin(}, id.end(}, display<int={)J}; // 01232 3:3 3 2
couk << endl:
/1 ERERER, HAEAN copy BEREMEH nemmove () T RkrE F#1E
}
}

HEE, MEEL vector A LEH deque T, EHSEERER
Y, EH vector IMABHELRETEEHEE (native pointer) , X423 7, FHA
) copy B memmove () BUATERRE FHRIE.

copy BRBR [result,results(last-first)) PRERERERNSR, M
FEHERBEE. E2HBEKEAANTERTFE, MARFEFNLE. ©
THENTHBE AN EAEE, BEER, copy FHRERARETERASE
.

NERBER LEBA (MERKE) FRIZWN, EAHAERFFIERFD
insert AR, EAERH copy BEHBR insert_iterator (83.1 ).

BERTIKER copy HEEXWIRMT. FTHEKL A, thRE— 1Y
s

/1 RETLREE
template xclasg InputIterator, ¢lass Qutputlterators

inline OutputItgrator ery{mpwt];t:erag.or First, Inputlteramr last;
: T outphitIterator resilt) s

{
return _ copy_dispatch<InputIterator,Qutputlterator>(}
{first, last, result):

?ﬁﬁ’i‘%$ﬁﬁﬁ, ﬁ'ﬁﬁi*&ﬁ (ﬂ%ﬂ%—"ﬁﬁﬁkﬂﬂ%ﬁﬁ) const char*
F1 const wehar_t*, HEITPITF B EPE T1R4E.
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J)ORERA (). BRI

inline char* ecopy{const char* first, const char* last, char* resylt) |
memmove (result, first, last - first);
return result + (last - firs=iL);

(] OEEREA 2 . EEEL
inline wchar t* ¢copy(const wchar ©* first, const wechar &* last,
wchar_t* regsult) |
memmove (result., Jirst, sizeof{wchar_t) * {last - first));
return result + [last - firat);

copy () HREMEZEMAFEAT -1 _copy_dispateh () IRE, HWHEAR
— AT AR I TR R A
At raid e

template =class Inputlterabtor, clazs OutputIterator:
struct _ copy dispatch
{
Out.putIterator cperator () (Inputiterator first, Inputlterator last,
QutputIterator result) |
return _ ropy (first, last, result, iterator_category{first)};
1
¥
ff REBLIEA (L), MOSEEE v 8B
remplate <class T
gtruct _ copy dispatch<T*, 1*:
{
T+ sperator !} (T* first, T* last, T* result) {
typedef typename __type_traits<Ts::has_trivial_assignment_operator t;
return _ copy_t (first, last, result, ©{)};
}
bi

/7 REEHIRAE (2) B -AEHE const T B, BTEEE o WHER
template <class T
atruct _ _copy dispatch<const T*, T*=-
{
T* operator{){const T* first, comst T* last, T* result) |
typedef typename _ type_traitse<T»::has_trivial assignment_cpcrator t;
return _ copy_t{first, last, result, ti));

XEBSFENFBERET. B%, _copy_dispatch() BN bERIEE
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R ERAR, BHTARN _copy (), ARREARFREMETRE AR
HREAR, FREBZH.

// Inputlterator M4
template <class InputTlterator, class Outputlterators
inline Qutputlterator _ eopyifnputIterator firsc, Inputlterator last,
CutputTeerator resulft, input_iterator_tag)

{

rr UERRERY &, RERAETHE. £E8

for { : first != last; ++result, ++first)

*regult = *first; /f assignment Operator

return result;

}

// RandomAccessIterator MiZE
template <class RandomAccesslterator, classg Qutputltcrator:
inline Outputlterator
_ gopy (RandomAccessIterator first, RandomAccessIterator lask,
OutputIterator result, random_access_ iterator _tag)

1

f7 RB - RE RNRRY R 0 R R

return _ copy_di{first, last, result, distance_type{first});
}

template <class RandomAccessIterator, class OutputlIterator, class Distance»
inline Outputlterator
__copy_d(RandomAccessIterator first, RandomAccesslterator last,
outputIteratar result, Distance*)
{
¢/ Moo REBFHHRTAE. EER

for {(Distance n = last - first; n > 0; --n, ++result, ++first)
*result = *first; // assignment operator
return result;
}

FR _ copy_dispalch) RATAMONE. AERBALEKS M 2L,
BEUNR MRS E, XFEMISLERE “SBARERER" MR
T, REH BN EHTE YR TRF mvial assignment operator (FFH,
RERER) " X ANMENEEA/N, BN B0E HEEZH assignment
BB RF, MRS TSI non-trivial assignment operator, 5 H#EN
— FEETTRET. BMRREEHIEYRAE R rivial assignment operator,
FHRET U RER T, EREUBENAFMNEF R (netmove () ) M. C++ 1R
= & TR G A 3 & 60 R 512 T B rrivial assignment operator, {12 SCI
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STL BRMIBH _tvpe_traits<> MBHEAERFAM L 37 W) BE, Eid &
BRI HFE, ROEEUKATARAN _copy_1 1)
0 WTFBAERT “fBEmig 2 % trivial assignment operator”

template <class Ta»
inline T* _ copy_ti{congt T* first, const 1* last, T* resull,
__true_tvpel |
memmove (result, first, sizeof(T) * (last - firsti);
return result + (last - firet};

}

7 L FEAERT “f54FTi8 2 MR A& non-trivial assignment operator’
vemplate <clasgs T
inline T* _ _ecopy ticonst T* first, censt T* last, T* result,
__false type) |
// BB ERE —# Randomiccesslterator, BTLAAEEY _ copy dt) R
return _ copy_d{first, last, result, (ptrdiff_t*} 0);
i

MEEE copy ) WM. — M THARERREANTREORE.

RAERFARBAIME, £ copvo FHARRANERS, BEUZEN
A (k) K. B, XBMER SCISTL A, AR REYA AR
HESEHk. BUREABEGERATE, BERRTSR. W, ZRABRK, A
FoBHR SGI STL BAMAKN, BRERRATRENES. AFLEHNE
f%, $hcstl algobase.h> HWEXR, NEAGEERRK. BTk, £LEE
— A copy RIRRBTHE 4TS, ARERRERF. TEANLER:

// file : Gcopy-test.cpp

/7 REBNEE, FRFERBEEERSARBHITRR, BEAEEETHN siL
#include <iocatream= // for cout

#include <algorithms // for copyi)

#include <veCLor:s

#include <degues

#include <list>

tinclude *éstring.h* // class String, by J.J.Hou

ucing namespace std;

class C
{
public:
cf{) : _data(3d) { }
// there is a trivial assignment operator
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private:
int _data;
b
int main(}
{
i Mt
const char ces[5] = {'a','b','c','d", ‘e ;: 7/ FHEEN
char ccdl(5]; P OREERL

copy{ccs, Ccs+9, codl:

r/ VAMMER copyiconst char*)

(M2
const wchar t cwes[5) = {'a','b','ec','d . 'e';; // B#EE
wchar_t cwed[5%]; i/ Bimk g

copy{cwos, cwes+h, cwed)

/) AP EE copy (const wehar_t¥)

/7 Wi 3

int ia[5) = {0,1.,2,3.4};

copy(ia, ia+5, ia); fOEE, BOAEREREUE A . 2R IR
/f FRKMERESR

/i copy i}

/i __copy_dispatchiT*, T¥)
It _ copy_ti__ true_typs)
/¢ MK 4

77 s rist B AERN Inputiterator

list<int> ilists(ia, ia+5); // HERR

listeints ilistd(S); r HEEM
copy{ilists.begin(), ilists.end{), ilistd.begin{]};

/1 RRBEAR

/f copy ()

if __copy_dispatchi)

i __copyllnput_iterator}

e

/I vector BRBENANFRERE (native pointer)
vector<ints ivecs(ia, ia+3); /i BERER

/) MESFERERES, FALMEECEA. BasdFREHRTE
vector<ints> ivecdi{s); 11 BEEL
copy{ivecs.begini(), ivecs.end(}, ivecd.begin(]};
// copy ()

[} copy_dispatch{T*, T*)

Iy __copy_ti__true_type}

i

/1 WEEAEKIG? #iE R R g

/i ocopy ()

// __copy_dispatchi)
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) _CopYy (random_access iterator]
) _tapy_di}
f0 WG I

/1 Wl e

/i class C B# trivial cperator-

C clo);

vector<Cs Cvsi{c, c+4); /i BRI

sp R EeEERHER, RRDABEFICES. HobniE e g fn
vector=Cs> Cvd{%); /1 BEREL
copyi{Cvs.begin{), Cvs.end{), Cvd.begin{l};

[/ copy il

/f 0 __copy_dispatch{T*, T*)} XE&HM? FR randon_accese_iterator MB7
/i _copy_t{__false type} RXEEL? Ri%E _ _true_type 7
I _ copy_d(}

s W7

/7 i deque BERREBWIAE D random access iterator
deque<C> Cds{c, <+b}; /i BRRE

deque<Cs> Cad(5); /Ml %At

copy (Cds . begin(}, Cds.end(}, Cdd.begin(});

// copy ()

/1 __copy_dispatchi{}

/i _copy {random_access_iterator)

i _copy_dfl)

/MK 8

// s class String X T "6string.h" B, % non-trivial operator=

71 RBAEHAF LT Fh

vector<3tring> strve(St: Jf BREE
vector<sString» strvdi{S): // WL
gtrvs (0] = “3jhou":

gtrvs([l} = "grace";
strve[2] = "david";

strvs[3] = "jason";

strvsid] = "jerry";

copy(strvs.begin(}, strvs.end{), strvd.begin{)};

Hocopy ()

// __copy_dispatch{T*, T*) XEEE? RE random_access_iterator B?
Iy __copy_ti{_ false_type) A8, string BER __false type
i/ copy_da(}

/7 B9

/i deque ERBEBEEN random access iterator

deque<Strings> strds(5]; /i BEER

deque<String> strdd{5}); /i BREL

strds.push_back{"jjhou");
strds.push_back("grace");
strds.push_back("david");
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strds.push_back{®jason"):
strds.push_back({"jerry");
copyistrvds.beginty, etrds.end(}, strdd.beginii};

4iocopy (]

/1 _copy_digpatchi{)

// _ copy {random _access iterator)
{ _ copy_df(}

P EfT S RELDSIRFE M

Wik 5 —FFHH constructor {240 ERHEE?

Wik 6 — PR constructor AfF AW &HIEHHER?

WL 5, 6,8 T copy (0 BfEla, NftAFRE random access terator B
HE, WMRE o #HFE?

Wik 6 T RH B R & tivial operator=, ATHE __alse rype BIH?

HFARENESE -8R0 E0UREML vector ctor MAT copyO):
I . [

vector<ints ivecs{ia, 1la+%];:

/7 MTREHEES

/i copy (]

tf/ __copy_dispatchi{T*, T*]
I __copy_t{__true_type)
it

/7 GER. MiE—4 vector W4 FR=FH. BE vector ctor, RIIEM:

// vector<T:::vector(first, last}

/! =» vector<Ts::range_initialize(first, last, forward_itcrator_tagl.
[/ -» vector<T»::allocate_and_copy(n, first, last)

//  -» ::uninitialized_copy{first, last, result)

£ -» 1: _unlnitialized_copy (first, last, result, value_type{result]}
I -» ::__uninitialized_copy_aux{first, last, result, is_POD(})
f -» :scopy (first, last, result)

S ERER: BINLCE vector #1382 rondom cocess iterator,
BRI TEL LR . XRRS ARE, AWRK 423 WEARER, D
ARo@ma K Dsgk, 423 HH vector EXINT:

template <class T, clase Alled . allee- // MEER alloc AHEH

class wector {
public:
typedef T value type:
typedef value_type* iterator; f/ vector pikERRAERH
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R, vector BRBEHERE SR . ARERS copy (1 —BEM vector
ERE, WE v BHFNEET.

B — AR, B class ¢ A& T rrivial operator=, Nt AEHHE %
—1 _false type WB? XERAGEHZP, HEABIE “ArEzE R
ZE % E®R D (Silicon Graphics N32 ® N6d4 RIBFBZEBET L)
<type_traits.h> P EA M C++ RIFFEELS (scalar types) 0 T B RIB-EICH (R
37 %) HEEFPHEANHFAEXEE, BEMESEARY non-mivial
ctor/dtorjoperator= . 0 R K 118 W E 1~ class B & MR miviad
ctor/dtor/operator=, FIMAHIN class ¢, RITKFE S HF heisetbide, 7+
FERIEMFFANECH .

RHOSF AR TR HIMERE, THER <type_traits.hs (137 )
FH __type_traits<t>, F3f class ¢ i —PMFLRAEM T

i/ BABRTEIAN class ¢ B (*traits?) , ROBEXFE.

/SRR ER partial @ecializatlon, STZ._’I'EMPLM‘E_NULL ﬁﬁ}{j@

// template<>, W «stl, config.h»

_____STL_TEHPLATE_\NULL struct t}"pe_traits‘:{b 1 .
typedef __false_type has_trivial_ default_conetructor;.
typedef __true_type’ has érlvialmpopywéénstmctor ’
typedef _ trus_type  has_ frivial: aeuiqmant*ophratu:‘. X
typedef __true_type has_trivial: destmctor,
typedef _ false_tvpe is E?GD t:ype,

/1 L ’?‘ﬁkﬁﬂ\ﬁ%ﬂ

ot

yi , e R
MEXREMEEZE, M6 K copy 0 BAEMBIDERN:
// copy ()
// __copy_dispatch{T*, T 4B, AN vector HERBEFERS
rf __copy_t{__trua_type} WESRMAMET, class ¢ £ _ true_type

The Annotated STL Sources



326 FoE H¥ (algorithms)

6.44 copy_backward

template <class Bidirectionallteratorl, clags Bidirectionallterator?s
inline Bidirectionallterator? copy backwardi{SidirectionalIteratorl first,

Bidirectinnallteratorl last,
BidirectignalTterator2 result):

EARENZELIRTY CMRDS copy 1 THXM, BREREFTNT.
ARMRETHE 64, ¥ (tirse, last) KEWKE-ATEK, LIBTRH mEHE
Ml resule-1 AR, FRFAETHEMR L, LI5S, copy_backwara HHES
PATREAERRYE * (result-1) - *(iast-1), *(result-2) = *(iast-2}, -l
B, R —TERSS: result-(iast-first). copy_backward FTEZHIEL &L
R Bidiectionallterators, ABES “ETHR" . ARALIER copy_backward B
%, BRAERNEA—EXNRKNE, SHEEMERNEN--BEA L. nEE
ARRMEBREEERAEE, YRELNE, ZNEFENES, wE o4

first last

<
R EEEE,
ﬁﬁﬁi@ﬁﬁﬁ < h Trcsult
ShiAX BB/ copy_backward( )

Lo Jl ][l L ls]s]

first ] last
Lofle](2][a][e][s][s}i7][s]
¢ X avER result copy_backward{ )
SEAXERE

[s]ls][s](s]lells el 7] e]

fESHiEEER. EUTRLR.
BB BeopyRAME, TMEIBEITEIFHLRE.

Kl 6-4 copy_backward H MR MERER
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FER G 64 FIRE.

/4 file : Gcopy-backward-overlap.cpp

#include <iostream-

#include zalgorithms=

#include -~deques /¢ deque #F RandomAccessiterator
using namespace shtd;

template «<class T»
struct display {
void operator{] (const T& x)
{ cout =< x <= ' '; ]
}i

int maini{}
1

{
int 1a[)={0,1,2,3,4,5,6,7,8};

J/ WY, BEREMNESSHARRER, REE

copy backward{ia+?, ia+7, 1a+93l;

for each{ia, ia+9, display<int=(}); // 0 1 23 2324 %86
cout =< endl;

1

{

int ia(1=10,1,2,3,4,5,6,7,8};

JfUF, BEREMRESHARDES, TESAMR
copy_backward(ia+2, 1a+7, 1a+5);

for _eachiia, ia+9, display<int=t)); // 2 3 4565678
cout << endl;
II¢M$%EW.wﬁﬁﬁ%cwyﬁﬁﬁmmwMNMJﬁﬁi%ﬁﬁﬁﬁ
}

{
ink ia1]:{0:11’2:3:4;5:6:?!8}5
deque<int> id{ia, ia+9});

deque<int>::iterator first = id.begin(}:

deque<int>::iterator last = id.end(};

++++first; // advance(first, 2});
cout << *first << endl; /2

----last; // advance{last, -2};:
cout. << *last << endl; £

deguec<ints::iterator result - id.end(};

/1 BT, SEKEANE S SHAKAEE, RAE

copy_backward({first, last, result];
far eachlid.begin(}, id.end(}, display<int={}); // 01232°345%
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}

cout <« endl;

}

{

int ial[l={0,1,2,3,4,5,6,7,8};
deque<int> id(ja, ia+%};

deque«int»::iterator first = id.begin{);
deque<int>::iterater last = id.endf{);
++++Tirot; [/ advance(first,
cout << *first <« endl; fro2

----last; [/ advance(last,
cout << *last << endl; fT

deque<int»::iterator result = id.begin{i;
advance{result, 5);
cout << *result <« endl; P

ffBUF, RN ELSRAKRER, disFHE

copy_backward (first, last, result};

for_each{id.begin{}, id.end(}, display<int={}}:

cout << endl;

i/ 65 Beh B S H 7B

/) KRASERER, BABAN copy BEFEER nenmove 1) RITERRE R

}

65 set BXEEE

STL —3LR 4t THHF 5 set (£5) MEMEE, HHEHE (union) . K&
(intersection) . Z# (difference) . ¥ FRZEH (symmetric difference) .

Hril set, ATE4 M ERSE AT STL M2 XPifP, B2 L set RIFCE
ERMRSMT, AN {1,1463), STL MEX (KR set A%, B 53 1)
MNERTEABEE, FHETHF, S (1346). FNEORNTEEREZN
set, WARHFXE (sorted range) , TREABEE LI, HnEE, €I LE
% STL BY set /multiset HEEMTAKXMA.

SGISTL. H4MEHtH hash_set /hash_multiset BFAS, Bl hashtable
HEENHE (B8, 5007F) , ERMNTEFFERHTFRE, FUBRER
ZHRME set FH, HATUNHTFTRNHEE.

EHEABESE AN EY, FRRAFA set KIE. LITRTA L
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51 AERE-KWE (firscl,lestl), L 52 REF KB (firsc2,last2). §
—A set BEBREFRAEES (BHERRORABHGILE ML) , B8+
REMAEE “a<d” KNEX, RAZBEHEEHASFATELETHSNHIKE,. &
&8 AT EE. BM, MEHE AT, AWPIEFNAE CETT .

UFREFRILE A o0 HXEE, KEATI. LR T <algorithms.

// file: 6set-algorithms.cpp

#1nclude <set> // multiset
#include <lostream-

finclude <algorithm=

#include «icerator> // ostream_iterator
using namespace std;

remplate <class T»
struct display {
vold operator () {const T& x|

{ cout =< X << ° '; }
}i
int main{)
{
int ial[6l = {1, 3, &, 7, &, 11l};
int ia2(?7] = {1, 1, 2, 3, 5, B, 13};

multipet<int> Sl{ial, ial+6);
multiget-int> S2{iaZ, i1a2+7);

for_each(Sl.begint}, Sl.end(}, display<int={)}:
cout << endl:
for_each{S2.begin{}. S2.end(}, display<int>{)};:
cout << endl;

multiset<int»::iterator firstl = 5l.begin{};
multiset<int»::iterator lastl = &Sl.end{};
multiseteint=::iterator first2 - 52.begini):
multiset<int>::iterator last2 = S2.end(});

cout << "Union of 51 and 52: *;
pat_unlon{firstl, laetl, first2, last2,

ostream _iterator<int>{cout, " "}};
cout << endl;

firstl = §Sl.begin(};

first2 = S82.bhegin(}:
cout << "Intersecrion of 51 and S2: °;
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set_intersection(firstl, lastl, firstZ, last2,
osLream_iterator<int=icout, " ")}:
cout <« endl;

firstl = Sl.hegini);

first2 = S2.begini};

cout << "Difference of 51 and 52 (81-82): ";

get_difference(firstl, lastl, first2, lastZ,
aostrean_iterator<int=(cout, " "1);

cout << endl;

firstl = 5l.begin{);

first2 £2.begin(];

cout <« "Symmetric difference of S1 and 52: ";

pet_symmetric_difference(firstl, lastl, first2, lastZ,
ostream iterator<int={cout, " "}1);

cout <2 endl;

firgtl = 52.bheginf(};

first2 = 51.begin(};

lastl = 52.endf{);

last?2 = Sl.endl();

cout << "Difference of 52 and 51 {(82-81): ";

set_difference(firscl, lastl, first?, last2,
pst.ream_iterator<int={cout, " "1};

cout << endl;

HITHERMT:

13575911

1123%813

Union of 81 and 82 (51-52): 1 1 2 35 7 8 9 11 13
Incersection of 81 and 82: 1 3 5

Difference of 51 and 52: 7 9 11

Symmetric difference of S1 and 52: 1 2 7 8 9 11 12
Difference of 52 and &1 (52-51}): 1 2 § 13

HHEE, Y85 (set) RFEETRNFEN, 8. TR, 258, MKE
BREY, B5EWELFRMHAR. fnERAFEER, BIEEUAE
{1,2,3,5.7,8,9, 11,13}, M LREBRERER, RIISERMNE(2,7,8,9, 11,
13), RBRFAXEEATEVNEE. DTENTHE2FFRRA.
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6.5.1 set_union

| set_union MM 51, s2 2HE. R, CEWELES s1 U
57, HEEAHE o1 & o2 ANE—-AXE. 1. o2 REFEHERUHITFRE X
AL REEA- AR, A S X ER RS,

T o1 F g2 ANESTTERATEE —, Bk, NREMET o1 BB n
W, R on W, BaUETRERERESER naxin,n W, ¥ T%
Hsl, H&%HAs2. £ STLset AN, n<1 Hn <1,

mmenE—ﬂ%E(m%ﬂﬁﬁ,Eﬁ%ﬁkﬁ@ﬂ%ﬁ¢iﬁmﬁﬁ
GFEHALKAF. set_union R TEE, ENETIIEXEATENT R
MLE., B—REER operator< HTHH, ETMARRHRE comp HTIL
B

/1 HE, FEET (firstl, lastl) REET [first2,last2) HFALE
/7 HEE, set B corted range. ZRL TEEMNERE
AT
template <class Inputlteratorl, class Inputlteratos?, class Outpuclterator:
QuiputIterator get_unlon{InputIteratorl fiiétl, ImputIteratorl lastl,
InputIterator2 first2, Inputlterator2 lastl,
QutputTterator resuit} f '
/7 SRAREAEERIERRN, AU TRE-
while {firgtl 1= lastl && first2 != last2) {
/7 ERRARSDBHERE. EERTRESNE (RN AK) BRTHHR,
/0 BEBD A KEABEZAH: AREZ 5 TRERRRS. KRETH X
/7 WK, BFEME, AR EAWNKGF -BIAER. MRTEHSF,
/7 W51 FigRTHRK, B SRR
1f (*firstl « *firse2) {
*rogult = *firstl;
++firstl;
}
else 1f (*first2 < *firstl) {
*resulf = *first?;
++first2;
}
elge ¢ // *first? == *firstl
*result = *firstl;
++firscl;
++firats;
}
++rasult;
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}

i/ RERRZzYE KHERM, WER FHNY while TR

£ BAT R AR A R R K E 0 R TR DB E A

£/ BB [Firstl,lastlyHI[firel2, last2) DN HE—12F HILR
return copy (firat2, lastZ, copy{firstl, lastl, result));

set_union ZAITEHELARAMER FRARTIEY. K 6-5 fimil
R -5 SR ITESE.

WEEREE
DEEEEE <R

PR, BSIZTHE Ve 3|

EEEEEE faaEam
EERERE i

R IEAEE,
RISz, &3

o[ B (7 ][]
sim@ E@

L REE].
HSIZES

«EEEEEy
il (23] )8 [

g iget

AR | ———

NE-—HEHFMERRTED

%] 6-5a set_union 2
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6.5.2 set intersection

X7 5 set_intersection MM s1, 52 ZX%E. LHER, CHEHE
& s1n sz, WESHERAMEET s1 Al s2 AWE--PrE. o1, 2 RELE
HRUEFXEFER. BEEY—TERR, FREXRENER.

BT 51 M os2 RGN TEBATER—, B, WEEMEE o1 HH n
W, £ sz B n &, BazEABBREH2SHEE ninto,n) K, FELEFFE
Hsi. & STLset #asM, m <1 Hn < 1.

set_intersection J2—FIEE (siable) B, EREREXERAETT
RN EFSA o1 ARMEENE. BARMEE, ZHE TR
TENFR-ANTE. B—MEFE operacor< HTHHE, BoRMARAMH R
comp HEATHE .

st B, REEF (firstl,lastl) AFET [first2,last2) METALR
1/ B, cet £—# sorted range. HELL FEHBEHAE
I E
template <class Inputliteratorl, class InputIterator2, class QutputIterator>
QutputIterator gset_intersection(Inputlteratorl firsti, InputIteratorl lastl,
InputIteratorz first2, Inputlteratorl last2,
' QutputIterator result) {
77 YEAKRHEEDXRERL, BTLIT R
while {firstl != lastl && first? != lasti}
J/ EARERS HEEEAR, HABATEAER. 8%, #EECRTEREX,
)/ BHRERAENNE - AYERZTH-EXBZER
if (*firstl < *first2)
++firstl;
elae if (*first2 < *firstl}
++f1rst2;
else | /4 *first2 == *firstl
*yreoult = *firstl;
++firstl;
++first2;
++result;
}
return result;

}
set_intersection THAEEHCSTERBERRREAS 4 EE B 65
FRMREE—$— S 0ainER.
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I 5 ﬂ S5

ool ﬂuﬁ

FynEE, BiSIZmEl T EME, BSIZnEs

l .
EEIEFR] «HE o]

7|\‘J|L

s||u|

5

3
A

bl

e[1][1][2][3][s][8][13 [1][1][2 ‘|*l
E—SAC KRR EREE | | FMCHEE.,
HUS1 2T %5

[ 8-8b set_intersection ZA

6.5.3 set_difference

%msﬁjﬁmmmeﬂWﬁSLSEZE%.ﬂﬂ%ﬁ,E%Mﬁﬂﬁé
st - sz, WESAE "HAT o1 EARNT 2" HB—-1PxE. s1. 52 kK
TERELFXERR. BRE. PMEAE, BRREXENRRE.

HF 51 sz ARSI TESRAEH -, BRMEEME4A o1 B » K,
oo Bl ok, FARBEEREEERSER maxin-n, 0 K, FA2EHKE
51. 7f STLset BasM, m <1 Hn < 1.

set_difforence & —HIRE (stable) #fE, EERSEKENNEI TR
ROFE AR o2 NAERTIRFARR. BRI EE, Z0ETIEE KR
ENTFR—ATEE -WAMA operator< HTILE, B FRAHTEH comp
Tt
//EE, REATF(firstl,lastly AAMFET [€irst2,last2) HAHRE

;7 EE, set 2P sorted range. RELTEBEMITR
1R

template «class InputIteratorl, class InputIterator2, class Outputlterators

OQutputIterator set_difference(InputIteratorl firstl, Inputlteratorl lastl,
InputIterator2 first2, InputlIteratori lastz,

OutputIterator result} {
/1 SR E RS A A RRE, IO T &

while (firstl != lasil && first2 - last2})
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7/ ERREHSNEAERE. SE- KO rESTE KON E (FrlkE
f/ ERTE AT MERED , KERKEENG®S; Y% -ERMcEX rE-ERancE,
/0 MILBZRENE, & rAFBLE, RRTEYE RRNTE T EZXER
7/ RN, B-EKHANTERFETE K04, REEFE KA, TEKE
/7 WETEER
1f (*firstl < *first2)

*ragult = *firgtl;

++firsel;

++result:
!
elae if {(*first? <« *firstl)

t+first2;
else { J/ *tirst? == *firstl
++firstl;
++first2;
}
return copy (firstl, lastl, result);

}

set_difference JHTEREBCAZERLEEBRTHHEETTERE. H 65
FrRfIRE—HF— L0 rE#.

HEEnEE . «GOEEEEE
LNERENE  JOEEEEE

VA ER b = = WFESI LBEAT ST E:
=R ERal#H PiETHS2. HBESITHR
AT TSI E

|
JEE AR Hmmﬁmmm
MEEEEE ORI

SITEITFS2TE W Bl B EE
HSIeR. 7 ST

AEEEEE - DEEEEE
JEEERE  AnEEERE

S| TRATSUTH, Hils2 S| TETFSTE, MSIFTEN
KBS LI\ TSR
BSITRY

@ 6-5¢ czet_difference Z%ﬂfﬁ'ﬁ
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6.5.4 set_symmetric_difference

B set symmetric_difference AJ#4E s1. o2 ZHHFAEK. AW,
CHWELES (s1-32) Us2-s1), KEAAS “HAT a1 BERBHTF s
PR T 2 BRBET s1” 8- -TE. s1. 2 REXSEHEVHFK
[BlZR. BEER—PEReE, REmnKE RN,

BT s1# sz MBI TEHFAERE -, HROEEMEE o1 B o K,
Fos2 Bl o K, FLAEEEREXEREHE nnl K. NF 0 > 0 W
KEIAMEE n-n TAEHH s1 BEHTE, UF o < n WHEXBEARNRE
me-n MLEMB s2 HHAE, & STLset B8N, n<1 BEn <1,

set_ symmetric_difference B —~FERE (suable) %BfE, BERARAKH
HEREEMAFASEYE. BERMEEF, ENETHEE LRI RRNTH
— k. B—BEFER cperator< HFHRE, FTRFRAHEE conp-

s WREE, KEET firerl, last)y AREET [first2,last2t WHATLE,
/) UBRFET (first2,last2) BAHET (firstl,last)) EFAERLE
f/EE, FREXARE CREEM-EZT MBATAEL. WRE set —frik,
/7 RIFHEMEETE, B4 set-symmetric-difference B X i

¢/ WMBRMEAEfiret, lastl) HAn ¥, & [first2,last2) HBa K,

/! WAEE result range PHEMBM abs (n-m) ¥

/B, set B~# sorted rance. BRI THEATER

/1 REF—

template <clase Inputlteratorl, class mputIteratorE} clasg OutputIterator>

OutputIteratDr aqt_uymmatric ditfqrance{;nputIteratﬁxl firstl,
: Inputiterathl lasﬁl
Inputlteratérz farat2
f Inputzteratorz 1a3t2
’ ’ OutputIterator result) {
/7 SEAZ A REEREN , TR RE -
while (firstl != lastl && firstZ != lastZ)
/7 EREKEMA W eR. YHERMAGTEXHES, RimKR
jr SBEARYEERES, HERWNMITBRE, F49/ MM EX RN #
if f*firstl « *firat2) |
*result = *firstl;
++firatl;
++resulk;
1
elge 1f [*first2 « *firstl) {
*rasylt = *first?;

++firstd;
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++result:

}

elge | fF *firse? == *firstl
++firstl;
++firvst2;

}

return copy(firstz, last2, copyi{firstl, lastl, resuit});
f

set_symmetric_difference lﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂ&ﬁ*ﬁuﬂﬁ'l‘ﬁﬁ
¥, F6-5d FRmRE £ —H iR

NnnunCEREnB0000
R GpEEEEE

MY AANTRIES, SPEERM | BRis&RL

¢ -
TEEEEE L A EE
ﬂm@@ L

5

L ha

—

5

ik

§

MY BTRES PhEE2
SEREH

! ;
51..@.@. T si{1][3 s ][] o][n]
AT EEEEEE

RXHTHES BB TT R
SolE AR

oo
AREERR o LEEmEE
MEEEEEE ' AEELEEE

LG T e X

s][:illil[::]lilliilt::] :-.’\ Sllll[::][::]lllllllllll
ﬂ@@@@ sz@-.EE}.

oI L RADEEM,
BR— i‘-‘*éﬂﬁﬁﬁﬁl?m% 13

B 6-85d cot_cymmetric_difference Py i R
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6.6 heap BiA

PO heap LB HCAT 472 ¥ <stl_heap.hs M3 make heap(),
pop_heapi), push_heapi(}, sort_heap (). B, BN, H%, RFHH 7, SGISTL
BHTARLTH <su1 algo.he MBAET <stl_heap.as:

#include «<stl_heap.h> // make_heap,push heap,pop_heap, sort_heap

6.7 HERE

EXTF SGlestl algo.h> WRIMARIE, BT set/heap HXHHRETHIN
Hhad, EASTHAR V. EPARAMNETER, LARE ZrdkdEd
7. BEFEEAAE, FREHE 671 AT, HERMHERERE, 818
HEEEH -

6.7.1 BANZEBLE

E—/NRTFIR R, A6 R T R AR MRS 2. SRR TR TR b
Z—-MTRBITIEEEESEME. CNPYaFER 8L, ENmaE. ®il
HEMRHEBEEERERABTER, LENANERRE.

FABEREZE, tREG-PEENEL, BOURENESTA. MR
FRfEE 8- 185 Ak. Brhard i STL WEAITRE (lunctors,
less, greater, equeal to) FIACH:#F (adapters, I bind2nd) , HEFEAHE
EXHES (I display, even_bv_two) ; (HERBMHEHAESEH 196 TH
BT1E, RESHXEARFESHEELE.

/4 files 6-7-1.cpp
#include <algorithme
#include <vector:>
#include <functionals
#include <iostream:
using namespace std;

template <class T»
struct display { fXR-ATRY. EF L. 9.0 THETE
vold operator () {const T& x) const
{ cout << x << ' "; }
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Y

struct even { JlRRE-AERYE. WEE L o o VEB TR

bool operator(} {int x} congt
{ return x%2 7 false : true; I
¥

class even by two | ff BRI R EEE L9 TEETE
public:

int operator{}{) const
{ return _x += 2: }
private:

statlic int _x;
}s

int even_by rtwoi:_x = 0

int main{)

{
int iaf]l = { 0,%1,2,3,4,5,6,6,6,7,8 };
vector<ints> ivi{lia, la+sizeof{ia)/sizeof{int}];

7/ BE iy ZPESERERFHE - IE

cout << *adjacent_find{iv.begin(}, iv.end{)}
<< endl; /7 6

/) iv ZPAESTERENENE TR

cout << *adjacent_ find(iv.begin(}, iv.end{), equal_to<int={])
<< endl; [// 6

p/ B iv 2R EEEN ¢ WTETH

cout << count{iv.beain(}, iv.end(}, &)
<< endl; i3

df B iv 2T 7 HREMR
cout << count_if{iv.begin{}, iv.end(), bind2ndiless<int>(},7}}
<< endl; H8

fr RN iy ZPREER ¢ P -IrENEEnE
cout << *find(iv.begin{), iv.end(}, 4}
z< endl; /74

/1 Bl iv OPKT 2 BB - RNAEENE

cout << *fipnd _if (iv.begini{}, iv.end{), bind2nd{greater<int=(],2)!
<< endl; f103

f7 HH v ZBRFIFR iv2 RESIMEE - AR (B 3 A LENE)

vector<ints 1v2{ia+h, ia+8); Jif6,0)
cout << * (find emd{iv.begin{}, iv.end{), iv2.begin{}, ivZ.end{)l}+3)
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<< endl; fi B

fi R v ZRFERH vz BISENE -4 E (BE 3 ABME)
cout << *{find_firat of{iv.begint}, iv.end{), 1vZ.begin(}, iv2.end{)}+3]
<« endl; L

;0 EREBHEN v K], W8 - MLEET display 8k (FHRATELENE)
for_each{iv.begin(}, iv.end{), digplay<int=(]);
cout << endl; fAive 01234566678

17 TR generate HE =125 (BN ZEAB4EAEH

// generate{iv.pbegin{), iv.end{}, kind2nd{plus<ints{(},3}}); // error
ff WF, BREHEDY v KE, HENLEET even_by_two BfE (RAETEAT)
gaherate(ivl . begint}, 1iv2.end(}, even_by_twoi});
for_each(iv2.hegin(}), ivZ.end(}, display<int=(}):

cout << endl; ifoiv2: 2 4

/i ERRRFEERE (RESKHE) , HEMGERT even_by_two BiF (BHELEM)
generate_n{iv.begin{), 3, even by two(}}:

for_each{iv.begin(), iv.end{), displayeint={}];

cout <<« endl; // iv: 6B 10 3 4566678

s B (BFRRME) TE 6. RRUHARANE (THEUART crase WEER
Z)

remove (iv.begin(), iv.end(}, 6);

for_each|iv.begini}, iv.end{), display<int={}};

cout << endl: // iv: B 103457 8 &8.78 (RERERNIE)

s/ B (EFER) BE 6. HRETFR-RN

vector<int> 1v3{12);

remove coDy{iv.begin{), iv.end{}, iv3i.begin{), &);
for_each(iv3.begin{}, ivl.end{()., display<int>{}};

cout << endl; // iv3: 8 103 457 8 7 8 Wo-b (KERAKRER)

/0 MB (BREB) DT o k. RRTEARRME
remove 1f (iv.begin(), iv.end{), bind2nd{less<int>(}.6)};
for_eachfiv.begin{}, iv.end{), display<int=>{}};

cout << endl; // iv: 8 10 7 8 6 6 7 8 6728 (RERBAYR)

/7 W (AAEE) AT 7 BER. ZRETE KX

remova_copy_1f (iv.begintl), iv.end{}, iv3.begin(]}, bind2nd(less<int>{},7)};
for_each{iv3.begin(), iv3.end(), display<int>{}};

cout << endl: // ivi: 8107 8 7 8 7 8§ 8HD 0 (RERBANE)

/7 BEFEMTERE 6, SCHTEE 3

replace (iv.begin{), iv.end{}, &, 3};

for ecach{iv.begin(), iv.end{), display<int>{)};
cont << endl; J/iiv: B 10783378378
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/BTENITEMN 3, SHERE 5. FRETHE-XA
replage_copy(iv.begin(), iv.end{), iv3.begin{y, 3, 9};
for each(ivi.begin(}, iv3.end(), display<int=.{}};

coul << endl: S iv3ie 8 10785 5 7P HE 80

A BETEANT 5 MAEE, OUEE 2

replace_1f(iv.begin{), iv.end(), bindZnd(less<int>(},5), 2}:
for_each{iv.begin{), iv.end{}, digplay<int>{}];
cout << endl; fiv: B0 7 82278278

JBFEST 8 WA EH, WAYTEHR 9. HRETH KM
replace_copy 1f(iv.begini(}, iv.end{), iv3.begin(},
bind2nd{ecqual_to<int>{), 8}, 9);
for_each(ivi.begin(}, iv3.end{), display<int=(}];
cout << endl; // iv3: 9107922792796

tr BmEHG - TE

reverpe(iv.begin(}, iv.end{}};
for_each(iv.begin{), iv.endi(), display<int>(});
cout << endl; // iv; 8728872287108

t; EPEHE -4 TE. ARETE-KH
reverse_copy(iv.begin{}, iv.end(), iv3.begin{)):
for each{ivi.begin{), iv3.end{), display<int>{}};
cout << endl; /f iv3: 8107 8227827849

/7 hEEE (E®TTE) ffirst,middle) # [middle, last)
rotate(iv.begin(}, iv.begin(}+4, iv.end());
for_each{iv.begin(), iv.end(), display<int=()};
cout << endl; /7 iv: 7228710887 28

/7 WS (H#TE) (first,middie) M imiddle,last), HRETH-RHE
rotate_copy(iv.begin{), iv.begin(}+5, iv.end(}, iv3.begini}};
for each{iv3.beginty, ivi.end(}, display<int={}};

cout << endl; J/ iv3i: 108 872872287 q

/1 ERRAFHIIE— R ETH R

int ia2[3] = {2,8};

vector<ints ivd(iaz, ia2+2}; ¢/ 1vd: (2,8}

cout << *Bearch{iv.begin(), iv.end{), ivi.begin{}, ivd.end(})!
<« endl; [/ 2

// EREEHE 2 1 8 WFFAER

cout << *search n{iv.begin{), iv.end(), 2, 8) << endl; // 8

/7 BEREEER 3 T 8 HFAHES

cout << *gearch ni{iv.begini(}, iv.end(}, 3, 8, legg<int»(}) << endl; // 7

1 BRARENNTRE . BRANTENERENTE - KHHTR
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awap_ranges (ivd.begin(}, ivd.end{;, iv.begin{}};
for_eachtiv.begin(y, ilv.end(}, displaye<int={)};

cout << endl; // iv: 2 82871088728

for_eachiivi. beginl(}y, ivd.end{}, display«<int=(}); // 1vé: 7 2
cout <« endl;

¢/ BERKTERIE. S+ EE 2

trangform{iv.begin(}, iv.end{}, iv.begin{}, bind2nd(minus<int>(}, 21};
for_each{iv.begin(}, iv.end(}, display<int={}};

coub =< endl; // iv: 060658606506

ff WERENE, SE_RERNTERNAE -RENMETES L

ff B_KANTEMNMAENTE-KAPTETH

transform{iv.begin{), iv.end(}, iv.begin{}, iv.begin{}, plus<int>(}};
for eachiiv.begin{), iv.end{}, display<int={)};

cout << endl; d7 iv: 012 0 12 10 16 12 12 10 © 12

!{i**iti***t****t***

vector<ints> ivS{ia, la+sizeof{ial/sizenf{int}};
vector<ints> iv&e{ia+4, 1a+8);:
vector=ints> Lv7T{1lG);

for_each{iv5.begin{), iv5.end(), display<int>(});
rout << endl; /i ivh: 01 2345660678
for_each(ivé.bheain(), ivée_end(}, display«intx>(}}:
cout << endl; [/ ive: 456 6

cout << *max_element (iv5.begin{), ivS.end(}) << endl; // 8
cout << *min_element {ivS.begin{), iv5.end{)} << endl: // 0

/¢ HEERS ive ANPTERESHAT ivs F

tf R NAEFIREAE sorted ranges

cout <« includes{ivS.begin(), ivh.end(}, iv6.beqin(}, ivé.end())
<< endl; /4 1 (true}

7/ BEARFEH IS
;7 R, BARRBLER sorted ranges, HHRNEREE sorted

merge (iv5.begin(), ivS.end{}), lvé.begin(i, ivé.end(], iv7.begin{));
for_eachi{iv7.begin{), iv7.end{), display<int=()};
cout, << endl; Jlivl: 0123 445566606678

/1 BEEBENTRRERRIE, AEGHEREERE

/) R R FH R

partition(iv?.begin(), iv7.end(}, even{}}:
for_each{iv7.begin(), iv7.end(}, display<int>{}];

cout << endl: ffivi: 0B 2644666655371

j0EE “EHETEET AnE
;7 EE. BBNEEIEARANE
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unigque (ivs.begin{). ivs.end(}}:
for_each(ivs.begin(}, ivS.end(), display<ints(}};
cout << endl; J/ivE: 0012345678 78 (KENRANKE)

/o EBE CEEMERT MK, HERETH-&
/0 EE: RROERTERRANE

unique_copy(ivs.begin{}, ivs.end{), iv7.hegin{)};
for eachi{iv?.begin(), iv7.end!{), display<int>{]};
cout. << endl; f/AVTE 0012345678 7:8:5 3L (KERRSERE)

adjacent_find

HBE-AREAGNASTE. XEFMENAS. ENA-PRE "R
EHE , ERECPAERPEE - IRER, WORERS HRESHE
LENBE_TE.

(1 BRMESNEE TR, M-

template «class ForwardIterators
ForwardIterator adjacent_ find(ForwardIterator first, ForwardIterator last) {

if {(first == last) return last;
ForwardIterator next = [irst;
while{++next !'= last) {

if (*first == *next} return first; // MERBESHTRAEME, BER
first = next;

}

return last;

}

;/ EEHAENERETR. BF

template <class ForwardIterator, class BinaryPredicate>-

ForwardTterator adjacent_ find(ForwardIterator first, ForwardIterator last,
BinaryPredicate binary_pred) {

if (first == last} return last;
Forwardlterator next = first;
whilef{++next !'= last) {

)/ IERFHSKTETAAREERS, AER
/4 BT, FABEEMNERSNE - TENE -k
if {binary pred(*first, *next)) return first;
first = next;
}

return last;
}
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count

i& fl equality B1EFF, # [tirst,last) KRAME - cRERTEEM
value HE, HBEE value MEMTETE.

template <glass Inputlterator, class T-

typename. iterator traits<InpueIterator>::difference type

count (Inputiterator first, Inputlterator last, const T& value) {
7/ BFAEBH—1 S n
rypepame: iterator traits<Inputiterators::difference type n = 0;

for ¢ ; first != last:; ++first) /7 BANEEGE—R
if (*first == value) 7/ WRGRER value %
+4+11; f/ v EEER 1
return n;

}

HEE, count () H—REEME, AGNT. EWERAGEREFHERE
B, irRSEh SRR,
/7 ERIFEY count ()

template <class Inputlterator, glass T, class Bizex
void count (Inputlterator first,, InputIterator J.ast,
. congt T& value, Sizek n) { . ’

for { ; first != last; ++first) /7 BAREE -8
if (*first == value) /4 MBEEEH value HE
40} s HESRRIN
}
count_if

BREERE (—MBYK) pred THT (firse,last)XENKE—TLE
BF, #8 Sl orea ZHEERN true” MFEXEN RN,

template <class InputIterator, class Predicates r

vpeane ‘i Eevaroritral tﬂ@mﬁ&éfﬁﬁa@- m@&ﬁé\ﬁgg&m
count _Af{InputIterator first, anutiterator ‘last, Pmda.cate pred) {

/" PIFFB— P38 n

pendid gl svor Sraii Bt iamitTter n = 0;
for { : first != last; ++f1r5t} /1 E’T‘ﬁﬂiﬁ ﬁ
if (pred(*first)) /) WRIEFWA pred KEHERNA true
+41; ¢/ EER R
return n;

}
EEE, count_if() T RBINA, ABNT. EALARERAFNER
ERE, RS RHR AL
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J/OEREHERN count_if(;
temmplate <class Inputlterator, class Predicate, class Sizes
volid eount_if(Inputlterator first, Inputlterator last,
Predicate pred, 3ize& n {
for { ; first != last; ++first) JBAKEE B
if (pred{*first)) Jf WRIGEH A pred MIEBERN true
+4+0 AOHEER R L

find

BB equality BAEHF, BFER (first.last) ANFAETER, HEB -1
ILAE “%[[ (equality) &4 &. MRIKE, HiEME— Inputtterator 181470
£, BWEEZERE L1ast.

template <class Inputlterator, class T» .
InputIterator find{InputIterator first, Inputlterator last,
const. T& value) {

while (first != last && *first 1= value} ++first;
return first;

)
find_if

REREN pred BERM (LTEEET) . BFER (tirse, lastt B
BEFHLE, BREE 1% pred BEERYN true &. MRKHBEE -

Inputtierator 5% TE, BULREER S 1ast.
i

z. template <class Inputlterator, class Predical.e> .
H InputIterater f£ind if(InputItérator first, Inputlteratar last,
4

Predicate pred) {
while {(first 1= last && !'pred{*first)) ++first;
return first;
}

find _end

ERF— [firstl,lastl) FrAFEMEMAS, EEFIZ [first2,last2)
MBRE—WHIE. WRFF - 2AAFE "T2RERFFZ" MFFA. ER
B AL ascl. WWERAW A, Ba— 8T EY I REK equality B1E
%, EAZREEPEEEILER (UGFERER) , FAHRTERSSE
BRI, LUT RAISAE A — A IR .
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find_end 3 — T3
SQE E —A

ol 2] s )]s (s ) 71ls]
-

find_first_of S B — T30

B 6-6a find_end HEM find_first_of Hik

HTXIREERAOE "B Rt MRBRNFEITERER,
BERTR T “HREHAA" , BHETS SR ERE . EmERN X
BEFEABHIEBIHE S, R, SGI HEZRT ATERH, —RIFFEILH
Lt 2 ®¥ 5 dispatch function (7R, KEEF)

11 A
template <class Forwarditeratorl, class Fomgdlteratwh
inline Porwardliteratorl .
finﬂ_pnd(Forwarditeratorl firsti, Forwardlteratarl lastl,
ForwardIteratord firstZ, ForwardIterator? last2)
{
rHitedPorvarditeritorly dterator, atbgory

AtOr2y s Lerator_category

categoryz

/F UTREFTMEKEMNER, BATRNTERR

return _ find_end(firstl, lastl, first2, lastZ, categoryl(}, category2(});

XR-BERAES, SEEEREFRIBPEENHLEY (terator
category) FHIMGE XH 48, FAH FRMEENSHEFHH (argument deduction) , H
PR AN R, WHAZNERERN T EEE.

7/ PVTFE forward iterators M

template <class ForwardIteratorl, class Forwardlterator2s

ForwardTteratorl __find end(ForwardIteratorl firstl, Forwardlteratorl lastl,
rorwardlterator? first?, ForwardIterator2 lastZ,
forward_iterator_tag, forward iterator tag)

B B AH SEER L AMES, E&TE—MEER.
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if (first? == last2) ff MBEHRHEREN,

return lastl; /7 BE lastl, FnE "ETHIT NREHBA
else |

ForwardIterator] result - lastl;

while (1) {

/1 AFHA search) BRENMFRFIMERHAS. RABMIBERE lastl
ForwardIteratorl new result = search{firstl, lastl, first2, last2);
if {new result == lasztl) // B#F

return result;
elge |

result = pew_result; /1 BE—ThHE, ¥&T -1 ERT

firsti = new_result;

++firsel:

t

}

// LIF#bidirectional iterators K& (FJELERER)

template <class Bidirectionallteratorl, class Bidirectionallteratord:

BidirectionalIteratorl

__find end{Bidirecticnallteratorl firstl, Bidirectionalltervatorl lastl,
BidirectionalIterator? firstZ, Bidirecticnallterator? lastc2,
bidirectional_iterator tag, bidirectional_iterator_tag)

// ATERNE ‘BELEME  BHEKmEEZLBLR. fIH reverse_iterator.
// reverse_iterator MAHE &

typedef reverse_iterator<Bidirectionallteratorl> reviterl;

typedef reverse_iterator<BidirectionallteratorZ> reviterZ;

reviterl rlastl(firstd);

reviter?2 rlagt2(first2);

/1 BRI, HET - AF P TR T

reviterl rresult = searchi{reviterl{lastl;, rlastl,
reviter2(lastZ}, rlast2i;

1f (rresult == rlastl) /il BEE
return lastl;

else { /7 BET
BidirectionalIteratorl result = rresult.base(}; // BEIEH (k) ERRF
advance (result, -distance{first2, last2)}: // WERRTFRANELL

return result;
}

Wit ARE B A RHE EMEAMS, TAEEBHERRNRE! B
WEMEREMEREAEZHEFEN THER A ERXRT, #8332
1.
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find _first_of

FHRED (firsr2, laze) KM AWEL TR ENERAL, SHRENA
[firsti,lastl) IXEIABE RS E. 24001, REAIAEREFHTF
7] synesthesia M - AT, RIOTTUEXYBZFMNA aciov. LR &ER- -4
Forworditerater, fERILENFFME-RETRERTHE AN S, HEAKE
MFAFFINE P o MRB-FAFRATERFANEN CE, REKKEER
lastl. REEE—TKEEHILEMRIFREN equality #BEF, B2TEAR
FREPERE M UER pred,

PR

template <class Inputlterator, ¢lass Forwarditerators

InputIterator find first_of (Inputlterator firstl, Inputlterator lastl,
Forwardlterator first2, Forwardliterator lastl)

{

for { ; filrsghl '= lastl; ++firstly // miliFE | --
RIS A 775 I SERoF
for (ForwardItervator iter = first2; iter I= last2; ++iter)
if (*firsnl == *iter! // WREN-MTEETHFH_HE
return firstl; frWRET. EE

return lastl;

3

£ A

template <class Inputlterator, class Forwardltera@qg, clags. BinaryPredicate:

Inputiterator find first_of (InputTterator firstl, Inputiterator lastil,
Forwardlterator first2, PorwardIterator last2,
BinaryPredicate &omp) C '

{

for ( : firstl 1= lastl; ++firstl) // HiFFH -
/f UTE, REFFIZHET UK
for {ForwardIterator iter = first2; iter l= last2; ++iter)
if (comp(*firstl, *iter}) // MEFR--FHFFTHTERE comp &IT
return firstl; /fBEIT, GF

return lastl;

}

for_each

B ER e AT ffivet,lasy) KANWE-ITEREL. ¢ AALAE
TERE, BY cirst M last HE Inputiterators, ARUEEFWMET A
(assignment} . WEHEE——BYTEAR, HAMBRER transform(). £ 9]
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B —AME, %25 R

template <class InputIterator, class Functions
Function for each({Inputiterator first, Inputlterater last, Function f) |

for i ; first != last; ++first})
E{*first): ff ERERE £ 8 function call ®E%. BREREZK
return f;
1
generate

AN gen WIZBEFHEEE (first,last) KMNKFEALTES L. B
IBHE, AMREAHIIELEZ assignment BAF5F.

template <clags ForwardIterator, class Generator>
void generate (Forwarditerater first, ForwardIterator last, Generator gen) {
for { ; tirst '= last; ++first} /7 BRI
*first = gen(};

generate_n

HH BB gen MEHL FHEEMENRR tirse TFHRE 0 MTRE LA
HE, HREEASHIETER assignment BIEF

template <class Qutputlterator, class .Size, class Ceneratprs
OutputIterator generate_ n(QufputIterator first, Size n, Generator gen)
for { 1 n > 0; --n, ++first) // BB n tAE
*first = gen(};
return [irsh;

}

includes (REFBEREXAE)

HEFER~ 2 8F “BmT” ¥ Si. s1 H 82 #LMRFFES,
KO TmESTEY CrE—) . FiglE, ERE "Q2ME -1 TEEHHA
FS17 . MTFHERANTERTHE, DAL less & greater BEREIE (% S1
TEANT 2 TEL 2 TEANTF SLILE, WEHIESE: UL s1 TRART
$? LEE S2 BEEFAT St A, WEMNYE) , AHESERTFA S I S2
RHER TR (EREM) . includes BEWHMASEERM less & greater
AT A DBHEIE (comparison) -
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BiEE, IR S1 #1082 B KA (L) operatore BATHLRBME), includes
RN X 4R
includes{S1.begin{}, S1.end(}, 52.begin(}, SZ.end(!];
BT -1 e HR:
includes (Sl.begin{), Sl.end{), S2.begin(}, S2.end!), legs<int={)};

PRTTNE St S2 BB R (M operator> PATHLEEERIE) | includes B
%X AN A

includes {8]1.begin{), Sl.end(), S2.begin{), S2.end(), greater<int={));

HE, SI® 2 ANTESHTLES, XHBATHE “SIAg-T82F
A" MEYE: BRELETE S2HE ok, ESLHM nik, BLMWR nen,
lﬂﬁﬁ-fﬁ%ﬁlﬁl false,

B 6-6b B7R includes BEMTERHE.

afellvifbafiallalislisllellsllr]s
%
Y
2 [2|[4]&]]8 WRATRE TR LlessHEF,
includes( y HuWAR Dlless LR EAE
(XRHERE, hMRRE—)
s 81 7leilellellsifailsljaj1llo
|
o [8lfel[ai]2]  ARMTEERUUgeaterT,
includes( ) {2 Filhgreater ot EIAZL
(XRBRRET)

K 6-8b includes BEEMTIFFHERER

FHEE includes BEMAF/-BRELEAE:
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{1 EE-. ABRE N8 TREETHFETEHE -
/f B X[E -FEE —#E sorted rangeg
template <class Inputlteratorl, class Inputlteratoris
hool includes{inputiteratorl firstl, Inputlteratorl lasLl,
InputIterator? first2, Inputiterator? last2) |
while (firstl '= lastl && first2 != last2) // B/ XEHERER

PE (*first2 < *firstl) ti RN ESTRII-HTE
return false; f/ MR BEFRLRR L. HRALT

elze if(*firstl < *first2) // FHMEZBERXTHFA-MxE
++firstl; /7 FFH - 1

else /f *Eirstl == *first?2
++firstl, ++{irstz; /1 WG ERHE L

return first2 == last2:; ¢/ B—1THFHERET, HEBLR—*
}

(AT, HEFA-RARFENTEA, KR “HBIHELEEMEZTER conp
/7 HIR: AR MR Z#E sorted ranges
template <class InputIteratorl, class InputlteratorZ, class Compares
bool includes{inputIteratorl f;fjiirstl,f Inputlteratorl lastl,
Inputlterator? first2, InputItervator? last2, Compare comp} {
while (firstl l= lastl && first2 != last2) // FIXIEHERERER

if {comp(*first2, *firstl}) ¢t/ comp(s? m¥, 51 nE) AR
return false; /7 “HET MRS AR . ARG
else if{comp{*firstl, *first2)} // comp(Sl JLK,S2 %) AIK
+4firstl; ¢/ SLAT# L
elee /7 *firstl == *first2
++firstl, ++firec2; £/ 81, 52 &HHEME1
return first2 == last?; /D B—TRFGERT, HEMEBRE—%

1

WA R, WREEA - ZTER comp, HARMELITH cased f{F
‘WLEHEE .

1f {comp{*first2, *firatl)) /7 casl

elge ifi{comp{*firstl, *first2)) // casez

glee /) casel

A comp WELEMEN includes HIKEFHR. ARG R,
comp MR compare, EAR Binarypredicate, AR BinaryOperation,
B3 e — A E E R T RN comp BB MX BRATEH -84,
R, BAINEE ERB conpare RE—4 template B3 (AXTUSE, €M
osBB—8) , BE (METHEA STL HAFSHE) FREARX.
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max_element

EANERRE A ERE, HaFAZdRER AN TR, KIERME 5
B, THEZEMESHERE:
i RE—

template <class Forwardlterator>
ForwardIterator max_elemant (ForwardIiterator . first, ForwardIterator last}) {

if {first == last) return first;
ForwardIterator result = first;
while {++first [= last}

1€ {*result < *first) result = first; s/ MBE@XEEEL, HBILEXR
return resulg;

}

HBREC
template <class ForwardIterator, class Compare: s
Forwarditerator m#x alamant{ForwardIterator firsc, Forwardrterator last,

Compare comp)

if {first == last) return first;
ForwardIterator result = first;
while {++first != last]

if {comp(*result, *first)} result = first;
return result:

merge (HRATHESER)

BRASTHFNES SLHS2, GHEXETA-REA. FEsRes -
AEF (sorted) Pl BR-MERE, BURESRFINRE-TTENT

—frE. B 6-6c BN merge AENTHEEE. THR nerge BENFTHEIN
WA
i1 k-
template <class InputIteratorl, class InputIterator2, class. Outputiterators

Outputlterator parge i InputIteratorl firsci, Inputlteratorl lastl,
Inputlteratorz firatz, InputIt&ratorz lasta,

Dutputlterator resnlt) { .
while {(firstl '= lastl && first2 !'= last2) { // BPFAEHRET

if (*First2 < *firstl) | /7 FFIZRIGE RN

*regult = *first2; /i BiIEFW RHICE
++firatl; /f FRIZAT# 1

}

elge { /) FH T E R
*yasult = *firstl; J/ FICHA—-RTE
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++firstl; 7t BF = 1
}
++result;
1
1/ RIERENEL copy BRHAENR. UTHARH- -T2 DH -4 K4
return copy(first2, lasti, copy(firstl, lastl, result));
i

I F: S
template <class Inputiteratorl, class Inpurlterator?, c¢lass Outputlterator,
class Compate> :

OutputItarator narga(InputItaratorl flrstl,\InputIteratorl lastl,
InputIterator2 firstl, InputIteratorz lastz,

QutputIterater result, Compare comp) {
while (firstl != lastl && first2 != last2) { // FMERHEEMEL %

if (comp(*first2, *first1)) { // HEBFHANTE

*result -~ *first2; // BREFEAIZHNTR
++first2; /7 FRRIZHISE 1

}

else |
*result = *firstl; /1 BiERR Mk
++firstl; 7/ R — Rl 1

1

++rosult;

}
/! BRERZLRL copy ERBIEMR. UTHAFFI-EE2LE - PR

return copy {first2, last?, copy(firstl, lastl, result}};
}

o ]2l lslfelbelfs (7 ]is]

result
Celb T (2330 e Fs) s e b a6 6 Il s ibv] ¥
D R MES B DllessHFE,
s2 ‘ 4 “ 5 H 6 H 6 ! merge( )ltﬁ@ﬁ&l tess LY AR 2

GZRREBNRE, TEINRE—)

FFEE EEEEEEE
S E L EE R DR

Ci“ﬂif‘i e L.
L URBIRER Mgreater T,

a6 [6][51[a]  merge() BOAN greaer LR

{(XRHET)
B 66c merge BN THEFERE
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min_element

EAEHREE--MERS, BRFZPRESIIETE. ETHEEEE LR
B, TEEMARAE TN
i AR

template «<class ForwardIterator:
ForwardIterator min element (ForwardIterator first, ForwardTterator last) |

if (first == last) return first:
ForwardIterator result = first;
while {(++first !'= last}

if (*first < *result) reeult = firet; // MEBEHBTELE D, HEICEE
retyurn result;

)

i A

template <class ForwardIterateor, class Compare:

ForwardIterator min_element (Forwarditerator first, ForwardIterator last,
Compare comp} { e

1f (first == lasgt) return first;
ForwardIterator result = first;
while {++first !'= last)

if (compi{*iirst, *result)} result = firsk;
return result;

}

partition

partition QXM [first,lase) THRAREHFHN. FEH-- LIz
B pred HER true MNE, BLENAERERMNE, BHAEN false HINEK,
BEHREREANGR. IMERFAERE RN FEBEMEE. MRARER
BEEHEMIE, MM stable_partition.

THR partition EEMBAT. HTHEFENLE 6-6d.

;7 Bfiw pred HEN true HTE, HEEIWE

/7 Bpred HIER falise Wk, FEHILEK

ff MREREREMAUE. (not stable}

template <class Bidirectionaliterator. class’Predicdtes . [0

BidirectionalIterator partition(Bldlrectlanaliteratqr Eirst,.
: BidlIECtlonaiiterator last,-

. ’Predicate pred} { c Uy
while {true} {
while (true)
if (first == last) /1 KRS TRIgH
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3558

return firsi:
else if {(predi*first))
++firsat;
else
break;
--last;
while (true}
if (first == last}
return first;

1 EBES R

£ ORIEH R LR B E A
J) AR LIEHHEE 1

fi kIR AT T E S RART

¢t/ B TR

71 RIS 1

/1 AR ETREH
i BTEBFER

olge if {!pred(*last}) /7 BYEHBENTERS ARG
--last; /7 T, REFHEH
alse [/ RIEHMETLEF BTN
break; A $arki B2
iter_swap(first, last); ri LR AR TR RS
++first; 71 FEEHIEE 1, HEE F— T AMEHDER
}
}
2 |[3|[a][4][5][s5][s]6 6|[6][6] 7] 8]
U:>°E"F§m BITEE ofﬂ:é y: EL bt 2 QﬂjDT

AR HIME TR T Sae AR TR

last
o 32 #first 4 “last 2248

first

Y Y

DIE 3[4 ]e (515 e le]le ]l ][ 6 ][ 7 ][t
0 azrEare  Oursy ﬁf' a8
D‘:> ﬂﬁ}ﬁnmﬂm DR G 5 <:ﬂ

o A8 *first 7 Flast 240

Y 4

o][8][z][s][¢][¢][s][s][6]s 6\6|3W ]

ST SumE
(3 )5 *rm F0 *last T4

0 ammwusu o ][e][s][3]l7][1]

O:ran, sarpar  Onrsn BUFHEB
D:-> R TR FNE B HIRE TSR

@D
@ % *first £ last 22k
AnnnnnoEEoRnn

 6-6d partiion Tk TIFHEE. A AT IE A BRI

(BN Y pred) , B4 “HIBSER S HEEC B RK

6

4
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remove BBk (EFEHER)

BB (first,last) ZHHF Y value SN TE. X HEFAETENRE
FHER LR (REEEARKNMEERE), TEAME -1 FS value H% (1
AEBNAATERR) SAERERMES rirst ZAMNFH. KEH
Forwarditerctor t3 R EHFE RGN RATENT - E. fllnF5
{0,1,0,2,03,04}, MRRNBIT renove), FEBRFE 0 ELE, WiTLEY
= {123403.04). -5 0 EENTE, 1234, THEEIHE-. 2,
= AMuEL. BEAMEURRS, S REENA A ERX - BRE
THERARE. BEE Fowardferator fEmEHMIE. MEBRERIFLE AN
#, RHERKEARTHRATEZA#Y erase() member function. &,
array AEESHE A remove() M remove_if (), BN array TEH/IRT, 3K
BAREAEFE. M array M5, BERAMEER rencve_copy ()

remove_copy_1f(}.

template <class ForwardIterator, ¢lasg T»
Fomardlterator remm{?orwardl“tératbf first, Fbrwardlteratnr lazt,
const Tk value) |

first = find(first, last, value); // ﬂmﬁﬁﬁﬁ&ﬁﬂﬁ ”I“ﬁ%ﬁl?

ForwardIterator next = tirst; /7 B onext Rk
/1 PAFRIA “remove_copy () AFHIHERER™ PR, #FTHREE
[/ FEEREEETREST

return first == last ? first : remove_copy{++next, last, first, value);

sle]ls]lwls1a]ls]ls  e]ls]lzile]

S e

\ﬁ___,,y,___ﬂdi

RAMUE

% 6608 HE (remove) FIFHEN 6 HTE. NEEELEETH-AKMH
(FikinAEER -1 st Kig L) BIE remove_copy Hik.

o

G 6-6f ¥ remove HIEMBRFHRMgE AR RFHRH AT HERHMN
B—BK ored HM4, MIEARLN “HF (equaliy) FH™ .
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remove_copy

BH (first,last) RAIMBIHY value HEMTE. EHFALEAFTRHTM
AT E (REEE, RESRAEEE) , MEAEREHE - 1L resule
FARRUENERS L. HERTUAREEREER, AURMHFAREREHEN,
BETIEEHHAD, SEETERBNE R, REE Ouputiterator 15 1 #5 H)
FEE N F—-E.

template <class Inputiterator, class Qutputlterator, class T»
QutputIterator remove._ copy{lnputIterator first, Inputlterator last,
Outputlterator result, const T& value) {

for { ; first '= last; ++first)
if (*first !'= value) { /1 MRAFHE
*regult = *firgt; 1 ARERTFES
++result; /1 FABRH-TMuE

3
return result;

}

remove_if

BE [first,last) XIEARE B ER pred BEHN true HLE. EHA
EENFRPHRPLAE (BOIEE, FRAMRLE, BEH revove))
B—ARES pred RENTESLURERAESL rivse ZEWZER. BEE
Forwarditerator SRR EHRERNRFEREW T (8. HREKRSEA - HE&
W RERR AR AR, THHEENERFTAKAFELBFE erace )
member function. HE7, array FE4 H remove (1 I remove if (), BN array
REHART, SRBRAREAEEE. M array MiFH, RIXLHFEE
Temove copy{}fﬂremove_cmpy_ift}.

template <class Forwardlterator, cladss Predicate>
ForwardTrerator remove_if (Forwarditerator fivst, ForwardIterator ‘Tast,
predicate pred} {
first = find_if{first, last, pred): // ﬂfﬁﬁﬁﬁ?ﬁ%ﬁ&% A REE
Forwardlterator next = First; ;1 Bk next WRHRE

/) UTFHE “remove_copy if () AFFHIRARES" N, HMBRERIE
/) HBERHARERHT

return [irst == last ? first : remove_copy. if (++next, lagt, first, pred);

B 6-6f ¥4 R FFIRIEA B AT E .
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TS pred FH4E
(pred iIGHSR N true)
(TR AEER)

next
first first last

L PRy L U1_j?u,

AR S pred XM
PR ARS remave copy. if() L8,
HIRERNIBRBEAN

Mf remove_if ﬁ‘ﬂfﬂ—?ﬁ

remove_copy_if

B [first,last) KIEAAEHEHER pred iIHER true ATE. EHA
HFARSEPHRBELE (BRAFEEERRAEMRE) , MEHFRENE
— A result HORERVENAES L. FERTUNREREE, BUREY
FRETHRGEN, BETHEROA D, arETEHBENER. BHE
Cutputtterator IHHBEREHPRETLENT—NE.

template <class Inputlterator, cluss. &:Lputfkﬁramr, class ‘Predicates
OutputIterator rmu_w_ﬁ’gwgwgmx figst. Inputiterator last,
Uutﬁ{ztﬁghrator ‘Pésuls, Predicate pred) {
for ( ; first != last; ++[{irst)
if (tpred(*first)) { // MBpred BEH false,
*regult = *first; i RRESFER (RE, AR
++result; /i HERAH—ME
}
return result:

}
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replace

4# [first, lasc) Eﬂmmﬁﬁ';ﬁ old_wvalue %Bu new_value lﬁ{tn

template <class Forwardlterator, class T»
void replace (Forwardlterator first, ForwardIterator last,
const T& old wvalue,
const T& new_value) {
7/ BREINTHAH old_value #LL new_value BT
for { ; first !'s last; ++first)
if (*first -- old_value} *first = new_wvalue;

replace_copy

RS replaces £, B-ARRRFHFISBEH recule Frigf%
b, R E{A Outputiferator EmMBEHIMERE — T TRN T - E. RFAES
EFTEE.

tempiate <class Inputlterator, class Outputlterator, clasg T»
QutputIterator replace_copyiInputlterator first, Inputltérator last,
QutputTterator result, const T& old_value,
const T& new value)  { e
for ( ; first '= last; ++first, ++result)
s/ MBEFEFLHLEST old_value, Hi¥ new_value PIHFFAH
/7 BRI T RE N - BE R Fh
*regult = *first == ¢old_value ? new_value : *first;
return result;

}

replace_if

#}[first, last) IXI'H?F’fJFﬁﬁ “ﬁ pred i,iF'{E'}J true’ H"jﬁi: ’Eﬁw\
mmmheﬂﬁﬁze

template <class ForwardIterator, class Preflicate, class T
void replace_if (ForwardIterator first, Forwarditerator last,
Predicate pred,
conat T& new value] {
for | ; first !'= last; ++first]
if (pred{*first)) *first = new_value:
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replace_copy_if

FTAE replace_icyy £, BEFFN2EERE rescic FHIEBKRA.
12 F{H Outputiterator 8 M Bl & — T LR T —NE. KR LI E.

remplate <class Iterator, class Outputlterator, class Predicate, class T»
GutputIterator replace_copy if (fterator first, Iterator last,
Dutputfterator result, Predicate pred,
const T& new_value) {
for ( ; first '= last; ++first, ++resull}
/7 RIRFEF ERTEE vred 68 true, B new_value PFFFH,
/1 FWEAETERE N — i ol iRl
*regult = pred(*first) ? new_value : *first;
return result;

}
reverse

WEF (first, last) WTEERARPEEESE. HAW0FA (01135 B
BEHEH (531100, BRBMAOBENEMED, PRI HROTCR,
B LA RS (I, EIERT)

/7 HEEY (dispatch function!
template «<class Bldlrectlonaliterator> .
inline vald‘ravarha(BldlrectlonalrteratOI first, BldlxectlonaiIterator lasty f

_ reverse(first, lask, ilterator_category({first)};

}

// reverse M bidirectional iterator I

template <class Bidirectionallferators
void __réverse(Bidirectionallterator first, B;dlrectionalltarator last,
. bidirectional_iterator_tag) {.. :
while {true)
if (first == last 1| first == —-last)
return;
olge
iter swap{first++, last):

}

;/ reverse B random access iterator R
template «<class RandomAccesslterators
void __ reverse(RandomAccesgIterator first, RandomAccesslterator last,
random_access_lterator_tag) |
pMTF, AERWES, RELBEE-MIE, REBEAMUE. WETHENEL
/7 HE, HE random iterators ABEMUIATH first < last | Wy

while (first = last) iter_swap{first++, --lasti:

}
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reverse_copy

TREM reversey, HEELRNF Y S E T resui: BHEERD.
BEE Outputiterator RFFENRETENT —UE. RERETMHE.

template <class BidirectionalIterator, class OutputIterator:
Qutputiterator reverse copy!Bidirecticnallterator first,
Bidirecticnaliterator last,
OutputTterator result) {
while (first != last} { // BPFHE—M

--last; /f RMITE--A i 8
*regult = *last; // HREFELERND resule IR{iE
r+resulk; // result AWi—MR

}
return result:

}

rotate

$first,middle) TTEM [middle, lasl) WRIGEER. nicdie g
BARLRABEBNE - AnE. NEFIEERR (1234567}, HLR 3 #
R, SWR34,56,7.12). BRREM swap_ranges ) WRERUMIIM, 8
swap_ranges () HEEXHRMEEMRNKE, roratet) A IEHRFIMREARR
wRCie, i 6-6g k.

Hi first middle last

i l
T 4 ..

7, A|B||CIID||EJF||G]H :m;ﬂ

——
X2

METRNE

e

p|[e|[El[c][n][a][8]ic]
N N
~ v

B 6-6g rotate #WIETRE
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BIVERRIBEEE S, BT I MRENHE, FLUGHATERY (W, 2
)

/7 HEBY (dispatch function)
template <class Forwardlterator: )
inline void rotate(Forwardlterator first, Forwarditerator middle,
ForwardIterator last) {
if (first =- middle || middle -= last) return;
__rotate(first, middle, last, distance_type(first),
iterator_category(first));

TR RAR IR R 9 25 1025 2 R0 52 9 = D BRI

// rotate K) forward iterator M, ﬁfﬁ%ﬁﬂu&féﬁfgy

template <class ForwardIterator, class Distances

void __rotate(Forwarditerator first, ForwardIterator middle,
ForwardIterator last, Distance*, forward_iterator_tag) |

for {(ForwardIterator 1 = middle; ;1 |
iter_swap(first, i); // BIER. REMTE——T#H
++first; /4 TUBATHE 1
++1;
f MTHERAB first, middle) KEHTRER (middle, last) B4R
if (first == middle) { /7 MERERT
if (1 == last) return; /¢ MBRERRBER, B EEET
middle = i; // TNEE, HEMN. FREFZR
1
else if (1 == last) // EREER
i = middle; s/ B, EEXNHNE . FRAELR

}

// rotate Il bidirectional iterator M, BEREMEEEL.
template <class Bidirectionallterator, class Distances
void __rotate(Bidirectionallterator first, Bidirecticnallterator middle,
BidirectionalIlterator last, Distance*,
bidirecrional_iterator_tag) |
reverse{first, middle):;
reverse{middle, last);
reverse{first, last);
}

// rotate i) random access iterator W
template <class RandomAcceselterator, clags Distance:x
void __rotate(Randomaccesslterator first, RandomdAccesslterator middle,
RandomAccessIterator last, Distance*,
randon_access_iterator_tag) |
/1 WMTFBREMERSE, REAT random access iterators
/1 BeERAMRKERERART
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Distance n = _ gcdilast - first, middle - first):
while (n--)
_.rotate ecycle(first, last, first + n, middle - first,
value_type(first)}:

/1 BRAAT, ARREHERRE
/i _gedy KRBT __rotate() ¥ random access iterator h
template «¢laas EuclideanRingElement:
FuclideanrRingElement _ _ged{EuclideanRingElement m, EuclideanRingElement n)
{
while (n !- 0} {
EuclideanRingElement £t = m % n:

m = I
n = t;
}
return m:

template <class RandomhAccessIterator, class Distance, c¢lagss T»
void __rotate eycle(RandomAccesslterator first, RandomAccessIterator last,
RandomAccessIterator initial, Distance shift, T*1
T value = *initial:
RandomAccessIterator ptrl = initial;
RandomAcceaslterator ptr2 = ptrl + shift;
while (ptr2 != initial} {
*ptrl = *ptr2;
ptrl = ptra;
if flast - ptr2 » shift)
pEr2 += shift;
elge
ptr2 = first + (shift - tlast - pCr2)};

}
*ptrl = value;
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first madidle last

. |
nnRnEGan
B, R E
LSEERIRE, UETEE-TE WM.
first middle | lagt
L ] L
N "
DA llslicllc ] n
Ak, BEW

first maddle  last
|

1#] G lnlc |1 Al B

‘
-
Q
‘

=
i}

AIFEN. BEHE
midl
first D

S aonen)

<
M e~

last

=

¢ ] a][p][c]

¥ 6-6h o0 are forward iterator HUME(E 7 T8

firs midddle
i ! == ..'-'-—\-1 =
a][8 ][ c [ ] [¥][E]
T P
first _nnddlu.- Iaﬁt
< e
RFm e

Bl [E][E] el [a (s ][c

¥ B-B rovate bidireconal ieraor MEETE 7
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rotate_copy

TR rorate ), HAEEEFRNFFANSEE T resule FIERNERS.
B EHE Quiputiterator FEMFHF LM BR LENT —MNE. KFFIRATIEE.

HFEATERY Gin-place) FEARPHENE, SHLERRARL.
NEFE e K L RB R U RTOR 38, Bl R el o B w0 SR s, 1f
RATRREE W e, .

template <class ForwardIterator, class Outputlterator> )
CutputIterator rotate_copy(ForwardIterator first, ForwardIterator middle,
ForwardIterator last, Qutputiterator result} {
return copy{first, middle, copy(middle, last, result));
}

search

TEFF— [tirscl,iastl) TREMEEY, BEFAZ (firsc2, last2)
MARNMISE, WREF-RAFESFF SR ENT F5, EREEAR
lastl. MiA—{8MTEE SRR equality BIER, MAZRIFAFEERNZ
TEE (LITRESH) , EAHEHESERKE. DIT BB A — R B,

f/ R FHFAEREERS

ffOHEA -

template <class Forwardlteratorl, class ForwardltaratorZSJ

inline rorwardlteratorl search(Forwardlteratorl firstl,
ForwardIteratorl lastl,
ForwardIterator2? firet2,
Forwarditerator? last2}

{

return _ searchi(firast’, lastl, firstZ, lastz, distance typel(firstl).
distance_type(firgt2ii;

1

template <elass Forwarditeratorl, class ForwardIterator?, class Distancel,
clags Distancel:
Forwardlteratori _ search(Forwardlterator: first!l, ForwardIteratorl lastl,
Forwardlterator? first2, ForwardIteratori lastz,
Cistancel*, Distancel®) {
Distancel dt = 0:
dictance(firstl, lastl, dl};
Distance? d2 = 4;
distanue{first?, lastz, di);
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if {dl < 42} return lastl; // HBBrHKTE—FH, FrERAETFET

ForwardIteratorl currentl = firstl;
ForwardTterator? current?2 - first?:

while [current2 != last2z) /o WIRENE R
if (*currentl == *current2) | J4 MR G E AR
++currentl; fr VAR, DRI F—1tE
++Current?;
}
else { M MRETLEA%
if {dl == d2) o IMERTD K
return lastl; T3 N - 70 I
else { O FRAR K (EREEEFFI-KTHFND)
currentl = ++firstl; 7/ RBE—-FFINRE,
currentZ = firstz; [/ MEEFESLER-K
--d1; t) EGHRTHFN-N—1rE. MULFH-HKEEM1

1
}

return firstl;

}

search_n

HERFF] (first,last) FEAHEMEAF, ER “HH count TMIEEHZ
TE ERKFFER, 3hEE —MEASEMETRARRSD . MBRAIXH
BT, MREERH 1ast, ERFEN “HEMR , £ searchn A1
FREMEFF “equality” , T search_n A ZENERPEENEN "R
(LIFREER) .

Bign, mAFHE{10,8,8,7,2,8,7,2,2,8,7,0), B “EENT 8" M
MFFARN. ATLXAS:

iterl = search_n{iv.begin(), iv.endf{), 2, 8);

R CHEESMNT 8 KIE WEANTFIES THXAE:

iter2 = search n{iv.begin(}, iv.end(}, 3, 8, less<int>(};
 6-6) B H AT R,
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wlisiis)7ll2]sl.7]l2ll2)8l7]o!
A A
R FE= TR
P g L A PR3 R BE

P} 6-6] searchn MEHRL “FFEREMAZEENITE HEBRS

FH® search n FIBAE, HIERBIE 6-6k FTx.

/R
/7 B CEE value EEEH count K HIEENIANTFY, BEALEZE{E
template <class Forwardlteratoy, class Integer. class T>
Forwarditerator search_n{ForwsrdIterator first,
Forwaydlteziator last,
Intdger count, const T& value} {
if (count <= 0}
return first;

else {
first = find{first, last, value); // BHEEH value B—-WHANK
while {first !'= last} { /1 BEERET LR
Integer 0 = ¢ount - 1; // value VEREH n &
TorwardIterator 1 = first; S RERERGERT EER
++1;
while {1 's last &% n t= 0 && *i == value) { s/ FAXEEE value, good.
++1;
—-n; £ BERBEIT,  “value HEHRIBEE UKL
} /1 BBINBERLGRE AR
if (n == 0] /f nes0 BERERET AREGEM 0 & QTR R
teturn first;
else //Wﬁﬁ*lﬁ

first = findli, last, value); // Wvalue MITF IR, FHHEEEDIRHI

1
return last;
i
I

fORE=
/] BER “HE count %x%%rﬁ&?“%%ﬁ“ FRERHAFRAIBESR, BREEENE
template <class Fomar;iltexatm;, ¢lass Intege"r. class T,
- clasg EmaryPg:adwatge}
ForwardIterator: uamﬁ_gtﬁ'omxﬁ]:terator first.
, ' Fqﬁw&rdzte;‘amr lagt,
;:w ‘{: Enneger couht, consﬁ T8 value,

v‘b.\.
e

if {count <= Q)
return first;
else {
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while (firat !'= last) {
if {binary pred{*first, value}! break; // HERHE -G LUENTE

++firat; /7 WEEF

}

while (first != last} { [} BEERATLE
Integer n = count - 1; ffREAE . MERETEN SRS
Forwardlterater i1 = first; /0 MEEHASETYEER
++1 )
/1 TR EE FE count-1 PREEFHHSER
while (i != last &k n '= 0 && binary_pred(*1l, wvaluel}) {

++1;

--n; /) BBRATALEFESRYT EFSAHNAEME 481
1
if (n == 0} // n==0 EABRERET comnt MFAFHHLE. EERE

return first;

else { /7 T B

while {i '= last) {
if (binary_pred(*i, value)} break; // BT -THFHEFFHTE
++1;
}
first = 1i; /+ ¥EE T A S E R
)

}

return last;

ERBIRI TS RAENTH.
UXERRER, RERS
8- 1 M RIS R

BERNE, TRERT —IMRERMUEILR.

>

wl[s][s][ 7] z|[s ][ F[2][ 28] ][e] _

S SN

FXERIE—NHERUTTR.
UEBhER, BRRS
EEn-1 M TR AR

EERE, TRERT-TMRHERFHR

[ EEEREE - EERHEIR.
MR RER, NS
G- I M RIS R
ERRE. DEES.

B 66K scarch n RTIERM.
HH, &% “4% 0 MTF 8 R FERNTREIRESA. 6 n==3.
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swap_ranges

W (firstl,lastl) RMMMTES "M fiver2 Fh. MHKR" HRE
BHZH. ERAFAILTE -FST, CTETARHERT . mBHE FH
BICEANTSE -3, BERFIER -SSR LRLES, K75 RRTHL.
EEERE - MERE, BB FAPRRE - M RCENT - E.

/7 BREFEKEAN TR LR

template <class ForwardIteratorl, c¢lass ForwardIterators.
Forwarditerator2 -wnﬁ;gunqnl§$QIWarﬁiteraturl firstl,
Perwardltexatorl lastl,
PorwardTiterator? first2) ¢
for { ; firstl != laskl; ++firstl, ++first2)
iter_swapifirstl, first2);
return first?;
}

transform

tranform() HE—MELUGER oo EMT (first,last) PHEE/E—-TX
25b, #URSEREANE 1 HFERN. BRERLH AR vinary_op AT M
TEELE (K —ATEXH (firstl,last), B—TTERE “Meirsea ¥
BEFH” ), FUREREEE - RRT. RRBECFANTEDTE -,
PATH R R AR,

cransform()} H@Wﬂ‘;ﬁ##ﬁﬂﬁﬁ%%ﬁi&%ﬁ}ﬁ result IR RNERD.
r%ﬂtﬂﬂuﬁﬂﬁﬁﬁﬁ,ﬂﬁtmm&mm}ﬂﬁﬁ%%ﬁ%mﬁﬁgﬁm
MK, REE Outputterator K FERFHNBRETENT --(1E.
/] A

template <classe Inputrtetatorg -clasg Qutputiteratﬁry class UmaryQperation>
Outputltenator tranafdrntlnputiter&ﬁnr f;rst, InputIterator last,;
\ OutpitTterator rqsult UharyQperation op) {
for [ ; first 1= last; ++first, ++result)
*regult = op{*first};
return result;

}

/A= “

template <class Inputiteraterl, clasg Inputi;eratorz claSs CutputIterator,
class anaryoperatlon} .

CutputIterator - trnnstnrm(lngﬁticeratorl fixStl Iﬁputzteratcrl lastl,
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InputIterator2 first2, utputlterator result,
BinaryQOperation binaryv_op) |
for { : firstl != lastl; ++firstl, ++first?, +s+result}
*rosylt = binary_op{*firstl, *firstl}:;
return resulk;

}

unique

Bk unique R (remove) ERMTE. BYUHE (rirsl,last] WK
FEETERN CFRRATERFSE - MUENHRATE. EE, wnigue HfE
BASHEETE, MEGHESRITE (RRTHESN) EETER, MRS
JIHT, B EEE TERHEE.

unique SEE - ERBHEAFXENER, HRAZARITHINEEL
. RVTEERBREN (sable) , FHFERE TRIOLE, REEHMKFRE

B unique HASHA [first,last) WTEMR, F-HBEBAESH
T, N 6-6L B, HHER remove BH, HEHEMN remove ML,

| first | last

Y

N s 3T —_—|-— ._ 1T —’— -I—
ORARDRDRGER

p—— |

result ———

i i P

A 6-6L. unique HHATRE - BRAKE. 1L erase bR Bk .
R, R EEM resute BN firse, HER unique Hik,
MR FEK result RS F first, #3FR unique_copy B

mnique AFAMA, BHFE “HBATERTEE" THARMEL. B
— AR R RS (equality) M, S MAER 1 Bnary Predicate
binary pred fMAKAER. DA RFIHE — A BB, Hop T B H sk

B &R unique_copy .
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fOA—

template «<class ForwardIterators

ForwardTterator unique{ForwardTterator first, Forw&rdItera;or 1&3@1 {
first = adjacent_find{first, last):; J/ BEEPHSERE IENES
return unique_copy (first, last, first}); // #AA unique_copy T

1

unique_copy

ﬁ:ﬂi unigque_copy EI})k [firsi,last) *ﬁfﬁ?&‘ﬁfﬁﬂﬂu regult }F‘%
BXME: DREWESERLER, REEWEPE—1I0E. BENEASE
ML resuit FFLEIR (A R,

EHELE *_copy MIHE—H, unique_copy IE unique §—ME S
R, LTSS unique TEHR (H2%FE 66L) , RATEREREL
- EKEmhe.

unigque_copy BRAHE, HAHE “HITERGEERE" RFARGE
Y. B—MAHREENEE (equality) Wik, AR Bnary Predicate
pinary_pred fERUHKAEN. T RHHE-mAEROEAR.
/AR

template «<clags Inputlterator, class Outputlterators:
inline QutputIterator unique_copy(InputIterator first,
InputIterator last,
QutputIterator result] {
if {tirat == last) return result;
s/ WF, B4 result K iterator category, MARAALE
return __ unique_copy (first, last, result, iterator_category(resultl}};
}

// BE—SARY, forward lterator_tag M

template <class InputIterator, class Forwardlterator:»

ForwardIterator _ unique_copy(Inputlterator first,
InputIterator last,
Forwardlterator result,
forward_iterator_tagl) |

*result = *first; /i RERE IR

while (++firgt != last) /7 AR

/7 WF, TEAR, gick, TW GTRMARD , #Ekd
if (*result 1= *first) *++result = *first;

return ++result;
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/A -BEEH, output_iterator tag M
template <class Inputlterator, c¢lass OutputIcerator»
inline QutputlIterator _ unigue copy{InputlIterator first,
InputIterator last,
outputlterator result,
putput_iterator_tag) |
/7 BUF, ountput iterator B —EINEERE, FFRLMGEREHR value type.

return __unigue_copy{first, last, result, value_type(figst));

}

;¢ WF output iterator ¥ write only, KR forward iterator FRMAILLER
£/ BRARER R *result 1= *first THMHHEERE, HUAFERINL- A
/¢ Bl ostream_iterator & —71 output iterator.
remplate <class InputlIterator, class OQutputIterator, class T»
Qutputiterator __ unigue_copy{Tnputlterator first, Inputlterator last,
QutputIterator result, T*) |
¢/ T K output iterator # value type
T value = *first;
*result = value;
while {++first != last]
if f{value != *first) {
value = *first;
f++result = value;
)
return ++result;

* x * Kk % 4k & % & * * k¥ & * * A & * Kk * * & * &

HEREAH (672-6712) INMANEE, THEERBER. THREZEST
HkREREH:

/7 file: &6-7-n.cpp

// gee29l(x] cbdlo] veblo]

// goo29l A% random_shuffle(). W 6.7.7 Wik
#include <algorithms

¢include «<vector>

#include <functional>

#include <lostreams

using namespace std;

struct even { 7 RE-AEEN. BEZ1 0. cHEE7HE

bool cperator() (int x) const
{ return x%2 ? false : true; }

b
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int main()
{
int iall = { 12,17,20,22,23,30,32,40 };

voctor<ints iviia, ia+sizeofiia)/sizeof(inl)):

cout << *lower bound|(iv.begin{}, iv.emd{], 21} << endl; // 22
cout << *upper_bound{iv.begin{), iv.end{;, 21} << endl; // 22
cout << *lower_bound{iv.begin{), iv.end({}, 22) =< endl; // 22
cout <<« *upper_bound{iv.begini), iv.end({}, ?2) << endl; // 23

/¢ ANERKERE {sorted range) , RAERBEIREITE
cout << blnary eearch({iv.begin(}, iv.end(}, 33) << endl; // 1 {(true)
cout << blnary search(iv.begin{}, iv.end{), 34] << endl; // 0 {(false}

it TN ERAG

next permutation{iv.begin(}, iv.end{));

copy {iv.begin(}, iv.end{), ostream iterator«<int>{cout, " "});
cout << endl;

J7 12 17 20 22 23 30 40 33

PR ac = 2711 Ny

prev_permutation{iv.begin{), iv.end(}};

copy {iv.begin(), iv.end{), ostream_iterator<int>{cout, " "}};
cout << endl:

/7012 17 20 22 23 30 33 40

/1 BIEH
random_shufflefiv.begin{), iv.end(}};
copy (iv.begin{(), iv.end{(), ostream_iterator<int>{cout, " "}};

cout << endl;
/7033 12 30 20 17 23 22 40

/7 4 iv.begin(}+4 - iv.begin{} TmXEHR, B

/7 liv.begin(), iv.pegin()+4) KRN, M&TERMOEERFAHEST
partial_sort(iv.begin(}, iv.begin()+4, iv.end{));

copy (iv.begin(), iv.end{), ostream_iterator<ints>{cout, " "1});
cout << endl;

fF 12 17 20 22 33 30 22 4Q

/1 R (B ARRER)

gort{iv.begin(), iv.end(}};

copy (iv.begin{], iv.end(), ogtream iterator<int={cout, " "}):
cout << endl;

F/012 17 20 22 23 30 23 40

/7 HERE (RR W)

sort{iv.begin(}, iv.end(}, greater<int>{)};

copy{iv.begin(}., iv.endl}, ostream iterator<int>{cout, " "}});
cout << endl;
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A4 33 30 23 22 20 17 12

1 iv BRSNS LE, #8540 33 30 23 22 20 17 12 22 30 17

iv.push_back(22);
iv.push_back(30);
iv.push_back(17);

(0 R, FFEE CHERGE”

stable_geort{iv.begin(), iv.end(}};

copy {iv.begin(), iv.end!), ostream iterator<ints{cout, " "}];
cout << endl;

J/ 012 17 17 20 22 22 23 30 30 33 40

/) T —AHFXE, SHEFN-ATEE, EASSTERS RS RERRA,
/4 BEGTFRENLREAE

ff RBEXENTER, BEGLRERESHERIEFETRITEA

(0 (IR EER) (9T

pair<vector<int=::iterator, vector<int>::iterator> pairlte;
pairite = equal range(iv.begini{), iv.end(}, 22};:

cout << *{pailrlte.first} << endl; /7 22 {lower_bound}

cout << *(pairlte.second} << endl; /7 23 (upper_bound}

pairite = egqual_range(iv.begin{), iv.end{), 25);
coul << *{pairite.first) << endl; J4 30 (lower_bound)
cout <« *{pairite.second) << endl; /1 30 {upper_bound)

random ghuffle(iv.begint), iv.end(});
copy (iv.bhegin{), iv.end{}, ostream_iterator«int={cout, " "});
cout << endl; // 22 30 30 17 33 40 17 23 22 12 20

/7 AT *liv.begin()+5) (XBR 40) WARETRLRZL

f/ BEETEUREZSE. FRESEFRENENLE

nth_element {iv.begini{}, iv.begin(}+5, iv.end{)};

copy (iv.begin{), iv.end{), ostream iterator<int>{cout, " "}1};
cout << endl; // 20 12 22 17 17 22 23 30 30 33 40

/1 BRF liv.begin{)+5) (F#Y 22) MERBETELRZE

f/ HEETERREZA. MUESRERANHENLE

nth_element (iv.begin{), iv.begin()+5, iv.end(}, greater<int>(});
copy (iv.begin{), iv.end{), ostream_iterator<int>(cout. " "});
cout << endl; // 40 33 30 30 23 22 17 17 22 12 20

JfBL CRERS even () EE HEE, BNOXETLR. THAZETAR
(ARERRREANHN T E. NAFE “BRRAFMANUE", THA partition()
stable_partition{iv.begin(}, iv.end{}, even{}!};

copy [iv.begin{), iv.end(}, ostream_iterator<ints{cout, " "I},
cout << endl; // 40 30 30 22 22 12 20 33 23 17 17

The Annotated 5TL Sources



67 HEFE 375

6.7.2 lower_bound (NEFEEXE)

EETHER (binary scarch) F—FhiAE, HEECHTM (first, Tast) P
FRILE valve. WM (first,last) HHE value HENTE, FRE -1k
RE, BHAPE-4ITE. NRAREAREMITEEE. FRE “REIENT
EHEHREEAMHCE" . BRI, E2RE A%, FRE -1 A
IF value” TR, W value KT (firse,1asc) WEN~TLE, MR
F last. MREERFAHWERE lower_bound, HEAHAR “HEREAHFRE
BIEMT, AHRA value HE-THE" . WEH67.

. 1b1,1b2,upl
first last

up2 i
¥ r 4
12][17][20][22][23] 30 ][ 33 ] 40]

b1l = lower_bound(first, last, 21);
ubl = upper_bound(first, last, 21};
1b2 = lower_bound(first, last, 22);
ub2 = upper_bound(first, last, 22);

E 8-7 lower_bound # upper bound

IMEEETREA, BAE—RA operator< HATHE, WA R HH
comp. B EX MU, A — B [firse,last) FRIEMERE L ER (fiest, 1)
REE N ERE ¢ BBE 5 < value. BATHRE (firer,last) FREHE
88 i, f (firsc,i) WHIEAEAR S HIBL “compri, value) HH .

1/ HEE—

template <class ForwardIterator, class T>.
inline ForwardIterator lower: ] haundt?orwarditeratox £1r3m3=
Forwarditaratdx\last
const T& Valueé { ?Qt
return _ lower_beound{first, last, valuc, distance_typc(first),
iterator_category (first)i:
¥

/1 RES

template <class Forwardlterator, clags T, class {ompares’
inline Forwardlterator lmrM(Fowarﬁterator Firdt, .
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ForwardIterator last,
const Tk value, Compare domp} {
recurn __lower_bound(first, last, value, comp, distance_type{first},
iterator_category (first});

THBMA KR HAER. R AR R R, RATIT .

/¢ BF—B forward_iterator M#F
template <¢lass Forwardlterator, c¢lass T, class Distances
ForwardIterator _ lower bound{rorwardIterator firstc,
ForwardIterator lasl,
const T& value,
istance*,
forward iterator_tag) {
Pistance len = 0;
distance{first, last, len}; // RBEAMXEKEKE len
Distance half;
ForwardIterator middle;

while (len = 0} {
half = len »» 1; Jr B 2
middle = first; /¢ EFfi4 middle fEEIFHELE
advance (middle, half);

if (*middle < value) { J/ mBPRERPTEE < fFHE

first = middle; /7 EWATS first M middle T —{uH
++first;
len = len - half - 1; /} BE len, BLMHEITFHEREH
}
alse
len = half; // BE len, BAMABHRNERRGE

b
return first:

¥

// MAE—# random access_iterator WM&
template <class RandomAccesslterater, class T, class Distances
RandomiccessIterator _ lower bound (RandomaccessIterator first,
RandomAccesslterator last,
const T& wvalue,
Digtance®*,
random access_iterator_tag) |
Distance len = last - first; // KEEAKENEE len
Distance half;
RandomaccessIterator middle;

while (len » 0} {

half = len »» 1: // BEEL 2
middle = first + half; 7/ S middle BEBPEE (r-a-i 78I
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1f (*middle < value) | /¢ MEFEGFHTEE < Hip
first = middle + 1; /i % first M niddle KT —{ B
len = len - half - 1; [ BT ten, BAMLERME R R

}

else
len = half; // BE len, BELMHARIFNE R &Y

}
return first;

}

6.7.3 upper_bound (NRBFEFEXE)

ﬁﬁi‘ upper_boum:] E:ﬁﬁﬁ (blnary Sﬂﬂl’Ch) %E{}"Aﬁﬁﬁ 'Eﬁf’EIEEE‘
HFM (first,last) FFHE value. EHTHBE, ©LRA “ARETNFH
BWHRT., AHA value BBEG-TGRME" . LB 6-7.

BT STL #i “REET" B RS BHAMK (BRY, (first,last)
B firsc BAREE 1ast) , FEL upper_bound 4§ lower_bound WIREIEE
NKERF, MBEAEREHE, MEMBREREXEZA, A Lower bound BE
MR- MEmME X ERENIE. A upper_bound AX 4. BH uwpper_bound
FFREIM B EARTHERRENELT, value HEAN "BE—4" FEL
B MR valuve B, MATEMNERBHIER value WT - E, Wi
] value A5,

upper_bound B A, it — R operator< HAWH, A ZRAH
EW comp. BERMW, A EM (first,last) KERREMERSE L #
(first.i) MBEMERSE 3 BHE “value « +3 RAK" . BAZRE
[first,last) RKEAIRRLAZMRE 1, H (first, i) PHEMEARF ] ¥HE
“comp(value, *j) AAR" .

7N T3
templace <class Forwadetarat,or ¢class T»
inline “Eorwardif:eramr upper,_botnd (Forwarditeratoy first ik
A Fdrwardﬁ;g:ratcg laan 57
. ‘gonst Towvalus). S
return __upper_bound(first, last, value, distance_type{first),
iterator_category({first)):

»ci
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/A
template <class ForwardIterator, class T, class Compares
inline Forwardlterator upper_bound{ForwardIterator first,
ForwardIterator last, .
const T& value, Compare gomp) |
return _ _upper_bound{firet, last, value, comp, distance_type(firsc),
iterator_category(first));

TEEMEE MW MEIEE. FAZRRBRETR AR, RRAFAWT.

/f RE—N forward_iterator MA&
template =class Forwarditerator, class T, ¢lass Distance»
Forwardlterator _ upper bound (ForwardlIterator first,
ForwardIlterator last,
const T& value, Distance*,
forward_iterator_tag) |
Distance len = [;
distance (first, last, len):; // KBREANXMABKE len
Distance half;
Forwardliterator middle;

while (len = Q) {

half = len »» 1; /7 B2
middle - first; /1 XPH4 niddle HEHEIEE
advance (middle, half};
if (value < *middle) /7 MRFELENTRE > RHE
len = half; f/ BIE len, B3R EE ML RN
else {
first = middie; /f BFATS first M migdle W F -8
++first;
len = len - half - 1; ;/ B len, HMLAMABHNEG RFEH

}

return first;
I

/i Bik-B random_accese_iterator MA
template <class RandomAccessIterator, class T, class Distancex
RandomAccegslterator _ upper bound(RandomAccessIterator first,
RandombccessIterator last,
const T& value, Distancet*,
random_access_iterator_tag) {
Distance len = last - first; // REEIKEREKE len
Distance half;
RandomaccessIterator middle;

while {len » 0} {
half = len =» 1; Jf B2
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middle = first + half: /7 % wigdie HmFEE

if (value < *middle) Jf MEPAGEWHLEE - BinE
len = half; {/ BIE len, MLMRHEHNLER 2B

else {
first = middle + 1; /4% first 5@ middle T —{uE
len = len - half - 1; /¢ BIE len, FSLBHLIEFRILE £ R4

}
1

return first:

}

6.7.4 binary_search (MAFHEHEEE)

B binary_search A fhoaEikyE, AEECHFR (first, last) B
FRITE value. MNP [tirst,last) HEERT value MEE, FiRE tree,
HMIRE faise.

BEEHH beol RWAHHEER, AMENNMER Lower_bound il
upper_bound BEEBELBLAAMN (5 B . FL Ebinary_search M H Lower_bound
iR B value FEMNE, WZEAGLE" , REEMHLENE LNEZ
HEARNFEERVE R, FERX AR

binary_search KB —HAERM operator< HITHHE, BIRA R R(E
¥ comp HEATHE.

ERME, SN (ifand only if) [first,last) PHFAE—-TERE L &

B “ei < value F value < *i BARBE" , ME—HAEE true. HBHMRY

£ [first,last) PHEE—PERE 1 8 “conpi*i, value) Ml comp(value,
) HARNE” , ME AR true.

/1 R

template <class ForwardIterator, class T> |
bool "binary_ssarch(Férwardiferator first, Forwarditerator . last,

congt T& value) { .
Forwardlterator i = lower_bound{first, last, value):
‘veturn 1 '= last && ! (value < *i};

}

/i EAEZ
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template <c¢lass ForwardlIterator, class T, class Compares
bool binary_search{Forwardlterator first, Forwardlterator last,
const Tk value, Compare comp} {
Forwardlterator 1 = lower_khound(first, last, vdlue, comp);
return i != last &k !compivalue, *i};

}

6.7.5 next_permutation

STL B TEHAAXIBHFES XENFEE, 432 next_permucation
fl prev_permutation. § HEATLA T HMAAR “F—D"HIAS T4 Al
—A HRAE. HREATHFAENFR 20,00 IMFHERANTHEBOE
$I414: abc, ach, bac, bca, cab, cba. KEHFIAGHEE less-than HIEH
BFERNIFF (lexicographical) MHFFF. HHEU, apc BIIF—, BAE-TT
EHNFEFENTE, aco BE—MHAAE, AXERBET o (FIARNIT
#) ZEFRBMERS. AREE, REEE v (FRANRALE) MEHHERE
&, ERFEIEETIRLREE «THOHAAS. MU bac Moca HH, bac Ebea
28, BRER ac PTFFN ca. WX bea, BITAEEH —MHALSEE
bac, MHEFE—THIHEE cab. FH abe BF “#1—1" HHEE, cva &
g R #R4E.

next_permitation(} & [first,last) Fﬁﬁ\'ﬂ—?Zﬁﬂm-F_'/bﬂFﬂgﬁ
&, MERET—AHNES, FRE false: FMWRE crue.

EAEEAETAMEA . A~ LR BT less-than BtEFXITE
T MRS, BRI U R conp KELE.

BMEREHAHSH, SEUT, FSFRmE 68 fim, B, WERERT
HBENFRAAMELE, 28--TER 1, BoRER «i1, AL ~1cnii.
BAZH -AETTRE, BARRRTRETRR, HEB KT «1 BXE,
L% +5, 8 1, i LEMAE, BE 11 2RI TEEEEY. AR T
—A" HFES.
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abcidefs« ajbic|dl|e

T <1

first last first 1 i j last

K 6-8 next permutation HENINHAFTFSER

BALH, BERF EEFFA {01234), F6YFMEEM LARERN, -
H—ERBR T HFEE. BPRUERENE "B-XEN 1, B2
KRN +11, B#R «1 < +ii” fREWTR, ETFIMWELN 5. 4R, IR
SFRMEFRBRE.

o [2[3[a A= o[ 1[2[+[3L H= o pRld= bl

b
<=(0] 4%2 3 §,j

o[ali [+ 3T <=[0 2171
s s [T RN B =GRl ]
j

[4]3]2]

@5-9 next_permutation 0y i‘%fﬁ%

DI RMA -SRI, MR AR, REAFIRT .

/1 A
xamplaég <c;aaa Bldigaatronaklteratorb o TR
3001 mﬁmmtqtiqﬁfEldJ.ractlénalIteraj:@ﬁ flrst . 2
s4.  Bidirectionaliteratél’ last) °f ‘
1f [flI‘St == last} return false; // BRKH
Bidirecticnallterator i = first;
++1;
if (i == last) return false; /1 RE—-4+TR
i = last; // i fEMIBR

--1;
for(;;) |

Bidirectionallterator ii = i:
--1i;
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ro BLE, #E--R (WA BETE
if (*i < *ii) {7/ WEA—-PnFEDSFE MTE

Bidirectionallterater j = last; f1 % ] BRI
while (1{*i « *—-3}1; A/ MR, ERBLE «i KM
iter_swapii, J1; [ ER L, 3
reverse(il, last); W L ZRMRE R EER
return true;

}

if (1 == first) { [ ERWET
reverse{first, last}; ;R E

return falsge;
!
}
}

6.7.6 prev_permutation

BB B HFHS, RENDEL -TEdE. ShEfsidnT,
FrANAEIE 68 Frn. Wi, ABRRFAHENIRFITEETE, 48 -—x
FH i, BORER +ii, AR +i > i1, AR -SAHEBITEE, BA
BEBFHETER, HEE—IT 1 BIR, 4% =5, ¥ i, 5 TRAHA,
Al U 2ERFELEREEY. KR g4 HRES.

BEASH, BSRF LAFH (43210, B 610 BRERLAEREM,
- B CH-— HREE. AP RESABRE TRE-LER 1, B
TER +ii, BWE +i - 11" WHSFITER, £TIHELH 5. HF. I8
ZREHRERE.

BN o= Dl e G 2o =Gl 2] ]
| y
LTl e s 2B <= Rl J<= s o]z [1 ]

v _ e
2D ol Je ol J=> A2 Dol [ J=> (a2 [l [3 [
b

[ 610 prev permutation B S
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PAFERNIA - A1, A AR R, B AR .
f/]ﬁq;‘

template <class Bidirecticnallterators
beol prev_permutation(Bidirectionallterator firert,
Bidirectionaliteralor last) |

if (first =- last) return false; // T
BidirectionaiTterator - = first;

++1;

if {1 =- lasvt}t retarn fulse; 1) HE-AE

i = last; J/ 1 R

fori;;} 1
BidirecticnalIterator 11 = 1;
i
MR, BE-E () SR
T (%l o= *i) MR- EATR TE

BidirectianalIterator | = last: f % RN
while {!{*--3 < *i}); J0 WRETERE, 488 EH <1 MR
iter_swapi{i, 1): AR,
reverse{il, last); /7B 1L ZJFMITCE R s
return true;
1
if (1 == first) { T ERWET
reverse(firsy, last): £ R
return false;
H

}
}

6.7.7 random shuffle

EAEEAE | fiven, last) WNBRFGNEN . BHRR, & v FHITHER
TEHFURFFRAEE &, fit v Hlast-first.

v MTENER, LHERFRE o M, randen_shuifle ZFE—1TH0
i, BB — AR ERPOIESY 1. BREE, ANAAPERERS
B R L ARGFAMENES, CIMREERRELR "4 o TTE
HEFI L #9204 (uniform distribution) 7, BRE GG REEHER.

EAEEERT (The Art of Computer Programming by Donald Kouth, 3.4.2 7.
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random_shuf £le H M MREA, ZHETRYERRE. B - EAHAFREY
BEadd, WA R e rEnEn RN aER. SIEREE, EiiEk
i %3% 7 & by reference Tk --#89 by value, X 2E AEVIBENM B L RE —
AEERE. CRERERE Gocalsate) , HREFEANSBLFTHIE, #EL
PR = R ARE L BBESE BERL

Tifi & SGI ARASCHM 4R 1.
// 561 M-

template <class RandomAccesslterators
inline void random shuffle{RandomAccesslterator £irst,
RandomAccessiteraror last) |
__randem_shuffle{first, last, distance_typelfirst)}:
1

template <class RandomAccessIterator, class NMstances
void __random_shuffle(RandomhccessIterator first,
RandomAccesslterator last,
Distance*) {
if (first == last) return;
for (RandemAccesslterator 1 = first + 1; 1 [= last; ++1}
#ifdef _STL_NO DRAND48B
iter swap{i, first + Distance{rand() % ({i - first) + 1)}};
felse
iter_swap(i, first + Distance{lrand48() % ((i - first) + 1})};
dendif
s/ T, ERMcce2.91.57 i, _ sTi_wo_DRaND4S REE XA, EHM LALBRE
f/ eFBirandds () WA, BHERHXE 1randds () undeclared
}

/1 SGI A
template <¢lagss RandomAccessIterator, ¢lass Eandomumber&enarator
void random shuffle (RandomAccesslterator first, RandomAccessiterator last,
RandomNumberCeneratorg rand) ({ // ¥, by’ reference
1f (first == last) return;
for (Randomhccesslterator i = first + 1; 1 != last; ++1}
iter_swapli, first - rand({i - first} +« 1)};

FER, BF LR GCC291-for-win H#EX __STL_NO_DRAND4S (I
183 WA S, B randon_shuffle KITAMASH A L3R 1randas () M
k, RTIBEHH L lrandast) EREEH. A0, LIRS C++Builderd
1 vee, Hkpalil GCC2.91-for-win:
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irt maini)
{
vertor< int > veg:
for (int ix = 0; 1x < 10; 1x++)
vec.push_back{ 1ix };

random_shuffle{ vec.begin(}, vec.end{} };
copy (vec.begin(), vec.end(), ostream_iterator=int>{cout,"” " });
A6 8% 2143705

rerarn 0;

Sk, 5 TIE RaugeWave STL % random_shuffle () MAMAHFHHETT:

// R BEA—. in <algorithm. h>

template <class RandomhccessIterator>

inline void random shuffle (RandomAccessIterator first,
RandemAceessIterator last)

__random_shuffle{first, last, _ _&lstance_type(First)}:

/¢ RW Mi%E -, in <algorithm.cox

remplale <class Randomiccessiterator, clasg Distances

vold __random shuffle (RandomAccesslterator firsr,
Randombccesslterator lasc,

Distance™®)
{
if (1({first == last)}
for (RandomAccessIterator i = first + 1; 1 !'= last; ++1)
iter_swap{i, first + Distance{ RWSTD::  long_random{{i-firsti+1])1;

J/ &R __RWSTD::_ long_random BPFEHRRASIE T 5

o

/7 RW AT, in <algorithm.ces

template <class RandomAccesslterator, class RandomiumberGenerators

vaid ranﬂum_uhuffle {RandomAc;esslteratOr tiret,
RandomAccessIterator last,
RandomNumberGengratork -rand}

{

if {1{first == last}}
for (RandomiccessIterator 1 = first + 1; 1 1= last; ++11]
iter_swapi{i, first + rand{(i - first) + 1}J;
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386 #6E EHE (algorithms)

6.7.8 partial_sort / partial_sort_copy

FREEE A niddle BB BTHP irsc, tast) 2R, BAEE
R (first,last), R widdle-first TRATERMEHENTFHET,
BT (first,middle) M. H# last-middle PREEET (riddle, last) H,
TRIEA (T (o4 52 M -

M sort B, AIEEFRIERNN v ST EUBERINFE T
[first,first+N) 2. ZEF partial_sor: Wik sore HWME—THRARBOK. &
iy, WRARRNAN v TRATEREF, ARHLHENFAFFMLETE.

partial_sort HHR T4, HEJETMEELESTENT H—TE. B
— MR ] less-than BAESF, B A0 K R B comp. HELATEA A heapsort
(472 %) REHEF, GARTT.

partial_sort BFMEHBEHH niddle-tirst MR/ATE, Hilt, BELRE
HEKE (first, middler, FPA 472 WA make_heapt) MEHAM—4
max-heap, /58T LI (middle, last) F W% T EERS max-heap H & X
HEHHE (max-heap MR ANEHEE TESL, BRITURS) . MWRATE
Bk, HABf8HERRE max-heap Bk E&. fH—X, HRIEREN
[middle,last) B, BAMTEMESWHED (first, niadle), X EHEE L
sort_heap() $[first, middle) fit- KHEF, ENOUMEE&. WE 611 K2R
.
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387

J

|

69 || 23

80)[42][17][15][26 ] 51][19][12][45][72]
make_heap{)
l first : middle l last
, ’ ¥ , ,
80 ][a2][69][23][17][15][26 ]| 51 ][ 19][ 12][ 4] 72]
‘FL_/—fJ WRBNTFriirs: &,
MSA, FEHEE hear
J farst 24 heap R J middle llaslt
60 (42 |[51][23][17][15][26] [0 |[0][12][4s][72]
J first 24 hcap ﬁ A | middle | *last
51[42][26][23][17][15][19] [ 80][e0 |[32][45][ 22]:
lﬁrst . h\e;pﬂ Ry middle lla‘;t
[42][23][26 ][ 12][17][15][19] 80 [0 | 51 ][45]  72]
sart_heap()
first . l middle llaSt
ﬁls 17|[19][23][ 26 42] [30][ 09 ][51][4s][ 72|

B 6-11 partial_cort HRFHE

FE & parcial_sort WSTAEY. #E3HE, RAANS-MEE. &

HE, partial sort HiE® RondomAccesstterater.

I E

template <class Randomiccesslterator>
inline void partial sort{RandomhccessIterator first,
RandomAccessIterator middle,
RandomAccessIterator last) {

_ partial_sort({firet, middle, lasi, value_type(firstl)};

}

template <class RandomAccesslterator, class T»

void _ partial sort (Randomhccessiterator first,
RandemaccessIterabor middle,
Randomaccesslterater last, T*1 |
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388 B6E H¥: (algorithms)

make_heapi{first, middie};
f/ R, BMTRY Y < last ##HE, RERT random iterater
for [Randombdccessiterator 1 = middle; 1 < last; ++1i}
it (*¥1 < *first)
_ pop_heap(first, middle, i, T{*i), distance_ ftypel{firstl);
sort_heap(first, middle};

partial_sort A TMtk, ®E partial_sort _copy:

S/ RRA—

template <clags Inputlterator, class RandomAccesslterators

inline RandomAccessIterator ‘ :

partial sort_copy{Inputlterator first,
Inputiterator .last,”
Randomiccesslterator result first,
RandomAccessiterator result last);

/AT
template <class InputIterator, class RandomAccessIterator,
class Compares '

inline Randomaccessiterator

partial_sort_copy (InputIterator: first, .
InputIteraco# last, f
RandoMAcces&i&éra;o:'result;firstg
RandomAccessiterator result last,
Compare comp) ;- '

partial_gort Fl partial_sort_copy ﬁ%ﬁ%gﬁ%éﬁlﬁla A%t
E¥ (1ast-first) TRATE (W FATE, W comp TE) RFENREERE
BT i{result_first, result_last}). —FEEEFH%M

int ia[l2] = {69,23,80,42,17,15,26,51,19,12,35,8 };
vactor<int» vec{ ia, ia+l2 };
pstream_iterator<ints oitel cont," ' }:

partial sort( vec.begin(}, vec.begin{}+7, vec.end(} };
copy ( vec.begin(}, vec.end{}, oite }; cout << endl;

// 8 12 15 17 19 23 26 80 6% 51 42 35

vector<inkt> res{7};

partial_sort_copy({ vec.begin(}, vec.begin{)+7, res.begind},
reg.end(), greater<imt»{) );
copy{ res.begin(), res.end{], oite ); cout << endl;

/26 23 19 17 15 12 8
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6.7.9 sort

STL APEMMEXEHERER, cort (v BREEEEELN 4. X ERE
WA RandomAccessiterators (FEVIFRUERSR) . R HEFAKETREA
AR NEF . B TRANATFRARE B (functor)
i GRS, STL TR X RRE R (associative containers) HHH B 4153
e (EREWRERe-tree, REST) , FUATERBZE N sore Bik. £T
F5|H %% (sequence containers) Y stack. queue Hl priority-queue HES
SIFBAD, RAFASMITEHRF. BT vector. deque M 1ist, AIMERZ
BB T RondomAccessterators, BAMEA sore Bk, Vist HEARMRT
Bidirectioinalterators, A % STL fRE 2 FIH slist, RERSER T
Forwarditerators, ZBARE A A sore k. WREM Vist & s1ist HF, M
B HENECEMH member functions sore () - FBRAIVE AT &R Mt 22 HE B
sort () —EEK RondomAccessiterators.

HFEZL4EE

AREFE—THFRNURS. BAHF, REFHLRET. I FHHE,
BUERER. QERLRUAZNREKSF, MARTS, BIERREATH,
MHESHEN S, REEETAFN. CREFER- A (A ARRNEESE)
RAES, BAREESELERELTEIAAERERR M E NG ST

AAWRAREEEAREE D, FRFEHF, HERIITRIT, BAB
FEEHF, FATERY, BHHRTENRF, PRABFRELRF. LABER
Eff A sl HREEF.

REHE, HFTREFLTE TEERESR. MRAGERE (HRY) —E%
BELAAREEEHTE, RHF—RFHE, SHRFELTREXLRES. ROE
W, T EE TR B A T AL R SR . ML, BRI
T A X RE K.

8 WERROTHRTE, FAABE—NAE, LR operator< 1EAHEFHLEIRE.
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390 #Hew H¥E (algorithms)

STL M sort Wik, BHE XX H Quick Sort, #rEEIAHFT. —Har kel
RBAEEANT EATI4E, A% Quick Sort B3 IH iR 55 3ot A 9 815 f e
(overhead} , SEZUA Insedion Sort. MEZEIZH L, T4 Heap Sort (T
T472%NR) - N4 Quick Sort #l Insertion Sort, A5 G E K
#{ STL sort Bk,

Insertion Sort

Insertion Sort AW EEANERMET. SMEHBHENTR, FUENRE
$-AFRE, BESEDFEE, $FRERKE - S (inversion)
FFE R, Frig WEAH REFERAERE L5, 1< M 41> +5. —B
AEE EHNT, FARHERTE. IMERNEREN ONY, WEXHFH
M, ERMHERRSN, HEFEREER, ERRIR LA -SHT (REER
BAW) , TidFRETENE M EEEAEEIE R A SR RNEN
M. @612 B Ingertion Sort NFAEXERLE.

SGI STL [ Insertion Sort AT TRAR, R - -8 ALLMSE =l e, RRAA,
LA operator< AMLEMLRER, WA i BAEE—TTBE (functor) ,
R TEMNLRER. B FRIGMRE-MEAE. BT STL AEHFAFR
Insertion Sort, 1L SG1 # DT s ¥ SFRERIN BT Rk, RnAEMEA.
/R

templale <class RandomhccessIterators
void _ insertiom_sort {RandomiccessIterator first,
RandomAccegsIterator lastt |
if (first == last) return;

for {(Randomdccoesslterator 1 = first + 1; 1 != last; ++1) S/ ﬂ'ﬁﬁ‘

_ linear_insert(firsv, 1, value_type(first)):

;7 ML, [first, iy EER—TXE
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6.7 HEHKL 301

EFIE@IEEEEIEEI@II@II

\4\ first P ouer l last
IF@@I@EBEHHHEEEH@H!

inner

\._J\ first outer i last

EI ]{7]{o ] 1] 8] 4] uo]la7][3 18] o] 1a]fs2][13] a] 2|

1InRer

first last

FI@EIEIIIIII@@I@

inner
{irst outer laqt
N

;ﬁ @@@Ev@nl@@nlllnn@nn

jnner | |

first last

EEH@EFIHEEHHEEEHE@!

innec

[ 6-12 Insertion Sort {7 &

/1 R — B ek 8
Lerplate <clags RandombccegsIiterator, class T
irline vaid __linear_lnsert (Randomhccesslterator first,
Randomiccesslterator last, T*)
T va uc - *last: i Bk LE
if (walue - *firsc) o ;0 BHLEN (BE, kAR TE)
rp BRARERI— A HER L DU R R
copy_backward(first, last, last + l); 7/ s AR AR — T B
*tirg. = value; 0 AITEE FRENRTRE
}
clse /) BARANT kR
_ paguardes_ 1 inear_insert.{last, valuel;

}

foRA R

template <class RandomsccessTLerdator, class 1
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392 B6E Hit (algorithms)

vold _ unguarded linear inseert (RandomiccessIterator last, T value) |
FandomAccesslteratoy noext = last:

--next;

// insertion sort MAFEHF

i FE, ~BARBREE (inversion) , EHRSWRAERT
while (value « *noxt) [ // BEI} Cinversion) %

*last = *next; /i
last = next: f) HERLE
--next ; PER Y - AR TR
]
*last = value; /¢ value MIEBREWLT

FREFZ RGN unguardea_x BN, —BH Insedion Sort TN
REAFREHRERNE, AMETHEAZER "EEN , ANEHHREHYG
TR FRTES . Bl T A RN RBEMMUERERTER TR
L%, FUBAREE &Y -2, FUHA unguarded_. & T~ 1ABiH
fe, ERZTRERE, HEAKKERBHAT, BWERATNAH, BREZE—
M ERRFRERLL, EARERNEN, HTREHERRA.

WA LM LB, AL unguardea. HWRGEE, RFERN
EEERST, DRAFORRAER (BACHAREREZN) .

Quick 5ort

B TE Insertion Sort FABRKERE, L OND MERERSAELT.
KRB ENER THTLE N FEEN AR, EIH AR, Quick Sort
REFCAMRRNHFY, THEREAS ON g N), BHFETHE ONY. &
7 IntroSort (B2 median-of-three QuickSont B —FhHEFF B E) TR ERLE
3 ONlog N). BN STL cort BMHRM Quick Sort, SGI STL EM A
IntroSort.

Quick Sort HIEFTLIFGRINT . R S K AL RS T 71

1 WESHTEITAIOHL, &R,

2. WS REEM—TE, SUTEERR (pivot) v.

3, WSARNL RFE, #LAKE-ITTEMATFEFT v, REBE -1
HERERTFHET v.

4. X L,R #1347 Quick Sort.
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Quick Sort FIMH L THXEKESENNLY, 2REF. § AR AER
TG, FRERNKKERKTRTHE. BIRGFLREETE (partitioning )
AR - ZHFRR—HE2 TR X N HMAR. B 613 HH [
Quick Sort 1457 B HE -

fEI[E[E@I@EIEIHEWEII@I@l

_ ivot
. ;_ median-of-three partitioning P

@@Jﬂll@@l@nn@llllanl;

pivot

median-of -three partmomng .

nanc ll@ll@lll@lljnnm-

B 613 Quick Sort FATHBHERF. ABRMEME R RA median-of-three (&,
B. dapbEE) o Hitb, EpE—aL02 e, SH % R RrEAR
B, STRIMAREL 16 A, sHEE=FINFE. KERHE.

Median-of-Three (=& W1{H)

HE, - EEHTLB LIRS (pivat) , BEXGESTHGFE
1 Quick Sort WICE. R T#E “TTELWEARTERN" B Rm BB,
BERARRLNFTAREREIFRMNL. B PREMIBMRR, MWHPE
(median) fE S . X F M EH N median-of-three partitioning , # F5 4
mediun-of-three-QuickSort. X T HESIERE PR BHITE, BRERBLAE
WL ES, JREFLAR 4 RandomAccessiterators.

TR SGISTL L= s B E R
/7 BM a,b,c ZBHE

template <class T=
inline const T& _ medlan{const T& a, const T& b, const T& ¢} {
1if {a < )
if (b « o) /fa<bec
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394 ¥ 6E B (algorithms)

return b;

else if {a < ) Jia« b, ba=o0,a<
refurn c;
elzgea

return a;
else 1f (a < ) I
reLurn a;
elze if {b <« c) fa e b,oa oo, e
return <
eloe
return by;

(8]
W
w
1l
a2

Partitioining (4 #l>

SEFHEARL -, DT RUREE S R A B ROk . ki e
first IR RN, BEEL 1asc ALFFES). Y *first KTEHF TR
BAB P, 4 rlast TR TR BETR, ARREMIEXSRTH.
MR tirer MRTEEM Lest MBRAL, BREFMELELYE, BREFEAHE -1
UE (A RER) . BARERTHRANT S, BREARIEABXHET OF
Al tiricse < lasty) , BREAFAICLARSRE, CHE riree M, #
T AELATE, ELEFANEERNTRETHR, o28aLRESR
Tl ST M.

T A& SGISTL RAMTEEN, EREEENTHENARSE ML f:
/) OME--

template <class RandomAccessIterator, class T»
randomiccessIterator _ unguarded partitilon|
RandomAccessIterator first,
RandomacecessIterator last,
T pivet) |
while {truc) {
while (*first < pivot) ++first; // first 3{H >= pivot WREBETE
--last; /T
while {pivor <« *lasgk} --last; // last VI <= pivor MILERE FE
s/ EE, MUTF first < last HEG#RME, JTUEM ¥ random iterator
if (!{first < last)} return first; Ji R, ERER
iter _swapi{first., last}; s ROMEZE R
++first: IR i
1
1

B 614 BWATHEEE R, FHHEEERERE.
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first partilmining prviodz2

DEEWDEWHEWW“@UIDD@T

irs i last

o]l EEEEEDEEIEEEEI@I@.
Lmﬁﬂﬂmﬂiﬁmm@ml@@aaml

~—— g ——7

EEEEEIDEDMEDEEHEWEED

— —

¥ 6-14a ¥ (partitiening) W —. FEE FRER

first partitiomiig pivat: |6 lusi

bDDEEJEﬂDWIII@EEﬂ

first last
(6 |[n][7][9 E[T‘l! ED.Dldlllll—ﬁJﬁi
IEEEE D EEEEEE
first Last

EETELUJIEHDWIDU i

[o][u(7]{s]Cs][8 ][4 ][1s][s3][ 3] |8 IUU DI

lusa %1 first 48, &% panitioning. '-M First

DnaoOONDaEnE_ 6D

— e o —3

i 6-14b ¥ (partitioning ) WA . o S8 L ATRICE
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396 Fo68 HiE (algorithms)

threshold (R{E)

A — 1 HERA T ER/ TS, RS Quick Sort X FEE J&ifi (TTHE)
TEABEHEHHFE. BSHE £ AUS, £/ RERHAT, 26
1 Insertion Sort FHHLATEEH L] Quick Sort—0 % Quick Sort & R THR/MK FF
P 20 @8R IRA .

WXL, GBS 58 K, AR B e H Quick Sort & Insertion Sort,
EUBFMAN MK LER. RARESPNFRANEGALE tnsertion Sort
W? 1B, HTLEL, 5-20 HABFREAZHNG R, RN REERRETRE.

final insertion sort

A AL, AEEMNAERARTH (Donald Kouwth Hid—H A5
HARTHRN, BREERNHE, premature optimization is the root of all evil) .
MBRNSEA KN TOFFFEE “JULEFRMEER RS kA
L~ lnsertion Sort #HELE “JUEHIFEMKELL” KWF P —KTY
PR, R —RiA et WS FRABIEST §4F - ZR2E A Insertion
Sort £@F “JLEHF" WEAE, BHEFHED.

introsort

AL, BEALUNAH, FB Quick Sort Efey ON%. David R
Musser (BLET STL ¥ A XA L) F 19% SRA--HBSAHFHEE:
Introspective Sorting (P4 XHEFE) 19, i IntroSort, HATAEKE IR T IL
T- 5 median-of-3 Quick Sort & HAR (MHBLE--HR) . HEIZEGHA
(partitioning) B A 20T HNMEE, SEBEROTM, KA Heap Sort,
{5 A LEF T Heap Sort [ ONlogN), X tb—FF 230 1 Heap Sort R%F.
BETIE D SGLSTL LG IntroSert Y35

10 58 % hup:/fwww.cs.Ipi.edv/~musser/gpfindex_1.btml, X B inyrosort #3F17T, ¥
" FREERIEL.
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SGISTL sort

HETWHAMELE ©. THESGISTL sore () HILME:

£ M-
/0 FRHEE: sort () HEW F RandomhcercasIterator
template <¢lags Randomdccesglterators
inline veoid sort (RandomaccessIterator first,
RandomaAcceacIterator last) {
if (first '= last) {
__introsort_loopifirst, last, value_type(firat)., _ lgliast--irst]*2);
_ final insertion sort (firsg:t, last);

}

HEH g0 FRESIHEAEER:

fFBRE 2k <= n IR KE k. F: n=7, B k=2, n=20, Bk=4, n=8, Br=3
template <class Sizes
inline 8ize __lg{Size n} |

Size k;

for (K = 0:; n = 1; 0 =»= 1) ++k;

return k;

}

WL EARN 0T, _ introsoft_loopl) MIEE - TS%ME 2, BE
BREL 554 10 Z. IntroSort B4 b

11 KA
tr BB, ARERANFEERARLEEE, SERT rRandomAccess Tterators
template <class Rendombccesslterator, class T, class Size
void _ intromort_loopiRandompccesslterator first,
RandomAccessIterator last, T*,
Size deprh_limit) {
s/ BLF, _stl threchold BT2REHE. WRENHN const int 16
while (last - first > __atl threeshold) { Ji o> 16

if (depth_limit == 0 fr Bl AELEL
partial_sort (first, last, last); /i WA heapsort
return;

}

--depth_limit;
/1 UFR median-of-3 partition, prirt: R 4 g 1 T e Rk LN
/1 SHEHFEENE cut BE

nandomiccesslterator cut = _ unguarded partition
{first, last, T(__median{*first,
*{first + (last - Ffirscl/2),
¥{last - 11310

/7 WAEEEIEY sorc.

__introsort_loep(cut, last, value_type(first], depth_limit};
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last - cut;

ff AR while @, #E&EYERLRBNTTT sore

SRR TR, MR RA

0 rwogr, RA-REEBGE (BT ERER RN | R

PR — M K /N, st1 threshold M2 REEUEE, TXT.

const int _ stl threshold - 16;

BEHAEMERE G, BUESFER. MES#RRB IR EHE (ROX
B CBTESAMMT M), MR partial_serr O MUREARE, Hifid
BEAINEAT partial _sort () &£l Heap Sort St

METTRERBIE, @AY Quick Sort ELMFAMERF: A median-of-3
ﬁ?‘i{@ﬁﬂimﬁﬁ, ﬁ}ﬁ]ﬁﬁ __unguarded_partiticon{) ‘ﬂcﬂﬁfﬂﬁ (ﬁﬂ?ﬁ
BOTFRaErd) . KEHULGE#EAHRT IntroSort.

M introsori_loop() FEW, [first, last) WA EF "WEMEOT
16" TR, SMTHISFMYBERER, WHREeHF (BALE T
—~B/AF _ stl threshold , BEPILH -HNHFRE ) MEHER
sort (), AHFA _ final_insertion_sort():

v RE—
template <clags RandombdccessIterators
void _ Final insertion_sort (RandomdccesslIteralor flrst,
Randomiccesslterator last) |
if (last - first » __stl_threshold) { // > 16
__insertion_sert{first, first + __stl thresholdl;
__unguarded_insertion_seort (firsc + __stl_ threshold, last);
|
else
__insertion_scortifirst, lasti;

ERRERHFETEA ERESERT 6. WRERAET, REA
_insertion_sort () MUMALE. WMBEENE, B firet.lasty HEAK
o6 M—BFFER, A% -BEATHFN, AHMWEATHERTHNER
__insertion_sort{) H _ uncuarded_ingertion_sort (). H&HERBETIE
MR, HHEBABDT.
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template <class Randomhceesslterators
inline void _ unguarded insertion sort (Fandeomdccesslterator first,
Randomiccesslterator lasc) |
_unguarded_insertion_sort_aux(first, last, value_type{first)):

HoRE—

template =class RandomlAccessTterator, ciass T»

void _ unguarded_insertion sort_aux{RandomhocegsIterator first,
RandombccessaTterator last,

T*J {
for (RandomAccessiterator 1 = first; 1 !z last; ++1)
__unguarded_linear_insert (i, T(*i}); // REHRm

B, iXE & SGISTL sort BHEMEEHE. B THIHE, REFE RW STL
SMH)m%ﬁ(igﬁig)ﬁﬁﬂoMVﬁ¢%mﬂﬁﬁEQW$sm,K%

IntraSort.

template <class RandomAccesglterators
inline woid gort {(RandomAccesslterator first,
RandomAccessIterator last)
{
if (! {first == last)!}
{
_ guick_sort_leop(first, last);
__final insertion_sort{first, last}: // KHNBEYH scI sTL W2HRA

)

template =<class RandomAccesslterators
inline void _quick_sort_loop (RandomAccessIterator first,
RandomAccessIteratar jast)
{
__quieck_sort_loop_aux(first, last, _RWSTD_VALUE_TYPE({first]};:

h

template <class RandomAccessIterator, class T=
void _ quick sort loop_aux {RandomAccessIterator [irst,
RandomdccessIteratar last,
T* |
{
while (last - first » _ stl_threshold)

{
// median-of-3 partitioning
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RandombaccessIterator cut - __unguarded_partition

(first, last., Ti__median(*first, *(first + {last - first)/2},
*flast - 113});

if fecut - firsc »= last - cur)

{

__quick_sort_looplcut, last}; /4 MERERLE
1ast - cut;

}

alze

{
__quick_sort._loop{first, cut); /7 MRS E

first = cut:;
}
1
¥

6.7.10 equal_range (MEAFBHEE)

Bk equal_range = -4 HMEN M, REECHFH [first, last)H
FR valve. BRE—-IERE : 5, HP 1 BESHAIFHHET, value
MEANE—MIE (R lower_bound) , 1 MEERERISFHEHRT, value
THEANBRE - TMIE (BH upper_bound) . FHl, (i,1) ARSI TESRSF
Fvatve, ME [i,9) & [first,last) ZPFEH—ERMELKTFEA.

MBUHAFRNAERES equai_range, EMNALEEMRE
[first,last) B % value ¥[M™ ZHMAXLEREENXE A. T
(first,last) AFF (soried) , FILUEMAE 5 value FH™ ZHATLE—
TN, TR, ¥ lower bound REKM A WE—-MERF, Kk
upper_bound K il KA A MEELEN T ~ LB, 8% equal_range WELL pair

BIfE (first.last) FREEH 5 vaive FR™ 2EATE, VLR
REB., TRERT 5 value FA" ZFETEHERN, HERMENAE.
EARTVFOHRT, R —MIBALEA valve, M equal_range FTZE
i pair, HE--ME-TE (BRERR) GR@ZLE.

AERER A, B HERE operator< TR, EHRERRRH
comp HAFHLER., BER RAIH A —SRITS. 8 6-15 7R equal_range MK,
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first last
immn@@nﬂmnl -

sorted range

equal_range(.,.,22)
uppcr_bﬂund of 22

lower_bound of 22 equal_range {3
-] iterator pair

first

second

& 815 ogual range MHAFHRAE
/1 BE—

template <class Forwardlterator, class T»
inline pair<Forwarditerator, Forwardlterators
equal_range (ForwardIterator Eirst, Forwardlterator, last,
© const Tk value) { .
7/ RIEERBNHEY (category) %FﬁTﬂFﬁ!ﬁﬁﬁ
return _ egual_range(first, last, value, distance typetliirst},
iterator_category(firstl]);

}

// B&—# random_access_iterator WA
template <class RandomAccegsIterator, class T, class Distances
pair<RandomAccesslterator, RandomAccessIterators
__eqgual_range (RandomAccessIterator first, RandomAccesslterator last,
const T& value, Distance*, randem_accegs_iterator_tag) |
Diztance len = last - first:
Distance half:
RandomAccessiterator middle, left, raight;

while {len > 0) { s/ BARE#KRHTE
half = len »> 1; /7 iR E
middle = first + half; // WEPRIERE
if (*middle < value} { // MPEPERTE < EEM
first = middle + 1; // BEfERESA, (BERER) . CIREEH
len = len - half - 1;
!
else if (valne < *middle) // MRPRATE - #EH
len = half; J1 BEiE X R A (BERMER) URBAF
else | fo IMERRTE == EEHE
/7 EREERK lower_bound
left = lower_bound{first, middle, valnel;
/7 EE%EHE 1ower_bound
right = upper_bound(++middle, first + len, value) ;
return pair<Randomiccessiferator, RandomaccessIterator>(left, right]:
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402 $6E H¥ (algorithms)

}
// BTRBHNERELENE, B2RERE-MERE, BRE- KT value B E
return pairc<Randomaccescltergtor, Randomdccesslteratorsi{first, firsc);

}

/1 WE—U forward_irerator WM&
template <class Forwardlterator, class T, <lass Distances
pair«<Forwardlterator, Forwardlterators
__egual range{Forwardlterator first, ForwardIterator last, const T& value,
Distance*, forward_ iterator_tag) {
Distance len = 0;
distance(first, last, len):
Distance half;
ForwardIterator middle, left, right;

while (len = 0}
half = len »» 1;
middle = first; /¢ WA RTF~11, #%T rRandomaccessIterator fY
advance (middle, half); // middle = first + half;
if {(*middle < value) |
firar = middle: /) WATRT -7, YT Randomtccesslterator 1
++first; //  first = middle + 1;
len = len - half - 1;
}
elese if (value « *middle)
len = half;
else {
left = lower hound(first, middle, value);
/7 PIFXATHYT RandomAccessIterator B first += len;
advance(first, len};
right = upper_bound{++middle, first, value);
return pair<ForwardIterator, ForwardIterator>(left, right}:
}
}
return pair<ForwardIterator, ForwardIterator>{first, first);

}
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6.7.11 inplace_merge (RNBRFESXE)

MERAELHE - EMFH [first,middle) # [middle,last) O
7. WA inplace_nerge BIHEfIH &R — 4B, FHRE T (sored)
MAREFFIRERET, WIHRELE2BEET, DRELFFIER
WA, WITHERELEREMRHF.

#l merge —'#, inplace_merge ﬂ%“ﬂ'%ﬁ {stable) 1k E/'l\'ﬂaﬂﬂﬁ
BRENTFHRHLEHNRFRALES: NRFATEIHERNLE, &
AN RSB AESR RPN

inplace_merge A M MK, HEHETIMIEXELENMT AT TE.
# AN A operator< MATHE, BT BHER (unctor} comp HF7H
2. PLT 5 R — RV R,

template <class BidirectionalIterator:
inline void inplace merge{Bidirectionallterator first,
Bidirecticnallterator middle,
Bidirectionallterator last} {
/¢ AEHEA-AFFRE, RtABFLHE
if (first == middle || middle == last) return;
__inplace_merge_aux(first, middle, last, value_typel(first},
distance_type{first));
}

/) HBER
remplate <class Bidirectionallterator, class T, class Distances
inline void __inplace_merge_aux(Bidirectionallterator first,
Eidirectionallterator middlie,
Bidirectionallterator last,
T+, Distance*) {
Distance lenl = 0;

distance (first, middle, lenl); // lenl EFRFFAI—HKE
Distance lenz = 0;
distance(middle, last, len2}; // len2 EREH_MKE

/) BE, XAESEASMHTSHE (FiHERK)

temporary_buffer<Bidirectionallterator, T» puf (first, lagt}:

if (buf.begin{) == 0) /1 AERERY

__merge_without_buffer(first, middle, last, lenl, len);
else // EHYEE R XK T T

__merge_adaptive(first, middle, last, lenl, 1en2,
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buf.begini), Distance(buf.sizel())):

BTHEEMREFEAGAE FeblX) HE, REFHES. ARERGSE
XEZEPXARMHELT, wALbate. ATHE whTHKINEE, BTERRX
ER AR

/1 WBER. AENRHERT

template <class Bidirectionallterator, class Digtance, clasec Pointers
void _ merge adaptivetBidirectionallterator first,
Bidirectionallterator middle,
Bidirecticnallterator last,
Distance lenl, Distance lenZ,
Pointer buffer, Distance buffer_sgize) |
if {lenl <= len? && lenl == buffer_size) |
/1 casel. FHREBTERFF—
Pointer end buffer = copyifirst, middie, buffer};
merge (buffer, end_buffer, middle, last, first);
)
else if {(len2 <= buffer_size) {
/i case 2. BXERZEFH—
Pointer end_buffer = copy(middle, last, buffer);
__merge backward{first, middle, buffer, end_buffer, last);
}
else { // cage’. FHMXTRAARZELMN 4 FrF
Bidirecticnallterator first_cut = first;
BidirertiocnalIterator second_cut = middle;
Distance lenll = 0:
Distance len22 = 0;
if flenl » len2} {
lenll = lenl / 2;
advance (first_cut, lenll};
second_cut = lower_bound{middle, last, *first_cut};
distance{middle, second_cut, len2?);
1
else | /R Bk
lenz? = len2 / 2; /1 TR R
advance (second_cut, len22);
first_cut = upper_bound(first, middle, *second_cut}:
distance{first, first_cut, lenll);
}
Bidirectignallterator new _middle -
__rotate_adaptive{first_cut, middle, second_cut, lenl - lenll,
lenz2, buffer, huffer size);
/7 HMER, BHER
__merge_adaptive(first, first_cut, new middle, lenll, len22, buffer,
buffer_size);

/) HRER, BFRA

/7 Rl K
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_merge adaptiveinew_miadle, second_cut, last, lenl - lenll,
len2 - 1on22, buffer, butfer size);

PR B T R RN X R G LLLEMN inplace_merge BIEZRIMT
IFFIP N — 4. MR AR (BT casel fll case2 Z24b) , THE
EREN: BHAATFHRERE - copy NRPRF, T nerge BRERT
. K, nerge MR, EMITRBERTAFHFETH (sorted and separated)
MEEEHE, BR-1EFXA, Hit, RIAER nerge HERENL (GER
B resuit) IEN inplace_merge FTEZZTAEEA (ERE first) B,

Bl 6-16 & -- st RiiH.

first | middle |.hI
“ OEEE: DMWE
copy el len2
: buffer_size
MREROO00
 buffer end_buffer

merge [buffer, end_buffer)
and [middle, last) to first.

fir ll;m
bulud& 7][ 8]10]

B 6-16a MEMEXEBAN |firsy,miadle], BHE (tirst.middle] EH
HEMK, BLl rerge P HE ZFA (middle, last) &3.
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406 #F6¥E BE (algorithms)

‘a3 | first LmldﬂL _l i
e E@!ﬂ@mmmg

copy lenl len2

EMEQDLDZQ

buffer end_buffer
merge_backward [first, middle)

and [buffer, end_buffer) 1o last. | _
| first | last

HEEEEEEEE]

B 6-16b LEMXBHAM (middle, last), HW¥ |middle, last) HH4
B, Bl _merge_bhackward 4§§E"1F?§Ultirst,middle}*ﬂgéﬁpﬁiﬁﬂf?;?u

fH Y B R R LAFRER -AFFIN (RSP cased Z4b) , 68
RMFLT . mAXFES, WA EIRRIE , DL H 5 8l (recursive partitioning )
s, LCEKERE, EEETEMNTERXD (RE, 785E)L) . H
I, AR 6-16 M ARE, HFREERK AN, AFER -FHCE 4 FFFS
CHRKES, TR, ERKNFEAMZHT, HEH first_cut Hl second_cut 4
T:

Bidirectionallterater first_cut = first;
Bidirectionallterator second_cut = middle;
Distance lenll = 0;

Distance lenzi = 0;

len22 = ien2 / 2; /O HERRIZHN ERE

advance (second _cut, len22);

first _cut = upper_bound{first, middle, *second_cut);
distance(firet, first_cut, lenll);

first lenl middle

len2 | last
M

B

€< < =
lenl ] len22 |
first_cut second_cut
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o, A LB G077, 2, 4) ATLL FRER L.

Bidirectionailterator new_middle =
__rotate_adaptive({first_cut, middle, second_cut, lenl - lenll,
Ten?2, buffer, buffer size):

X __rotate_adaptive REMINEE STL & rotate HEAF 2 A
Fl., HEEHHENXKNEFL, BTk, -8R AE, BAEELS STL B
it rotate E#AT.

template <cluss Bidirectionallteratorl, class BidirecticnallteratorZ,
class Distances
Bidirectional lteratorl _ _rotate_adaptive(Bidircctionallteratorl first,
Bidirecticnallteratorl middle,
Bidirecticnaliteratorl last,
Distance lenl, Distance lend,
Bidirectionallterator? buffer,
Distance buffer size) {
BidirectipnallteratorZ buffer_end;
if {lenl » len? && len? «= buffer_size} |
/7 SRR ER AT (HE)
buffer end = copyimiddle, last, buffer);
copy_backward{first, middle, last};
return ¢opy (buffer, buffer_end, first});
1 else tf {lenl «<— buffer_size} {
/1 KRS ELFN—
buffer_end = copy{first, middle, buffer};
copy{middie, last, first);
return copy_backward(buffer, buffer_end, lastl;
1 else |
;/ BRRATE, A rotate B (RHEHEX)
rotate{first, middle, last};
advance{first, leni);
return first;

B ENLE, FERAMERRT

!Fhl lenl _ ch;nnddw len? ahﬁl
y —t v
08858 na[non
< e il
lenll 7 len22
first_cut second_cut
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e Ar Bt BT . g iE [first, flrst_cut, new_middle},
R EEERBRERE S0 (1,3.5.24), #HEHEA:
/0 HINAE. EBE

_merge adaplive(first, first_cul, new_middle,
lenll, lenzZz,
puiier, buffer_size);

BT AR ERR (K3 RetERES, RUIERERSGIM S %,

first | nI new_m sanIL 1 ) !'1\
uﬁ;LwDWWD
< ILIl[ | ] |rLi'! |

first_cut second_cut

BHIWHHE (new middie,second_cut,lasty, HHE FERKREAREH

5 17,6,8,10), HEI#ER:
ff AR, EHE
__merge_adaptiveinew middle, second_cut, last,

lenl - lenll, lenZ - lenz22,
puffer, buffer sizel;

M TEFHERX (K3 MCRREE, FLBRRRABRIFNAS

first last

‘%gsusﬂvum‘

WX FE R HEE, RS RRET ioplace merge FIRMFCHT—
LERERES.
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6.7.12 nth_element

EABERSEFHT (tiret, last), FERE non FROLE, 5 €4
[first,last) TRHEFR, Fl--UENATE™ FE. WHFHIE inth,1asc) A
BHLA - TENT (FRRBEREART) (first,ntn) WHLE, AXT
(first,nth) Fl [nth,lasty WAFIKENE CERF UL EE—L— 5
£ BT S partial_sort MAHEAREL. DIERZ, nth_element BN I

partition miE sort B partial_sort.

Fian, BREFEF {22,30,30,17, 33, 40, 17, 23, 22, 12, 20}, AT #:fE:

nth_element {iv.begin(}, iv.begin(}+5, iv.end(});

BEBAT »(iv.begin0)+5) (EfN 40) WLEEBTETEZE, HAE
TELEZA, FARRIRERERNHNGE. BENERN {20,12,22,17,17,
22,23,30,30, 33,40} $hiTHHEH SN MIE LN EA 22, HBIFATRE
Flg 112,17,17,20,22,22, 23, 30, 30, 33,40} #9 5" MuE LR TEEAMR.

WP ERER 120,12,22,17,17,22, 23, 30, 30, 33, 40} HRHE, FHihfTLA
TH#1E:

nth_element {iv.begin{), iv.begin(}+5, iv.end{), greater<int>());

MERE LT *(iv.begin(y+s) (BN 22) WAEET A TEZEL, HE

ETUREZA, HEFRELRRERMMAE. REMERY {40,33,30, 30,
23,22, 17, 17,2212, 20},

BF nth_element  parrial_sort RREED (BN, EARIERNT
ﬁ"'ﬁ‘lml}qﬁﬁ&ﬁ} , %Li’&*’é’:ﬁiﬁirﬁtt partial sort R,

nth_element BMANA, HERETWARE LEATENTS S RE.
WA operator< FEATIGEE, BAREE R AR comp HTHE. &
B, ZAMEEHEZ RondomAccessiterator.

nth element MIMEEE, REiHL) median-of-3 partitioning (LAFH . B. PR
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410 FoE B (algorithms)

CRAPEARHZAEE, B 679 ) BB FASRARNE (L) . & (R)
FRA. R neh BRBETETHR, KEREFFISTHE, FURE
HFFFITHEL BEERE, ARAHERTHRAKERKT 3 (B/AT) , @&
WG X A ERN TR Insertion Sort, KIE K.

B 6-17 B ath_element KIRMESEEIFE. ITREEMAIE, REFIHRE--.
1A

template <class RandomdccessIterators
inline void ath_element [Randomaccesslterator first,
RandomiccessIterator nth,
RandomAccesslterator last}) |
_ nrh_element (first, nth, last, value_typel{first)};
)

¢/ WiF R
template =¢lags RandomAccessIterator, class T»
void __nth_element (RandomAccessIterator first,
Randomadccesslterator nth,
RandomaccessIterator last, T#*} {
while {last - first = 3} { /1 KEMR 2
// I median-of-3 partitioning. &%¥: (first, last, pivot)
(0 RE—ERR, HEIEENERE-1TAER
RandomAccessIterator cut = _ unguarded_partition
(first, last, T(_ median{*first,
*{firgt + {lagst - first)/2),
*{last - 1)}));
if (cut <= nthy  // WRERES <= HELE (nth FTHE)

firat = cut: /i BHEBRERSE (partitioning)
elge /7 B (nth FTER)
last = cut; rf WEBRTHDE (partitioning)

}
_ insertion_gort (first, last);
1
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ast

i@@ﬂﬂ I@IEHL —

median-of-3 partitioning
ast pivor : (22,40,20) => 22

@@ﬁnnin@@@@ <=

nwdmnof3pmnu0nmg
ast pivot ; {40,30,22)=>30

@@@llh@l El <ﬁ9’

firs I Iniernnn Sort
st ast L section

[20] 2] [22] 7] 7] 2] 28] ] 30] s8] 0] . T~

E 6-17 nth_eclement B{ELHITGF

6.7.13 merge sort

B8 SGISTL iR RHHFER IntroSort (—FfH Quick Sort % 18T fF1£M

B, Le679Y) , Fit, B—MEFRZNHFEE Merge Sort, BEFHRALI
FF STL i inplace_merge (6,711 ) LTIk,

Merge Sort It SRXFEN. BARNIE, BRIAF Gorted) KFINF
B—EEXE, ERAE, MARMNTUME “4MWiE2" (devide and conquer)”
S, UBHRN AR AR ARTHS. 5%, SREMETH, 24
R Z LR, BHA inplace_nerge EHAAI—NTENEFEFD. ¥4
BIEET LR IART, ERS-NEMKER OE 1 GBARANRBRE TR
THRF) . TER—#EHAH:

template <class Bidirectiocnallters
void mergesort (Bidirectionallter first, Bidirectlonallter last) {
typename iterator_traits«<BidirectionalTters::difference_type n
= distance{first, last}:
if fm==01| n==1}
return;
else {
BidirectionalIter mid = first + n / Z;
mergesort (first, mid};
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mergescrtimid, last);
inplace_merge{tirst, mid, lasi};
}
}

Merge Sot ME 2% A ONlogN). BHEH Quick Sort & 1, HEA X
Merge Sort T8 FBISMGALE, i HARGEZ R (B HEW SR FR Vi
], BT Merge Sort AR LL A L Quick Sort. SEHLE 4. HEE T, 2 Merge Sort
rE ALK S
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/
ali] -

=€ BEITM function objects

%81 B & # memory pool. iterator-traits. type_traits. deque. RB-tree. hash
table, QuickSort. IntroSort-ME REIL SELBEEE, FRKRRE AR TIE.
F-EREBWMAE, ILRNFEHSFEM, KERE.

7.1 ‘U‘j@ﬁ ( functors ) *EH)”L

X-BRRERNEE, FSTLRELARARMAR. (R (unctors)
BEWKRE . Crr ARIEFIR EHE I R A0 2752 oi B0 % (function objects ).

REAB YIS, “BEVR HEWY: - HRFEERANER. AT,
SRR, DREP AN SHELSmEEns, "HRE —dlEx
S, B, ARSEAHSNERE R —iE. KRR ERAHE TR
BRI E R GARD . R Z LS EFE XA function call operator
HEBHERAE.

(HRHEAEEEME? A% 6 ETMUEY, STL MREANSHERE, £
RHETEANE. BF - EFEUEER (EREN) MEMEE, B20HA
NFETL B Z AR RS, REAP L emplate BEORIEEMERITHIRE .
& accumulave () i, B -BRITH (B —HA ) BASHEE TE R A AT BT A 2 AT,
AN RS E R BT RRE -METH THNTEREE sort O
Wi, RE—MERD cperator< NHFRELEM BMBKE, BS_mANR
HRPE I “RET , FREFENRRESTERRESZREARY crue,
g, B, EHER CBET SEEENSE, bR TR O
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HEFA BRLIERIIE %) WitR- PR, SHREEHARBERN -128 &
R RAET RUA-ENBRTRE (MESEOWS 21 class) , ALLZ
RS E— R, FLUHRIEAREN -S4,

BRI EBRE, B ARSBARF T LAE "R BERA LM EEREET , B
LA FENRER? REEETEEEHERTRMRL STL MR EN LR,
RS R AN ER— R R TR STL REAM (B adapter,
W E) BE, FEERWBMEL.

PEIMENS, HRECLL LR - TTRRURE MR, ATHER
“TRELEE"  HEHELFLAREL (HRKE. &) function call iz
BT (cperator(), BEMBEELE 1.967%Y) . WAXFNERETE, RINH
AT AT O o B R & S 1 0 b — X% 5, DARKIR AR 05 R BT S R operator ()
3recE

tinclude «<functional.
tinclude <iostreams>
using namespace std;

int maii(}

{
graeater<ints ig;

cout << koolalpha << igi4, 6); // (A} falsel

cout << greater<int:() (&, 4); /4 (B) Lrue
}

KSR AF AR, greater<incsig HEIZESE 12
% ig PR, iot4.6) WEBMAE cperator(y, HATHIBH 4,6, HHM
FIERE greater<int>() RBR™E Tl (ZEBK) HE, ZEK @6 4
REESHEISH 1, 6. BEHRHAEFASEGRM, #2101 1927.

LRECHERG--BERTATL, EEMGREMNSE, MRIRARE-

1 854 boolalpha B—FRAFiBE iostream manipulators (BFE3%) , RiIREEHH
AR &R . boaldipha & R AL LG 3 bool EME M, HICVLIFHSR roruer
& rfalser #H. RF LH GCC291 #AXFF boolapha,
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B 7-1 R R STL (F i SIL B2 R &.

—| STLRHBRS, &

g BT Y NI R
algorithm(first, last, .., functorobj) | tenplate <typename T>
{ class functor {

» void operator()(.};

'] / }.
functorobj(.) ;—/ '

}

B 71 STL{TERYYS STLEBZE/ER

STL {fE%Ag52, ZLUHRER (operand) BIAMERIS, AISN TH-R
s, HLHERS, TaAEARER (Arthmetic) . XFAER (Rational) .
BRER (Logical) =K¥E. MU ARFRER STL NENTEE, HLAF
A <functionals 3L3C#F, SGI MHEMIERRE LT <stl_function.h> X
SR 3

7.2 OJBC#E (Adaptable) By

1 STL AXKAHD, HESFTHREEHED. WERHD. LARFHH
A BRMEMEIKD—ERE - RGN 2RE, ALULSTLRRAER
EMEL. TENABHXE, T STLHRBN UL (adaptability) .

Ry, STL RN IXE I RKEES (function adapter, 8 &) #
M, UGB R, RTIAERERESD, S MTRBLIE LHCHH
PRI (associative types) , RBEABIMBEMAEA STL KEKE, HAAHKE
Sl Y EOH S MR BB, XEARFR AR N TR EREERE, &G

2 griEEm, REEEEAARANTERK T ATARRANERTI—RRBES
HEATR. XA FIFATELH Modern C++ Design —- [Alexandrescu0i] BTiRHY
policy B8, WHE. EHEHE policy, R4 template H¥AY class template B
(base class) . XABERFITILEFREFTRKR RGNS AR,
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TERBMELEE. MR RR % cypedet, FiF L RRIEERITHR ST
THT, WEFHNTRERAEMERE, AREMESRE.

iR ENAN A FERREN AR SRR NERERS. MTHERR,
<stl_function.h> B X TFA classes, 25 % ~mii MR B $ (STL
FEF=T %) . HPEHEM data members B member functions, HEA—
BRNEY., FAHEYR, REENARKEEREI P-4 class, EEHAE
THREHSHN, WRE WA TRERED.

7.2.1 unary_function

unary_function m%%ﬂ—fuﬁﬁﬁﬁ@ﬁﬂ%m@ﬁ{ﬁﬂ% HE AER TR A
// STLHME, 8~ Adaptable Unary Function ¥ ZHRIEER

template «clasg Arg, class Results
struct unary_function |
typedef Arg argument_type;
typedef Result result_type:

— BRI EHBAR T unary_tunction, AP @A LLZHREZEERN
SV (ATFHREHS) . FUHAFERALEZERR (FAXRER) -

7 DR ABME T unary_function.
template <class T=
struct megate : public unary_function<T, T» {
T coperator() (const T& x} const { return -x; }
i

/7 LFRES (adapter) AEETFEMIBREMNERAE (logical negation)
template <class Predicate>
class unary negate

public:
bool cperator (} {const typename Prefitatel argumen

¥ ifgfpis x) const {

}
1:

X — B F RS 8 ERTERACER (functor adapter) FRFHS A L.
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7.2.2  binary_function

binary_function ARERT NG -SHHA. £ S8, DR
[EER R . HE L AFER .

/0 STLEE, & - adaptable Binary Function #RFI&H A AR
Lomplate <class Argl, class Argld: clags Reopult -
srruct binary funetion |
typedei argl first_argument_type:
typedef Arg? second_argument_typco;
typedef Resuli result_type:
ri

—BEMREMET binary_function, HRAFEMUIHERE LAY
MM AR (R F KRS

S RITIRRBSA T binary_function.
template «<clascs T=
struct plus : public binary_function<T, 1, T» {
T operator (} {const. T& x, const T& y} const | roturn x v y;i |
¥

ff DTERER (adapter) HESFEDZLRBEA D i B
template <clags Operations
class binderlst

protected:
Opcracion op:
typename Cperation::first_argument_type value;
publlic:
typename Operation::result_‘type
gperator ()} (const bypename Operation::secoﬂd_argument_tjpe& ®x) const |

R —EHFEH 8 BRI RBAES (functor adapter} IR L.
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7.3 %7&% (Arithmetic ) R

STL PIEEM “HARLLGER , ML, Mk, Fik. Bk 88 (8%,
modulus) FI%ESE (negation) ¥, BT "EBE” BRI -niEHE, KEHAZ
miak.

® f¥:: plus<Ts
Wik minus<T>
Fetk: multiplies<T>
Bk divides<T»

ER (modulus) : modulus<Ts

T (negation) : negare<T>

i1 UTF 6 ARFERE (arithmecic) HHY
template <class T=
struct pilue : public binary function«T, T, T» {
T gperator{} {const T& x, const T& y} const { return x + ¥; }
}i

remplate <class T»
struct minue : public binary_function<T, T, T> {

T operator{) (const T& x, const T& y) const { return x - y: !}
I

template <clasg T»
struct miltipliee : public binary_ funection<T, T, T» {

T operator(){const T& x, const T& y} const { return x * y; }
b

template <clasg T
struct divides : public binary_ function«T, T, T» {

T operator () {const T& x, const T& y) const { return x v b
Yi

template <class T=
struct modulus : public binary_function<T, T, T» {

T operator () {const T& x, const T& y) const { return x %y}
}i

template <class T»
struct negate : public unary_functien<T, T> {

T operator{) (const T& x} const { return -x; }
i
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73 BEA%E (Arithmetic) 17 B

419

REFRBETT LR, HEA—BE T EME. 2%, MBI E

— P EENRE RS RBTERDE. THRNEH, BrmHAE

// file: Tfunctor-arithmetic.cpp
#include <lostreams

#include <functional=>

using namespace std;

int main{}

{
/1 LTS — B R Bl (HR)
plus<int> pluschj;
minus<int> minusobj:
multiplies<int> multipliesob];
divides<int> dividescbi;
modulus<int> modulusolj;
negate<int> negateobi;

17 BTFERALERMNE, BEREE

cout << plusobj{3,5) << endl; /i B
cout << minusobj{3,5) =< endl; /il -2
cout << multipliesebj(3,5) << endl: /415
cout << dividesobi(3,5) <« endl; i/ 0
cout << modulusobj (3,5} << endl; i3
cout <« negatechi{3) =< endl; /-3

/7 PUTF HELM R R X R BT R M

/7 ERAN: functor<T>() E—THNME, FEEE—MIES

f7 BRFAM function call operator

cout << plug<intx{) (3,3) << endl; /8
cout << minus<int={}(3,5%) << endl; fr-2
cout << multiplies<int={}({3,5} << endl: f7 15
cout =< dividese«int>{) (3,5} << endl; fi 0
cout << modulus<int>{)(3,5) == endl; F A
cout << negate<ints> () {3) << endl; /i =3

HERERIT, FAHAERARMENER T2 R LTl H A BK R
B, DEENEERRR A TEE STL #%. A, UTATRAEN AEF

TE, M vector iv PRE—-IEE#TRE (multiplies) 2H:

accumulate(iv.begin(}, iv.end(), 1, multiplies<int>());
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420 HT1E PR¥ (functor)

i JT# (identity element)

FriE “BH op WL TE (identity element) ™ , EEEHE A FTHYULE
HopiBE, 2BAABD. NENERTERNO, BAEMTEMLEORAIEO.
FEMIIRTEN L, BAEMTERL 1 {AREC.

R, XRENHE STL RN -, HiF4 STL SHHFEL].
template <class T
inline
T identity element (plug<T:}
{ recurn T{0}; 1}

// SGT STL HFEFEFAR T-EBH

template <class T»

inline

T identity_ element (multiplies«Tx)
{ return T{1); }

// REMERTEN BT <ctl_numerics.h> M power(). W 6.3.6 H

7.4 %ﬁﬁﬁ% { Relational ) ﬁ@ﬁ

STL MEH “XRSHEMER IBTHT. A%5T. KT, XTFT.
HF. MTFETAREE. 8- MEZRER.

T (equality) : equal_to<T>

A%T (inequality) : not_equal_to<T»

KT (greater than) : greater<T-

K FH% T (greater than orequal) : greater_equal<T>
/NF (less than) : less<T»

PMFHET (less than orequal) : less_equal<Ts

7/ DF 6 MR ERBEREAE (Relational)
template <class T»
struct equal _teo : public binary_function<T, T, bool> {
bool operator() (const T& x, const T& y) const { return x == y; }
bi

template <class T»

struct not_equal_to : puklic binary_ function<T, T, bool= {
bool operator({} (const T& x, const T& y) const { return x 1= y: }
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74 XRFBHE (Relational) {FE¥

421

template <class Ts

SLruct greatar

}:

: public binary_function<T, T, bool> {

bool operator{){const Tk x, const Tk ¥) const { return x > v

template <class T»

struckt leas

}i

bool operator () {const T& X,

template <class T»

struct greater equal

Vi

template <clasg T

struct legs_equal -

1

int mainf}

{

: public binary_function=T, T, hool> {
const Tk y) const { return x < ¥y;

+ public hinarv_function<T, T, bools {
bool operator(} {const T& x, const T& vy} const { return x »= y:

public binary_function«T, T, bool> {

}

}

}

bool cperator{)fconst T& x, const T& y} ceonst { return x <= y; |}

R R R, BRI MR, 4%, RINWTL-4
—MEEMIER MR RBTERDE. TEHR A, BrFfRHE:

// file: 7functor-raticonal.cpp
#include =zlouslLream>»

#include <functionals>

using namespace std;

/0 PFEE - BT RBEE (R
equal_to<int:> equal_to_obj;
not_equal_to<ints not_equal_to_obj;
greater<int> greater_obj:
greater_equal<int:> greater_equal_cbi;
less<int> less_obi;

less_equal<int> less_equal_obj;

/1 WMTFER EAMR, BITRATRE

cout
couk
cout
cout
cout
cout

<<
<%
L
Lt
<

<

equal to_obii3,5) << endl;
not_equal_to_obj(3,5) << endl;
greater_obij{3,5%) << endl;

greater_equal_obj(3,5) << endl;

less_obij(3.5) << endl;
less _equal_cobj (3,5} << endl;

/7 VAT HE LU RBRNET 3 R BT R M B

i
//
i
I
t
/

[ B v B S et
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4 F7E {iRE (functor)

J0 OBEAHL functoreTs() B—-TRMIS, EEBE- HMES
7/ EBIEWHA funcrion call operator

cout << egqual_to<int={) (3,5) << andl; P
cout << not_equal_to<int>{1{3,5) << endl; P
cout <« greater<int=(){3,5) << endl; /0
cout <« greater_equal<ing>(}{3,5} << endl; // O
colut << less<int=()(3,5) << endl; T
cout << less_equal<ints>{}{3,5) << endl; ifl

R E AL AMEDR 2 SBER TR NIz HY S Th R AR ] 3L R O R 5. 17 R
HWIERRENTHR STL B, WL TRAFRREUBERFH vector
iv HTHEF

sort{iv.begin(), iv.end(}, greater<int>{}};

7.5 iﬁﬁiz'_:ﬁ?!é (Logical) ﬁgﬁ

STL WEH "ERZHENRE ¥FTEREEPY and. or. Not =
MEE, B ana M or HTmEE, Not N—-LEEEH.

® FHizH and: logical_and<Ts
® FTHizH or: logical_or<Ts

o FHIZH Not: logical_not<T>

/7 BTF 3 AEBEEE (Logical) (IR
template <class T»
struct logical and : public binary_function<T, T, bools {
bool operator() {const T& %, ronst T& y) const { return x && y; |}
};

template «cClass T»
struct logical or : public binary_function<T, T, bocl> {

boel operator(}{const T& x, const T& y) const { return x |1 y; }
bi

template =class T=
struct logilecal_mot : pubklic unary function«<T, bool> {

bool operator () {const T& x) const { return 'x; |}
Vi

RBHRBREER AR, AR RRRTEAER. 4%, KWL E
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76 UM {identity) . ¥ (select) . #H (project) 423

— M EAN RSN R RBITERE. TEE-EH, BRFRRE

/f file: 7functor-logical.cpp
#include <iostream>

¢include <functionals

using nameapace std;

int mainf{)

{
t1 DVFFEE — S s B SEi (RER)
logical_and<int> and_obij;
logical_or<int> or_obi:
logical_not<int> not_obi;

Jr UTEREERR, RiTARHE

cout << and_obj(true,trie) <« endl; i1
cout << or_obj{true,false} << endl; PN
cout << not_objftrue) << endl; if0

74 DA E B o Bo e o A 17 R B RE
// BESH: functorers{) R—MREHIR, GEHEE-NMES
/7 BIEWEMA function call operator

cout << logical_and<int>{} {true,true} << endl; [/ 1
cout << logical_or<ints{){true,false) «< endl; /1
cout << logilcal_not<ints({} {true} << endl; 170

—BWE, RAeHAEXARMNRA TEAZLEhRERMEHHER.
A EE R RN TR STL B¥%.

7.6 'i.IElﬁJ (identity ) « ﬁ# (select) &%ﬂ (project)

E—PAAMG R, $AREESBFES RMER . bRl Bt
FRSEARENER, XEAETNER. ZHURE STL RECEZREFLT
1o R o 3 PR A B SL AT LAY identity, project, select %4, TMERHS—EH
¥, 2RNTMEE—RBEEEHFUNERTR.

C+ FRHERMERBEATHANETM— M ER, AIENEEEETE
AEBHPERATER. LTHIH SGISTL HIRKA.

// iEF#&H (identity function) . HAKEELLERE. F&FETRE
/7 WRERERTF <stl set.h>, FEETF RB-tree MIHH KeyOivalue op
;/ MREX set nEMBENZME, MELEA identity

template <class T-
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424 ¥1% (¥ (functor)

struct identity : public unary_function<T, T= {
const Tk operator() (const T& x) const { return x; }
Y

/t EBEY (selection functicon) : H¥—"T pair, EREE-TE
/7 WARBRT <stl_map.h>, AXRIET KB-tree IEN Keyofvalue op
// BF map R pair tENE-LERNKBE, HLUFEH selectlst
template «<class PFair=
struct selectlat : public unary_function<Pair, typename Pair;:tirst_types
{
const typename Palr::first_type& operator(){const Pair& x} const
{
return X.first;
}
Vi

(1 KHRH: BT - Tpair, FEAESIR
/7 8GI STL BRI
template <class Pairs
struct select2nd : public unary_ function<Pair, fypename Pair::second_types>
{

const typename Pair::second_typce& operator!) (const Pair& x) const

{

return x,second;

1

}:

// AR EEE—-2W, BRE_EE

/7 861 STL FAZHER

template <class Argl, class Arg2:

struct projectlist : public binary function<Argl, Arg2, Argls {
Argl operator{) {const Argl& x, const Arg2&) const { return x; }

Vi

// BREN. SEET 28, ERFE-SH

7/ 85GI sTL HXERKA

template <class Argl, class Arg2»

struct project?nd : public hinary_functicon<Argl, Arg2, Arg2» {
Arg? operator{) (const Argli, const Arg2& y) const { return y; }

ii
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8.1 MEHZAUMSHE 425

3

fcix3s

adapters

FUEE# (adapters) 7L STL AR RBBFERNE L, HHEEWE. RES
MG, Adaper XS, FEERE i #E= (design pattern) . {Design
Patternsh — 4429 23 MRERBFIHER, Kb acapter FRREXIMT: #
-4 class MBEOEBAA A dass BEED, BEEREQRRENAESER
classes, BJ LA—RiEfE.

8.1 EEJBLIHBMESDE

STL FRfREE6&mAtERP, T BB (funciors ) N F, E{#F R function
adapter, %53 (contuiners) EDE, EI1FRA container adapter, ML
(iterators) #EOF, FATHFN iterator adapter.

8.1.1 MNPTFEIE. container adapters

STL REtMMA AR queue I stack, KEFEAFTR—FRER. €A
Bl deque MEBEOMAR LB —FHARAR. LW container adapters &7 4
=y

8.1.2 MNATFIEHIE, iterator adapters

STL HETHEZNPTEAK S LR ES, € insert fterators, reverse
Herators, iosteam ferators. Ct+ Standard METATHIEILIER <icerators
#if8, SGISTL M E1ERE X T <stl_iterator.h».
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426 F8E N#ES (adapters)

Insert Brerators

iR insert iterators, RAILAME — AR RME (assign) BEHTABWA
(insert) B4F. XEMNANBEHE L RRRHEABEN back_insert_iterator,
R LWIHEARMER Front_insert_iterator, MRAMEEM ERATEARE
¥ insert_iterator. B TX =4 iterator adapters MEHBEOART4SER. #
— AP ERBRY, Elt, STL FRE= MV HH: back_inserter().
front_inserter{}. insevter(}, JIE 81 fiR, RAMEANHENE.

WERH (helper function)  EBRFEMHME

Back_inserter back_insert_iterator<Container»(x};
(Container& x);

front_inserter front_insert_iterator<Containers>(x);
{(Container& x);

Inserter(Containerd x, insert_iterator<Container>»
Tterator i); (x, Container::iterator(i));

®g1 =iHBhEY, #=# iterator adapters EHEH. #NHEHRRAEE
|

Reverse Iterators

FiE roverse iterators, BT LU — RS AT R il e, RAR AT N
operator++ B THIBEIE, MEAREGERK operator-- AT AHRMFE.
EHERLOTMRERTRAEB RN T IKEER, 1R B h ME bk e
FEE “ABBFESHT" OEEL, SRXMFEE. BERE - LEHEAES.

I0Stream Iterators

R iostream terators, ALK BEEREA lostream MH S L. BE
% istream M@ (HI ccd:icin) HF LK, HH istream_iterator, WHM
NI, BET ostream H R (HW staicow) HF LW, HH
ostream_iterator, WAWILINGE, IMHANBEERTRERL, FHHE. L
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8.1 RESRZBENSTHE 427

CHER, MneX, FuEATEAEEERARE L. #i0, FEEENT
& iostream lerators MERE, TR~ M4EE Internet Explorer cache £ 5%
e, REXH—TEELMZE F LA— PRI,

HEE, RS NHE LA 0 REACES (unctor adapters) LA B AfF
BER, FAU "R EESEEHEMAR WENLES, ZEFMHEN
ELAEAIER (iterator adapters) R/PLIZRFAEESHS. MFEARNE
i, RE—FM b (RHERETNEARESR. AHTRERE. HED
HHEFE W) . RTUTERAHEEHE48CRARTERHE. #X -8
e, ATHSTL RIFEMTHRAAFEEREZ K, ierator adapters HHEREEF
BTN,

THEE—NLH, £LA=H iterator adapters ZiE KM

// file : Biterator-adapter.cpp

#include «<iterator> /4 for iterator adapters
tinclude <deque>

$include «algorithms= [/ for copy{)

#include <iostreams

using namespace std:

int maini}
{
;i % cutite BEE cout. BEH cutite FER—-ATE, REE—-1T " .

oetream lterator<int> outite{cout, " "};

int iafl] = {0,1,2,3,4,5};
deque<int> id{ia, ia+6);

1 8 W C++and STL : Take Advantage of STL Algorithms by Implementing a Custom
Iterator, by Samir Bajaj , MSDN Magazine, 2001/04, X LFEREMAE I — MERE,
Wi STL BEEMA Intemet Explorer cache (IE ACHK—MERRE) . RE—TEX
WHAE, HAMHA - HES, HATLEERERLRN STL HEAH [E cache
BU—REE.

2 £ (ERESY , HORHE-AERE, THEIRRERL, BARKRIERT
{Ef STL ik (BHE STL 4#) .

d EEENLARVARESE, ME—MFRRFaCERNERS, BEREMRN
NESEL 2L ARNR RS AAESE. L8E, Cn BRIAFENESR.
MEETHAE, ITERNE.
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428 FYE B (adapters)

0 BB LEENH cutive (MARFEERENIH cour)

copy (id.begin{), id.end{(), outite); s/ ¥t 0123 45
oout << endl;

0% Llal) BESEENS ida . #H front_insert_iterator.

// GEE, front_insert_itergtor &4 assign BAEMCH push_front #{E
/t vector AEH push_front (), EHREEFANLL vector ArFNEHREA.
copy (ia+l, la+2, front_imnserter(id)};

copy (1d.begin(), id.end(), outite); 10123465

cout << endl;

/7% 1al] B CEENS 14 . 8 back_insert_iterator.
copy (ia+3, ila+4, back ilngerter{id));

copy (id.begin{}, id.end{), outile}; i/ 101234553
cout << endl;

{ BIIE s ELE

deque<int>::iterator Lte = tindlid.begin{), id.endl}), 5};

/0 iar) MEOTLEREINE ida M. #R insert_iterator

copy{ia+0, ia+3, imserter(id, ite));

copy{id.begin(), id.end(}, outite); // 1 012 3 4 (12 53
cout << endl;

s1 WETHTREEENE cutite

/7 rhegin() Fl rend() 5 reverse_iterator Hx, WPEEABHEA
copy {id.vheginit, id.remnd{}, qutite}; // 35210432101
cout << endl;

i/ VT, # inite HFH cin. HERILT inite, ¥ eos M

iptream iterator<int: initefcin}, eos; // eos : end-of-stream
copy (inite, eos, imserteri(id, id.begin(})}):

// BTREERE LHEWA end-ot-stream (end-of-file) # 5

ff (MIARREAY eof FSORRMAE) , Bilt, X7 ik E—TNHNRIT,

/) B WA MR, S, A int.dat, RE

/7 3 Sk (AR , HE console ZFMM piping HAMITHRA, WT:
Jf c:yvstype int.dat | thisprog

/7 BEBEE cype int.dat BIGRIEN thisprog AIMA

copy (id.begin(}, id.end{}, outite); // 322699 101234401253
}

8.1.3 NATFHRE, functor adapters

functor adapters (JFER3% function adapters) RFFHEHSTHEREARN
MEE, ERERAEEFURAN TENARR, WL, B F0E. JERRE
WA IE AL (bind) . BE (negate) , & (compose) . LARI — R BE B
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8.1 EERIBUNSHH 429

RSl (R L—rEE) . C+t Standard BE XEREHNENTH
<functional> 342, SGISTL MBENIEHEEYL T <st1 functicn.h.

function adapters WHHEET, AU EMZRAMNGE. A6, B, LT
TIUTR R E TN RIEA (expression) , #El STL Bt - EEH.
fitn, ROVEFERIEIFIRFEERAT 2HTENE. 8B, "RAT
wE “KTRET”, RINAKTLIER STL NERHER greater_equal, B
MERBRZLUREH AT (ERLTEROHRT, AEELEN) , BiFK
B OCAANTT 2R ENR SRR AR

notl (bind2nd (less<ints>1), 12}}

BARTH lesscint>() MBBHEAHE (BE) K12, BEETRE,
BRRT “FAT 12" PEE, BAEMEN—FEL (expression) , AHEH
“TEZHARNSH ZHERE—RQ, LTS STL HERT IR,

BE— T, BRENFEHFHHHE - TR SHRER, 4
EHNREREAN:

f{glelem)]

-HP e Mg HERERE, HATLEALE:

compogel (£{x), giy)}:

PRI EEFERNE-ITE v 1T 2y BB, RIS
ﬂm=xﬂ.ﬂw=yQ,%§Fﬂﬁ%ﬁ?:

composel (bind2pd (multiplies<intx>(},3), bind2pd (plus<intx>(},2})
i BT ENBERSM O, BT BEBERINM o).

X—RERR A EER, ANERANEMETREANEREN. £, #
WEE, EMERSRTESHNE, KA non-mutating FXAERE. AMA
BEH] for_each M, HAMLUN transform HE, HERBER M. THR
A3

// file : Bcompose-cpp

/4 goc2.91(o] bebdlx] vebix]  #: composel () £ coc WEF M
#include <algorithm:

#$include «<functionals>

The Annotated STL Sources



430 WRE PCHER {adapters)

#include <vector=

tinclude «<liostreams
#include <iterator>
using namespace std;

int main()
{
/f ¥ ooutite BFEH coun. HHIT outite HE—ITLE, BHEE 4 0 ",

ogtream_iteratar<int> outitef{cout, * "):

int iaf(&] = { 2, 21, 12, 7, 19, 23 };:
vector<int> iv{ia, i1a+6);

HBRTEYTE v BERT (ve2) 3.
/i HE, for_each{} & nonmutating algorithm. TEABRTEER
r1 R, BITZE v RERE.
for each(iv.begin{), iv.end{), composel|
bind2nd (multiplies<int>{},3),
bind2nd {plus<int=(},2) J};
copy (iv.begin{), iv.end(), outite);
cout << endl; fi2 2112 7 19 23

/1 R, BER A (cout) , RALIE
transform{iv.begint), iv.end(}, outite, composel|
bind2nd (multiplies<int>{),3},
pind2nd{plus<int>{},2} });
cout << endl; Jf012 69 42 27 83 75
b

BT REER “# function call AEFER" 81— Fh class, MEMEEE
SR, SEARFEIBHRAMZHERY cperator ), EWARR
HERZH. HEEERZ N C—BEEC M " BUR K (member functions) ”
BI N, MR EEEN OO RBAAE NGRS, R ENRURAET -A.
WU, STL NEBHET AMALHRES, & “—BEE A "RRER UL
g SHTNBSRAEESRE. YR, STL 2 fiariX Aol A R
KON AN AR ERAREGRHERR, e RH S RERNEE "X
F5AAFI0” K8 “kTsHANTe6” XRHKHEX. A, M STL BRWBAT
~FHUEREE, BMEsMOEES, FEHER.

BER, E5BRBREEHNAY, 58O RER (adaptable) .
WBAEW, — TR A& S unary_function (7.L.173F) , i@ ¥A4M
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8.1 RERZEASHE 431

MAH binary_function (702 ) , WARHLAL men_fun 2T, A
FA pre_fun BB, —AKE ptr_tun AEAK —RER, BB LS
¥rd5%t (pointer to function) T 54 STL HiL A4, Ac#R TR 7.

82 £ STL function adapters - - ¥i3% . SFn iz [HE B IR HE A B3 H
BRI AL TSR NME, RAEHERNEN VAR, IR Al
B AEHER (FIMETHE nen_fun() Ml mem_fun_ref(y) , EFMNT
i LR E R

PAT & 33K — AR H B SR AR

// file : Bfunctor-adapter.cpp
#include <algorithms

#include <functional»

#include <vector:

#include <iostream:

using namespace std;

// REAMBEER (BWEFET ot EEPHER)

void print{int i)
{

cout << 1 << ' !

}

¢lass Int
{
public:
explicit Int{int 1) : m_1(1) { }

// RBEEAEENERER (BEFET oo RAPEER

void printlf(} const { cout << '[' << m i << *]'; }
private:

int m_i;

b:

int mainf{}
{
/7 ¥ outite SEE® cout. BEH outite ME—IIXE, HEE-A - ¢

ostream iterator<ints outite{cout, " "};

8 STL EEBH - EBR oo B, 4 op MERERZ. MARIREAZ T
mRE, opl. DYEERLY. REMRHETUEZRAEHETHEN.
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432 H8E FEH (adapters)

int ial6) = § 2, 21, 12, 7, 19, 23 1;
vector«<int> ivi{ia, ia+6];

A READT 12 BoETE

cout << count_if{iv.begin(), iv.endl(],
netl{bind2nd(less<int.-{), 12)3}; // 4

cout << endl;

/) ABAITE v T (vi2)*3 BERE cutite
rransformi{iv.begin(}, 1v.end(), ocutite, composel|
hird2nd (multiplies<int={), 3},
bind2nd({plus<int=(},2) 1);
cout <= endl; J7012 69 42 27 63 75

yf UTHIETEEND cutite, HEMHE
copy(iv.begin{), iv.end{), outite); F422112 7 19 23
cout << endl;

/7 (1) EAF, PAeRBUETHER sTL Bk

for each(iv.begin(), iv.end{}), print}; ff 22112 7 19 23
cout << endl:

02y UF. BigMmis RERER st B
for_each(iv.begin(), iv.end(), ptr_fun{print)): // 2 21 12 7 19 23
cout << endl;

Int t143}, £2{7), t3(20), t4(14), t£5{68);

vector<Int> Iv;

Iv.push_back{cl);

Iv.push_back{t2};

Iv.push_kack(td};

Iv.push_back(td};

Tv.push_back({t5});

f4(3) BUF, R R ot EHR A ST B
for_each{Iv.begin{}, Iv.end(), mem_fun_ref (&Int::printl});
A (31711201 T14][6R]

HEE, EREFR, TORNCN T RZH-

class Int |

public:

vold priomt2{int 1} { cout << '[' << i <= ']': ]
i

for_each{Iv.begin{}, Iv.,end{}, mem funl_ref(&Int::printl));

R XRETE for_eachl) MEAFK (BE for_sach BREHRHBT)
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81 EEBZEMGTE

433

$WELR%L (helper function ) SRR CA Ty i hoF
bindlst(const Op& op, op(x, param); binderlst<op>

const T& X); {op, argl_type(x})
bind2nd(const Op& op, op(param, x); binder2nd<op>

const T& X); (op, arg2_type(x))
notl{const Pred& pred); Ipred(param) ; unary_negate<Pred>

(pred)
not2{const Pred& pred); tpred binary_negate<Preds
(parami parame); {pred)

composel{const Opl& opl, opl{op2(pafam)}; unary_composa<Opl,Opl>
¢ const 0p2& op2); (opl, op2)
compose2(const Opl& opl, opl(op2 (baram) binary_compose<0Opl,OpZ,0p3>

const 0p2& op2Z, op3(para)); (opl, opZ, op3)
& const Op3& op3);
prr_fun fp(param); pointer_to unary_function
(Result(*fp)(arg)); <Arg, Result>{fp)
ptr_fun fp(Baraml pointer_to_binary_function
(Result(*fp) (Argl,arg2)); paramg); <argl, Arg2, Result>(fp)
mem_fun(s (T::*F)()): (gasam->*f) (); mem_fun_t<S,T>(F)
mem_fun(Ss (T::*f}() const); {param->*); const_mem_fun_t<s,T=(f)
mem_fun_ref (s (T::*F)0); (param, *f}(); mem_fun_ref_t<s,T>(f)
mem_fun_ref (param.*F)(); const_mem_fun_ref_t<s,T>(f)

(s (T::*F)(O const);
mem_funl(s (T::*f}(A));
mem_funi{s (7::*f)(A)const);
mem_funl_ref(s (T::*F)(A)};

mem_funl_ref
(s (T::*f)(A)const);

(param->*f) (x);
(parag->* ) (x);
(panam. * ) (0

(param.*f) ()5 *

mem_funl_t<S,T,A>(F)
const_mem_funl_t<s,T,A>(F)
mem_funl_ref_t<S,T,A>(f)

const_mem_funl_ref_t<S,T,A>
()

& composel F compose2 F# C++ Standard M 2.

& RIENABEEKE v Standed FEERARDPH 1. SHANHREEAER.

& 8-2 %# function adapters REMBIRER, DIRTRAE.
HEATRALEABMOEORE, BEREABEE, 2684,
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8.2 container adapters

§.2.1 stack
stack K2 deque ¥R WEA FEEOTIEEEH stack 5 deque 1% #:

template «<class T, class Sequence = degque<T:s =
class stack |
protected:

Sequence ¢; f1ORIEES

Ca+ Standard BB X P A FREE M <stack> P TR stack MHED, SGISTL
N F TR E X TN <stl_stack.h> B, HE%H 45 Y. class stack #
FETHEE deque MAMED, RIS stack BMRLA B, BrLARATE
stack £ MEER, —MEATESZ LR ZE.

8.2.2 queue
queue [9EEH deque . MR THEIAEREL queve 5 deque HIXFE:

template <class T, class Sequence = deque<Ts =
class queue {
protected:

gequence ©; [ EIRESR

Ci+ Stardard MEH PRUFEB I cqueve>TEKH queue BN, SGI STL
IR AR EHM S E X TF <stl_queue.h> P, HH% 461, class queue HE
THIEH deque XMAED, AFKAA queve RINFLA %, ATLAHATE
queve B—ECEE, —MEMTERZ LAKER.
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8.3 ierator adapters 433

8.3 iterator adapters

FEMRLLRIT tterator adapters & AN, W FRPRETHMAT.

831 insertiterators

THE=# insert iterators MTRETHA X, EPHEEREE, 8 -4
insert iterators M EFERAESE RS (BAHAFEE) - FRLYRFEHCHE
5 FH Y m T insert iterators BIEE (assign) #R{ERT, TLEE insert iterators
b AT A BRI BB A Ginsert) #4E, R, 7F insert iterators 1
operator= EAE AR K B A 85 push_front () & push_back () B insert (]
BEEN. ETEEHERBBRET NI operator++, operators+(int),
operator+ BB EMIIRE, ERAEM cperator——(int) W operator-- M
cperator—> BINEE (RMEERREE LN output_iterator_tag) . BAN&E,
insert iterators IETHE. i, BUE. RARASREBRRAETNN, HEER
jjRadio i

REFERLOFER, #2575 LAAE 8-1.

JPOREAERSEE®R (icerator adapter) , AREETEABHRE (assign)
/1 BHEMOHIHA (insert) BA—WEBNREEAEE (FIUHN back_insert)

template <class Containers
class back_ingert_iterator {

procected:
Container* container; /i BEEEH
public:
typedef cutput_iterator_tag iterator_category; S/ HESER
typedel void value_type:
typaedef void difference_type;
typedef void pointer;
typedef vold reference;

/¢ FRHEAD ctor ff back_insert_iterator EnBEi®

explicit back_insert_iterator(Container& x} : container (&x} {}
back_insert_iterator<Container:&

operators (const typename Container::value typek value) {

container-»push_backi{value); // RRREE, HBMEA push_back(}

return *thisg:
]
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Jf UL FEMBRHERE back insert iterator AEFER {(EHINEE)

f EEEFERRERRE back insert iterator HOG

back_insert_iterator<Container>& operater*{) { return *this; }

back_insert_iterator«<Container>& operator++() { return *this; |

back_ingsert_iterator«Container>& operator++{int) { return *this; }
i

/7 EE-THBBRA, BHRITH## back_insert_iterator

template <class Containers

inline back_insert_iterator<Container> bagk_inserter {Container& x} |
return back_insert_iterator<Containers=(x};

i ER-ERBN#ESR (iterator adapter) , m$ﬁ§¢ﬁﬁﬁﬂﬁﬁ{ﬁswn
7t BIFBRABA (insert) BE—NWBRHIREAEE (MEFR front_insert)
Ji R, BEABRERT vecror, AN vector BERE push_front HE
template <class Containers

class front_ingert_iterator {

protected:
Container* container; [ EREE
public:
typedef output_iterator tag iterator_category: r7 REER
typedef void value_type;
typedef wvold diflference_type:
typedef void pointer;
typedef void reference;
explicit front_insert_iterator(Container& x} : container (&x} {}

front_insert_iterator<Container-&
operators{const typename Container::value_types value) {
container-»push_front {value}; J; XRRYXE EWMEA push_front!)
return *this:
i
;7 MF=M RS front_insert_iterator ARIER (XM
;] SABRERRMNYFE front_insert_iterator BLC.
front_insert_iterator<Containers& operator*() { return *thig; }
front_insert_iterator<Container>& operator++{) { return *this; }
front_insert_iterator<Container>& operator++(int) { return *thia; }
}:
J/ BR-THBER, BPRMNFEHER front_insert_iterator
template <clagss Containers

inline front_insert_iterator<Container> fronthlnuertar(Contalner& x) |
recurn front_insert_iterator<Container>(x);

17 KB EASAEER (iterator adapter) , FRMEDMEANFNRE (assign)
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/1 BAEBEAIEA (inserc) B, ERTHOMLE RHD, FREREFE--TMUE
Jf —mEERFEREEMT Rl ERBE (HT) WEkR EREAT BB
template <class Containers

class insert_iterater |

protected:
Container* container; [ REER
typendme Container::iterater iter;
public:
typedef output_iterator_tag iterator_category; IR - Y.
typedef void value_type;
typedef void difference_type;
typedef void pointer;
typedef void reference;

ingsert_iterator(Containers x, typename Container::iterator i}
¢ contaliner(&x), iter{i) {1}

ingert_itcrator<Container=&

operator=(const typename Contalner::value_type& value] {
iter = container-zinsert{iter, value); ff RBERXE, HBA insert()
+viter: // HEIEA, f# insert iterator KILEEHBHINEHEY
return *this;

}

/7 UTF=ARESF insert_iterator ARIEM (XHIIAE)

7t EMBEFREHNIR insert_iterator HO

insert_iterator<Container>& operator*() { return *this; )

insert_iterator<Container-& operator++() { return *this; }

insert_iterator<Container>& operator++(int) { return *this; }

v

y/ EE—AHBER, BPRIFEMEA incert_iterator

template <class Container, class Iterators

inline insert iterator<Container> ingerter{Containerk x, Iterator iy |
typedef typename Cofitdinersviterdtior iter;
return insert_iterator<Contailner:(x, iter{i});

}

8.3.2 reverse iterators

FiFi8 reverse tterator, BB HERMK T HEE. R STL BEAEIMA
£ EH MR, TRXMEM kRS, TRELARIR ARG EFS
R TTR. Hin:

// BIRATESRENE ice il

// rbegin{) Ml rend{) 5 reverse_iterator HX
copy {id.rbegin(), id.rend(), ite};

Ehled, THNHRFLE.
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HRRMNEE roegin) Fl rend(y. {EM STL HFEHARMERXFEE,
REEASAENRERARN, SHTBXFARGEY, WAk,

tempiate <class T, class hllon*és,"&ll’p"g':: ;) TR R alloc AREH
class wector |

public;:
typedef T valuo_type;
typedef value type* iterater;
typede! reverse_iterator<iterators reverse iterator;
reverse ileralor rbegin{) { return reverse_iterator(end(}); }
reverse_iterator rend(] { return reverse_lilepdlor (begin{)}; }

"
BT IR

template <clasg T, class th%g@ngﬁ f/ MM alloc ANER
class list |
public:

typedef __ligst_iterator<T, T&, T*»> iterator:

typedef reverse_iterator<iterator- reverse_iterator;

reverse_lterator rbegin(} { return reverse_iterator{end(}); }

reverse iterator remd(} { return reverse iterator{begin(}}; 1}
bi

T4l T REGHRE -

template <class T, class Alloe:w 81A6d, size_t Suff}
class deque {
public:
typedef _ deque_iterator<T, T&, T*, BufSiz= iterator;
typedef reverae_iterator<iterator: reverse_iterator;
iterator begin{} { return start; }
iterator emd{) { return finish; }
reverse _iterator rbegin{) { return reverse_iterator{finish); }
reverse_iterator rend(} ! return reverse_iteratoristart}; |}
// FRERAMAAT:
//revarse_iterator rbegin() { return reverse_ iterator{end()}; !}
//reverse iterator rend{] { return reverse_iteratori{begin(}); }

b

b
BEEMEAS HENAFASBEMT vegint), end(). EH rbeginiy,
rend¢) BE LTIBMRE. BRFENEFHEN s s R A reserve tterators.
HBWAEN stack. queue. priority_queue FAREM begin(), ena(), HRE

ARG rbegin{), rend{).
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BARIES 802 TERA, BH -1 dequecint-ia, BATWAFRE:

322693 10123401253

AT, T #81E

cout << *{id.begini()) -« endl; f7032

cout <« *{id.rhegin{)} << endl; i3

cout << *{id.end(}] << endl; /0 dangerous!
cout <« *(id.rend()] << endl; A/ 0 dangerous!

deque<ints::iterator ite - find(id.begin(}, id.end{}, 99};
reverse_iterator- degue<int=::iterator = riteiitel;

COUt <= *ite << endl; /83

cout <= *rite << endl; /726

Bt 4 “EFERE B CSHAERNEAERSE BUNARNLRR? X
HAR-TBAHFR, TRE-TUEIZHHE, FERITREEABKED
“BHER" TR (195 %) . MP 831 rhegin() Mendpy REWMLIEH,
L (L SRR O I, BURILCHOTE (HEMMAE) A%, BHEEAE (&
REARENICE) WET (BAMLKEE)

end()
l\; 58

v
%

il

o+

}EEE Trbegin()

#typedef ... reverse_iterator
rbegin{)=reverse_iterator(end(}};

783 MERBEEE, BRUKMERE, EEEMELMMLAE

WAL, THRASEAEREN RGN, HRNEH, BHZRE, AK
T — A E R sk - MBS RERAE, FOEAEMEMEE,
SE DR A R R A, LA RK R R —
A, W (BTFRET 812 FRAZF) .

copy fid.begin(), id.end(], outite}; A1 01
copy (id.rbegin{], id.rend(). putiteld; //03 82
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FE, AR id.rbegin(y BMERMR, YT

reverse_iterator<deque<int>::iterator={id.end(})); // EFAHPRSE
deque<ints: :reverse_iterator{id.end{)}; /t BREAMREGE

E':F'EI(] dequecints: creverse_iterator Eﬁﬂ%uﬁ}\{, Tﬁﬂaﬁﬂﬂ

ATRAE, WERIIEEF reverse_iterator KIFEMAL.

ff ER—AECREES (iterator adapter) , FFHEEANEAL 350 B AT A,
(f EAERER, BB AAHE
template <class Iterators
class reverese iterator
{
protected:
Iterator current; Jf a2 EME AR
public:
/7 MEEA Y s MM (associated types) FBHIEMEMIE LA SR
typedef typename iterafor traltsclieraLarsy;siterator icatiyory
iterator_category;
typedef tybendite iterator tvaits<Iteratersiiivalue, Lyid
value type;
typedef typename iterator_ttaite<iteriborsrrdifference vyge
difference type;
typedef typemmme iterator traitE<ltetabtorsizpoinver

pointer;
typedef typétaie. iterator trgitgalrdratioky!ireference
reference;
typedef Iterator iterator_type; /7 REREMERSE
typedef reverse_iterator<Iterator> self; /1 R&EmE R

public:
reverse_iterator{) {}
/7 FEZA ctor #§ reverse iterator SREMENRSE x REREX
explicit reverse_iterator{iterator_type x) : current({x} {}
reverse_iterator (const self&L x) @ current(x.current) ({]

iterator type base{) const [ return current; } // EHIMREERZEAE
refarence operator* () const {

Tterator tmp = current;

return *--tmp;

/0 B EREEFE. YA AREE, REN “MEIEREAR" HE-RimEHE

}
pointer operator-»{) const { return &(operator*()); } // BXRAL

;0 B (ea) BREE (--)

gelfs operator++() |
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--current;
return *this;
}
self cperator++ (int)
gelf tmp - *this;
--¢urrent;
refurn tmp;
1
/7 IR (--) TERERIEE ()
selfs operator--{) {
++ourrent;
refurn *this;
]
self operater--(imt) |
gelf tmp = *thig;
++Current;
return tmp;
}
/7 Rt SER K M eEE
self operator+{difference_type n) congt
return self{current - nj;
}
selfs operator+=i{difference_type nj {
current -= n;
return *this;
}
gelf operator-({differsnce_type n} const |
return self {current + nj;
1
sclfs operator-={difference_type n} {
current += n;

A return *this:
&
}
A ()R, FES -1+ Fl——1 + BLFEFARE opearators Hl opreator+,

J)BZA 2 WAL, (HEN. meELRMEANRGATE)

reference operater[](difference_type n) const ( return *{¥this . nj; )
bi

T2 B —

/) BHEBRA: 101234012573
deque<ints::reverge_iterator riteZ(id.end(}};

cout <« *(ritel): i3

cout << *{++++++rited); // 1 (B2 MR RE)
cout << *{--rite2}; /7 2 (i 1 U B ERE)
cout << *(rite2.base()); // 5 (REIEMXMAHEE, HE)
cout << rite2[3]: /7 4 (i 3 PAERTRE)

FECAER B R FR L R0 s R 2 B AR R .
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lend()

T rend() ane T T T rbegin()

Ak

(3]

@ﬁiﬁiﬁﬂ: rbeging) LA g2 7 L T — &% C++ B o, BE
%, AEENERRETRE ) TS, T ESmBERE, WM E -
ARG .

8.3.3 stream iterators

FiR stream tterators, ] LM% 8482 F— 1 sream (BEI) MR E L.
HMED istream A% (FM sta:.cin) ¥, MW istream_iterator, HH
ABED: SREF ostream W (B srd::couc) &, Hh ostream_iterator,
HWHGNLE . MENAELE L2 THHFHEE L.

EIF T FEME. N4 E—1 istreamobject, HSBERE istream iterator
HEGE Y — 4 istream member, &P EIN FiXMEAFHTBY operators #
e, 28 SHAH LSRN AL istream member M A #1E
(operators>) . R MERBERD nput ferator, AR operator--. THMR
RASRER A T 4.

)/ ER— input iterator, BE®H “KAK— basic_istream’ MITRHIT

/7 BAEHARE. BE, KEFHOFZ op B8, KFSEEED:

// istream_iterator<T, charT, traits, Distance:x

j/ Bifi—EA input iterators FRHEHERS 4 template 3, L T {hE M

/7 T SGT STL 3.3 UNEMEFAGHEENRN istream_iterator. W BABRAMNF

(1 IR EHERA

template <class T, class Distance = ptrdiff_t»

class istream_lterator |
friend bool
gperator== __STL_NULL_TMPL_ARGS (const igtream_itcrator<T, Distancex& X,

const ilgtream_ilerator-T, Distances-& yl;

pr BLEIEIRBA, WE® (C++ Primerd 3e, pB34, bound friend tunctlon Lemplate
/¢ T <stl config.h> H1, _ STL NULL_TMPL_ARGS BEE LN <=
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protecred:
istream* strean;

T value;
ool end_markor;
vord read() |
erd marker = (*stream} ? true ; false;
if {end marker) *stream »» value; R

f0BLE, WAZE, stream BARSTHEST, WLl FWEHE - LARTE end_marker
77 OEE eof RIENMNAFHRKE, strean BT talse RE

end_marker = [(*stream) 7 true : false;
public:
typedef input iterator_tag ilerator_category;
cypadef T value_type;
typedef Distance difference_type;
typedef const T¥ pointer;
rypedef const Tk reference;

s/ BLE, BEHRinput iterator, FIARA const HEER

istream_iterator!) : stream{acin), end marker(false] I

igtream iterator(istreamé =} : stream(&s) { read{); ]}

s/ Y ERTTH A,

// istream_iterator<ints eos: B cnd marker W false.

// istream iterator<int> initer(cin); §l& read(}. BRELEZFHFEA
Jr M, FEGXMiTE PR

/¢ istream iteratoreints initer{cin}; (A)

/4 cout << "please input..." << endl; {RB}

J/ SEEE (A SH-MEA, BRI ) BEERGER REAGENASR

() BR2E, ARCBRVEMNRME, AEX -1 istream_iterator.

reference operator*{) const [ return value; }
pointer operator-»[] const { return &{operator*{)}: }

g7 B —-AE, RAEABER-ZHH

latream iterator<T, Distance-& operator++ () |
readf{};
return *this;

}

ictream iterator<?, Distance» operator++(int) {
istream iterator<i, Distance» tmp = *this;
readl) ;
return tmp:

j

¥

HEE BABEESFERIT, REEFMEX A steam terctor 8
A EA 5 st.ream object, ﬁﬁ@fﬂﬂ%ﬁ: istream_itcrator<T-::readi] wE,
LEA, RRERIFTSNGY, Hi, EEEVLENR AL E X ERGE
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¥ istream iterctor — A Kk Cr B BT EE R IZ-AERE, Ui
BEANBET.

B 8-4 FimiEE copy ) M istream_iterator 3L[E S HER BT .

template <class T, class Distance = ptrdiff_t>

\class istream_jterator {

protected: BR
istream* stream;

E T value;

bool end_marker;

| o void read{) { ...
istream_iterator<int> inite(cin), eos; "I If (end_marker) *stream >> value; // ##

| copy(inite, eos, inserter(id, id.begin(})); | |

public:
4 istream_iterator(istreamt s) : stream(&s)
NN o { read();}
N\ | e refarence operator*{) const { return value; 3}
J L | istream_jterator<T, Distance>& operator++() {
J R read(};
E

l 1 “ 3 H_3_H 4 ‘ return *this;

— = b
dequexint> id; 3

template <class Inputlterator, class Outputlterator>
inline Qutputiterator __ copy(Inputlterator first, Inputlterator last,
Outputlterator result, input_iterator_tag)

for { ; first 1= last; ++result, ++first}
*result = *first;
return result,

;

%l 8-4 copy() A istream iteistor SfF. RREE M HHEREATREEF
WEERH, EERELEELTE—T, AP cin BA (AATHK
\strean iterator JEMALEFEA], —F4 istream_iterator X%, FEL
f read(), HIF *stream »» value, T *strear FAHEKE cin) . APE
ABER, cooy ik (MRBIETHIAS) HFZEEBRANER2ZA, R
fh #7 istream_iterator [ operator++ # ##— X XNEXKI X
igtream_iterator::read (), HEF/IEAT —~EH--
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B 34 RERSH HEAREFE. ARRTHN istream_iterator
# copy () WERR. copyt) BRDTF 642 THLEMMNE, CHRE AN
FREREEN, FRARELREFN (LE62), BT istream_iterator £
Inputtterator, Bl copy 11 BRIE ZHEA 84 BT AR AR ABA. RIVEH,
WEPBTWENT — 4 ictrean_iterator<T- WRIFHEEAIrAER AKX E cin
i, @EET istream_iterator<Ts::read() R cin #—% ¢ H. HERK
B F data member value 2. A7, #HARR, MIEHKNER.

*result = *first; // first B—4 istream_iterator object.

BB istrean_iteravor MEY, M firse B, HARM data member
value, WALERIAMN cin BEHNE. ETRBEIEES rresult. B copy ()
5 for TIREA T —IGEAE, 23R ++firse, MR istream_ iterator #)
FY, ¥ rirsc B, KRFEM cin Fi— 1 (B A data member valve H)
RIE LR vresulr - *first; MILHE T, AP first--last Alk. last (X
HPR— end-of-stream #Fid, EETRELATEHFMMAE.

M EER stream ferator 81313, ET ostreamn terator, FFiRHE -1
ostream object, BLRIEHAFMF —1 ostream member, F FHK TRETERAE
TR operator— B4, 2R AM K GREBAIE & H) B ostream
member RIBEIRIAE (operator<<) . RTHEAMRN Quiputterator. TEKE
REAERRNAT 1.

// BB~A outpur iterator, EBHHERALEEBIES basic_ostream It

;7 BB, REANERZ dp B, RESRERD:

// ostream_iterator<T, charT?, traits-

/1 B8 ER onput iterators R %~ template B3, ®NUTNER
/¢ ¥ SGT STL 3.3 DAMMAAHRMEEDR ostream iterator. M sEE KRN
/1 FETEERR

template <class T

class oatream_iterator |

protected:
pstream* stream;
const char* string; J i BEHERERTY
s/ WEEHN string TRIG? AL
public:
typedef output_iterator tag iterator category:
typedef void value_ type;
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typedef wvoid difference_type;

typedef void pointer;

typedet vold reference;

optream iterator (ostreamé s} : sbream{&s), striag(d) [}

ogtream iterator{ostream& s, const char* c} : sl ream{&s), stringic)

/7 WE ctors B1HE:

i}

/{ ostream_iterator-inT - outiter(cout, ' '}; W2 coul, BRABE-—Z&K

/1 MEABEME (assion) #iE, ARKERL EHH
ogstrean_iteralor«<T=k operator={const Tk valueg) {
Fstream <« value; /1 R WiEE
il {string) *stream << string; // WFHEREELER, WHEERS
return *this;
}
1 TEEUT=484%
costream_lterator<T»& operator*({) { relurn *Lhis: }
oustream_lterator<T>& operator++{} { return *this; }
gstream iterator<T>k operator++{int} { return *thig; }

%] 8-5 & copy() Fl ostream_iterator LR &HHIG . HER O
GREREFRE. BRARSMY ostream_iterator # copy () BYEAHG.
A B2 ostrean_iterator FEE BRI cout H bocopy () BB T 642
THAFRR4E, ERE DA SR ARER, FHRELR TR (LA 6-2).
BT deque<ints::iterator £ RandomAccessterator, Frld copvi) RG2
#A 85 Etp BRI A, RTRM, SRANHEEEN T

*rogult = *first; // result B— cstream_iterator obiject.

R ostrean_iterator BIFE XM result BE,REHEEC. M result
PATRE (assign) #E, WENW operator= TFARERMFTEE cout £. 4
copyl) BHEHA for HANT —WERN, £51K +iresuit, MBRHE
ostream_iterator MIE X, ¥ resuir B, EEMEEC. MEFETE, H
BPR RBEF (First == last) MiE.
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447

iﬁ rst

last
deque<int> id; l

]2 ][e]s][s][7]

7| copy(id.begin(), id.end(), outite):

__copy_d(Randorm

{

return result;

template <class RandomAceessiterator, class Cutputiterator, class Distance:
inline Qutputlterator

Outputlterator result, Distance*)

for {Distance n = last - first; n > O} --n, ++resuit, ++first)
*result = *first;

} _———

AccessIterator first, RandomAccesslterator last,

| template <class T>
L, P Jﬁﬁ

result @

class astream_iterator {
protected:

ostream® stream;
public;

17 SR EIR (ass i an) BYE. AEBRL —HMIE
pstream_iterator<T>& operator=(const T& value) {

*stream << value;// =8 HiLEHE
return *this;

}

£ TERUUFHE AR B copy_d()AEIMBUIRIFRIE
ostream_iterator<T>& operator*{) { return *this; }
ostream_iterator<T>& operator++() { return *this; }

};

K 8-8 copy(y H ostream iterator SfF. WA M.

EEAIENRS, istrean_iterator Fl ostreum iterator, FHEE., K,
BARMENES AL EEHE, MR W &8I AR m A JRR T Al
HACBREEN -MERE, 2% (B%) THARRMEEL. FORELE-
HEHWBmREAE R, MXAEMERENEALER, Mg, FREEXEH
s, AR — M ERE #) Internet Explorer cache 5 EMENE, HAlLl%
AL BRAE R B —EAE, R B, ZREFTRRE
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448 HeE FES (adapters)

8.4 function adapters

8.1.3 11T &% function adapters M M A48, HET THAEEHEHIH.
MW EFE, FRATH HHEF# SGI STL function adapters ST IR .

—RTiE . MTF Crr template IEHEATEREENTHE L, KITRETA
BEEE, BHRREL class templates SEAE, HikPL function templates 5Ei, 175
WE - operator (1 HEH class template, ECEME— M operators+
il operator+ HgH IMETAEEM class template. KTA R HNTH
#0 FHEARS S LRSS, S TEERANBL, BE - class template. 7]
RAFHRES LHAERE WAk “Fi° - REEASHBL.
PITERMNTE. EEEFERMNE S EEERN “Ex —d. BRREER,
BEBHER (WA—1FEER, expression) K% STL HiLfER, STL B
AREEMAZEAZNESE. TROSME, AAEEEER (A X1 8%

(RGRFO W, AFT A SENTE RETATY,

EREARE

LRET, H@AEENFTEHR, container adapters FI# T -1 container
member — ¥, WE{& reverse ferator (adapters) & T-- iterator member —#:,
K@ stream itercrtor (adapters) [N T —7 pointer to siream —#, BZ® Insert
iterator (adapters) PI%ET — 1 pointer to container (F¢ BT IABE iterator) —#,
f— function adapters LT — 1 member object, HAHFRTEHBAE
MR (BN UME -~ “WRERN RS , adaptable functor) . B 8-6 4
-8 4 function adapter B T E2BTHCH—HEIMXE& (MAEIX) £F,
TEH R THENAR (MBI BEA, HRAREEA BN (- MrERD,
HESEMEEE LEHTHT .

B 87 SBT count_it() AL bindznd(less<int>(}, 12)) HPF, H
BB count_if() WEMNBEARRRININE L. BRI RERNE
F, BHAKALFERFK.
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444
FHIEA% (helper function) TR ENREEN R L PIREUR B R
bindlst(cost Op& op, binderlst<op>» op (_mihm¥n
const T& »): {op, argl_type(x))
bind2nd(cost Op& op, hinder2ad<Op> Op ( uifE#)

const T& x);

notl{cost Pred& pred);

not2(cost Pred& pred);

camposel{const Opl& opl,
Y const Op2& opl);

compose2(const opl& opl,
const Op2& op?,
Y const Op3& ap3);

ptr_fun
(Result (*Tp) (arg));

ptr_fun
(Result(*fp) (Argl,Argll});

mem_fun(s (T::*f)());

mem_fun{s (T::%f}{) const);

mem_fun_ref(s (T::*f)(}J;

mem_fun_ref
(S (T::*f)() const);

mem_funl(s (T;:*F)(A));

mem_funl(s (T::*f){A)const);

mem_funl_ref(s (T::*f)(A));

mem_funl_ref
(s (T::*f)(A)const);

(op, arg2_type(x))

unary_negate<Pred:>
(pred)

binary_negate<Fred>
(pred)

unary_compose<0opl,OpZ>
(opl, op2)

binary_compose
<0pl,op2 ,0p3>
(opl, op2, op3)

pointer_to_unary_function
<Arg, Result>(f)

pointer_to_binary_function

<Argl, Arg2, Resuit>(f)
mem_fun_t<s, T>(f)
const_mem_fun_t<S,T>(f)
mem_fun_ref_t<s,T>(f)

canst_men_fun_ref_t<s,T>
(f)

mem_funl_t<sS,T,a> (F)

const_mem_funl_t<s,T,A>(f)

mem_funl_ref_t<5,T,A>(f)

const_mem_funt_ref_t
<5,T,A(T)

Pred

35 [B A3 1 18 1 1 PR B
Pred

& £ (8 Y R
opl, opl

opl, OpZ2, Op3

Result(*fp)(arg)

Result(*fp)
(Argl,Arg2)

s (T::%*F)()
§ (T::*f{) const
s (T::%F)()

§ (T::*F)(Q const

S (T::*F){a)
§ (T::*f)(A)const
S (T:1%F)(A)

5 (T::%F)(A)const

¢ composel F compose2 A Ci+ Standard HAELH.
& BIEMASBIEE & C++ Standard WL LH AHFH 1.

86 A [EHY function adapters PIEL A B A5 .
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lbeg‘in() T end()
Fnined l bind2nd(...) &~%—1
binder2nd <Operation>(...); W%, &

F eSS count_if( )k Hpred 34

201200112 7 (|19]] 23

count_if(iv.begin(), iv.end(), binddndCless<int>(), 12));

template <class Inputlterator, class Predicate, class Size>
void count_if(Inputlterator first, Inputlterator last,
Predicate pred, Sizefin) {
for ( ; first 1= last; ++first)// BTXiBAE -8
- if (pred(*first))// NELES Apred izWER Ntrue
+4n;// HESRNL

}
i
%IJ . [~
w template <class Operation>
&5 class binder2nd : public unary_function<...> { q
ki protected:
ﬁ Operation op;// PR
x typename Operation::second_argument_type value;
s public:
7 binder2nd(const Operation& x,
. const typename Operation::second_argument_type& y)
: op(x), value(y} {}
typename Operation::result_type
» operator( }{const typename Operation: :first_argument_type& x) const {
return op{x, value); // 1% value £ (binding) RBEZ TS
}
i

B 8-7 9 count_if {3 M bind2nd(less<int>(), 12)) WHEEXH. It
BETRARCERGMENRE, B pind2na() PR class binder2nd HH
g, EASL. BREAELFRAIZEIHAM count_ i EB: WHEMX
frigk, EREMMIENSENH.

8.4.1 YWiRO{BEH#HTEBBSEE: notl, not2

IR E SR A, AR RS SRR MER, Ni%R DL (R
AR MM, BREB AN orea —i, & predicate HI%E,
ERLEEEBEE (bool) BMEER.
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8.4 function adapters 451

o PUFRCESR R R R Adaptable Predicate MEE M (1oglcal negatian!
template «class Predicat.es
“lass Unary_ negate

puislic unary_furctlion.typename Predicate;:argument tvpe, bool - |
proLected:

Fredicate pred; /0 MEBRER
pubtoe:
explicit unary_negateiconst Predicate& x) @ prodix) |}

boc! operator{} (const typename Predicate;:argument_typed x) const |
veturn opredixi: o/ 8 pred MEELEMNESY (negate) ZE

vy b BheR ¥, MEELAEER unary_ncgate:Preda

template <clags Predicates

nCine unary_negaco«Predicate. netl{const Predicated pred) |
retarn unary_nugatEfP[ediLdLe>Cpred):

P - o - e emmeme- ———e -

s PSR ARFRE T rdaptable Binary Prodicate H’Jﬁﬁﬁi{ﬁ
temrplate <class Predicate-
rlass binary negate
public minary_function-rypename Predicate::first_argument_type,
typenasme Predicate::second argument type,

bools |
protecled:
Mredicate pred: ;i HERE R
public:
expl.cit blnairy_negate(coust Predicaler x) @ predix] {]

Lol operatorid {consb typename Predicate::first_argument_type& X,
const typéname Predicate:: Second |_argument_typek v const |
return ipredix, vi; // ¥ pred BERHERMEAT (negate) BR

Yo WHENEE, FRFVFHAEHEA binearv_neqalePred-

template wclass Pregicates

tni1ne binary negate<Preod:cates not2(const Predicated pred) ({
return hinary_negate-Predicate»iprod);

8.4.2 NSEHITYE: bindlst, bind2nd

MUFEEFE AT, BRATMERK S RANRSER, LGRS
KA IR L R 15 4n -
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/0 LUNBES M K4 Adaptable Binary function H¥ Unary Function
template <clase Uperation.
class binderlst

: public unary_functicne<typename Operation::second_argument_type,

typename Opération::result_types |

protected:

Operation op:; // MAfHR

typename Operation::first_argument_type value; 7/ NEFER

public:
// constructor
binderlst (conat Gperationk x,
const typename Gperation::first_argument_type& v}

. opix), valuety) {1 // #FEXAE—B¥dx FAHKA

typename Operation::result_type
operator(} {const typename Operation::second_argument_typedt =) const
return opivalue, x);  // TERWAEEL, B value BERE-EH
1
1:

7/ SR ¥, ERI1GN AfEE A binderlst<Op>
template <class Operation, class T»
inline binderlst<Qperations> bindlset (const Operation& op, const T& x)
{
typedef typename Operation::first argument type argl type;
return binderlst<Operation:-iop, argl_typeixll;

s R RE. B EEN op B —-SHEF

ff TR ES FXEE T Adaptable Binary function ¥EA Unary Function
template <clags Operations
class binder2nd
r public unary_function<typerame Operation::first_argument_type,
typename Opération:sresult-type: |
protected:
Qperation op; // MAEREA
typename Operation::second_argument_type value; // PG
public:
// constructor
binder?nd{const (Opecrationg x.
conot typename Operation::second argument_typed v)

: opix), valuety) {} // B#ERANE-SHIdRTARKR

typename (peration::result_type
cperator(} {const typename Operation::first_argument_type& x) const |

return opi{x, value); f1 FTEEREEL, W value BEABRZEH
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bi

c W, ERNIB AR binder2rd<tps
Lempiate <class Operation, <lass T-
inline binder2nad<Operations bind2nd(const Operaticng op, const Th X)
{
typrdef typename Operation::second_arqument_type argZ_type;
*oturn birderZrnd-Operalion={on, argZ_typo(xi};

oL TR EL R x R op BI5 ARG

843 FHFTREEM: composel, composel

DT 5 . AR AOER A0 2 SERT MBS R . ML UL TR
Fokilik so (s SR RS . WL 8, A THMA AU RMA STLARIE, 2 SGI
STL # R4, (BREASHNE, RITUNRZIUMFRESACH. BE
el

7/ BHIMA Adaptakle Unary Fuancticns £}, gi{), DA FAESBESH - Lo,
P k) = Ligixh)
template <class Operationl, class OperazicnZ:
class unary_compose
. public unary_function<typename Operation?::argument_type.
typename Operationl::result_type- |

protected:

Cperat tonl opl; ¢ HERE b
Operat  onz op2; ¢ i PIRRIR
pukblic:

Ay constructor
unary compose (const Operationls x, const OperationZg y)
: opiix), op2ly) {} // HETRELIDE FAMES

typename Operationl::resulf_type
gperator() (const typename Operation::argument iypek x| const {
return opl (op2 tx)); /B

b

;o WEERE, EHRINBUAMER unary_conmose<Opl, Op2s

remplate <class Operationl, class OperationZs

inline unary_compose<Qperationl, Operation?>

composel {const Operationlé opl, const Operation2& opz) |
return unary_compose<0peration1, OperabionZ={opl, opZ);
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[/ BE- adaprable Binary Function £ Al
/A rdaptable Unarv Funchions gl,g2,
S M FRESNFRSE 4 h, @ hix) = £l (x),q2ix)}
templalte «class Operationl, class Opervation2, class Operationds
clase binary compose
: public cnary_function<typename Operations :argument_type,
typéhame Operationl::result_types {

protected:
Operaticonl opl: £ TR
Operation? op2; J MNERER
Operation3 op3; f7 WREER A
pulrlic:

// constructor, ¥#=AFAALIDRT AN R
binary_composc{const Operationl& %, const Operation?& v,
const Operation3& z) : opl(x), op2{y), op3{zi { 1}

typename Operationl::result, type
operator() (const typename Opgration?:rargument types x) const |
return opllop2ix), op3ix}); /BT R
1
i

// FEENR ¥, HERTIBUAFEEA binary_compose<Opl, Op2,0p3>
remplate <class Operationl, class Operationz, class Operation3=
inline binary_compose<Operativhi, Openation2;.Operationi>
¢omposel (const Operationl& opl, const Operation2& opZ.
const Operationdé opld) {
return binary_ccmpose<Qperationl, Operation2, Operation3»
{opl, op2, opld);

§.4.4 FRAFREI\E: ptr_fun

X PRI AR 0 T AR 4 — A RO R A — R B M e LR
STL B, RESRARREATLN, B GREEH qHESHARSES STL
B, BRAREER RN R A RER - F ek, RITEAGET—
R Bt TR, R TR A BUL A AT 0 C R AR R

WRGFBERRIEHNERE, HE% (FESEH 2e, B1E.
bl F IR, BREPHERES TR, Mzt

HRIRE AR B0y R B AL edF
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8.4 function adapters 455

/7 UTRESRERER -4 —nRfigt k.
fo S UR B AT, BT Rl R B
templabte <class Arg, class Results
class pointer to_unary function : public unary__function<arg, Resulte
{
protected:
Result (*ptr) (arq); // WEBEA, --TEBISEH
public:
pelnter_to_unary_function{} {}

7/ BT constructor WlBIEEIZR TR RZE

explicit pointer_to_unary_functien{Result (*x}{Arg)) : ptr(x) {}

t1 T, B BRI T
Result eperator() (Arg x} const { return ptrix); 1
}:

/7 MaheEE, PBRTHMEEER pointer_to unary_function
template <class Arg, class Results
inline ﬁ@aauerﬁt@ unary;fﬁnqﬁganﬁkxgi R
ptr_funi{Result (*x}{Arg}) |

return pointer to_unary_function<Arg, Resultsix}:

/7 KRR ERHRE

/7 UTHESHIRER - IR EHE gk,
17 SR RN, KEBEENEY
template <class Argl, class Arg2, class Result:
class pointer to binary funetion

: public binary_function<hrgl, Arg2, Result> {
protected:

Result (*ptr)iArgl, Arg2); // WEMR, —MEEEH
public:

pointer to_binary functien{) {}

/7 MTF constructer HRFEHIERTAREAZS

axplicit pointer_to_binary function(Result {*x) {Argl, Arg2))
: ptrix) {1

f7UTF, B EEEHRTER

Result operator(){Argl x, Arg2 y) const { return ptr(x, v}
1

7/ WEY, BITAUFEER pointer_to_binary function

template <class Argl, class Arg2, class Result:

inline pointerito_binary_functidniArglil s Resuiey // HEHEHH
ptr_fun(Result {*x){Argl, arg2)) |
return pointerrto_binary_functioncArgl, Arg?2, Results(x}:
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8§45 MBFARAREYEE: mem fun, mem fun_ref

XA S EATRES B A E (member functions) (i ¥k A,
TRRARETLZERSHZNERE. SERHTENLR e & x~, MHRIIN
PUEM (virual) &R BEER{TRE, B LEGZARETARANSERA
( polymorphic function call) . X2 R (genericity) 587 (polymorphism) 2[H
M P EEERN. TEE-AEA, B 88 RARMENZAER (classes hierarchy)

REERR P A RN 7 1R

vector<Shape*> v; Shape

. ) display()
Reet* | Circle* | Square® | Circle* | Rect* éﬁ Als
for_each(v.begin(), Circle [ | Rect

v.end(), 4|>

mem_fun(&shape: :displayl});

Square

K88 HEHREREM.E (classeshierarchy) , BAERLHF - EKBRHIRE.

finclude <iostreams
#include <vectors
#include <algorithms
f#include <functionals»
using namespace std;

class Shape
{ public: virtual void display{)=0; };

class Regt : public Shape
{ public: virtual void display(} { cout << "Rect "; } 1}

class Clrele : publlic Shape
{ public: virtual veid display() { cout << "Circle "; } };

class Square : public Rect
{ public: virtual void display(} { cout << "Square "; } };

int main{)
{
vector«<Shape*> V;
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V.push_backi{new Rect);
V.push_backinew Circle};
V.push_backinew Sguare);
V.push_backinew Circle);
V., push_kack (new Rect);

!/ polymorphically

for(int i=0; i< V.sizel(): ++1}
(WV(il}-=displayi{);
cout << endl; ¢/ Rect Circle Sguare Circle Rect

/¢ polymorphically
for each{V.begin{}, V.end{), mem_fun (&Shape::dispiay}};
cout << endl; // Rect Circle Square Circle Rect

W, RiEENS, RAES:
for_each(V.begin{), V.end(}, &Shape;:displdy);
HAES:
for each{V.begini{l, v.end(}, Shape::display):

—FEUAES nem_fun B member fonction, A BEWHE for_each #%.

BARAEENE, BERES (polymorphism) F[LIX pointer 57 reference
BER, ERAENE, STL FBAXHF “TEEE" (value semantic) , A3
& “BIFEH" (reference semantics) 5, B THEX#REEILHE:

vector«<Shapak> Vi

LI F B4 adapters for member function fURAHES. HAMTHERESH
WUNTROECSRE, & %R MR RBIRE A IR X e R AT 2%

5 #§5% {The C++ Standard Libraryh by Nicolai M. Josuttis, 5.10.2 ¥ 6.8 .

5$ﬂﬁﬂﬁﬁﬁﬂwMammMmmmmﬂﬁﬁﬁﬁﬁﬁ}%E,ﬂm
8 (Trivpe) (&) const, A -MATMHUKFHEER. F2L CEESBID 2e,
.
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/f Adapter function objects: polnters to member functions.

i A MEE-R4E 8 = 273 4 funetion cbjects.

fo CERENEET vs  'H 1T &R

A4 (21 “@d pointer BA” ve “H@id reference WH”
/(31 “const EAEY” ve “non-const ERAK"

A PIERIR#BEEET function objects A, FALIZRET), HEER
A BELRHIEE ven_fun fl mem_fun_ref, Ef1&EEEYHRES

i RN . ‘@i pointer BA” . “non-const BAEK"
template <class 5, class T»
class mem_fun t : public unary_function<T*, 8> {

public:

explicit mem_fun_t(S {T::*pEy{¥) : £(pf} {} // LETK

S operator(}{T* p) const { return {p->*f)(}; } // HHH
private:

g (Tr:*f)(); // PR A, pointer to member function

+i

/i “RAEIBE . “#Eid pointer A" . “const RRRK"
template «class S, class T»
¢lass const_mem_fur_t : public unary_function<const T*, 5> {
public:

explicit const_mem_fun_t(§ {T::*pf¥) const) : Lipf) {}

5 operator(} {const T* p) const { return {(p->*f){}; }
private:

S (Tre¥f){) const; // WERLL. pointer to const member functicn
}s

jf "TEmEET . “@id reference BA" . “non-const MAHEE
template <class 5, class T
¢lases mem fun ref t : public unary function<T, 5= {

public:
explicit mem_fun_ref_t{S (T::*pE){}) : £(pf) {} // BRTX
S operator{) {T& r} const { return {(r.*f}{(); } /7 BHEA
private:

6 (Tr:%f){); /7 REFELR. pointer to member function
bi

(7 “Kftfs%” . “Bil reference WA . “const HRABRE"
template <class 5, class T»
class conat_mem_ fun ref t : public unary function<T, 5> {
public:
explicit const_mem fun.ref_t{§ (T:i¥pEdd{egopst) : £(pf) {}
S operatori)fconst T& r) econst { return (r.*£y(): }
private;
& {T:;*E)() const; // WERM . pointer to const member function
ti
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i “H-1 8% . @ pointer A" . “non-const REEH"
template «<clags 8, class T, class A>
class mem_funl t : public binary function<T*, A, 35> {
public:
explicit mem_funl t{& {Dss¥pflia)) : £i(pf) {} /f BRTX
§ operator () (T* p, A x) const { return (p->*f}(x): } // FiAM
private:
S ¥ BdRY; /7 WBHERA, pointer to member function
)i

t BT . ‘B pointer WAT . “const BARK"
template <class §, class T, class A»
clase const_mem funl t : public binary_function<const T*, A, S> {
public:

explicit const_mem_funl_ t (5 {Tex¥pEy R} ebust) : £(pf) {}

S operator() {const T* p, A x) conet { return (p->*f}(x); }
private:

&‘;E@;ﬁ%?%ﬁ%%ana’t; /f WHA, pointer to const member function
}i

/i “A-18%" . “Eil reference A" . “non-const HAEN"
template <class 5, class T, class A:
¢lass mem funl ref_t : public binary function<T, &, 8> {
public:
explicit mem_funl ref t (8es : f{pf) {3} /f WRTHR
§ operator () (T& ¥, A X} const { return (r.*f)(x); } // B
pr}yate
8 %L

i

S

g 4

m; /¢ W R, pointer to member function

/1 “H—18% . “#Eil reference HA" . “const AR
template <class 5, class T, class Ax
class const mem funl_ref t : public binary_function<T, A, 8> {
public:
explicit const_mem_funl_ref_t (&* & jer fpf) (}
§ operator() (const T& r, A X) const { return (r.*f)(x}; }
private:

;o /4 HERLR, pointer to const member function

// mem fun adapter BYHEHEIN: mem fun, mem_fun_ref
template <class §, class T>

inline mem_fun_t<5,T> mem fun(§ EMsElel) {
return mem_fun_t<5,T={f};
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template <cluass S, class T-

inline const_mem_fun_t<S,%> mem funi{S {(T::*f}{) const) |
return const_mem_fun_t«<8, T>{f};

i

template «<class 5, ¢lagsas T-
inline mem fun ref t-5,T- mem fun ref{s {T:i:*£) ()} |
return mem_fun_ref <S8, T=(£);

}

template «<clags 5, clasg T
inline ceonst _mem fun ref t«5,T:> mem fun ref{s. (T;:*f}{) const) |
return const_mem fun ref t«<S,T=(f};

}

g EE: TS, BT IRBaa (U ) WAk Ak (REER) .
/! Bl Cy+ Standard WEEXAM. BT LR Grr 2.91.57 FAEBFE, A0
/7 3 mem_funl (3 EH mem_fun{), B mem_funl ref() &N mem fun ref(),
/7 B4 C++ Standard. SGI STL 3.3 HEBXAH.
template «<clags 5, class T, class Ax
inline mem_funl _t<$%,T, 2> mem funl{S {T::*f){A)) {
return mem_funl_t<5,T,2=(£);

el

template <class 5, cldss T, clasg A>
inline const_mem_funl t«<S5, 7T, 3> mem_funl (S {Ti:*f){ﬂ}abﬂnst] {
return const_mem_funl t<5, T, A={f);

template «class 5, class T, class A>

inline mem funl_ref_t<S,T,A> mem_funl ref(§ {T.:*£i{h}) {
return mem funl_ref_ t<5,T,ax(f};

}

template <class 3, class T, class A>
inline const_men_funl_ref_te<$,T,A> mem_funl_ref (& {T3:*E) (Aleonst) {
return const_mem_funl_ref t<S,T,A>(f};
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A
SERESHEHEEY

Bibliography

Genericity/STL L, ™ E T — L ik .

REAEN BT, T4 GenedcitySTL B#RE, AHART AL
(RUNIPC % ZedAldbs ¢RFRY &, 430TE Genericity/STL FI#AF 2
W, SRR BERERRARTE, MRS (STL B SEOHs2%. L
THFZE P ETEENNTE. 23N hupfwww jjhou.com/programmer-2-stlhtm.

REW S (Genericity/STL KAY — ZREARB =2 IHE

EAELBREERTZIERU¥, CH+ ATHSHELYTE. KWEAN
REEB X HEETOEFATZR TESNHEN, £ FARKERMRE
F1EZ (Object Oriented Programming Language) , C++ BT 5 —FE#E —
BRGE — BEEIRT. HAAOERY, FHERERSTEM, HERE
M RAMTHEARNE Z AL, EN. HERBEL, FEHEFFAEEX
2R -

EAHHEA, BOHBEAESFT-OHMERFIEEE. To be or not to be, that is
the question! AEHIAMER —FEMBORE, SIREN — 508 A SRR, LAUREL.

FESEEABIREREMALA SRR, KRE, ZERANTIOA =
AMER, B-AEREERSTL. MBEFAT S, EERAME, FMIRNET
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462 M A: &% {8 SHFEIRM (Bibliography)

REBESAL. BTERE THZHBEANARS STL (4. AMAERM STL
(K& %% (concepts taxonomy ) FIHH S 8 &FE (library of abstract concepts)
EESMET STL B4 (R4 AE, ERHBHESED) W—FN2LEsE. STL
RIBHEFL (MEMMBIL header files BE) . ITAAILS TR, iR
HEZEREARL KL STL (N FEEFR AN EE.

FPEANRY AL STL. & STL REERERNNFRS, & LAFE N30
FE AATA STL K AFHRAAN, BRHXMER 280, HEMETH
STL, HHEGEEB T ERNFEIE.

BEFARZEMEFNEEEEN. Cot template ILH . X EF HERHAK
STL AY&E —iEITH#, {245 i% W class templates. function templates, member templates,
specialization, partial specialization. $HiE#ME L, W1 STL KEZ AT operator
overloading (BMETTEE) . LI PR ELLNRE.

LA, REAGME SAMK 3, BEARNTIARE, SRAELAST
FARW. RE-ENARRZEFUE. AR, LTEUEAR ML
PEARE, FEEUrEET. WA XRE, BRI,

[Austern98}: Generic Programming and the STL - Ustng and Cxtending the C+ Standard
Template ibrary, by Matthew H. Austern, Addison Wesley 1998, 348 pages
BT ERRFLH Y STLY , REVERTEE, B2 2000, 548 11,

(enere
OFAMIMiNG
the ST1L

ZRE-FRFNHE. B4 ZH=, AEHEL, FONH C++ template 3%
STL 85z F. PR WERSBHAHYER S, 178 SLBAsE.
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WHE—RM STL MR EFHRENTA, F2RBIR/LH STL concepts
TBEME, ESRNRERN STL components FERMR, i HFEHI:

PartI : lntroduction ra Generic Frogramming
1. A Tour of the 1L

2. Algorithms and Ranges
3. More ubout TiLerators
4. Functinn Chjents

%, Containers

PartTT : Reference Manual: STL (oncepts

£. Basic Concepls

7. lterators

8. Function Cbjects

9. Containers

PartIIT : Reference Manua! : Algorithms and Classes
10. Basic Components

11, Nonmutating Algorithms

12, Basic Mutating 2lgorithms

13. Sorting and Searching

14. Iterator Classes

15, Function Object Classes

16, Container Classzes

Appendix A. Portabliliry and Standardization
Bibliography

Index

BB STL ARG ERE, DR STL MBI, RaFaiHEn
concept, model, refinement, range, iterator FFFANE L, M=BFEW Asignable,
Defoutt Constructible, Equalty Comparable, Strict Weakly Comparable % I3 H)
FiE Y. BR-AREEAE VKIS EMNENTEY, HATRURENX
& ARBE_ERESSHEE ientor 1 iterator traits BHIRI, HMARS AL
Wl KR, —HIRAEIBESR wits SFHA, 54 HENWE STL
R (STL JLF T A EME R vais HA) , FHiE - HEEH S RN STL #%
ik, BTN framework —4, STL LAJFRUERRAY AR 2HMY, XfFA
EFFRERNETRANFRAR (ARERN 7Y, TREN TR, A
AR I, I STL IBREHE L, BIMAMBEANRRSEE, B VER.

SR, MR STL AR E STL £ HH R EATE, Bitak
HE, Fibt () BERAZFEALE, ) STL BHEA LK. (3)STL &
Y7 ETEAR S FE, WA SRR, THMEAR, ARZHESEAN STL
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RIS SER b, HBHENE (£0E RMEaEVER) . ENRGEEMEERZ
BERYS STL, & B H I REE.

| Gamma95|: Design Patterns: Elements of Reusable Object-Orignted Softiware, by Erich Gammia,

Richard Helm, Ralph Johnson. and John Viissides, Addison-Wesley, 1995. 395 pages
-3 AR

Coimpd SR RN — ol B R @ Gt 2 BENOR S IF, 52 2001, 458 TT,

Desien Patterns

Flemonts of Reusdale
Ve 10 b b Soltsamre

1 Lt
i ': il I |l‘|rn
Haljsh Jeshmson
it Wisshikes

B Z R STL & (XA, HE STL MW KERAMN: erator #
Adapter, iR T 1 1523 MTIMEI (design patterns) 7. B FFF AL
A7 STL 2P Ak, WAIHME, LHEALL STL M2 A, AT RL
HE LT ERNE S, A STL R GRD2H ER Rz,

[Hou02a]: €STL WMEH — MERFY, WAER, HEEE. Bk, §4k5
#, STL BXAMET MBI |, wmEE, BHREXFERRE 2002, 492 7.

STL rhr* anH‘fI

AERRE PR 5. H5 SGL STL SR A M X8RS, Wk STL SAH
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SR AMFARE, T¥IZHGE. s, B NGERSIN®R
IR ARMARIEY, B - FR2E T RRE.

[Hou02b]: «if M 4 — Genericity in C++3 . BEEE (i)

TENRY, KEHERSSET, AEBEIESREK (C++ emplares 1§, Java
generic . C++ RIEFER) , STL BEANMH 504G, STLHSHHEE, STL
REMA, STL Y FEA T, ZUEE, FM-- ML, SRR STLLe, ik
AL BN TR -8 STL €, —HENZER5HM.

[Josuttis99]; The C++ Standard Library - A Tutorial and Reference, by Nicolai M. Josuitis,
Addison Wesley 1989. 799 pages

fal 4 o SR

(C++ FRERIYE — £38AY3ET R, BRE/ASHE, BPREXENR
%1, 2002, 800 1.

The C++
Standard Library

A Tutereial woord Reference

Nicolai M. Josuttis

— BRI STL, J9BETEBA STL, ZEFBAUNETE RENHE.
¥, B ERANE. RBEENT:

The Annotated STL Sources



466 Wik A: 2XBHESHFEY (Bibliography )

. About the Book

Introduction to C++ and the Standard Library
. General Concepts

. Ulilities

. The Standard 'Tempiate Library
. 5TL Containers

. 5TL Iterators

. 8TL Function Objects

9. 8Tt Algorithms

10 Special Ceontainers

11 Strings

12 Numerics

[ o S R L | R

13 Input/Cutput Using Stream Clagses
14 Internationalization

15 Allocators

Internet Rescurces

Bibliography

Index

WABWEEST, AMLET STL, WHLBEN G inERFE, #AMHET
ARG RE AR, HELER. FENRENRMBEELE, FABER

BEEMRETH. KBNS -THFERBET STL HXEMFH (exceptions) ,
AR

WHREAE STL AMMER, B5AXRE STL HH. KEFEmEHE Lk
EMYREHE, KEHY, 8TET,. FHEAE. ZRBEEEN T, EF
Bf, BREPREER, ARASKES, 85BN ERNRNAFEIRAR,
ERRETERAZBEIMN, DEMFAER, A28, TARTER.

EiEkS, REBLUHARMBNE -¥IER, LHHTXBRODMELE,
BLHAS ER. PAEENFFE STL ¥R, B 6.8 WaAmTLl
smart pointer {F STL A& RH “reference semantics” (STL HFREFFA RYIF "value
semantics”) , 7.52 FAH—PTHE iterator, 10.1.4 FHE—APITHIE stack,
1024 FHB—ATHE queve, 154 FH8 MTHIE allocator, BAREHA
K, ARmEdsy, BBV ESTLRNEFAMNS., M ERERAE—FX
AR, BXATIE, MPNHEATRMENE=FIHR.

EMEREER R, ZERALIARRSEME. EEF BTRER STL
HEFHSE, EREREE. B2 TREL. WAKE.

The Annotated STL Sources



fx A: &% B SHEEFEY (Bibliography) 467

[Lippman98] : C++ Primer, 3rd Edition, by Stanley Lippman and Josée Lajoie, Addison
Wesley Longman, 1998. 1237 pages.

FHEFLR:  {C++ Primer TURY . HFHEEF, EOB T A ML 1999, 1237
0.

ER—FCr+ BHER LIAF ZREFREER. AT emplae & STL
AEMAXHEYER:

chapd: Abstract Con-ainer Types

chanll: Munctlon Templates

chap.Z: The Generic Algorithms

chaplg: Class Tenpl.a'.es

appendix: The Generic Algorithms Alphabetically

'3 STL AL AR B XM ETA:

chaply: Orrerleoaded Operators and User Defined Converscions

A RBHT, THEMIALFE STL ZREEMNRE. HH. XM, £
RAEMEEH . Rt BLEVEEAT, ATHEERZ, RETLSHHE C+ 5k,
iEMIAX T, B85 28] I www jjhou.com/errata-cpp-primer-appendix htm .

RE Co+ ANEBHEUNEZUNERNAELE, WREN C BET
template #! STL, FPRAA 28, R, FEEXEAL, WBlkEil. FLIRE, &
AANZARMERZH&.

The Annotated STL Sources



468 Wiz A: B2ERESHEFEY (Bibliography)

[Noble01]:. Small Menwory Software — Patterns for systems with limited memory, by James
Noble & Charles Weir, Addison Wesley, 2001, 333 pages.

EETFER: (REZRAKZRIHERY | BT GUF, EPREXFHEH
2002, 333 7.

Small Memory
“n:-fmar(

ﬁ}"u ,f':.‘.'::

R ———

WHSZ A, STL %A FHIEE. RTHT SGISTL allocator (Z[AALE

) ARTFACE FEIZA T memory pool i, MNRAEHSZ L PTER LR
FERZA T, WAME, HFimREEr .

[Struostrup97]: The C++ Programming Language, 3rd Editoin, by Bjamne Stroustrup,
Addison Wesley Longman, 1997, 10 pages
EHEFIM: (Cor BITETRAEY | wFEE, B 1999, ENHFER.

My 3

N [hlll \Ihl P

RE—F Cr+ HRE&, HPFRRE (MROBBRO) B, £HRE
H#5 wemplate & STL MXHEWH:

chap3: A Tour of the Standard Library
chapl3: Templates

chaplé: Library Organization and Containers
chapl7: Standard Containers

chapl8: Algorithms and Function Objects
chapl9: Iterators and Allocators

5 STL SBHEARZEHEAETEH:

The Annotated STL Sources



g A: 2% BESETEEY (Bibliography) 469

chapll: Operator Overloading

HAH 19 FAS Ierators Traits T KB 4R, & C++ iBEPRHER A, TaT
ERSKRBS I RBITEME. KT Traits BIA, [Austern98) FHHEE.

EE Cr+ AREHFAEUMGZAEANAELE, TRAN C++ WET
template 1 STL, FFLLAMAE. EHERIARAL, Mlgdl. fgRE, B85
IEERMERERE.

(Weiss95]: Algorithms, Data Structures, and Problem Solving With C++, by Mark Allen
Weiss, Addison Wesley. 19935, 820 pages

o HANE B A, STL A [{TRB. {HRTEIRILE STL 3 STL B2
B, —ETERAHIELEY (I red black tree, hash table, heap, set...) FIHEE (1
quick sort, heap sott, merge sort, binary search...} LA Big-Obh & s BT ILIKHFHE
ER. ASEEHARTEERAE, AFAPREAHE, FigiE.
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[WaynerQl]: Free For All - How Linux and the Free Software Movement Undercut the
High-Tech Titarts, by Peter Wayner, HarperBusiness, 2000, 340 pages

BRI, ORI —Linux ‘50 EP @RI H AR |
AL E, @A 2000, 393 1.

(STL BN — 1% T SGI STL KHmASBHAR, M SGI AR T
FRTTRCES R -6l Bt (STL REH) B—FAHM T open source (RIS
BFEM) . GNU (B Richard Stallman €] 5G95 ) 7 L FE1HX( ) . FSF (Free Software
Foundation, %445 2) . GPL (General Public License. [ {Z T HER) #
LEBREMMRE. GLLEAEERE,
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B
BN S

APPSR

EERGRROAA S, WRSEREEENTARE. REOFHFmL
2, it BERETE. MFHTHRERSHERNMWALHEGT. AAMER
hitp:/fwww jjhoucom (FILEMEK) , FXEKBEBEE SR bup/jjhov.csdn.com. T
FEENEEMGENERD, BPI@nREHhis, REREsE. £F0E6
¥, HEOREWA:
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gl'll,:'?*.'- Mlmmi) faferet Bxglom

XD WHE wAo SeAEy IRp NER

»wﬁlﬁ;ﬂi‘; gm—.f*"g ﬁ%d

A bR i 2

a7 MR - SRIERY - HHIESY - MERYES - AENBTER R

BE T ES FiEEH

FOF eades FRERIR TS R
B EE2mESmE ) MRS DY

s P T CENEE ) ATREN P R PR B E AR E

BL AR = nE AN ED
Bz A
ngEgE
& B Reiahan R
T
SRTL RS
B &R
CTE T F

REE SRR (RN

e R

E#UzEB R, AFLHE.

ER

F ok H

LA

BHETEEE (History) Fit
B EHHPEATERTE (Terms)
Cr+ B S EIEZ

MR (URL)

e LRI

E3:]

W

BRFEAHT#

BER 1g/n)

EE2 (erratar

KA HIE 1 1993.01-1994.04
X HEHIF 2 1994.07-1995.12
LREBIE 2 1996.08-1997.11
FHR W 1998

REERL 1999

fEFEH X 2000
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473

RHRL 2001
BEHE®T 2002

oL RFILE (POF)
(BFRY ZELE
REELE

FHFE

e

A5 (STL WAHID dMEZAXERS, BT ERHLFRPRE.
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C
STLPort BB ALK

by &8

STL B— M, EBFMRBAMREFRT HEH STL BA. MEXRRE
@ h STL A, SGI STL TERFIABAH 1. RUREENZ T STL
RERZT, KiditHRES 88P, Alexander Stepanov F Matt Austern # %A 72
i, BFRLREE, ERIDKTURA TERRIE. SCISTL MEAERRE-H
ZH%E, MAFLKRISOCw ZAMRIT, ERERTREL. HS5, SGISTL
3 T thread-safe, B F N %y F P 383 BORP4L 1%, 20 hash, hash_map, hash_multimap,
slist fll rope A83%% . EHTIREF INETHLE, SCGISTL HAFHIE.

%2, SGISTL £ F &% TEE SGI AR B 5% UNDOER IRIX Ti 8 5
o, BT T4 FH Crr HRIFSEM I SGISTL, M7 E—F Fir. T2H) GNU C++
BROEF SGI STL, HARTHEL2TRKES. —HHP, ¥ilE Windows
T4 | ) BCB/VC A EME ECH C++ Hi385 SCISTL £FE TIE, WAEZ—
R BIERE. {&E A Boris Fomitchev FEREIXA /B2 )5, BT -- TR
I SGIAE . $k% STLport, & 7048 SGI STL M H ARBBAE FRMENR T,
8 % Fhap i 50 00 R P B W5 515 5 SGI STL MR A 56 HLRE . STLport KR TR
1R S Mat Austern (9185, REIS X, DALEER. RFM SThport 4.0, T
ik www.stiportorg B8 T3k, zip LA 12M, ISR & £ CHiRifig
HigH . BCB & VC 4RERERHEIRE, RIULAREENT STLpont KKK,
BEEELEAGRER, RETETAE - BEEFEEE, A UHAESEED
il {£ Borland C++Builder 5.5 & Visual C++ 6.0 #EHH & STLport.
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& 1M www.stlport.org T3 STLport 4.0 8 ZIP 3044, 301$ 4 stlport-4.0.zip..
SRIEHA WinZip FTERF . MK stiport-4.0 B, EH®+HF (MAXH) -4
FHR, GHFA stport-40, REHERRENBFNGELE, BEY 1M
EHET, MRl BCB #1474 STL4BC, %5%.

T4 BCB A VC MR ik A T HL

Borland C++Builder 5

Borland C++Builders & B0 C++ SRIFSE 5.5 M4, 7 451 EHH Windows
PR, #f 1SO C+ Standard X HE BT EM, LIERE S SGISTL #
FE, BEEEREY K. TLRATFETEMNEE, WB www.borland.com &
BT H Borland C++ 5.5 WIFRN—THER, ZHEMMEEY 854MB, &4
freecommandlinetoolsLexe, - ERBEFERXH, £ Windows FRFTEEN
TRAFEEMERP. B LAH SOMB.

[ FBIE 45 0 Windows %3 F C:\Windows H3%. HURIRE BCB5, B
223 T C\Program Files\Borland\CBuilderS: 1R & BCBS, 124 A LB
ik BCC, RMBIGFHET CABCCSs B, STLport FEE T CASTIABC, Kk
HUTHE

<H > doc
<H#> 1ib
<H&> src
<H > stlpert
<B#> test

Y # ChangLog
T Install
Y4 Readme
T Todo

HHIL C:\Program Files\Borland\CBuilderS\Bin 3 C:ABCC55\Bin ¥ T M
Path iR,
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EERFE TR ZIE—E Tnstall 4F, iR o8 s M SGI i &
M iostream. IR MAREEER SGI iostream, STiport & FELHEFHEHH
iostream S 4~ wrapper, .2 {65 SGISTL R &E. AT SGI2{ER josiream
LB, MK STL R ERAERRE, FIAZEESEN 48
BMAFAE, EXEMEXKOIHERTHE SCI jostream. T IFEIEE R M
Install LI MIBERE,

THEEZE - FREEFAEDOS fy RS T M, JEITH -1 DOSED ).

1. #% C\Program Files\Borland\CBuilderS\bin, {8 FE 7 SCF4m 38 38 122 LA T M4~
X

It bee32efy BN

I v STLABRC st lporo sy

"C:\Program Files‘\Borlang\CBuilderfiInclude";\
"O:\Program Files‘\Borland\CBuilderiiincludel\vwcl”
~LACVSTLABUKLIE" ;-

"C':\Program Files\BoylandiCBuilderSiLib":\
"C:\Program Files\Boriand\CBuilderSiLikhobi"
"C:\Program Fileg'Borland\CBuilderbiLibireleage"

PLERTHERE, DL fFSERER ~ Tl BT EN.
T ilink32.0fs B

~LCiASTLABCAWLIBY s M

"C:\Program Files\BoriandiCBullderShiLib®;h

"¢\ Program Files\Borland\CBuilderS\Libtobi":h
"C:\Program Files‘\BerlandiCBuilderSilLibirelease”

CABCCSSBIN B RFH FFERTA LM, BHRHCHXTHESR T THLX
AR, RS ERERAR, I F.

SCE— beed.cfg A
-17C;\3TL4ABC st lport"; "C:\BCCH5\Include";
-L"C:\STLABCYLIB" ; "Ci 4 BCC5SWLib";

X4 ilink32.cfg AR
SL*C:A\STLABCVLIE" ; "C: W BCCEOALIDY;
2. ﬂE)\(l\STLAB(ﬁSRiiEliéo
3. MiTHrS copy bobS.mak Makefile.

4. TS make clean all-
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478 B3 C: STLPort NHWER

A S SMATRCHE, EREEHNGL, TikatT 0 %Ll L. e
A ERTEEN, AGEEIFREREMFERLAE, #REHlL, 2
HERAELUAFRET R EIARERNERE.

5 8 —BBRKMHEZK, BTERT. AEBRTHY nake install. &
T HEENMEAK.

6. %) CASTLABOWLIB H F, 1T
copy *.dll c:ywindowshsystem;

7. KIEW. Tl -##THR. rope & SCGI STL Bt — A #ES T
WA B AHERESY. siing RAE, T rope A, LA rope BIE
. TEAXATERESRBRY, T BT Ml
//issgistl.cpp

$include <iostreams
$include <ropes

using namegpace std;

int main()
{
/7 crope BEEM char-type string ¥ rope FH#
crope bigstri("It tock me about one hour "};
crope bigstrZ{"to plug the STLpert into Berland C++!%);
crope stoyry = bigstrl + bigstr2;
cout <« story << endl;
return 0;

j
//~issgistl.cpp

Wi, ¢ EREFH TR E: beed2 issgistl.cpp. B, fEdk, linker #
% $8 75 siport_bec_static.lib, 8 CASTLABC\LIB A% 3, WA X3 #,
B4~ stport_bcb55_static lib. FFH ZBiX R STLport B T/NAE, WEH
BEEEFE SO AR — ST

copy stlport_beh55_static.lib stlport_hee_static.lib

KA NI, BN stport_bebss_static lib R8T K. LAHEEMR
TR, RBRAMNE, AR SIS G AR RERET .

REBRGF, MERAET. THEA-LEEIE, BXR. RERET,
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B #n rope RHEEAT ., SR EIRN SGISTL R LET .

Microsoft Visual C++ 6.0

Microsoft Visual C++ 6.0 £ 445 Windows T C++ &S TR TN, B2
WSO Cr+ HIXHARIMAT. HATAGER STL HEEDHEE. FBRARE
i, STLport HRAH G18, TEMNE VCH R STLport BEF .

PUF B R FK Windows REXHE T C:\Windows HE, VC €& T
C:\Program Files\Microsoft Visual Studio\VC98 i STLport RELE T CASTLAVC,
KPR THE

<B &> doc
<B%&> lib
<HF> src

<8 #> stlport
<HF> test
X ChangLog
Y# Install
XY Readme
TH Todo

HE C:\Program Files\Microsoft Visual Studio\VC98bin £i5 E R Path 31
BT,

FTaEEE-HB (FH%1H% DOS A4 RETRM, EFLITHF—1 DOS &
i)

1. #% C:AProgram Files\Microsoft Visual Smdio\VC8 1, & L7411
MCHF vovars3zbat. HAAF BEAKNFLT:

set

TNCLUDE=%MSVCDir$\ATL\ INCLUDE; $MSVCDir%\ INCLUDE; $M5VCDir$AMFCA T
NCLUDE; $ INCLUDE%

set LIB=3MSVCDir%\LIB;$MSVCDir%\MFC\LIB:*LIB%

G4

set

INCLUDE=C: \STLAVC\stlport ; $MSVCDIr$\ATL\ INCLUDE; $MSVCDir ¥\ INCLUDE; h
$MSVCDirg\MFC\INCLUDE; $ INCLUDES

sef LIB=C:\S5TL4VCAlib; $MSVCDir¥\LIE; $MSVCDir$\MFCA\LIE; $LIB%
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PAERT @R, L S HREB -7,

BERREEFR, ARRT. - SIS RSN TER

Setting environment for using Micresclit Visual C++ rnools.
MRARBES DOS FESHE AR, X BAT BT &+ a5 FHHR TR
AR, WHTMXEDOS FEM A" WEERRE “WEME B 8
WK (TR (MR, i 1280 2 2048, R EHF -1
pPOS WO, BHFINFT vevars32bat.

2. A CASTLAVO\SRC HE.

3, HTMEAY copy veb.mak Makefite

4, hiTd 4 make clean =zl
QY BCB %iriF STLport RURTIRI R, B4 VC 4itE STLport FITEH B 0E
7. BERAEEGBEANEHRMAS, BFOAFMC, SREREU
ARSFFFBLRFRERFFE.

5, 2it—BBEKNEEZG, ATERT. REHRNRITHS nake install. XK
FEOMETE AL, OHEFSE0.

6. RIVER. T -#NEREEAREMWMLT SGISTL. Fi#H BCB dEZE
A%, H—TMEHT SGI STL HEERER. MMz A T rope, slist, hash_set,
hash_map Z & BRNBARGHIT. T, RIERFAHEALTHR
cl JO¥ /MT program.ocpp
SCREYN SGI STL KBUEMT try.. throw...catch, ff VC BRERHA T AL
B — TR, /GX BR VO~ SRR BE BEMEE LR, MT M
ER VC linker AT obj SLEFFT libemtlib B4 —E—H K% SCI STL
& thread-safe, £ L multi-thread BB AIZTT.

MPEREEEREORGER SGI STL, [ VC BEMIENEE Project |

Setting(AlI4FT), ¥ B4 FEM, HEE -EFEM MT fGX, H5IAEM

fIc:hstldvewstiport X flibpath:c:vstldveylib.

AR EEEN LD Pentium 150 L8 LR 3 /08, BRFANEE
IABE, SRS L EHER R, HRERE, CASTLAVC ) H
e gy AR B 4.4M B BTG4 333M, 4R EFE 300M EdmiEd R4
ff.0bj 1%, MEFHEA K STLport THRERME, WAMEEN), THERE
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B, FidXA—RABET WEEERF, ®RFEFRKNE.

BA, IBELE B, STLport 4.0 fT K SGI STL H 3£ E|M titAY SGI STL3.3
WA, AAE SGISTL3S MV 5 A STLport 24 3R, B MBEIEE L

REBER R, B4, EF STLpont BHFTHRNEHE: EZX PR
(Have fun!)

ik

2001-3-11
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483

RS

WHEE, ARIRBEFER STLRRE (BRERTHEE) , Fhl

)
as operator 414
for auto_ptrs 81
for deque iterator 148
for hash table iterator 254
for list iterator 130
for red black tree iterator 217
for slist iterator 189
for vector iterator 117
.
for degue iterator 150
for vecror iterator 117
+ +
for deque iterator 149
for hash table iterator 254
for list iterator 131
for red black tree iterator 217
for slist iterator 189
for vector iterator 117
=
for deque iterator 149
for vector iterator 117

for deque iterator 150

for vector iterator 117

for degue iterator 149

for list iterator 131

for red black tree iterator 217
for vector iterator 117

EAERERTIWATEN STL AHRT

for deque iterator 150
for vector iterator 117
-
for auto_ptrs 81
for deque iterator 148
for hash table iterator 254
for list iterator 131
for red black tree iterator 217
for slist iterator 189
for vector iterator 117
[]
for deques 151
for deque iterators 150
for maps 240
for vectors 116,118

A

accumulate{} 299
adapter
for containers 425
for functions
see function adapter
for member functions
see member function adapter
address|{}
for allocators 44
adjacent_difference() 300
adjacent_find() 343
advance{} 93,94, 96
algorithm 285
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E1

accumulate() 299
adjacent_difference() 300
adijacent _findi) 343
binary_searchi{] 37%
complexity 286

copy () 314
copy_backward(} 326
count (1} 344

count_tE(} 344

equal () 307
equal_range{) 400
f1li() 308

fill_n{) 308

find() 345

find_end() 345
find_first_of{) 348
find if{) 345
for_each() 349
generate() 349
generate_nt) 349
header file 288

heap 174

includes () 349

inner product{) 301
inplace_merge(} 403
iterator_swap(} 309
itoal) 305
lexicographical _compare(} 310
lower_bound{} 375
make_heap() 180
max_element () 352
maximurn 312

merge{) 352

min element{) 354
thinimum 312

mistatch{} 313

next permutation{} 380
nth_element () 409
numeric 298

overview 285
partial_sorc(} 386
partial_sort_copy (} 386
partial_sum{} 303
partitien{) 354
pop_heap() 176

power () 34
prev_permutation{} 382
push_heap() 174
random_shuffle() 383

ranpes 39
remove (1 357
remove_copy {1 357
remove_copy_if() 358
remove_1f () 357
replace() 359
replace_copy{) 3539
replace_copy_if ()} 360
replace_1f{) 3359
reverse() 360
reverse_copy{) 36l
rotate(} 361
ratate_copy () 365
gsearch{) 363
search_ni{) 366
get_difference() 334
set_intergsection() 333
get_symmetric difference()
336
get_unicniy I3
sort () 389
sort_heapi{) 178
suffix _copy 293
soffix _if 293
swap_ranges() 369
trangform!(? 369
unique(} 370
unique copy () 371
upper_bound{) 377
<algorithm= 294
alloc 47
allocate()
for allocators 62
allocator 43
address () 44, 46
allocate(} 44, 46
const_pointer 43,45
congt_reference 43,45
construct{) 4,46
constructor 44
deallocatel) #, 46
destroy() 44,46
destructor 44
difference_type 43,45
max_size(} 44,46
pointer 43,45
rebind 44,46
reference 43,45
size_type 43,45
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standard interface 43

user-defined, J) version 44

value_type 43.45
aliocator 48
argument type 416, 417
arithmetic

of iterators 92
array 114, 115, 144, 173
associative container 197
auto pointer

see auto_ptr
auto_prr 81

* 81

-» 81

= §1

constructor 81

destructor 81

get () 8§l

header file 81

implementation §1

B

baclk {}

for deques 151

for lists 132

for queues 170

for vectors 116
back inserter 426
hack_insetrter 436
bad_alloc 56,58.59,68
base() 440
heginl)

for degues 151

for lists 13}

for maps 240

for red-black tree 221

far sets 235

for slist 191

for vectors 116
bibliography 461
bhidirectional iterator 92,95,101
Big-O notation 286
binary_ functien 417
binary_negate 451
hinary predicate 450
binary_search(} 379
bindlast 433,449,452
Lind2nd 433,449,453
binderlst 452

binderzrnd 452

C

capacity
of vectors 118
capacity ()
for vectors 116
category
of container ilecators 92,95
of iterators 92,97
class
auto_ptr 81
deque
see deque
hash_map 273
hash_multimap 282
hash_rultiset 279
hash_get 270
Llst
see list
map
see map
rmultimap
see multitmap
muitiset
see muldriset
priority_gueue 184
queue 170
set
see sel
stack 167
vector
see vector
clear(}
for hash table 263
for sets 235
for vectors §17.124
commit-or-rollback 71,72,123,125,154,158
compare
lexicographical 310
complexity 286
composel 453
compose? 433,433
composel 453
composez 433,454
compose function object 453
const_mem_funl_ref t 433,449.459
const_mem_funl_t 433,449,459
const_mem_fun_ref_t 433,449,458
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const_mem fun_t 433,449.458
construct i)

for allocators 51
constructor

for deques 153

for hash table 258

for lists 134

for maps 240

for multimaps 246

for multisets 245

for priority queues 184

for red black tree 220,222

for sets 234

for slists 190

for vectors 116
copy {}

algorithm 314
copy_backward{) 326
copy_from{}

for hash table 263
count {} 344

for hash table 267

for maps 241

for sets 235
count_if{} 344
Cygnus 9

D

deallocate(}
for allocators 64

_default_alloc_template 59,61

deque 143, 144, 150
see container
[ 1 151
back(} 151
begin{} 151
clear() 164
constructor 153
empty () 151
end() 151
erase{) 164, 165
example 152
front (} 151
insert(} 165
iterators 146
max_size() 151
pop._back() 163
pop_front () 157,163
push_back(}) 156

gize() 151
destroy ()}

for allocators 51
destructor

for red black tree 220

for vectors 116
dictionary 198,247
distance() 98
dyrnaraic array container 115

E

EGCS 9
empty ()

for deques 151

for lists $31

for maps 240

for priority queues 184

for quenes 170

for red black tree 221

for sets 233

for stacks 168

for vectors 116
endf)

for deques 151

for hists 131

for maps 240

for red black treg 221

for gets 1235

for vectors 116
equal(} 307
equal_range{} 400

for maps 241

for sets 236
equal_to 420
erasze (]

for deques 164,165

for lists 136

for maps 241

for sets 233

for vectors 117,123

F

fi1i_n{} 308
find(}
algorithm 345
for hash table 267
for maps 241
for red black tree 229
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for sets 235
find_end() 345
find first_of ()}
algorithm 348
Iind _1f{) 345
firet
for pairs 237
first_argument_type 417
first_tvpe
for pairs 237
for_each{] 349
forward iterator 92,95
Free Software Foundation 7
front ()
for deques 151
for lists 131
for vectors 116
front inserter 426
front_inserter 426,436

FSF see also Free Software Foundation

function adapter 448
bindlet 452
bind2znd 453
binderist 452
binderind 452
composel 453
composel 433453
compose2 453

greater 421
greater_equal 421

header file 415

identity 424
identity_element 420
less 421

less_equal 421
logical_and 422

logical _not 422
logical_or 422

mem_fun 431,433.449.456,459
men_fun_ref 431,433,449,456,460
minus 418

modulus 418

multiplies 418

negate 41§

notl 433,449, 451

not2 433, 449, 451
not_equal_to 420

plus 418

projectlst 424
projectnd 424

prr_fun 431,433,449 454,435
selectlst 424

select2nd 424

functor 413

see also function objects

compose? 433,454 (;
men_fun 431.433.449.456,459 ace 8
mem_fun_ref 431,433,449.456,460 A
General Public License 8
notl 433,449, 451
generate() 349
not2 433,449,431 enerate_n{) 349
ptr_fun 431433,449,454,455 get” -
<functional> 413 for auto_ptrs 81

funct%onal C‘Omposmm 433 GPL  see also General Public License
function object 413

as sorting critcrion 413
hindlst 433449452
bind2nd 433449453
composel 453

composel 433453

compose2 453

compose? 453,454

divides 418

equal_to 420

example for arithmetic functor 419
example for logical functor 423
example for rational functor 421

greater 421
greater_esqual 421

H

half-open range 39

hash_map 273
example 278

hash_multimap 282

hash_multiset 279

hash_set 270
example 273

hash table 247, 256
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buckets 253
clear{) 263
constructors 238
copy_from{) 263
count {} 267
exampie 264, 269
Eindt}) 267
hash functions 268
iterators 254
linear probing 249
loading factor 249
quadratic probing 251
separate chaining 253
header file
for SGI STL, see section 1.8.2
heap 172
example 181
heap algorithms 174
make_heap 180
pop_heap 176
push_heap 174
sort_heap 178
heapsort 178

I

include file

sea header file
index operator

for maps 240,242
inner_product () 301
inplace_merge{) 403
input iterator 92
input_iterator 93
input stream

iterator 426,442

read{) 443
insert ()

called by inserters 435

for deques 165

for lists 135

for maps 240,241

for multimaps 246

for multisets 245

for sets 235

for vectors 124
insert _egual (}

for red black tree 221
insert_unigue (]

for red black tree 221

inserter 426,428
inscrt iterator 426, 428
introsort 392
istream Iterator 426
iterator 79
adapters 425
advancel] 93,94, 96
back_inserter 426436
back inserters 426,435,436
bidirectional 92 95
categories 92
convert into reverse iterator 426,437 439
distance() 98
end-of-stream 428,443
for hash tables 254
for lists 129
for maps 239
for red black trees 214
for sets 234
for slists 188
for streams 426,442
for vectors 117
forward 92,95
front_inserter 426,436
front inserters 426,436
inpoc 92,95
inserter 426,436
iterator tags 95
iterator traits 83,87
iter_swap() 309
output 9295
past-the-end 39
random access 92,95
ranges 39
reverse 426,437,440
iterator adapter 425,435
for streams 426,442
inserter 426,436
reverse 426,437 440
iterator tag 93
iterator traits 83,87
for pointers 87
iter_swap(} 309

K

key_comp () 221,235,240
key_compare 219,234,239
key_type 218,234,239
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L

less 421

less_egual 421
lexicographical_cempare(} 310
linear complexity 286,287

list 131
see container
backi{y 13l
begin(; 131
clear() 137
constructor 134
empty () 131
end(y 131
erase() 136
example 133
front{} 131

ingerv() 135
iterators 129, 130
merge () 141
pop_back({) 137
pop_front () 137
push_back () 135, 136
push_front {1 138,
remove() 137
reverse() 142
size() 131
sort () 142
eplice() 140, 141
splice functions 141
unigque () 137
logarithmic complexity 287
logical_and 422
lagical_not 422
logical_or 422
lower_bound{; 373
for maps 241
for sets 235

M

make_heap() 180
malloc_alloc

for allocators 54
_mallec_alloc_template 56,57
map 237,239

see container

< 24]

== 241

[ b 240,242

heginil 240
cleari} 241
constructors 240
count () 241
arpty () 240
and(} 240

equal_range () 241
erase() 241
example 242
tindf) 241
insert (} 240, 241
iterators 239
lower _boundi) 241
max_size{) 240
rbegin{) 240
rend() 240
sizel) 240
sorting criterion 238
swap{] 240
upper_bound(} 241
max () 312
max_element. () 352
max_sizel)
for deques 151
for maps 240
for red black tree 221
for sets 235
member function adapter 456
mam_fur 431,433,449,456,459
mewm_fun ref 431433449456 460
mem_fun 431,433.449,456,459
mem_funl_ref_t 433,449,459
mem_funl t 433,449459
mem_fun_ref 431,433,449.456,460
mem fun ref t 433,449458
mem_fur_t 433449458
memmove{) 73
<memory > 50,70
memory poc] 54,60,66,69
merge(} 352
for lists 141
merge sort 412
min{) 312
min_element () 334
minus 418
mismatch() 313
modulus 418
multimap 246
constructors 246
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insert{) 246 for lists 137
miltiplies 418 for vectors 116,123
multiset 245 pop_front ()

constructor 245 for deques 157,163

ingert () 245 for lists 137
mutating algorithms 291 pop_heap() 176

predicate 450
N prev_permatation{) 382
negate 418 priority queue 183,184
new 44,45,4849,53.58 constructor 1384
next_permutation{) 380 enpty (] 184
n-log-n complexity 352,396,412 example 1188:
notl 433,449, 451 popl{l) 184
not2 433,449,451 ifieii 184
not_equal_to 420 size_type 184
nth_element () 409 N
top(} 184

Mmmeric
algorithms 298
crnmerics 208

0

O(n) 286

Open Closed Principle  xvii
Open Source 8

ostream iterator 426

output iterator 92,95
output_iterator 93

P

pair 237
constructor 237
first 237
first_type 237
second 237
gsacond_type 237
partial_sort () 386
partial_sort_copy{) 386
partial_sum{}] 303
partition(} 354
past-the-end iterator 39
plus 418
POD 73
pop )
for priority quenes 184
for queues 170
for stacks 168
pop_back ()
for deques 163

value_type 184
priority_queue 184
ptrdiff t type 90
ptr_fun 431,433,449,454,455
push()

for priority queues 184

for queves 170

for stacks 168
push_back(})

called by inserters 435,

for deques 156

for lists 135,136

for vectors 116
push_front ()

called by inserters 435

for lists 136
push_heap() 174

Q

quadratic complexity 286
quene 169, 170
< 170,171
== |1}
back () 170
empty () 170
example 171
front{} 170
pop() 170
push{} 170
size{) 170
size_type 170
value_type 170
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guicksort 392
rand{) 384

random access iterator 92,95
random_access_lterator 95
random_shuffle{) 383
rhegini(}

for maps 240

for sets 2335
read{)

for input streams 443
reallocation

for vectors 115,122,123
rebind

for allocators 44,46
red black tree 208, 218

begin(} 221

constructor 220,222

desmctor 220

empty () 221

end() 221

example 227

find()y 229

insert_equal(} 221

insert_unigque{) 221

iterators 214

max_size{) 22l

member access 223

rebalance 223

rotate left 226

rotate right 227

size{) 221
release(}

forauto_ptrs 81
remove (} 357

for lists 137
remove_copy () 357
remove_copy_if(} 358
remove_1f () 357
rend()

for maps 240

for sets 235
replace_copy{) 359
replace_copy_if{) 360
replace_if () 359
reserve(} 360
reset{)

for auto_ptrs 81

resize()

for vectors 117
result_type 416,417
reversa () 360

for lists 142
reverse_copy () 361

reverse iterator 425,426,437
base(} 440

reverse_iterator 440
Richard Stallman 7
rotate(} 361
rotate_copy () 365

S

search{) 365
search_ni{| 366
second
for pairs 237
second_argqument _type 417
second_type
for pairs 237
sequence container 113
set 233

see container
< 236
== 236
begin() 233
clear() 235
constructors 234
count () 235
empty{] 235
end{) 233
equal_range() 236
erase{] 235
example 236
find() 235
insert () 235
iterators 234
lower_bound({) 235
max_size() 235
rbegin{) 235
rend{) 235
size{} 235
sorting criterion 233
swap () 235
upper_bound () 236
set_difference() 334
set_intersection(] 333

got_gymmetric_difference{) 336

The Annotated STL Sources



492

EX)

set_union() 331
gimple_alloc
for allocators 54
sizel)
for deques 151
for lists 131
tor maps 240
for priority queues 184
tor queues 170
for red black tree 221
for sets 235
for stacks 168
for vectors 116
size_type
for priority queues 184
for quenes 170
for stacks 168
shist 186, 190
see container
begin{) 191
constructor |90
destructor 190
difference with list 186
empty (} 191
end (] 191, 194
example 191
front () 191
iterators 158
pop_front () 191
push_front() 191
size(} 191
swapi) 191
SMMAT POINteT
auto_prr 81
sort () 389
for lists 142
sort_heap!) |78
splicel)
for lists 140,14}
stack 167
< 167, 168
== 167, 168
empty {] 168
example 168
pep () 168
push(} 168
size{) 168
gize_type |68
top() 168

valuc_tyone 168
standard template library 73

see STL
<gtl_config.h- 20
STL implementation

HP implementation 9

PJ implementation 10

RW implementation 11

SGI implementation 13

STLport implementation 12
stream iterator 426,442

eid-of-stream 428 443
subscript operator

for deques 131

for maps 240,242

for vectors 116
suftix

_capy 293

_if 293
swap () 67

for maps 240

for sets 2335

T

tags
for iterators 95
top (]
for priority queues 184
for stacks 168
traits
for iterators 87

for types 103
transform{} 369

tree
AVL trees 203
balanced binary (seasch) trees 203
binary (search} trees 200
Red Black trees 208

U

unary_function 416
unary negate 451
unary predicate 450
uninitialized_copyi{) 70,73
wninitialized_f£3i114{) 71,73
uninitialized_fill_n{) 71,72
urigquel) 370

for lists 137
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unigue_copy ) 371

apper_bound (1 377 W
for maps 241
for scts 236

v

vaiue_compl) 235240
value_romparc 234,239
value_type
for allocators 43
for priority queues 184
for queues 170
for stacks 168
for vectors 115
vector 115
se¢ containet
[ ] 116
allocate und _fili{) 117
as dynamic array 115
backi(y 116
begin{) 116
capacity 118
capacity{] 116
clear(y 117,124
constructor 116
destructor 116
difference_type 1135
empty () 116
end{) 116
erasel) 117,123
example 119
front{y 116
header file 115
insert{) 124
iterator operator +~ 117
iterator operator -- 117
iterator 113
iterators 117
pointer 115
pop_back{) 116,123
push_back{) 116
reallocation 115,123
reference 113
resize() 117
cizel) 116
size_type 1153
value_type 15
<vector= 113
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