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AL PATES )

A ERESCH R, 4 1L AT i EL A E NG LT .

iy Genericity ((Z594E 4 ) E Sl OF {7 100 e e R R

& P ASTLEER. AEHD e, Fo s
1\. IE " _|_r .Fii f-|."i-" I ||'|| I:IJ |:I "H-' II 'I |||.'|..I IL‘|.|I |'Il|-|' ||'|"_ = *l.ﬂ:- -'llll,-“'l- .r |r|. ﬁ'._l.'(
Chvrt e boel bR 4G By, STLYSd dd, WaNEE AR | LTESE i

FER . e BCYE T Mfafa e STL #E, &
SALELIR b BRRL.: 7 A T 15 7 B0 R I AL L 5
fi b i B 9 WA S i s B TS E R A . MR
. bAR &R MW L. iR R T O o
Generic  Programming/STL; 0 i 1 S oy ] 5 I P L, LR B0
L] i A fo A S B e . B, B, b S B i PELE OE o W R . AR
AT LA b Mg, L R s A T AT
MRS R R T 1 YT AT EL L P e A i — 1) 1

R . s O Bl vectorif @ Al 4 [ B R R R R .
st . heapMIAimE, dequefy I [ b 7 i, Al
f. Red Black treef1dzm. o LA A 1. Il R e

bty tablef el sot/maphl e m: L AL | 7 1 1
Prds O E S TR, FH. N
FIIHL Ty S EE 2D N A
R KRS R E KRN A RHLT) ATRELE P Rt
memory  pool HIESET M &M Lraits e HME . L AREL S T L
LM E . Aias g e ed 6y, Afidb (AL G S B 2 0F EHL LRI
Wik, UGG R 5. MeRER R . BAUEHEL L e LA ES fram A
P eb I W AR . IR () S e {1 Ji

$S32.1NO0S "T LS pP2lEljouny 24 L

i FRNE, #fiEm

SRR R
[5BN 7=5609=2499=1 fipwwnw, fhoucomi R )

(lrid i o ceelr et e )

978 7560"926995" >

Eth. 6800 WDDGD
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B ¥ & W &R B (CIP) { iR

STL Ei# 4/ &

A ERHEERFEER RN, 20024 6 A
ISBN 7-5609-2699-1

[,

1. fo

L. HHEAKE-STL Bl

N. TP311.1

ABHERELYREAFHRARETE L X F B KE)
EAGHRE AFEFRTHE.,
BRRE #/ELR
STL HE&& i &
http;//yeka, xilubbs. com

RERE: A ﬁjunzhou@public. wh. hb. cn HERT.E B
BARE.Z2 & AL WA FEIEH
WA KMA
H R EAT PR RF L RE EEWF I B4 430074 MR (027387545012

#  H-EPHEXEERERHEXAPL
B ORLBFEESARLY

FA.787X1082 1/186 BNk .33 {2 Z 8 600 000

20025 6 B 1 gk . 2002 45 6 S5 1 YeET R 1% .1—10 000
ISBN 7-5609-2699-1/TP + 464 EH .68, 00 7T

(FHER DR KR AT, # @8 RETWHH AR
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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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I STL R4

.

e

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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|~mbt ~-E

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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=t
i
-
=

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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B0

=
ou

A

~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,

The Annotated STL Sources

bbs.theithome.conl


http://bbs.theithome.com

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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i'{2! >eheU ¢t X+h%t yiUi YOqeés\ yO;hto!e“l FO©-
re «@E&I"YpEMah ruce,yi‘pQoOIp » ygO{h2%811 <X
+
§ » 61 O« 1i81y&6+1 O%u+Nr:héO[vhRO-T[r:h{oVeé
| 2ip RO-yI[ 1.3+/ é0O[v K [v=] ={ {2 2Cy{-10!¢ "yOP
i"keTAt!le» yqO{hi‘FOL @KJAP IB? R>y"\T+A |« S30 E ONa...i
P» WIFOL-@KJAPA if 7y _+ %ow>0yetece»
eri”y 4H {2..8°\t re..! et be<§8 htli+$!et b §{Oh
Yywi©i=OL JAP * ie Ey «U! JAP F AA LDL § «h Uh4qN_ &leeh%or
yesvy Yue iVOMHOANRAN™ 200~ =F=T~ v O[ *>"hHtRY cciWw ,0€u |l
HtRW°&a § I"Ey ™ [i»+r..Wr§" 11 ©a&+? €i' ;+q€+? +Ue
lee? ile©)h..8 Jh |+©) Ps ¥yxeée ,800 be srekk3al e
4 Uh« JAPiP E£+haF AAYs7Yha=LE{2 <+héO[v % 3[+ y4ce i
YEBS eereE&iI'YyMace le» yqO{!STA
AE JAP-F=R=yN_?t @3!|{ éO[vie E tOPle» Ifit»yh ,Oh
VEt yS3!IEh©IB?S JAPp-UTO%E kaebshfyUhE ef»ks U teh!e®©
erakat! I » ...zZb t biyvé t b €yV ©i JAPYy 49A&aée-UT
+t+d ¥Ur 8+t b,8"°1tad ,00E N_ Ot biyveé €+0keU t
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Of %'y+x wlOely» hB>+Nr:S0%iytbhx” 2Cy{*JAE%8 xJ
-SDeWAuUUY+Nr: B>teUéO[vhxJeeUleN_'pyVeé i"k »™é&O][v
y teU|{h{oVéhx" b2CE&L OE, % OE ¢éh te{ EOy=*
B>..lib» ON& Wi JAPhF=R=le#by AUh#s+hi ' Y[yO,DE+h%wtE
© ph ™Mg "hIR? KNII«A:hOhAde+t y,8°8h «UlpAheU..iP % O«
={ h49'2hé&R~ARle» ibe W Ie k3OtbEpb
T tOTpxh p©,8P% ,#2 6+*11©,0E0l¥hk R>ce,y» teOh i ©
SplpZLE OJhhe | &hte | Kyay lepEYyO©,U sEF yVéhO« f
Ji'©,H s8CheeQ0y«» TiPhlele» hOObeep©,s f o
Na{2E=+0i! ! [v=LE{2h ,i” @FF hi‘~ «4¥ZVeé ibe? |
{2S» h Wi‘'IB? JAPIe As757h%wf.0 a4éi‘4 {280 € hi‘» 2S
41y2CéR80O > e R>0014 h 4i‘y"h %tA hH >h%”~C4hR>01"
y’h 4i4 h«eOh80O € ' «1h29EKk
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{2 Psk-hRB>i* JAP IB? R>IpiyubS'p E- %R h » yi* - hEq
%BR% -te0 tke” E>y fE¥AaA, ® A +Aab,8§°k..!66 hAb,
OYE- 4 Ah /O k -1%ho6 %1'0SyNak‘'—=0=+0 ay 1¢Uy
-h}AECUAY . .rk'«tH\AOy+Z pSE.-N]>>HOSyhn™k &£ k-Vi
-hiigkOAab,AOs+6 §y » yhe qOyOt {2¢bs E[hL»..Zb !
OTAHOYh%w h#EhiOe«#8q I+F iS +t .13t E¢yteih%o o
"‘m30by»

le €¥y:0huyt f¥Zhl k3 1&1"ypEh Y 6yl OgAISTA
J ,o9UT ¢« he«le&1I"yMayuUBgé”«L@B | ©s-s6* 2% 1 !181 L@B
a. DPPL >>0 PDAEPDKIA ?KI NA=@ DPI PE@ DPIH

Uel"E 2 «,@1 Ozbe0y» htOh'R{ yO,hzb» Wie+©,—

X.+%8h ce/y_ A by
» 17qOxJiPidleUhiPi"E+ Ele» 23Y[yy- E Oepy’§ i0

% é {2¢< + 10 pi2o©+é3q+'yD+p | lepy'§t +81l¢ 72P» h%w
¢« Y2C¥iee i3]y _eh Ya 6 Ol¢’8yhe y2CS+A= 26 E%l
«’82tb lefe \Y h¥ y1i81+'\00y+tE le'Ya{éé o, !4Y0A
len ™ IMO€é3hT awaéi‘le'8h Aiy .0 Oa 1% [J -
L3y YitzseOy»

+63x§j >>0 PDAEPDKIA ?KI

,R0- 1"=» the0y"\E y{hOEq -

,L"U2py’'8§hE E "«’8§hxJk -

LA°YxO0€z27y2yh  ibhtAe™n,

A

q+' B aéh vhAiy .a Oo
aéyk py'shqO+kAas"a i+ q+' 4aé flIE%Y
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E

BR

BTHRE (REAER) i
B * v
il xvii
THEM xvii
BEHEE xviii
BEEE AR xvii]
BRI RRHRATN Xix
FETHE xX
Wit LH XX
PRA BN E AR Xxi
FOCRIEF AR xxii
R T = 0 XL xxiii
FRAMEASTR XXiv
EBRF xxi
A xxvi
%18 STL Wb SMAMA i
L1 STL #ib 1
1.1 STL#H* 3

112 STL 5 C++ WHERFE 3
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vl

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 LB RE A 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

194 increment/decrement/dereference #{FHF 37
195 FWEFRRERE () 39
196 function call BAEF (cperatori)) 40
$F2F F[EACES (allocator) 43
2.1 A E HHIRERD 43
211 Rt —MERAZEEMER, 1:allocator 44

22 BEWEEN (sub-allocation) BY SGI =[MEE 47 47
22.1 SGI FRERTEACER, std:allocator 47
222 SGI HHEMZFERESR, su:alloc 49
993 HMEFUTMEETER: construct(y # destroy() 51
224 ZHHEESHE, sd-alloc 53
225 B—HAER _ malloc alloc_template SIHT 56
226 SNBSS _ default_alloc_template &#r 59
227 ZHEEAR a11ocate ) 62
228 ZABBEY deallocate) 64
229 B FAE free lists 65
22.50 MFH (memory pool) 66
23 WFEAAETR 70
2.3.1 uninitiabzed_copy 70
2.3.2 uninitialized_fill 71
233 uninitialized_fill 71
18 HRE (iterators) EAT aits HEHE 79
31 GRS Eg—STL XA 79
12 S (iterator) Z—M smart pointer 80
33 MRS (associated types) 84
34 Trais 4% —STL BAHBI# 85
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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

bbs.theithome.conl

167
167
167
168
168
169
169
170
171
171
172
172
174
174
176
178
180

The Annotated STL Sources


http://bbs.theithome.com

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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xd

527 RB-tree MITLEHH 223
LEBAR insert_equall) 223
TEWHARIE insert_unique() 224
EEREARTRT __insert () 224
WE re-tree (IE¥ RITEEE) 225
LERES 229

53 set 233
54 map 237
5.5 multiset 245
56 multimap 246
3.7 hashtable 247

57.1 hashtable ## 247
AW (linear probing } 249
Z ¥R (quadratic probing ) 251
F#% (separate chaining) 253

572 hashtable HIAEF (buckets) T (nodes) 253

573 hashtable MzE{U5 254

5.7.4 hashtable HIEIESH 256

5.7.5 hashtable ¥ SHEH 258
BARLE (insert) SXRMEE (resize) 259
HHTERMNERML (bke_num} 262
£ 4 (copy_from) KRB (clear) 263

576 hashtable i F3EH 264

5.7.7 hash functions 268

58 bhash_set 270
5.9 hash_map 275
510 hash_multiset 279
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Xii STL BT

511 hash_multimap 282
$o6;E HI (algorithms) 285
6.1 HEEW 285
6.1.1 BESTEELRESRER O 286

612 STLEZZY 288

6.1.3 BZEME mutating algotithms — 2 TBEMRZE 201
ANERERRZE 292

6.1.4 JEMmAE B nonmutating algorithms

6.1.5 STL B¥H -fEER 292
6.2 BHEMEZLILRE 204
6.3 ﬁ{ﬁﬁ% <stl numeric.h> 298

6.3.1 1= HEH 298

6.3.2 accumulate 290

6.3.3 adjacent_difference Ril}}

6.3.4 inner product 301

633 partial_sum 303

6.3.6 power 04

63,7 iteca 305
64 EEEY <stl_algobase.h> 05

6.4.1 & LA 305

64,2 equal 307

£iil 308
fill_n 308
iter sway R0
lexicographical _compare 310
max, mir 32
mismatch 313
SWap 314

643 copy o8 g R TR A AR 314

644 copy backward 326
6.5 Set MXHE 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_elemeant 352
merge (W FRATHFXIE) 352
min_element 354
partition 354
remove 5B (IEAMED 356
remove_copy 357
remove_if 357
remove_copy_1if 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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Ay

STL TS SbT

H1E

7.1

7.2

13
14
15
1.6

WeE
8.1

8.2

0.7.2
6.1.3
6.74
6.7.5
6.7.6
6.7.7
6.7.8
6.7.9
6.7.10
6.7.11
6.7.12
6.7.13

lower_bound (¥ HTHFEXE)
upper_bound (M AT EFEE)
binary_search (W ATHTEFEHED
nexl, permutation
orev_permyzation
random_shutfle
partial_sorl foartlal_sort_copy
sort
equal_range (JEJﬁﬂ‘?ﬁFﬂXIlﬂ )
inplace merge (M A THFKXED
nth_element

merge sort

{5 E¥ (functors, B4 BT A function objects)
{H A% (functor) #EM

ATAQ#E (uduptable) K%

7.2

122

wnary_function

binary_function

BAF (Arithmetic) {TeR%EL

¥ RIEHE (Relational) (A%

PEEH (Logical) HER%

iEfE Cidentity) . &% C(select} . HAT (project)

B8 (adapters)
it AR

8.1.1
812

8.13

R 7548, container adapters
Iy FTECEE, iterator adapters
W P T B &, functor adapters

container adapters

g.2.1

stack

375
377
379
380
382
383
386
389
400
403
409

411

413
413
415
416
417

418
420
422
423

425
423
423
425
423
434

434
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w

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 MTEBIHEL: 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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6 HB1E  STL Hib S RA R

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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13 GNU BHAHHHHH 7

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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g TR B 18 STLERSEEREN

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.

The Annotated STL Sources

bbs.theithome.conl


http://bbs.theithome.com

BN

14 HPEZEME 9

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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10 7 H1E STL R SHEEES

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 SH i & )

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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i2 F1E STLEESHARA

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 LA+ 12

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 */
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14

®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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1.8 SGISTL LB

15

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
ipstdio.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

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

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

bbs.theithome.conl
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g E

STL it S AR

TREMCHERRZUE Cygnus C++ HXH2H0:

lm m_w wEG BEQ mw IAD WHE | 4 |
i 1 =l
et 4 ¥8a2 548 -
| it I8 | #F BE | =.
H“@][._!’ 'M':.uu..lihv.uh‘Uwﬂu!rqu 3'
| T— : i l_x_ | ol 'lﬂ edifbd __!]J,'IJ‘LIJ_II" b el eo |J.1., h
J e ':] 1'] len b 1] e b ) mubmmap b (0] All_ctinetrieth
) Adibenyy | J-tl,r_\' |m] fripram ] et h] &l dngue b
] Boeland .f] sigonthm D]*."l:e-i!:.l ] e ] etl, furetem b
] ey [h] alloc b E] frcton b [h] ostwem b ) el bash_ fun b
L) eywine b0 l bbb b & frc i ) e b ) heth_map b
i ] b h =l ] parmitienm b _l_|“! Al bash wih
# (] H58fcypuii2 .:_} =t _rj} has ] pietreas b ] Al hazhinbie }
1 wclode i) et .-U.\n _Iﬂ PloFile 4 ] 2 g b
= Jn .!].l:rr.u. J|-|r wi b _th.]ln"nhl‘ ] "_IJ\.‘!_illl'!D'.’: h
L [ cflcit Jmel ] pihesd_alioc ] ai_fith
= TI seadite ':]unﬂm_ |_|j ey b ] plrmad_efior i ] i _map h
i :_h _;.—4!" - ﬂ famuts 1] e strenr b ] juave (] stl_mudbmag b
_.I :'” AT ﬂ Incale |h] inlibn & ] mpe |h] il mnltiset h
| j rkr_l; Wi ] ensth ) man ] rope ) <tl_numers b
. Fronifag ; =
| 5 () bt 3 ¥ :anmr_-kw —D.] e _tl)mpeu'l h ﬂ dl parh
| 3R Nt Goav o ] e
| .05 H‘-‘l:':h-- ] 1) witleh ] =th W} atl_rww_sioege et h
: ) My ] .]u.. sz ) SFile b ] stl_mlopsh
=5 My Dovinents _l.] ’_]h'.-“"\‘ﬁll 1 :]ﬂﬂ ﬂ il rope b
£ 71 My Inmallasons -] h] watreanl i !'l_] thist b ll] ol =th
| W [ Progpon Fied a] [) e e ] i _sherhy
B Rrcychd o (] ez ] ek b [h] =t stackh
: Scnbhile E] feraras b ﬂ wideanept Jﬂ st empbid b
£ _: temip ] ﬂ libuy b |h] sdxstrenm b EI t.l g h
L S ] cwchu ] Ukl By i lh (] #tl_strattialozed b
.. _J LT (] ety .E} e El.udc. h ﬁl dl veesorh
® L] Widow [} dtadloc & ) Lt In] ot slgmbese b [h] sream b
| B enms o ol :']]W "ju:h i B
" > n h degue b ] map h ] =t bk b sride h
2 R = £
=) FRE =i ol _.]
— o'._". Wiah LT =
(i T T54KE TR S HOE P N

1.8.2 SGISTL M#HoHhSEMT

L~/ ERAA SR, B AT

8 Ct %Fﬁﬂ?ﬁ—l:m C %if*(i‘.ffﬁﬂ) . Wﬂlﬁ cstdio, cstdlib, cstring..,

o C++ FFERFEFFBT STL HMsHE, HIU0 stream, string.. 4 X1
® STL #R¥Esk3C# (¥ )

functional ..

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

funetion.h ..

i vector, deque, 1ist, map, algorithm,

list.h, map.h, algo.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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F1E STLHLSEAREN

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 1,373
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 .,
catacks, -urility., <vectors
SGI R cype-traics Hik
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 41,4514 4.4 deque (BMmF AR queue’
stl function.n 18,653 7 E¥HE {function object)

AFATER (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

st _hash_get.h 12,990 .7 P 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

= HEY advance () ,distance ()
list (H47, WRE)

map (P& &}

multi-map (BEMEE)
multi-set (ERES)
HEHKRE . accumnlate,
inner_product, partial_sum,
adjacent_difference, power,

stl_liet.h 17,678
stl_map.h 7,428
stl_multimap.h 7,554
stl multiset.h 6,850
stl_numeric.h 6,331

[ u TS B IS S
[FERN R N VR

ipta.
stl_pair.h 2,246 5.4 pair (RAEE)
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 1,172 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 (SIBH)
stl_uninitialized.h 8,592 2.3 AGEEESTE:

uninitialized_copy,
uninitialized_fill,
uninitialized f£ill_n.
stl vector.h 17,392 4.2 vector ([ME)

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
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# 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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24 WIE STL #iE SMAR L
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

# define _ STL CATCH_ALL catchf...)
4 define _ 5TL_RETHROW throw

# define _ STL_NOTHROW throwil

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

4 define _ STL_TRY

4 define _ STI_CATCH ALL if (falsel
4 (Jdefine _ STL_RETHROW

# define _ STL_WCOTHROW

# define __ STL_UNWIND({action)

# endif

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

Ti
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
Jf veelo] cbhdlo] 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; A5 1T)
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({ *il == *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 + y; }

}:

// 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.

The Annofated STL Sources

bbs.theithome.conl


http://bbs.theithome.com

21 TRAEBHHEEED 43

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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a4 £28 ZFRHEHR (alocator)

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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21 ZHEEHHRERED 45

Finclude cnews /t tor placement new
finclude <cstddefs /f for ptrdiff_t, size t
#inciude <cstdlibs /f for exit{)

#include <climits= /4 for UINT_MAX

tinclude <igstreams [/ for cerr

namcspace J&

{

template <class T
inline T* _allocatel{ptrdiff r size, T*) {
set_new_handler (0);
T* tmp = {(T*)(::operator new{{size_t] (size * sizeof(T}}}};
if (tmp == 0} {
cerr << "out of memory” << endl;
exit {1} ;
}
return tmp;

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

template <class T1, class T2
inline void construct(Tl* p, const T2& value} {
newi{p) Tl (value}; // placement new. invoke ctor of T1

template <class T-
inline wvoid _destroy({T* ptx} {
pEr-»~T(};

template <class T»
class allocator {

public:
typedef T value_type;
typedef T* pointer;
typedef congt T* const_pointer;
typedef T reference;
typedef const T& const_reference;
typedef size_t size_type;

typedef ptrdiff_t difference type;
// rebind allocator of type U

template <class Us»
struct rebind {
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46 A2E ZEAACES (allocator)

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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22 BEWNES (sub-allocation) B SGI 25 & 58 47

coul e iv[i) w0
cout <~ ondl;

}

CRARAMREHA PISTL” BE A, PISTL £T&BM STL Mk, LT
WIHT 2ARHHEE T IERENTHAERZ] allocalor:: Charalloc(),
“HEEARE A RW STL” NZE A, RWSTL AR ARG Lz T MK,
HHERBL, 10::allocator RESZEE. £ETXE2ALENAT SGI STL,
RH b SGI STL FixAMmH AR T STL f#REMKE, ERA-14BH. #
TTZRE (sub-allocation) FEIN. WEMBMIFHA LS, MEATFAITE.

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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48 F2& ENES (allocator)

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;
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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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50 F258 FTRINEH (allocator)

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,
\M 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

The Annotated STL Sources

bbs.theithome.conl


http://bbs.theithome.com

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.

SGI STL 55— A0 kES
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”

bbs.theithome.conl

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 (;i) | fo R, RE. BRR. HAE--
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.

The Anviofated STL Sources

bbs.theithome.conl


http://bbs.theithome.com

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 =k
./ _
|&—" |

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{) # byres FHZ 8 WEH

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];
/0 UTREBEREAAD, EFERAE n T freeliss. n M1 EE
static size t FREELIST INDEX(size t bytes) |
return ({(bytes} + __ALIGN-1)/__ALIGN - 1};:
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

®
2R
06 bytes[x &
free_list[16] v Vi
[ &0 | #1 ‘ #2 l # ‘ # | 5 ‘ 6 ‘ #7 | 48 #‘J_‘ £10 ‘ 411 | #12 | #13 | 4
' ; *
result J
— @
4 x-ﬁ""—-..__\___ _,_.—"r".
e
B
|
- <
9fibytes
1 my free list = ge_list +
ri_ ———— FREELIST TNDEX(n);
3 result = "my Ityee 11BL;
[Jf'r!\k.’ig'\ - e
Wil BT B free list
| i *my_ free list = resulet->free_list_link;
0 <t eturn (resuylt);
"?hh_\ic'_*
25 [KHE freelisr il MW FFHIEENSS
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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
®
@

I Nl

_ 96bytes [

free_list|16]

w0 | #1 # | 0 ‘ 4

w5 | w6 | w7 [ aw [ w0 [ w0 | a0 [ m2 | m3 | e
[ P g iye [ R0

.-""_'-_ i
/
7
159
o] v wvolatile * my_free list;
v
G FHIINGY free list
D6bytes @ my_free list = free list 4
| FREELIST INDEX(n);
:
0 4@ EET: B freelin. DIWEER
N ~ Earens A-ii Wyne  Foy v 1 b e
I'”'I]"'}'(L"- O H Tree 118t ink nmy - tree_3iLsl]
@ *my_free list i:

26 KHEK, BA freelist. HERFEERTHRS

2.2.9 ERFRIRTT free lists

B 3L it RGBT allocate (). HEEM free tist PERA R FARKR TR,
BV refill(), &N free iy EFEATH. FHTRHEREAHFL (el
chunk alloc() AL - BREEE 20 AHHA FEH) , EF-—AFERZEA
B, A (RE8) TEENT 20:

/7 BE—AKAN 0 BE, HEFRBESRELR free list HMHA
/7 B o BREYEEE s HHR
template <bool threads, int inst>
void* _ default_alloc_template<threads, inst»::reflll(size t n}
{
int nobijs = 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
¢t/ U RFIELE 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

o R i
free_list[16] 71 32bytes (XIR 71 6dbytes DR A ‘Jt:-byi-u‘.-a R
~ . £ T : : . . "
e | m | s | m | s | es | we | #7 | #8 l 8 | #10 | #11 | #12 | 913
| __—
\ | 5 i
| | :
/ ( :
.« t N -
l'. Y :325: f
. 2L union obj '5 :Qﬁby}&s z g
W, free list B3 . i /
W VINETR A -+
By, —1linked list
| Uhhytes
|
]
| :7
|'|l.ll
A | y/ 96byies
0 -« 'S = /.' | A ="
L i = /, - —
F—RT T Gbytes e £
OEEH [ ¢
—— 4+ O6bytes
fHidbytes start_free
. o
L __+
6idbytes
Al
e 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 {

bi
SGL %38 W L3Ry A kA AEC B 3%
template <class T, class Allee = allee> // BEEH allec ARES

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_fill_n( &M construer{s*i, x), MBS % «
GEER. THPH construct 0 BF 223 Fitwid.

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

EANEHPTERE, §ERENERSE firer H vaue type (R 3
&), REHKZRHRTN POD B

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)

The Annotated STL Sources

bbs.theithome.com]


http://bbs.theithome.com

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] = [ ,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. " << *itd << 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 1i:

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:
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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].
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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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34 Traits G f HL—STL {14 95

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-tesat.opp

i/ HEME tag types SAXATFENEIH
$include <iostreans

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
*/

T EAEWERET. AhRESETHE I EHANEE LB __type_traits
TR
- el LB YD T M AL R R
- Rl AR B LT {E T R 5L
_ A AT LT R R E S B AR A R T A SRR
- FRANERSME A, BIERERESP ML E Y X

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_rrivialocoo BIEHBE XA _false_type, A
YL FEARTHE.

o Zif HEMELRE, Bl <type traits.k> WHHTE Crr FEE S
(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> |

typedef _ 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;

is, _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,
conet s x, _ false_tvpe) |
Forwardlterator cur = first;

/7 hRIBENBREL, U FEEFEHREAE (exception handling) £BR

for [ ; n > 0; --n, ++cur)
construck{&*cur, x}; jiM2.2.3 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
}

/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;
1

%: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.
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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% ERNSIEEEE
Sequence Containers Associative Containers
| arraytuitd-in | Cos w2 RB-tree | F45
vector I N ‘
. LGz e

heap ’J[_-_'_:Tgﬂl{ xxx_heap}) ’7 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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472 vector 115

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;

4

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; }

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 MR IELTHE int*, svite F R I TR 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; // FmBEBHEEERIEFL
iterator Einish; Ji BaBEMEATENE

iterator end_of atorage; // Z.nHGBIAFZRME

HTRESERENMEERE, vector LIREEM X NTREEFHER
BEK—-H, LEMKTHENTR. ZERAE (capacity) HWE. BAEH,
— 4 vector MBFBAEXTRETHIN. —EERBETA D, FREWNE, TR
HEFHLE, 1 vector AUHREM, LE4-2.

ER start, finish, end of storage = PG, BURSHMBHERE
R, K. BE. SESHW. BF (1)) BRT. BliihaEE. RER
wH---FYLEE:

template <class T, class Allod w &Xloc
clage wvector f

public:
iterator hegin{} { 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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4.2  wvector 119

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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120 FAE FIXAEH (sequence containers)

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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4.2 vector 121
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); // LFRELHE
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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124 H4E FERAFSR (sequence containers)

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
}
else |
/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 */
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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 /\

position .

: copy_backward()
| vector ! ﬁ;f“Q;> |
_ || |
A
start ﬁm'shL’: T

end_of_storage

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

AL
position
vector
*‘ f HEZH
h
start finish end_of_storage
B
it initialized_fili_n()
posjtion ummina
vector ! (1 el
| x
i b T
I
start finish@®
HAS end_of_storage
vector position f———,_\__—%ujnj"nitialized_cupy()
¥ L
| . |
start N ﬁ-m-sh_Q_/T
13051ft'i0n end_of_storage
vector I
| 2EE
start © o ﬁn‘ish——/

end_of_storage

B 43b-2 insert (position,n,x) fRM 2
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128 F4E THAKAER (sequence containers)

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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f7 MERGEM ), EEAE T
sel|fi operator++() -
node = {linx_tvpel (*node) .nextly;
tettrn *chis;
h
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
1

434 list WEIEEH

SGI list AMEE - mgER, mhEE - MR N iR, FLT RFE
—EE, BULREERAE I EE

template «class T, clasgs Alloc. alloe> // BEMA alloc HABHE
class list |

protected:

typedef _ list_node<T» 11st_node;
public:

typedef list_node* link_type;

protected:

link_type nede; // HE—P48%k, FEul &8 RS

WRILIEH node EHAEBETERY -1 ER - .node ERER & STL
MT ARG KERER, WA 1ase ERR, WHE 45 TR, X4—3k,
PUF JLA- e fE #h AT g2 B ot il

iterater begin() { roczurn (Iink_type){(*node).next); }
iteracor end(} { return node; )
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132 HIE FHXERF (sequence containers)

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;
}
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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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4.3 list

137

)

f BRAW A
void pep_front{) { erase{begin(}}; ]
/i BBRRYA
vold pop_back() {
lterator thp = cndi);
erasel{--tmp) ;

}

;f WA A (BAMEE)
template <clags T, class Allocw
void list<T, Allocw::clear()

{

link_type cur = (link_type} node->next; // begin()

while [cur != node) f{ /i BAE—-T A
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 - beginf{};
iterator last = end{);
while (first '= last) { // ®mEE-T¥A

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 == laskt} return; J/ BEE,
iterateor next = first;
while

fH AT b

{++next '= last} { [/ RAE—1TA

if (*first == *next) /H ﬂuﬁ&ﬂﬁﬂi*ﬁ*ﬁlﬁmii

1 v

erase{next};
elge
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138 FAFE PN ESF (sequence containers)

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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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 W

00

& 4-8h Vist fIE4 (splice) $##fF

F 3
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%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.
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144 #H4q FHIAER (sequence containers)

§.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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146 B4E FHAAER (sequence containers}

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 ‘

nap k3 CI.?!' figat la:at ngdc
EELEE 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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148 FA4T FHRAELH (sequence containers)

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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150 ®4FE FHRAR (sequence containers)

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®

7/ U EZfARME: return * (finisgh-1}; )

// BH __deque_iterator<> BEHR (finish-1) FEXBHF
)

// 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; }
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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

(1 RE—AIERERE
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<ideg.size(); ++1}

cout =< ideg{i] << ' '; FA01 23 0019 @@%@g
cout <« endl;
cout << "size=" << ideg.sizel) << endl; [/ slze=23

/) ERBNEM LA ILE, HER3
ideqg.push_back(3];
for(int 1=0; i<ideq.sizel); ++1)
cout << ideg[i] << ' '; /70123 ...1901 2%
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

atart.set_node{nstartl:

finiah. set_node (nfinigh};

atart.cur = start.first; // first, cur #E public
fipish.cur = finish.first + num_clements % buffer_size(};
/7 BEWEE, WERISER. 22E-1TTR

sr MBFEDA cur HAX RAREA -V (FRMZ S ) Kokt

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);

w |l edt | p 3%
I

Eetteds

\ map
v \
%
! &
N
!
f
cur | first | last | mode cur | fiest | 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) |

/) BRRBWKEE - ER &R
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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knrt|1|a|¢rw1nrr]
) i
[\ / . : -
1o I y | | e
i) / aju[m‘n 12| 13| 14| 15 |
'. || / .//l

||I /,-J Vi

b \ _'__.—""'f'j 7

| -1\ \ o id::push_back(3);

LA !
“--..H:\_ \. / \
\\-x_\-\ \\I \ o
'\\. ‘..‘ \ ] lrl _'_'____,—'——'_'_'J/
T T T W B e
| \ | 5 _
I D I W U
cur | first | last in(:uie [ cur | first ‘ last | node
start(iterator) finish(iterator)

7 414 M 413 RRE, ARREN-TE, TRIEHEREGEE,
REthERHERE finioh WIREWAE. mep X/MH8 (WHRE) , HART 41

i

HETRBHABRFA deque MADREA—THLE:

ideg.push_front (99];

push_front {} AR
public; // push_* and pop_*
void push_front{const value_type& t} |
if (start.cur 1= start.first) { // H—SEWEKHFEFRZM
construct {start.cur - 1, th; // Eﬂﬁﬁmﬁrﬂﬂfaiﬁfcﬁ

--gtart.our; /7 ERE S ARE
1

else // B—BNEELEHZE

push_front_aux(t):

The Annotated STL Sources

bbs.theithome.conl


http://bbs.theithome.com

158 FA4E FRARMH (sequence containers)

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);
S v |
AS +»
"1 ";'
v\ "Tol i Ja2]s]a]s]e]7
".\ \ |
\ \ s ]olw|uw]w]wn]u]rs
" y L= L
‘.\ % - > — ,__,".
\ t;‘-‘-" B / ‘ 6 | 17 ‘ 8 | 19| 0 | BE }
Yoo /S v '
f'l\' I|
II'| 1 1.\". .'/ l .......... : EREE :
| II\ l‘ map \ Y, e
| o \_\ .‘/’ 5 IR
| ‘ Y A ir"/
o ‘ h‘( lo CR AN
\ 3 ‘ J L{’/'
™ '\\I1 \ 3 |__ I". rlll { = _____—f"'j—_-— -
LN 1T
> Y — M V"3 -i—-
[ cur thﬁl last me‘ ;cm tﬁnw_hm Imde‘
startiiterator)

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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BAR FFINEH (sequence containers)

ideq: :push_front(98):
1deq: push_front(97);

|I 1..:
| | ma ."\_
- | l_p \
L %\ = |
Ll TPH I
X /¢ -
| . %, | # l! B _'__/.. =
Vo) — 7
\ | | | |
r AN WA
cur | first | last | node cur | first | last ‘ node
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_polnter 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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162 45 J¥IAEE (sequence containers)

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,

|I .l /
rcur first | last \nodc ’ cur [ first ’ Tast nucle\

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 BE-BHERE TR
deallocate node{start.first}; i/ BEE-ZNEK
start.cet_node(start.node + 1}; /7 1% start BORZ, iR
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}; /} X8 push front FH
return satare;
1
else if {position.cur == finish.cur) ( // MRWAKE deque BtRW
push_back{x}; // 3 push_back M
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 & -FAEHIGE (First In Last Oat, FILO) BEESH. EHE—-1H
0, BAWHE 4-18 i, stack AFHELE. BERLE. RBRMWRLE. #H
% TR, REEMEEFETLUER stack BHAETE. #5Z, stack
ARTERITTH-

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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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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4.6

quene

169

#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.popl{); coub << istack.top(} << endl;
istack.popil; cout << igtack.top(} << endl;
istack.popi}; cout << istack.top() << endl;
cout << istack.size() << endl; i1
}
4.6 queue

4.6.1 queue $fit

Hb
Hh3
il

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 (FEHEH)

push

4 I 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 |
/¢ DUFM _STL_NULL_TMPL_ARGS 2FEH <», N1.9.1 ¥
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;:
// BATFREMA cequence ¢ HBA, RE queve MBI
bool empty!() const { return c.empty({): }
size type size({) const { return c.size{); }
reference fromt(} { return c.front(}: }
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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4.7 heap (X%, implicit representation ) 173

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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174 $4F FHAEF (sequence containers)

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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176 F4E RHAESE (sequence containers)

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) (19) (19 (0 @) (9 () 6
T TesTsol 32 [31]2a]26] 19 16] 13]e8] . ] [..]..165150] _ j?1\31132126[19|16\15@]

65

Kl 4-22 pop_heap H:
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47 heap (B3 &, implicit representation) 177

THEER pop_heap BEMEHAY. SRBESHIOEMLSE, fAxER—
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
/RS (UL EMESR recult 0 last-1) . RS EE [first, last-1),
v} EZEHR -TEEE heap

}

/7 MTFRA _ pop_heap() RAFEE “K/MLEARE
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;
77 DEBEFEE heap, BEH o (FHERL) , RHBEN value (FEH)

}

/7 MIFiXA _ adjust_heap() ARFHEE “"FALEHFE
template <class RandomAccesslterator, class Distance, class 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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178 ¥48 FHAEFESR (sequence containers)

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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4.7 heap (BRI FE, implicit representation ) 179

|.}..Je8[s0fes[21]31]32)26]19[16[13]24) ] |..] = Jes[s0[32]21]31]0a} 26| 19 6] i368] .

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
@ O OO RO ©

...... |...J-..[32]21] 26[19]13]24 | 16]32] 50]65]e8] . | [26]21] 24]19]13]16] 31 [32 5063 8] .

@ : 0

(] T21[ie[e i3[afa6 31 [a2]sofesTen] .. ]  [.].[24[21] 16119‘13L26—|731|32F50165i68l
pop

(24) pop
e /\/\O

() ORN®

6|
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180 FA4E FFIRASE (sequence containers)

"_1..Tio]13]is]21124] 26| 31 32] 56]es] e8] . |

(19) 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 prority_queue 183

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.
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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(}: // EEZM
__STL_TRY {
construct (&node->data, x}; /7 AEER
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*head.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 maint)
{
int i;
glist<int> islist;
cout << "size=" << islist.size{) << endl; [/ size=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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slisteint> islist;
E islist.end(} FMB 0T

0 o+«f* ite= find(islist.begin(},

0 islist.end(D,
, K;ED 1);
ts1list.head -

islist.bagin(}

B

——
3

426 TE 91234 FFHEAT $list ZERERNEH

ite= find(islist.begin(},

islist.end(),
1);
islist.end(} islist.insert(ite,99);
0 oste |
9 p ite
islist.head .
dh |
1 Py
00
islist.begin(}
o —
L
2

B 427 T 91234 FFEAE slist ZFHEERSEH
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CEiisﬁst.end()
0 Aax Il
9
islist.head

islist.begin()

99

L - &

4 gme 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) {}
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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
(B ZRMER) .

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 iotase hash_multiset TiRg
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
YAt

. MERHES (HAE— j:% ) L
13 EEHE—‘;D‘—‘L HY D (@

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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(14) (20)

i/ -|I i .
(12) (16)

@ outside, Sl

AR E T RN L)
T

BARMEXEFIRNESTHEE)

)
(14) (20)
12) (16)

)
@ inside, Pl

ﬂ_ﬁf'l_l'[_\r]' Pl'w—‘—fi”i |-r|'l

IR

BAREXNG T PRBESHGE)

& 5.9 avi-tree WM “FHER FA

5.1.4 ERJPYE-(Single Rotation )

EMEARES, © WANYE, BEARATE HRE—FILNE S-10
EHFR. ATRERT-Z, BEEH C FTRNEES 2. B TRATRMA T
RUTFR—-ZF, B k2 THAFKETAFERET. B TREFAERMN C T3
fNFRA-—Z, EUE -1 ZRFERMFEER K mAR K.

. = |’- l--‘l.l
RETD: BR \_H’_J
J AVL-tree J2E 44 .t

i Jf '1'3[_.. C ,_k: —kr \4 =
\12) /(16) E:> 1) (16): (20)
. ﬁ[-’-_ Single rotation - - N
RiZED

H'*F‘Eftf? A B C

g
)

} .

510 ML S8 kA, DL HER BEAMGARFRNATE
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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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5.1 BRSK 207

&) k3 (- 3 v k2
@ ;"_“:) WEFEm: B \16) ks
| At it Yok
: N AVL-tree Y@t : .
kl ),__5.-;' N ) ‘ :
(14) (20) (14) (18)
7\ a5 D 7 Vet
- -k""_’_ ,l =3 k2 @ - -.,:-_' ":u_ L-_f. N
(19 (18) F1m
A ) }_",--" l#lﬁ, T HEEE Double rotation oo/

/) R B EPI S

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 ¥ Y K3
(14) (20) (16) (20) (14) (18)
! =\ B =i = \b X
i \ / LY _II ."._ '."I I\.
s N kl¢ /N . [LE LEN PN
(12) (16) (14) (12) '(15) 20
\ Sl ~ _/- ‘rIk_._:\ ( Y N
e L) A B C D
® ® ©
5 5 NS
" _ C A : B
SEX K1, K2R — R B AT 3, K2 B — R

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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52 RB-tree (ZTBH) 204

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.

B MR R R AR E(BEREZ LU B HInE T A KB Y nall,
DI E AN null. XEEXRE, KA re-tree FIFEHAE KL AvL-tree 55.
SR Re-tree HAEIHAHFOTFERE. £1), £REGIFKI], re-tree HE
T BE A ave-tree LTH%.

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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52 RB-tree (ZIEH) 211

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.

G SRS K P
85 Q

P/ N S X i N G
@ O @ ©
x{ N LN B LN 4\
outside W13) € D E A B K_’_;'
.I. \
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.

/ v
° @
S K
Jf \'I.
P S X i \ G

outside 33} C D E A B ¢ u

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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52 RB-tree (#T2#t) 215

T il FEFE st br base
3 b 7 TH R A e -~ — — —
EREENGS |

. B struct
strict __rb_tree_node_base
__rb_tree_base_iterator
{ . parent
—_rb_tree_node_base* node ;u[:[_—-[) :
[ void increment();
void decrement(); ! ! .
| 3 Cleft \ right
; ¥ Y
P
/\ base | '
= 74
‘ base FAAN
o
473
gz '
- sl derived derived
template <T,R,P> struct —.| template<T> struct
__rb_tree_iterator 677 ?\ __rb_tree_node
{ Il YV
typedef __rb_tree_node<T>* Tink_type; pufﬂﬁ?

operator*();

| operator->();

| operator++();
operator++(int); cleft / N\, right

‘ operator--(); i \3
operator--(int);

i

& 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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216

ESE KERAAH (associative containers)

typedef ptrdiff_t difference_type;

base_ptr node; // ERAXREBEHZEFE -MEELE (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
H
else { P RAETYES. RE@)

base ptr y = nede-sparent; // RHBENE
while (node == y-»>right) (// BIRBEfITAEZETA TS,
node = y; /O B—ELM, B "ARLTFHRTLE
Yy = y-»parent;
}
if {node-»right != ¥} fBERMATTAAETERGLE S
node = y; /7 RE ) R RRARE
// BUWLHE node HHRE. BB (1)
}
/) BE, UEHE "FUNBAGFTSRETRNALTE" , BRTEMS -
/0 WA BRIIKETERNT -, TRORVEAREAI¥E
7 58, UEREMEZLTES Re-tree BTREHHEZ header ZRHH
/) BHRXER

11 RTFEEASERT operator-- W, EAELMLLEALEET

void decrement )

{

if {node-»color == _rh tree red &% // MHBRAFE, A
node-s>parent-sparent == node) /NPT AR TEETHEC,
node = node-s»right; /1R AT R ARE

70 PLEEMRET node X header B (IRE) node K end(y &)
;! EE, header ZHFHAMN nostright, FHMEHERK nax T&

else if (node-»left != 0} // MBAHEFHA. RM ()
bage_ptr v = node->left; Ry REETER
while {y-»right != Q) A By AR AN
¥y = y-»right; /1 —EERFUAEIE
node = y; [ mGMAEE
}
else { ff BERN R, REEFNR
base_ptr y = node->parent; i/ RB ) BRETS
while (node == y-=left) | /1 EBEVEERETHS
node = y; [ —BEERELE, BEEGYE
¥ = y-=parent; 1 ARREFT S
}
node = v; /) KR Z R ER
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52 RB-tree (ZLEH) 217

}
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 Ltmp;

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)

LR BEARTATBEEE3 DA, vy head
BXEERHT RE, SHA ”WWWH_ (mosthright
__rtb_tree_base_iterator::increment() PRI A iy,
(2)1(4)0 /.-"

ol |

Bk end(fY, EXWRT BE, SHEA N

__1b_tree_base_iterator::decrement() BRI (1. -

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_color_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();

b

vold put_mode{link_type p) { rb_tree node_allocator::deallocatein); 1}

link_type create_nodelconst value_typek x| |
link_type tmp = get_node(}; /7 BB
STL_TRY {
construct {&tmp->value_field, x); /] HEME
1
__S8TL_UNWIND {put_nodel|tmp));
return tmp;

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; /1 XREH K-

Compare key_compare: // TEENEEI/PEBEN. HiE&E4 function object

/1 DTF= M E% %A ERE header MR

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_type&) (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 KeyDfvalue() {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_tvpe 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(); // EE—4VHEER, 4 header HHATE
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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52 RB-tree {ZL2H) 21

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; } // RB MR AN header Frigsb
hool empty{) const { return node count == 0[: ?}
size_type size(} const { return node_count; }
size_type max size{) comst { return gize_tvpe(-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:

remplate <class Xe
class X
class rb tree {
protected:
typedef __rb tree node<Value> rb_tree_node;
typedef simple_allcc<rb_tree_node, rb_tree_nocde allocator;

class Value, class KeyOfvalue, class Compare,

FL e T a1

};
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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52 RB-tree {#I2H) 23

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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52 RB-tree (1BH) 225

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 {
7 = create_node{v): JfEE-THT A
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-wcolor = __rb_tree_red; Jf Ef AR
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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5.2 RB-tree (Z12H) 227

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)

1o MR
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 ARH A
root = ¥;

alse if (x == 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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228 £58 KBRASTE (associative containers }

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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TERMES

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, Allocs::iterator

rh_tree<Key, Value, KeyOfvalue, Compare, Allocs::find{const Keys k) |
link_type y = header; // Last node which is not less than k.
link_type ® = root{); // Curtent node.

while {(x != {}}
/7 BAT, key_compare BWARMEX/DHEHEDN. MiZ4R4 function object.
if (ikey_compare{key(x), k)
/f ETRIREE, #ok x BEAT k. BRXERTELE
y = x, x = leftix); // HEEE:
else

J HATEEE, &R o« BT k. ARPERTAE
x = right{x};

iterator J = lteratorly);

return {3 == end{) || key_compare(k, key{j.node})} ? end{) : j:
}
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230
[k nldl'l -'rllil.:'
LT -'.'1.'!I|n||l'|l begini) l-l"l.'-'.l-e." baginl . |I|I'|'T
rmumh,lr l'rrr.'"-lllll_'.l.l.l |'IH"|I'|'|i|.| I||I||1|'.l|l.l|.enr
fift = o E>
riseii]

|_-|‘|-| F . hender ”_ll'-.hll E "'\.
=Tl Dbl = 00 e = ”r' '4“
- I F ! ' .
.- | €]
- e
il il

B
"‘"j:* endi )
|T 3.3 12 I ¥
Pty begin() A eaudre
|J||.-|'.|'|'.¢-'|',l |."|r|-.|'|ﬁl|, nr

peginii ~
.'mr.l.hllfr,l'l'_q_ [ AReAsT v dir
_rh_tres_rebalancel} |

1 . __;tl_l.l'l.'l:' rotate, lefuil
e ﬁ _rh_tree_ratate_right(] roat)
i

&

0.
El

e

.+l g}
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5.2 RB-tree (T4 231
rd | | andi j
A hrade by
begini i bagind] .
e q_ demean |kt {rireid il ] { vl g
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‘x‘ 9 rﬁ; I_]'

A header
endl )

o
. 86
70 o G

[mcisi e f

=]

A bl

endi J

i mutiright

oy

Y

Y

&

__ri_tréd_rebalancel)

rh_rree_rofate_righol)
__rh_eree_ratate_lafs r;

,.-"1:|l."i|'-l'l'.:l
-'I'.-.ll.-'--:rh'fﬁ

Bl

f
L]

o .
ﬁ g

6

The Anmpdated 5TL Souroes

bbs.theithome.conl

I

== e g

!



http://bbs.theithome.com

n F A CEAHY (associative containers )

" "'I"" - I""' ey
g ini ) " end()
(st gl {mast gt

bz imi}

| AR |||'| |r

= | ARADAT [ LI
i e,

E'.r '
fREEL) - ( roaril !
5, HBAE uzﬂ \ h #.-l

5L,
M|

66¢'§m1fm 50@9
T f e

0 o ﬂﬁ bﬁ

It o

* header
beging) end()
i) g oSttt

= [P ]

rh_cree_rebslance(}
__Fb_rrew_rotate_right ) foatil

14 519 H;'J'z‘-:ii-;nl.?-u.]i.s.ﬁn.m.uMi:x‘r-.na-wee. - FE R S W
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, /) BRERET RERRHEF
class allod®y @lloe-
class set |
public:
// 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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236 5T REDAR (associative contamers)

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 = iset.end{))
cout << "1 not found® << endl: // 1 not found

// 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<Key>, Jf BRERAERR
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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242 ESE KBAEE (associative containers)

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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244 BSE XBARR (associative containers )

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

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}
: ti{Compare()) { t.insert_ecual{first, last}; }

template <class Inputlterator=

multiget (Inputlterater {irst, InputIterator last, const Comparek comp)
; ticomp) { t.insert_equal(first, 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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®EsE REAAH {associative containers )

5.6 multimap

£,

multimap RIBHIRAES vap TR, B—-NENETEATREE
ﬂﬂﬂt’EE’]fﬁAﬁf’ﬁ%fﬁE‘J%fEEmﬁ RE-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 ser R

/{ 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);

(HES map HRED
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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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248 E5E RBAAE (associative containers)

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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250 BS5E LBELAR (associative containers )

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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5.7 hashtable 251

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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252 £5E& REBERXEHE (associative containers )

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

buc I
buckets[ | - tmp[ ] 455
[ TeI 1] ] |
] B4 N
first O ¥ . S
SN ._+t_?#ﬁ‘ o+ |
155] | 2| [108] 152

o _‘._'

5 | 152
55 Log] ]| =

E first™ ._H‘._L,.H ‘ | i-H |

\lri} — ﬁ"“j =

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.

NEEPRBTHRD BV AEATH (RER insent_unique, TR

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}:

}
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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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5.7 hashtable 263

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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FSE XBEAER (associative containers)

}

buckets. reserve (ht .buckets.size(});

/) MCHM buckets vector BWFlE, BAnANE, HEN null #H
11 FE, W buckets vector A%, FFLIFTBES, & 28 %L4

buckets. insert (buckets.end(), ht.buckets.size(}, (naode*) 0):

___S8TL_TRY {
/i 53 buckets vector

‘for {size_type i = 0; i < ht.buckets.size{): ++1} {

{7 Bul vector BWE—TLE (£ T84, 1§ hashtable ¥ H)

1if {const node* cur = ht.buckets[i]}
node* copy new_node {cur->val};
buckets{i] CORY ;

W

1

{

/¢ HE—4 bucket list, BEHE—PHR

for {node* next = cur-»next; next;
copy-»next = new node (next-»vall;
Copy = Copy-=next;

1

}

cur

= next, next = cur->next)

num_elements = ht.num elements; // BEEFN AR (hashtable AN

}
_ STL WWIND{clear():;

5.7.6 hashtable ZFE3L{HY

/

SHIA bash table BYLELHMTEN, CERTHAMTET ~BEFFR
BF. TEHR—2EH%H.

/ file: Bhashtahle-test.cpp

SR EPBERREREEES A «stl bashtable.hs, W& AH ¥ hashtable
{/ BERLVHE, FIIT <hash_set .h> B <hash_map.h>

#
#

include <hagh sets> // for hashtable
include <lostreams

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

bbs.theithome.conl
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5.7 hashtable 265

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

::rilerator ite = iht.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});
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266 B E REAAI (ussociative containers)

i in =0

cout <~ "hughn[" cx L 2 "] has " << o<~ " alens.' -- endél:

i

OATEREE R bucker ' 2 F buckec (11l MY ETEN 2,
¢ H&09 bucket. T0] - bucket. (47] @Y ST A

0 B bucker (531, 1551, (591, 163 MI9ATHIYAL

7o R BRED hashtable, #PTH W EMAITHHX
Ite = iht.bBegin(};
Toriine 170 1< iht.slwet): ++1, ++1ite;
oot o< Yite ow 0 !
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

o Bh l—ﬁ ‘
55012108

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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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; !}
bool empty() const { return rep.empty{); }
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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, becols ingert{const value_typcék 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
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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_egual()} { rep.inserl_unique(f, 1); }
template «<class Inputlterators
hagh_map{InputIterator £, InputTterator 1, size type n)
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: rep{n, hasher{), key_equal{)) { rep.insert_unigue{f, 13; }
template =class Inputlterators
bhash_map(InputIterator f, InputIterator 1, size_type n,
const hashers hf)
: repin, hi, 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)
repin, hf, eql) { rep.insert_unique(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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volid clear() { rep.clear(}; }
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;

The Annotated STL Sources

bbs.theithome.conl


http://bbs.theithome.com

5.10 hash_multiset

279

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|

cout << "february

-» " <« days["february"]
cout << "december -» " << days('december"]

<+ endl; /7030

<< endl; /i 28
<o endl; A3l

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=,

ciass Alloc = allocs
class hash multiset
{
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280 RSE KEAASE (associative containers )
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{)

explicit hash multiset(size_type ni

rep{l00, hasher{), key_egual{}] {1}

: repin, hasher(}, key_equalil}! {}

hash_multiset(size_type n, const hasher& hf) : rep(n, hf, key_equall))

hagh_multisetisize_type n,

: rep(n, hf, eqgl}

{}

const hashert hf, const key_equal& eqgl}

/7 UF, BARFLUMEA incert_equal(), AFREER

template <class Inputlterators:

hagh_multiset{Iinputiterator I,
: rep(100, hagher(}, key_equal())

template <clasg Inputlterator:
basb_multiset (Inputlterator £, InputIterator 1, slze type ni
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.insert_equal{f, 1}; }

repin, hasher(],

rep(n. hi, egl}

public:

bbs.theithome.conl
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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