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1.5 P.J. Plauger STL SE{ERRA 010
1.6 Rouge Wave STL SEAERRA 011
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217 6: function template partial order 028
A& 7: explicit function template arguments 029
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034
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4.9.4 stistf) 0 4514 190

4.9.5 slistfi LR HAF 191

5 EXRREEA (associated containers) 197
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iz el 427

8.1.3 M1/, functor adapters 428
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Wer, S FPLELAE AT LISZ BT O] LUR B BERI 45 57~ e 2, STLAMYAY
SERERE, BHSEH A framework# ), RVEEHF N EA AN, S
I, - ANFFE TR A (Open-Closed)  Ji U A B2
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SR TREE - KN SR T NMREGREERE STL LUMESA S FeREI I~
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(Generic Programming and the STL) 1£# Matthew H. Austern. STL “&f#David

Musser % ~ B0 STL SEAEMUA, RISTERARRER. WAL, P S stk

b A R XS RN I GNU Ct+ BREBEEE, ATAT *~ S al A
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KA HIRA H 7R £ 256 F STL E A RO AR IR S48, DL RS 1
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S IETCGNU C++2.8 LR &+ Fa i, A8 iets, makirieseni2.o1

A, RIS RAF; ™ RIXAFA YRS L S5 R IR A 25 5 B s, RUAVE 2

IR R FRIEASK T ™ K112k Cunderscore) — + RILRTEAS K dir 4 TS -4 Hoth

fE, AEFBAbAR L ™ RIZ IS R e 1 AH 4 AN F o
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BAEF Visual C++£1 C++ Builder HIZK K.
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BEEE

AFBBARA STL AT FEAN R R (s 2856 . PRIERR 128~ SEié A
2N, SLZPRN STL HiAR D, JFEL STL /N KR4UF (components) A &5 B
ITHHE . DIN RATEATR, AR 2 HEHRT A BT AT i R Re R T

SERT TR A AL . AR, BORZ I DGERTER A, AW e AF(E Al
MZAER R, KA 2t R e B R K %577

801 % STLHER S5 9ARRMAT A

B2 WAMECE RS Callocator)

¥ 3 L3 (iterators) MY traitsdm Fifivk
% 4 #psUE 8 (sequence containers)

5 FRARMAM (associated containers)

¥ 6 THVL (algorithms)

% 7 TR or KM (functors, or function objects)

i 8 TEMCHEAT (adapter)

Zmix TR

R LEHRE SGISTL  Yiihd, IFHRALDw AR T . W SR NFE 7 R bRy STL
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TR 6 ke,
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55, MAEARTETEAIHAR R X

MBI SORTE, ROAFEE, PIRG R, R, Rz 4 it st
Bt [lOCEARBEEMIMEATET TSRS ] 8 [ike o~ REH R
SR B [E RSN T IR ] o ISR BRI EME, AR TSI
ARy BIRE] FREEEG . BN > RR .

AR BT R R 9 SORTEHR S 44 1] o AR BR >0 i) O 25 4] A 0 Bk 1
SIIEJRSC (RN EEIE, JEERRMAIESD |, e

C+fn ¥ 25 I & @ W B JF R frscfe . 7 - BB B M BBl R .
unresolved, instantiated, ambiguous, override, 25 FLF HIREHIA PG B AN
XL BB AR EARE L, AT

HLGERKFREF| library functions, M library functions K& FKIFEA 304k
Bl iNinsert, delete, sorto PIMEAARBLMT AE , T AT fig 25 B AL A 963

WERFELEARTE R R BNE TG, O T ikeE AR EENEZ 5, He

KHJESC, Bl static, private, protected, public, friend, inline, extern.

TR — SR AR (0 2 2
REFNERARRIEE R, Toidilt ot I [ ] o (0 T B B RIETT
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Xxii STL JEHEH 7

3o WHERRIAT ) T4xplisctl | AR S e B ) DU T2k B 5E it
W, e L BRRIAN R I AR TR AR . I AT SESCARE -

FRE S, XUl SR AR AT R SR T TR RO, A2 LTIV SR H v 2

I AT B A T T IRARRTU i e B AR 3 0 KARPT e 2SR
FIRIIR, #REZd— kb, 12 DORSRAGVF 2 B iAo

ZESCARTER A SR U

BARIIEE, DS SRR, - A ] o R
B RE SRRSO EK) 3B CRAT, AR A i AR T
FI Vs 0N R ]

B4, polymorphism 5153 £, BT AR SCRAFII 50 [ 240 ] s LA bl etk
KFH . i, Rl R R A tvirtual function K, T A FX AN pl1SCEA 1)
SARD, TR B TR 0% & toverloaded i %, B XULIEM, I

S A

{HEIFELEE N, RN S A 4R 2 4 TFRNNUE data memberif A e [ 23
Bt ]« Ui member function MiANUL [l R &) FIEM T .

PATN SR AR AR R S SOAGE (LA 5 U VR, RSO X i SE ik, AN
PR BN OIS [N, ARSI - R, ISR T IR R A S R R ik
LU0 KL

PR AERATE, RIS fli: R, 85 LR, W ARRRICR
B IS C++/O0P/GP (Generic Programming) AH2%.

iy PRI BB I (R0AA]D, RS0 AT BE %A 9E 32 input, output, lvalue, rvalue...

BEABENRM S A41, AN%: template, class, object, exception, scope,
namespace .

K, AREEX. [IELAMEIO#E, A8 explicit specialization, partial
specialization, using declaration, using directive, exception specialization.

BE T, APF: copy assignmentiZ% T, member accessiZ 5T, arrow

BHE, dotizfL 1, address ofiz 5L 1+, dereferenceizfi 1-...
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Jafl3

XXiii

M S ], ANPE: constructor,destructor, data member, member function,
reference.
W C++I8#I7 %, /AN%: public, private, protected, friend, static,
YR, REWEE, WAEBAERE, HZ: £ (polymorphism) , M
g (virtual function) + 2% (genericity) -+
RN UNITP e nest AT L = P DS i
HEWF W BRI, NI BRI Cambiguous) IR (resolve)
M5 (override) , HAZEHWET (argument deduced) , HIUL (instantiated) -
STLL AR E: RIS, WiikfRas (terator) « 4% (container) . /i
A (functor)  FCE:AS (adapter) . ZFHIELE#Y (allocator) o
BRI HARE: RERHYSC, Wvector, list, deque, queue, stack,

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

PG, BANPRIB 9 TF 51, ARAF - DU AR A5 75 AL
NG

http://www.jjhou.com/terms.txt FIF5FA ~ B~ g B fRARTE X R .

BT 7 B XS
3

ASC: 4N 9.5pt
PRl R
PG hnas: e R R

5

—~ 3, Times New Roman, 9.5pt, fil4l: class, object, member function, data
member, base class, derived class, private, protected, public, reference, template,
namespace, function template, class template, local, global

YA S IE A, Times New Roman #HA& 9.5pt, HlUl: resolve, ambiguous, override,
instantiated

class %k, Lucida Console8.5pt, fFlHl: stack, list, map

FEFPACHIS IR AT S, courier New8.5pt, IUM: int, min(smallInts, int)
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XXiv STL JEHEH 7

KHAKIE, Arial 9pt, $41: member initialization list, name return value, 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*-+

exception types EY, iterator types X iostream manipulators, Lucida Sans9pt, 1|

i bad_alloc, back_inserter, boolalpha

B8 F 4R & KOS B Bk 3 /E ., Footlight MT Light9.5pt,  #1 i -

assignmentiz 5 -, dereferenceiz 5.1, address ofiaH ¥, equalityis
1, functioncalliz &, constructor,destructor,default constructor,
copy constructor, virtual destructor, memberwise assignment, memberwise
initialization

TP, courier New8.5pt, #ilUil:

#include <iostream>

using namespace std;

LIRS ey~ BUR TR T BCA AR TR, IRAR S, U2 INEA R
RUFIARTERE RO, AR T ANEIZ IR T NP . HERRCE B R A% (1 mT g
WAERAT . Bl WHERL MR, Rk Tk B Ay s (1
BORS ARG IFARILER S JRilit - S T Ak St

FEHREAE TH

SGISTL HARZn it~ 4 STL i, HILH IF 8 SefF P Iy & 752
VERIS G A A7 I, UM SO R AT A — s A B . BRI 54
PRA AR, AP AR BRI, U380 H 3o RIA- B AMEAE IESCZ (1
AU BT B S VR A, B AR N _ VP T IR B LU (O
PirRe &M GPE (sifder) WERIPIGALTE, wRaRIFIBHIELILL (3R, SR

NXIRAL 78 classes & FK. data members % FF1 member functions £k AKZ LA

HIARFRIR . RERIT 24 IR )y (R dStemplate T H AR i, K PEARK M SR A &
SO Julhn HARE RS,

template <class T, classAlloe = alloe> // fﬁ&{f}ﬂ allocﬁgaﬁ%i
class vector
public:

typedef T value_type;

copy
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XXV

=
hafl

typedef valueftype*itel‘atol‘;

protected:
/7 vector RN MEMIELEA M . LIPADIEAAS start M end 22503R AL,
// #u%’fﬁ%& end_of_storage }Eﬁﬁ%%ﬁﬁo ﬁ'%ﬁ[ﬁ%tlﬁ(}:ﬁ_y\)ﬁi)\:
/1 2RI ) R T A )
iterator start;
iterator finish;
iterator end_of_storage;

void ﬁleniﬁa“Ze(sizeftype n, const T& value) {
start =allocate_and fill(n, value); // NEE_ZE\TQ#'&'%}]{E

finish = start + n; //1@?}4}/](&
end_of_storage = finish; // PEEIKAL

#ifdef __ STL_FUNCTION_TMPL_PARTIAL_ORDER

template <class T, class Alloc>

inline void SWap (vector<T, Alloc>& x, vector<T, Alloc>& y) {
x.swap (y);

}
#endif /* __STL_FUNCTION_TMPL_PARTIAL_ORDER */

BS/IE
/ /L HE%Z%&H%*?%%?’T&/I\ Adaptable Binary Predicateﬂggﬁﬁﬁ{ﬁ
template <class Predicate>
class binary_negate
: public binary_function<typename Predicate::first_argument_type,
typename Predicate::second_argument_type,
bool> {
bi
U T REAE RE SR AT D VRSN (SR o M- A IR BN S e
LR IR T AL PRSI/ 2 BRI, 2 LRt
DERE o XL SGISTL JFLL Microsoft Word 97 U4, [
SGI STL Jiihth, BT HAER G ™ 8. MR, J2r, STL Mgl K, U
TS, HRBBERRE, AR RACRYEE AT, A R ARG
LEA T ARG T A5, AT EAT 2 I e 2 o B PR YRS S A

s IR I AL TR . PR 1.3 T B k44 (FSE) |
15T Copen source) A LA &5 Fh A5 B
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XXVi STL JEHEH 7

FEL R ST
(EFEI (AL TR RIS ~ 3. TIPS, LA, Ak
EENE T R

B AR 7S
BRI
FEFFARRS ™ 3K
ML SO 3

Bfsk BXMEFEM A~ L5104,

Y

TEULPNSRA . XEERTE YT oA RS AL 2 Y (Genericity) JE4EEIS LR S
FLSEH) STL 55 R fE DT -
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1.1 STL #fit

STL #it shRAfajfr

STL, HSRZ— EHELIE (ibrary) , AR REDR ISR, - M
FRIARSG WA R S RZ B I fhe WER BT, WHE
SRS AT L, B A AL BOR B RE S HIK - ARSI, B M.

1.1 STL Ktig

KARK, BAF - EARE - Ml RIS R, LA R LLRlaE [a]
FEAISMIOAR ] W7k, LR AUF R OIS T AT, ~ HR

). BRSNS Z#. A TREF (subroutines) .« FEFF (procedures) .

3 (functions) + JKJ (classes) , FpK30% (function libraries) . JFIFE (class
libraries) . &4} (components) , MG B, X% S (object
oriented) ¥it, FFEIU (patterns) (WHZHHEIE, To- ARHAMT LIRS A 5.

JH e M (reusability) (2T}

SONMELAENIAE R ERE L - — AR E 5 R IR bR UE, BB AT (Kb
aGE PR AE . (EE, VR TARMME ™, AUERIT R RFEAR I E 41 (data
structures) FHHE (algorithms) #HRIBIRIBARFER —~ EAniE. KNERT RHIEMN
FORBEHEEM TR, FE2H0 T 8Rar » O sd i 0 CF IR R .
AL~ T BHURIIR S, AR T SRR R

Ua R RIE AR T s 7. & STL, COM, CORBA, OO, Patterns. .. 1 TG
K7
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2 % 1 % STL MLt 5RAIA

h T EESTHAR SRS - EhndE, JF HIECH R 4SS (coupling) KFR LA
P& AMOLE . Bk AT EAEE T AENE, interoperability) , C++fh
FEHLYEET STL.

STLIMEAEM . RZRM S, STL wréaA - EREsHMEmZ414E,
DK~ ANEAIAL, X MFC 5 VCL 2T Windows# ¢ T & 1 Fit

B K-, EETIN, AR FRAE B EZ. Rk 4 STL

WAL TAT NEIZRN . LZ R (Generic Paradigm) N IEREI . REEALIN
SR T3RE41E 93 35%% (components taxonomy) | o MIXMAE KA, STL
JEMHGMERE (library of abstract concepts) » X% %M | CLGRILRE )

Assignable (A[H{RAE) « Default Constructible (CANFHATA AR/ #M)D | Equality
Comparable (W HIWTETE45E) « LessThan Comparable (FJHIK/N) . Regular

CGEHD =+, EB— SRS NASE Input Irerator (CEUANTNBEIEICES) © Output
Iterator CELETIMINREMIIEINAS)  Forward Iterator CATRIEACHAS) | Bidirectional

Iterator (XUFIEARES) « Random Access Iterator (BENIAFEUEMRES) « Unary Function
(— JGHE) « Binary Function (~ JGRRIN)  Predicate (f&[RIEARME K- JuHIbT

) . Binary Predicate (f;RIFARMEM T JTCAIKIED -, BRI IIMES AR sequence

container (J¥H)INZEE) | associative container (RATIFREE)

STLHIEUFOMEAE/E T RAARLA T HRix e G &, IRl &gtk

BATEL, STL  JIsEulimy, sz B A A R )~ MRS S5 . XA LA
S M (abstract concepts) A EAKTTARLASZBRE A (classes) Ky AL, T
T AR O bRE. EIEO 2 A BRI ARSI, O LTI %
fR# Citerator) IRAEHK, SRUAFTIHBCHESS (adapter) FAHNCHE, sRLAFTIEN)
i (functor) FNAEREFFIHEME (policy B strategy) -

H A AR — PR 5 5 ST SCBi] (keyword) AT LASE TN BT i )
MBS . (H2C+t classes RVFERAT HAT & XALJ), C++ templates SLVFFATTRF
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1.1 STL #fit 3

RUNSHUAL, #HRE LSS IHEN waitsdnfidiik, BT STL MK .

KT STL  MIPTERAFALE 2R, DORPTBINMS S, 155 % [Austern98]—
BOAAE— ABFEAEI MR Hhr, H5gE.

1.1.1 STL W%

STLE M Alexander Stepanov it T 1979 #Efi )5, XWIFSE Bjarne Stroustrupfl]

& C++IFEAL. HAR David R. Musser T 1971 FFUARIZE A8 L4 [ 1R T

B L7 RRRF B, RS RR ARG 5 S i . 55—
ANICRRZ RINES K5 /2 Ada. Alexander FI Musser T 1987 JFR H -~ A
Ada library . R Ada?ESE E EHEG T LAAMERB 2852, C++  EIURKBIR

WS P BT L B E I . I CH+iR F A template ¥, {H Alexander
WOERRINRT], C++ VR BRI ESR R B A A, X~ MR RE

BR- feth 2R ANRRBEI - DN EECHE

WL, LAIFIFER - A SRR T2 BRI e RS
Alexander £ AT&T 32463 DL B/ &) (A 2 B (Hewlett-Packard Palo Alto)
SR, AR T AL AN, L C L ML CH5ER.

1992 4 MengLee MA Alex HJMIH, ik STLI - {0 F 2otk .

JUR (Bell) 3£ % [ Andrew Koenig T 19934 ANTEX MFILITRIJG, 894 Alexander
TRETLH ANSVISO CH+RtfEZs i & & - JEn & . JRAG AL

Alexander T2 FHEF T R~ [ Waterloo (S £ BUTHERT, SRIKIE

4R ZE, JFRURBIE 25 250X ERITRIECN C+Frifliag 19— .

1.1.2 STL 5 C++ #rvEgkiErE

1993/09, Alexander Stepanov Flflh— FAIEK) STL, 5 C++ #IifEELSH T Hi-

DX AU BRI . By STLIRTE R IR T CH+If— LB KRB S,
5141 template partial specialization .

AT BRI B MCEERS RN 5, SR INEE R 22 R (R 2k i
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4 % 1 % STL MRS S5 RA TR

Al

i AlexanderfERED (EMPE) 45T C+brtEZ M &— /MNMEE, UHBIJE: The Science
of C++ Programming. # HR#E®, {HIRZZXKIW . 1994/01/06 Alexander'it%] Andy
Koenig (C++InifEZE AR, MY C++ Standard LA S gD KA5, 5 W
URAS B STLRA CH+bRERER R 1~ #03, 7T T°1994/01/25H1i% A8~ B %

WERNZ G4 . Alexander F Lee T2 PfarE Log sk T M2 % .

SRJG L 1994/03 1) 2 FF il STLAESX UL H3RAF TARLF (KBl , (A vF £
SR FEMR RN, C++ RS 4B S, i STL HE ik,
P RINAIRT o BERGRIRFENERSIN ) WAZS TR RS- ML, JHER
FEPEBERIE R ™ Ko

IR ERZ T, STLAR T LA KM, IF3k131#E 1 Bjarne Stroustrup. Andy
Koenig % * (W51 132 FF o

RIGEEIE T Sl BN EW ST S, PoRIERE, X Alexander 1 Lee,
DA R ABATTR) S 27 R T3S S hos AR BRI . BERERL, 80 %BERL, 20 %)%
X, T STL #EAT CHHbrEL i e AR, JF& TN 1998/09 E MK CH+br
HERMS PR CH+RRUERE R E I~ KIK R ST A, AR A (M CH+BE 3

stream, string 55t #htemplate FHTEid. b #S Etemplates! A C++  FrifE

BEEE RO [HRITCAEA KHE ] 1931

Dr Dobb's Journal¥% T 1995/03F) Hi— 5 42 M Alexander Stepanov and STLW) V5 3
T, XTSTL MR S Alexander/f B i STL ZIN C++hrtERERLPEM

R, WAEFEHNROR, RIOAHRER. FEHENE LRB) s e miE
T [STL 2Rk ] , WM ii.

1.2 STL SNKAHIIRESIEH

STLARIE AN KRS, Pt A &4

1.754% (containers) : FFPEHELEN, Wivector, list, deque, set, map,
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1.2 STL NKAMDhae51EH 5

HRAFICEE, VERAFS 4,5 WL, WSAENMIES, STL A2~  class
template. FUATRI S, X FBORIRUKILTEHEE ™ MELE.

2503 (algorithms) + 2474 I 5L Wisort, search, copy, erase**+,

TEWEE 6 . WSEAEMMEEE, STL 5ikZ&—~ B function template.

3GEMEY Gterators) « PHEHAM HHEIEZBRIRAER, RIER 2]
TEWEE3 . A AR, UK EaT e . WIAER MR, SRS
Jt— Mil4operator*, operator—>, operator++, operator--25F5FrfH
FHAETLLZ HALI class template. 1A STLAMH M A B T BII%

BN, RATEBEIE A FE I TT TR, AT (native
pointer) /&~ FPikRAs.

4.0 (functors) : AT AHRMIR, WY EERIFERHBE (policy)
VEWLEE 7w WSEAERIMER, FRAZ- FHEYT operator () A class EL
class template. — R R AR AT AL B S5 R 2

S.CEEAE Cadapters) : — PiHIRIEMIZA4S (containers) Bffj 3 (functors)
HEMAR (iterators) FETRIARFE, TENEE 8 F. filan STL #24EH queve F
stack, ARFEMAAA, HLHBEE R MAEMSIES, BOYEAIITNIEHE
AT deque, THEIIMEASHIEZN dequefith . Mt functord 1, FR
“hfunction adapter, t{“¥containert% 1%, X Acontainer adapter, (7%
iterator LTI %, F Hiterator adapter. MUHERS I SIERAM A~ = Uik,

IR SyAfT, VERLEE 8 H

6.ACE A Callocators) : FIFAMALE SEH, EWE 2 &, WEENMES,

Bl s e~ AN TEIASMECE . MR, BRI class template .

K 1-1 & STL NKAMFFHIRXHK R,

HI T STL  CA CH+bnfERER R MK R, L H AT M CH+d Bt~ 30
A~ 43 STL. {EMBH? FAEMAHMNK A C++L30f (headers) . &M, STL Jf
AELAZ BEALHS (binary code) TISLHBL, T2 LLEUIRRGTIISHHEN. . #% C++ Standardif)
e, FrabsEsk SO AT A Y 4, V@l TR, S g h T
TP, Hte STL fRARINAEFE Ry RAFICY &AM W43 SCF, il Visual
C++{IDinkumwareffi A [ 1 H 4% <vector.nsMll<vectors; HEUSTLARA

HoAe 6 H |l X 2 Sk3cfk . 1 WC++Builder [/RaugeWavelit A& H 15
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6 % 1 % STL MLt 5RAIA

<vector.h>. H£8 STL JRAAA - LML, H T LAEMT, #l GNU C++ 1
SGIMRAANMEE - Zffj<vector.h> Fl<vector>, BH T Zl<st1_vector.hso

% i e s Insertiterators -,
Allocator . Stream iterators . ¢ FlCE A
sdt:-allocator 1%'/&%& reverse_iterator  Iterator adapters

Iterators
' Container<T>::iterator

malloc_allocator
default_allocator

W

i

¢ T
Containers

Basic Mutating Algorithms

Non-mutating Algorithms

Arithmetic Operations

Comparisons 175 e
Logical Operations
Identity and Projection

Y Functors

AR

. binderlst, binder2nd, Furllction adaptors
i e unary_negate, binary_negate, :
unary_compose, binary_compose '
K11 STL/N KRALFIAE H & Containeri% it Allocator i £5 54 i 4725

[8], Algorithmi% i Iterator{7 X Container P 7%, Functorf] A8l Algorithm?5¢
JANA B g AR 1, Adapter ] LMEMRERE R Functor.

IR HEN ] STL, XA 5L MNILTR R R I, BB+,
PR WMEREANEB R, ¥RI0 STL VERD, MG T X e Sk Sr
I . 1.8 2T N4 GNU C++  JRIHH SGI STLEA L34

SRS (B C++Builder) 27E [RTACPLSS | (li3h TR, AEJEH™ 44 1Sk SCAT
A4 SRR I BIAT R A4 ISR SO o TN A i 5 B
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1.3 GNU Y& TTJORs #f 7

1.3 GNU JERE IO

AHAFTA N STL S0, #BUHT Alexander Stepanov F1 Meng Lee ¢ B 5 4R iR
A, KO RUHIRAJE T Hewlett-Packard Company CEEIFA)D 1. AF— kX

PR~ 7], VAT M AERIE T #5000, B8 et WRERixeedd, o

A58k, WE= RIZAT I DA ZI0R 10 7 W BT B T R R S

AR R, — ARGIR Hopen source. A< AR {H1 Ik 46 6 3 FF T 5
4, AT XTI A AR s S S, - A

TFCIERS W &5 H 2 [ * Richard Stallmans ( « PEEZ « 20452 o i) N FARIRNY
s R M PEREREAT . MO IR Sl S 2 SR, AT ORI S D
o], JFPVBES IR BEE o SRS EAR W LURR AN~ BYLRRE [ B0 vl RediT
AR ], HIBEAG TR AR ST FME IEA R LS . Stallman 198455 FF

R LT 2B, AL A 44 (Free Software Foundations, {ij#XFSF) ,

5 FAXM GNUE F (GNU Manifesto) , JFAABEAT 4 GNUMTFBSCAE TR

GNU7ZIE M A FR R SR B R I, X GNUisNot Unix. B Unix 2L

R FERBIERSS, H AT&T Bell 33 % [ Ken Thompson 1 Dennis Ritchie it
KA e~ AR FS 0, AT&T B EHZENVT29T ~ . (B4

HIHTG 5 FEAFXA = i R RS AP, AT&TH R I &5 Az B s, I

X IR AT . T2 TGS R R 2 bl A AR OGHIE AT ~ AR5 4, SERAlAT)
AFFATFUE FEUNIXUEY, 450 Berkeley — (MITE3E) K24SR ILUNIX,

S 5 ok &k E HBSD (Berkeley Software Distribution ) fg A , DL N ¥ 5 kK 1
FreeBSD. OpenBSD. NetBSD:--,

5 Richard Stallman ¥/ * W TT UL http://www.stallman.org.
6 I H#FFE 4% Free Software Foundation, !W. http://www.gnu.org/fsf/fsf.html.
AR GNU ke, s Tl , VRIS L idnia. & RAE.

s FreeBSD ! http://www.freebsd.org, OpenBSD . http://www.openbsd.org, NetBSD
D http://www.netbsd.org.
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8 % 1 % STL MLt 5RAIA

Stallman¥f AT&TIIX AT I AL A ARSI, BLA - Pl AL e fveale. 7E0b2

B TSI R T RN L g Y R CASR R REBARA YRS . Stallman
IWNAT&T KSRy, FUL- M, S U0 ~ A g5

MR o T RABREAT T A S ikt &), JFFKZ2 8 GNU: GNU is Not Unix.

GNUHRIH 1, B 4 8 U EmacsfIGCC, i &Stallman  JFR

= RSV ST RS, RVAETE BT RIS IIRE. SR A C/ICH+4
PR, MU GNU Bt TP E 1- Bt S B RN, & GNU iR 2.
GNUTHRIMEIL (175 4 B AFIE 199147 1155 *% ~ Linus Torvalds JTA 1 Linux{:
WARGE . REEHA IR T VFZ AL AL [B1 5, A S o [ R e

GNULLJTIE) GPL (General Public Licenses, | 12 JFBIRAD Hefid (alisifasih
R B A AT L A B e S 08 e GPLAR E I RG, {H fun SR A P 5 B A 5 )
GPL PRI se LR F, A6 GPL M. Xk £ 5mia * {715y
SIRIBBATN GPL BATISE. H2 T, &T 4.

GPL X FhiA C(copyright) M kERKMBREE, ERBEMA [REB]  (copyleft,
M= M@ T U EHURRE B o GPLAS I & s ki ai &,  [55] #
Lok, PERIRAE ORI, ST ARG T e )i e . TRILR
MATAE A FIA RS XA, {0 3ELibrary GPL, Lesser GPL, Apache License,

Artistic License, BSD License, Mozilla Public License, Netscape Public License, X4t
FRLA LR s M TIFT0EAS | o SRS A AU S BE AT A AL 3

I RGBS 7 CLZ A, AT TR | BRI AN 3, R gt
EHAAXI L. i t#% ) GNUGPL 1 BSD License [FI4il4/4 .

19984F, [ HERAALRE A B H— /N4 ilopen sources k35 %577 AhfT141
BT - ANERE S AR, M- AR, FRBELM L. open sourcel) i X3
H 9 K", AT R BERHFEIX 9 4%, BLAFEEH N open source Ao

9 GPL 41 AL http://www.opensource.org/licenses/gpl-license.html.

10J. http://www.opensource.org/docs/definition_plain.html.
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1.4 HP SZERCAR 9

ABFTRM GCC EFE Cygnus C++2.91 for Windows, MFk EGCS 1.1, GCC
Fl Cygnus. EGCS ZMMRARWH 4 ~ . CygnusiE— Frhlhaw, @3t
A H RS ST R TR, FRMEE SRS . AT Bl S T i

¥ GCC, 1 GPL HPRHIRIBNG 4 GCC BURTDIIEIE A T bl 34t Gee

BAEE R, JHRTHHGSERCE, IR GCC HORSUK B A X % . Cygnus
A ZFGCC, #0if% Red Hat (£ AFZF Linux. M CygnusHFgldy
HORPIBIFE T HEIGCC, MfIIFAEHRIGCC. GCC MR A= HIBUIRTEGCC

8 5% 014 (GCC Steering Committee) 5 .

M GCC [RFEENGZ WU, T4~ FB, GCC RFRNTHRHIERES 1997
A7 EGCS (Experimental/Enhanced GNU Compiler System) %o XA~ i%I%

H RTINS EE, AR HEGCCHA G B 2 AR TN £ C++i5 5 M.

SR RARH L), Bt GCC 2.95M S id kA= 4h T EGCS 5. MM ITES
GCCHERMA EGCS —~ HMIT AT, H1999 Fie, EGCSIE SN ME- )

GCC B4y Hi.

1.4 HP SEAERRA

HPIRAZE T STL SAERUARIMAG. B~ A HP STL SKSCAF#AT Q™ — 4y A0,
FOVFAEAT » s 5 00, B0 A6AT . WS 3R S U SO, e~ 55
BHESFIR, UAERTE SCEEF I HP A 75 W RGE AR T IR AL

JEA BT GNUGPL Wi, {HJ&T open source i,

/*

* Copyright (c) 1994

*Hewlett-Packard Company

*

* Permission to use, copy, modify, distribute and sell this software

* and its documentation for any purpose is hereby grantedwithout 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. Hewlett-Packard Company makes no

* representations about the suitability of this software for any

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

*/

The Annotated STL Sources
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iRy

1.5 P.J. Plauger SE{ERRAS

P.J. Plauger hAH P.J. Plauger’kJ&, AFJG4¢% & L. PJSTL FRIFIL- fRAS.
PIRRAREKHPRRAS, Jit LU IR~ AN Sk SO HPIRRRCAC FE B, Bedhids -
P.J. Plauger [ * RRAGS B«

/*
* Copyright (c) 1995 by P.J.Plauger. ALL RIGHTS RESERVED.

* Consult your license regarding permissions and restrictions.

*/
XA S BEAS 8 Topen sourcedlils, HAEGNU GPL. X AMUEGVER, By
HP (W B IFE GPL, I e ST A2 i 20T IR RS

P.J. Plauger JRAH: Visual C++ RAH, FTLUUSRARATLAZE Visual C++ ) “include"
THZE™ Blllc:\nsaevivesertncruce) FEIFIASTL A, HEAGEL
el R E . IIRAS N B B8 SRS, FA XA AT
PP ARAR, TR I AT S i A4 AN UEST, -

// TEMPLATE FUNCTION find
template<class _II, class _Ty> inline

_IT find(_II _F, _II _L, const _Ty& _V)
{for (; _F != _L; ++_F)
if (*_F == _V)
break;

return (_F); }

BT Visual C++XF CH+ifi SRFERSCREAEBIAY, S50 PIRAKERIN B R
M

XTG4 H ET B Dinkumware 1278 5] FEE RS

AN S XA - AR P hitp://www.jjhou.com/qa-cpp-primer-27.txt

12PN http://www.dinkumware.com
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1.6 Rouge Wave SEAERRA 11

1.6 Rouge Wave SEERRA

RougeWavelfi A< Rouge Wave A FIJFR, AFBJG4kFTH Ll RW STL FRAFIL-
WA . RW  RORZLRHPRUAS, LS M- ANSSCHRAEHP RS, ik
HMEN_F Rouge Wave  [1) 28 H] FRAL S W :

/*********************************************************************
* (c) Copyright 1994, 1998 Rogue WaveSoftware, Inc.
* ALL RIGHTS 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
* notice. This software and information or any other copies thereof may
* not be provided or otherwise made available to any other person.
*
* 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.O. Box 2328, Corvallis, Oregon 97339.
*
* 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 1985) "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.
*

e

XA S EAN & Topen sourceil%, TAEGNU GPL. X AMUE AL, KR
HP [FRRBGEBAFEAE GPL, H¥A alie JLAT AR /= S U 2T TS RS

Rouge Wave JRA#H C++Builder RH, FrLLlMSRIRATLAZE C++BuilderfJ "include"
?Hi—k (Wﬁﬂ C:\Inprise\CBuilder4\Include) j:jaﬁljﬁ)?ﬁ STL %iﬁ:, 'fDZEé
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AEATTERB e s B WL A~ R s, BE,
RASRRA R AT B e AN, il

template <class InputIterator, class T>
InputIterator find (InputIterator first,
InputIterator last,

const T& value)

while (first != last && *first != value)

++first;

return first;

B AN T (classvector TP FE S0 5 USHE I IFARRIR I 4, % B i
FRI M 1 A~ DK%

#ifndef _RWSTD_NO_CLASS_PARTIAL_SPEC
typedef_ RW_STD: :reverse_iterator<const_iterator>
const_reverse_iteratory,
typedef_RW_STD: :reverse_iterator<iterator> reverse_iterator;
#else
typedef_ RW_STD: :reverse_iterator<const_iterator,
random_access_iterator_tag, value_type,
const_reference, const_pointer, difference_type>
const_reverse_iterator;
typedef_ RW_STD: :reverse_iterator<iterator,
random_access_iterator_tag, value_type,
reference, pointer, difference_type>
reverse_iterator;

fendif

seah, ke SO7T AR GE SR SGISTL LB .

C++Builder X C++if SHFVERISCRAN A, B4 T TRWHURIE M3
i o

1.7 STLport SLERRA

W% FHA STLport  uhift, 34— ANLL SGISTL Jy A imn Ji nl A AH P SL AR A o
AP C S dE AT E N R, N4 STLport HHiE| Visual C++H1 C++
BuilderfJ 4. SGISTL (™ TiA4) J& T IFACEIZAL—~ 5, FrLlSTLport
AR A5 -
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1

.8 SGISTL SEfERRA

SGI A Silicon Graphics Computer Systems, Inc./A 7 K&, &4k HP JRA. T
LLE R ARSI HPIARAS ] . BEANETN -SGL 1 22 AR W] o
MILFFH A4, e )8 T open source K- i, {HAJE T GNUGPL (J ZIFBEZED .

/*

*

Copyright (c) 1996-1997

*Silicon Graphics Computer Systems, Inc.

*

*

*

*

*

*

*

*

Permission to use, copy, modify, distribute and sell this software
and its documentation for any purpose is hereby grantedwithout 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 MRAM GCC K. RWTLIAE GCC 9 "include" FHIE™ (HlU c:\cygnus\
cyguin-b20\include\g++) FREUFTHSTLLICME, H3RUE A A TFEEUE S
BRI A S BRI A, RV, NIRRT A
SRR -, XA AR L B

template <class Inputlterator, class T>
InputIterator fhld(InputIterator first,
InputIterator last,
const T& wvalue) {
while (first != last && *first != value) ++first;

return first;

RN T ST TS Z RWRRA IS 5] (classvector RN FRE SO,
BT

#ifdef_ STL_CLASS_PARTIAL_SPECIALIZATION
typedef reverse_iterator<const_iterator> const_reverse_iterator;
typedef reverse_iterator<iterator>reverse_iterator;
# else /* __ STL_CLASS_PARTIAL_SPECIALIZATION */
typedef reverse_iterator<const_iterator, value_type, const_reference,
difference_type> const_reverse_iterator;
typedef reverse_iterator<iterator, value_type, reference, difference_type>
reverse_literatory

#endif/* _ STL_CLASS_PARTIAL_SPECIALIZATION */

The Annotated STL Sources



14 % 1 % STL MLt 5RAIA

GCCX} CH++1H SR SCHRFAN 2 RAF, 7ECH L A [ R DU, ZEaly iy
477 SGISTL IEMis¢mi, sz - SGISTL b T & ERmir:, T4 E T AFH
PR A g BEaE )y, TEIL 1.9.1 15,

SGISTL L RFIRALEGPL (" ZVETFHEEOD S0P, fillll<scarconpient .o,
<std\complext.cc>, <std\bastring.h>, <std\bastring.cc> o ﬁ’% i'ﬁ:%g

A 1R

// This file is part of the GNU ANSI C++ Library. This library isfree
/ /software; you can redistribute it and/or modify it under the

// terms of theGNU General Public License as published by the

//Free Software Foundation; either version 2, or (at your option)

// any later version.

// This library is distributed in the hope that it will be useful,
// but WITHOUT ANY WARRANTY; without even the implied warranty of
// MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the

// GNU General Public License for more details.

// You should have received a copy of the GNU General Public License
// along with this library; see the file COPYING. If not, write to the Free

// Software Foundation, 59 Temple Place - Suite 330, Boston, MA 02111-1307, USA.

// As a special exception, if you link this library with files

// compiled with a GNU compiler to produce an executable, this does not cause
// the resulting executable to be covered by the GNU General Public License.
// This exception does not however invalidate any other reasons why

// the executable file might be covered by the GNU General Public License.

// Written by Jason Merrill based upon the specification in the 27 May 1994

// C++ working paper, ANSI document X3J16/94-0098.

1.8.1 GNU C++ headers XA GRefHR)

FF M Cygnus C++ 2.91 for Windows %23 T4 B 3% Ci\cygnus. 1252 1X A
FRARI T L3, BT Ceygnus\cygwin-b20\include\g++, L 128 AM3Cff:, 773,042

bytes:

algo.h algobase.h algorithm
alloc.h builtinbuf.h bvector.h
cassert cctype cerrno
cfloat ciso646 climits
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clocale
complex.h
cstdarg
cstdlib
cwchar
deque
floatio.h
function.h
hash_map
hash_set.h
iolibio.h
iosfwd
iostream.h
iterator
libioP.h
map
multimap.h
ostream.h
pfstream.h
pthread_alloc
rope

set

slist
stack.h
stdiostream.h
stl_algobase.h
stl_config.h
stl_function.h
st1l_hash_map.h
stl_iterator.h
stl_multimap.h
stl_pair.h
stl_relops.h
stl_slist.h
stl_tree.h
stream.h
string
tempbuf.h
utility

cmath
csetjmp
cstddef
cstring
cwctype
deque.h
fstream
functional
hash_map.h
heap.h
iomanip
iostdio.h
iostreamP.h
iterator.h
list

map.h
multiset.h
pair.h
PlotFile.h
pthread_alloc.h
rope.h
set.h
slist.h

[std]

stl.h
stl_alloc.h
stl_construct.h
stl_hashtable.h
stl_hash_set.h
stl_list.h
stl_multiset.h
stl_qgqueue.h
stl_rope.h
stl_stack.h

complex
csignal
cstdio

ctime
defalloc.h
editbuf.h
fstream.h
hashtable.h
hash_set
indstream.h
iomanip.h
iostream
istream.h
libio.h
list.h

memory
numeric
parsestream.h
procbuf.h
queue
ropeimpl.h
SFile.h

stack
stdexcept
stl_algo.h
stl_bvector.h
stl_deque.h
stl_hash_fun.h
stl_heap.h
stl_map.h
stl_numeric.h
stl_raw_storage_iter.h
stl_set.h
stl_tempbuf.h

stl_uninitialized.hstl_vector.h

streambuf.h
strstream
tree.h

vector

T HZEstdlNH 8 3fF, 70,669 bytes:

bastring.ccbastring.h
complext.h
ldcomplex.h

K 1-2

dcomplex.h
straits.h

strfile.h
strstream.h
type_traits.h
vector.h

complext.cc
fcomplex.h

Cygnus C++ 2.91 for Windows [T Sk 344
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TN DO RS Cygnus CH+1 SO0 i«

\@.#.@‘%@ : 2-
k=" 75 ki | BT #HE r | EF | mE AT | W
D) [T Clevemseyevinbo0includelgr+ =
x @ editbuf h MEMOLY h] stl_configh
B ] floetin h ] moltiznep b ] t]_constracth
(o8] fistream [h] mmitiseth [h] sl_deque h
@ fatreamh @ TIMELE E stl_functionh
] function b ] ostizam b ] +tl_hash_funh
B L eygwinb20 [=8] functional [h] pairh [h] sl_hash_map.h
0 et hash_map ] persestrsam.h [] =t]_hash_ssth
-] H-i586-cygwin32 [ hash_map h 1) pstrsam [h] <l_hashtable h
=] melode [ hash_set ] PlofFile [I] stl_heap h
EE= - ] hash_seth ] proctuth ] st_itexator b
b [R] hashtable b pthread_alloc ] stl Listh
0 adline [ heap.h 1] pthread_alloe h [h] sil_map 1
o I!EEt‘b ng;hﬂm @ indstream b quEue E stl_multimap b
G S [h] iolibio.h 3] rope ] stl_multiseth
-] FromfPage Webs ﬂ inmandp @ ropeh E stl_numeric b
Emmamp.h |% ropeimplh % stl paich
(o] insfwd ] =t h] stl_queve h
[n] dostdio b ] st (] t]_vaow_storage_iterh
[38] iostreaim ] SFile h [h] sl_relopsh
[h] instream b [ st [h] =tl_rope h
[h] instreamP b ] stisth [n] <l_ssth
[h] istream b [o8] stack [h] sl_slisth
iterator ] stackh ] +tl_stack b
@ iterator.h stdexcept E stl tempbuf h
L [h] libin h ] stinstream h [] =tl_tree h
[h] tibieP 1 [n] st [] <fl_uninitislized h
list [h] stl_algo ke [h] sl_vectorh
] isth 1] L slgobase b ] streem b
[] map [h] sfl_allac.h [h] streambuf b
[h] maph [h] stl_bvectorh [h] strfile. h
: =ilE & | ]
129 fait [54KD [FHEETT R IR 6.260E) = AT i

1.8.2  SGI STLIXC {4434 5 &

e NPT BRI ARE SRS R T 5y T
C++$ﬁ¥ﬁ%}lﬂjﬁ—k E@ C %iﬁ: (%%ﬁ)ﬁg) ’ 'fﬁ”ﬁﬂcstdio, cstdlib, cstring...
CH+PRUERER AN ST STLIEWE#, HIA stream, string.. AHIESCAF.
STLHT‘{Eiiﬁ: (%*}L}:ﬁég) ’ /ﬁljﬂnvector, deque, list, map, algorithm,

functional...
C++ Standard € %07, HP VG STL Sk, #ilfillvector.n, deque.n,

list.h, map.h, algo.h, function.h...
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SGI STL W%Kj{’ﬁ: (STL ﬁﬂ:ﬁ:f’ﬁ?lﬂi) 1) 'leﬁustl,vector.h, stl_deque.h,

stl_list.h, stl_map.h, stl_algo.h, stl_function.h...
S AAEAR B IHEVER A o Ja = 4IRS AR T .

(1) STL ArifEk3Cft CEY &)

TR, B2 TABTN ] RUURIIH 50, FoRsiirthagd i ]
FEH I st 1_sexx U, RIS BRFIAT P9 A SRR B2 st1_sexex SCPE TR BE

W, WHRZH= FIR.

fEA GETFHRHEER)  bytes AP EE T

algorithm 1,337 ref. <stl_algorithm.h>
deque 1,350 ref. <stl_deque.h>
functional 762 ref. <stl_function.h>
hash_map 1,330 ref. <stl_hash_map.h>

hash_set 1,330 ref. <stl_hash_set.h>

iterator 1,350 ref. <stl_iterator.h>

list 1,351 ref. <stl_list.h>

map 1,329 ref. <stl_map.h>

memory 2,340 3.2 ZT_X auto_ptr, #{ﬁ\)\

<stl_algobase.h>,
<stl_alloc.h>,
<stl_construct.h>,
<stl_tempbuf.h>,
<stl_uninitialized.h>,

<stl_raw_storage_iter.h>

numeric 1,398 ref. <stl_numeric.h>
pthread_alloc 9,817 N/A Lj Pthread *ﬂj’(m node allocator
queue 1,475 ref. <stl_queue.h>

rope 920 ref. <stl_rope.h>
set 1,329 ref. <stl_set.h>

slist 807 ref. <stl_slist.h>
stack 1,378 ref. <stl_stack.h>

utility 1,301 /ET}\ <stl_relops.h>, <stl_pair.h>
vector 1,379 ref. <stl_vector.h>

(2) C++ Standard EZHR], HP M) STL k3tff (¥ E4Z h)

TR, B2 TABEN ] RUURIIH S8, FoRHsibrhagd i)
FEH st 1 _sxx U, DRIESIERR AT R R N 2 st 1w SCPFBTAEZE T,
WG Z 5= FK.
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L4 i P BHERF) bytes AP E U]

complex.h 141 N/A fi%ﬁ, f?)\ <complex>
stl.h 305 N STLAMESL L <algorithms,

<deque>, <functional>,
<iterator>, <list>, <map>,
<memory>, <numeric>, <set>,

<stack>, <utility>, <vector>

type_traits.h 8,888 3.7 SGI ZEH#%—:H'{J type—traitsﬂ‘(iﬁ
algo.h 3,182 ref. <stl_algo.h>
algobase.h 2,086 ref. <stl_algobase.h>
alloc.h 1,216 ref. <stl_alloc.h>

bvector.h 1,467 ref. <stl_bvector.h>

defalloc.h 2,360 2.2.1 Eﬁ#ﬁﬁ?ﬁﬂﬁﬂgﬁ%& std::allocator,
A .

deque.h 1,373 ref. <stl_deque.h>
function.h 3,327 ref. <stl_function.h>
hash_map.h 1,494 ref. <stl_hash_map.h>

hash_set.h 1,452 ref. <stl_hash_set.h>

hashtable.h 1,559 ref. <stl_hashtable.h>
heap.h 1,427 ref. <stl_heap.h>
iterator.h 2,792 ref. <stl_iterator.h>
list.h 1,373 ref. <stl_list.h>

map.h 1,345 ref. <stl_map.h>
multimap.h 1,370 ref. <stl _multimap.h>
multiset.h 1,370 ref. <stl_multiset.h>
pair.h 1,518 ref. <stl_pair.h>
pthread_alloc.h 867 N/A  #include <pthread_alloc>
rope.h 909 ref. <stl_rope.h>
ropeimpl .h 43,183  N/A rope B HESEME

set.h 1,345 ref. <stl_set.h>

slist.h 830 ref. <stl_slist.h>
stack.h 1,466 ref. <stl_stack.h>
tempbuf.h 1,709 ref. <stl_tempbuf.h>
tree.h 1,423 ref. <stl_tree.h>
vector.h 1,378 ref. <stl_vector.h>

(3) SGISTL WIBFAMISCAE (SGISTL FLIESEAE T 1)

WA GEFREHEFE) bytes AP P

stl_algo.h 86,156 6 Bk (BEERRAM

stl_algobase.h 14,105 6.4 ﬁgjggiif swap, min, max, copy,
copy_backward, copy_n, fill,
fill_n, mismatch, equal,
lexicographical_compare

stl_alloc.h 21,333 2 A NCE 28 std::alloce

stl_bvector.h 18,205 N/A bit_vector (FEARHUEN bitset)

stl_config.h 8,057 1.9.1 B0 B RGP AR e R PP IR I 4
stl_construct.h 2, 402 2.2.3 E*@/ﬁ@*@%z'—(j:,g\-
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(construct (), destroy())

stl_deque.h 41,514 4.4 deque (XUAITFEM) queue)
stl_function.h 18,653 7 Iglftiﬁ/]'ﬂ— (function object)

R, (functor)

stl_hash_fun.h 2,752 5.6.7 hash function

(e, BT hash-table)
stl_hash_map.h 13,552 5.8 Pl hast-table 588 map, multimap
st1l_hash_set.h 12,990 5.7 Pl hast-table 58/ set, multiset
stl_hashtable.h 26,922 5.6 hast-table (F¥ER)
stl_heap.h 8,212 4.7 heap Aﬁ‘/ﬁ push_heap, pop_heap,

make_heap, sort_heap
stl_iterator.h 26,249 3,84,  8.5IKAUEEMILHIRACHAS . Jfw UL
'%’Fﬁ IZI,:LE advance () ,distance ()

stl_list.h 17,678 4.3 1ist CHRAT, XD
stl_map.h 7,428 5.3 map (IR
stl_multimap.h 7,554 5.5 multi-map €% 103 EP)
stl_multiset.h 6,850 5.4 multi-set (ZHEES)
stl_numeric.h 6,331 6.3 é&ﬁ;‘éﬁ/f accumulate,

inner_product, partial_sum,
adjacent_difference, power,
iota.
stl_pair.h 2,246 5.4 pair (Ekﬁéﬂﬁ)
stl_queue.h 4,427 4.6 queue (ISJ\FU) 7
priority_gqueue (%1‘19“?5)\&'])
stl_raw_storage_iter.h2, 588 N/A i}‘( raw_storage_iterator
(= Ff outputiterator)
stl_relops.h 1,772 N/A %)‘(m /I\ templatized operators:
operator!=, operator>,

operator<=, operator>=

stl_rope.h 62,538  N/A KA (EEMED B8
stl_set.h 6,769 5.2 set (FEE)
stl slist.h 20,524 4.9 single list CFA[AJEIAT)
stl_stack.h 2,517 4.5 stack (iﬂ:ﬁé)
stl_tempbuf.h 3,328 N/A ﬁiﬁi temporary_buffer class,

&Fﬁ? <stl_algo.h>
stl_tree.h 35,451 5.1 Red Black tree (ZLEEFY)
stl_uninitialized.h 8,592 2.3 A LA T A,

uninitialized_copy,
uninitialized_fill,
uninitialized_£fill_n.

=N
stl_vector.h 17,392 4.2 vector ([A]H)

1.8.3 SGISTL H4miF¥alAWE (configuration)

AN (25 A X C++18 5 IO SRR EEAN R A A HOh—~ AN B R %) 2 RS A
fUBERLPE, SGISTL i T~ MIMEALE A <se1_consig.ns, HfI1E LIFZH
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B, PRRFLORESM O ST BTG STL Sk CPF#8< HaE ek a5 NAN A0,
FELLEA VS L, ERATAL TS (pre-processor) AR &N H Hok i BUE MR- BT
g, .

// in client
#include <vector>
; // in <vector>
I; #include <stl_algobase.h>

// in <stl_algobase.h>
#include <stl_config.h>

#ifdef __ STL_CLASS_PARTIAL_SPECIALIZATION // %%}E%EG%,TL#%U%EQ
template <class T>

struct ___copy_dispatch<T*, T*>

{

i

#endif /* __STL_CLASS_PARTIAL_ SPECIALIZATION */

<st1_contig.ns CAFMBARALAT— 400 HoE SCR T, ARG BIEFX 5 5N R (K90 5
LA RTREMIANFIRRA, 45 T HEROE . WX HLIRATAT Lh— BE4% 5 G Pl X b
CHHIISCHFFEE . 9%, BEE IR, REOREHA RS, R Es
(1,60, @, 0, @, a0, ans T 19 W4 HIE VC6, CB4, GCC= 5

ik ds FIAIL .

L & GNU C+ 2.91.57 <st1_contig.n> 503 2

e

G++ 2.91.57, cygnus\cygwin-b20\include\g++\Stl_config.h SERERI| R
#ifndef __STL_CONFIG_H

# define ___STL_CONFIG_H

/) A FTBR) A -

/7@y WERGM BRI X pool, true, false, M X EA]

/2y RS BES RARMERE R AR SCRF drandds () B3, #iE X __sTr_no_pranpas

/7 (3) tﬂ%éhiﬁéﬁﬁiiﬁiiq’ static members of template classes, FJE'ZI_'EX

// __STL_STATIC_TEMPLATE_MEMBER_BUG

/7y MRS A SRR typename, #U4 ' typename' & XA~ 4~ null macro.
/7 (5) ﬁu;ﬁ%ﬁ%z;ﬁ?ﬁ‘ partial specialization of class templates, Wjﬂﬁ)‘(

// _ STL_CLASS_PARTIAL_SPECIALIZATION.

// (6) ﬁuﬂiﬁﬁi%%%:i?# partial ordering of function templates (JFﬁkjb
// partial specialization of function templates) 5 %Eﬁé)l

// __STL_FUNCTION_TMPL_PARTIAL_ORDER
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/7 WTERGRIERR AVFIRAIAEITIY - A function templatel HJ DL 145 2 3L
// template arguments, HLE X _ STL_EXPLICIT_FUNCTION_TMPL_ARGS
/7 (8) WIURGREERS S template members of classess wiE X
// _ STL_MEMBER_TEMPLATES .
/7o) WERGmBFERASCR MR explicit, #ta X' explicit' — 4~ null macro.
/710y WIRGRIERTCIFEMRAE AT~ 1 template parametersEE »— 4> template
/7 parameters FIERINEL, L7 X_ STL_LIMITED_DEFAULT_TEMPLATES
// (11) ﬁﬂﬁ%ﬁ%ﬁ%%%%fXﬁ non-type template parameters £ﬂﬁf function template
// I EHAZREHET (argument deduction) AT I, i X
// _ STL_NON_TYPE_TMPL_PARAM_BUG.
/7 2y WG BER VL SLFREARER N operator—>, M X
// _ SGI_STL_NO_ARROW_OPERATOR
/73 WIRG RS (EARPTEBERIRIA ) XK exceptions, Mg X
// _ STL_USE_EXCEPTIONS
s/ 4 X __STL_USE_NAMESPACES " {fiIATHBNRM using sta::1ise; ZHKMAA)
/7 as) WERAEEEEH scigniEas ki, M # I ARIER pthreads
// HH'E threads, #iE X__STL_SGI_THREADS.
/7 e WIRAEILEH- A~ wIN32 HiEdsgnit, I HAEZ A, we X
// _ STL_WIN32THREADS
/7 an EHPE XY namespacetd X macros 1 __stp, _ STL_BEGIN NAMESPACE.
/718y 1 4PYE X exception KM macros 1 __sTi_TRY, __STI_UNWIND.
/7 (19) ARFE__STL_ASSERTIONS &5 52 X, ¥ _ st1 assert & XA~ A
// MRABNEE—~ 4~ null macros

#ifdef _PTHREADS

#

define __STL_PTHREADS

#endif

# if defined(__sgi) s& !defined(_ GNUC_)
//MER] SGT STLAHHIARAEH] GNU Cc++

#

#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#

if !defined(_BOOL)
define __STL_NEED_BOOL
endif
if !defined(_TYPENAME_IS_KEYWORD)
define __STL_NEED_TYPENAME
endif
ifdef _PARTIAL_SPECIALIZATION_OF_CLASS_TEMPLATES
define _ STL_CLASS_PARTIAL_ SPECIALIZATION
endif
ifdef _MEMBER_TEMPLATES
define __STL_MEMBER_TEMPLATES
endif
if !defined(_EXPLICIT_IS_KEYWORD)
define __STL_NEED_EXPLICIT
endif
ifdef __EXCEPTIONS
define __STL_USE_EXCEPTIONS
endif

if (_COMPILER_VERSION >= 721) && defined(_NAMESPACES)
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# define __ STL_USE_NAMESPACES

# endif

# if !defined(_NOTHREADS) && !defined(__STL_PTHREADS)

# define __ STL_SGI_THREADS

# endif

# endif

# ifdef_ GNUC__

# include <_G_config.h>

4 if _oNuc__ < 2 || (_eNuc__ = 2 s« __GNUC_MINOR__ < 8)

# define __ STL_STATIC_TEMPLATE_MEMBER_BUG

# define __ STL_NEED_TYPENAME

# define STL_NEED_EXPLICIT

# else // XHATHH cwuc 2.8+ MIAE

# define _ STL_CLASS_PARTIAL_SPECIALIZATION

# define _ STL_FUNCTION_TMPL_PARTIAL_ORDER

# define _ STL_EXPLICIT_FUNCTION_TMPL_ARGS

# define _ STL_MEMBER_TEMPLATES

# endif
/* glibc pre 2.0 is very buggy. We have to disable thread for it.
It should be upgraded to glibc 2.0 or later. */

# if !defined(_NOTHREADS) && _ GLIBC__ >= 2 && defined(_G_USING_THUNKS)

# define __ STL_PTHREADS

# endif

# ifdef __EXCEPTIONS

# define __ STL_USE_EXCEPTIONS

# endif

# endif

# if defined(__SUNPRO_CC)

# define __STL_NEED_BOOL

# define __STL_NEED_TYPENAME

# define __STL_NEED_EXPLICIT

# define _ STL_USE_EXCEPTIONS

# endif

# if defined(__COMO_ )

# define __ STL_MEMBER_TEMPLATES

# define __ STL_CLASS_PARTIAL_SPECIALIZATION

# define __STL_USE_EXCEPTIONS

# define __STL_USE_NAMESPACES

# endif

/ /R veeMAR S igIE 1200
# if defined(_MSC_VER)

# if _MSC_VER > 1000

# include <yvals.h> / / B SCAFAE MsDEV\VC98\ INCLUDE
# else
# define __STL_NEED_BOOL
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# endif
# define __STL_NO_DRAND48
# define __ STL_NEED_TYPENAME
# if _MSC_VER < 1100
# define __ STL_NEED_EXPLICIT
# endif
# define __STL_NON_TYPE_TMPL_PARAM_BUG
4 define _ SGI_STL_NO_ARROW_OPERATOR
# ifdef _CPPUNWIND
# define __STL_USE_EXCEPTIONS
# endif
# ifdef _MT
# define __ STL_WIN32THREADS
# endif
# endif

//ﬁ%ﬁﬁf?: Inprise Borland C++bui1derﬂiﬁ§}<¢§ﬁtﬁ§§&o
// ce+Builder [MIRILEH W™ PronXiiz=sh?

#
#
#
#
#
#
#
#
#
#
#
#
#

-

if defined(__BORLANDC_ )
define __STL_NO_DRAND48
define __STL_NEED_TYPENAME
define _ STL_LIMITED_DEFAULT_TEMPLATES
define __SGI_STL_NO_ARROW_OPERATOR
define __STL_NON_TYPE_TMPL_PARAM_BUG
ifdef _CPPUNWIND
define __ STL_USE_EXCEPTIONS
endif
ifdef __MT__
define __STL_WIN32THREADS
endif

endif

if defined(__STL_NEED_BOOL)
typedef int bool;
define true 1

define false 0
endif

ifdef __ STL_NEED_TYPENAME

define typename//@%ﬁi: Xﬁlﬁﬁl& #define typename class H%?

endif

ifdef _ STL_NEED_EXPLICIT

define explicit
endif
ifdef_ STL_EXPLICIT_FUNCTION_TMPL_ARGS

define __STL_NULL_TMPL_ARGS<>
else
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# define __ STL_NULL_TMPL_ARGS
# endif
# ifdef_ STL_CLASS_PARTIAL_SPECIALIZATION
4 define __STL_TEMPLATE_NULLtemplate<>
# else
# define __STL_TEMPLATE_NULL
# endif

// __STL_NO_NAMESPACES is a hook so that users can disable namespaces
// without having to edit library headers.
# if defined(__STL_USE_NAMESPACES) && !defined(__STL_NO_NAMESPACES)
# define __STD std

define __STL_BEGIN_NAMESPACE namespacestd {

define __STL_END_NAMESPACE }

define __ STL_USE_NAMESPACE_FOR_RELOPS

define __STL_BEGIN_RELOPS_NAMESPACE namespace std {

define __STL_END_RELOPS_NAMESPACE }

define __STD_RELOPS std

else

#
#
#
#
#
#
#
# define __STD
# define __ STL_BEGIN_NAMESPACE
# define __STL_END_NAMESPACE
# undef __ STL_USE_NAMESPACE_FOR_RELOPS
# define __ STL_BEGIN_RELOPS_NAMESPACE
# define _ STL_END_RELOPS_NAMESPACE
# define __STD_RELOPS
# endif
ifdef __STL_USE_EXCEPTIONS
define _ STL_TRY try
define __STL_CATCH_ALL catch(...)
define _ STL_RETHROWChrow
define __STL_NOTHROWCLhrow ()

define _ STL_UNWIND (action) catch(...) { action; throw; }

#

#

#

#

#

#

# else
# define __STL_TRY

# define __STL_caTcH_ALL if (false)
# define __STL_RETHROW

# define __STL_NOTHROW

# define __STL_UNWIND (action)

#

endif

#ifdef __ STL_ASSERTIONS
# include <stdio.h>
# define __stl_assert (expr) \
if  (!(expr)) (fprintf(stderr, "$s:%d STL assertion failure: %s\n", \
__FILE_, _ LINE_ ,# expr);abort (); }

// {%%U_ U\J‘"fi)‘H stringizing operator #, ﬂE'J_[L (5’:@5@&)} % 4

11
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#else
# define __stl_assert (expr)

#endif
#endif /* __STL_CONFIG_H */

// Local Variables:
// mode:C++
// End:

NEANMER, HRIER GCC I B E

// file: lconfig.cpp
// test configurations defined in <stl_config.h>
#include <vector> // which included <stl_algobase.h>,
// ~and then <stl_config.h>
#include <iostream>

using namespace std;

int main ()
{
# if defined(__sgi)
cout << "__sgi" << endl; // none!
# endif

# if defined(__GNUC__)

cout << "__GNUC__" << endl; // __GNUC___
cout << __GNUC__ << ' ' << __GNUC_MINOR__ << endl; // 2 91
// cout << __GLIBC__ << endl; // __GLIBC__ undeclared
# endif
// case 2
#ifdef __STL_NO_DRAND48
cout << "__STL_NO_DRAND48 defined" << endl;
#else
cout << "__STL_NO_DRAND48 undefined" << endl;
#endif
// case 3
#ifdef __ STL_STATIC_TEMPLATE_MEMBER_BUG
cout << "__STL_STATIC_TEMPLATE_MEMBER_BUG defined" << endl;
#else
cout << "__STL_STATIC_TEMPLATE_MEMBER_BUG undefined" << endl;
#endif
// case 5
#ifdef __STL_CLASS_PARTIAL_SPECIALIZATION
cout << "__STL_CLASS_PARTIAL_SPECIALIZATION defined" << endl;
#else

The Annotated STL Sources



26 ¥ 1 % STL M5 AR
cout << "__ STL_CLASS_PARTIAL_SPECIALIZATION undefined" << endl;
fendif
// case 6

LRI E R, PEWCE config.cpp (AT HEEFEMIEE TN ED .
}

PATEE RN, HIEATEE W GCC X & Ff CH+RFIER S RFRE S -

__GNUC__

2 91

__STL_NO_DRAND48 undefined
__st1,_staric_tevpLAaTE_MEMBER_BUG undefined
__STL_CLASS_PARTIAL_SPECIALIZATION defined
__STL_FUNCTION_TMPL_PARTTAL_ORDER defined

__ STL_EXPLICIT_FUNCTION_TMPL_ARGS defined
__STL_MEMBER_TEMPLATES defined

_ STL_LIMITED_DEFAULT_TEMPLATES undefined
__sti_non_type_tMpL_paRaM_BUG undefined
__SGI_STL_NO_ARROW_OPERATOR undefined
__STL_USE_EXCEPTIONS defined
__STL_USE_NAMESPACES undefined
__STL_SGI_THREADS undefined

__STL_WIN32THREADS undefined

__STL_NO_NAMESPACES undefined
__ STL_NEED_TYPENAME undefined
__STL_NEED_BOOL undefined

__STL_NEED_EXPLICIT undefined

__STL_ASSERTIONS undefined

19T BE RN B C++iBvE

LT FTANH I LAMRAS T H,  HIRIX Mg 4 4 C++ Standard K S RFREZ . 1X
JIANRES, WIERFZRF N TCH+  BikB AW irE. DU Jeffi- - K
GCCAEIXLAMIRZS IR, A LLl Ry EaE b (OFBT#) HASGISTL i
fith, PR TT A BB UL SGT STLEL TSR A S o 373X JLAMIRAS TR R I,

#J: template A AZEHES (argument deduction) . {454k (partial specialization) 2

FI I, BT AR T 58 classesal functionsf#: M, 2 LRI A

FETT AL

AHPRERABRBTCH+ B FER, AMEABEEZ M. BIAT S ufIR T

SR, AR Z U AR I AR - ME, S URRLE (C++ Primer)
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3/e WRLLEE A AR R IEA 4

1.9.1 stl_config.h R FIEZE (configurations)

LA PRAN A 55 = B <se1_contig. ns SRS S (KIFILTE S 5 A1 ] o

HZ& 3: _ STL_STATIC_TEMPLATE_MEMBER_BUG

// file: lconfig3.cpp

//{D‘!HLI&E class template Hljﬁﬁ static data members.

// test __STL_STATIC_TEMPLATE_MEMBER_BUG, defined in <stl_config.h>
// ref. C++ Primer 3/e, p.839

// vcélo] cb4[x] gcclo]

// cb4 does not support static data member initialization.

#include <iostream>

using namespace std;

template <typename T>

class testClass {

public: //4UHEN T IAEMK, 1] public
static int _data;

i

//N static data memvers BT X (BLENAE) , IHFEVIME.
int testClass<int>::_data = 1;

int testClass<char>::_data = 2;

int main ()

{

/7 BN, CBARIMAME, WATHZAIE R E .

cout << testClass<int>::_data << endl; // GCC, VC6:1 CB4:0

cout << testClass<char>::_data << endl; // GCC, VC6:2 CB4:0

testClass<int> objil, obji2;

testClass<char> objcl, objc2;

cout << objil._data << endl; // GCC, VC6:1 CB4:0
cout << obji2._data << endl; // GCC, VC6:1 CB4:0
cout << objcl._data << endl; // GCC, VC6:2 CB4:0
cout << objc2._data << endl; // GCC, VC6:2 CB4:0
objil._data = 3;

objc2._data = 4;

cout << objil._data << endl; // GCC, VC6:3 CB4:3
cout << obji2._data << endl; // GCC, VC6:3 CB4:3
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cout << objcl._data << endl; // GCC, VC6:4

cout << objc2._data << endl; // GCC, VC6:4 CB4:4

CB4:4

47 5: __STL_CLASS_PARTIAL_SPECIALIZATION.

// file: lconfig5.cpp

//Wmfﬁ class template partial specialization

‘*?F class template Eq

/) = A BN, R R R cenprate ZHUBRRRA BEIE .

// test __STL_CLASS_PARTIAL_SPECIALIZATION in <stl_config.h>

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

// vcé[x] cb4[o] gcclo]

#include <iostream>

using namespace std;

/ /= et
template <class I, class 0>
struct testClass
{
testClass () { cout << "I, O" << endl; }

i

/ /PR B
template <class T>
struct testClass<T*, T*>
{

testClass ()

bi

{ cout << "T*, T*" << endl; }

/ /R BE
template <class T>
struct testClass<const T*, T*>
{

testClass ()

bi

int main ()

{
testClass<int, char> objl;
testClass<int*, int*> obj2;

testClass<const int*, int*> ob3j3;

{ cout << "const T*, T*" << endl;

}

// I, O
// T*, T*

// const T*, T*

HZ& 6: _ STL_FUNCTION_TMPL_PARTIAL_ORDER

i Qjﬁxstlfconfiq.kﬁi’ﬁ:}:“ ﬁ'—? Ifuj 5

KA HE B R X Epartial

The Annotated STL Sources



LYW HEARIH R C++ TEIE

specialization of function templates, RSP FEAMIF. Fi&E L™ Pros, &
HWERRE X ESH CH+iE i,

// file: lconfig6.cpp
// test __STL_FUNCTION_TMPL_PARTIAL_ORDER in <stl_config.h>
// vc6[x] cbd4[o] gcclo]

#include <iostream>

using namespace std;

class alloc {

bi

template <class T, class Alloc = alloc>
class vector {
public:
void swap (vector<T, Alloc>&) { cout << "swap()" << endl; }
i
#ifdef __ STL_FUNCTION_TMPL_PARTIAL_ORDER li j‘J L;&‘UJ c ” - /I\A F}’ J ‘]’Z V‘J ?T\' >
template <class T, class Alloc>
inline void swap (vector<T, Alloc>& x, vector<T, Alloc>& y) |

x.swap (y);

/7 OB AEARET WA

/U A A se1_vector.n, KEFGY RIS IEAT g PE,  AEANNARE 4 2.
int main ()
{

vector<int> x,y;

swap (x, y); // swap ()

HZ& 7: _ STL_EXPLICIT_FUNCTION_TMPL_ARGS
A~ SGI STL W #EA Bt HEue L.

JRZE 8: __STL_MEMBER_TEMPLATES

// file: lconfig8.cpp

//{MIIA\ class template ZP“] ”J/Emﬁ template (members).
// test __STL_MEMBER_TEMPLATES in <stl_config.h>

// ref. C++ Primer 3/e, p.844

// vcé[o] cb4[o] gcclo]

#include <iostream>
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using namespace std;

class alloc {

bi

ten1plate <class T, class Alloc = alloc>
class vector {
public:

typedef T value_type;

typedef value_type* iterator;

template <class I>
void insert (iterator position, I first, I last) {
cout << "insert ()" << endl;
}
bi

int main ()
{
int ia[5] = {0,1,2,3,4};

vector<int> x;
vector<int>::iterator ite;

x.insert (ite, ia, ia+5); // insert ()

47 10: __STL_LIMITED_DEFAULT_TEMPLATES

// file: lconfiglO.cpp

//Uﬂ“ﬁt template %ﬁﬁrg\iﬁﬁﬁﬁ‘ /]\ template %Q;Qﬁﬁ-&‘ﬁ:‘l—‘j( U\{En
// test __STL_LIMITED_DEFAULT_TEMPLATES in <stl_config.h>

// ref. C++ Primer 3/e, p.816

// vcelo] cbd[o] gceclo]

#include <iostream>
#include <cstddef> // for size_t

using namespace std;

class alloc {

bi

template <class T, class Alloc = alloc, size_t BufSiz = 0>
class deque {
public:

deque () { cout << "deque" << endl; }

bi

/RPN BHUE T, BUE™ - NS Ssequence MIBKIMEA deque<T>
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template <class T, class Sequence = deque<T> >

class stack {

public:

stack () { cout << "stack" << endl; }

private:
Sequence cj;

i

int main ()
{
stack<int> x; // deque

// stack

7 11: __STL_NON_TYPE_TMPL_PARAM_BUG

// file: lconfigll.cpp

//Wmfﬁ class template ”Jéfﬁﬁ¥§ non-type template éiﬁio

// test __STL_NON_TYPE_TMPL_PARAM BUG in <stl_config.h>

// ref. C++ Primer 3/e, p.825

// vcelo] cbd[o] gceclo]

#include <iostream>
#include <cstddef> // for si

using namespace std;

class alloc {

bi

ze_t

inline size_t __deque_buf_size(size_t n, size_t sz

{

return n != 0 ? n : (sz < 512

? size_t (512 / sz) : size_t(1l));

template <class T, class Ref, class Ptr, size_t]iufSiz>

struct __deque_iterator ({
typedef __deque_iterator<T, T&
typedef __deque_iterator<T, co
const_iterator;
static size_t buffer_size(

bi

, T*, BufSiz> iterator;

nst T&, const T*, BufSiz>

{return __deque_buf_size (BufSiz,

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

class deque {
public: //
typedef _ deque_iterator<T, T&

i

int main ()

Iterators

, T*, BufSiz> iterator;

sizeof (T)); }
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cout << deque<int>::iterator::buffer_size() << endl; // 128

cout << deque<int,alloc,64>::iterator::buffer_size() << endl;// 64

U\ﬁ\ éﬁ;{&ﬁﬁiz:ﬁ_ﬁﬁﬁ”éﬁ%zm, zﬁﬂfﬂﬁ%<stliconfiq.h>|j‘]ﬁ,‘]i>‘(’ ﬁ'fﬁﬁﬁ
FHA SGISTL Zfl1. HNRHLE,

H7&: _ STL_NULL_TMPL_ARGS (bound friend template friend)
<stl_config.n>iE X _ STL_NULL_TMPL_ARGS#I™ :

# ifdef_ STL_EXPLICIT_FUNCTION_TMPL_ARGS
4 define _ STL_NULL_TMPL_ARGS<>

# else
# define __ STL_NULL_TMPL_ARGS

# endif
EANHASEHCE H B I ZRUXFER A (class template [ friend EFE ) -

// in <stl_stack.h>
template <class T, class Sequence = deque<T> >
class stack (
friend bool operator==__STL_NULL_TMPL_ARGS (const stacké&, const stacké&);

friend bool operator<__ STL_NULL_TMPL_ARGS (const stack&, const stacké&);

bi
JETT 5 AR R T

template <class T, class Sequence = deque<T> >
class stack ¢
friend bool operator==<> (const stack&, const stacké&);

friend bool operator<<> (const stacké&, const stacké&);

i
PP AR TE VRS2 T SEILITIE Y bound friend templates, W& class template
FIFEAS HIUK (instantiation) 53 friend function template [{3EAN H AL~ Xi-
IR FR e ™ 2R

// file: lconfig-null-template-arguments.cpp
// test __STL_NULL_TMPL_ARGS in <stl_config.h>
// ref. C++ Primer 3/e, p.834: bound friend function template

// vcé[x] cb4[x] gcclo]

#include <iostream>
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#include <cstddef> // for size_t

using namespace std;

class alloc {

bi

template <class T, class Alloc = alloc, size_t BufSiz = 0>
class deque {
public:

[

deque () { cout << "deque" << ;)

bi

//BN EAE WAL, oo WLl . WL, cec Wbl .
// c++ Primer 3/e p.834 [MULEA AN P Fii— @ BE XL E T Y.
/*

template <class T, class Sequence>

class stack;

template <class T, class Sequence>
bool operator==(const stack<T, Sequence>& x,

const stack<T, Sequence>& V);

template <class T, class Sequence>
bool operator<(const stack<T, Sequence>& x,

const stack<T, Sequence>& VYy);

*/

template <class T, class Sequence = deque<T> >
class stack {
/7 E KRR AT LA
friend bool operator==<T> (const stack<T>&, const stack<T>&);
friend bool operator< <T> (const stack<T>s, const stack<T>&),‘
/7 BOX AR A T PAT
friend bool operator==<{r> (const stacké&, const stackg);
friend bool operator< <T> (const stack&, const stack&);
/1B KRR A T PAT
friend bool operator==<> (const stack&, const stacké&)
friend bool operator< <> (const stack&, const stack&)
/7 B KRR AN LA
// friend bool operator== (const stacké&, const stacké&);

// friend bool operator< (const stack&, const stacké&);

public:

stack () { cout << "stack" << endl; }
private:

Sequence c;

bi

template <class T, class Sequence>

%X

KU
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bool operator==(const stack<T, Sequence>& x,
const stack<T, Sequence>& vy) {

return cout << "operator==" << '\t';

template <class T, class Sequence>
bool operator<(const stack<T, Sequence>& x,
const stack<T, Sequence>& y) {

return cout << "operator<" << '"\t';

int main()
{

stack<int> x; // deque stack
stack<int> vy; // deque stack
cout << (x == y) << endl; // operator== 1
cout << (x < y) << endl; // operator< 1
stack<char> y1; // deque stack
// cout << (x == yl) << endl; // error: no match for...

// cout << (x < yl) << endl; // error: no match for...

}

HA: _ STL_TEMPLATE_NULL C(class template explicit specialization)
<stl_config. h>‘}:t[>‘( T - /I\ _STL_TEMPLATE_NULL ﬁ”‘k :

# ifdef__STL_CLASS_PARTIAL_SPECIALIZATION
4 define __STL_TEMPLATE_NULLtemplate<>

# else

# define __STL_TEMPLATE_NULL

# endif

AN B IR 7 -

// in <type_traits.h>
template <class type> struct 7type7traits { R
__STL_TEMPLATE_NULL struct __type_traits<char> { ... };

// in <stl_hash_fun.h>

template <class Key> structhash{ };

_ sTL_TEMPLATE_NULL struct hash<char> { ... };
__sti_teMpLATE_NULL struct hash<unsigned char> ( ... j;

JETFIG AR IR T«

template <class type> struct __1ype_1rahs { e )i
template<> struct __type_traits<char> ( ... };
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template <class Key> structhash{};
template<> struct hash<char> { ... };
template<> struct hash<unsigned char> { ... };

XL T K class templateexplicit specialization. ™ XM +i& H T-GCCA!
VC6, RVHEHE AR template<> 5 5¢ Mexplicit specialization. C++Builder
WS R E TR By B SR b A 58 A I MCH+ bR ME ML RS, thomh 2 0 AW A s

template<>o

// file: lconfig-template-exp-special.cpp
//Eij‘wwtﬁ class template explicit specialization
// test __STL_TEMPLATE_NULL in <stl_config.h>

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

// vcé[o] cb4[x] gcclo]

#include <iostream>

using namespace std;

/ /% __sti_tEmpratE_nunL SE XN template<s, AJ Lo
[/A#FEX N blank, W, WHIEAT cee.

#define _ STL_TEMPLATE_NULL /* blank */

template <class Key> structhash {
void operator () () { cout << "hash<T>" << endl;

i

// explicit specialization
__STIL_TEMPLATE_NULL struct hash<char> {

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

bi

__STL_TEMPLATE_NULL struct hash<unsigned char> (
void operator () () { cout << "hash<unsigned char>" << endl; }

bi

int main ()

{
hash<long> t1;
hash<char> t2;

hash<unsigned char>t3;
t1(0; // hash<T>

t2(); // hash<char>
t3(); // hash<unsigned char>
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55 1 % STL Mg 5 RA i/

LO2E I R B =iz H

Frig g x4, - fEAXN4% (unnamed objects) o EHHILUIRATERET i
KAz ™ (Blan{Efpass by valueshfE# 45| KcopyshE, TREM- 1
FRE) , FEAEERACR IRt HA R R R - SRR S, HIX

AT T HERINETT . ZIR S NN R NI, EREH G M
— XSS, JFATHREYIME, Bllishape (3, 5) Biint (8), HE A YT

AH N Mconstructor H. AN & & ¥ # 4 K .
(functor) SHEILMHFERC F, Fla0:

// file: lconfig-temporary-object.cpp

/) AR R X T for_eacn ) T IE
// vc6[o] cb4d[o] gcclo]

#include <vector>

#include <algorithm>

#include <iostream>

using namespace std;

template <typename T>
class print
{

public:
void operator () (const T& elem)
{ cout << elem << ' '; '}

i

int main ()
{
int ial6] = { 0,1,2,3,4,5 };

vector< int > iv(ia, ia+6);

STL & # ¥ st 807 M T i & X

// operator () 2. Wo1.9.6 W

// print<int> () A NERXG, A& AR ITIYE1E,

for_each (iv.begin(),

}

iv.end (), print<int>());

e Jri— AT =4 [function template LEIAA | print<int>f— MR % . X
MW GHBEAE N for_each () ZFIHEIEM . Mfor_each () 4, XA XH

Watai R e kb

1B3IEZ% (More Effective C++) 45#X 19: Understand the origin of temporary objects.
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193 BAEEBEBRRLE classH B HEEWIEL

in-class static constant integer initialization

I classN ¥ const static integral data member, IS AME CH+brERIME, FeAll
i AfEclassZ W ELIRSS T FTilintegraliz 18 HTA S50 ), AN g
into ™ [HEAMAI

// file: lconfig-inclass-init.cpp
// test in-class initialization of static const integral members
// ref. C++ Primer 3/e, p.643

// vc6[x] cbd[o] gcclo]

#include <iostream>

using namespace std;

template <typename T>

class testClass {

public: // expedient
static constint _datai = 5;
static const long _datal = 31;
static const char _datac = 'c';

Vi

int main ()

{
cout << testClass<int>::_datai << endl; // 5
cout << testClass<int>::_datal << endl; // 3

cout << testClass<int>::_datac << endl; // c

1.9.4 increment/decrement/dereferenceiz &+

increment/dereferencels . T 7EIE AR M SLAE A AW WBAL,  FEAAEAT
- AN AR IR SR R BE Cincrement,operator++ ) FIHUE (dereference,
operator*) Wifig, Wi#HESMWATEN (prefix) MGEINL (postfix) Pifh, Ak
TR IR AU RS XU B s hhe, At w3 Ee ftdecrement

R (WA E S B o T AN

155 % (More Effective C++) 4K 6: Distinguish between prefix and postfix forms of

increment and decrement operators
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// file: lconfig-operator-overloading.cpp

// vec6[x] cb4[o] gcclo]

// vl friena HUHIFANC C++ brdEREIEZE, AR
#include <iostream>

using namespace std;

class INT
{

friend ostream& operator<<(ostream& os, const INT& i)

public:

INT (int 1) : m_i(i) { };

// prefix : increment and then fetch

INT& operator++()

{

++(this—>mi); // B classiANE, AT AZAT AR EE.

return *this;

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

INT temp = *this;

++ (*this);

return temp;

// prefix : decrement and then fetch
INT& operator——()
{
——(this—>n_i); // B classBIANE, BEATROZA AR PEIE.

return *this;

// postfix : fetch and then decrement
const INT operator--(int)
{

INT temp = *this;

——(*this);

return temp;

// dereference
int& operator* () const
{

return (int&)m_i;

/7 U\fﬁfﬁ%i}bﬁ’:’.ﬁ%ﬁﬁ%ﬁ, Viﬁﬁiﬁﬁ const int $§j‘~] non-const lvalue.
/7 BB KR B R, A8 G PE S o an B, A7 S8 SRR 1K) G s Lk R
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private:
int m_i;

i

ostream& operator<<(ostream& os, const INT& i)
{
os << "[' << i.m i << ']7;

return os;

int main ()

{

INT I(5);

cout << I++; //
cout << ++1; //

cout << I-—; //

[C2 RSN RS BNE ]

cout << --I; //

cout << *1; // 5

L9 5HTFEFFX AR AL )

BT~ ANSTLHYE, TR - XA Q2R Prbsn X, H
DARRRAE o 3K XSRS ITAR R KR TE BRI G TS, B (first,

last) Kone WY, BALEEHEM first JHIR, HE 1ast-1. EAS 1ast

Frig2 [HfE—- NURM™ - ALE ] o XMoff by one (hits— ¥, Sl pass the

end) WIbs7Rik, ARVEZJIE, HIar™ w4 STL ARG BT, e/ T

R

template <class InputIterator, class T>

InputIterator fhld(lnputlterator first, Inputlterator last, const T& value) {

while (first != last && *first != value) ++first;
return first;

}

template <class InputlIterator, class Function>

FUHCtiODfOI‘_eaCh(Inputlterator first, InputIterator last, Function f) {

for ( ; first != last; ++first)
f(*first);

return f;

151X~ FPEIT (half-open)  JGJT Copen-ended) X[,
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B PSP IR ™ G, e Z T i HESE AR )

5 A

first last

iterator iterator

1.9.6 function call IBHEF (operator ()

R M ERER], aUFMENE (C++  TEIEHIH A /NMES) BT D2 84k

VFZSTLELAFRME A AS, — AT BEIRDE (ke i LA H4 J5 2CHE
F s = AHTRFCRGL (O eI A 2 4 s DA RPRF R S R AT HESTD
BIXFIGOL, o AR RGP BN, T2 P SRS FR ) ey — 4%
AR B, AT ZERR BRI AR VR AR [ HRA 1R .

RE&E T #ANE] 1, MR, T CEFIER, folm s suts,
M 15 1L i s\ F8 b5 (pointer to function, ZXFX function pointer) A REIERK, HI41:

// file: lgsort.cpp

#include <cstdlib>
#include <iostream>

using namespace std;
int fcmp( const void* eleml, const void* elem2);

void main ()

{

int ia[l10] = {32,92,67,58,10,4,25,52,59,54};
for(int i = 0; 1 < 10; i++)
cout << ia[i] << "™ "; // 32 92 67 58 10 4 25 52 59 54

qSOrt(ia,sizeof(ia)/sizeof(int),sizeof(int), fcrnp),

for(int i = 0; 1 < 10; i++)

cout << ia[i] << " "; // 4 10 25 32 52 54 58 59 67 92
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int fcmp( const void* eleml, const void* elem2)
{
const int* il = (const int*)eleml;

const int* i2 = (const int*)elem2;

if( *1il < *12)
return -1;

else if( *il == *i2)
return 0;

else 1if( *il > *i2)

return 1;

R AIRbA A e, BCEENE ERERA B CIPRES OTEXEUIRE, local
states) , W ICVEIE BIALAFHEAR AT LR (adaptability) —tH s Jok ks 4
BeE A AN T H s FORES .

ik, STL SRR IRRR A BTS2 BTN [ 4505 ) o T5Eng ] ol [ Az
LAk A I, FrE i (functor) WA LRG0 - FEIVAR DY,
UUERARER XS HEAS class #EAToperator () 8L, M- MK, 2T
B~ AN ARSI A, BT 2 SERANK S5 ) (PEILEE 8 )

NHSE- M operator () ZHALIKIHI T

// file: 1lfunctor.cpp
#include <iostream>

using namespace std;

/ /MW operator 0 ZEALT, I prus T~ MR
template <class T>
struct plus {

T operator() (const T& x, const T& y) const { return x + y; }
i

//HTH operator 0 AT, FIL minusi T~ MK
template <class T>
struct minus {

T operator()(const T& x, const T& y) const { return x - y; }

int main ()
{
/1 BAN PR R AN &R

plus<int> plusobj;
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minus<int> minusobj;

sr ATMEII RS, R - feeRi - .
cout << plusobj(3,5) << endl; // 8

cout << minusobj(3,5) << endl; // -2

77 U BRFAAGTRAREI S B XSPNMES) , IFIFN . (B MRS .
cout << plus<int>() (43,50) << endl; // 93
cout << minus<int>() (43,50) << endl; // -7

}

j‘ﬁﬁgplus<T>$ﬂminus<T>E‘é};ikﬁﬁ:‘i&STLﬁ/‘Jif/ﬁT’ M~ ZERZETE sk
Z [AIicEzRedy) o O&F [nIcEzRe sl , MG7Esh 8 &tk
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2

7 [A] e B2

allocator

LASTL (s AL, 2 (e e et e AT A IR, B B2 RAE - Ul
A CERABPURIEAA, container) (M5, BRERTAEBRERATH. (H7LL STL
HSEAEMETTS, - MHRENHNB R E RIS, BOYBEASTLARAEN %

(I IIEIE) BAFBHERAZ N, TS A i 200 B2 ) LB TS . ANk
SR () C B S, R SILE STL 4L SR Ab AL IE B4 #K 41

Mt 2 A allocatorsi A7 BC EL A 110 L e B I BCELARIE . DY, & RA- 2

FENAE, R AN AT DU R L e A B il A AR . 2K, ARWTEAS— 4 allocator,
BRI DU A2 SGISTL AL E RS, LEMN S, Ve,

M, ZNE

2.1% (| i B AR R AR R O

Rl STL M#YE, LI Rallocator ) 2L 5T

//UTN F R cype MIBLHED, HIZ EEEA.
allocator::value_type

allocator::pointer

allocator::const_pointer
allocator::reference
allocator::const_reference
allocator::size_type

allocator::difference_type

1152% Disk-Based Container Objects, by Tom Nelson, C/C++ Users Journal, 1998/04

255 [Austern98], 10.377 .
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allocator::rebind

— MNEUIRAY (nested) class template. class rebind<u>#A i~ i fAother,
WA~ A typedef, fKFallocator<u>,

allocator: :allocator ()
default constructor.
allocator: :allocator (const allocators)
copy constructor.
template <class U>allocator::allocator (const allocator<uss)
Z AL icopy constructor.
allocator: :~allocator ()
default constructor.
pointer allocator::address (reference x) const
AL A FEASF Gl o 5 a address 0 ZF A Fraxo
const_pointer allocator::address (const_reference x) const
’f?lﬂ%/l\constﬁ’%tﬂ/‘]f@iﬂ:o ﬁﬁa.address(ﬂ%lﬂ?&}(o
pointer allocator::allocate (size_type n, cosnt void* = 0)
ALER M, EUMEAa DTS BT A RE MR JHE TR ek
By I E (locality) , ER524ZME2 .
void allocator::deallocate (pointer p, size_type n)
VA S i T ) )
size_type allocator::Max_size () const
BRI AN
void allocator::construct (pointer p, const T& x)
ZE[F] Fnew (const void*) p) T(x)o

void allocator::destroy (pointer p)

ZE A To-sr10 0

211 — AN EFERN S R ESS, JI::allocator

A AR bRAEN T, IRAT FTRLBATSE M- A TIRERIE. v 1 AEAFRR
allocator I ™ :
// file: 2jjalloc.h

#ifndef _JJALLOC_

#define _JJALLOC_
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#include <new> // for placement new.
#include <cstddef> // for ptrdiff_t, size_t
#include <cstdlib> // for exit ()
#include <climits> // for UINT_MAX

#include <iostream> // for cerr

namespace JJ
{

template <class T>
inline T* _allocate(ptrdiff_t size, T*) {
set_new_handler (0);

T* tmp = (T*) (::operator new((size_t) (size * sizeof(T))));

if (tmp
cerr << "out of memory" << endl;
exit (1) ;

}

return tmp;

template <class T>
inline void _deallocate (T* buffer) {

::operator delete (buffer)

template <class T1, class T2>
inline void _construct (T1* p, const T2& value) {

new(p) Tl(value); // placement new. invoke ctor of T1.

template <class T>
inline void _destroy (T* ptr) {

ptr->~T();

template <class T>

class allocator (

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

typedef ptrdiff_tdifference_type;

// rebind allocator of type U

template <class U>
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struct rebind ¢
typedef allocator<U> other;

bi
// hint used for locality. ref.[Austern],pl89

pointeraﬂocate(sizeftype n, const void* hint=0) {

return 7allocate ((difference_type)n, (pointer)O0);

void deallocate(pointer p, size_type n) { _deallocate(p); }

void construct (pointer p, const T& value) {
_construct (p, value);

void deStl‘Oy(pointer p) {_destroy(p); }
pointeraddress(reference x) { return (pointer)é&x; }

constfpointerconst_address(constfreference x) {

return (const_pointer)é&x;

size_typenlax_ﬁize() const {

return size_type (UINT_MAX/sizeof (T));

} // end of namespace JJ

#endif // _JJALLOC_

K os: rallocator }Mﬁq?firﬂzZH'y FATRD, EHEEAREFAN PISTL A
RW STL, filfu:

// file: 2jjalloc.cpp

// VC6[o], BCB4[o], GCC2.9[x].
#include "jjalloc.h"

#include <vector>

#include <iostream>

using namespace std;
int main ()
{
int ia[5] = {0,1,2,3,4};

unsigned int i;

vector<int, JJ::allocator<int> > iv(ia, ia+5);
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for (i=0; i<iv.size(); i++)
cout << iv[i] << '
cout << endl;

}

[AEATPREAAIC PYSTL ] 282, PISTL ASeAAE STLIUAR, HATHLN K
VI 2 A BT 2 AN AERRUE M 25 (R C & 2345 M atiocators s charatloc0o [ A
AEAT PRI FEIL RW STL] ML Yy, RW STL 7ERZ 25885 HEH T&FIX, 1L
BRI, 550 attocator LIRS Z K. BT 5EALIENMT SGISTL &I,
SGI STL {EXANIAH _FARA il 7 STL  brdERiss, M- NEJEI. Ik
JERCE (sub-allocation) €I, RCRAUBRIFFRIC B S, RIS A VRN

AT LA AT oM s 52 FSGI STLAMRELAL T — ANbrufk AL & 2/
M, FURHEMT - ERE. X ANFRHERE R E 28 44 Asimple_alloc, )i

22ﬂ§'¥kﬁﬂ§j} (sub-allocation) H‘J SGI ?EI‘EHHEE%%

SGISTL ) Mt & & 5 A& A W, W5 b W A F o, I 4 B allocily IF
allocator, [l LANEESZAT AT B AR ik o ) i U G SRARBEAERL P | PR FHSGL il
B, AR 2
vector<int, std::allocator<int> > iv;// in vc or cB
WAUX A5

vector<int,std::alloe> iv; // in GCC

SGI STL allocator A REATAARAERAK , XN S0 H AR AR WL, A
WE AT TR RS, RAOFLEAITIRE SRS, MSGI STL
- NS E LT T I 25 A EC B 2 Aalloco 1407 THIY vector B :

template <class T, classAlloc = alloc> // T)ﬁ\ﬁ'ﬁi)ﬂ allocjﬂﬁﬂﬁ%ﬁ

class vector { ... };

2.2.1 SGI WHERZEIEESS, std::allocator

HAR SGI e A~ MNMFE bt % Mallocator AL E 25, {HSGIH .
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MRS, BAEREAME . EERBEZEAR, HIE C++: :operator
new*u::operator deleteﬁﬁ_‘ E?ﬁ@ﬂ/‘]@, %ﬁﬁao & E%SGI B@Std:l
allocator =50 :

G++ 2.91.57, cygnus\cygwin-b20\include\g++\defalloc.h5E%& %13

[/ BATAE R G NS o IR A2 IR vp default allocatore FEMEEHZENT

/ /AR .

//

// po wot vuse Tars FiiE ANEAFFIXANSCM, BRARRT A LUH R
//%EE_;JBH}L%E;‘ /I\T)ﬁﬁ HP-style interfaceﬂgﬂjrﬂﬁdﬁ%o SGI STL'@EJ‘H
//KIEJEQ allocator/‘ﬁ*ﬁo SGI-style allocators m%ﬁ'ﬂ’:'fﬁ %Xﬁ%ﬂ%ﬂ*ﬁj‘&

/ /WS BRI void*Hibs (FEFEE: WHEFRMER D, wiamby- A4

// TR ERG ] 3k, T+ o WSCFIEAS AT H (BT scT sTLk A

#ifndef DEFALLOC_H

#define DEFALLOC_H

#include <new.h>
#include <stddef.h>
#include <stdlib.h>
#include <limits.h>
#include <iostream.h>

#include <algobase.h>

template <class T>
inline T* allocate (ptrdiff_t 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) {

::operator delete (buffer);

template <class T>
class allocator ¢
public:
/) VAN B R eype IRV, BT IR,
typedef Tvalue_type;
typedef T* pointer;
typedef const T* const_pointer;

typedef T& reference;
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typedef const T& const_reference;
typedef size_t size_type;

typedef ptrdiff_tdifference_type;

pointerallocate (size_type n)

return ::allocate ((difference_type)n, (pointer)0);
}
void deallocate (pointer p) {::deallocate(p); }
pointeraddreSS(reference x) { return (pointer)é&x; }
constfpointerconst_address(constfreference x)

return (const_pointer)&x;
}
size_typeinit_page_size ()

return max(size_type(l), size_type(4096/sizeocf(T)));
}
size_typeINax_size () const

return max(size_type(l), size_type(UINT_MAX/sizeof(T)));
}i

//FHERRAS (specialization) o VEE, A ARETHAT I - cemplace<s?
/W 10901 WHIARMR. dE, RIEMT ecc.
class allocator<void>
public:
typedef void* pointer;
Vi

fendif

2.2.2SGI #HREI 2RI B A, std:alloc

= WP M allocator H 258 2 P AARC B/ BUT N (Hmli A :operator
newiuzmmemmor(mlm2> Eq* E;ﬁgﬁgégig’ }?%ﬁ¥§}?ﬁ§§Uf£ﬁq§ﬁ%glgﬂgﬁﬁ{to
SGI A A& ]y A A

= i, FAVIT B Cr+ AR E S E NIRRT LI

class Foo { ... };
Foo* pf = new Foo;//lﬂiEEV‘Jﬁv ?‘}\)—ﬁﬁ’{‘@Xﬂ%{
delete pf; /RIS BAER SRR N AE

RILFNY newH XA I BENE: (DIFMY:operator newliLE HAFE, (2)
I Foo: :Foo () BN RN A . delete BN EPIMBSIE: (DIF 1Y

SHENL (ZTEEBRL 2/ 5 1,3 %,
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Foo::~Foo () )I?JXTJ-%EZ;*@y (2)”{4[”{ ::operator delete%%fﬁuj‘]#o

N TRy T, STL  allocatorHh & AKX T BN X 73 TR . AR E B
Hﬂalloc:allocate()ﬁ%‘f, Wﬁ%ﬁiiﬁ'ﬁ:malloc::deallocate()ﬁi“‘:::
Xﬁ%@*@ﬁ]'ﬁz lj] ::construct () ﬁi’%y Xﬁ%ﬁ?‘*@ﬁ]'ﬁz lj] b destroy () ﬁi’%o

STLARHERUS 5 VR AT, Ao E 2 E LT <memory>Z fl1, SGI  <memory>WNFLA
AN

#include <stl_alloc.h> //ﬁj’L‘_V‘]ﬁ [HJ E/JEL% Iﬁ*’zﬁﬁ(
#include <stl_construct.h> //ﬁiy—'f‘}(‘]’% W,ﬁ.ﬂ’] 1‘@ Hm@*@

VA 2 [ (R TG LR TR R R N S R AR, AR TR TR IR P SR 5 o 3L
H l<st1_construct.hs B X AT P NIEAR R @AM construct () FIfiEAH

Hidestroy () o — KR NFEISRCE SRR LA, ERIVEEF R
P A BR 0T 5 BN S PRI AL AN A o

STL #sE XL E AT AR X
Bl # 4% Callocator) construct() # destroy(), _
E XTIt <stl_construct.h> SO I TR DA

TATERET STL A,

<memory>

XHEXA- « Z HEE S,
WILEAE. A% N alloc.

<stl_alloc.h>

\T <stl_uninitialized.h>

KH e A - AR, HRARIE (filD
s H (copy) KEEWAAHNZ, EIHER
$BT STL ARt

un_initialized_copy()
un_initialized_fill()

un_initialized_fill_n()

et 2 A T T BRI, H S0 S

U EBCR RO PN L ST SUL et

o XL b 0] TR H A 1T T E 2 E’Jﬁéf‘%

J 2B L 23 IF 0l construct(), - .
I AR A7 B0 AT FH Chf: i = memmove () E%ﬁl&ﬁ
WA RS
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22 3B FfEMFEART B : construct)F destroy()

NS <stl_construct.ns M (SRR PAUS IR, HS%E 2-1)
#include <new.h> / /8kAf ffiplacement new, #7756 AR

template <class T1l, class T2>

inline void construct(Ti* p, const T2s& value) {

new (p) T1(value); //placement new; Ml t1::71 (value);

/ /BN S destroy 0 S FRAS, % AR,

template <class T>

inline void destroy (T* pointer) {
pointer—->~T () ; / /MG gror ~T()

[ /U & destroy (35T WA, HERZMANIEACES . SRR S BLEAR T L ER B 2
/ /BRI __cype_traits<SREURIE 215 -

template <class ForwardIterator>

inline void deStrOy(ForwardIterator first, ForwardIterator last) {

_destroy (first, last, value_type(first));

//FIRTICE MBS (value type) 7547 trivial destructor
template <class ForwardIterator, class T>
inline void Afdestroy(Forwardlterator first, ForwardIterator last, T*
{
typedef typename _ type_traits<T>::has_trivial destructor trivial_destructor;

__destroy_aux(first, last, trivial_destructor());

/ /IR ICEINEMER) (value type) fTnon-trivial destructor---
template <class ForwardIterator>
inline wvoid

__deStrOy_auX(Forwardlterator first, ForwardIterator last, fa].se__t;q)e) {

for ( ; first < last; ++first)

destroy (&*first);

/ /MR ICRERMBE ] (value type) fitrivial destructor:

template <class ForwardIterator>

inline void __destroy_aux (rorwardIterator, ForwardIterator, __true_type) (}
//BAIN & destroy () 5T MUAEMHHEARER N char*Fl wehar_t 4SBT

inline void destroy (char*, char*) {}
inline void destroy(wchar_t*, wchar_t*) {}
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trivial
destructor ?
{E for(sfirst<last;...)
5=y
i} destroy(&*first);

__false_type

Z Ak
—— _ destroy()

<Forwardlterator,

ForwardIterator>
FEfknosop
__true_type

destroy) =t 5 no-op

(char*,
char*)
ﬂ) no-op
(wchar_t*,
wchar_t*)

inter->~T();

==

(T:k pOintel‘) QEE e e e e e L s 4 L e s e e s s e

construct() _{ZJ:KUC_W(.Q¥T 1(value);

(T1*p,
const T2& value)

& 2-1construct () fldrestroy () ZNio

PO R . A TN R ARt oy em =, A7 STL EvE . shsh
STL MEHE I B4 WG %N construct () Mdestroy () PG B (KL

2.1 1), ARIMFEIESE SGISTL flIKES TFHIBAHN sta::alloc MRLERIFA
REST - AU CRE SR

Fifconstruct () #%— MEtrpf— MI{Hvalue, MR HIEHEK ]
{5 B AR TR 2 F. C++  [fplacement newia 5+ ] i K 5¢ it~
1155

destroy O fTPIMIRAS, B~ WA~ MR, #ERRAZIRRITIR Z Wik

41527 [Austern98] 10.4.175,

W

5i 5% [Lippman98] 8.4.577,
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KARTRI R, LTI 200 R AR AR T 38 7 AR IR Z first Ml1last NIE

A ISR, B BEVEMNGD |, UK (first, last) VWHEINIITAH
WFER . TATAFHEXANEEA 2K, 7 RK, RN ik X
JHEFE (TIH rrivialdestructor) , A~ UIRIEIUESE L IHEPE MR 2, Xt 2%

Fgt- M. Bk, X E LR Hvalue_type () SRIFIERIZ IR,
A _type_traits<T>H) 5 1% M 1 iR R 3K TS K R O . A 2
(_true_type) , frAAMEREH: FE (_false_type) , XA LMEHIS
BTG, IFEIEIA AR I~ DRI S~ MRS destroy ()«

R SAREF, A0 CH+AR G IFAEESCRERT THRbs iR ] AT, e
ANSCFENS [ XS R A Atrivial ) HIRIW, KL, FiRMvalue_type () Fl
__type_traits<>iZ QT SEVEWR ? 3.7 VAN 4

2247 B E S8, std:alloc

B¢ T NAFBCE G RO AT A, TN AE RSO AN AR AAT A, B R
TIRFEE WA I BB AR -

X AR HT R I, AR A5 A IR I i <sea_atioe - $25T, SGI
X BRI

] system heap:3K 7% [

#1824 (multi-threads) R .

7 JE A AFAN AL IR PR AR S i

Figid 2 [/PMRXH] AT RIS R I AE R (fragment) 1)

h TR R ERE RN, DO BTHE LA T YRR, R 2
PRASI AL,

C++I1) i 12 14 Bt & B A ) 1F J&::operator new() , ic 12 & B i 3 A ) 1E
J&:ioperator delete()o XXM LT C ) malloc ()M free() BA

. M, ELMmEE, SGI F#Lmalloc () Flfree () 58NN E S5F

o
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54 % 2 mAECE A% (allocator)

18/ NRX P W] BEat K AR IR L, SGT ¥evh T RUZ R E A, - )
BC A A malloc () Mleree (), 57 00T 8 WIAN AR DO R A AN A 1D SR -
MPECE X Puid 128bytes, M2 [RHER] , HIFIYEE- RICE R MECE X

YT 128bytes, M2k T/, b THARESM74E (overhead, W 2.2.6 1) ,
R HI 52 2% Fimemory pool F 7 50, I ANFERB) 155~ AL A BT
T HIFIGE - HCE S, BRI RGE - M E s, BT __usE_mManLoc'/
MtE S (W, AT LR SR K, SGISTL IR X __usE_mMALLOC) :

# ifdef _ USE_MALLOC

typedef _ malloc_alloc_template<0> malloc_alloc;
typedef malloc_alloc alloc; ///3(\ allOCjJﬁ‘vv" Z&WEE?S
# else

//% alloc N HNCEN
typedef _ default_alloc_template<_ NODE_ALLOCATOR_THREADS, 0> alloc;

#endif /* ! __USE_MALLOC */

;/H\; HI Amallocfallocftemplate?}t /DJ; ;ﬁ, - é& Ea E %% y __default_alloc_
templatefi/ 5 T I ED . MEAMNATEAHNH . FRIEIRIRER, alloc)f
ANESZATAT template LS5

ToiBallocH i€ S~ Jalish = HBCE AR, SGI LN TR MO,
G E A3 L RS AT 5 STLAAR :

template<class T, class Alloc>
class simple_alloc ¢
public:
static T +allocate (size_t n)
{ return 0 == n? 0 : (T*) Alloc::allocate(n * sizeof (T)); }
static T +allocate (void)
{ return (T*) Alloc::allocate(sizeof (T)); }
static void deallocate (T *p, size_t n)
{ 1f (0 != n) Alloc::deallocate(p, n * sizeof (T)); }
static void deallocate (T *p)
{ Alloc::deallocate(p, sizeof (T)); }

i

SEp e AR bR LSRR PR AR RN, DRI A2 BOE S CATRERZ 25—~ 2

6_vse_marroc IXNAFRIAF AL, PG TBIR WA, REREM Mmnalloc() .
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22 &L E ) (sub-allocation) ¥ SGI 4% [H] I & 4% 55

WATEEESE S Z MR R XA L& 28 PO S SR AN bytes’% 4Nl
JEEMI KN (sizeof(T)) o SGISTL Z#A#HAEHIXA simple_alloc M,
i

template <class T, classAlloc=alloc> // T alloc hiid & 2%
class vector {
protected:

/) BIRZAFMECE S, SRHREE - MIEAN

typedefsimple_alloc<value_type, Alloc>data_allocator;
void deallocate () {

if (...

data_allocator::deallocate (start, end_of_storage - start);

- D HIESBRRR, HOQR, RIkRsTr TR 222 w5

SGISTL - ZiMcE a4

template<int inst>SGI STL 25— 2 /il ¥ 43
template<int inst>

class __malloc_alloc_template { ... };
class __malloc_alloc_template { ... };

B ORILEA
SGISTL 25~ S & ds
template <bool threads, int inst>
template <bool threads, int inst>
class __default_alloc_template { ... };
class __default_alloc_template { ... };

Hplr:
’iﬂﬁ :

deallocate() free(). L 4164 A B # AT (free lists)
deallocate() FH4%&ffH free()o@ 1. 461670 H AT (free lists)
2. #iHL C++ M set_new_handler() [ STl DX U L
2. fEH) C++ 1Y set_new_handler() LAALFH 5T 16F /N X B IR B fE ] -
P AEAS AL IR L
WAEA SRR 123t (memory pool) LA malloc() Be'E M.
W ANAEA, FEIF - S0E 25
UWRNAFANE , BRI 5~ N0 E A
GBI IR .
O JLH PR »
2. WRFRKXIKT 128bytes, HEEIF
2. WARFRXYOR T 128bytes, B IFN
Hi— HPRCEDR

- REE .

1 I[:
1. ahocate() E%Fﬁ)ﬂ malloc( ),

Kl 2-2a%i— HICES ST RICE &
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56 2 mAENCE A Callocator)

€s
FrallocsE L
B RIES
typedef __malloc_; eqplate<0> malloc_alloc

¥ alloc &30 e
G R
typedef 7default7alloc7template<0.§ é>alloc;;c;' E

bRz 770, alloc>
template <class T, class
template <class T, class Alloc=alloc>
_{"class vector {
— 5 —= | class vector {
F- ]2, LAl R bRt typedef simple_alloc<T,

<. -106simple_alloc
; data_alloctor::allocate(n); // <T, Alloc>
data_alloctor;

] BLE n IoE

* [~ data_alloctor::allocate(n); / FC'¥& n NIGEH
template<class T, class Alloc> oy MESERG, B RUFEYIE R EE..
L EESERUE, B ORI W B B

|5
= 15
public:class simple_alloc { A«
public: SN A . alloc
static T *allocate(size_t); template <class T, class
static T *allocate(size_t);
static T *allocate(void); template <class T, class Alloc=alloc, size_t BufSiz = 0>
static T *allocate(void); class deque {

static void deallocate(T*, size_t ); class deque {
static void deallocate(T*, size_t );__typedef simple_alloc<T,

static void deallocate(T*); typedef simple_alloc<T, Alloc> data_alloctor;
static void deallocate(T*); typedef simple_alloc<T*, Alloc> map_allocator;
}s typedef simple_alloc<T*, Alloc> map_allocator;
) data_allocator::allocate(n); // & n NIt

data_allocator::allocate(n); // Tl % ,n NICH

map_allocator::allocate(n); // Bg &4~ &

map_allocator::allocate(n); / FtE n M58

N BCESERE, BN SR WIME e shE. .

I BCESERNSE, N SR ITE YA B e B 1E. .
|5

1

Bl 2-2b%- HRCE S ST RECES, Lok 0z T

22558 —KECESE _ malloc_alloc_template |t

AT~ P B A

#1if 0

# include <new>

# define _ THROW_BAD_ALLOC throw bad_alloc
#elif !defined(___THROW_BAD_ALLOC)

# include <iostream.h>

# define _THROW_BAD_ALLOC cerr << "out of memory" << endl; exit (1)



fendif

// malloc-based allocator. @ﬁtt}%g{[\?}dﬂ/‘] default alloc jgﬁ'l%;
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57

/ /= I&ﬁgﬁ: thread-safe, #Hﬁ?é[ﬂﬁ‘]@fﬂthﬁ%i& (efficient) »

/U B GRS .

[/, K [template BHIZH] o BT [HERAMZH] inst, SRV -7,
template <int inst>

class __malloc_alloc_template ¢

private:

/7R #R R b, AR e 2R TSR AL BE Y AEAS R T L
// oom : out of memory.

static void *oom_malloc (size_t) ;

static void *oom_realloc (void *, size_t);

static void (* __malloc_alloc_oom_handler) () ;

public:

static void * allocate (size_t n)

{
void *result =malloc (1"1) ; //% ﬁﬁﬂﬁ%ﬁﬁ?ﬁ@)ﬂ malloc ()
// L)* ’ jﬂ/flﬂfﬁ/\'_ﬂ%::kﬁ, E&ﬁﬁ oom_malloc ()
if (0 == result) result = oom_malloc(n);

return result;

static void deallocate (void *p, size_t /* n */)
{
free(p); //H—~ HEREPMN free ()

static void * reallocate (void *p, size_t /* old_sz */, size_t new_sz)

{
void * result -realloc(p, new_sz);//H— B ESRELMH realioc
s BN, TR TR, 5T con_realloc()
if (0 == result) result = oom_realloc(p, new_sz);

return result;

/ /LI ’iﬁ}y\ C++M] set_new_handler(). ?5%"471%156, R LR e,
//T‘H:Z'_'E{;K ﬁ EH}"] out-of-memory handler
static void (* set_malloc_handler (void (*f) ())) ()
{
void (* old) () = __malloc_alloc_oom_handler;
__malloc_alloc_oom_handler = £;
return (old);
}
bi

// malloc_alloc out-of-memory handling
//HMER 00 FRFRNGRE o

template <int inst>
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58 2 EmEAEECE S (allocator)

void (* _malloc_alloc_template<inst>: :_malloc_alloc_oom_handler) () = 0;

template <int inst>
void * Amallocfallocftemplate<inst>::OOm_malloc(Size_t n)
{

void (* my_malloc_handler) () ;

void “*result;

for (;;) | N é?fﬁ*ﬁﬁix flE . PR, -
my_malloc_handler = __malloc_alloc_oom_handler;
if (0 == my_malloc_handler) { __THROW_BAD_ALLOC; }
(*my_malloc_handler) () ;//WFIYACEREIFE, >PIRENAT .
result = malloc(n); //EW\%LIKHE!EWX?O

if (result) return(result);

template <int inst>
void * 7mallocfallocftemplate<inst>::OOm_reaHOC(void *p, size_t n)
{

void (* my_malloc_handler) () ;

void “*result;

for (;i) | // AW R, BlE . PR, BRCE .
my_malloc_handler = __malloc_alloc_oom_handler;
if (0 == my_malloc_handler) { __THROW_BAD_ALLOC; }

(*myfma;;ocfhand;er) () H //uTuqﬁfiﬁﬂﬁqu ﬁ[@ﬁﬁiwwo
result = realloc (p, n);//FRZEEE WA

if (result) return(result);

/R, U HEKSH instiEN 0,
typedef _ malloc_alloc_template<0> malloc_alloc;

;ﬁ* ﬁgaﬁ'g&umallocw, free(), reallocw% C@ﬁﬁh’ﬁi"j\ﬂﬁﬂ?E‘gWﬁ

BB B ERECEBIE, HRAEHZEEL C++ new-handler HLH]. 21, BEA

B #12H C++ new-handlerhliil, BFhEIFAEAIH :  operatornew kAL E it
VA% S

JiTi# C++ new handler HUHIJE, VRTTLAEEK REAE N A7 I E 75 SR TCIE B 2 1
Mk~ MR E MR HA)iEd - H:operator new LIKIARATES, 7L

7HEDL {Effective C++) 2e,%x#K 7: Be prepared for out-of-memory conditions.
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59

Histd::bad_alloc 5 H RS Z AT, SHEWFI t &0 & FIAC BRI FE . Ih AL 3417
T R FR N new-handler. new-handler it ¥ Y A2 AN & IOA/E AT 5 a2 A,

2% (Effective C++) 2e 4<#K T

W, SGI Llmalloc MidE::operator new KMACE NAE (FRPTHE AL 1~
ANREEPTER R, S ANREE CHIF R AN T realloc () I NAFRL
BAME) , Bl SGI AREEBATH C++set_new_nandler o, WAL A
FAM ] set_matloc_handler () o

R, SGI #- YE R Nallocate ) Mrealloc () #RIITMnalloc ()
Mlrealloc (O NI, BN oom malloc () Mloom realloc (). Jid Bl
ANEIR, AWTEI TN EALERGIRE |, BIEEAEREE M 2 )5, 3R13 21
(S T I AT 55 o (HAIER [ NAEAN AR BEBIRE | JF AR R i e
oom_malloc () Mloom_rearioc ) fHEZETLAK I __rarow_ean_arroc,

Zthibad_alloc 5 NE, BA Mexit (1) BEAEF 1ERET .

WA, Bk TR BEGIRE | 2RI TiE, BOE [ NAFA LA B pIRE ]
WREIMGAI DT - REEEEAR, [ AL PEIRE | R AR A
FEE MR, 2% [Meyers981%aK 7o

22,6 " KBCE S _ default_alloc_template FI#T

BTRMERD T LU B K NI B A AT R . /N B

KEFSEADOE NAFRFF T E, BE BN I ESMAH (overhead) 2~ KA,

WM AGETCVR B e, HE T R G E R 2 ORI DR BN A7, W B2-3,
EEX AN, BOMAHPT S B EE R AR

SIS % [Meyers98] 53K 10: write operator delete if you write operator new.
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60 2 mAENCE A Callocator)

cookie, FILLid%
AFENGUN

pa—>

object

s AT

2-3FRAEMT - BRNAE, AT L8 B B RS

SGIZRE = HILE A IEE, WERIXHE K, B 128 bytes, MBAH~ HILE
P MK PN T 128 bytes, W LLidIZit (memory pool) EEH, MG XA IK
JEBCE (sub-allocation) : FEANCE -~ KRIWNAE, JRYES T RNZ H BT (free-

list) o N RFTFATAHIRL R /AN ALK, BUEE M free-listsp I3k Y o AR 20

B NEIX B, i 1 B R B free-listsT| —E R0, BIET, MIERHRT

TIMCE, TR, b T IrEE R, SGIEE T I 8% 4 E S AT/ NAIX B

PR R R8I (BN R 30 bytes, BEAZIEY 32

bytes) , FHYEH' 16 A free-lists, 5 HEELRKNGIN 8, 16,24, 32,40, 48, 56, 64, 72,

80, 88, 96, 104, 112, 120, 128 bytesII/NaX Ht o free-lists W17 s s W™ «

unionObj {
union Obj * free_list_link;
char client_datall]; /* The client sees this. */

i
WHBFSH, T4 BT Aists) , BT RAFEDGIMIFEE (RIS~ AT
D RARIOE G- A ? PRI, R R A AR
HE, FhobiTHK Eunion, M TunionZ i, WIHLFE- FEML, objAl
B R~ AERR, FemAHRIEI S Nobie MR FBMZ, ob il B
Sy AERE, FRIESERRX e, W24, — Y1 PTG, RAh T A AT
AR E T3S BN AE I T~ BR P (FRATVIETESS 17T WAEITTRS D o
RIS Cstrongly typed) # 01 Java [l AN, (HATEAEMRALE 00 Ct
plito3 %3k .

9ii5% % [Lippman98] p840 K [Noble] p254.
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61

free-listix &~ A/NEIX

=I*I\WI
| |

AR A,
+\ | FITLL free-list
N TR R EA .
| ANFRFR W EAT
| / )
|

g |

K 2-4EH AT (free-list) FISAERLS

N S R AR R S A N

enum {__ALTGN = 8); ///INEXER i T
enum {__MAX_BYTES = 128};///NEX ) R

enum {__NFREELISTS = _ MAX_BYTES/_ ALIGN};//free-lists/ M4l

//BAN R T KRR

/R, B [template ®HIZE] . HE - S35 2RIk FHY.
[/~ SHEAT 2905 o RPN IRZ 45,

template <bool threads, int inst>

class __default_alloc_template ¢

private:
// rounp_ue () ¥ bytes FHE 8If5EL.
static size_t ROUND_UP(size_t bytes) {

return (((bytes) + __ALIGN-1) & ~(__ALIGN - 1));
}
private:
unionobj { / /free-lists ()1 skt
union obj * free_list_link;
char client_datall]; /* The client sees this. */
bi
private:

// 16 A free-lists
static obj * volatilefree_list|_ NFREELISTS];

// VA AR X PR, PSS n'S free-listo n N 1 A5
static size_t FREELIST?INDEX(sizeft bytes) {

return (((bytes) + __ ALIGN-1)/__ ALIGN - 1);
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62 % 2 mAECE A% (allocator)

/) AREl= ASKANK nfIR%, FETREIMAK/N G e X S Ffree list.
static void »refill (size_t n);

// BeE- KBS, g nobjs NKINK wsizen X,

/7 WRFLE nobis NMXIATHTIAE, nobisn gk,

static char *ChuIﬂ{fﬁ“OC(sizeft size, int &nobjs);

// Chunk allocation state.

static char +start_free; //iCIZMARIGN . HAE chunk_alloc ) [[1E1L
static char +end_free; //ICMZIMZE AT o JIAE chunk_atioc o [l17R4L

static size_t heap_size;

public:
static void rallocate(size_t n) { /* VERTJE */ )
static void deallocate (void *p, size_t n) { /* VERR TG */ )
static void *rea“OCHte(void *p, size_t old_sz, size_t new_sz);

i

//u}‘ %‘: static data member E‘JEX‘%%}]{Ei&'I‘E
template <bool threads, int inst>

char *__default_alloc_template<threads, inst>::start_free = 0;

template <bool threads, int inst>

char *__default_alloc_template<threads, inst>::end_free = 0;

template <bool threads, int inst>

size_t__default_alloc_template<threads, inst>::heap_size = 0;

template <bool threads, int inst>
__default_alloc_template<threads, inst>::obj *volatile
__default_alloc_template<threads, inst>::free_list;_ nrreerists) =
{o, o, o, o, 0o, o, o, 0, 0o, 0, 0, O, O, O, O, O, };

227 EEE KN allocate()

H 8- A B E A, _deraulc alloc temprace Ml A4 L EH 2% B A5 UE A 1l R R
allocate (). MERRAZUESEAWTXYCRAN, KT 128 bytes #iIFMHS—~ HHCE S, /b

T 128 bytes FETEXS I free liste W free list< WA W RIS, g HEZkK

Ly WRBATTHIX Y, sl XN A 8 5RO, RGP refill ),

HEN free list FFIAR T refill (0 K TRIENH.

// n must be > 0
static void *allocate (size_t n)

{

obj * volatile * my_free_list;
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obj * result;

/7 KT 128 BRIFINEE- R E A
if (n > (size_t) __MAX_BYTES)
return(malloc_alloc::allocate (1’]) ) H
}
/7 G4 16 A free lists [ A

my_free_list = free_list + FREELIST_INDEX (N) ;
result = *my_free_list;
if (result == 0) {
// BAREITHIN free list, HetHUHHTE free list
void *r = refill (ROUND_UP (n)); / /N TR

return r;
}
// WHE free list
*my_free_list = result -> free_list_link;
return (result);

i
X e B free listik B HIE0AE, W 2-5.

my_free_list
.
O

BT

free_list[16] 96bytes [X

| #0#1|#2#3#4|#5#6#7|#8#9#1|0#11#12#13#| | | | | | | | |
result
@ » —Q
}ﬁﬂjﬁ/l\lzi)t\; n= 96bytes
96bytes
@y_free_list = free_list +
* FREELIST INDEX (n);
v @esult = *my_free_list;
96bytes o
e~ [/ BEREE: ¥ free list
® @my_free_list = result->free_list_1link;
0 <_i return (result);
96bytes

Kl 2-5X e Ffree listtk it o BABE IR PG T P14 5 o
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2.2. 8B FEIL BRI, deallocate()

% j‘J - /I\ EB ﬁ %g ’ __default_alloc_template T}:H ﬁ EB %E’: %g */]; ‘(’FE fl\ E l?‘] it
deallocate () o MLERIUFAEHAIBIXEOAN, KT 128 bytes HMFNEE—~ AL E %%,
/NT 128 bytes FRARHIXT N free list, B X e[nlfc.

// p AR 0

static wvoid deallocate(void *p, size_t n)
{

obj *q = (obj *)p;

obj * volatile * my_free_list;

/1 KT 128 BNEIGE- JENCE &%
if (n > (size_t) __MAX BYTES) {
malloc_alloc::deallocate (P, n);
return;
}
/) SRR free list
my_free_list = free_list + FREELIST_INDEX (n);
// W free list, [AICIX B
q -> free_list_link = *my_free_list;
*my_free_list = q;

}

X B M A free listIE1E, K& 2-6.
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my_free_list
L
' BT

free_list[16] 96bytes [X

| #0#1|#2#3#41#5#6#T#8#9#10#11#|l2#13#|

oP > :G'h.* -
@q&ﬁ/l\lzﬁ%«-g n= 96bytes

L

@
—

96bytes @b *q = (obj *)p;

. obj * volatile * my_free_list;
v

/) AT FHEXS N free list
96bytes @Ghy_free_list = free_list +
FREELIST_INDEX (n) ;

é<—ai

/] A ¥ ree list, [PICIX B
96bytes & g->free_list_link = *my_free_list;
@my_free_list = g;

B 2-6DX B, g Nfree listo TAREXFIENE B9 5 o

229FEHRIE free lists

LTRSS 1 allocate () o 2B K Hlfree listf| 1A AT HIXER T, AtrFny

refill () #E & MfreelistTE B M 78 & W o FH W MKW A KLZB (& H
chunk_alloc () 5EH0) o TRIAF20NHITT M GHIX D , (HJ7— iddzit==m)

AR, FRAGHY A (KBEO W hg/M T 20:

/ /ARl ASKAN nlfnt 5, I BATIHE S N IE 2 freelist {4 Ny 5.
//BE® nB&IEY HHAE 8.
template <bool threads, int inst>
void* __default_alloc_template<threads, inst>:refill (size_t n)
{
int nobjs = 20;
// WFMY chunk_alloc (), ZZIHUAE nobisMXIRMOA free ListHygi1isi.
// FEE S nobjstpass by reference.
char * chunk =chunk_alloc (n, nobjs); // itk
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66 2 EmEAEECE S (allocator)

obj * volatile * my_free_list;
obj * result;
obj * current_obj, * next_obj;

int 1i;

/7 RIS AR, XA X BURIRG T E ], free listIoHi i i

if (1 == nobjs) return(chunk);

/) EWHESVHEE free list, INHTIT.

my_free_list = free_list + FREELIST_INDEX (N) ;

// BAIMAE chunk 280 P @V freelist
result = (obj *)chunk;
// BN free listfi mpBiic & 143w CBCAILZ i)
*) (chunk + n);

*my_free_list = next_obj = (obj

/] DTN free list 475 AR BEERR

for (i = 1; ; i++)

current_obj = next_obj;

next_obj = (obj *) ((char *)next_obj + n);

if (nobjs - 1 == 1) {
current_obj -> free_list_link = 0;
break;

} else {
current_obj -> free_list_link = next_obj;

}

return (result);

2.2.10i21Z¥#8 (memory pool)

MACAZ b I 2 (0] S free listfEFH, /& chunk_ar1oc 0 H) T AE:

//1&& size Egé)ﬁ XIJ‘UEE 8[34”%%(0
//{EESH nobisjtpass by reference.
template <bool threads, int inst>
char*
__default_alloc_template<threads, inst>::
chunk_alloc (size_t size, ints nobjs)
{

char * result;

size_t total_bytes = size * nobjs;

/ /&~ PHER AT 45 2

o/ 1 TR, BUAEE o ARG

size_t bytes_left = end_free - start_free;// iﬁ‘fll’ﬂﬁﬂﬁiél‘fﬂ

if (bytes_left >= total_bytes) {
7/ AN UBTR AR A3 ) 5 A A T K

result = start_free;

start_free += total_bytes;
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67

return (result);
} else if (bytes_left >= size) {
/7 RNHT R A AARE TS A oK, (RN A (B DL .
nobjs = bytes_left/size;
total_bytes = size * nobjs;
result = start_free;
start_free += total_bytes;
return (result);
} else {
/7 AZHF R R - AR RN
size_t bytes_to_get = 2 * total_bytes + ROUND_UP (heap_size >> 4);
// B R LR AZ 1 R AR Z Sk iAo R FH AT
if (bytes_left > 0) {
[/ WAZWAIEA - SR, BRI free list.
[/ EIFHRIE M free list.
obj * wvolatile * my_free_ list =
free_list + FREELIST_INDEX (bytes_left);
/) WEE free list, FHRIZIB[IIIBRARZEIIHN .
((obj *)start_free) -> free_list_link = *my_free_list;

*my_free_list = (obj *)start_free;

// BLE heap ZFMH], JISRARVEILIZIE.
start_free = (char *)malloc(bytes_to_get);
if (0 == start_free) {
// heap F[MAL, malloc() K.
int 1i;
obj * wvolatile * my_free_list, *p;
/) RAERATATT ST AR . XA G A o JRATAT F 2
77 BN, RIATBEZATRE (multi-process) HlLa% 255 T 8K ME
[/ LANRFIE Y free list,
/7 FTEE R TR AR, HIXEAE K] 2 free list.
for (i = size; 1 <= __MAX BYTES; i += __ALIGN) {
my_free_list = free_list + FREELIST_INDEX (i) ;
p = *my_free_list;
ife (0 1= p) (//freelist WIHATRHIXI.
/7 WEE free listUAREH AR FH X B
*my_free_list = p -> free_list_link;
start_free = (char *)p;
end_free = start_free + 1i;
// BRI E L, A TEIE nobiss
return(ChunkiallOC(size, nobjs));

/) R AR LA NG A free-listfl1# 1.

}
end_free = 0; // WERHMILES GLFEKR, BEBEAAAT T
// WENYES— SR E R, FFout-of-memory HLHIHE L 5 )
start_free = (char *)malloc_alloc::allocate (bytes_to_get);

// XEFEPFHE T (exception) , BRNAEASL MG AT 53 .
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}
heap_size += bytes_to_get;

end_free = start_free + bytes_to_get;
/7 BEPREI EC, R THEIE nobjs.

return (chunk_alloc(size, nobjs));

}
IR chunk_a110c () BRI Bhend_free - start_rree RFAIMTILIZIMIIK E
WAOKEFEL, BEERL 20 MXYUERIG free listo WIRKEALLIFRAE 20 4>
X, (EIE LN DL ERICHR, R XA 20 BRI AS E) 250 X
{5 Hepass by reference [¥] nobis ZHURFHAE BUN SCBRRENS LN X Bt fnRid
LM~ MBS HTCIEMR, & RARTCIEAL R, SN A Hmal1oc ()
M heap flIECE AAF AICAZHTEANTE KR LUSAS 5K o KRN A 7 sk
AP, RN AN B O I ok AR B R

AT, B 27, BT PR, BT M chunk_a110e 52,200, T

malloc () B 401 32bytesX B, JLHIZE 1 ADMAZH, 53 19 D4 free list (3]

g, K20 N AR 2T o BTN KK Ui PP WMehunk_atloc(sd, 200, B BT
free_list[7] ZEFUIE, UANICIZIBERIRE. WIZiB RN (32%20)/64=10

A 6dbytesIX B, BAX 10 MXPALE], 1 ANLERu, R 9NH free_list[7]

dey. BERHCZIb A . N R IY chunk_at1oc (96, 20), DEIY free 1istring

A, AL B R SRR, T Z MBI 2, T2 Blmalloc ) BT
F404n C(PERIEDD A4S 96bytes [XH, ILF1EE 1 ANACH, 75 19 DML free 115t 11
Yed, R 204n CFEINED ADMXILEGSILZM------

Ji—= 557K, A system heap ZS[AIERARGE T (LAZ LA 1233 N3 KR
3K) , malloc OATBNARIE, chunk_atioco ™ A0 FHRAE TS [HH KX,
HIXPE K| 2 free lists. BT BIZ—~ Pgth, HABIR TR grrm 55— 200
e H- Pl ARSI Hnalloc () RELE NAFE, HEH out-of-memory
AEFEHLE] (EAL new-handler  BLHD o BRVFAHLAREBOLE 1 A7 SR ILAE o
WERATEL, GRS, 5 Wk bad_alloc 7 ¥ -

DRSNS 2R e Cal L Gl ar
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22H &KL E /) (sub-allocation) X SGI =¥ [H]fic B %% 69

free_list[16] / 32bytes X i / 64bytes [X b / 96bytes [X b
| #0#1k2#3#4r¢5#6#71¢8#9#11)#11#14#13# | | | | | | | | |
H- Yl
B Stk 2
m e T 320ytes <&
32bytes
: b IXEeE LXK L, Ll union obj 96bytes
o 2OV | igisinck, UM free list 05
: 32bytes | ST I /NN S B
¥ 3bytes FRENTER A~ linked list
: 96bytes
*
v *
: v
*' 96bytes
0 <|e ;Av—"v"
B Bl v
e 64bytes 0 <l
96bytes
64bytes start_free
v
64bytes memory
0 v pool
“T® 64bytes
end_free

2-71¢4Zts (memory pool) SERigedgh

[FIAE— ™ 22475 B Jr BRI AR P HEEC B B A I i simple_alloc:

template<class T, class Alloc>
class simple_alloc ¢
bi
SGI 7R H LUKy AR AL L 4%«

template <class T, classAlloe = alloe> // ﬂi&'fﬁﬂa allOCj‘JgEﬁgﬁ‘
class vector {
public:

typedef Tvalue_type;
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70 % 2 mAECE 4% (allocator)

protected:
/) BBZAARMER, FRXCE- DNITE RN

typedefsimple_alloc<value_type, Alloc>data_allocator;

i
FLAURZ A template ZHUM 2 (M T AL Halloe, W LLEH— HEEZ, W]
DUZS - HACER . A, SGISTL CAMEBRNE T R ER, W 2.24 T AE
2-2b.

2INFFEALETR

STLE XA TN, EH TRV SR o XFERISIREXS T 285 1 3AF
RERR, AT WAMIAEG, FREMNPzERH. st 223
Wit HTEM Bconstruct () AT M destroy () A2 PDRRE

uninitialized_copy(),uninitialized_fill(),uninitialized_£ill n()"

s IR N T R R copy ()« £i11()~ £ill_n () —XEEHE STL £k,
PEENENH . MBRRBEM AT MEH R, MiES A<memory>, AL
SGI Ve E X F<st1_uninitializedso

2.3.1 uninitialized_copy

template <class InputlIterator, class ForwardIterator>
ForwardIterator
uninitialized_copy(Inputlterator first, Inputlterator last,

ForwardIterator result);
uninitialized copy (0 (EFRATTREMSRE A7 IITC 15 0 B R AAT g 20 I T

Ko WP H H R (resuic, results (last—rirst)) 30 A HIRE— A

AL AR fE R OOK W) 4R f X8R, Wuninitiatized copy0 ¥ {1 Mlcopy
constructor, K& NHIANFRIRLZ (first, last) WHIN MR- MEEE- hE
it R HVER L SR, EP TS A R NMEAES 1 e
P construct (a+ (resule+ (i-first)), =1) » FoAExi[IEIHIE, BE T4

10 [Austern98] 10.475 X} F1X = AMEK 8 20 FEN A4
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HYE [ AR A ftf[lﬂ"]construct() 2T 223 Wihgid.

WRARG T B SZE—- NS, uninitialized copy () IXFEH B 2 W AR RIR
RIH L, ARV FEER X (range constructor) 1 F PAPIAN D B8 58 i«

Bl NAEX B, LB S E N T

'fﬁﬁﬁuninitialized,cow() ’ ﬁ_i&]j‘]ﬁlzy%l—gﬁﬁ}b%o
CH+FRUERIME P EE K wninitiatizea_copy 0 L "commit or rollback" &7,
HAEVEEAR TR ELEITE] , BAH CHHE M- 4 copy constructor
R [AFEFMATATARPG ] S

2.3.2 uninitialized_fill

template <class ForwardIterator, class T>
void uninitialized_fill (ForwardIterator first, ForwardIterator last,

const T& x);
uninitialized £1110 WAHEMEAEIRA TR AAARCE 50 I EMAT A 5 25T

Ko TR (£irst, 1ast) N RS MRS NAE, A
uninitialized_£i11 0 S (EIZTGIHE N Aix (FREB= 40 RHIN. Hih

I Pluniniciatizea siniosy B XS B2/ W0 BN A X AR o, Ty
construct (s+1, x), (EiFTHRZAEFExR AN X construct () &

T 223790 e,

F uninitialized copy 0= A¥, uninitializea_filn( WZUEEE  "commit or
rollback"HB 3, RANEUE A LM BEICH, EARA T LM ITE.
WAL~ 4~copy constructorZ: tH 7% (exception) ; uninitialized_fill()
DAIRRE NS =2 2 T G R R AL

2.3.3 uninitialized_fill n

template <class ForwardIterator, class Size, class T>
ForwardIterator

unil‘liﬁalized_ﬁll_ﬂ(ForwardIterator first, Size n, const T& X);
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72 %2 BEAMECE S (allocator)

uninitialized_ri1l_n () AEMEEERA LK W AFELE 5 X G EMAT R 4 B TR .
B FE Y N T T ER e AR R A .

W teirsr, eirseen YO H N IORE- ANEAIHIR MURAILR N, A4
uninitialized_ri1l_n( 2 FFMYcopy constructor, fEi%I ™ Ex (3

W= R0 MR MHUR VI (cimse, sooseen VAN REDMIERSE 1,
uninitiatized_ril1_n 0 S PFMconstruct (ari, x, FEXTRAE AL Ex 1)
il Kfliconstruct 0 BT 2.23 fifitid.

uninitialized_rill_n WHA  "commit or rollback" WFist: BEA = AT b
LRI ER, WA AT CER . WARAE— “Scopy constructor Z: H 5
(exception) , uninitialized_fill_n() ZIARA O =AM TA TGER .

U 43 0 A 40X = A o A s AR . O It 2O IMiterators (3 AR 2%
value_type ()~ __type_traits\ __true_type. __false_type~ is_POD_type

TR, WA THE TN,

(1) uninitialized_fill_n
—é‘?ﬁ/\tll; uninitializedﬁfillfn()Egﬁﬁ%o 4—\&1&4%%} &%%%ﬁ
LIEACHS £1 e st 1 ARV AR AL 22 18] PR A6 Ak
2.0 RIS R AR AL 8RR/
template <class ForwardIterator, class Size, class T>
inline ForwardIteratoruninitialized_fill_n (rorwarditeratorfirst,
size n, const T&x) {

return __uninitialized_fill_n(first, n, x, va'uc_typc(f'rst));

/7 B, A value_type () B firstff) value type.
}

RA AR HATIZRE, EAEIIIEAES first 19 value type (VEWLEE= 55D,
ARJE FIBZ )2 1 9 PODAL:
template <class ForwardIterator, class Size, class T, class T1>

inline ForwardIterator 7uninitialized7ﬁ“7n(Forwardlterator first,

Size n, const T& x, T1%*)
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{
7/ BLN _type_traits<> vk, VEW 3.7
typedef typename _type_traits<r1> ::is_POD_typels_POD;

return _ uninitialized_fill_n_aux(first, n, x, 1S_POD());

PODZE 45 Plain Old Data, g d4lifgj) (scalar types) BUAL4EH) C structZiY
5o PODRUGASRINA trivialctor/dtor/copy/assignmentfi 30, [Ktk, FediTal

PAXPODZY IR I 5 A5 AR MWIME S 4%, 1% non-POD 2L 5l R I e (R s 2
ERIL(F

/ /IR copy construction AR assignment, 1 H
// destructor j& trivial, PA™EUHERL
//InAE oD AL, PUTRAEM S FAERILI B IXJEHEH function template
/ /B A A S LRI .
template <class ForwardIterator, class Size, class T>
inline ForwardIterator
_uninitialiled_ﬁll_n_aux(Forwardlterator first, Size n,
const T& x, __true_type) {
return £111_n(first, n, x);//ZHEHERIIT. W 6.4. 275,

/7 WERAE poD AL, PATRAR SR B XA cunction template
/ /A AR LRI .

template <class ForwardIterator, class Size, class T>

ForwardIterator

_llnil’litialiled_ﬁll_n_allx(Forwardlterator first, Size n,

false_type) {

const T& x,

ForwardIterator cur = first;
// j‘jﬂﬂlﬂliﬂ[m'{%y UW@ELA@@E‘J#?%W (exception handling) %m%o
for ( ; n > 0; —--n, ++cur)
construct (&*cur, x); J/OL 2,237

return cur;

(2) uninitialized_copy
I uninitiatized_copy o IURRG . AR IERZZ NS
ARG £ 1 st 7 ) B N\ i (1R SR 7
AR Last 48 A Hi I 1O 25 KA CHITP S JFIX )
KR EE resureda i thom (BRAIRIL AT ] kL s b
template <class Imputlterator, class ForwardIterator>

inline ForwardIterator

uninitialiled_copy(Inputlterator first, InputIterator last,
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ForwardIterator result) {
return __uninitialized_copy(first, last, result,value_type (result)) ;
// U\j—, *Uﬁ% value_type () HXLU firstﬂﬁ value type.
}

EAR R AT E S, R IERES result B value type (PEWLSE= )

P
ARJE FIBZ )2 1 9 PODAL:

template <class Inputlterator, class ForwardIterator, class T>
inline ForwardIterator
__uninitialized_copy (inputIterator first, InputIterator last,
ForwardIterator result, T*) {
typedef typename __type_traits<T>::is_POD_type is_POD;

return __uninitialized_copy_aux(first, last, result,is_POD());

rr Vb, R is pop o FTERAGIIEE R, ikgiiFasiit A 22T,

PODX#5 Plain Old Data, HHt/E4lfETLH] (scalar types) BiAEZENT C structfi.
PODTUG ARIA  trivialctor/dtor/copy/assignment B =, K1, FATTAT LA
PODE AR B AR I HI Tk, Xt non-POD B BIR B AR BS 2 4 I E

/ /W copy  construction 2[R assignment, fjH.
// destructor 7& trivial, PA™EUH K.
//mASE poD B, PUATHAEAL SHHE RIS B IXREFEH function template
AIEES i8I TR
template <class Inputlterator, class ForwardIterator>
inline ForwardIterator
__uniniﬁa“zed_copy_aux(InputIterator first, InputIterator last,
ForwardIterator result,
__true_type) {
return CODY (first, last, result);//MFI STLHIE copy ()

// WAL non-POD R, PATURRLMI S BERILL™ B IXIEAEM function template
/ /A AR LRI .
template <class Inputlterator, class ForwardIterator>
ForwardIterator
__Uniniﬁa“led_copy_aux(InputIterator first, InputIterator last,
ForwardIterator result,
_ _false_type) {
ForwardIterator cur = result;
/7 RSRIAEENG, PL R R AZA 523 B (exception handling) M.
for ( ; first != last; ++first, ++cur)

construct (sxcur, *first);/ /W~ - ANTCRPEN, TiktEIAT

return cur;
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ErXfchar* Mlwehar_t *PIFAL, AT LU BCER I VE imemmove CHENRF
WAENE) KPATEGAT A, DIt SGL #3 LUYIX PRI B A it~ R R A
/klj‘ +XJ const char*ﬂﬁ# 4KWQZK
inline char*uninitialized_copy (const char* first, const char* last,
char* result) {

memmove (result, first, last - first);

return result + (last - first);

//U\j\ ZEILZ%I—XTJ' const wchar_t* H’J%Hﬁ}%}izj&
inline wchar_t* uniniﬁaﬁzed_copy(const wchar_t* first, const wchar_t* last,
wchar_t* result) {
memmove (result, first, sizeof (wchar_t) * (last - first));

return result + (last - first);

(3) uninitialized_fill

NS Huninitiatizea e300 0 YRR . AR IR = NSHL
A eLrsefR AT I (BRWILRI SR AR Ak
A Last R M o (RAWIZE ) IEs Al GRS XD
HORYME

template <class ForwardIterator, class T>
inline void uninitialized_fill (rorwararterator first, Forwarditerator last,
const T& x) {
__uninitialized_fill (first, last, x, va;ueftype(first));

}

A AT AR, HEARUIEAE firse (K value type (PEWER= 7o)
AR FIB %2 15 9 PODAL:

template <class ForwardIterator, class T, class T1>
inline void _uninitialiled_ﬁ“(Forwardlterator first, ForwardIterator last,
const T& x, T1*) {
typedef typename __type_traits<T1l>::is_POD_type is_POD;
__uninitialized_fill_aux(first, last, x, 1S_POD());

}

PODZE 45 Plain Old Data, /24l j) (scalar types) BUALZEHI C structZjj.
PODZ! | A 3RINAT trivialctor/dtor/copy/assignment BRi 2, K, FATA] LAX)
POD! IR I A R YIEILS T, 14 non-POD 51 SR I g AR B 22 4% 1)

The Annotated STL Sources



76 2 EmEAEECE S (allocator)

(=F

/ /W copy  construction 2[R assignment, fjH.

// destructor 7& trivial, PA™™EUHK.

//mASE pop B, PUATHAEAL BRI B IXREFEH function template
/ /B AR AR AL A .

template <class ForwardIterator, class T>

inline void

_llninitialized_ﬁ“_aux(ForwardIterator first, ForwardIterator last,

const T& x, true_type)

fill (first, last, x);//ﬂ?”q STLﬁiﬁ i1l ()

// WAL non-POD R, PATVRALMI S FEBERILL™ B IXIEAEM function template
/ /A AR LRI .

template <class ForwardIterator, class T>

void

__uninitialized_fill_aux (rorwarditerator first, ForwardIterator last,

const T& x, __false_type)
{
ForwardIterator cur = first;
// ?'\Jfkllﬂli’ﬂ[ﬂ%» U\j\ %Jﬁﬂiﬁﬁﬂﬁﬁﬁ?%ﬂﬁ (exception handling) %Hﬂ%o
for ( ; cur != last; ++cur)

construct (&*cur, x);//Wi~ AN~ NIERPMEN, TEMERT

K 2-8 AT = AR RIS IS, LUETE BoR
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71

is POD ?

izt
——>» __uninitialized_copy()
<Inputlterator,
Inputlterator,
ForwardIterator>
uninitialized = __ 5 memmove()
—, WAL E 1,

_COpy() (cmist char*, LR

const char*®,
char*)ymemmove()

| tr y
(const wchar_t*,
const wchar_t*,

wchar_t*)

is POD ?

{} for(;first!=last;...)
ST

construct(...);
uninitialized_fill() __false_type

fill(...)
__true_type

is POD ?

{E i for(;count>0; ...
—

construct(...);

uninitialized_fill_n() __false_type

__true_type

{} for(;first!=last;...)
i} construct(...);

__false_type

)

__true_type

P 2-8= AN A7 JEAS b X2 R RO S5 AU RRAS
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% 2 mAECE A% (allocator)
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i%/f—%%% (iterators ) *E%;/T"J 5
traits gRFEHiik

EARES Citerators) A&~ FMMG TR, BLSERPIE & 1R BRI T
ARSI, (Design Patterns) ~ DT 23 ABEHE (design patterns) 1)
SEREIE, IUI1 iterator BERGE XU ¢ MO, (RIS
B Fra A TR, TOUE R R AW ek 72

3138 & B YE_STL REHTE

AR RZ I MYERR STL Hshrisl], i5AGHs Citerators) #ENEHTE M. STL )
AL EARTET, KA (containers) FI5L (algorithms) 43JF, 4B HS7
Wik, e E DA R R E A RS R . AR MBENERZ AL, HR
KRG IFAWAE, C++ [ class templates F1 function templates #] 43 5ili% Jik H A% o

AT vt P 2 TR RGP 7, A RHERE .

LA s Sk, Y Citerator, HEIRAE) MEFERR. LEIE fina0
A, B2 WANIEAEA - A TSR

//Tﬁ E SGI <stl_algo.h>
template <class InputIterator, class T>
InputIterator ﬁnd(InputIterator first,
InputIterator last,
const T& value) {
while (first != last && *first != value)
++first;
return first;

}
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HEL T ARRIEAES, £ind O (ERENEXTANA 1 A% S 301

// file : 3find.cpp
#include <vector>
#include <list>
#include <deque>
#include <algorithm>
#include <iostream>

using namespace std;

int main ()
{
const int arraySize = 7;

int ialarraySize] = { 0,1,2,3,4,5,6 };

vector<int> ivect (ia, iatarraySize);
list<int> ilist (ia, iatarraySize);

deque<1nt> ideque (ia, iatarraySize); //Yj_ﬁ VC6 [x], ﬂi?‘/j‘/ﬁ\*;‘fﬁ

vector<int>::iterator it1 =find(ivect.begin(), ivect.end(), 4);
if (itl == divect.end())

cout << "4 not found." << endl;
else

cout << "4 found. " << *itl << endl;

// PATEER: 4 found. 4

list<int>::iterator it2 =find(ilist.begin(), ilist.end(), 6);
if (it2 == 1ilist.end())

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

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

// PATEER: 6 found. 6

deque<int>::iterator it3 -find(ideque.begin(), ideque.end(), 8);
if (it3 == ideque.end())

cout << "8 not found." << endl;
else

cout << "8 found. " << *it3 << endl;

// PATEER: 8 not found.

WA BT R EACH TR 20882 o SR ? A7 BT LT FH 4%
A2 BALZIT AT BRI 8 7

328488 Grerator) A2 —FF smart pointer
P f BT DU BT R, T B BT s Wt 0 A
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WA (dereference) FELAEUT] (member access) » [PRIMIZsA X 2 5 5 22 (1) G F2
TAEH R operator*Mloperator—>HATZHA (overloading) TFE. KTiX

= s C++ FRMERERRPEA - Mauto_pue T ERATSH o AR~ ATERM C++ 15
ASFEA W Bauto_ptr CHRAAT, F37°€ D, Xt~ MHRELIEE

Fr (native pointer) X%, FAAIRFEN N AT (memory leak) [l 1] 45 it
AR auto_pufHIZ ™, A HRbR- B B

void func ()
{

auto_ptr<string> ps(new string("jjhou"));
cout << ¥ps << endl; / /5 jjhou
cout << ps=>size() << endl; //ﬁﬁﬁ 5

// BEIFHIAT delete, auto_ptr 2% BRI AT
}

R~ ATIRIE, S K new BhA&RCE - DMHIEHN "5 3hou" Kstring)
Pl TERITRER (- DB N0 percserine X R IIHIH . TER,
auto_ptr fIHG S AIRAIE [ IUZEFRET PR XIS ) MR, mAZ sUESRFR AL o

auto_ptrElgﬂﬂﬁ%@%if¢<memory>HIy e, AL T - P&, "R
45 Wauto_ptr 147 4 S5 BE ) «

// file: 3autoptr.cpp

template<classT>

class auto_ptr

public:
explicit auto_ptr (T *p = 0): pointee(p) {}
template<class U>
auto_ptr (auto_ptr<Uss rhs): pointee(rhs.release()) (}
~auto_ptr () { delete pointee;

template<class U>

auto_ptr<T>& operator=(auto_ptr<Uss rhs) {
if (this != &rhs) reset (rhs.release());
return *this;

}

T&operator*() const { return *pointee; }

T*operator->() const { return pointee; }

17*get() const { return pointee; }

//

private:

T *pointee;
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i

HFIICEET explicit Al member template S&MFEEIE, A ZIX BIPHRE £,
MIIBEIERIE R1ES M [Lippman98]aL [Stroustrup97].

BTN S, BRI Alist CHRAT) k- MEAHS . B List ML
HIgER ™ .

// file: 3mylist.h

template <typename T>

class List

{
void insert_front (T wvalue);
void insert_end(T value);
void display (std::ostream &os = std::cout) const;
//

private:
ListItem<T>* _end;
ListItem<T>* _front;
long _size;

bi

template <typename T>
class ListItem
{

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

ListItem* _next; // ﬁrﬂ ,E’E’,ﬁ‘— (Slngle linked list)
i

A XA ListE I BRI IT U £ina O We? FATH L0 &t M7 AK
LHRPRINANC, Rl MBS ABATL (dereference) M- LA, &Ml

IR %M Listltem X 5; IR INZIEALHS, EMNFRE ™ - DLisdtem

Wike T keSS E T AL R 5 2, AU T Listitem,  3RATTAT LA

BEWI - A class template:

1 [Lippman98] 5.11  Ff7—~ MEZ A list SEHIFTLAS %, (ZRUELE) Bilfr- Mz

RURRASHY list HO5ERE BT 5 UL .
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3.21A0%% Citerator) f&— i smart pointer 83

// file : 3mylist-iter.h

#include "3mylist.h"

template <class Ttem> // Ttem A PLJE B [n) HRAT Y A o0 ) B AT 5o
structListlter / /WAL AN AR Ay HON R AT RS, BRI IE
{ / /BRI operator++ Zillo

Teem* ptr; //PRFFS A Z A~ MR (keep a reference to Container)

ListIter (Item* p = 0) // default ctor

ptr(p) { }

/) AILIAE copy  cror, BIMEHMIFAIRAEIITIIAT A LA
/1 AIBIA operavor—, NG AP I TBAT A C LS.

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

Item*OperatOF->() const { return ptr; }

// LN operator++ MAEMRHE(EYL, Z W[Meyers96145<:k 6
// (1) pre-increment operator
ListItersoperator++ ()

{ ptr = ptr—>next(); return *this; }

// (2) post-increment operator
ListIter operator++(int)

{ ListIter tmp = *this; ++*this; return tmp; }

bool operato == (const ListIter& i) const
{ return ptr == i.ptr;

bool 0perat0r!=(const ListIter& i) const
{ return ptr != i.ptr;

i
IRAEBRATT LUZFE T4 Listf£ind () # HListTter ot K

// 3mylist-iter-test.cpp
void main ()
{

List<int> mylist;

for (int i=0; i<5; ++i) {
mylist.insert_front (i);
mylist.insert_end(i+2);
}

mylist.display(); // 10 (4321023456 )
ListIter<ListItem<int> >hegin (mylist.front());

Listiter<Listltem<int> >end; // default 0, null
ListIter<Listltem<int> > iter; // default 0, null
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84 B3 kAL (iterators) MES 5 traitsgmfityid:

iter = ﬁnd(begin, end, 3);
if (iter == end)

cout << M"not found" << endl;
else

cout << "found. " << iter->value() << endl;

/) PATEER: found. 3

iter = find(begin, end, 7);
if (iter == end)

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

cout << "found. " << iter->value() << endl;
// PATEESR: not found
}

ARG HT£ind O A Blricer 1= vaee RETAITCR R TG, TUAL]
ZHivalue IR int, iter BB Listitem<inte, P& Z (M IFIEH]

A ffoperatort=, FrATRMBLIA TSN G~ DM atliffoperator =2 M,
It LhintFListItem<int>{4C4 & I PSS 2080«

template <typenameT>
bool operator!=(const ListItem<IT>& item,T n)

{ return item.value() != n; }

MEL FSEAERTAE H, A T 580 AN List MRVHIGIEARES, A 10 sty

Ws T KL ListSEAEAN 1T : fEmain () ZF U T HilfEbeginMenaPiMIEAL

A, RATIMERE T Listtem;  7EListlter classZ 1124 T3 fioperator++ff1 H

M, BRAEEFET Lisdtem MHRIERRnext 0o WRAER TIEMRA, Listdem

JEUAS B 50 A B TBUEE R AN BRI . )i U, SEUCTHE Listiter, 55062000 List
PSRN AR F 1 T . BEARIX TG Al e, Mt s AR T R TAEAL
ALt BT UF T, Wik R SARAS S 13 LAE G AL - H E
B KIERAR AR~ Fl STLAMS AR UG L Rk 2.

3.3 i%’f'ﬁ%%*ﬁ m ﬂ %IJ (associated types)

R Listitert @ It T ANMEARHAEE . WA IR T i 2, JRAE
SR, FIEZ S IEARIN, R FI BN Cassociated type) o
AN 2 SEARAS TR Z DI A e o BB RAH A L B E -
A, UL DISARES TR X S BN | B, AR ? BRTEC++ R 3R
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3.4 Traits gafEfivk — STL J§AL[I4H 85

sizeof (), JARIHFrypeot () ! BIEZIM RTTI MBI typeid (), KA
HRBGZRR, Neegkfrr s s 2 H.

R IriEse AT FIA function template [ HZ42 &S (argument deducation) #LH.
il .

template <class I, class T>
> void func_impl (I iter, T t)
{
T otmp; // XL TS THEIBAE IR MBI, ARG int

[/ oo EHMURA func () MAZAMRIH AT T AE

template <class I>
inline
> void func (I iter)
{
- func_impl (iter, *iter) ; // func M LAEEEAE func_impl
}

int main ()
{
int 1i;
s 0 (64 5

}
FAILLfunc () AR AR, HHESEBREERIE T func_impl () Zfl1e HIT
func_impl () 72— 4> function template, — FLEIFIY, ZmiFdsa H3IHET template

AT FRSmART, WAk T .

IEARZSAI NS Cassociated types) AN g [IERE TR 2 M) | - P E .
WRYELL, B FH AR Y A FoRE, AR IR AT o™ AT~ Pl -
R template [HAZEHE S AL . FoATT7E 22 AT I A

3.4 Traits gRfEHE—STL YEIGI %A

ER IR L, FRAZIERER Mvalue type.  HIRI1) B AR S 54 S-45 15
BARTTHT value type, HAEATTH: Ji— value type s 75T T B =\ 1% I,
MRFLEKRT, FLrim [emplae FAREHESHH] MM REALE, T
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86 B3 kAL (iterators) MES 5 traitsgmfitsid:

TAE T R EBR A AL 0 «

BATT R e Tk B SR 2N R, BRI

template <class T>
struct Mylter
typedet Tvalue_type; // HURTUGIE Y (nested type)

T* ptr;

MyIter (T* p=0) : ptr(p) { }

T& operator* () const { return *ptr; }
V2

bi

template <class I>
typename I::value_type //JX“ ?éq]t/—[lj: fUHCE@ﬁﬁﬂiqu
func (I ite)

{ return *ite; }

/]
MyIter<int> ite(new int (8));

cout << func(ite); //Hit: 8
R, func () FIBERALGAZ0N FOREETE typename, BIAT/E— 4 template
B, EEgmIES I /T, it TR, Ha)if i i as i IR AN
vy Tter<t>: svalue_typef SR IS~ N EL &~ /> member functionik,
&~ > data member. FHEIA typename I B RS VR IFA X - AN,

U A BENGUR 388 3 23 6

FAERA . (HEANRIIEEEE: TEARITA A class type. JSUETRIR
AR WERAE class type, EITGIER B SCHAREL . {1 STL (LAKAEAMZ R
) L0 IS SR LR AR — RikARES, P FIIZARE AN . A BCH 7
EATLIAE R - LS E RS 00 (B S A Fiahn ) MCRR R A AL BRI ?

&M, template partial specialization ] LA 3]

Partial Specialization (fi451t) (17 S

ATATSE 2L ) C+ BIE TS FE 4R N 1% X template partial specializationfd BT W] (40
REA, 7 D o KEMEZ: WF class template$fi {7~ AL template
SR AT LB A (BAS, (RAEAH) template ZHGIATRL T AR
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3.4 Traits gafEfivk — STL J§AL[I4H 87

AT BB TAT DLEIZ AL BT R M IORRAS (U s 32 A RAR ] 1 e
template Z U T WIHI KR ED ©

R&H~ A class templatelii ™ -

template<typename U, typename V, typename T>

class C { ... };
partial specializationff) 7 [ & XA LR R RATLL N, Frif [Mhkifbhi] — @ 2&x)
templateZ4{ v B v 80 T (SFEMLAE) FREEANALEME. FLAR, [Austern99]
X} Tpartial specializationff) & 43 173 f944k: [ Frifipartial specializationff]
RIS — 0 templateiE XU, MHAL{J) templatized] o (TZH4ER)
— 5% partial specialization FJ&E X &: [#1%f (fEfT) template ZECHBE- 15

PERRS], Frigat okt - MEE A ] o Bk, TEL XA~ AN class template:

template<typename T>

class C { ... }; /] IEAZACTRA SOVE 52D T AT L5
BAUEIRE G2 e~ AN ™ fpartial specialization:

template<typename T>

class c<*> (... by [/ TGEN T [T AR 0
s TTREVESRRR ] TR [T AEAEDN ] B ANFEE- PR

A7 TIRXIA A, BV R] DU ATIE [ SRR ] R BEMRE R 1 T 5 i 14 [
R, BESRSRIFE class, DIURTEUNEATE SRR . BUFE, FATTrI LB [i%
QA% 2 template F AR A FEER | #, BOHRRUMRIIEACHS .

PEEst, WATHEA PN T . N HIXAS class template % [ JHK [AEHL ] 148
LRHUREE, M value type TFREERBSHIRFIEZ - -

template <class I>

structiterator_traits | // traits A [FF]
typedef typename I::valueftype value;type;

bi

XA TS ftraits, & 02, R e A H CHvalue type, IAFELIXAS
traits/7EH, ZHUH R value_typeliids: ivalue_typeo FRAJTE AN T
& X H S ffivalue type, FeiiIBAN func () 1] BAICS AT :
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88 B3 kAL (iterators) MES 5 traitsgmfitsid:

template <class I>
typename iterator_traits<I>::value_type // JZ g'ﬁiﬂ:@?&-lﬁﬁu IJ
func (I ite)

{ return *ite; }

RIXBRT 22— R, SR AUFAL? U4k Ztraits 7] DA RAALRRAS . I
1E, TATL iterator_traitesHf5— “partial specializations 1™ :

template <class T>

struct iterator_traits<T*> ( //fWMPFILIR—IEREEN T AT br
typedefT value_type;

i

T, A RkRine: BARARE— B class type, 78 A& traitsB Hovalue
typeo IXRARYT SEHTI il

—\

BRI TR ECT 1% (pointer-to-const) |, M HX A F
FIH4 55 R

¥l

iterator_traits<const int*>::value_type
BRAHH I const intll IFinte IR IAVIIERIS 2 A1 LA X FPHLHIK
B IR, AR S IE A Fivalue type IR, TITILAE, B ANE
R C Pleonstz WD W9 8 B AR H, WA 200 B, RSB A S A
pointer-to-const, AN IZBES Hvalue type — A~ non-const B, ¥ 1A

A, HEESIAN B ANRFCRRCAS,  BREAR RIZ AN [

template <class T>
struct iterator_ traits<const T*> ( // ’f)rﬁ ?%H}Q—QL_{E%% pointer-to const

typedefT value_type; /7 FEBHCRI BN ZSE 1 MFE const T
i

IAE, AR P& LA MyTter, B R AE FR brint* Bconst int*,  # 1]
PLiZ i traitsHUH IERAIY) (CFRATIAT AR value type.

P3- 1 W traits TH0sE K TRAEACHOIL) fth, AEICSNISARAS IO X I
PrEHIEAE R E, FRIEIEACE AN AL (associated types) o 488, 42X
A THPEAIOL] traits RS AT R0, B MISAELAENELE, AT ELELIR
AU5E L (nested typedef) ()77 st SCHARR AL Cassociated types) o X Ff— 4>

258, YEARESFIZANLE, WEARMAT STL XD KKE.
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3.4 Traits gafEfivk — STL J§AL[I4H 89

USRS, #BATRE
SE SCH TIN5

. int*

j‘

P const int*
% | iterator_traits | ?

Bl

/‘j % list<int>::iterator

deque<int>::iterator
iZEit class template partial specialization
MVER, A JRAFEFREL class-type vector<int>::iterator
iterators, #fn] LALEAN ST (8 B ICHAR
% Mylter

M5 Cassociated types) :

Wf[fw—gype JL class-type iterators, #H A6
diference_ipe CRREZ) 58 S A CL R )
poinier

reference
iterator_categor

3-Atraits  BiE- G [RFERHL) . BRGNS IRAE R RD .

MRAELY, feh T B IEACEAHN BB A TRl value type, difference type, pointer,
reference,iterator catagoly. WIRARALARFITRINA DS STL KA, ~
ST BN AR A B AR 2 S TR A Sl o [HRPEREIOHL ) traits S fRUE SR
K Js it SR I oK

template <class >

st ructiterator_traits |

typedef typename I::iterator_category iterator_category;

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

i

iterator_traits AANEI XN Z TGN pointer A pointer-to-const#, Wil
RS, T 5 BT o R R W AT
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90 B3 kAL (iterators) MES 5 traitsgmfityid:

3ANEMRIIHN TN Z —: value type

Jtilivalue type, JEFRIERIITRNT SIS, AT~ NMTHYES STLEEA T
LMK class, N ZE N H K value type HEARELG, VEVEUL TR

3A2EMREBBHNEIRZ = difference type

difference type JAKFRBIAEARI Z IR MEE S, BRI, ST UFRER- A%
AR R A B, B TIEGA W AR S, kB AR 2 o R A .
W NZ R HORE, Bl STLcount (), HAE[IRL L AE

JHIEACERI difference type:

template <class I, class T>

typename iterator_traits<I>::difference_type //JZ— %ﬁ%ﬁﬁiﬁlﬂi&iﬂ%ﬂ

COUnt(I first, I last, const T& value) {

typename iterator_traits<I>::difference_type n = 0;
for ( ; first != last; ++first)
if (*first == value)
++n;

return n;

}

B0 AH R 2 Sl difference type, traitsfIPIAS CEES IRARFEARIT S 1D Rl R4
N, I+ ptrdiff_t GF X F<cstdde >3k MON R AEFRFRI

difference type:

template <class I>

structiterator_traits |

typedef typename I::difference_type difference_type;
bi

/ /R AR ARV ThiRRAE (partial specialization) | hi

template <class T>

st ructiterator_traits<T*>

typedef ptrdiff_ t difference_type;
i

//EEXEZER) pointer-to-const T [ 51t (partial specialization) | hi

template <class T>

struct iterator_traits<const T*> {
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3.4 Traits gafEfivk — STL J§AL[I4H 91

typedef ptrdiff_t difference_type;
i

DU, AT A FATH ZATEATEAE URidifference type, LKA :

typename iterator_traits<I>::difference_type

3AERBHNEIRZ =2 reference type

M TIEARER TR Z ) A B2 15 R Vrcise | s B, IEARER S R AN fo
VIS e %2 W4 | %, R Mconstant iterators, ffilconstint* pic;

VB [T SN ] 3, FRA mutable iterators, HlMlint* pi. 23RAT]

Xf—= A mutable iteratorsER WA MEIN, FRIFHIARZZEANAE (rvalue) 5 1%
RANTAE (value) , FALEAARVTIRESIE (assignment) , ZE{HA SLIF:

int* pi = new int(5);
const int* pci = new int (9);
*pi = 7; // % mutable iteratorf BN N, IRIFHIRAZREAN AL, VPR,
wpci = 1; /) REANFMEARAYE, A pciji/constant iterator,
/) PR peiiRE R, RAMGE, ARVFEIRE.

TE C+fl1, R UWIREALNIZE(E, #2 Lhby reference ) 7 NHEAT, LA Mpid
/> mutable iteratorsitf, WR Hovalue typestt, A *pHIT AN Z 2T,
MNiZie Tao KFUMLEEY 78, WIR ple— 4> constant iterators, tvalue typest T,
Ao IR N &t const T, MM iZSEconst Tao XRFTTITIRII+plF)
B3, BITE ) reference type. SAFAITTIGAE™ — /NI~ FF IR

344N EIR ZIU: pointer type

pointersfl references 71 C++[l I IEFHVIIRIE, WHK [fL[H- ANl 2E
R&pife W] Zvhen, Ma MLm= AN, SRR WAL

Akt ERTEL. W WIRATRE A0~ A pointer, $R AR ITIR 2.
TXAEHH Y ) CLAE S AT A Listiter classf[ 1L IR :

Itemé& operator*o const { return *ptr; }
Item* 0perat0r-><> const { return ptr; }

Ttemsf§J& Listlter/freference typelli 1tem*{# /& Hpointer type.
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92 B3 kAL (iterators) MES 5 traitsgmfityid:

HAEIRATIE reference typeMpointer type IXFHIAHH N T 50 i A traits P «

template <class I>

st ructiterator_traits |

typedef typename I::pointer pointer;
typedef typename I::reference reference;

i

/ /R EERR AR RV TR (partial specialization) |

template <class T>

st ructiterator_traits<T*>

typedef T* pointer;
typedef T& reference;

bi

//EEREER pointer-to-const MM ¥ [mEF{LIR (partial specialization) |
template <class T>

st ructiterator_traits<const T#>

typedef const T* pointer;
typedef const T& reference;

i

3ASEREBHENERZ F: iterator_category

Befr— A CEIA) BN 2 5 R BB S5 TRE. AR T, 3K
IR R IR I 732K

RIS S AT B, B A Tk

Input Iterator: XFUEERIHEN R, ARV ECE. K (read only) ©
Output Iterator: MES (write only) .
Forward Iterator: S0 ['BAH] Bk (Bllllreplace () ) FELEFRIEAR
AR TG X ) _H st 5 31k .
Bidirectional Iterator: WX B3 o HLEGEILT S0 ) 2 Vi A EALAR X
() g it 4 DURESE I N G2, SnT LMEA Bidirectional Iterators o
Random Access Tterator: Tij™ FrikRAFHS LR - S RAREARRE D) GiT=
X Ffoperator++, ™ PN Foperator--) , TR A 1R
WHEAGES), 3o, pon, oinl, pl-p2, pi<pze
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3.4 Traits gafEfivk — STL J§AL[I4H 93

XEEIEAR RS R G NER R, WPAK3-2 £, HESHAMERIEE C++ 10
KR, M Econcept (M) Srefinement (5Rfk) HIER

Input Iterator Output Iterator

Forward Iterator

Bidirectional Iterator

Random Access Iterator

K 32054085 1073 5 R 5K 2R

B SEIN, WRWTRE, AV R XS B 3-2 1 FE Ak AR SR i Wt

S IR ST SRAL SRR SO Sy — Pl S, XA REAEAN RIS B0 e it
KA. WEESTL R, - 8- BRAMESRAER, MR HEER
o BEEANEIE B2 Forward Iterator, /KVLRandom Access Iterator

B, EMRMEER, I~ A Random Access Iterator 3% &~ Forward

Iterator (WLBE 3-2) o {H &0 HIFEARE Rt !

LA advanced() {5

Fagvance ) KU (XRVFZFENTHAM- MR , WERHHAZ
B, Ao B n; B ATBK p BBk CHTEEaBEED) o NIH=

e X, — X Input Iterator, — 1%l X Bidirectional Iterator, 73— %1%}
Random Access Iterator. 181J& 84741 %t Forwardlteratoriii Wt IIRRAS, IR 4 J5
T X} Inputlteratoriii B RARA ¢ 45— 3o

template <class InputlIterator, class Distance>
VOidadVanCC_II(InputIterator& i, Distance n)
{

[/ Hm, B ik

while (n--) ++i; //E‘A—"jj for ( ; n > 0; --n, ++1i );

2concept (M) Hrefinement (3fk) , JE4EA STL MIEZWE, 1EIL [Austern98].
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94 B3 kAL (iterators) MES 5 traitsgmfitsid:

template <class BidirectionalIterator, class Distance>
Voidadval’lce_BI(Bidirectionallterator& i, Distance n)
{

[/ R, 3% Tk

if (n >= 0)

while (n--) ++i; //j for ; n>0; ——n, ++i );
else
while (n++) —-i; //B5 for (i n < 0; +tn, —i);

template <class RandomAccessIterator, class Distance>
voidadvance_RAI (randomaccessiterators i, Distance n)
{
// ), RERTTRE
i += n;
}
WAL, BT advance (), BOZGEH (AL BB 4y ik 2E W87 i Rk
advance_II(), XfRandom Access IteratorTi & W EFZ K, JRAO)H#
{ESEM A ON) o MR IE P aavance_rar 0 WETCIEEESZ Input Iterator. A

(L E-3 = PP (P

template <class InputlIterator, class Distance>

voidadvance (InputIterators i, Distance n)
{
if (is_random_access_iterator(i)) //ﬂt it¥§%ﬁt&
advance_RAI (i, n);
else if (is_bidirectional iterator (1)) //BLERXERFE T
advance BI (i, n);
else
advance_II (i, n);
}

{ER BRI FEAERAT I A JOE M- ASRAS, SRR . S df REVE e S
FEIAUE R IER I ARA . 2 B pR LT PT LUE EOX A H s

A= MNadvance_xx () #A PR SE, BHARE (BH#Z templateZ
O o ATAHFS, TBREEMARR, TATBIN_ - NS O E RS
H, A% R 2 BAMLENITT LA RO R K

BRI« R traits 1T BE ) A HORIEAER IO, TRATE AT AIXAS [i%
AR | M A advancea () I3 = 280 IXAMFIN AL € L AURA
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3.4 Traits gafEfivk — STL J§AL[I4H 95

class type, A HEBE SRR, K oygmitds e (- N Kt
172 AL (overloaded resolution) o ™ [HIE X HAS classes, {0 HAPI%k
AR

/1 HEAMCIFRIE AL (tag types)

structinput_iterator_tag { };

structoutput_iterator_tag ( ;;

structforward_iterator_tag : public input_iterator_tag { };

st ructbidirectional_iterator_tag : public forward_iterator _tag { };
structrandom_access_iterator_tag : publicbidirectional iterator_tag { };

XY classes O BRIC T, BTN BAEM S 2T Ada Rk ARBLE], R
Ja PR . BUETDR BT __advance 0 (T RAEWMAEM, Priled s Fkin
FrE TSR I F5= 25, e B 8.

template <class InputlIterator, class Distance>
inline void _adVanCE(InputIterator& i, Distance n,
input_iterator_tag)

// B, % ik

while (n--) ++i;

/It~ A BpAl eI X (trivial forwarding function) o RS IR AIT bR
template <class ForwardIterator, class Distance>
inline void _advance (ForwardIterator& i, Distance n,

forward_iterator_tag)

[/ AT (forwarding)
advance (i, n, input_iterator_tag()) ;

template <class Bidiectionallterator, class Distance>
inline void __advance (Bidiectionallterator& i, Distance n,

bidirectional_iterator_tag)

// A, % ik

if (n >= 0)

while (n--) ++i;
else
while (n++) —--i;

template <class RandomAccessIterator, class Distance>
inline void _adVance(RandomAccessIterator& i, Distance n,
random_access_iterator_tag)
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96 B3 kAL (iterators) MES 5 traitsgmfityid:

{
// R, EER T

HEE FAEE, B4 _advance ) W~ NSHHAE LA, IFRIGES
Bk, B e RO IR s 2 BALHLE], B2 FIRAAE T %240
RAEEN FSHAA AT L, EER L T

T s, & E - XTI B R B, M B RS A 2 B
_advance() o M- FREABMAFTHNANSH, el sH LIEES PR
__advance () I, A AT FHE= AR, AR, B, XA HE R0

ARSI E BT SAT HIEAE 1 S R —X 0y TAE AR IEACS traits HLH:

template <class Inputlterator, class Distance>

inline void adVal’lce(InputIterator& i, Distance n)

{
__advance (i, n,

iterator_traits<rnput rterator>::iterator_category()) ;°*

TER FIRTETEL, iterator_traits<Iterator>::iterator_category() W=

- MY S GEHEMBA int 0S4~ A ine BRS- D , HRINZHE
JETHR TAERIE R L - o KI5, WREXAB), e o - 4
__advance () ZH

39%:":,&[:’?_}7 SGI STL <st17iterator.h>E(Jﬂ/%ﬁ%7\Eé:
__advance (i, n,iterator_category (i) ) ;
#j-J ‘/\EX %]it iterator_category () ﬁ”j\ :

template <class I>
inline typename iterator_traits<I>::iterator_category
iterator_category (const 1s) {

typedef typenameiterator_traits<I>::iterator_category category;

return category();

}
R S ED

advance (i, n,

iterator_traits<InputIterator>::iterator_category());
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3.4 Traits gafEfivk — STL J§AL[I4H 97

B, T2 -RAT N, traits DA 0TG- ASAHR AL -

template <class I>

struct iterator_traits {

typedef typename I::iterator_category herator_category;
i

/ /R R R AR RV TR (partial specialization) |
template <class T>

struct iterator_traits<T*> ({

// R, SRS B Random Access Iterator
typedef random_access_iterator_tag kerator_category;
bi

//ESHEAEN pointer-to-const MK [{RFF{LIR (partial specialization) |
template <class T>

struct iterator_traits<const T*>

// W, JFAER pointer-to-const &~ Fl Random Access Iterator
typedef random_access_iterator_tag Herator_category;
i

R~ ANIERE, HBAUKIENAZETE [ZIEIRITHRIE 2 &SP EB 1, Feamih
RN o Bldnint * B & Random Access Iterator X% Bidirectional Iterator,

[AIIB /2 Forward Iterator, T HAW & Input Iterator, 4, HIETINZI)E N

random_access_iterator_tag.

RS F R Sadvance () ) template 2 54 FRIUAFIFAG AN B 4 BEAH

template <class InputIterator, class Distance>
inline void adVal’lce(InputIterator& i, Distance n);

Hiibtadvanced () BEAR T LIRS 44 RIS AR, SRR ROK HO M B o 4
Tnput Tterator. KHIHRE STL SEN- a2 ;LIS HERER 2 B
RSN I, RN ILEAAAN S 4 .

THER T HAEFIP I e

DL class K@ SUEAREF ISP o> Aehn 2, ANnETT DUJE il 2 s AL LI s Shis 1 (i
B as 1S LLEMIHAT 2 BAL Pl F2 /7, overloaded resolution) , 53— AMifAbE,
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98 B3 kAL (iterators) MES 5 traitsgmfityid:

B AR, RATTLALIES [T | (B (BT Wadvance O
Forwardlteratorfil) - NATABEW QI ? 25 XA/ M7, M4 H 45 Rn]
LT H 2

n 48l Inputlterator

ZAN

154l Forwardlterator

AN

#5541l Bidirectionallterator

K 3-32 4k ke R

// file: 3tag-test.cpp
/ /AR tag typesé%@(é%x%ﬁﬁ%*ﬁqf%ﬂﬂo
#include <iostream>

using namespace std;

struct B { }; // B AN tnputiterator
struct D1 : public B { }; // D1 ‘EILEiujb ForwardIterator
struct D2 : public D1 { }; // D2 ETLE?H?@ BidirectionalIterator

template <class I>
func(I& p, B)

{ cout << "B version" << endl; }

template <class I>
func (I& p, D2)

{ cout << "D2 version" << endl; }

int main ()

{

int* p;

func(p, 80); // ZEEALETEEVEG. Fitlh: s versionn

concte, 010); // BEG AERARSE AN ALK {2pEF.
//%iH "B version"

func(p, 020); // BEE AL EEEYS. Hith: "2 versionn

L)L distance() k%1

KT TIAAE ISR ) N, B 25 . aistance 0 WRFWHM- A
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3.5 std::iterator R {EAE

99

IS RAE R0, IR SEPI AN IBAES Z IR RS o BEXTANFI IS AR R, &
WL AR ETT, AR RS AR RAETIE Madvance O W1

- ik

template <class InputIterator>

inline iterator_traits<InputIterator>::difference_type

__diStanCE(InputIterator first, InputIterator last,
input_iterator_tag) ¢

iterator_traits<InputIterator>::difference_type n = 0;
[/ B— BT
while (first != last) {

++first; ++n;
}

return n;

template <class RandomAccessIterator>

inline iterator_traits<RandomAccessIterator>::difference_type

Agjﬁstance(RandomAccessIterator first, RandomAccessIterator last,

random_access_iterator_tag) |
/1 HEHZERR

return last - first;

template <class InputIterator>
inline iterator_traits<InputlIterator>::difference_type

distance(lnputlterator first, InputlIterator last) ({

typedef typename iterator_traits<InputIterator>::iterator_category category;

return __distance(first, last, category());

VEE, distance () ATEZATATRA LR I template® 5 S5 FrLlin %
Atnputrterator, A JIEESTL  FEMIar 2N DLREITRe 2 2
BAIYRROR A ILERE AN S H A 4 . WAMBIFRER, Tk /7
TEAMAK TR, [HIFM (forwarding) | AT ABEA L HARAFE—IX~ midk
CERT— iigid. HAUidil, UEETIMdistance () A Output Iterators

o, Forward Iterators W Bidirectional Iterators, SRR FENEI Input Iteratorhit

B,‘]jjlz/\_distance() %]iﬁo

3.5 std::iterator HJ{RE

AT RFERINE, ARSI AL A SOPA AL, DA traits FHL, 17
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100 B3 kAL (iterators) MES 5 traitsgmfityid:

WL AT HEANSTLAMY, WIRETCIE S e STL ALPFIAIFE N . SR 1M it #fE
Gtk W7, MR REGEA SO KRN (. LRSI B AL, fthr
% 7. STLEEHE T~ ANiterators classii ™ , W1 RAEAS B 1F (1 IEARAR#T 4R K
H'E, HRMERTE STL il i
template <class Category,
class T,
class Distance = ptrdiff_t,
class Pointer = T%*,
class Reference = T&>
structiterator ¢
typedef Category iterator_category;
typedef T value_type;
typedef Distance difference_type;
typedef Pointer pointer;

typedef Referencereference;
bi

iterator class AN G LA i, SR W B a e X, B DAk © IE A48 8UTAT
AN, BFE S DNSEEATOE, Fritns R LR R ETTAS SHEar,
SEHT 3.2 VAN Listoter, WSO RS, NiZIXAS:

template <class Item>
struct ListIter :

public std::iterator<std::forward_iterator_tag, Item>
{ ...}

B4

IO

B M AH N AL Cassociated types) , JEIEACESII DI T BEvhdE M MiEEs,
MPEARGOTUE. WEASAL, A 5EZBOHHERRSRERET S, JHL
TIEEZH W SFAT A (AT, 5B BUE. WA « BTHE, %
AT DU T AR AR 2 A FAT R R, B I DAk AR 3 5 A D AT

traitsfifi i, KB STL SRl BRI [EARES] ] S HTs Y

Gt iftemplate A 2R AEFINRE, AMoR CH+ARRESL AL A5G T B A UE 75 1T f g
71, ANl C++ANHREL (strong typed) T MR, T fiftraitsgnfibiik, it

BT TZRRITTT] Dk B, MG RL- B STL g5t
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3.6 iterator YRIG5EEEE S|

HT e P IS, SERTI A IR DIEIEGE, A REdl. BU JHsi SGI STL
<sti_iceracor.bo K SUPFN G ARTEMIRIURTF AU . kSRR A e g, 2

5T iostream iterators. inserter iteratorsll J reverse iterators(f]SE{E, ¥4 T4 8 &

Wit

//F3%H SGI STL <stl_iterator.h>

[/ AR AR

structinput_iterator_tag ();

structoutput_iterator_tag {};

structforward_iterator_tag : public input_iterator_tag {};

struct bidirectional_iterator_tag : public forward_iterator_tag {};
structrandom_access_iterator_tag : public bidirectional_iterator_tag {};

/AR SR T, BAT PR BEAES R AR AN XA sta:iterator
template <class Category, class T, class Distance = ptrdiff_t,
class Pointer = T*, class Reference = T&>

structiterator ¢

typedef Category iterator_category;

typedef T value_type;

typedef Distance difference_type;

typedef Pointer pointer;

typedef Referencereference;

i

/7 THHAL) traits

template <class Iterator>

st ructiterator_traits
typedef typename Iterator::iterator_categoryiterator_category;
typedef typename Iterator::value_type valueitype;
typedef typename Iterator::difference_type difference_type;
typedef typename Iterator::pointer px)int:er;
typedef typename Iterator::reference reference;

bi

/ /B XHE AR (native pointer) 1B craies (i ALAL .

template <class T>

st ructiterator_traits<T*> |

typedef random_access_iterator_tag iterator_category;
typedef T value_type;
typedef ptrdiff_t difference_type;
typedef T* pointer;
typedef T& reference;
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102 B3 kAL (iterators) MES 5 traitsgmfityid:

/ /&R 2 pointer-to—const MBI traics fFFALIRT

template <class T>

structiterator_traits<const T*> (

typedef random_access_iterator_tag iterator_categoryy
typedef T value_type;
typedef ptrdiff_t difference_type;
typedef const T* pointer;
typedef const T& reference;

bi

/ /3 BR AT DR 7 A B g AN AR K2R (category)
template <class Iterator>
inline typename iterator_traits<Iterator>::iterator_category
iterator_category (const Iterators) {
typedef typename iterator_traits<Iterator>::iterator_category category;

return category();

//Eﬁl’ﬁﬁﬂu?ﬁﬁ@ﬂ&i%/ﬁiﬁ%ﬁ% distance type
template <class Iterator>

inline typename iterator_traits<Iterator>::difference_type*
distance_type(const Iterator&) {

return static_cast<typename iterator_traits<Iterator>::difference_type*>(0);

/ /AT LR TR g HANIEAER ) vatue cype
template <class Iterator>

inline typename iterator_traits<Iterator>::value_type*
value_type (const Iterators) (

return static_cast<typename iterator_traits<Iterator>::value_type*>(0);

//U“ %‘:zﬁzéﬂ distance IZII\:
template <class InputIterator>
inline iterator_traits<InputIterator>::difference_type
__diStance(InputIterator first, InputIterator last,
input_iterator_tag) {
iterator_traits<InputIterator>::difference_type n = 0;
while (first != last) {
++first; ++n;
}

return n;

template <class RandomAccessIterator>

inline iterator_traits<RandomAccessIterator>::difference_type

__distance(RandomAccessIterator first, RandomAccesslIterator last,
random_access_iterator_tag) {

return last - first;
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template <class InputIterator>
inline iterator_traits<InputIterator>::difference_type
diStance(InputIterator first, Inputlterator last) {
typedef typename
iterator_traits<InputIterator>::iterator_category category;
return __distance(first, last,category());

/ /B 2 HEA] advance ok

template <class InputlIterator, class Distance>

inline void _adVance(InputIterator& i, Distance n,
input_iterator_tag) {

while (n--) ++1i;

template <class BidirectionalIterator, class Distance>
inline void _adval'lce(Bidirectionallterator& i, Distance n,

bidirectional_iterator_tag) {

while (n--) ++1i;
else
while (n++) ——i;

template <class RandomAccessIterator, class Distance>
inline void _adval'lce(RandomAccessIterator& i, Distance n,
random_access_iterator_tag) {

i+= n;

template <class InputlIterator, class Distance>
inline void adVanCC(InputIterator& i, Distance n) {

advance (i, n, iterator_category(1i));

3.7 SGISTL HJFABEZE: __ type_traits

traitsi FEF R, WS TRAN T Co+ IS AGHAL . STLHXTEFCH I
B, A Hiterator_traits IXFE AR PE . SGI  HEIX B~ o K HiE
ARAFLSMG IS, TRAT T HTII_type_traits. AR 2 A ] B H50X 2 SGI

STL WEFTAMZRIY, AT STL FriERTEZ A,

iterator_traits 51 TTZE W 3% AURS MO%F ME, _type_traits W fTT FEEL AL G
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104 B3 kAL (iterators) MES 5 traitsgmfityid:

(type) MIHEME. BRAAFRATAT ORI R R M2 TS X502 1 H % non-trivial
defalt ctor ? £ L4 non-trivial copy ctor? 7% non-trivialassignment

operator? &5 H £ non-trivialdtor? WIERZE SR E M), TATER XA B A AT
AR R FE UL W AESNIET, T DR A B BRI (9] i A AN ng
H 7 B AR ) H Leconstructor, destructor) TSR N A7 ELEE A B BNE i

malloc ()~ memecpy () %%, RAREBE. K0T RMBMSIEIE IR,
A W E ST,

SESLT SGI <eype_craics.nofI1HI__type_traits, P2k 17— FPpLH], Seire

XEAFERI AR EYE (type attributes) , 7EGi N ] 50 ek sUIRIZ R g (function

dispatch) o XX 7485 templatefRA LY, Flan, HIATMELR- A [JoRL

RAE FEAPAT copy  BIERS, AURIRATRESSEAEL ITCH AL B~ A trivial

copy constructor , f# H& % # B & A hoE &m0 AE H R OHE FMmemcpy () B

memmove () o

Miterator_traits#F K ) & %y, Al A E, B 2w LLX R H

__type_traits<T>, T1' t%ﬁf% piv| iR

__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_destructor

__type_traits<T>::is_POD_type // POD : Plain 0ld Data
Pl B RN AT TR s [ CBMERAT R E R A 508, {5
HHRAPNZIA A oo Ll W% H AL (X% ], BARATA
SR R g ROk T AR RS, MgnEEas AN class objectEaU H AL &,
A AR EMET. At RN PR ARV

struct__true_type { };
struct__false_type { };

RWAE A classesBe AR, At RBSMUAE, HRESAR R EEG, AL
HAIr -

4 C++ Type Traits, by John Maddock and Steve Cleary, DDJ 2000/10 2 T — &3R4
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105

AT IERFRFHANXTF,  __type_traits W AZIE L~ Ltypedefs, HAEAE

__true_typeli&__false_type. ™ [ SGIFIETE:

template <class type>
struct__type_traits
typedef __ true_type this_dummy_member_must_be_first;
/r ANERREXA G A [HRES A __cype traics FHL]

HIg AU, BATIAEITE BIHYIZA _type_traits template JEHF
PRI o XA THAR )T~ St~ DA cype craiesilIh
S5 Ak e SOFTATFTOCELY template B, BT FHHBAEINRIZ 1.
*/

» DA AP RSy, O SR PEASAT T RE B0 S AU BRI _cvpe_traits
R IRAS :
- AR AT AT HTHES LA R DR
- YRR AR R LA AT 8 A
— SN AN T LU LA B b3 T i A IR ESOR n PE d |RIRT A R
- BRI A — Rt BRAFARAEGPE SRl o G 2 k. +/

typedef _ false_type has_trivial default_constructor;
typedef __ _false_type has_trivial_copy_constructor;
typedef ___false_type has_trivial_assignment_operator;
typedef __ false_type has_trivial_destructor;
typedef _ false_type is_POD_type;

bi

JHASGL  HEFTA FURBLNAE SN false _typeWB? J&[), SGI & X i
PRAFIE, RJE (HE T FREER AR a8 (scalar types) BTG 1)
__type_traitsFEALRRA, SX PR AR W T e

BB type_traits W] LU SZATM AL 0 AR &,  FL M typedefsfi &8 il DL Bl

ARAFSLA

—~ MEIUA (general instantiation) , &0 BT A B30 #0658 A R IR A
IR A nas_crivial e R E SCH__false_type, WLIEXTHTH
R HR 6 TEAT R R T

Gl B LR, B <oype_traies.ne PIXTHTA CH+2lim 25
(scalar types) &4 TR LE & . MG RER.

FLUg s (Q Silicon Graphics N32F1 N64gui¥4s) 4 Az h B B H)4:
BEE MR IRA . GRER T AR . Al Jond HoRF IR B 4758
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106 B3 kAL (iterators) MES 5 traitsgmfityid:

DA JE <type_traits.n> XTHTH C++alim A5 T2 LH__type_traits43F
FORRAR . IX 882 SO TP __types_traits SERFRE I 4 E4% (B4 Silicon
Graphics N32F1 N64) JETLth5, TS LFFRe I Mmitasm s, WEwE,

/*U\j‘ H’X‘J CJrJrEZ(Sﬁ!%IJ char, signed char, unsigned char, short,

unsigned short, int, unsigned int, long, unsigned long, float, double,

long double PEALRR LA . R B DRRAMEAE __crue_type, KniXLL
AUFR TR BRI 720 (B memepy) SKEHTH I (copy) BU{E (assign) 3h
1o */

//IF R, ser sTL <stl_config.n>BFLA ™™ A _ sTr_tEMpraTE nULL

//ENXN template<>, W 1.9.1 %, ZHTiEMN

// class template explicit specialization

_ STL_TEMPLATE_NULL struct __type_traits<char> ¢

typedef __ true_type has_trivial_default_constructor;
typedef ___true_type has_trivial_copy_constructor;
typedef __true_type has_trivial_assignment_operator;

typedef __true_type has_trivial_destructor;
typedef __ true_type is_POD_type;
bi

__STL_TEMPLATE_NULL struct __type_traits<signed char> ¢

typedef __true_type has_trivial_default_constructor;
typedef __true_type has_trivial_copy_constructor;
typedef __true_type has_trivial_assignment_operator;

typedef __true_type has_trivial_destructor;
typedef ___true_type is_POD_type;
i

__STL_TEMPLATE_NULL struct __type_traits<unsigned char> (

typedef __ _true_type has_trivial_default_constructor;
typedef __true_type has_trivial_copy_constructor;
typedef __ true_type has_trivial_assignment_operator;
typedef __ true_type has_trivial_destructor;

typedef ___true_type is_POD_type;
bi

__STL_TEMPLATE_NULL struct __type_traits<short> (

typedef __true_type has_trivial_default_constructor;
typedef __true_type has_trivial_copy_constructor;
typedef __ true_type has_trivial assignment_operator;
typedef __true_type has_trivial_destructor;

typedef __true_type is_POD_type;
i

__ STL_TEMPLATE_NULL struct __type_traits<unsigned short> (

typedef __ true_type has_trivial_default_constructor;
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SGI STL FIFARS 3z

__type_traits

107

i

typedef __true_type
typedef __true_type
typedef __true_type
typedef __ true_type

has_trivial_copy_constructor;
has_trivial_assignment_operator;
has_trivial_destructor;

is_POD_type;

__STL_TEMPLATE_NULL struct __type_traits<int> {

bi

__STL_TEMPLATE_NULL struct __type_traits<unsigned int> (

bi

typedef __true_type
typedef
typedef __true_type
typedef

typedef __ true_type

typedef __true_type

typedef __true_type
typedef __true_type
typedef __ true_type

typedef ___true_type

__true_type

__true_type

has_trivial default_constructor;

has_trivial_copy_constructor;

has_trivial_assignment_operator;

has_trivial_destructor;

is_POD_type;

has_trivial default_constructor;

has_trivial_copy_constructor;

has_trivial_assignment_operator;

has_trivial_destructor;

is_POD_type;

__STL_TEMPLATE_NULL struct __type_traits<long>

i

typedef __true_type

typedef __true_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;

is_POD_type;

__ STL_TEMPLATE_NULL struct __type_traits<unsigned long>

bi

typedef __ true_type
typedef __ _true_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;

is_POD_type;

_ sTL_TEMPLATE_NULL struct __type_traits<float> ¢

bi

typedef __ true_type
typedef __ true_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;

is_POD_type;

__STL_TEMPLATE_NULL struct __type_traits<double>

typedef __ true_type

typedef __true_type

has_trivial_default_constructor;

has_trivial_copy_constructor;
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108 B3 kAL (iterators) MES 5 traitsgmfityid:

typedef __ true_type has_trivial assignment_operator;
typedef __true_type has_trivial_destructor;
typedef __ true_type is_POD_type;

bi

__STL_TEMPLATE_NULL struct __type_traits<long double> {

typedef __true_type has_trivial_default_constructor;
typedef __true_type has_trivial_copy_constructor;
typedef __true_type  has_trivial_assignment_operator
typedef __true_type has_trivial_destructor;

typedef ___true_type is_POD_type;

bi

/R, TN UESRAR BT type_traies fWEFALARAS .
1/ JEATERR IR N — Fh i 5]
template <class T>
struct__type_traits<T*>
typedef __true_type has_trivial_default_constructor;
typedef __ true_type has_trivial_ copy_constructor;
typedef __true_type  has_trivial_ assignment_operator;
typedef __true_type has_trivial_destructor;
typedef ___true_type is_POD_type;

bi

__types_traits/ESGI STLFTHIM AR o ™ FAS LA 55—~ A1
ijma:*:':g 2.3.3%‘%uninitialized_fill_n()’%ﬁk%]‘ﬁ:

template <class ForwardIterator, class Size, class T>

inline ForwardIteratoruninitialized_fill_n (rorwardrterator first,

Size I, const T& X) {

return __uninitialized_fill_n(first, n, x, va;ueitype(f;rst));

SRRl XN EEA, HIEUE t st FFIREM n A0 E . RsREURRER,
5& Llvalue_type () ( 3.6 O F W H & R #firstlPvalue type, T F] H

__type_traits | Wi B 275 ) PODRL S

template <class ForwardIterator, class Size, class T, class T1>
inline ForwardIterator _Uﬂinitialized_ﬁll_n(Forwardlterator first,

Size n, const T& x, T1*)

typedef typename __ type_traits<T1>::is_POD_type 1S_POD;
__uninitialized_fill_n_aux(first, n, x, 1s_POD());

return

Al [JE7500 PODZYS | SRR I 4 H 45 it -
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/T WRAE poD AL, Hiikik (dispatch) FXH
template <class ForwardIterator, class Size, class T>
ForwardIterator

__uninitialized_fill_n_aux (Forwarditerator first, Size n,

false_type) {

const T& x,

ForwardIterator cur = first;
// KRB FL, AN A i AT ¥ 5w AL B (exception handling) %4
for (; n > 0; --n, ++cur)
construct (&*cur, x); J/UL 202037

return cur;

/7R pop ], AUk (dispatch) FIXHL, ™ BT SOOI A AR
/ /W copy construction®$[i]J- assignment, [ Hf5 trivial destructor,
/AN BT
template <class ForwardIterator, class Size, class T>
inline ForwardIterator
__uninitialized_fill_n_aux (rorwarditerator first, Size n,
const T& x, true_type) {
return £i1l_n(sirst, n, x);/ /8 S RAIAT, W Pios.

/ /AN B E LT <st1_algobase.n> [[Iff) £i11 n()
template <class OutputIterator, class Size, class T>
Outputlteratorﬁll_n(Outputlterator first, Size n, const T& value) {
for ( ; n > 0; --n, ++first)
*first = value;

return first;

F AT R TTN R R M de st roy O iR, SRR 2 PG AR BLAE 2.2.3

A SRR B

B AT T AN RO M copy () MR GZRFILZ-) o &4

bR A AR Z %FHE (specialization) 55k (refinement) AT, JfkEw &, 4
WA TR, ARG R [HENH ] TBL BIEAN
UL H

[/ V= B, FOUEERADN, M DUR I A RO 075 DT Beo
template <class T> inline void COPY (T* source,T* destination,int n) (
copy (source,destination,n,

typename __type_traits<T>::has_trivial_copy_constructor()) ;

/¥ 0~ AK, oG E B4 non-trivial copy constructors.
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110 B3 kAL (iterators) MES 5 traitsgmfityid:

template <class T> void COPY (T* source,T* destination,int n,

__false_type)

/1P ANHH, Hoos AT trivial copy constructors.
/ /) memepy 0 SERELAE

template <class T> void COPY (T* source,T* destination,int n,

__true_type)

PAESURER [ s SO0 U Edbs ] IR OL et SR6 K copy () 3
SRR, TN EREZ . I 64375,

LR, <type_traics - JFRBIVEVFL SGI STLKSTAFAT XL K 75 1]«

/* NOTE: This is an internal header file, included by other STL headers.

* You should not attempt to use it directly.

*/

gk R AR & SGISTLI i Al # , kv L2 A 2 & X 2 &8 il X 4

__type_traitso RBEI HATE X T — “ Shape class, __type_traits 2XX]'E;

PR AN ? R Ym PR 7 (Bl 4nSilicon Graphics [FIN32  Fl N64 4
), MWERI, _type_traitsEl X Shape ZE I H K1) B~ ANMREE, g5 R

BB T3 ) Shape /& 75 trivialdefalt ctor@trivialcopy ctortrivial

assignment operator®X, trivialdtor(fi & . {E} A ER A & X Fhike 55 U BE 11 4m 126
RS, __type_traits 1%F Shape ZEIXH KB~ AMEFIEHARE_ false_type

RN Shapes& 1> PODAL o IXFEMEE R 2RI TRy, (HEMTCEFE, BriEIk
EFXT Shape, BATHIT— A __type_traits FRALIRAS, B AP E g BEas LA™ 3

2 (ZEH)

template<>struct __type_traits<Shape> |
typedef __ true_type has_trivial_default_constructor;
typedef _ false_type has_trivial_ copy_constructor;
typedef __ false_type has_trivial_assignment_operator;
typedef __ false_type has_trivial_destructor;
typedef __ false_type is_POD_type;

bi

==

FE— A classfI A W% ZA H 2. non-trivial default constructor, non-trivial copy

constructor, non-trivial assignment operator, non-trivial destructor Wg? — AMfaj ¥ f )

The Annotated STL Sources



3.7 SGISTL HIFAJSZR: __type_traits 111

W2 WER class WETTRbRpbt, JF HXPEHHT AAFBlASICE, A4

classil s ZSZ/EH H &1 non-trivial-xxx'o

B i 2 IR R H O SCRI AL, Wit __type_traits R AURRAS, TCiR 01
i, &/, 7 TXA_type_traitsZ J&, MIATE B BEER, TH

XFCH+2E R, EAT AL K5 B e SR e A 4% DL B AR s 3 A — 1A
A ANl TR AT X (R __type_traits FFALARAS, TLF 14—~ A typedef (1)

UIER ] %itmeftype o

siES % [Meyers98] 457K 11: Declare a copy constructor and an assignment operator for
classes with dynamically al ocated memory, LA M%7 45: Know what functions C++ silently

writes and calls.
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B3 kAL (iterators) MES 5 traitsgmfityid:
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R llEEwas

sequence containers

41BN E 22K

. B,

W R e 85, DA S el e el L e R H i, X L1 TR
B HHR 45K (Data Structures) o K545 BARDCHE 3k, ShfaeH HECR
HIRNE, BRI S 5L (Algorithms) o JLT-A] LA, (T2 (I EE 25
R0 T SRR B 5. STL - as WURRHE Fl dse ) 1~ Sein 451 5

R (B4-1D o Ak, EFIEATT- REIC+HRMEZR 21, STLA K
HiE A ] BER .

ARITEG, A BER S AN array (CB4D . list CGRAT) o tree () | stack
(MEH) « queue (BAF1) . hashtable (733D + set (4£45) « map (LK) -

SEAE . MR [ BUREARAS I IOHES) | R, IX SRR S5 ) R A1 (sequence)
MR (associative) PIFf. ARFELHRINFHIAAD, - HHRIFLRAER.

HERNZH N XSTL WS-~ EN%R, X ULH] T A8 Ie M 520l st vr
Z M X STL M- EN%, XU TieH 2/ ~ Rl (STL) fETMARREREH] .
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114 % 4 FH|UA % (sequence containers)

Sequence Containers Associative Containers
| array (build-in) I C++ Wik | RB-tree I E|ASI
I - |
heap — EH (xxx_heap) map

slslistlEbRE I hashtable I E[Ey 7R

| deque I | hash_set I AEbr it
| stack I 2 | hash_map HH‘/?/&
| queue I ez 2% | hash_multiset B[RS

| hash_multimap AEFRAE

K 4-1 SGISTL HI&FAds. AELLAAET7 sSORRILIL Z BRI A2 IR R
XEFHERIATAE, JEAE4EK (inheritance) %%, TN (containment) *H.
Bl heap W~ /N vector, priority-queue 75— 4> heap, stack I queue #B7r— />

deque, set/map/multiset/multimap #SP4 75— 4> RB-tree, hast_x#SP 7%~ 4> hashtable,

4. 1.1FHRBER ( sequential containers)

PP sI %8, e EIAT)Y Cordered) , HAHT (sorted) o C++ iH
SAGHRMET - AP HIA K SRarray, STLY ST fvector,list,deque,

stack,queue, priority-queue % 5 P H1 A AR o TLfl Istack FHqueue T T

S K dequetSCR LT, HAR RSN~ PR (adapter) , {HIRAT
EENVRAEA T 18

ZN AN ERA RPN R LA IS NP DR (BN
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4.2 vector

4.2.1 vector MR

vector W 22 HE UL AARAETT X, SarraydEE B AL PIEIME- 2017 T4
SN, aray A, ~ HECE THARRSCE; ZHANR (B

= DT, ATEL, - DB R H Ok EOERCE - Ui, RIERT
FRMIHAE — WAEHhE, SRS THEER S MREES RS . vector BN,

B TCR A, SR A RHLEIS AATY 782 W LA o st L, vectorff)
BT AR S L5328 TS PEATAR R By, BAT T A DRy T 411 2 T AN
A= TP R DR array T, Bl 1T L2 M vector, W22 /A

EZUD

vector fRISAEHIA,  FRBEAE TR /NP LS 3 e 22 I A 500 078 e

= Bvector I 2 R E,  WARFIAEHIE - DITR, vector W B RS 7~
ATCRIA, SONAE, BUAPTIRY 2 m (AMe2 ), — WIS, 2
[WC BB A5 (0) Akt AERIHAS ] OR TR, IR AR &, Az A
TR B HHEIE . MFIRAUEATE F] SGI vector ) 4% A L . HEWE o

4.2.2 vector EXIHE

LA fvectors® MRS . AR STLIE, ARAT Hvector st #44015%
‘& N<vector>, fH SGISTL WvectorSEZ/E T HJEJE M) <st1_vector.hso

// allocst SGI STLMYZHACER, WA &.
template <class T, classAlloc = alloc>
class vector ¢

public:
// vector H‘]éﬁ%ﬂ%ﬂﬁ)‘(
typedef T value_type;

typedef value_type*pointer;

typedef value_type*iterator;

typedef value_typesreference;

typedef size_t size_type;

typedef ptrdiff_tdifference_type;

protected:
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// u\j‘ » simple_alloc IE!I_: SGI STL%%‘QFEHHEE_%y JI_Ll, 2.2.4%‘0
typedefsimple_alloc<value_type, Alloc>data_allocator;

iterator start; / /3R H AR 2 TR0 A Sk
iterator finish; / /3R HAE I = Wl e

iterator end_of_storage; / /37~ H Hyw] 25 W 1R

void inSQrt_allX(iterator position, const T& x);
void deallocate () {
if (start)

data_allocator::deallocate (start, end_of_storage - start);

void ﬁll_initialize(sizeftype n, const T& value) {

start =allocate_and_fill (n, wvalue);

finish = start + n;
end_of_storage = finish;
}
public:
iterator begin() { return start; }
iterator end() { return finish; }
sizeftypesize() const { return size_type(end() - begin()); }

size_typecapacity() const {

return size_type (end_of_storage - begin()); }
bool empty() const { return begin() == end(); }
referenceopel‘atol‘[](sizeftype n) { return *(begin() + n); }

vector () : start(0), finish(0), end_of_storage(0) {}
VeCtOI‘(sizeftype n, const T& value) {fill initialize(n, value); }
VeCtOI‘(int n, const T& value) { fill initialize(n, value); }

VeCtOl‘(lonq n, const T& value) { fill_initialize(n, value); }

explicit VeCtOr (size_type n) { fill_initialize(n, T()); }
~vector ()
destroy(start, finish); //Z, W 2.2.37%,
deallocate(); // Xt vector 1~ AN memper function
}
referencefront () { return *begin(); } [/ Hi—~ AILE
referenceback() { return *(end () - 1); }//%E” /]\}L%
void puSh_haCk(const T& x) | //’{%‘fﬁ?r‘fﬁﬁ%%):éiﬁ
if (finish != end_of_storage) {
construct (finish, x); //&EAX, W 2.2.3%.
++finish;
}
else
insert_aux(end (), Xx); // X vector M= > member function
}
void pop_back() ¢ / /P8 e 6w B
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-—-finish;
destroy (finish); /A, W 2.2.37,
}
iterator €rase€(iterator position) { //YIAEJ—‘IZ/%%’{TL%FE(JJTD%
if (position + 1 != end())
COPY (position + 1, finish, position);//JAZEICEIERIRE
——finish;
destroy (finish); /AR, Wo2.2.037.

return position;
}
void l‘esile(sizeftype new_size, const T& x) {
if (new_size < size())
erase (begin() + new_size, end());
else
insert(end(), new_size - size(), x);
}
void l‘eSiZE(sizeftype new_size) {resize (new_size, T()); }

void clear() { erase(begin(), end()); }

protected:
7/ WCE AR ) I 1006 P 7%
iterator allocate_and_fi“(size_type n, const T& x) {
iterator result =data_allocator::allocate (l’l);
uninitialized f£ill_n(result, n, x); // AkeR, L 2.3 %

return result;

423 vector HJIEfLSE

vectorfE4 )~ NIELLLANE ], JTEAAEH TR AN AT, SR A SR AR AT
A vector [FIIE AR M L T AT 6 B4, IR vector AR AT it 22 IO HRAEAT
MU operator, operator—>, operator++, operator—-, operator+, operator-,

operator+=, operator—=; JREFRFFR AL A& o vectorSTIEBENIAFHL, 1 J5
AFEPRIEAT X FEIIRE S1. TLA, vector {RMLII/E Random Access Iterators.

template <class T, c1lassAlloc = alloc>
class vector ¢

public:
typedef T value_type;
typedef value_type*iterator; // vector [FIEACHRERAFERR

i

RS FId 5 S, R i S A (A -
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vector<int>::iterator ivite;

vector<Shape>::iterator svite;

iviteMBUH S Zintt, sviteMBYRIHSHE Shapet.

4.2.4 vector HIEIELE

vector JT R IR i AR fr . e i) B AT stare M
finisngd S $R 1 TCOE 18 Ok M0 3 £ % W BOHT © % R o W, JF BLaE RS

iv
endﬁoffstorage*ﬁm%ﬁ%i@éﬁ%rﬂ (é\%’m%r‘ﬂ) Eg}%zﬁﬁ:

template <class T, classAlloc = alloc>
class vector {

protected:

iterator start; / /3o FAH 2 ] B
iterator finish; //i%ﬂi\‘ E ﬁﬁ@ﬁﬁffl‘ﬂ %E

iterator end_of_storage; / /37~ H 1] 2 H 1R

bi
h T BRARC A TR FIC PRSP AR, vetorSKE B 140 K /I8 T 3 b 2 i o S ek B K
— L, DIRRRWTREMY 7. XA (capacity) MM, #eAJi&di— /> vector
(A BRI R T EAE T HOR AN — BEURRAET RN, (ERWE, ™ kmfAFiEc

F, B vectortfS U MR, WK 4-2,

18Meeare, sinicn, end of storage™ NIEANEE, HAIEE ALY AR,
Koy B, SEEBHIW by (0 D B8E T RAmCRE. REwICRE

EHLRE:

template <class T, c1lassAlloc = alloc>
class vector ¢
public:
iterator begin() { return start; }
iterator end() { return finish; }
size_typeSiZe() const { return size_type(end() - begin()); }
size_typecapacity () const {
return size_type (end_of_storage - begin()); }
bool empty() const { return begin() == end(); }

referenceoperatol‘[](size_type n) { return* (begin() + n); }

referencefl‘ont() { return *begin(); }
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referenceback() { return * (end () - 1); }
bi
o Start iy
RN DR
9 vector<int> iv (2, 9);
1 iv.push_back (1) ;
size() < o Operator(3] iv.push_back (2);
2 iv.push_back (3);
3 iv.push_back (4);
1 .. )
« ;ﬁmSh vector WAFM L 2L
caphcity( ) # e EPIRAS
Ji|
o cnd_of_storage

BEIHICER (o) I, WA Y I ACR, AR
S AP MARNERETIAL, By K2 L
UZNIIESS

VERD, ABREIRAR 2 ) 2 e m =i s i), 3L
SKBROM AL, FRAY KO [FFRE
TCEWMAE . RSURAEN ) SRR, TR K.

& 4-2vectorrn &

42.5 vector E‘]ﬁﬁ]gl’ﬂﬁ%&ﬁ constructor, push_back

Tk gz B ? DR AR AR A 5T, WL 8 O SRR, A
RUFIIZE ) B4R S TR NN, S R GFE 7L 0%
s, DARKAN R AL :

// filename : 4vector-test.cpp
#include <vector>

#include <iostream>

#include <algorithm>
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using namespace std;

int main ()

{

int 1i;
vector<int> iv(2,9);
cout << "size=" << iv.Size() << endl; // size=2

cout << "capacity=" << iv.capacity() << endl; // capacity=2

iv.push_back(1);

cout << "size=" << iv.size() << endl;

// size=3

cout << "capacity=" << iv.capacity() << endl; // capacity=4

iv.push_back(2);

cout << "size=" << iv.size() << endl;

// size=4

cout << "capacity=" << iv.capacity() << endl; // capacity=4

iv.push_back(3);

cout << "size=" << iv.size() << endl;

// size=5

cout << "capacity=" << iv.capacity() << endl; // capacity=8

iv.push_back(4);

cout << "size=" << iv.size() << endl;

// size=6

cout << "capacity=" << iv.capacity() << endl; // capacity=8

for (i=0; i<iv.size(); ++1i)
cout << iV[i] << 'y

cout << endl;
iv.push_back(5);

// size=T7

cout << "capacity=" << iv.capacity() << endl; // capacity:S

cout << "size=" << iv.size() << endl;

for (i=0; i<iv.size(); ++1i)
cout << div[i] << ' ';

cout << endl;

iv.pop_back();
iv.pop_back();
// size=5

cout << "capacity=" << iv.capacity() << endl; // capacity=8

cout << "size=" << iv.size() << endl;

iv.pop_back();
cout << M"size=" << iv.size() << endl; // size=4

cout << "capacity=" << iv.capacity() << endl; // capacity=8

vector<int>::iterator ivite :find (iv.begin(), iv.end(), 1);

if (ivite)iv.erase (ivite) ;
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cout << M"size=" << iv.size() << endl; // size=3

cout << "capacity=" << iv.capacity() << endl; // capacity=8

for (i=0; i<iv.size(); ++1i)
cout << iv[i] << ' ';

cout << endl;

ite :ﬁnd(ivec.begin(), ivec.end (), 2);
if (ite) ivec.insert(ite, 3,7);

cout << M"size=" << iv.size() << endl; // size=6

// 9 9 2

cout << "capacity=" << iv.capacity() << endl; // Capacity:8

for (int i=0; i<ivec.size(); ++1i)

cout << ivec[i] << ' '; // 997772

cout << endl;

iv.clear();

cout << "size=" << iv.size() << endl; // size=0

cout << "capacity=" << iv.capacity() << endl; // capacity=8

vectorf’ﬁ&1§ﬂﬂalloc (;ﬁ: ﬁ) ﬁj(%:’”?["ﬂ@ﬂﬁ%% Fﬁfﬂﬁlﬁ%ﬂ‘ﬁ)‘(T* /I\

data_allocatory %J E"]/\%Eﬁ'fﬁ u/b%j(d\ j‘j@ﬂﬁ%ﬁi

template <class T, classAlloc = alloc>
class vector ¢
protected:

==

// simple_alloc<> WL, 2.2.4

typedefsimple_alloc<value_type, Alloc>data_allocator;

i

T/Fé » data_allocator::allocate(n) %%EEE n /I\Jb/%%g ‘tﬂ o

vector $2HEFZ constructors, FLf[1— AN FRVFIRATTHR E 25 [ K/ K AIH :

// E*"Jﬁr fEVTT'EI:“T\E vector j(/J\ HHW‘U{E value

vector (size_type n, const Te& value) {fill_ initialize(n, value); }

// FRYTFT IR

void ﬁll_il’litialile(sizeftype n, const T& value) {

start =allocate_and_fill (n, value) ;
finish = start + n;
end_of_storage = finish;

// BCE 5 7E IR

iterator allocatefandfﬁ“(size,type n, const T& x)
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iterator result =data_allocator::allocate(n); // EEE n /l\fﬁ,%ﬁgr‘ﬂ
e

uninitialized £ill n(result, n, x); // R, W 2.3 F
return result;

}

uninitialized_fill_n( AR~ SEIRGEHE (type traits, 3.7 1) , ¥
SEFIAE £111_n ) BUREMFY construct () KRIEMATS (W 2.3 k) .

MFATLlpush_back () BFHIICH 24 Tvector JB U, ZMKNE LR AR ELE
A ? WA E A& A oo, JEIEIRIRES finish, {F vector
AR WMRKEALEHTNT, My s (FEHEE. . BB .

void puSh_baCk(const T& x) {
if (finish != end_of_storage) { //ﬁﬁ%ﬁﬁf?l‘m

construct (finish, x); / /ARl W 202037,
++finish; //iﬁ%g7k’fj]%—r§
}
else //E%%%H'ﬁ:’l‘ﬂ

insert_aux(end(), x); // vector member function, W.LA™ %%

template <class T, class Alloc>
void vector<T, Alloc>::il‘lsel't_allX(iterator position, const T& x) {
if (finish != end_of_storage) (//ﬁ:ﬁ%ﬁﬁﬁgﬂﬂ
// AR R @ - ANICER, JFLL vector &li— MICHEMENIAIME.
construct (finish, *(finish - 1));

/] PEEIKAT

++finish;
T x_copy = X;
copy_backward (position, finish - 2, finish - 1);

*position = x_copy;

}

" JIN
else { / /L JE e 23 1]

const size_type old_size = size();

const size_typelen = old_size != 0 ? 2 * old_size : 1;

// VL EBCEEN: WRIEORAN A 0, WIECE 1 (AMTERAAND
7 IRJERANA L 0, WIS B J5UR /N P A 5
/7 HPE BTSRRI BORE, - Bt # HIRTSCESHT KL

iterator new_start =data_allocator::allocate (len); //SEPRACE
iterator new_finish = new_start;
try {
// ¥R vector MINZEH NEH vectors
new_finish = uninitialized_copy (start, position, new_start);
/] AWTCEBCEVIE x
construct (new_finish, x);

/] PEEIKAT
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++new_finish;
/7 KR vector MR A I ARG SHE Dok (pepitak. mEE? )
new_finish =uninitialized_copy (position, finish, new_finish);
}
catch(...) {
// "commit or rollback" semantics.
destroy (new_start, new_finish);
data_allocator::deallocate (new_start, len);
throw;

}

/] ERIFERER vector
destroy(begin(), end());

deallocate();

// TAREERES, F81HT vector
start = new_start;
finish = new_finish;

end_of_storage = new_start + len;
}
TER, Prilsha&RmAR/N, AR A 0] 2 Ja 808 ) (B Jei pRiE Ji 2
) 2 Ji A P SRR B RS E)) T RAJSOR /ISR 3% 0 AME B PR s 1a], AR
SRR N VR, RIGATHRAE RN B2 R @M Be s, JFRBUR A . K
BE, HvectorfAEMERAE, — HEHEAMEHRCE, 17 EvectorfIHTH L
AR T o EREF R~ DR, 55D

42.6 vector E‘]fl}%ﬁ%ﬂi‘ : pop_back, erase, clear, insert

vector TERHE M TC R EMEDNMEIR 2, TR A IRIR - — PHE—ILSthi s
SR VA S £ L S 0 o L1 L (B N S ) 8 v e W T B W AL i
T2 oy 5t HH BRLAE 56 BT RS RR R 1

/KR H R, IR HER N
void pop_back() ¢

——finish; / /¥ REARICAE AT~ K, RoNKIHGT R Ic S .
destroy (finish) ; // destroyaigpki, W 2 &

}

/7 TEBR tfirst, 1ast) IR ICER
iterator e€rase(iterator first, iterator last) {
o

iterator i - COPY(last, finish, first);// copy ;eaikeAzl, #f 6
destroy (i, finish);// destroyZalk, % 2 &
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finish = finish - (last - first);

return first;

/7 EBRFEALE TR
iterator €rase(iterator position) {
if (position + 1 != end())
CODY (position + 1, finish, position); // copy »e@lkpal, % 6 &

——finish;
Sy

destroy (finish); // destroyedilpg, 2.2.3

return position;

void clear() { erase(vegin(), end()); }// erase () itE XAE HH

lg] 4-3a J{éZT—\‘ erase (first, 1ast)EI<]ZjJ'T/Eo

erase(first, last); Z i

first last
vector
v A
A 1
[ [ L[
vector<T>::start vector<T>::finish

vector<T>::end_of_storage

erase(first, last); 2 J&

first last

vector
A 4 RS

vector<T>::start vector<T>::finish

vector<T>::end_of_storage

lg] 4-33}%%'1]2 [‘EJ E"Jiﬁﬁ%%ﬁ'ﬂ:: erase (first, last)

& EZEIISvector: rinsert () ';Q’ﬁf V‘]?é?’

/ /M position JUf, i nANICE, JTCRYMEN x

template <class T, class Alloc>
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void vector<T, Alloc>::insert (iterator position, size_type n, const T& x)
{
if (= 0) (// Hoao= o ABEATEUN A ENME
if (size_type (end_of_storage - finish) >= n)
/7 FMARRTAET DR o4
T x_copy = X;
7 AN TSR il G LA TUR AN
const size_type elems_after = finish - position;
iterator old_finish = finish;
if (elems_after > n)
/0 TEAim Z R TCRA ) KT TR TR 4
uninitialized_copy (finish - n, finish, finish);
finish += n;//¥ vector RuitridFH
copy_backward (position, old_finish - n, old_finish);
fi1l1l (position, position + n, x_coLDY);//)‘)\ﬁ}?ﬁ)ﬁ%ﬁﬁiﬁ)\%ﬁﬁ
}
else |
/0 TERiRZ R TCEAN S AN TET TocRA 4
uninitialized_fill_n(finish, n - elems_after, x_copy);
finish += n - elems_after;
uninitialized_copy (position, old_finish, finish);
finish += elems_after;

fill(position, old_finish, x_copy);

}
else {
/7 BB THOCEA ] OIS 2008 EAE A AF)
/7 ESRVGERSE: BRI WA, sIE K+ o= A
const size_type old_size = size();

const size_type len = old_size + max(old_size, n);

/7 LLNEREBN vector Z5H

iterator new_start = data_allocator::allocate (len) H
iterator new_finish = new_start;
__STL_TRY {

77 BTN BRI vector Il i 2 i R G 3 AL B8 42 ] o
new_finish = uninitialized_copy (start, position, new_start);

/0 U FRREHTOCR. (WHMEE A n) BT

new_finish = uninitialized_fill_n(new_finish, n, x);
/7 AT FEREIH vector (i i 2 i G HR I BIH 2510 o
new_finish = uninitialized_copy (position, finish, new_finish);

}
# ifdef __STL_USE_EXCEPTIONS
catch(...) {

/7 W FERE, SEPL "commit or rollback" semantics.
destroy (new_start, new_finish);
data_allocator::deallocate (new_start, len);

throw;

}
# endif /* __STL_USE_EXCEPTIONS */
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7/ DN I BR IR vector
destroy (start, finish);
deallocate();

/7 LA AR ARAL

start = new_start;

finish = new_finish;

end_of_storage = new_start + len;

}
R RAESEE, B R T ARG (PBIZ position, ARaNtH s
PR AT )RR —IXAESTLA T [ edlizhfl ) fbsiEiE. K4-3bor
insert (position,n, x) E/‘Jijj'ﬂzo

insert(position,n,X);

(1) &N 2eF TR M 2
Bil: ™K, n==2

(1-1) IR Z R A TCRE AN 3 > B oRM L 2

14

positionuninitialized
vector ,

|| | || AR

start finish

B4 R

position
vector opy_backward()
A

-
start finish L/

A end_of_storage

end_of_storage

position
vector
v

L o
J y
start Q0 finish 4/

end_of_storage

lg] 4-3b-linsert(position,n,x)#jt% 1
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(1-2) Al R Z B TR 280 e 3

LA
position
vector
' memmi iemmm s esmmsmce e = e— ..
] | B
start finish end_of_storage
LA A
itj initialized_fill_n()
vector position uninitia _f1ll_
o

A 4

start
ek end_of_storage
AT R o _of_storag
position e
vector uninitialized_copy()
| | A4 |
start A finish _a_/ T
iti end_of_storage
position
vector
A
[ T [ xTw] [ ]
| o i
——
start fill()finish

end_of_storage

lgl 4-3b-2insert (position,n,x);UtYJnL, 2
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insert(position,n,x);

(2) A B TR
fl: ™, n==3
position

vector
\ 4

[ L[| #mam
T finish T

start
end_of_storage

uninitialized_copy ()2 i 15,

position uninitialized_copy()
vector v
EE T T e T T T Yy ;
O I N OO
S —
initialized_fill n()

start finish
end_of_storage

lgl 4-3b-3insert (position,n,x);{}tbnb 3

4.3 list

4.3.1 list ¥k

BT vector RESELL MR, listsl RAFRIACVFL . "ERYIF AL BE IR 2 4
SiMER- ANTEER, R SR A TEERE . B, st TSR 4
XFERRSHE, — REARDE . T H, W TR E K TR 2 EOTR R, lisuk
T2 H B TR

listFlvector /& B AR HE AT I (K85 o AT A RBL ™ @ A (3 R~ Fh7x 3%,
DARLTERMNE 5. TCHEMMIESAIE (7 non-trivial copy constructor, non-trivial
copy assignmen operator) ~ JGEAFHAT ML E . [Lippman 98] 6.3 F%iX Py
FRABR T SRR
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43.2 list B A (node)

B A listff) M HBEE, listAR S F Listf5 SO A S, HE T

Beit. PA™ & STL listff) ¥ A4 (node) £5#4):

template <class T>
struct__list node ¢
typedef void* void_pointer;
void_pointer prev; //EE%IJY‘J void*, Eiﬂi&ij __list_node<T>*
void_pointer next;
Tdata;
i

BRI~ DXL B AT

__list_node<T> object

433 list HiEfRes

list AN AE S Rvector— A LUSUAFRFR O IS, IR0 JEAY ROANPRIEAE (i

AP plESEAFAE . listBAER L ZUA RE IR [list )Y 18, JFA RE I MUE
TRMEEE . ik, BUE. SR 3. Pl [isoSACAs IER K . i

Wl WU SCRMOH | BhfERER, IR R - TR BRI R ) - AN
s ORI ER R R BORMEL, e S O I O K2 15 K e bR, sl 4-4.

HFSTL  list/E—~ NXJi #3147 (double linked-list) , AR LR &R . 5

BIGE 1. FrLlistB L) & Bidirectional Iterators.

listf7— NEBEMW R ZEshfE (insert) FEANME (splice) #A S RIRAT
MlistEACH R o IX PEvector @ ALV, PR A vectorff) 2245 )4 7J fig

WROCIZAAERRCE, SBUSA ISR 2R HElsdfc R MRS

1SGISTL 55— AR HATslist, TAE 4.9 THHEE.
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Cerase) , WA [HRIAPIMBER TR | MIIBMEARE KA, HEBAEIAZAENT

AN

node

operator*

K d-diist) 5 s listIEfCES

PATN 2 lisoS A d 1 it

template<class T, class Ref, class Ptr>
struct__list_iterator (
typedef _ list_iterator<T, T&, T*> iterator;

typedef __list_iterator<T, Ref, Ptr> self;

typedef bidirectional_iterator_tag iterator_category;
typedef Tvalue_type;

typedef Ptrpointer;

typedef Refreference;

typedef__list_ node<T>* link_type;

typedef size_t size_type;

typedef ptrdiff_tdifference_type;
Link_typenode; //IEACHS A MR A - ANRAERRS, fRIA 1ist AT

// constructor
_ list_iterator(link_type x) : node(x) {}
__list_iterator() {}

__list_iterator(const iterator& x) : node(x.node) {}

bool Operat0r==(const self& x) const { return node == x.node; }

bool OPerator!=(const selfs x) const { return node != x.node; }
/7 VAT RHEACRIUE (dereference) , UKL i %8 BHE .

referenceOperator® () const { return (*node).data; )

// BTN SEIEACES BRI (member access) 185 AIBRHEMEL .
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pointeroperator->() const { return & (operator*()); }

[/ XFEARRE RN 1, BN AR
selfsoperator++()
node = (link_type) ((*node).next) ;
return *this;
}
self operator++(int)
self tmp = *this;
++*this;

return tmp;

77 FIEACERIEIL 1, B IR AT
selfzoperator--()
node = (link_type) ((*node) .prev) H
return *this;
}
self operator--(int)
self tmp = *this;
——*this;

return tmp;

434 list KEIEEEWH

SGI  listAME— XU B AT, T HIE R~ NIRRIUA #3477, Jrble - A
fabr, (Hn) ASERER AN B3 4T
template <class T, classAllOC=3“0C>// T’ﬁi&{fﬁﬁ alloc %@Eﬁ%ﬁ
class list ¢
protected:
typedef __list_node<T>1ist_node;

public:
typedef list_node* link_type;

protected:
link_typenode; // R T~ NMEER, (A RRBEA IR H 4T

bi

WRAEFEFRnoae R M ZIRE TR - DM AT L nodeflHEFT & STLX T
[HTPETT ) IR ESR, o 1ascdsA0ds, WK 4-5. XA- K, B LA
LAY LU 5y S Al
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iterator begin() { return (link_type) ((*node) .next); }
iterator emd() { return node; }
bool empty() const { return node->next == node; }
sizeftypeSiZe() const {
size_type result = 0;
distance (begin(), end(), result); // ﬁ}iﬁl&l&, o3 i,
return result;
}
/7 BERT RN OERMD .
referencefl‘ont() { return *begin(); }
/7 WRT RN LR .

referencebacK() { return *(--end()); }

list<int> ilist;

PR H34T

ilist.end() P
ilist.node et a-- ‘\ ite= find(ilisF.begin(),
— - ilist.end(),
®\ 4 p 3);
— -
. [
3
ilist.begin()

Bl 4-Slisus i e AHORAAT AT~ Mrid, Hreefosigirdifr, R
ZIBAEMRRBAT R R w0 - DA R, RS STLIYEZ THIMIGIT ] IXTa].

43.5 list WEMSNAFEH.

constructor, push_back, insert

Tk gz R ? DR 51T, WS4 ROF SAE YRS, 24
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list

133

RPN TR ™ 2~ NIRRT, BRI A AE @b 177 LR
A

// filename : 4list-test.cpp

#include <list>

#include <iostream>

#include <algorithm>

using namespace std;

int main ()

{

int 1i;
list<int> ilist;

cout << "size=" << ilist.SiZe() << endl; // size=0

ilist.push_back (0) ;
ilist.push_back (1) ;
ilist.push_back(2);
ilist.push_back(3);
ilist.push_back (4);

cout << "size=" << ilist.size() << endl; // size=5

list<int>::iterator ite;
for(ite = ilist.begin(); ite != ilist.end(); ++ite)
cout << Fite << ' 1; // 01 2 3 4

cout << endl;

ite =find (i1ist.begin(), ilist.end(), 3);
if  (ite!=0)
ilist.insert (ite, 99);

cout << "size=" << ilist.size() << endl; // size=6
cout << *ite << endl; // 3
for(ite = ilist.begin(); ite != ilist.end(); ++ite)

cout << *ite << ' '; // 01299 34

cout << endl;

ite =find (i1ist.begin(), ilist.end(), 1);

if (ite!=0)

cout << *(ilist.erase(ite)) << endl; // 2
for(ite = ilist.begin(); ite != ilist.end(); ++ite)
cout << *ite << ' '; // 0 2 99 3 4

cout << endl;
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134 % 4 #pAUA 8 (sequence containers)

listHili ffflal1oc (22479 ) Ch =W BEE & ., JfHER 54 € X 7- 4
list_node_allocator, }J%%%h@ﬁﬂ%,‘ﬁjﬁ’bjﬂﬂﬂﬁi{j-

template <class T, classAlloc = alloc>// T’ﬁ&'fiﬂq alloc iﬂ_‘ldﬁ%%
class list ¢
protected:

typedef__list_node<T>list_node;

// BIRZAFMECE R, FHRECE- AT AU

typedefsimple_alloc<list_node, Alloc>list_node_allocator;
bi

T, 1ist_node_allocator (m e /NAL BN M. PLN AR, 405

RIRBCE . B M RS- AT A

protected:
// BRE- AN R
linkftypeget_node() { return list_node_allocator::allocate(); }
A ) ST

void put_node (link_type p) { list_node_allocator::deallocate (p); }

/) R (RCEIFEERD — AR, o #RE
link_typecreate_node (const Ts x) {

link_type p =get_node () ;

construct (sp->data, x); //AERI, @M/ MR T H,

return p;
}
/7 S (RRIFREID — N5
void destroy_node (1ink_type p) {

destroy (&p->data) ; /AR, R/ R AR TR

put_node (p) ;
}

listBE A VF 2 constructors, Hf[i— 4~f&default constructor, FEVFRAIAR
FEAE T2 R A stk

public:
list() (empty_initialize(); } //Fﬁi‘ /|\‘/_l:’$'/ﬂ—o

protected:
void empty_initialize ()
node =get_node (); //ME- NSEAEM, 2 node FBIE.

node->next = node;///ﬁ\ node%){{ﬁlﬁa’éﬁ El [ Z:&}L%{Eo
node->prev = node;
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list::node

'\1 >
prevg ...-°
P next

empty list (Z5H4T)

B IRATTA push_back () FBoe R T tist Ry, SN insert () :
void push_backK (const Ts x) { insert(end(), x); }

insert ()&~ NEEMRA, ALK, Sl b - Fidn™, fFa U B
ihio ESEHCE IR - AT, SRJEAE R O M AR AR AR, RORT Y R A
%
/7 BREH I FEIEAREE position JTHRAIE 24~ MR, WEN x.
iterator insert(iterator position, const T& x) {
link_type tmp =create_node (x); //77— N E (KZABFN x)
/7 PEEX AR, A tmp i &,
tmp->next = position.node;
tmp->prev = position.node->prev;
(link_type (position.node->prev))->next = tmp;
position.node->prev = tmp;

return tmp;

}
TA, AT E SR T A OUEh 01234) 28, lialika
Wi 4-5, WRIRA VA E L list N I FEAL Ze 3BT A, B S S0 B AR
B BRAST AL R RME A 37T s Ab 24— ANEARAE Y 99 7T st AT UK 24

ilite =find (i1.begin(), il.end(), 3);
if (ilite!=0)
il.insert (ilite, 99);

£ind () AFEREJG FHOBEH] . A2 tist IRESWE 4-6. R, 2SS,

B RO TAREIEARES (BRom 2 4find) s 2 0 Ui 7 —IX 2 STLX T

[ AR ] IRRERTE . d1 T dist AMB vector AR A HT BEAE 2 () AN AL I il T
PCE . BB s, Ll i P IS A AR ST B 2 JE#R IR 2
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ite= find(ilist.begin(),

ilist.end(),
3);
ilist.end() ) ilist.insert(ite,99);
ilist.node L [ 1 e ite
®\ 1 .
N a ol
” . ] h
C [ '
3
B . e a"
ilist.begin() 99
I N PP -
0 2
next >
—» ] [
[ ] » [
prev
1

4-6ZZAFOFT T A 99 T 3 ALE b (Pl AR s [ 2lifE 220 D

43.6 list HITCEEIE:

push_front, push_back, erase, pop_front, pop_back,

clear, remove, unique, splice, merge, reverse, sort

listIT S LI TC R BRAEBIEIR 2, TOIAAEA RIS IR - — DR Sl ey
KB, S PEIC S TR A (R C e, FRPRIEECA A G R A R X B
SeHT NG A R AR (push_back) , BUERATKREE LTI % iHD)
TERRE KR a1k«

[/ A AT AL O TR

void push_front (const i x) ( insert (begin(), x; )

/) EAdi- AR, MO R (= AN A A D)
void push_backK (const Ts x) { insert(end(), x); }

// BBRIEALE position VIECRED:S

iterator e€rase(iterator position) {

link_type next_node = 1link_type (position.node->next);
link_type prev_node = link_type (position.node->prev);
prev_node->next = next_node;

next_node->prev = prev_node;
destroy_node (position.node);

return iterator (next_node);
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/) BRI
void pop_front() { erase (vegin()); }
// BRI
void pop_back ()
iterator tmp = end();

erase (——tmp) ;

//EBRETE T A CEA AT
template <class T, class Alloc>
void list<T, Alloc>::clear ()
{
link_type cur = (link_type) node->next; // begin ()
while (cur != node) (//i&YifF— N7
link_type tmp = cur;
cur = (link_type) cur->next;
destroy_node (tmp) ; / /S (FRIEREED —~ AR
}
// K node JRIHIRA
node—>next = node;

node->prev = node;

//EEUE R valueZ BTG H# B IR

template <class T, class Alloc>

void 1list<T, Alloc>::r€mMOVe (const T& value) {
iterator first = begin();
iterator last = end();

while (first != last) {//i&VifF— NTA

iterator next = first;

++next;

if (*first == value)erase (first); //$kFIHBEER
first = next;

//BBREEM R NES TR R, R DESUMIENITER] , AW EE- 4.
template <class T, class Alloc>
void list<T, Alloc>::Unique() {

iterator first = begin();

iterator last = end();
if (first == last) return;//ﬁ%ﬁj» 4+/A\%I$Z<“‘f&o
iterator next = first;
while (++next != last) { / /B AT R
if (*first == *next) /W RAE SR X B AT A IR e 32
erase (next); //*557]3%,‘4
else
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138 % 4 TPF|NAAR (sequence containers)

first = next; //i@%:i?ﬁﬁ
next = first; //1%;.’5'25&7"1

}

T lisud— DX IFRR AT, HERAHELR 5B, A, ELERER
A ZAGICHE (push_front Flpush_back) , FIMEJLTR- FEIN, 7EkiER
M ERIGER (pop_frontMpop_back) » BEWJLPAE- FJ. BER (erase)
KAIEREGITRT R, M- St aftm e, AR, WRE4-614
2L RS IFBBRIANE, ARBUKAE 4-7.

ite = find(ilist.begin(), ilist.end(), 1);

if (ite!=0)

cout << *(ilist.erase(ite)) << endl;

next
ilist.end() P ® >
ilist.node Bt [ S — prev
St —e .
> r .l :
L ] L A
3
e _. "
ilist.begir& 99
[ » A d o
...... _._. ._.__._./__.._._ ._..
0 E ite 2
T o / _ *
N
ite= find(ilist.begin(), I Q f:)‘zz)
ilist.end(), L._,T\
D; destroy_node()

ilist.erase(ite);

Kl 4-7%Fk [JosEN 1] B

list A #BEE (it~ MBS MITREIME (transfer) : KEESTEH LRI R F
HEAFF R E AT BR HARE R, 5 IR O . XA ENENILER
SENVE W sprice, sore, merge®F BT RUFIIIEML. ™ M Ztransfer Ui

i
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protected:
/1 H (givst, 1ast) WHIFTETCEMBEF] position ZHT.

void tl‘anSfeI‘(iterator position, iterator first, iterator last) {

if (position != last) {

(* (link_type ((*last.node) .prev))) .next = position.node; // (1)
(* (link_type ((*first.node) .prev))) .next = last.node; // (2)
(* (link_type ( (*position.node) .prev))) .next = first.node; // (3)

link_type tmp = link_type ((*position.node) .prev); /7 (4)
(*position.node) .prev = (*last.node) .prev; // (5)
(*last.node) .prev = (*first.node) .prev; // (6)
(*first.node) .prev = tmp; /(7))

LLEEAEE, - - PP ERTE 4-8a,

T (transfer) position

next
prev < < <
WILHIRTS
next R N R
< < <
rev

first last
Q wmp position

next

A 4
v

Lt

eV

next

A 4

Lt

i L first last

A
A
A

tmp position

next

v

1eV
L3

next

A

eV

first / last

4-8a1ist<T>: :transferﬂ‘]ﬁJ'ﬁii_\‘%
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140 % 4 #pAUA 8 (sequence containers)

transferTHSZ M) [first, last) XIA], 2RI AYER- Mist [l 10e? 2%
ZIRTT Lho PRI EAR G K] 4-8aiT iH 1] S lists e SIS ]~ AMistF AN X
B, MAMERREET.

FRM transferIFIEAFF M. list AT HRAEAEITIE A SIME (splice) :
BRI B TE R M- ANt B Fi— A (EUF- A ListFI3EAE .
WSS Alist-test.epp PP HAT KL, GREEPATEL™ spliced)fE:

int iv[5] = { 5,6,7,8,9 };

list<int> ilist2(iv, iv+5);

s/ BT, 11istIMPNER 02 99 3 4

ite = find(ilist.begin(), ilist.end(), 99);

ilist.splice(ite,ilist2); // 02567899934
ilist.reverse () ; // 43999876520
ilist.sort () ; // 02345678999

REGETFH R . El4-8b Wit ahft. HoAR HEE R, JURNY shltfats
Bmc, XEYFECTESHeransfer O T o

Bty (splice) i

> P

A
Y

A

A
A
A

Bty (splice) ZJa

» » »

W [/

A

A

A
#»

Il 4-8blistlfI 5 (splice) FfE
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N TARBESE T FAE, 1iceers:sprice T VFZRRA:

public:
11 ¥ xHEBT position WAL E ZHT. xWMMAT *this,
void Splice(iterator position, list& x) {
if (!x.empty())
transfer (position, x.begin(), x.end());

/7% 1 TR ICHREAR T position FTIENIE 2. position Al i AI4RMI[H- /> list.
void Splice(iterator position, lists&, iterator i) {

iterator j = i;

++3;

if (position == i || position == j) return;

transfer (position, i, j);

/7 ¥ girst, 1ast) WIIETH GRS T position ITHRALE Z Tl

// position M [first,last) A[FMI[E- 4~ list,

// H position RNHEEM T [first,last) LW,

void Splice (iterator position, lists, iterator first, iterator last) {
if (first != last)

transfer (position, first, last);

U\* ZEll:merge(), reverse (), sort()ﬂ/‘]‘yﬁﬁgo 'ﬁATtransfer()ﬁfiy ii%
BIEFBASHE TE il o

// merge (VK x&IFE] *thisH Fo B lists N EBLISEL L ILIEHET o
template <class T, class Alloc>
void 1list<T, Alloc>::IErge(list<T, Alloc>& x) {

iterator firstl = begin();

iterator lastl = end();

iterator first2 = x.begin();

iterator last2 = x.end();

s/ FER: AT, WA listsHPCZd i HT,
while (firstl != lastl && first2 != last2)

if (*first2 < *firstl) {

iterator next = first2;

transfer (firstl, first2, ++next);

first2 = next;

}

else

++firstl;

if (first2 != last2) transfer(lastl, first2, last2);
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142 % 4 #pAUA 8 (sequence containers)

// reverse () ¥ *thisfIN AW EE
template <class T, class Alloc>
void 1ist<T, Alloc>::Ieverse() {
70 VAN I, IO BT, B~ AR, A BUE TSI,
/1 size = 0 11 size() == RPN, HEARWATEL, (AL,
if (node->next == node || link_type (node->next)->next == node)
return;
iterator first = begin();
++first;
while (first != end()) {
iterator old = first;
++first;

transfer (begin(), old, first);

// list 4\ﬁé'fi43)zﬂ STL ﬁ(ﬁ sort (), dZ\ZD‘I@EFﬁQdE‘] sort () member function,
//h sTL H¥E sort () H %52 RamdonAccessIterator.
//jgl%[ﬁ%m quick sort.
template <class T, class Alloc>
void 1list<T, Alloc>::SOrt() {
/7 LIS A, AU  BAT, B Ao, AT S
/1 AT size) == 0 11 size) == URAINWT, BARWATLL, (HUELLEE.
if (node->next == node || link_type (node—>next)->next == node)

return;

/0= SN lists, MONFINEEERIX
1ist<T, Alloc> carry;
list<T, Alloc> counter[64];
int £ill = 0;
while (!empty()) {
carry.splice(carry.begin(), *this, begin());
int 1 = 0;
while(i < fill && !counter[i].empty()) {
counter[i].merge (carry);
carry.SwWap (counter [i++]);
}
carry.SWap (counter[i]);

if (1 == fill) ++£fill;

for (int i = 1; i < fill; ++1i)
counter[i].merge (counter[i-1]);

swap (counter [fill-1]);
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4.4 deque 143

4.4 deque

4.4.1 deque iR

vector & LA JT I FRIEELE 2 1 45 1A], dequeU) @& — X JT 111 FROEE S e 1 4 ]
PSRRI I, T 8 mT LA Sk R W9 i 3 S #8500 38 ) 24 R 3l 11, funfsl4-9..
vector AR T LAYE S R B RENME AR A » (R IKIBE S a2,
ToiEA AL o

push
deque (UmBELLD push @
IR

pop pop ?

4-9deque N =

dequeFlvectorf{J i K225, — 75T deque FuVF 35 BN 8] P X Sk o BEAT
TERM LB RENE, = 7E T dequelt FTIHA T (capacity) WM&, B
EARBNAT L BOES A M AL B, BN AT LSS - BORT 0 A R RE R K
HAPU YL, RvectorlEHE [ IXIHZE [RIA L M EHTRCE - PR, AR5 =
JEE, FPRESUAZAEE | XSS M deque st AR A M. LI, dequei’t

A LESRBPTIB R R (reserve) TIfE.

B R dequeth 2 it Ramdon Access Iterator, {R'ERIEHRIEA R AETRPR, H
HIRBEMvector NAT LUE it CRYJEH 2IUHY, AROEFIIE) , X ARALERN
TEMNEHZM. P, BRARBE, AT AT REEFEAE H vector M HFdeque.
X dequeBEAT IIHEIFAIME, AT fmizi®, T ¥ dequedt e R HIF- 4> vector

8 F, Kvectorf) 75 (FIH STL sort®HiE) , FEMIH deque.

The Annotated STL Sources



144 % 4 #pAUA 8 (sequence containers)

442 deque HIHE2S

deque EIELE ] (R/DHRBARMIL) , LM RS FA KA Blarray
Hivector, array VAN, vector AT B, AHURE ) a1 HLLHT
KBRS, 5 B (DS RN QR EHlL k. GF
JBUR A = F o WERAN I vector R HE BB 45 A I A B~ — s, e Tl

K ) BB PR AN 2 A 2 &)

deque F - Bt Bty IS MM o — FLAT 20 B deque F) T o R B 14

Tgrastal, (ERCE- BoE EELEAER], REAERE A dequelf) ki BUR T o dequelf]
RS, (AL BUN e LS (0] b, dedr RS S, I3t
BN . BT 1 TERTRCE.. R, Rl mokeml, ACH R RARmik
AR o

OB b BV SRk fE R RM0OF IR W AT T AE L dequelft 5 {5 ¢
vectorHIH BRI RRIE R, JES R LRI, B BUESAE I, 3
WIATHRAE R, 1000 T e AR E I S, Bm 4t K vt SORACAs it i
IRAESN AR BB o dequelf) SEAERD 03 LI Hivectordilist #2152

deques K~ BT Mimap (JER, A& STL MImapZ¥as) MohFE. XEFT
Wmap— NPESAE ], AR AR~ AN AL node) #BJE4RFR,
a1 - B CORI) JESRERVEZS M), FRONGEMIX . G X A & deque I 177
[ =4k, SGISTLAVFERATIEEZEMIX KA, BIME 0R7A¥EM 512 bytesZk
X

template <class T, classAllOC=a“0C, size_t BufSiz = 0>

class deque

public: // Basic types

typedef Tvalue_type;
typedef valueftype*pointel‘;

protected: // Internal typedefs
// fEﬁ’iH‘]TE%’“H‘JTE%’“ (pointer of pointer of T)

typedef pointer* map_pointer;

protected: // Data members
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map_pointermap; //T'EI:‘W map, map %ﬁ%fﬁﬁ@'ﬁ:’fﬂ» HWD@%/I\/L%
/1 W~ ANFRbE (FRNA D HR I R IX .
sizeftypemap_sile; // map V\Jﬂﬁif‘]%@?‘ﬁﬁo

bi
84 SKBOR RIS R AL SC Chy T 224, TRILSSR A 2D -
BAMERTRI, map S~ ADrr, WLRYCE - MR, Jrice 2

ANMERR, FRRAN TR B, Al 4-100

T JE 7E deque IR LR 1, RS TEANMEREmap I IC B L 4

A

AL |

" /' |

TR |
map A LR, T \ |
'/‘L\'I‘E'Jﬂ%ﬁ)'ll,}mapo Tic B S5 I,

PLTTTTTTTE]

B map TR LLEAE 29T s JRRIMRR B2 122t DO

&l 4-10dequeI &5 BT, mapFl node-buffer (7 pi-ZE0P XD MIKHR.
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146 % 4 #pAUA 8 (sequence containers)

443 deque KBS

deques® ) BUELLA N o 4 AL [HEAELE] B RS . HRAAIRERN

operator++Hfloperator-- HNIEH T 5 F,

ETRATEE— ™, dequelb UV IZA#AT A G HoG, ERARENSTR T 7 B
LA GRAIZEIX) FEMREL, FHORE AR AT B O 15 O ab T H T
GLMIX A%k, WA, — EATHERE IR A IR N - ANEk - AKX
AT REW IEMBEER, deque BHIN FAREFE 10 (map) o ™ HIXFNSLAETT X
template <class T, class Ref, class Ptr, size t BufSiz>
struct__deque_iterator (// K4k std::iterator
typedef __ deque_iterator<T, T&, T*, BufSiz> iterator;

typedef ___deque_iterator<T, const T&, const T*, BufSiz> const_iterator;

static size_t buffer_size () (return_ deque buf size (BufSiz, sizeof(T)); }

[/ RYRHK sta::icerator, ATLAIN HATEEE LA U L EAREAT N (56 3 75D

typedefl‘andom_accessfiteratorftaqiteratorfcateqory; // (1)

typedef Tvalue_type; // (2)
typedef Ptrpointer; // (3)
typedef Refreference; /] (4)

typedef size_t size_type;
typedef ptrdiff_tdifference_type; // (5)

typedef T**map_pointer;

typedef __deque_iterator self;

/7 ARFE B AR S

= cur; //BLIERERITHE L Z X [IIIAT (current) JCH
1+ first; / /MIEACERITHE 2 GEnh X 1)k

= last; //MIEREE TR P IX R (& 723D
map_pointernode; / /& [ 1L

i

AR PE S X KN B ouster size ), WP deque bue_size(),
JEH RN EEERX, E X

//ME 0Ny 0, AW n, FIR busfer size HMEAH HAE.

//ME 0k 0, FIR buffer sizeffHABRINME, M4

// R sz (GLEKN, sizeof (value_type) ) /NT 512, f£H] 512/s2,
/) R sz ANT 512, fR[ 1,
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147

inlinesize_t __deque_buf size (size_t n, size_t sz)
{
return n != 0 ? n : (sz < 512 ? size_t (512 / sz) : size_t(1));

}

K 4-11  EdequeffIfl % ds. ZoPIX . IEABIH IR R,

ZZPPIX buffer

A

»
Lt

755 node
ddkikin

i as curfirFtlastnoPe | . |
LAY iterator

4-11dequeﬂ"]f[l?§%§\ ZRPRIX . IEARE AN R R

TRBIAEFATTF=2E~ D deque<ing, FHA LMK KN K32, TRENZEIIX
Y 32/s8ze0t (iney=4 PICHR . BILHEIEL 5, deque FHH 20 NILHE,
WA Hpegin () Mlena () AR A LA L W E4-12. IXPIN ISR

52 F— AR Edeque, % AstartMitinish, )5 7Edequeidii 4h M1
B

20N TEHRTHHE 208 =3 NEIIX, FTlhlmapZ WIBH T = M. IBRES start

W corfifbr BRI DILER, B finish W curdBhn 4
RS X R ECHE (- AE o IR, &ia- MR WA &,
FAJE W RA B e R B2l T R, ] PRSI B TR AE T
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curfi}stlastn%de ._I

start(iterator) finish(iterator)
K4-12deque:beginOf% [0l 3% R #¥start , dequenendOff Ml ik AR #%
finishe XPMIEALHTEdequelfIdata members. [ 1FT7R I1IX A dequedfl]
20 A ine JGE, Bl 3 MEMIXEEIEZ . BAGIPIX 32 bytes, WAEfE 8 A int
JUE. map K/NN 8 GEIGMED , HEHT 3 AN

curfigstlastnqde

[t dequelSAGHS I LA BT o i TR ARES PO & PR Ar iz ARl T 22K
WBE, Prlgfidabris Samn. . Ak, JRR-- AR E WML . Ll 1R
RSB L — HATHENDERIZE P IX %k, R 20, AT EER IR E
FEFFEIT M set_node () Bk~ ANMERIX:

void Setﬁnode(map,pointer new_node) {

node = new_node;

first = *new_node;

last = first + difference_type (buffer_size());
}

//U\w‘ ﬁ'/l\%zg@’pﬁég J//—[lj: __deque_iterator<> }Jklj]@ﬁiﬁ/]#iﬁ%o

referenceopel‘atol‘*() const { return *cur; }

pointerOpel‘atOI‘->() const { return &(Operator*()); }
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differenceftypeoperator-(const selfs& x) const {
return difference_type (buffer_size()) * (node - x.node - 1) +

(cur - first) + (x.last - x.cur);

// Z%More Eﬁ‘ective C++, item6: Distinguish between prefix and
// postfix forms of increment and decrement operators.

selfsoperator++()

ricur; / /YR AT - AR
if (cur == last) | / /AR CAk PR S R X 1 R
set_node (node + 1);//#UI##E™ ~ Fi 8 RIZMHX)
cur = first; // ﬂ"]?@* /I\Jb%"fo

}
return *this;
}
self operator++(int) {//JEE N, WHEEE
self tmp = *this;
++*this;
return tmp;
}
selfsoperator-- () {

if (cur == first) | / /AN COR TR G R X (1) S i
set_node (node - 1);//#tVI#EaI— 78 CIREIZEMIX)
cur = last; // ﬂ‘]ﬁ}ﬁ* /I\}h?{io
}
--cur; // PIRE T~ AN

return *this;

}

self operator--(int) (//JFE N, FRHESIL
self tmp = *this;

——*this;

return tmp;

77 AN LRI JEACHS T DL ELIRBRER n BT .
self&Opel‘atOI‘-l-:(difference_type n) {
difference_type offset = n + (cur - first);
if (offset >= 0 && offset < difference_type (buffer_size()))
/7 BRI EAE - Zeph XA
cur += n;
else {
// BRIRLEAER] - Zeph X A
difference_type node_offset =
offset > 0 ? offset / difference_type (buffer_size())
: —difference_type ((-offset - 1) / buffer_size()) - 1;
// DN 5L CIREIZE XD
set_node (node + node_offset);

VARIE: ENRE b
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cur = first + (offset - node_offset * differenceftype(bufferisize() ));
}

return *this;

// %%More Eﬁective C++, item22: Consider using op= instead of
// stand-alone op.
self Opel‘atol‘-l-(differenceftype n) const {

self tmp = *this;

return tmp += n; // Wil€ operator+=

selfsoperator-=(difference_type n) { return *this+= -n; }
// VA FFRIH operator+= K5EWK operator—=

// ZZ%More Eﬁ‘ective C++, item22: Consider using op= instead of
// stand-alone op.
self Opel'ator-(differenceftype n) const {

self tmp = *this;

return tmp -= n; // H#\Lf@ operator—=

// DA SEHLBENLAEI. AR AT LU ERBER n MR
referenceoperatol‘[](difference_type n) const { return *(*this + n); }
// L)f”ﬁ&@ operator*, operator+

bool 0perat0r==(const self& x) const { return cur == x.cur; }
bool Operatol‘!:(const self& x) const { return ! (*this == x); }
bool Operator<(const selfs x) const {

return (node == x.node) ? (cur < x.cur) : (node < x.node);

4.4.4 deque HIEIESW

dequelk T4~ ANSEHT UL IR [l mapKIFRFRSE, BYES scare, rinionPl
AMEAES, R - SR X H - DN ICERM B G X BRn - MR (1)
N AR o ANE AR B L AUCAE H AT map Ko - Hmap B gL

T RAAL, A HH L KA~ Bemap .

/ /0 __deque_buf_size()o BufSize %(U\{Ej‘] OF N~ FR &k T DA dh L
//%%%&Eﬂﬁgﬁéﬁﬁfﬁ (constant expressions) Hrj—ﬂg%ﬂle
//TREAE ] alloc HRLE A .
template <class T, classAllOC=3“0C, size_t BufSiz = 0>
class deque
public: // Basic types
typedef Tvalue_type;
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typedef valueftype*pointer;
typedef size_t sizeftype;

public: // Iterators
typedef deque iterator<T, T&, T*,BufSiz> iterator;

protected: // Internal typedefs
// ﬁ%ﬂ‘]?ﬁﬁﬂ‘]fﬁﬁ“ (pointer of pointer of T)
typedef pointer* mmap_pointer;

protected: // Data members
iterator start; //i‘%}m% B 4\%_/‘5 o
iterator finish; //i%}mﬁui)x:[ - AN
map_pointerMap; / /481 map, map JEBPRIZELLAEE],

7 AR TCEARAIRE, TR - A A (XD
size_typemap_size; // map W1 Z/bIFtr.

i
A7 FRgiky, PN BHLRERE nT e 5 S ik

public: // Basic accessors
iterator begin() { return start; }

iterator end() { return finish; }

referenceoperatol‘[] (size_type n) {
return start[difference_type(n)]; //uﬁﬂ __deque_iterator<>::operator|[]

referencefl‘ont() { return *start; } // uﬁﬂ __deque_iterator<>::operator*
referenceback() {
iterator tmp = finish;
——tmp; //uﬁﬁ __deque_iterator<>::operator--
return *tmp; //uﬁﬂ __deque_iterator<>::operator*
/) VA FZATRIANECN : return * (finish-1);
// Iilj\,l __deque_iterator<> &/ﬁj\,l (finish-1) ixi&ﬁ%’”

/1 MTRIEAPIA Y, BERAE TiEE.
size,typesize() const { return finish - start;; }

// L)fﬂﬁ%@ iterator::operator-
sizeftypemaX_SiZe() const { return size_type(-1); }

bool empty() const { return finish == start; }
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152 % 4 TJPF|AAR (sequence containers)

4.4.5 deque E‘Jﬁm—'ﬁ Ij\] ﬁ%’sﬂctor, push_back, push_front

TR EEZIT R ? IR A o 51, WL 4 RO SRR, 2
RIFIISE AR N TR MR, B TAE M 7 LB/
Ao, LA s o i ) AT DI fE »

// filename : 4deque-test.cpp
#include <deque>

#include <iostream>

#include <algorithm>

using namespace std;

int main ()

{

deque<int, alloe,32> ideq(20,9); // VEE, alloc Hi&EMT G++
cout << "size=" << ideq.SiZe€() << endl; // size=20
// BE, MiZELEM T 4 deque, B 20 A int JGE, #MEHBEN 9.
/7 BMIX KN 32bytess

[/ N ASILEBUE ML

for (int i=0; i<ideqg.size(); ++1i)

ideq[i] = i;

for(int i=0; i<ideq.size(); ++1i)
cout << ideq[i] << ' '; // 012 345%6...19

cout << endl;

// AEf RN 3 A~oE, HfEHh 0,1, 2
for (int i=0;1i<3;1i++)

ideq.push_back (1) ;

for (int i=0; i<ideqg.size(); ++1i)
cout << ideq[i] << ' '; // 0123 ...19012
cout << endl;

cout << "size=" << ideq.size() << endl; // size=23

// FERBIEM 1 A, HAER 3
ideq.push_back (3) ;
for(int i=0; i<ideq.size(); ++1i)
cout << ideq[i] << ' '; // 0123 ...190123
cout << endl;

cout << "size=" << ideq.size() << endl; // size=24

// fERGRTEHEIN 1 Ao, HAEN 99
ideq.push_front (99) ;

for(int i=0; i<ideq.size(); ++1i)
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cout << ideq[i] << ' '; // 99 012 3...190123
cout << endl;

cout << "size=" << ideq.size() << endl; // size=25

// FERCRTERIE I 2 ANIeE, HAHS N 98, 97
ideq.push_front (98) ;
ideq.push_front (97) ;
for(int i=0; i<ideq.size(); ++1i)

cout << ideq[i] << ' '; // 97 98 99 01 2 3...19 01 2 3
cout << endl;

cout << "size=" << ideq.size() << endl; // size=27

/) WSHUER 99 Mo, IFTHIHK.

deque<int,alloc, 32>::iterator itr;

itr =find (ideq.begin (), ideg.end(), 99);

cout << *itr << endl; // 99

cout << *(itr.cur) << endl; // 99

dequelWIZEPhIX I Fe B VM U BIRE B8, LA K DL Bty - 20— D Efg
YL, BT JFARE T ANdeque:

deque<int, alloc, 32> ideq(20,9);
HLEPIX KN K 32 bytes, AL 20 ADIoE=EN, HACEYMEAN 9. AT
& dequefI = A templateZ 4 (ZF XKD, ALK AT NS HET
BIHHCK (X0 CHHBIERIND , B2 TS Ealloc (357 Z) 7% [i)
FoE 2% . ILLE, dequeffITSULiIE 4-12 GHEFER SR ICENVIEN 9 .

deque 117 7E SC T AN Ja 10 ) P L 4«

protected: // Internal typedefs
/) BIRZAFMBCES, FRECE- ANcERAN
typedefsimple_alloc<value_type, Alloc> data_allocator;
/) BIRZAENNCES, RRICE - MR

typedefsimple_alloc<pointer, alloc> map_allocator;

FERMEAE —~ Sconstructoril ™ :

deque(int n, const value_type& value)

: start (), finish(), map(0), map_size (0)

fill_initialize (n, value);
}

P BFTREIY i1 iniviatize o AT AT 2 deque 851, FHIGTE
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IRME B2 %4

template <class T, class Alloc, size_t BufSize>
void deque<T, Alloc, BufSize>::ﬁll_initialize(size_type n,
const value_type& value) {
create_map_and_nodes (l’l); // %Iﬂ deque H‘]éju:/l’ﬁﬁgﬁq‘:#ﬁf#ﬁ}
map_pointer cur;
__STL_TRY {
/1 A RS X BEE W
for (cur = start.node; cur < finish.node; ++cur)
uninitialized fill (*cur, *cur + buffer_size(), value);
/7 Bn— AT RBOE A AN (R RS T A &2 ), AN BERIED
uninitialized_fill (finish.first, finish.cur, value);
}

catch(...) |

;H\:I:[I create_map_and_nodes () ﬁ%ﬁé’i%ﬁﬂfﬁ}dequeﬂ/‘]%*@

template <class T, class Alloc, size_t BufSize>
void deque<T, Alloc, Bufsize>::cl‘eate_map_and_nodes(size,type num_elements)
{

/) TS S H= QRN AP IX R CR AN +1

/7 URRIEF#ERR, 2B AT R

size_type num_nodes = num_elements / buffer_size() + 1;

/) = A mapEEEEILAN . b 8 Ay, mE ok T A 2

s CHPJG BT A, F TR .

map_size = max (initial _map_size(), num_nodes + 2);

map =map_allocator::allocate (map_size) H

// BLFRCE - A “H AT map_size NI maps

// LM% nstart Ml nfinish $8M map BTG A0 sl 1 X B o
/0 REFAER Y, TSR R PR R TR RE R FER. AT AR - AN X
map_pointer nstart = map + (map_size - num_nodes) / 2;

map_pointer nfinish = nstart + num_nodes - 1;

map_pointerCury
__STL_TRY {
/7 K map WIRENEUIIE ABCAEZEM X . DTS IR deque 1
/0 WIS (e — NI RE R~ S8R
for (cur = nstart; cur <= nfinish; ++cur)
*cur = allocate_node () H
}
catch(...) |
// "commit or rollback"iﬁ‘ﬁ: ﬁjté?ﬂzﬁkiﬂi HJL‘ /I\Z:mo
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// N deque WINPINEAEE start Fl end®E IEHIN 2.

start. set_node (nstart) ;

finish.set_node (nfinish);

start.cur = start.first; // first, cur #Bi& public

finish. cur = finish.first + num_ elements % buffer_size();
// WS, WL, 2R MR
/7 WL EIA cur fRIIZZECH- N ITN I G2l ) IRk kAt .

e RV LEARIE S 1 O RSO R BT BLE, SRR (R R i 2240 = D HT R

for(int i=0; i<ideq.size(); ++1i)

ideq[i] = i;

for (int i=0;1i<3;1i++)

ideq.push_back (i) ;

T S~ MR 4 ANEHTTERTN, ARG X IR E
BB I dequellRAS WA 4-13,

I N I I

[ soifrinzifiars | | | |
ideq::push_back(0);
ideq::push_back(1);
ideq::push_back(2);

[eifisioop | | | |

map
\
LLFFFLL]

curfigstlastnqde curfifstlastnode

-

start(iterator) finish(iterator)

4-135E2EE] 4-12 KPRZS, B CRIRBE, I ERmHTHY 3 MR,
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DL JEpush_back () BR3P 4

public: // push_* and pop_*
void pllSh_baCk(const value_type& t) |

if (finish.cur != finish.last - 1)
// BJFGEMIX A~ AN LD % H A
construct (finish.cur, t);//ELEAE& A M ICHR
++£inish.cur; / /WA JG R IPIX A TR
}
else // WJEEMIX O (BLHFE- A JmR &=,

push_back_aux (t) ;

BUAE, SRR - ANE TR T R
ideq.push_back (3);

m?}%ﬁ%/”\ﬂf“ﬂ* 4\7%3%_5%’%53"}3]’ ﬂ:ZEll‘:pUSh,baCk () u?”"]push,back,aux() ’
ML E - BYURZE X, BRZPITENS, RaEBUEE £ ini sniPIRE:

//Hﬁ%l finish.cur == finish.last - 15#2'_%%&”?"[]"{0
/WU R MR- NP XTI AR N A i o
template <class T, class Alloc, size_t BufSize>

void deque<T, Alloc, BufSize>::pllSh_baCk_allX(const value_type& t) {

value_type t_copy = t;

reserve_map_at_back () ; // %ﬁé%ﬁ%ﬁ'ﬂﬂ%?ﬁiﬁ%* /I\ map
allocate_node () H //?—IEE_ - /I\é‘c)fiﬁ)ﬁ\ (§7¢]X)

* (finish.node + 1) =

__STL_TRY {

/ /EERIAR IR G 3R A
/ /A finish, A E L
//BEE £inish [FPRAS

construct (finish.cur, t_copy);
finish.set_node(finish.node + 1);

finish.cur = finish.first;

}
__STL_UNWIND (deallocate_node (* (finish.node + 1)));

WAE, dequelfPIRASME 4-14,
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EECIN
L
id::push_back(3);
L[
map | | |
LI P ]
curfirst lastngde curfifstlastnode
start(iterator) finish(iterator)

K 41458228 4-13 [(PIRZS, fERIFIN- NIoER, TREIBOFZE M XK E,
() N A 38 AR £ 1n i shFPIRAS UL o map KN A8 (HIEHMED , HETH T4
AN AL

FE SRR P AT deque 1 T 31 224~ AMBTIC A
ideqg.push_front (99);

push_front () BRASHIVEL™ «

public: // push_* and pop_*
void pllSh_fl'Ont(const value_type& t) {
if (start.cur != start.first) { //%‘ %lemjﬁ%m‘ﬁjrﬂ
construct (start.cur - 1, t); // BEIE{EAHAN -@#I0HE
——start.cur; / /AR R - DEpP X AT RS
}
else // ;Sﬁ* %EY’I'IZE%%W%IEH

push_front_aux (t) ;
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ﬂ]? Eﬁﬁ%?&t\_‘\ ’ ,5:%_4 %#E#%%ﬂqirﬂy Fyffuugzm‘{pushffrontfaux():

//F\ﬁfl start.cur == start.first Eﬂtj‘é\?ﬂi”‘jﬁuqu
/WU 25— AN X B R SOC RN A iy
template <class T, class Alloc, size_t BufSize>

void deque<T, Alloc, BufSize>::pllSh_fl‘Ont_allX(const value_type& t)
{

value_type t_copy = t;

reserve_map_at_front () ; /1 BEFEE R A ML IAE R~ 4> map

* (start.node - 1) =allocate_node () ; //Vﬂdﬁ* /l\%’l‘dﬁ)ﬁ. (%EHJIZ)

__STL_TRY {
start.set_node(start.node - 1); / /% start, /Q’\,E;Tub]aj%ﬁ—%‘)ﬁ\
start.cur = start.last - 1; //ﬁﬁ start H‘J)Ijt?g

construct (start.cur, t_copy); / VPRI BRIN JE R R E
}
catch(...) |

// "commit or rollback"i%f’z’z\: %ﬂFéﬁE)d@ﬂJy ﬁjﬂ* /I\/ﬁl?ﬁ'o
start.set_node (start.node + 1);
start.cur = start.first;

deallocate_node (* (start.node - 1));

throw;
}
LH:IZI:EE* ﬂ:llﬁﬂpD%Zm‘]reserve,map,at,front() ’ E%Hﬂﬂ@fﬂ%ﬁnﬂ:ﬁ%gﬁ“?ﬁ
map, WA THERAEITEN . TGRS B reserve_map_at_srone 0 [FIERA P
Ko HUTRPRENFEEF ¥ Bmap, LG RRAIRE T S X It E
B 2 B T Wmap =, ARG BOERTICHR, R BURENA S start PR
A&, Wi 4-15.
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ideq::push_front(99);

[N N I I I R

O I I I I

| sofi112131415 | | | | | |

| 1617181901p3 | | | | |

/,LIIIIIIII

L

curfiilstlastnqde ._I

start(iterator) finish(iterator)

Kl4-155E 22 4-14 (PIRAS, FEdciismn - Dos. SIRORZmM XM E, [
IS SOE A startREBAL. map KA 8 (WIARMED » HETH 5 DA

Fe RGN FE P A deque A 5 T 3 22 A P AN BT 70 3% «

ideqg.push_front (98);
ideq.push_front (97);

- K, HTFHE- B XA &HAZ0, push_front () A LLE AL H 25 0] _Fi
MFuE, Wi 4-16.
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ideq::push_front(98);
ideq::push_front(97);

L [ 1 o | |

oepsor | | [ [ | [ ]

| 8911)11121?1415 | | | | | |

| 16l7|181901|23 | | | | |

/IIIIIIII

EEEE

h

lastnddecurfi stlast+ode ._I

start(iterator) finish(iterator)

Kl4-163E £ F4-15(KPIRAS el FEIM IS0 50— Seah X AT &%
AT, DR BRI 26 F 22 TR R R g e = T

Kl 4-12 2K 4-16 FEREMR, DEANRIRT deque e Al1E H g . 1k
BMILFE R DM A AN Rmap 5 E TR ? XA W85

Wi H reserve_map_at_vack () Flreserve_map_at_tront (O MEAT, SEFRBIAE

Mt reatiocate_map O PHAT :

void reserve_map_at_back (size_type nodes_to_add = 1) {
if (nodes_to_add + 1 > map_size - (finish.node - map))
// AR map R I A A F A ) AN 2
/) FEE VLS A - A map (BCE SR, 5 DUSCREY, BBURSRT)

reallocate_map (nodes_to_add, false);

void reserve_map_at_front (size_type nodes_to_add = 1) {

if (nodes_to_add > start.node - map)

// W map iy A& H A2 A 2
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/) T LA - A map (BCEHORH, #5 DUBORI, BTSRRI

reallocate_map (nodes_to_add, true) H

template <class T, class Alloc, size_t BufSize>

void deque<T, Alloc, Bufsize>::reallocate_map (size_type nodes_to_add,

bool add_at_front)
size_type old_num_nodes = finish.node - start.node + 1;

size_type new_num_nodes = old_num_nodes + nodes_to_add;

map_pointernew_nstart;
if (map_size > 2 * new_num_nodes) {
new_nstart = map + (map_size - new_num_nodes) / 2
+ (add_at_front ? nodes_to_add: 0);
if (new_nstart < start.node)
COpPY (start.node, finish.node + 1, new_nstart);

else

{

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;

// TE- Yern, dERAH map MEH .

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);

// B map WA Id K.

COpPY (start.node, finish.node + 1, new_nstart);

// BB map

map_allocator::deallocate (map, map_size);

// BOEH map [KHEIAHIHES KD

map = new_map;

mapfsize = new_map_size;

// BERHBOE RIS start Ml finish
start. set_node (new_nstart);

finish. set_node (new_nstart + old_num nodes - 1);

4.4.6 deque ) TE R BR1E

pop_back, pop_front, clear, erase, insert

deque TR TC R BAERNEIR 2, IR RIRIRH - — JHg—ITss ik
HiXFhLE, P A BIE LA member functions MCAZRIE B

BRI 2 LIZ B5E i £ind () T #Rdeque ) 2EAD T 3R
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deque<int,alloc,32>::iterator itr;

itr =find (ideq.begin(), ideg.end(), 99);

Mtind () IMETERK, B L RS WIEA-177R. ™ TIX PSR AR
IR, EVEFRATXS deque IEARARAIANIH,

cout << *itr << endl; // 99
cout << *(itr.cur) << endl; // 99
deque<int,alloc,32>::iterator itr;
curfirtlastngde itr = find(id.begin(), id.end(), 99);

| [ [ [ [omwgw | |

fopsar | | | | [ [ |
| 8914)1112111415 | | | | | |
| 1617|181901|Z3 | | | | | |

map | |
X //'% /
CFFFFTT

curfifst lastngpde curfiilstlastnqae ._I

start(iterator) finish(iterator)

K 4-174E4: 0 4-16 BPARAS, Lheind O FHREUEHR 99 0% . LBk
— ANEAREE, PRI MG SR ICE . TR, RN AN TR

TERIBE -
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W~ PSR/ push_back () Mlpush_front () FISEEN A, UEFZEXT MY
flpop_back () Flpop_front () Afl. Frilipop, W ILHEER . Tit Mdeque

) fo i o B e FR M IDUG 3R T B RS AR A R G ph DR

void pop_back() {

if (finish.cur != finish.first) {

/] BIRGTRA- A (WEL) TR
——finish.cur; //UERER, AR TR T RJR R

destroy (finish.cur);/ /FFi)a TG H

}

else
AT IEE AU UESS EERERCIIW S
pop_back_aux () ; / /& EAGHEAT By X A RE IS LA

//Hﬁ%l finish.cur == finish.first HTT%%EZUTHLIO
template <class T, class Alloc, size_t BufSize>

void deque<T, Alloc, BufSize>::pop_back_aux() ¢

deallocate_node (finish.first); /IR G~ AP IX
finish.set_node (finish.node - 1);//VH¥% finisn [PIRAS, ff481)

finish.cur = finish.last - 1; // J—" /l\ﬁmjlxﬂ}‘jﬁ)—ﬁ 4\7?5/;
destroy (finish.cur); / /K ICFE R .

void pop_front() {
if (start.cur != start.last - 1) {
[/ e BT A (BEED i#
destroy (start.cur) ; //FH— LR

++start.cur; //VEESREL, M THEBR T 58— oo
}
else
/7 e XA~ ANIEER
pop_front_aux () ; / /ﬁ%ﬂ%iﬁﬁé‘»ﬁzﬁgﬂ'ﬂ%fﬂiﬁ

// R Y start.cur == start.last - 1 A ZSHEIERY,
template <class T, class Alloc, size_t BufSize>

void deque<T, Alloc, BufSize>::pOp_fl‘()nt_allX() {

destroy (start.cur); /I~ B X - A ICE .
deallocate_node (start.first); /IR~ GEIh X,

start. set_node (start.node + 1);//¥E startfPIRZE, 1FfRH

start.cur - start.first; /) N ANEMXS - AR,
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NHIEAMI TSR clear (), HIRIERRIEA deque. TEVER, dequelIiHIIRAE (L
R CHEND R - MEWNX, Kittclear () 5EZ G RIEIRIRE, - Fe2
REE - DNEPIX

[IER, AT - A g dequelfSig, Bt dequelfHIAIRE.
template <class T, class Alloc, size_t BufSize>
void deque<T, Alloc, BufSize>::clear() ¢
7 BTN B S RRASM K E— ANGETIX CEATT- e B i D
for (map_pointer node = start.node + 1; node < finish.node; ++node) {
/7 RGEM XA T A JCEMR R VER, W destroy () T WA, W 2.2.3 ¥
destroy(*node, *node + buffer_size());
/1 TR X A A

data_allocator::deallocate (*node, buffer_size());

if (start.node != finish.node) (//ﬁ//l\/ﬁﬂ\)%%/l\%mjlz
destroy(start.cur, start.last); / /¥ SGE T X ) H T ITAT G AR
destroy(finish.first, finish.cur); // Hﬁ'E%‘{EF]XH‘] Eﬁﬁﬁﬁgﬁgﬂﬁ&@
/) ISR RGE X . VERE, Sk ORE .
data_allocator::deallocate (finish.first, buffer_size());

}

else//H - /l\%‘(’l'lz
destroy(start.cur, finish.cur);//FFUMHE- ZZTIX IR AT 0 2R MR
7/ R AR I A ] . X ME- P IR

finish = start; //1%?&%%?\

NHIEAME TS erase (), HRIGRRIEATGR:

/7 W posIITHRINIGCE . pos Wil AL,

iterator e€rase(iterator pos) {

iterator next = pos;
++next;
difference_type index = pos - start,//{gﬁg/ﬁzﬁﬁﬂqﬁgﬁ\iﬁ
if (index < (size() >> 1)) { / /BB R T I F b,
copy_backuard (start, pos, next);//HLIRFEIEIR R AT ICH
pop_front () ; /1R TERE, BT- ANTERBER, KR
}
else { / /TR R IR G E B
COpY (next, finish, pos);//IRIERR S JRIIICE
pop_back () ; /1R TERE, RJh- AUERESR, KR

}

return start + index;
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NEIEAMI TR erase (), ARG (first, last) KW ITE T

template <class T, class Alloc, size_t BufSize>
deque<T, Alloc, BufSize>::iterator
deque<T, Alloc, BufSize>::€raSe€(iterator first, iterator last) {
if (first == start & last == finish) {// WIRIGEEXIAHEIED deque
clear(); //HAENT clear () BT
return finish;

}

else {
difference_type n = last - first; / /R B X R K s
difference_type elems_before = first - start,//%ﬁigl‘mﬁﬁﬁmjb%/l\ﬁ[
if (elems_before < (size() - n) / 2) { /IR TR R D,
copy_backward (start, first, last); /R R e R G s ia R IX D
iterator new_start = start + n; //*i—\‘i’l_ll dequeﬂ‘]}?ﬁ@)ﬁ
destroy(start, new_start); /W eEE, MR ICE
/7 BTN R b X R
for (map_pointer cur = start.node; cur < new_start.node; ++cur)
data_allocator::deallocate(*cur, buffer_size());

start = new_start;//BE deque FRHTEC 55

}
else (//WIANSEERIX G I I oCE LD

COpY (last, finish, first); /TR G Tt 3 CE g bR IX A)D
iterator new_finish = finish - n,//*/]?'iﬂ dequeﬂ‘]%‘ﬁ}%ﬁ
destroy(new_finish, finish); /I WRETEEE, BRI T E AR

/7 BTN TR b X R
for (map_pointer cur = new_finish.node + 1; cur <= finish.node; ++cur)
data_allocator::deallocate(*cur, buffer_size());
finish = new_finish;//WE deque [FHES
}

return start + elems_before;

AR ER I I~ AT insert. dequey IXANIRERR L T VR AT, it
LA R T B LU AR, SR VFAEREAS i (2R dili- DIER, JRBsoE HE.

// #£ position Abi#ddEi— Mook, HAHA x
iterator il‘lsel't(iterator position, const value_type& x) {
if (position.cur == start.cur) (//ﬂﬂ%’ﬂﬁﬁﬁ% deque%ﬁﬁﬁﬂmﬁ
push_front (x) ; /A push_front F4%
return start;

}

else if (position.cur == finish.cur) { // QD%?}E)K% deque;’f’x‘)r:'%ﬁﬁﬁ‘
push_back (x) ; / /384 push_back 21l
iterator tmp = finish;
——tmp;
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166 % 4 TJPF|AAR (sequence containers)

return tmp;
}
else {

return insert_aux (position, x); //ié’lﬁ\ insert_aux ZE'ﬁﬁ

template <class T, class Alloc, size_t BufSize>

typename deque<T, Alloc, BufSize>::iterator

deque<T, Alloc, Bufsize>::insertfaux(iterator pos, const value_type& x) {
difference_type index = pos - Start,//%}fﬁ‘ﬁzﬁﬁﬂ,glbijl\%{

value_type x_copy = X;
if (index < size() / 2) { / /IR R T TG R AN R D
push_front (front () ) ; //ERT NN S 35— TR FEMEMIGE .
iterator frontl = start; //U\" ﬁﬁﬁﬂ%ﬁ %Eﬂlﬁﬁf}éﬂﬂz ..
++frontl;
iterator front2 = frontl;

++front2;

pos = start + index;

iterator posl = pos;
++posl;
COpY (front2, posl, frontl); // TCEWR
}
else | /) EAG R R IC A >
push_back (back () ) ; / /R NN B o R AR G
iterator backl = finish;//PAMARnic s, RIGHHTICREME . ..
——backl;

iterator back2 = backl;

—--back2;
pos = start + index;
copy_backward (pos, back2, backl); //fﬁ?,—i‘]ﬂ'f}z

}
*pos = x_copy; / /FE LA B B H

return pos;
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4.5 stack

45.1 stack HEiR

stack -~ PPSEHEJE HY (First In Last Out, FILO) [IEEZH. & HA- MO,
T UI4-18. stack RVFBTHICER . BHRICE. BUHRTHIGR. (K T B

Al WA AT AT 5 v AT A i stack LB TG 3R o 055 Z stack S U VP
EVITT A

BICEHEN stack MIBHERRA push, FICEHMEL stack MISITEFR Mpop.

stack CJEibEH)  push ?

L 2 I
POP?

& 4-18stack {1451

452 stack BXRTEEFR

DABCRH R A A ae oA AR A K, g F T o, EFT S [oBHka ] it B
i Astack, EIREZMEN o deque@XLn FF HINEAE L1, # Lldequely

JRFB AR IR ISR TT (TR 2839 T — stack. KL, SGISTL  f
Adequefiit Ay PG L )stack I FBEE A, stack FR) S A'E PRI I I 46 i 71, I8

W For fifL, AKbseHEsIH .

M1 T stack 8 LU HB A48 58 BH T A LA, i HA XM MESCEY#ED, B
- PRSI 2, FRNadapter (FLEE#%) , BRE STL stackfEFEAHE A

4 container (#¥4%) , [M# G2 N container adapter.

template <class T, class Sequence = deque<T> >

class stack {
/7 AN _sti_worn_mver_arcs SHFREN <>, WLo1.9.17
friend bool 0perat0r== __STL_NULL_TMPL_ARGS (const stacké&, const stacké&);
friend bool Operator< _ STL_NULL_TMPL_ARGS (const stacks, const stacke);

public:
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typedef typename Sequence::value_type Valueitype;
typedef typename Sequence::size_type sizeftype;
typedef typename Sequence::reference reference;

typedef typename Sequence::const_referenceconst_reference;

protected:
Sequence c; /KR

public:
// PN SERFIH sequence o [HEAE, 58K stack .
bool empty () const { return C.empty(); }
size_typeSiZe () const { return C.size(); }

referencetOp() { return c.back(; }

constfreferencetop() const { return Cc.back(); }

// dequestPik i, stackidAuRIE, At (FrLlEEaskd) .
void puSh(const value_type& x) { c.pushiback(x); }

void pOP() { c.pop_back(; }

template <class T, class Sequence>

bool 0pel'at0r==(const stack<T, Sequence>& x, const stack<T, Sequence>& y)

{

return x.c == y.c;

template <class T, class Sequence>
bOOlOperat0r<(const stack<T, Sequence>& x, const stack<T, Sequence>& y)

{

return x.c < y.c;

453 stack WHIERRE

stack PTAICE MIRE AT & [k a ] BZ&ArF, R stack TTUmHIIGER,
AHIEPAN AL stack N EVTDhRE, BATRALE LS.

454 DL listCh stack BHIRER 2

B T dequeZ Ab, Tist B2 X T I AR A5 o Fidstack YRS I 145 R
JE AR BRI H enpty, size, back, push back, pop_back, MILFIFflist
HORAG o PRI DAlisc Oy R AR R R dat PHHCSK B OT 1, — FERERS R 2 TR~ A
stacko ™ HDEAFZEZRTE.

// file : 4stack-test.cpp

#include <stack>

#include <list>

#include <iostream>
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#include <algorithm>

using namespace std;

int main()
{
stack<int,list<int> > istack;

;

istack.push (1)
istack.push(3);
istack.push(5);
istack.push(7);
cout << istack.size() << endl; // 4

cout << istack.top() << endl; // 7

istack.pop(); cout << istack.top() << endl; // 5

istack.pop(); cout << istack.top() << endl; // 3
istack.pop(); cout << istack.top() << endl; // 1
cout << istack.size() << endl; // 1

4.6 queue

4.6.1 queue iR

queues— FoEESE I (First In First Out, FIFO) HIRUR&EH. ©AMA O,
R E4-19. quene LVFHIHITR . BFRILER . WREmIMAITR . AT &I
i TCHR o EBR T i vl LU < dee 0 v AN, AT AR AT e U VT LAAEIK
queue FIILEICHE . HHLZ queve NAVFHEVITT N,

P FZHEN queve IBIVEFK N push, FEI0HEMEH queve MBITEFK Mpop.

| 417| |
@ pop

K 4-19queue ) 45 4]

queue (SEHESEHD PMSh§
Lo 1
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4.6.2 queue &N THEF|FR

DASEFPIEAT 25 38 AR ai M, B sl RS Teiidett | ke, TR
~ Aqueve, EMRZETMENT o dequee X FF OV EHE G540, #5 Lldequety

JEG S A R I P FL s 1) 1 L RTRTS (RN E, (EE 1T 25 28 B9 JE 1 T~ A>queue.

Kk, SGISTL ff Lhdequef A FRBEE B ™ Iqueue IR A1, queve FRISAE
DRI R R, VRS T AR TR, ARAL e 3B

T queve F LA A AR SE LT AT AR, M RATXFRY [MESEYHEN, B
— PSR 2R, R Madapter (FCHE2%) , DAk STL queuefF A A

2 container (%54%) , %42 N container adapter.

template <class T, class Sequence = deque<T> >
class queue ({
/7 BUMEY sTr wunn tver_ares FFEN <>, UL o1.9.1°5
friend bool operator== __ STL_NULL_TMPL_ARGS (const queue& x, const queue& y);
friend bool operator< __STL_NULL_TMPL_ARGS (const queue&s x, const queues y);
public:
typedef typename Sequence::value_type value_type;
typedef typename Sequence::size_type sizeftype;
typedef typename Sequence::reference reference;

typedef typename Sequence::const_referenceconst_reference;

protected:
Sequence c; ) IR

public:
// uﬂ\ ﬁ:%ﬂﬁﬁ Sequence ¢ E"J?;Ef'%'f/li 77:552 queueﬂ‘Jﬁ%f’Eo
bool empty () const { return C.empty(); }

sizeftypeSiZe() const { return C.size(); }

referencefront() { return c.front(; }

const,referencefl‘ont() const { returnc.front(); }

referenceback() { return c.back(; }

constfreferenceback() const { return Cc.back(; 1}

// deque Wikl HEE, queue JEARMmHE, Frdmd CBrBLCEEEGHD
void puSh(const value_type& x) | c.pushiback(x); }

void pop() { c.pop_front(; }

template <class T, class Sequence>

bool 0pel'at0r==(const queue<T, Sequence>& x, const queue<T, Sequence>& y)

{

return x.c == y.c;
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template <class T, class Sequence>
booloperator< (const queue<T, Sequence>s x, const queue<T, Sequence>& y)
{

return x.c < y.c;

4.6.3 queue ¥&HIE RS

queve FTA LRI MADALTE [SEHEEH ] %, A queve THIIITE,
AANEPANH o quene MRHEE VT TIRE, WATMEAL .

4.6.4 DL listiCh queue HIKERSS

B& T dequez Ab, tist XA IT T IBAE 544 . Fidqueued AT I 18 T IR
F?igé\:%gﬂgglltﬁempty, size, back, push_back, pop_back, ):letﬁ]ﬂ]list
G PRI BAristy AR 4 A OF P Sk T 1, — FERE R S TR - A

queue. N [IAEAEE R

// file : 4queue-test.cpp
#include <queue>

#include <list>

#include <iostream>
#include <algorithm>

using namespace std;

int main ()

{

queue<int,list<int> > iqueue;
iqueue.push(1);

iqueue.push (3);

iqueue.push(5);

iqueue.push(7);

cout << iqueue.size() << endl; // 4
cout << iqueue.front () << endl; // 1
iqueue.pop(); cout << iqueue.front () << endl; // 3
iqueue.pop(); cout << iqueue.front () << endl; // 5

iqueue.pop(); cout << iqueue.front () << endl; // 7

cout << iqueue.size() << endl; // 1
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172 % 4 TJPF|AAR (sequence containers)

4.7 heap (B#R#, implicit representation)

47.1 heap iR

heap JFANHJE TSTL  AEAME, ERAH I delfE, 4 ipriority queue (4.8
D HHET . A, priorityqueue STVFAE T LMEFT IR LR HEA
RN, I e MRS BUR (R U R ) 2 JC R IFAAI. binary
max heap 12 FATIXFEIORAE, GG priority queue ()i JZ AL -

TEFAUBT T WAL 4.3 A5 tist A priorityqueve MJERZHLE], T
AT E T SR BT ] o AP BB lise| AR, AN A5 X HE M iscdE AT

Levift . TATR T ASCMER, o R X - K, A tise 19
TR AVE /NEIR (B RBAND  HR A ok, W2 RIEEIRZ Sefir: HAR
WA A LA S T R MRS IA Bl iRm0, JUER I il i A VR

Eb A BRI 11 1125 2 LAbinary search tree (415,175 [FJRB-tree) fifl Ajpriority

queve [(IRJENLA . XA~ KITH I ZARAAL AT AT O(logN) IR BL. {H
AT, A MEKE, — Kbinary search treeffI4i A 75 22 L BE I BIHLYE,

~ Kbinary search tree JEANAY B SEAE o priorityqueue MR 255, I IFAT
queveAIbinary search treeZ [i], A HEAHIT. binary heap & iXf 4™

FR I 2 ik > o

Frifbinary heapift /&~ Flicomplete binary tree (5¢4~ JOM) 2, HELZH, 2
FRbinary treefR T 5l JZ T mis) 2 Fb, ARIEWEH, T )= 115 mis)
LB NAFH B, B 420 J&—~ 4~ complete binary tree.

KT tree MIFFE, ST SAELZAE,
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o
O

CpBepErqup | | [ [T L1 1]

L%Wif’ﬁﬁzlﬁ

4-20— AN584:Z JoM (complete binary tree) , M Harray KR 2

complete binary tree SRR PN VA AF A5 SR, XA R~ AR EFAL: FRATIT]
VAA Harray RAFAE DT 19 05 BB~ AS/DMEYS, Farray ) #0705}

B (BN IR R BOERRAMED 5 H84 *complete binary treef| 1A fif7
Farrayf) 14, HAETILUNT aray B 21 4b, HA P SHSAT arayfl
2i+1 &b, AN ST Ti/2] &b Qs 1 RCAARER SRS, BOEED .

T I IE 2 TR B BRI, array W] LLEE 5 524 Hi complete binary tree. JXFfiLL
array & iBtree ) 7 2, FRAIFRON B2 X3R4 : (implicit representation) o

o= ok, BAIFEMTHARGER T ~ Daray M- Hheaplik (HIK
CARICR . MERICER . BURAE. R BAEIEHETI S~ heap) o arrayf) R
RAETCEFN AR, MMiheap I 75 EIXILIFE, Kl Llvector (4.275) A4

B arraysE AT IEFE

R4 TGRS 730, heap ] 4 Amax-heapFl min-heap PIFP, BT RFANTT 41
B Ckey) #BRTEREETH A S, 58 A B (key) #/NT0%E

3SGISTL  4&4L( heap JFARMEHIL- I A4 A RIA L RT3 A
IS AT AN P WA i PR A A it i«
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THF R, Bk, max-heaplM I RAEAERR T M, FHERM TIKZ array 5L
vector (L Sk Ak ;  min-heap Y e IMEAEMR AT 15, IR REAT T Zarray 5%,
vectorfPfCkAb. STL AL )/ max-heap, [KIELL™ T ifiheaph), F5112&

max-heap o

472 heap Hik

push_heap ik

4-21 J& push_heapSHVENISEFRERIHIE L. T/ complete binary treelf]
ZAF, BUMARIICHE - EEAER S - EHOyM AT R JREAME A R A AR -
A, WAL HCR ZRIEIR)Z vectorffJend () 4k,

[ Jeg3tbsdiadadaefoteisol [ | | | [.|edsipsdisgadethidizpal | [ | |

|

PNy

BC IR & ®
® 9 O 6 ® (o O @

Kl 4-21push_heapH.ik

(o8
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WU R2TES T HIAAEWR? 2 max-heap MM CREANTT RN EEATR
THAETIH T EME  TAIT- DT Ipercolate up (1) FfF: H5H
R AT R, WIRILAE Ckey) PHEACHY KUK, MU T XIHALE . I
th- B EW, ERIANE R EE BT O k.

AT push_heapFVAISEMEAN Y. PRS2 AN, FIkEI -
A heap JEFBAAY (vector) FISKFR, Hryas i H L 24 B A 4% 0 I R it o
WERATFA XA A, push_neaplMHRAT 4 R AT

template <class RandomAccessIterator>
inline void push_heap (rRandomaccessIterator first,
RandomAccessIterator last) {
// R, BRI, Broe R M O E T AR A K R e i
__push_heap_aux (first, last, distance_type (first),

value_type (first));

template <class RandomAccessIterator, class Distance, class T>
inline void _pllSh_heap_allX(Random}\ccesslterator first,
RandomAccessIterator last, Distance*, T*) {
_puSh_heap(first, Distance((last - first) - 1), Distance(0),
T(*(last - 1)));
// VA FZAMRE implicit representation neaplMIZEMJRENME: HTH 2 B TR HS
/1 AR, BRI~ M (Last-first)-1o

//EAN XA push_pack 0 AN RVFHRE TR/ ECEARHE |
template <class RandomAccessIterator, class Distance, class T>
VOid_pllSh_heap(RandomAccessIterator first, Distance holelIndex,
Distance topIndex, T value) {
Distance parent = (holeIndex - 1) / 2,//?2”.’1&%‘;‘5\
while (holeIndex > topIndex && *(first + parent)< value) {
/AR EEETE, HAT VN THHE CTRAE neap BIKIFHIE)
// FH?U\ "'ffﬁﬁ operator<, ﬁ[%ﬂ STL heap %” ﬂ" max—heap (}\ﬁjﬂ@) °
*(first + holeTndex) = *(first + parent);/ /R VA{H NAMH
holeIndex = parent;//percolate up: RS, [F HHTF AT M.
parent = (holeIndex - 1) / 2,//%}?7@&@3@%‘5
/)RR, S neap RIRFRRIEA IL.
*(first + holelIndex) = value;//é\?lﬁj{ﬁjﬁ%ﬂﬁy %}&ﬁ}?ﬁiﬁ{ﬁo

The Annotated STL Sources
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pop_heap 5-i2:

Kl4-22¢ pop_neap VAR ILBR#RIE NG DL WEAR L Amax-heap, fx KAH LR
TERT e popBEHGEMRTY AU (LS 2 A Svector iR f5~ NITH)D
ZJG, M T complete binary tree[J55 4, WAUK& ™ — JE AT T R
i, PRI S5 2 N I A B 5 iR A& A

NI AL max-heap O A5 T CREAN Y ROA BB AR T 8% T 079 n B 3RA1D
AT~ M PriE K percolate down (B0 FRFF: KA al GO RMEAUE S, T
B A TR D BN BN R B A A () 4T i PR E SR AL T
TR (key) » FFSGEOR T RO IALE . W NG BREXA [ )
MBAE R T 2o A A 11 R, BRI R MY 08 1k

[Jedsoespijispaguoiiefizda.] [ | | [..[. [sopsdi3izdaeiofiefzep.] [ [ |
@ o —

N N
ORCHOIO () (op ()
<
BEEED 3?2131P4216I13b8-l~ [ 1] [Lolsis P;iwkzlww&-\- [
L AV- G
) é@ oV &
: CXC;

K 4-22pop_heap HiE
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N 2 pop_heapHIEMISAEAN T . MR HANIERES, HRER- A
heapIC 2 4% (vector) [ISkJB. WIRATFEG XA, pop_heap MIPITE R
FNGIRUEZ N

template <class RandomAccessIterator>
inline void pOp_heap(RandomAccessIterator first,
RandomAccessIterator last) {

__pop_heap_aux (first, last, value_type(first));

template <class RandomAccessIterator, class T>
inline void __pop_heap_aux (rRandomAccessIterator first,
RandomAccessIterator last, T*) ({
4A7p0p4jleap(first, last-1, last-1, T(*(last-1)),
distance_type (first));
// uj‘, Wﬂ% implicit representation heap%%\ﬁ?#ﬁ"ﬁ, pop ijM’FE‘JéF?%
/0 ARSI~ NocE. B, SR BOE AR BE, REREEi e
s/ BT ITRARL K048 result WA last-1) o RJGHEEE (first, last-1),
/1 AL EF - DNEKK heap.

[/ IZH _ pop_neap ) ARVFIEE [ K/ HLEbRHE ]
template <class RandomAccessIterator, class T, class Distance>
inline void __pop_heap (randomrccessIterator first,
RandomAccessIterator last,
RandomAccessIterator result,
T value, Distance*) {
rresult = *first;// BOERMNEE, THERIERIBIORER,
/7 TR DU JZ 88 L pop_back 0 HUH A
__adjust_heap(first, Distance(0), Distance(last - first), value);

// VL FERESHRAE heap, W5 0 GREIRMARAL) , SOURHEMEAN value (JREME) .

/ /BN IZAS adgust_heap 0 ANSCVFHRSE [/ HUATHRYE |
template <class RandomAccessIterator, class Distance, class T>
VC)iCL__adjuSt_heap(RandomAccessIterator first, Distance holelndex,
Distance len, T wvalue) {
Distance topIndex = holeIndex;
Distance secondChild = 2 * holelIndex + 2;/ /i M Z AT 0
while (secondChild < len) {
/7 VBRI 2 AT TAE, SR L seconacni1af QBN 115 1.
if (*(first + secondChild) < *(first + (secondChild - 1)))
secondChild-—;
// percolate down: EKTEMMME, AT BRB A7 R4,
*(first + holeIndex) = *(first + secondChild);

holeIndex = secondChild;

/7 FRHEFTI S R AT A R
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secondChild = 2 * (secondChild + 1);
}
if (secondChild == len) (//WHA TR, RELETIA
// Percolate down: éE%{ﬁﬁ?ﬁ{ﬁ? E/ﬁ\‘{ﬁ%j\ *Zfzf?ﬁ}iﬂ\o
*(first + holelIndex) = *(first + (secondChild - 1));
holeIndex = secondChild - 1;
}
/7 KBRS HOAT RIS N e RS, R AL ORI
1/ 1&1%%2%: 1@5*&&% * (first + holelIndex) = value; F‘?lZﬁU»o

puSh_heap(first, holeIndex, toplIndex, value);

TER pop_heapZ J&, I KIGE FUEH BT I A A 0 i B it ,  MARBEGE .
ISR AR, o R A (vector) TR Moack () HAEM L. SR
BT, TR AR (vector) FTHRftN pop_back () FRfER .

sort_heap Hk

BESR A Ukpop_heap Ml 3K15 heapZ [ BEMEIR KIITCER, WIRFFEEXHEAS heapfif
pop_heaps{F, BRICKHERAEVEIR MG M AT4H - NI (B4 pop_heap & iLHE
ER KRR AR R AR R ) MR PUT e, AMEH T 4
BT H. B 4-23 J& sort_heaplf SRR ERIEE b .

j"[ﬁjfésort_heapﬁiiﬂgyéﬁ;gmﬁo ﬁt@lt%%%/l\%’ﬁ%g» ﬂ%j{?@%* /I\
heap S A% (vector) FISKJB. WRAFEXAN%M, sort_heap MHATE
BT dE, s, Bk heap i AN & ANGTEM heap T o

[/ BANIEAS sort_neap ) A RVFIRIE [ K/ HCBRAE ]
template <class RandomAccessIterator>
voidsortfheap (RandomAccessIterator first,
RandomAccessIterator last) {
/7 BTN BERAT IR pop_heap 05 MRMH (£ STL heap [IIAMCRAE) BIHMAE i
/7 FUBR RS FERAT K pop_neap () » UM MBIIAER . ~ H ™%, Salilfy
/0 P ER.
while (last - first > 1)
pop_heap (first, last—-);//TFHAT pop neap) — K, FRAETEIH MRS 4%
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[..].6§50j6sp13i3poguofiezda.] | [ | [..[63s0[32p1 31 282919161348 .] | [ |
> N
) f

® &0 @ ® &0 O
‘ }3%31‘26[21 3231@»19‘50@5@»3 } | | ‘ 59)31‘32[21 3232@» 19‘16@5(}8 | | ‘
PN @
J »  ® ® @ B ®
3 OJO
..... 3421‘ 2?1?13‘24‘16%25p65’r68l | | ‘ quzl‘ 2?1?13‘16? 325p6§r68 | | ‘
pop p0p

A A K

.@...@.
U

..... 19\ 151:}2426? %25P6§r68| | | \ ..2421\ 1F1?13‘26P %25p6§r68 | | \
/@\ <j
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[..[1913[16p1342p3132]50p548 ] | [ | [..[1413[19p1342p3132]50p548 ] | [ |
(19) pop (16) pop

@ ® o O

Vv
[.[1316[19p134253]32]50p548 ] | [ |
)

K 4-23sort_heap #ik: AWIKT heap M pop BN1E, {H AT IEBIHEFRE

make_heap 577k
AL - BEILE B4~ A heap. HFTRIEHE 4.7.1 TiEH

1) complete binary tree(f/Fiz0#i& (implicit representation) .

/ /¥ irst,1ast) - A heap.

template <class RandomAccessIterator>

inline void make_heap(RandomAccessIterator first,
RandomAccessIterator last) {

makeiheap (first, last,value_type (first), distance_type (first) ) H

/7N XA nake neap 0 NSCVFIRE [ R/NHEHRAE] ©
template <class RandomAccessIterator, class T, class Distance>
Void_make_heap(RandomAccessIterator first,
RandomAccessIterator last, T*,
Distance*) {
if (last - first < 2) return;//WIRKEEN 080 1, ANBFHHFA.
Distance len = last - first;
/7 R ANFEEHER LI, B parent diosthe B TR SEATRAT
// perlocate down, WTU”&JU\ﬁ“ ‘H—Aﬁn parentﬁfﬂxﬁiy Zj‘l holeIndexEﬁ‘fu

Distance parent = (len - 2)/2;

while (true) {
// iﬁFU\ parent }JﬁE‘J%W‘D len %}JT'LI" _adjust_heap()jéuli{ﬁﬁ%ﬁz;jilﬁl
__adjust_heap (first, parent, len, T(*(first + parent)));
if (parent == 0) return;//ﬁE§%+ﬁﬁ§g§r %ﬁéﬁ;ﬁo
parent——; /7 A EEHEZ KD Sl ii— AT

}
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473 heap BHIENEE

heap [T JCZ AL AUEAEHR: M Y (complete binary tree) HEFFIM), FTLA heap A
FALEVUIRE, AR LIEREE.

474 heapPlik L4

// file: 4heap-test.cpp

#include <vector>

#include <iostream>

#include <algorithm> // heap algorithms

using namespace std;

int main ()

{
{
// test heap (JKJZLL vectorighk)
int ia[9] = {0,1,2,3,4,8,9,3,5};

vector<int> ivec(ia, 1ia+9);

nlake_Jleap(ivec.begin(), ivec.end());
for (int i=0; i<ivec.size(); ++i)
cout << ivec[i] << ' '; // 958340231

cout << endl;

ivec.push_back (7);
puSh_heap(ivec.begin(), ivec.end());
for (int i=0; i<ivec.size(); ++1i)
cout << ivec[i] << ' '; // 9783502314

cout << endl;

pop_heap (ivec.begin(), ivec.end());
cout << ivec.back() << endl; // 9.return but no remove.

ivec.pop_back () ; // remove last elem and no return

for (int i=0; i<ivec.size(); ++1i)
cout << ivec[i] << ' '; // 874350231

cout << endl;

SOrt_heap(ivec.begin(), ivec.end());
for(int i=0; i<ivec.size(); ++1i)

cout << ivec[i] << ' '; // 012334578
cout << endl;

}
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{

// test heap (JEEEW\ array '7:[352)
(0,1,2,3,4,8,9,3,5};
ia+9);

int ia[9] =

make_heap (ia,

/1 array JOIRENASEAERAN, IATT LIS EH array 8 push neapo B01E.
1/ U SETE array oG- AT,

sort_heap (ia, ia+9);

for (int i=0; 1i<9; ++1i)
cout << ia[i] << ' ';

cout << endl;

// 012334589

/1 AP Z G heap, AHEDNEEN heap

/7 BEHHE- D heap
make_heap (ia, ia+9);
pop_heap (ia, ia+9);

// 9

cout <<

}

ia[8] << endl;

{
// test heap (EEW\ array %Mﬁ)
int ial[6] = {4,1,7,6,2,5};

make_heap (ia, ia+6);
for (int i=0; 1i<6; ++1i)
cout << iafi] << ' ';
cout <<

}

endl;

// 7 65124

The Annotated STL Sources



4.8 priority_queue 183

4.8 priority_queue

4.8.1 priority_queue iR

JEi 44 LS, priority_queuest— MNMHABUEM N queue, B RVFMAFTILE.
BERIHCH, FCEMZEEE. HTIX2— Tquene, FTUUR SUVFAEIRETINA
JUE, HNTERIHOE, BRIk A EI e BT E N gE.

priority_queuey A AUEM S, AN ITCHE IR BEHEN IR FHES, T
AT PAUAHS CEHEAE L IMAERR) « MR, HAERATm.

A priorilyfqueue%*ﬂ}—H* /l\max—heap SERG JaAH AR LA vector
FYLK complete binary tree (4.7 5) . max-heap HJ LLipi AL priority_queueJT
TN [ R EG S 1 ZDBREIE ) 5L

WA 4,1,7,6,2,5

priority_queue (Bl L) push
pop 76512 4

@ R th I K2 TC 3 \ MR heap

(R pop_heap H.i%)

K 4-24priority queue

4.8.2 priority_queue & XEHEF|R

1 priority_queue5g4x AR B A 28 M ARYE,  FHIN_heap b EHRIN], FTLASL
SRR W, TR ™ J2 Lhvector WG #S . VEIDIR TR AE, bk 54841
tho

queue VTR AR SC ML T TAE. HAXMN [MESEtmn, Bl X
2V, BROA adapter (FLE:AS) , [RIUL STL priority_queve FEFEAHIAI A
container (F4%) , IM#H2 M container adapter.

The Annotated STL Sources
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template <class T, class Sequence = vector<T>,
class Compare = less<typename Sequence::value_type> >
class priority_queue ¢
public:
typedef typename Sequence::value_type valueitype;
typedef typename Sequence::size_type Si ze_type;
typedef typename Sequence::reference reference;

typedef typename Sequence::const_referenceconst_referencey

protected:
Sequence c; / /IRIEA A
Compare comp;/ / 705 K/ U HE
public:
priority_queue() : c( {}
explicit pl‘iO[‘ity_qllelle(const Compares& x) : c(), comp(x) {}

/ /B I make_heap (), push_heap (), pop_heap () #SAiZ AU A1
/IR AR DERELZ T IRZASRN A~ A inplicit representation heapo
template <class InputIterator>
priority_queue (InputIterator first, InputIterator last, const Compare& x)
: c(first, last), comp (x) (makeiheap(c.begin(), c.end(), comp); }
template <class InputlIterator>
priority_queue (InputIterator first, InputIterator last)

: c(first, 1last) { make_heap(c.begin(), c.end(), comp); }

bool empty () const { return C.empty(); }
sizeftypesize() const { return c.size(); }
constfreferencetop() const { return c.front(; }
void pllSh(const value_type& x) {
__STL_TRY {
// push_heaps&iz MH %, LRTRZEHERN pusnpack 0 FEHITEHE
/7 AR, HEH heapo M c++ Primer p.11950
c.push_back (x);
push_heap (c.begin(), c.end(), comp);// push_heapitiz ML
}
__STL_UNWIND (c.clear());
}
void POP () {
__STL_TRY {
// pop_heap RZMED, M neap WHU- ANJTH. EIARAEIERKITHR
/7 B, MR EHE heap, RIETFLARIZZRAR pop_back () HAFHL
/7 WITGF . WL c++ Primer p.1195.
pop_heap (c.begin(), c.end(), comp);
c.pop_back();
}

__STL_UNWIND (c.clear());
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4.8.3 priority_queue A LR

priority_queue WrE LR, dEAE- e, g queue TR tE (B
i) , AN . priorityfqueueﬁ%ﬂliﬁﬁlIJJﬁE: WA
PR o

4.8.4 priority_queue W& L5

// file: 4pqueue-test.cpp
#include <queue>

#include <iostream>
#include <algorithm>

using namespace std;

int main ()

{
// test priority queue...
int ia[9] = {0,1,2,3,4,8,9,3,5};
priority_queue<int> ipqg(ia, ia+9);

cout << "size=" << ipqg.size() << endl; // size=9

for(int i=0; i<ipg.Size(); ++1)
cout << ipg.tOp() << ' '; // 9999999099

cout << endl;

while (!ipg.empty ()) {
cout << ipg.tOp() << ' '; // 985433210
ipq.pop () ;

}

cout << endl;
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49 slist

49.1 slist A

STL listi2 AR # 4T (double linked list) o SGISTL Wit 7 — AN#jn dp4T
(single linked list) , 4 Asliste IXDFRIHATEFREMAE 2 A, ik 24
BN, ZHLF- WEER TG, AR THAR TG .

slistFMListf E B ZE R T, AT & EARESE T W ) Forward Iterator, i

LR B T XUn [ Bidirectional Iterator. NI, slistIThfE H AR 52 )

VP2 MR Ak, S SATFTRE R S IR/, RSeZDPERE P, R - Phik
o

slistRllistFE [ AT (1~ AMHFERFEIE, BN %H Gnser) « BB (erase) .
Pt (splice) SEANEFHASIERURA BRI CARML, FRMBREBRITER
MAIERES, EBBRIMEREZ JGHE B RS RBMD

VER, MUESTLM I, s fE e fioc St e B i, M )q.
SRR~ A1) AT, stisele T AR 5 68 (1) 209k ml LA ] Sk i — ANV
DRt e AN S 3R AT o i FTE L, BR T slistlR 4R AR BRI R IX Sk b, FEFLE AT
R insert Wlerase #AEMN, MRAFHLA. XML st AT list
IR . B slistRERIFRHE T snserc_arter ) Merase_arcer o fi
FrEE

%?Iﬂﬁﬂ‘] (&&}i) 373:}:*3, slistz:ﬁu:‘ﬁ% push_back () » R?ﬁ.ﬁt push_front () o

PRI slistff) 7038 U2 P TE 38 22t o (R AR I o

492 slist A

slist 17 RUAHGRARER I BE T, 280 FLGlist VP2, 181 T4RC R,
BEAE R et A IR DL X 5 AL S STERB-wree i 15— IR B
Kl 4-25 HEIR T stist 15 U MHLEAR S 10 vk 4244
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4.9 slist 187

struct

__slist_iterator_base

{

__slist_node_base* nodenode; 5

bool operator==(...); R
bool operator!=(...); ’ next —»
}’ N - ....f-\ ('l-."‘"’.
base T et
inheritance base
inheritance

EWINIL
slist<T>::iterator derived derived

template <T,R,P> struct

__slist_iterator "

{ A&mplate<T> striict
typedef __slist_node<T> list_node; /,.--i _slist_node e
operator*(); {
operator->(); next¢—»
operator++(); :
operator++(int); s data A

Pl 4-25stist 77 A ACAS R et 280

/ /BRI AT T A S R
struct__slist_node_base
{

__slist_node_base* next;

bi

/ /BT R AT IR KA R
template <class T>
struct__slist_ node : public _ slist_node_base
{
T data;

bi

/7w T WAL Rl R TR
inline __slist_node_base* 7slist,makeflink(
__slist_node_base* prev_node,
__slist_node_base* new_node)
{
/7% new iR = TR prev i fifh - A
new_node—->next = prev_node->next;

prev_node->next = new_node; ///7"\ prev dﬁ),’."‘ E/‘Jﬂ‘ - iﬁ",’:&}aﬁ new ﬁlrj.‘}n'\
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188 % 4 TJPF|AAR (sequence containers)

return new_node;

/7R B BTN CTEAMED
inline size_t _slist_size (__slist_node_base* node)

{

size_t result = 0;
for ( ; node != 0; node = node->next)
++result; /)= = ARt

return result;

493 slist KLt

slist IEACH A LA 0K

node
- ) ¢ .,
«
next next next
data data data
operator

LRI o WWEREMTANCR (LE 4-25) .

/ /Bl BRAT IR AR IR A L b

struct__slist_iterator_base

{
typedef size_t size_type;
typedef ptrdiff_tdifference_type;
typederforward_iterator_tag:tecrator category; //VER, HLIn

__slist_node_base* l'lOde; //TEW%)E\%ZI—‘%M
__slist_iterator_base (__slist_node_base* x) :node(x) {}

void INCr() { node = node->next; }y// A~ N7

bool 0perat0r==(const __slist_iterator_base& x) const {
return node == x.node;

}

bool 0pel‘at0[‘!=(const __slist_iterator_base& x) const {
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4.9 slist 189

return node != X.nodej;
}
bi

/g AT I IEARES SR

template <class T, class Ref, class Ptr>
struct__slist_iterator : public _ slist_iterator base
{

typedef __slist_iterator<T, T&, T*> iterator;
typedef __slist_iterator<T, const T&, const T*> const_iterator;
typedef __slist_iterator<T, Ref, Ptr> self;

typedef Tvalue_type;
typedef Ptrpointer;
typedef Refreference;

typedef __slist_node<T> list_node;

_ slist_iterator (1ist_node* x) : _ slist_iterator_base(X) {}
// H?ELI slist<T>::end() Htj‘/z\ilﬂ:'_:ﬁi __slist_iterator(0), Jl%uﬁﬁj‘ﬁﬁﬁo
_ slist_iterator () : _ slist_iterator_base(0) {}

__slist_iterator (const iterator&x) : _ slist_iterator_base(x.node) {}

referenceoperatol‘*() const { return ((list_node¥*) node)*>data; }
pointerOpel‘atOI‘->() const { return &(operator* )y

selfsoperator++ ()
{
incr () ;//HidE- AN
return *this;
}
self operator++(int)
{
self tmp = *this;
incr();/ /HTHE~ AN

return tmp;

//&ﬁ;ﬁz operator--, E]%Jié%‘ /I\ forward iterator
bi

L, LA slistE AR A2 AT RN (AT ZEAR R 1 LA AN IR AR
R Fslistend () ) » BT _siist_iteratorIF R Nfoperator== 5

M2 3itk, TSR siisc_iteracor pase::operator—o HRAHILFIIZ5E

X BATEIE, WA slistE ARG, H s1isc node baser nodert

A
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494 slist KBRS

N slistEA B, AT SRR [ R AT IR - SESCHE T .

template <class T, class Alloc = alloc>
class slist
{
public:
typedef Tvalue_type;
typedef value_type*pointer;
typedef const value_type* const_pointer;
typedef value_typesreference;
typedef const value_type& const_reference;
typedef size_t size_type;

typedef ptrdiff_ tdifference_type;

typedef __slist_iterator<T, Ts&, T*> iterator;

typedef __slist_iterator<T, const T&, const T*> const_iterator;

private:
typedef __slist_node<T> list_node;
typedef __slist_node_base list_node_basej;
typedef __slist_iterator_base iterator_base;

typedefsimple_alloc<l ist_node, Alloc>list_node_allocator;

static list_node* create_node(const value_type& x) {

list_node* node =list_node_allocator::allocate () ; //EE%%I‘HJ
__STL_TRY {
construct (snode->data, x); /) BRI TEHR
node->next = 0;

}
__STL_UNWIND (list_node_allocator::deallocate (node) ) H

return node;

static void deStrOyfﬂOde(llst,node* node) {

destroy (snode->data) ; / /G TCE SRR
list_node_allocator::deallocate (node) H //ﬁﬁﬁgrm

private:
list_node_base head; // i‘kg ° H:%_n 'E'Z:IEIL:*‘H:*E:, %9\%0

public:
slist() { head.next = 0; 1}
~slist() ( clear();
public:
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iterator begin() { return iterator((listfnode*)head.l’lext); }
iterator emd() { return iterator (0); }
size_typeSiZe() const { return _ slist_size (head.next); }

bool enlpty() const { return head.next == 0; }

/7 I slist Bffe: HENE neaa ATHEARIIAL,
void swap (slisté& L)
{

list_node_base* tmp = head.next;

head.next = L.head.next;

L.head.next = tmp;

public:
WECS: VI

referencefront () { return ((list_node%*) head. next) —>data; }

/7 WK 22Ame s CBts M s1ist M3~ PNIeE)
void pushgfront(const value_type& x) {

__slist_make_link (§head, create_node (x));

// VJ_%'Eu &ﬁ push_back ()

70 DEREHGETLR (MERZ) o B2 head.
void pop_front() (
list_node* node = (list_node*) head.next;
head.next = node->next;

destroy_node (node) ;

495 slist TTERE

N ANANVINR

// file: 4slist-test.cpp
#include <slist>
#include <iostream>
#include <algorithm>

using namespace std;

int main ()
{
int 1i;
slist<int> islist;

cout << "size=" << islist.size() << endl; // size=0
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192 % 4 TJPF|NAA (sequence containers)

islist.push_front (9) ;
islist.push_front (1);
islist.push_front (2);
islist.push_front (3);
islist.push_front (4);

cout << "size=" << islist.SiZ€() << endl; // size=5

slist<int>::iterator ite =islist.begin () ;
slist<int>::iterator ite2=islist.end () ;
for(; ite != ite2; ++ite)

cout << *ite << ' '; // 4 3 2 19

cout << endl;

ite :ﬁnd(islist.begin(), islist.end(), 1);
if (ite!=0)
islist.insert (ite, 99);

cout << "size=" << islist.size() << endl; // size=6

cout << *ite << endl; // 1

ite =islist.begin();
ite2=islist.end();
for(; ite != ite2; ++ite)
cout << *ite << ' '; // 4329919

cout << endl;

ite = find(islist.begin(), islist.end(), 3);
if (ite!=0)

cout << *(islist.erase(ite)) << endl; // 2
ite =islist.begin();
ite2=islist.end();
for(; ite != ite2; ++ite)

cout << *ite << ' '; // 4 2 99 1 9

cout << endl;

FEMKIRFIEICR 9,1,2,3. 424 Fslist, SKPR&iHg LIUIE 4-26.

PRI T IURL, IR GR 99 dlit &, WA 4-27. TEE, HOTEPCLAE
AR GTE 1 [T AN 1

BRI IR 3, IRBIZORBR, WK 4-28.
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@i islist.end()

0

islist.head

L ]

islist.begin()
. Y
4

slist<int> islist;

LR L Ji AT

0e«fe

9

ite= find(islist.begin(),

islist.end(),
1);

<

»

L ]

426705 9,1,2,3, MK )7 Al BlstistZ )5 BT B 4K

G{‘islist.end()

ite= find(islist.begin(),
islist.end(),
1)
islist.insert(ite,99);

‘@ ite

[

<

1

99

o]

0 (== <
9
islist.head
-
islist.begin()
. N
s
3

427705 91,23 47 Al Bslist J5 5L bR 4k
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Céiislist.end()

A

0 0<«T"
9
islist.head
’ .1
1
.
99
islist.begin
* A J -
4 , 2
(.
ey /-\ e
PN ,I
ite= find(islist.begin(), —— [ =3
islist.end(), ((., \
3 ]

destroy_node()
islist.erase(ite);

K 428185 0% 3, IHKEIZTEER

WARARST T E4-26. Bl4-27, 42811 end () (VR R ZRE, X BLERE
— SEYIWT TEER, AOIREREE - A LMEIR RV R stis, P LR A
Trslistend() MO TRIAGEARZAT, I - SRR BRIEY T, FRALIEE
PRI AR . HBA M ena ) AR~ MR RS N~ A8 IS, STL
PRI 2 X A HEATIN -

iterator end() { return iterator (0); }
X PR U F ™ ) X

typedef _ slist_iterator<t, T, T*> iterator;
T G IZ AT 45 2R -

__slist_iterator<T, T, T*>(0); /PR AR, 51K ctor
ENIEEPSE A ERIT IRV ESE

_ slist_iterator (1ist_node* x) : _ slist_iterator_base(X) {}
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T BRI ) IR 44 -
__slist_iterator_base (0);
I PR I YRS K RE 1 i X
struct__slist_iterator_base
( __slist_node_base* node; / /8 [n 77 piIEA L5 1
__slist_iterator_base (__slist_node_base* x) :node(x) {}
bi
¢

node (0) ;

b F e 426, [ 4-27. & 4-28 (i L BIAMI 77 K Menda (), BRI
A RIS AR AN o

ite
islist.end()

ol= 0+
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A

ANTT

W

PR Y

Bibliography

Genericity/STLATSK B 3k, D474 T~ L& IMIER.

RYALWE - RIE, /M Genericity/STL ZLif13, AT T &I (Run/PC )
FeEAIb R (RF 5D 24 %3018 Genericity/STLIFIALAN 22 31 JZ2 IR, SCH 1T
FIPBFEAE RIS, WEART (STLELHNY SERMSSHE. L Hx
IR TPHEE A 4 . A3C L http://www.jjhou.com/programmer-2-stl.htm.

AL S Genericity/STL KR ) —iZ BEE AR = A2 3T B

H MBI ST Z B LR, C++7 TR AR5, AR ~ TR0
E(WIE D € R ETTITHE S SRR Siy P & R o VS B SH D =R P ki
%% (Object Oriented Programming Language) , C++JTC#:15— FplidgE —2
RgmE — T EANE T o BT ARG, G RIS T BN, SRS
) BN RUBLEPT B LI TEor N PIE ARG, B ERRRF IR AR
IR -

HIXSHHEA, BAT B RBEAGAE T O 1F 135 F1388E . To be or not to be, that is the
question!  ANEEFIGHE R~ FENBEA R, DRI - B TR, BAUREL.

T EAEBOR SR A H 1 S A= S KRG, BRI WA= A
WA, BB AMRAREHISTL. MR RIS, EZMBHE, ARy
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ESE ~ Do BRI THZRERI N SSTL 2. AMAZAHESTL
&4 2% (concepts taxonomy) FIHIZME&FE (library of abstract concepts)

P FAHASTLAL: R K%, HIRFRES KD - FRZIEE. STL
ERDHAET - GRIEHIOFRLE header filesW) , WFUFHULANSEITSL, (HHER

Iz BRI AR A S STL 127 B ER AU 42

F=AEI Y FESTL. MSTL ANRE 2 TATNIF R, RATLAHT RES) 8 T 5~
ANFTELANSTL ARSI AL BRNRIXAME I /T, AR T#% STL,
A S 5 = B SRR AT

WVFIE R Z N FRTE S 2% C++ templatel L. X222 27 MF AR K STL 1)
- 71 ME ., 4 $5 i Uclass templates, function templates, member templates,
specialization, partial specialization. SAHEANE 23, T STL K#&EiZH T operator
overloading G812 #H ) , LA MEB LIS,

DA, AN S HZ A KB, WS ARBTIAME, Bk R
2o AT AR B LS. JRITE, L & PR A B br 7R
PR, IHLIESCT R . AT FIOCHRE , Bl .

[Austern98]: Generic Programming and the STL - Using and Extending the C++ Standard
Template Library, by Matthew H. Austern, Addison Wesley 1998. 548 pages
BARFIO:  GZRRRIF IS STL) , BB IEA 1, HIg 2000, 548 TT.

K= AR A A= Z, AR, ARG C++ templatefliis. STL
Kz Ml 2R IR AR A AT AN 20t 1, A~ Bl a .
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WA~ FX STLI BT # AR S, B2 BATERN STL conceptsit
PG, = RNDEER A STL components5e F%, IF1Iis FHYEH -

PartI : Introduction to Generic Programming
1. A Tour of the STL

2. Algorithms and Ranges

3. More about Iterators

4. Function Objects

5. Containers

PartII : Reference Manual: STL Concepts

6. Basic Concepts

7. Iterators

8. Function Objects

9. Containers

PartIII : Reference Manual : Algorithms and Classes
10. Basic Components

11. Nonmutating Algorithms

12. Basic Mutating Algorithms

13. Sorting and Searching

14. Iterator Classes

15. Function Object Classes

16. Container Classes

Appendix A. Portability and Standardization
Bibliography

Index

SEASIE R SR STLMVZ B BRHEAl, LAJ. STL USEAERIA% . IREEEIE W concept,
model, refinement, range, iterator 2571 (5 X, W4E ¥ WAssignable, Default

Constructible, Equality Comparable, Strict Weakly Comparable =538 #1718 3¢

o BAR- AR PR SO KIZESEMER THRAL, 4 2 "l ORI RS,
B = & R = SR iteratorfll iterator traits B[RRI, HIAHA * di s
FRWAER . ~ HARFREIMICARIN traits FfRR, IRAHREIIME STL YRS (STL
JLT-TEFAERIE ] traits $0AR) Ffik- DEEFFS MK STL HeA4LF. Mgt
MBATAT framework — #, STLUAFFEOEISH X BT, X Hh A&7 7 U3k
AHESERANFIHTERR; CATRERE TEM, WREREA T 78D » A DA

Bk, MAE STL JEMSIEEST, TIHXHARM IS HER, R EIE,

RURKUE, BBAE STL MUK b STL 2AFAES 1Ok XU 5 1H, B e HAi & .
ABTE (DZHMEZIEAEL . 2) STL MM IRFM. 3)STL ZH L
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FARFIISCRR:

OB ) Bt BE— A PR N R B B M3, Bk 2001, 458 1T

NOSIGAY &

Design Patterns

Elements of Reusable
Object-Oriented Software

Erich Gamma
Richard Helm
Ralph Jehnson
John Vlissides

=

SIS ONIL A

S 52 ST A B R . AHESTLINP KRR LNT: IreratorFi]

Adapter, T IE23ABAFER (design patterns) [[1. BEP TR e
WHEAAE STL Z it k. WAL, JCIERT STL MG, XiTixed
B SH TR MRS, MOk STL AGRMIMAH TR Rk,

[Hou02a]: (STL A% r—Iin &KL, 2] STL SAEEOR. mMKK. id
TCAREEL, Sk, BRai 2 i e sk o P, JRiE 2002, 777 L.
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I AR AR, BT - YRS 2 T T AR

[Hou02b]: (iZZYME4E—  Genericity in C++) , f4EE (HHRIFD

EREEIRRRA

127 R

Genericity in C++

(]
g
@
=3
2
=)
5
o
i
4L

BETRERERROEAT

R, BRSNS S E K (C++ templatesifiVki. Java generic
WL Co+ BHTEGD , STL JHEANHSRM SN, STL BUATER, STL R

N, STL 47 7eoit, ZBU8% . JEME- AN, m Rl B AiIY STLLite, b
13 LUK Wy 0 7 AT )~ B STL 430, — SZ 82 S H00 .

[Josuttis99]: The C++ Standard Library - A Tutorial and Reference, by Nicolai M. Josuttis,
Addison Wesley 1999. 799 pages
FEARFI SRR

(CH+hrtfE BRI N BASSH T R) , AR, 2:0% 2002, 800 1T,

The Ct++
Standard Library

A Tutorial'and Reference

Nicolai M. Josuttis

= HARIFRY:>) STL, Jyskbria ] STL, AP AL RTI4 KEH#E. &
% BRI (). AR
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14 Internationalization
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Voo
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losee Lajole

ER- A C++ AREM, mUNETZ RN ERER. Kl template & STL H

PAN R E AT

chap6: Abstract Container Types
chaplO: Function Templates
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chapl6: Class Templates

appendix: The Generic Algorithms Alphabetically

5 STL  SEARBAREARKI T4 :

chapl5: Overloaded Operators and User Defined Conversions

FEF AT IR, SRR B AT STLIZ B MRS . W], sfoil, A
M2 5. AR B, PR RA, KRR ARERCHIRHE,
s IR Sk, B80raal W www.jjhou.com/errata-cpp-primer-appendix.htm.

EARC+HEFHETIFAEAA- Z BB AR A R, T2 A C++iias T
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Mo R B SR A e
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BARFISCIR:  (WAFEZBR ARG 2 WIHFE) , ki, Fhig 2002, 333 T,

Small Memory
Software

Patterns for limited
memory systems

BEPBFZ AR, STL & AT RE. SR T SGI STL allocator (Z5[RIL E #%)
TENAFC E 7 12 H 7 memory pool i, WA AEME 2% 15 ir i H i) — 2k
ME AT, BUETR, HRAE S5 2 3.

[Struostrup97]:The C++ Programming Language, 3rd Editoin, by Bjarne Stroustrup,
Addison Wesley Longman, 1997. 910 pages
BARHSCM:  (C++IEFIE SR MA) |, HEREEE, bk 1999, 8 TTHUAR K.

;h&a: R

STROUSTRUP

R~ ARC++ EHREM, mUZEARBE (MEROBSER O FR. ABAREE
5 template & STL AHKIMZFA:

chap3: A Tour of the Standard Library
chapl3: Templates

chapl6: Library Organization and Containers
chapl7: Standard Containers

chapl8: Algorithms and Function Objects

chapl9: Iterators and Allocators

5 STL  JAFBOR R SC K 51547 «
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chapll: Operator Overloading

H1#E19  FEXITterators Traitsfi AR RN, 78 C++IFEBHER - W, ANidig
WS KA 5 R MMk T Traits $AK, [Austern98]FR I AE.

RARCH IR IFAE U G2 BRI ML LU, T2 R CH+ifis T
template Fl STL, FrLAANHE. BBLAEAHRAZ -, fgiail. AdRAg, &

M AR E R AT

[Weiss95]: Algorithms, Data Structures, and Problem Solving With C++, by Mark Allen
Weiss, Addison Wesley, 1995, 820 pages

ALGORTHS, DATA STRUCTURES,
AND PROBLEM SOLVING WITH

PEBAZ R STL BAAAEMEE. HEIEMRILR STL B4sM STL Sk,
— JE T B SR 45K (Wl red black tree, hash table, heap, set...) FIH%E (U1 quick
sort, heap sort, merge sort, binary search...) LA Big-Oh% 2% bric vk )4 L fl
AP BRGR T RBAMGE, A BIRE S, BERkEoF.
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[Wayner00]: Free For All — How Linux and the Free Software Movement Undercut the High-
Tech Titans, by Peter Wayner, HarperBusiness, 2000. 340 pages

FAR O OFs RIS —Linux 5 B R s Ui B S i)
BALWPE, T 2000, 393 T

How LINUX anp
THE FREE SOFTMARE MOVEMENT
UNDERCUT
THE HIGH-TEGHE TITANS

(STL PREHIHTY — FRH SGISTL SAERRA N MERITER, 1M SGI WA & TS
FHBERRT™ (- 01, DKtk (STL UEA4HIAT) 55— %X T open source GUEHHIH UK
) . GNU (fl1 Richard Stallman 5540 I BECETRID « FSF (Free Software
Foundation, [ H%#4:25) . GPL (General Public License, | iZ JFBIZHD
A MR U], B A A S AR .

The Annotated STL Sources



W3 B: EfEMEE OS2l S i) 471

B
{3 o ik
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BAE RIS i, RS AEBCE AR T A L. R AR A R
Wi W N B oo P RS XA AT KA M R R
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HHIRE S plis FlER e

=l onz &>

RIERIGE
ST - RSNV - RS - B IBERY - BERYEE > SRR
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B HE R A - EREEE R Tﬁ
FZREART PDF #4505 » 7% PDF reader FRERTRE » W= wurmadobe oo
fRfmEeh (SRS - SEALFIERE » (EEERA g ) MR R EahRe -  -

FEERERE R T EEEEA - IEEER PR EE HEEEERE S -

FRAR 2 WRAEER
Rz BAIEER
aEEET
R ERTFMEIE
R M
SRR AR
Hic 2 &R
FHEF BE 3

B Pl ERA (BT

[T [ #ammE
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JEENZEHR, WA

"

Mk H &

Pt

{%ﬁﬁﬁjq:il (History)/é\nﬁ“iu
B TERMPEARTER ] (Terms)
C++ brfE 5 SEAEZ[H]

I 2% B2 )5 (URL)

L SRAT H WY

R

CENEELPID

TR IS ™ 4%

%I (Q/B)

TES IR (errata)
%ﬁ'fi%ﬂz 1 1993.01~1994.04
Iﬁ’f{‘l’gﬁ‘ 2 1994.07~1995.12
%ﬁ'fi%ﬂz 3 1996.08~1997.11
EFERLC 1998
FEFERLC 1999
BEERSC 2000
R 2001
FEFERC 2002

STL ZRYILFE (PDF)
CREFP L) b
PR

PR

TEFFHERE

AAS (STL PEEHINT) HfRE Z ARG, & AT LU e 7 Bl i3kAg
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C

STLPort HIFZHH L4

by &AE"

STL~ ANbrifE, & FMRIEIXARHEI R T % AISTLIRA . IMTEIX B

) STL hiASH1, SGISTL Joktitis| * HEHI—~ Ao X 4R K HXA STL /i

R, HEIMGEH 451, Alexander Stepanov 1 Matt Austern FFRTEN
AWALRIGAREL, FAUSKE B AR T iem it . SGI STLAMELERE - HA

HIHTE, T HSERMKIISO CH+ 2 HE e, & R 8. Bh4h, SGISTL
BT thread-safe, BN H] S IGRECMPAILE, 41 hash, hash_map, hash_multimap,

slist fl rope Aa3F5F, TCIRTEE B -, SGISTL M ik,

Jo%%, SGISTL AJit Fih THLH SGI ~w] HH ) UNIX A2fk IRIX 1 5 5E i,
e TE Fl Cr+mit s i SGISTL, ## % HJHHT. F 4 IMIGNU C++
EARABAEFHSGI STL, HARATH E4T ik S. ~ BHF, R8I Windows
V& _HWBCB/VCH P E AT A O IC++4i 1E 2% 5 SGI STL L[ T4E, n A%

~ PEA S NS . #RIE * Boris Fomitchevid: i S AN MM J5, #3117~ Mot
PRSI H, FRh STLport, B 76K SGISTL [USEACIL RS AL 1 % F Wi dn PR AR
BRI, ARl g RS 1 L #RE NS 5252 BISGIE STLA K 1 Je HENLAE. STLport &
JEITFRF G $25% Matt Austern 1$8%, KIEZIAS-, QAWM. mHH STLport
4.0, AU www.stlport.org Gt 3, zip SCIFARLY 1.2M, A SCRRS FEiL Ct
GBI . BCB & VC SRR T iidnve ke, il 4R H435] T STLport
MIOCH. (IR SR A B K, LB R 0EF — SURshG T ZEms i, APl

VB A S E R RO S A S AT R . FOCBUREEARTE S, it
BT, R EARTER B .
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15 S W £E Borland C++Builder 5.5 J¢ Visual C++ 6,05 55| 1il' & STLport.

B 5EiE M www.stlport.org % STLport 4.0 [] ZIP XA, (444 stlport-4.0.zip. X5
FIHWinZip% THJETF. Enstport-4.0 A%, ZH&[IH G LA — A7

FIat, %RIR Hstiport-4.0, AUt s H b VBRI B R E, RIFH- Mg

45, BINACA BCB #4404 STLABC... %65,

NS BCB R VC BRME TR A RIS R .

Borland C++Builder 5

Borland C++Builder5 Jrifii () C++ Zii¥dsit 5.5 A, 7E457 LAt Windows 1
BHEAL X IS0 C++ Standard [FSCFFREBGEE M. LUEKILA SGISTL A4

il REH M k. T R TR, W LLEwww.borland.com

e FBorland C++ 5. 59 P ds )~ MRERIER, IZRTRIRIARIN8.54M, 4400
freecommandlinetoolsl.exe, Ji— HIMREL LR AT, 7EWindows[ 1T EH A]
LRFIIRIEE R H okl FETFJa A 50M.

PAMRBEARAE A Y Windows 3% C:\Windows H %, WIRMRE BCBS, Bk %%
FC:\Program Files\Borland\CBuilder5; IR ATBCBS, M2l H] ik ks A

ik BCC, MR %4T C:\BCC55 Hik. STLport Jifd# T CA\STL4BC, L[N A
PATN A

<Hz3%> doc
<HZX> 1ib
<H%> src
<H3> stlport
<H3x> test
XA ChangLog
AF Install
VA Readme
VA Todo

Wik C:\Program Files\Borland\CBuilder5\Bin B¢ C:\BCC55\Bin .2 i T-#Rkf] Path
REEARH1

BB MEIFARAE R BT~ BeInstall SCAF, Gl rJF 20 ] g S I SGIR AL Y
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jostream. UIHRARABLZE AL ] SGI jostream, STLport 237 JiAZwBEas AT iostream
M- A wrapper, 12 fi£5SGI STL FL[A]&{E. Aid SGI 4241 iostream Frift

WRREELF, RIS STLACHIE A AR e e tese,  fr DL ARAS AT 4 B g A

e, ERXBEEGERFWARTAEM SGliostream. AAREEH R % Install
SO BEE T

NADEE - B (RMELILE DOS AR sEK, ST A DOS H ) -

1.%% 22 C:\Program Files\Borland\CBuilder5\bin, it FATA7 SC 43R ae &0 LA™ #
ANCAE
- bee32.cfg BN
—I"C:\STL4BC\stlport";\
"C:\Program Files\Borland\CBuilder5\Include";\
"C:\Program Files\Borland\CBuilder5\Include\vcl"
~L"C:\STL4BC\LIB";\
"C:\Program Files\Borland\CBuilder5\Lib";\

"C:\Program Files\Borland\CBuilder5\Lib\obj";\

"C:\Program Files\Borland\CBuilder5\Lib\release"

PAE 75 e, B "R R AR IR~ AT AT ASSCR Bt

CAET ilink32.cfg A
—L"C:\STL4BC\LIB"; \

"C:\Program Files\Borland\CBuilder5\Lib";\
"C:\Program Files\Borland\CBuilder5\Lib\obi";\

"C:\Program Files\Borland\CBuilder5\Lib\release"

C:\BCC55\BIN H s fl I FFAFFAERX AN SO, R H O SC A g T LA
KA SR, WES R, .
AE~ bee32.cfg P4

—I"C:\STL4BC\stlport";"C:\BCC55\Include";

-L"C:\STL4BC\LIB"; "C:\BCC55\Lib";

AED ilink32.cfg I -

-L"C:\STL4BC\LIB"; "C:\BCC55\Lib";
2. C:\STL4BC\SRC H %o
3.%’??’!%/?\ copy bcb5.mak Makefile

4.%’??’!%/?\ make clean all

XA S PATRCIN ], JEHAEZ PSS -, AT REIsAT300 8 b . i
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AW RR TAEEOL, ARG B BAE R AR LA, IR R G, 31X
LS JRAE DAIA R 3 T O B LA R M 5 (s 1 4

5.8~ B KL 5, AT4RT . BIEHHIT i @make installe IX
P I A K

6.k F| CASTL4BC\LIB A%, HhAT:
copy *.dll c:\windows\system;

TRINE e ™~ TR rope /& SGI STL $RHEH— MEH A, L1I1H
S B AR 745 o string JE4IT%, T rope JEAI4E, FTLAAEI. rope KBTI,
NHXAMRTE AR, A B IE R A ANR 5

//issgistl.cpp
#include <iostream>

#include <rope>
using namespace std;

int main ()

{
// crope ?}E%ﬁél*] char-type string Eg rope ﬁ%f*r
crope bigstrl ("It took me about one hour ");
crope bigstr2("to plug the STLport into Borland C++!");
crope story = bigstrl + bigstr2;
cout << story << endl;
return O0;

}

//~issgistl.cpp

HAE, B FRFERF TN IE: bees2 issgistl.cppe MR, PRk, linkerdR 45 ik
A Fstlport_bec_static.lib, FICASTLABC\LIBH ANIUHE, s XA 0,
{83247~ A~ stlport_bcb55_staticlib. EF A HLIZXRZ STLport I~ N/INMe) i, 520K
FERR IR SRR )

copy stlport_bcb55_static.lib stlport_bcc_static.lib

XAMBEE B SR8, JRA [ stlport_beb55_static libt AR B T 7 ok,  PAH g ik Ik
ATHMPEIT,  an SRS 2SR B, 3L R 7 o) S A SO A4 BRI ) T o

IMAE TR PE, NOZE RS T . Arfigfi— S e, #kR. HERIET, 5
RN rope HEsEH T, WHEUARM SGISTL JFaHTAET .
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Microsoft Visual C++ 6.0:

Microsoft Visual C++ 6.0 /&4 Windows » C++ #uiay EWIIER, 2T
ISO C++ISZ ARSI ~ = FLPTHCIER STL PhReth bz . AidBEsRJE £,
STLport HARAELEE, ™A VC [l STLport %35 J)5ik,

LM B ARAE Y Windows RELHET C:\Windows H3t, VC 23T C:\Program
Files\Microsoft Visual Studio\VC98 ; ifij STLport Jf{l &+ CASTL4AVC, Hf[1RA7LL
RIAECE

<Hz3%> doc
<H3> 1lib
<H%> src
<H*> stlport
<HZ> test
pras ChangLog
VA Install
VA Readme
A Todo

15 Hfif& C:\Program Files\Microsoft Visual Studio\VC98\bin =i & fEVK[) Path ¥l
KL

TEE- BB (R(ESHE DOS MmARA ™ FERG, 14T~ 4 DOS HI)

1.#%% C:\Program Files\Microsoft Visual Studio\VC98 [[1, {4 FIAFA 374t 45 1&
O vevars32.bato REILF 1EA R AT -

set
INCLUDE=%MSVCDir%\ATL\INCLUDE; $MSVCDir%\INCLUDE; $MSVCDir%\MFC\I
NCLUDE; $INCLUDE$

set LIB=%MSVCDir%$\LIB;$MSVCDir%$\MFC\LIB; $LIB%

set
INCLUDE=C:\STL4VC\stlport; $MSVCDir%$\ATL\INCLUDE; $MSVCDir%\INCLUDE; \
$MSVCDir$\MFC\INCLUDE; $INCLUDES%

set LIB=C:\STL4VC\1lib; $MSVCDir%\LIB; $MSVCDir$\MFC\LIB; $LIB%
LA T R, L\ PE S5 R AR B~ 47917

B e e AR, RIGHATZ . — VIR RN %45 - 1T858

Setting environment for using Microsoft Visual C++ tools.
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WERRTRZ ) DOS MBS AR, XA BAT SCHFRATIE R (n] 8 5 2085 25 )
A, MINROZTE DOS & M) TWA ] SHEHEF HRE] [ 47 ] BT, # i
AT CNRsQERD B MR, #1811280502048, AR5 # T~ A
DOS # H, HEHHAT vevars32.bat.

2.8E N CASTL4VC\SRC H 3%,

3HATATL copy ves.mak Makefile

AHATA A nmake clean a1l
Wit BCB 4% STLport FINIIRE, A VC 4uid STLport FidFEmh 5E g
KT o brAER R BER BRI N A, 55 R L, XIS AR
AN TR] Gt 19 FF DG JE AL AN R U PR A 1) B

5.0~ BB KINmEL G, ZTHRT . WAEARPAT A @make installe X
W TRIA I 4K, BB EE SO,

6. KUyl ™~ BMIZEE R AR - T SGISTL., A&\ BCBILFE
TARNZ, $k— NMBEHT SGISTL $MEMFEy, #IWEIEH T rope, slist, hash_set,
hash_map 54 MFRIF R IE. R, IENSBEH™ 5K -
cl /GX /MI program.cpp
XJE K SGISTL KEAFH T try...throw...catch, 1fj VC FUEEHL™ AL Er
Bb— HERRE . /GX SR VO PR T IR 8 AL B IR T SRR . /MT D2
FR VC linker JAFLFH obj SR libemtlib #4575~ i&—[K% SGISTL /&
thread-safe, %20k multi-thread [JERIZ1T.

R AT B R A i FISGISTL, W fEVCHE & 3 8P A i Project |
Setting(AIt+F7), WEHIEET, WHEE- CZEM MTH/GX , FF5I A&

/Ic:\stldvc\stlport &/libpath:c:\stlélvc\libo

BALFAEEFMEX Pentium 150 HLE HFERDEIE 3 /N, ESRUREIPLA AL R
%2, HEBRSACL N TIRERH . 2E5ERMn, C\STLAVCEA H kM
AR EAX X 4.4M BAKEITIAR 333M, 428X HH A 300M &g e 24

ff).obj 3CHF, WARRHEASS H S STLport TAEIER i&, W UM EA], 25 il as
e ARIZ A KATFFHEAT— AR, U AR ARAC IR ]

A, JEEHAMEL, STLport 4.0 FH{FAM SGISTL HAEEHr it SGISTL3.3 /iR
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A, RETEIT SGISTL3.3 ML SN STLport SRR, A MR K)iELH AL
ko

REAEEHALXFE, WAL, B STLport HW CAFMEAIE: 22X~ P)IL (Have

fun!)

e
2001-3-11

The Annotated STL Sources



480 W% C: STLPort I HE L5

The Annotated STL Sources



25| (index)

481

g5

THERL AIFRESPIATI STL WY O 28T R Brid

()
as operator 414
*
for auto_ptrs 81
for deque iterator 148
for hash table iterator 254
for list iterator 130
for red black tree iterator 217
for slist iterator 189
for vector iterator 117

for deque iterator 150
for vector iterator 117
++
for deque iterator 149
for hash table iterator 254
for list iterator 131
for red black tree iterator 217
for slist iterator 189
for vector iterator 117
+:
for deque iterator 149
for vector iterator 117

for deque iterator 150

for vector iterator 117

for deque iterator 149

for list iterator 131

for red black tree iterator 217
for vector iterator 117

AR - RSN 7E R STL AFRS

for deque iterator 150
for vector iterator 117
->
for auto_ptrs 81
for deque iterator 148
for hash table iterator 254
for list iterator 131
for red black tree iterator 217
for slist iterator 189
for vector iterator 117
[ ]
for deques 151
for deque iterators 150
for maps 240
for vectors 116,118

A

accumulate ()299
adapter
for containers 425
for functions
see function adapter
for member functions
see member function adapter
address ()
for allocators 44
adjacent_difference () 300
adjacent_find() 343

advance () 93,94, 96
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25| (index)

algorithm 285

accumulate () 299
adjacent_difference () 300
adjacent_find() 343
binary_search () 379
complexity 286
copy () 314
copy_backward () 326
count () 344
count_if () 344
equal () 307
equal_range () 400

£i11 () 308
£i11l_n()308
find () 345

find_end () 345
find_first_of() 348
find_if () 345
for_each () 349
generate () 349
generate_n () 349
header file 288

heap 174
includes () 349
inner_product () 301
inplace_merge () 403
iterator_swap () 309
itoa () 305
lexicographical_compare () 310
lower_bound () 375
make_heap () 180
max_element () 352
maximum 312
merge () 352
min_element () 354
minimum 312
mismatch () 313
next_permutation () 380
nth_element () 409
numeric 298
overview 285
partial_sort () 386
partial_sort_copy () 386
partial_sum() 303
partition() 354
pop_heap () 176
power () 304
prev_permutation () 382
push_heap () 174

random_shuffle () 383
ranges 39
remove () 357
remove_copy () 357
remove_copy_1if () 358
remove_if () 357
replace () 359
replace_copy () 359
replace_copy_if () 360
replace_if ()359
reverse () 360
reverse_copy () 361
rotate () 361
rotate_copy () 365
search () 365
search_n () 366
set,difference()334
set_intersection() 333
set_symmetric_difference()
336
set_union () 331
sort ()389
sort_heap () 178
suffix _copy293
suffix _1£293
swap_ranges () 369
transform() 369
unique () 370
unique_copy () 371
upper_bound () 377
<algorithm> 294
alloc 47
allocate ()
for allocators 62
allocator 43
address () 44,46
allocate ()44, 46
const_pointer 43, 45
const_reference 43, 45
construct () 44,46
constructor 44
deallocate ()44, 46
destroy () 44,46
destructor 44
difference_type 43,45
max_size ()44, 46
pointer 43,45
rebind44, 46
reference 43,45
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size_type 43,45
standard interface 43

user-defined, JJ version 44

value_type43, 45
allocator 48
argument_type 41 6, 417
arithmetic

of iterators 92
array 114, 115, 144, 173
associative container 197
auto pointer

S€e auto_ptr
auto_ptr8l

*81

->81

=81

constructor 81

destructor 81

get () 81

header file 81

implementation 81

B

back ()

for deques 151

for lists 132

for queues 170

for vectors 116
back inserter 426
back_inserter 436
bad_alloc 56,58,59,68
base () 440
begin ()

for deques 151

for lists 131

for maps 240

for red-black tree 221

for sets 235

for slist 191

for vectors 116
bibliography 461

bidirectional iterator 92,95,101

Big-O notation 286
binary_function 41 7
binary_negate 451
binary predicate 450
binary_search () 379
bindlst 433,449,452
bind2nd 433,449,453

binderlst 452
binder2nd 452

C

capacity
of vectors 118
capacity ()
for vectors 116
category
of container iterators 92,95
of iterators 92,97
class
auto_ptr8l
deque
see deque
hash_map275
hash_multimap 282
hash_multiset 279
hash_set270
list
see list
map
see map
multimap
see multimap
multiset
see multiset
priority_queue 184
queue 170
set
see set
stack 167
vector
see vector
clear ()
for hash table 263
for sets 235
for vectors 117,124
commit-or-rollback 71,72,123,125,154,158
compare
lexicographical 310
complexity 286
composel 453
composel433,453
compose2 453
compose2433,454
compose function object 453
const,mem,fun1,ref,t433,449,459
constfmemffunlft433,449,459
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const_mem_fun_ref_t 433,449,458
const_mem_fun_t 433,449,458
construct ()

for allocators 51
constructor

for deques 153

for hash table 258

for lists 134

for maps 240

for multimaps 246

for multisets 245

for priority queues 184

for red black tree 220,222

for sets 234

for slists 190

for vectors 116
copy ()

algorithm 314
copy_backward () 326
copy_from()

for hash table 263
count () 344

for hash table 267

for maps 241

for sets 235
count_if ()344
Cygnus 9

D

deallocate ()
for allocators 64
Adefaultfallocftemplatesg, 61
deque 143, 144, 150
see container
[ 1 151
back () 151
begin() 151
clear() 164
constructor 153
empty () 151
end () 151
erase () 164, 165
example 152
front () 151
insert () 165
iterators 146
max_size () 151
pop_back () 163
pop_front () 157, 163

push_back () 156

size () 151
destroy ()

for allocators 51
destructor

for red black tree 220

for vectors 116
dictionary 198,247
distance ()98
dynamic array container 115

E

EGCS 9
empty ()

for deques 151

for lists 131

for maps 240

for priority queues 184

for queues 170

for red black tree 221

for sets 235

for stacks 168

for vectors 116
end ()

for deques 151

for lists 131

for maps 240

for red black tree 221

for sets 1235

for vectors 116
equal () 307
equal_range () 400

for maps 241

for sets 236
equal_to420
erase ()

for deques 164,165

for lists 136

for maps 241

for sets 235

for vectors 117,123

F

fill_n()308
find ()
algorithm 345
for hash table 267
for maps 241

The Annotated STL Sources



#5| (index) 485
for red black tree 229 example for rational functor 421
for sets 235 greater 421

find_end () 345 greater_equal 421

find_first_of () header file 415
algorithm 348 identity424

find_1if () 345 identity_element420

first less421
for pairs 237 less_equald2l

first_argument_type 417 logi cal_and 422

first_type logical_not 422
for pairs 237 logical_or422

for_each () 349 mem_fun 431,433,449,456,459

forward iterator 92,95 mem_fun_ref 431,433,449,456,460

Free Software Foundation 7 minus 418

front () modulus 418
for deques 151 multiplies418
for lists 131 negate418
for vectors 116 not 1433, 449, 451

front inserter 426 not 2433, 449, 451

frontfinserter426, 436 not_equal_t 0420

FSF  see also Free Software Foundation plus4l8

function adapter 448 projectlst424
bindlst 452 project2nd424
bind2nd 453 ptr_fun 431,433,449,454,455
binderlst 452 selectlst 424
binder2nd 452 select2nd 424
composel 453 functor 413
composel1433,453 see also function objects
compose2 453
compose2433,454 (}
mem_fun 431,433,449,456,459 Gee 8
mem_fun_ref 431,433,449,456,460 Lo

General Public License 8
not 1433, 449, 451
not2433, 449, 451 generate () 349
ptr_fun 431,433,449,454,455 generate_n () 349
<functional>415 get 0
functional composition 453 for auto_ptrs 81
GPL see also General Public License

function object 413
as sorting criterion 413
bindlst 433,449,452
bind2nd 433,449,453
composel 453
compose1433,453
compose2 453
compose2453,454
divides 418
equal_to420
example for arithmetic functor 419
example for logical functor 423

greater 421
greater_equal 421

H

half-open range 39
hash_map275
example 278
hash_multimap 282
hash_multiset 279
hash_set270
example 273
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hash table 247, 256
buckets 253
clear() 263
constructors 258
copy_from() 263

count () 267
example 264,269
find() 267

hash functions 268
iterators 254

linear probing 249
loading factor 249

quadratic probing 251
separate chaining 253

header file

for SGI STL, see section 1.8.2

heap 172
example 181
heap algorithms 174
make_heap 180
pop_heap ]76
push_heap 174
sort_heap 178
heapsort 178

I

include file

see header file
index operator

for maps 240,242
inner_product () 301
inplace_merge () 403
input iterator 92
input_iterator95
input stream

iterator 426,442

read ()443
insert ()

called by inserters 435

for deques 165

for lists 135

for maps 240,241

for multimaps 246

for multisets 245

for sets 235

for vectors 124
insert_equal ()

for red black tree 221

insert_unique ()

for red black tree 221
inserter 426,428
insert iterator 426, 428
introsort 392
istream iterator 426
iterator 79
adapters 425
advance () 93,94, 96
back_inserter 426,436

back inserters 426,435,436

bidirectional 92,95
categories 92

convert into reverse iterator 426,437,439

distance ()98
end-of-stream 428,443
for hash tables 254
for lists 129
for maps 239
for red black trees 214
for sets 234
for slists 188
for streams 426,442
for vectors 117
forward 92,95
frontfinserter426,436
front inserters 426,436
input 92,95
inserter 426,436
iterator tags 95
iterator traits 85,87
iter_swap () 309
output 92,95
past-the-end 39
random access 92,95
ranges 39
reverse 426,437,440
iterator adapter 425,435
for streams 426,442
inserter 426,436
reverse 426,437,440
iterator tag 95
iterator traits 85,87
for pointers 87
iter_swap() 309

K

key_comp () 221,235,240
key_compare 219,234,239
key_type 218,234,239
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L

less421
less_equal4d?2l
lexicographical_compare () 3 10
linear complexity 286,287
list 131
see container
back () 131
begin() 131
clear () 137
constructor 134
empty () 131
end() 131
erase () 136
example 133
front () 131
insert () 135
iterators 129, 130
merge () 141
pop_back () 137
pop_front () 137
push_back () 135,136
push_front () 136,
remove () 137
reverse () 142
size () 131
sort () 142
splice () 140, 141
splice functions 141
unique () 137
logarithmic complexity 287
logical_and 422
logical_not 422
logical_or422
lower_bound () 375
for maps 241
for sets 235

M

make_heap () 180
malloc_alloc

for allocators 54
__malloc_alloc_template 56, 57
map 237,239

see container

<241

==241

[ 1 240,242
begin () 240
clear () 241

constructors 240
count () 241
empty () 240
end () 240
equal_range () 241
erase () 241
example 242
find()241
insert () 240, 241
iterators 239
lower_bound () 241
max_size ()240
rbegin () 240
rend () 240
size ()240
sorting criterion 238
swap () 240
upper_bound () 241
max () 312
max_element () 352
max_size ()
for deques 151
for maps 240
for red black tree 221
for sets 235
member function adapter 456
mem_fun 431,433,449,456,459

mem_fun_ref 431,433,449,456,460
mem_fun 431,433,449,456,459
memﬁfun17ref7t433,449,459
mem_funl_t433,449,459
mem_fun_ref 431,433,449,456,460
mem_fun_ref_t 433,449,458
mem_fun_t 433,449,458
memmove () 75
<memory>50,70
memory pool 54,60,66,69
merge () 352

for lists 141
merge sort 412
min () 312
min_element () 354
minus 418
mismatch ()313
modulus 418
multimap 246
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constructors 246
insert () 246
multiplies418
multiset 245
constructor 245
insert () 245
mutating algorithms 291

N

negate4l8
new 44,45,48,49,53,58
next_permutation () 380
n-log-n complexity 392,396,412
not 1433, 449, 451
not2433, 449, 451
not_equal_to420
nth_element () 409
numeric

algorithms 298

<numeric> 298

O

O(n) 286

Open Closed Principle  xvii
Open Source 8

ostream iterator 426

output iterator 92,95

output_iterator 95

P

pair237
constructor 237
first 237
first_type237
second237
second_type 237
partial_sort () 386
partial_sort_copy () 386
partial_sum() 303
partition() 354
past-the-end iterator 39

plus4l8
POD 73
pop ()

for priority queues 184

for queues 170

for stacks 168
pop_back ()

for deques 163

for lists 137

for vectors 116,123
pop_front ()

for deques 157,163

for lists 137
pop_heap () 176
predicate 450
prev_permutation () 382
priority queue 183,184

constructor 184

empty () 184

example 185

pop () 184
push () 184
size () 184
size_type 184
top () 184

value_typel84
priority_queue184
ptrdiff_t type 90
ptr_fun 431,433,449,454,455
push ()

for priority queues 184

for queues 170

for stacks 168
push_back ()

called by inserters 435,

for deques 156

for lists 135,136

for vectors 116
push_front ()

called by inserters 435

for lists 136
push_heap () 174

Q

quadratic complexity 286
queue 169, 170

<170, 171
==170
back () 170

empty () 170
example 171
front () 170

pop () 170
push () 170
size () 170

size_type 170
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value_typel70

quicksort 392
rand () 384

random access iterator 92,95
random_access_iterator95
random_shuffle () 383
rbegin ()

for maps 240

for sets 235
read ()

for input streams 443
reallocation

for vectors 115,122,123
rebind

for allocators 44,46
red black tree 208, 218

begin() 221

constructor 220,222

destructor 220

empty () 221

end() 221

example 227

find() 229

insert_equal () 221

insert_unique () 221

iterators 214

max_size () 221

member access 223

rebalance 225

rotate left 226

rotate right 227

size() 221
release ()

for auto_ptrs 81
remove () 357

for lists 137
remove_copy () 357
remove_copy_if () 358
remove_1if () 357
rend ()

for maps 240

for sets 235
replace_copy () 359
replace_copy_if () 360
replace_if ()359
reserve () 360
reset ()

for auto_ptrs 81
resize ()

for vectors 117
result_type 416,417
reverse () 360

for lists 142
reverse_copy () 361
reverse iterator 425,426,437

base () 440
reversefiterator440
Richard Stallman 7
rotate () 361
rotate_copy () 365

S

search () 365
search_n () 366
second
for pairs 237
second_argument_type4l7
second_type
for pairs 237
sequence container 113
set 233
see container
<236
==236
begin () 235
clear () 235
constructors 234
count () 235
empty () 235
end () 235
equal_range () 236
erase () 235
example 236
find () 235
insert () 235
iterators 234
lower_bound () 235
max_size ()235
rbegin () 235
rend () 235
size ()235
sorting criterion 233
swap () 235
upper_bound () 236
set_difference () 334

set_intersection () 333
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set_symmetric_difference () 336 top () 168
value_typel68

standard template library 73
for allocators 54 see STL

size () <stl_config.h>20

set_union () 331
simple_alloc

for deques 151
for lists 131
for maps 240

for priority queues 184

for queues 170

for red black tree 221

for sets 235
for stacks 168
for vectors 116

size_type

iterators 188
pop_front () 191
push_front () 191
size () 191

swap () 191

smart pointer

auto_ptr8l

sort ()389

for lists 142

sort_heap () 178
splice ()

for lists 140,141

STL implementation

HP implementation 9

PJ implementation 10

RW implementation 11

SGI implementation 13

STLport implementation 12
stream iterator 426,442

end-of-stream 428,443
subscript operator

for deques 151

for priority queues 184 for maps 240,242
for queues 170 for vectors 116
for stacks 168 suffix
slist 186, 190 _copy 293
see container _if 293
begin () 191 swap () 67
constructor 190 for maps 240
destructor 190 for sets 235
difference with list 186
empty () 191 T
end () 191, 194
tags
example 191 .
for iterators 95
front () 191
top ()

for priority queues 184
for stacks 168
traits
for iterators 87
for types 103
transform() 369
tree
AVL trees 203
balanced binary (search) trees 203
binary (search) trees 200
Red Black trees 208

stack 167
<167, 168 U
::167, 168 unaryffunction416

empty () 168
example 168

unary_negate451
unary predicate 450

pop () 168 uninitialized_copy ()70, 73
push () 168 uninitialized_f£i11() 71,75
size () 168 uninitialized_f£ill_n()71, 72

size_type 168

unique () 370
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for lists 137
unique_copy () 371
upper_bound () 377

for maps 241

for sets 236

\Y%

value_comp () 235,240
value_compare 234,239
value_type
for allocators 45
for priority queues 184
for queues 170
for stacks 168
for vectors 115
vector 115
see container
[ 1 116
allocate_and_fill () 1 17
as dynamic array 115
back () 116
begin() 116
capacity 118
capacity () 116
clear () 117,124
constructor 116
destructor 116
difference_type 115
empty () 116
end() 116
erase () 117,123
example 119
front () 116
header file 115
insert () 124
iterator operator ++ 117
iterator operator —— 117
iteratorll5
iterators 117
pointer 115
pop_back () 116, 123
push_back () 116
reallocation 115,123
reference 115
resize () 117
size () 116
size_type 115
value_typell5S
<vector>115
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