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1.GNU JRARES T HOS #f

AR ) STL SEELRA, #JET Alexander Stepanov £l Meng Lee 56 i JRUGRRAS, X 43R 4R A
A Hewlett-Packard Compant(FE& A w)A. F— kG —m AW, RVHEMMMESEZEH. #IL
B, g, WREZIX SRS, TEFHATT, ME— P EE A2 b 2 i BB T BT R SN

XA TR A 1, — R FRN open source

GNU(FF N M), 1% GUN is Not Unix. 4f} Unix /& 5L A EiRERIE RS, | AT&T Bell S2460 %
[*) Ken Thompson #1 Dennis Ritchie lligi. JFIA RZ %R ER—ANR2057 0, AT&T ¥'E 0 F45VF 25T
NG o AHR Y FITE B 05 2 S AN S oK BSEIP IS, AT&T JFUR 52 B RAZIE I %E, M 3kF.
TR FFURE R KA W P AR SO R 82, BORAATTAS A FFEiETE UNIX JEAES, H4%8h
Berkeley K4k 4Lamtk UNIX, S5U5 K& & H BSD(Berkeley Software Distribution) il 4s, LA Ji5 Kl
FreeBSD. OpenBSD. NetBSD..., Stallman ¥ AT&T FIiXFp1T AN BAREEEE, DAR—FEKEG G
2, TRIMT THRRIETR], 2N GNU:GUNis Not Unix, GNU X4, EHIBELRRGETE
Emacs il GCC, BEHimE AHIR Linux B{ERS

GNU PAPTiER) GPL(General Public License, | ¥Z PR RAAS GRS R : 1 H#7 LLE H
el 51800 GPL A HOUEAY, Han A0 & B RS B GPL B se s B eE, iR GPL M.
RS A E BRI A5 FIF RISRABA I GPL B sGaE. B2 T A, & F A

Cygnus B —FKEW AT, W3 & I &2 Friid e TR, HRES RS . T8 Bt
JT T A% GCC, {E GPL WS ATANE MK GCC IR B IE ATt Ml 1424 Geec BIEE R, ##
FFHIBITREE, FHRILRA GCC HARSIR I HAEE NS . Gygnus AF 2T GCC, st Red Hat 24
7] 2T Linux

2.STL iR A
o HP SZHLRRAS(HP STL)
- BrA STL SEIUARA MG

- BTN RTAE A #OL B B RS B R i B S A
- MEFRERSTRR: DAUERTA U IR HP I RRCAS 7 RS AR A
- XFMEAURNJET GNU GPL Yil%, {H)®T open source il
»  P.J.Plauger SZHLRRAR (P) STL)
- 4KH HP WA, PN SKCHERE HP BIRRCAS Ui
IEANA 0L PJ. Plauger FAN AR 75 HH
- AJ&T GNUGPL Vi, tAJET opensource Vil
- ¥ Visual C++KH
FrgmaAYETe. PSRRI
o  Rouge Wave SZBLkR A (RW STL)
- 4KH HP WA, FrbARE—AN Sk HP BRSO Ui
I ANE AN | Rouge Wave [/ 5] AU B
ANJ&T GNU GPL ul, #AET open source Jul%
- % C++Builder R (C++Builder Xf C++ifi 5 RS, &4 T 1 RW A IE T 5%
Mg )
AT MEAVET
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o  STLport SZBif4

PL SGI STL JNWE AS (s & A A2 AR 1 S2 B0 hAS

e SGISTL LI RA

k7K H HP hiAs, Pt DLRE—AN kU0 HP BIRRCAS B

BEAME N SGI HA FIRR B

ANJ&T GNU GPL {il%, {HJE T open source Jul%

i GCCRA (GCC Xf C++iBF R FFRYEF, W45 T T SGI STL 1EH M)
AR

N7 BAEERENE, & TR g A 7 gk e

3.SGI STL 3L X443 A

1. C++IR#ERITE T C L3U4H: cstdio, csyflib, cstring, ...

2. C++HirERRFEHRARET STLIERSE : stream, string, ..

3.  STLI#ESL I CEY fE42): vector, deque, list, map, ..

4.  C++InHEERAT, HP FTRITER STL K30 vectorh, dequeh, listh, ..

5.  SGISTL W& (STL EIESLBL 5 ) stl_vector.h, stl_dequeh, stl_algo.h, ..

ARG 2%t C+HE B X REE AU 1EN— R & 2 MR /I INFET 2, SGI STL 1H4%
T ABAS M <stl_configh>, HAE L TIFZHE, bvnFSHENRAL 57, B STL Sk
o B A SIS, FELA RS, AR T B RAR I 5N B v e B —BRE AR

6257 'WULM:]:

HSNRFER:

o UPEERATHANIS

e ZH%& 3: _STL.STATIC_ TEMPLATE MEMBER_BUG

e #H#5:  STL CLASS PARTIAL_SPECIALIZATION

e Z2HZ& 6: _STL FUNCTION_TMPL PARTIAL_ORDER

e HA 7: _STLEXPLICIT_FUNCTION TMPL_ARGS (¥£/™ SGISTL PN#R¥ A FH 33X — % &2 X)
e #4%8: _STL MEMBER TEMPLATES

. 0% 10: __STL LIMITED_DEFAULT_ TEMPLATES
. 14 11: __STL_ NON_TYPE_TMPL_PARAM_BUG

o« A
e U

__ STL_EXPLICIT_FUNCTION TMPL_ARGS (bound friend templates)

__STL_TEMPLATE_NULL (class template explicit specialization)

4.STL 7N KERH

RN 2 MRS SEE

o %%(container)

o 4rEc#8(Allocator)
o  H¥k(Algorithms)
o  EMBE(Iterrators)
o I&FMCA¥(Adaptors)
o {HER#(Functors)
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e g v
TEIE R, TR SIS AL S (AR 3105, IR0 LSS 5 T 88 e I 43

AFRAE"AAE BRSO PRCH 2B A —E A AE, AT DR A e A it AT EASEEl—A
RIS [F]HY allocator, AR HLAMH ) 23 1] 73 BL 8% SR )2 [B] 2 A A7

1.7 [6] 7y Bo 4 O bt K

HE, CH+NAFTCRREB R E LN R
class Foo {...};

Foo *pf = new Foo;

delete pf;

e new NE 2 HrBHRIE:

- i H::operator new At N AF

- ARG EE R R
o delete 7 2 BrB#RAE:

. LRGP

- i f::operator delete i AT
STL allocator ¥ new # delete ] 2 FrBi/EHEAT 14075
WAF /3 Ac: | alloc::allocate() 1 57
WAERE: | alloc::deallocate() f1 57
Xt % A4idE: i alloc::construct() £ 51
X% HMTH#): i alloc::destroy 17137
4 STL BIBITE, DL T2 allocator L%
allocator::value_ type
allocator: :pointer
allocator::const_pointer
allocator: :reference
allocator: :const_reference

allocator::size_type
allocator: :difference_type

// —TNEEN class template, class rebind<Us #IHGME—ik 7 other, /2 —1" typedef, 1{#
allocator<U>
allocator: :rebind

/[ PR £

allocator::allocator()

/[ P38 e 2L

allocator::allocator(const allocator&)

template <class U> allocator::allocator(const allocator<U>&)
/! Vi e 2

allocator::~allocator

/[ B RAXS R AT L), ZE)] T8x
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pointer allocator::address(reference x) const
const_pointer allocator::address(const_reference x) const

/) P, BN n T

pointer allocator::allocate(size type n,const void* = 0)
// JHEZ B 27 BRI 7 6]

void allocator::deallocate(pointer p,size type n)

// A BT R A 5]

size_type allocator::max_size() const

/L X, 7 p HEIHIHIEFE — X R #1257 new((void*)p) T(x)
void allocator::construct(pointer p,const T& x)

// ik p HIX R

void allocator::destroy(pointer p)

o  HEEAFREME PJSTL, [KA P STL A5E4TIEME STL Mk, FLATHLN (2 24580 7 E— AN dEbr v
)23 8] 43T B % 11

o  HELHTREHIEE RWSTL, [N RWSTL fERZA 88 Fis T S0hIX, HnE R %2

o SEETIEMAT SGISTL, [ SGISTL XA H FARAEAL & T STL brdERUS, #H—1M%)8
1. WERZECER SN SRR R EL 2. (HIRAL T — AT T M 4N
simple_alloc 7ML #s, 7 & &5 brifk

2.SGI FRHE R 22 6] 43 B 2% std::allocator
HAR SGI W58 A — MRS R4 bRt . 427 allocator LSS, {H SGI H ORI E, AR
. FERARMEBEAE, Rt C++f)::operator new Fl::operator delete fifl— /Z# # AT

3.5GI Rk I 28 6] Bt 2% std::alloc

STL PR E /3L 28 58 X T <memory>H1, SGl<memory >N & A CAE, BT B 1K) 2 B BCHAF

FLIETE SGISTL K E S FH A (BI SGI RFFRIN 2 (A 43 L 28 std:alloc) BN —H A ECAy, BN K Bias
3.1 Mg MiES iy

<stl_construct.h>

STL FE 4 B Ak A AU % 4 construct() Fl des troy() T AN B R BRE, SR SGI 45k I 25 (] 43 Fic #% std:alloc FE A SF X — R,
FrCAsBR_BIX 4 & T STLallocator, {HANE T std:alloc. A, SGI RFFRATZS A /)AL %S std:alloc ANELE73.1 X R iE 5T
e, RAE73.2 WAES L SRR

3.2 N Bl 5 B

SGI X N AT BL SRR T 22 a0 R

e [n] systemheap Hli% %A

o BIEWNAEA BTN ASHE i

o EEITZONUX B ] B A AFRE R A (SGLTT T ER T ECER)

C++/) A o F A4 R :operator new (), N AR BE A4 /E £ joperator delete(). XPE/~E/FERE
HHT C K malloc()RI free()EEE . SGI IERZLL malloc R free ()5 i I 4B 5B
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1) WMo BaE
5 RE /N X BT AT REXE AR AR P AL, SGI LT 1 RUZ i 4«

i (G
- HETH mallocQ A free()
o HIHTE
P RLDCHEIT 128bytes I, MLAALUS A", AL
- CUARIXHUNT 128bytes B, WA/, N T BRSNS, R 4 260 memory pool
BT AR T — R i d
it alloc it XN — RO RO, S I TR AL MED, (LA B RENS 5 STL
Fw -
template<class T, class Alloc>
class simple_alloc {

public:
static T *allocate(size t n)
{ return @ == 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)
{ if (9 != n) Alloc::deallocate(p, n * sizeof (T)); }
static void deallocate(T *p)
{ Alloc::deallocate(p, sizeof (T)); }

}s
P 4 A~ bR B A2 R FH 0 e 2% ARl R R, 3X N O 43 EE 28 40 B B2 bytes B AN BT E IR

/N

L EH Alloc=alloc HIH4 alloc T LA S8 — oy AL s, HATLLESE —R4rHEies. SGISTL A e WA —F iy
A 2 43 B as # 58 XAE S <stl_alloc.h>Hr

2) B —HKELEE__malloc_alloc_template

/) T FARLEFE LS, HHX T2 ] H e m s

// E“template HHZ4P, FT7IHFZH " Dnst, W7+ KI 1L
template <int inst>

class __malloc_alloc template {

private:
//oom: out of memory , JHFKLFEPAFAEHTIEH
static void *oom_malloc(size t);

static void *oom_realloc(void *, size t);
#ifndef _ STL_STATIC_TEMPLATE_MEMBER_BUG

static void (* __malloc_alloc_oom_handler)();
#endif

public:
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static void * allocate(size_t n)

{
void *result = malloc(n);// 77 20/ riiz1d/  mal Loc()
1/ BT 12550 8 7 K i, 24/ oom_malloc ()
if (0 == result) result = oom_malloc(n);
return result;
}
static void deallocate(void *p, size t /* n */)
{
free(p);// R} 75 EL 11/ free()
}

static void * reallocate(void *p, size t /* old sz */, size t new_sz)
{
void * result = realloc(p, new_sz);// 7/ 2K/ /210 real Loc()
/) LR 205 7 KT, 2/ oom_real Loc()
if (@ == result) result = oom_realloc(p, new_sz);
return result;

}

/) UL E C++ /9 set_new_handler() . A LT E15& H CH

//out-of-memory handler

// P EE#5/ C++ new-handler Pli, KA EFHFEEN: :operator new KB 477
static void (* set_malloc_handler(void (*f)()))()

{
void (* old)() = __malloc_alloc_oom handler;
__malloc_alloc_oom_handler = f;
return(old);

}

}s

// malloc_alloc out-of-memory handling

#ifndef _ STL STATIC TEMPLATE MEMBER_ BUG

/I BIER @, BHIFE/7E

template <int inst>

void (* _ malloc_alloc_template<inst>:: malloc_alloc_oom _handler)() = 0;
#endif

template <int inst>
void * __malloc_alloc_template<inst>::oom_malloc(size_t n)

{
void (* my_malloc_handler)();

void *result;

for (;;) {// PBr=ilFEt. 700 AR AR ..
my_malloc_handler = __malloc_alloc_oom_handler;
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if (@ == my_malloc_handler) { __THROW_ BAD_ALLOC; }
(*my_malloc_handler)(); // /A0 FF . B SRR
result = malloc(n); /[ PR 2 7 B AF

if (result) return(result);

}

template <int inst>
void * _ _malloc_alloc_template<inst>::oom_realloc(void *p, size_t n)

{
void (* my_malloc_handler)();

void *result;

for (;;) {// Pr=iFEH. 70 HFREK. . ..
my _malloc_handler = __malloc_alloc_oom_handler;
if (0 == my_malloc_handler) { __THROW_BAD_ALLOC; }
(*my_malloc_handler)(); // /A 220)F, 5201 i
result = realloc(p, n); // /422l 001477
if (result) return(result);

e  Dlmalloc(). free(). reallocQ%5 C BREHAT LFRIN AL BRI E AT BCER(E

o SEHIH ML C++ new-handler (ML (C++ new-handler Hlfl&, AT AELRRSANFHETRT
AR, WA MRITEE N R%. #AER, —H:operator new TiEFEHiES, EEH
std::bad_alloc R IREZ R, <G BE R ERGEBIE, AR FE BN new-
handler) , ANEEE#IZH C++ new-handler ML, EAE HIEE Hzoperator new K43t A7

(operator new [1J5Z8)

3) H %K ECS: default_alloc_template

FBROTEARE T —LpLH], B K DNEIX BIER NAF IR F s /DR ERAFAE T 41 7]«

o N H

o M, FHMATH R —SXEUEE, FALSEE NG, XEGRN, FAMAEET SR LBk,
IR

o HXHLAT 128bytes B, AKX
- B A A

. é[ﬂm?u%w%ﬁ FAZINERX B
DI E B (BARNIRESER): B EL— KW AE, FE4E XN 1 E B FE R (free-list),
TG BAMFERDNEINAZ TR, SEZEM free-list FHH . WEREFBRBUNGIXE, b
e Es B R free-list . ZEPE 16 ) free-list, &% HEF K/ 5IA 8, 16, 24, 32,
40, 48, 56, 64, 72, 80, 88, 96, 104, 112, 120, 128bytes [J/NFiIX Ik
SGI 25 — R Br s T AAT AT/ NG X ER NAF /7 SR E A 8 I3k

free-list ﬁﬁﬁ W MR IR

/7 &/ union fFk free-List #RITEIN 1 7H: Yt EEF I 0075 £ B 1 721 55— FlR 7

union obj{

union obj * free list link; //Z 7/
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char client_data[1]; // A
¥

T B E free-list S HE15:

5 5L s _default alloc_template 58 L AE S M <stl_alloc.h>H1,  PAF A 928

#ifdef _ SUNPRO_CC
// breaks 1if we make these template class members:

enum {__ALIGN = 8}; /) DXL L i 57

enum {__MAX_BYTES = 128}; /) PTG IR

enum { NFREELISTS = _ MAX_BYTES/__ALIGN}; //free-List HI 1"
#tendif

/1 BRI E X

// Ftemplate TRZHE, H— I BHM T EZLFEILE, H MR L/
template <bool threads, int inst>

class __default_alloc_template {

private:
// i bytes [l 8 HIF#
static size t ROUND_UP(size t bytes) {
return (((bytes) + __ ALIGN-1) & ~(__ALIGN - 1));

private:
//free-List
union obj {
union obj * free_list_link;
char client_data[1]; /* The client sees this. */
¥
private:
//16 1" free-list
static obj * volatile free_list[__NFREELISTS];
/) RIEX LA, REMETFEn 5 free-List. n M o Fl&
static size t FREELIST_INDEX(size t bytes) {
return (((bytes) + _ ALIGN-1)/__ALIGN - 1);
}

1/ B — PP Fgn FIXTR, FFEATGEMAKX DA BT E X DT free-List
static void *refill(size_t n);

/) KA, A5 nobjs A D size 191X B

/) WIR7 I nobgs TNIX G AME, nobjs AIHEFFIT

static char *chunk_alloc(size_t size, int &nobjs);

// Chunk allocation state.

static char *start_free; // A 77tidddq (7. Ak chunk_alloc() 71k
static char *end_free; /) IR & . A7 chunk_alloc() #351
static size_t heap_size;
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public:

}s

static void * allocate(size t n){ /*//it///*/ }
static void deallocate(void *p, size t n){ /*/Fit/ )%/ }
static void * reallocate(void *p, size t old sz, size t new_sz);

/LI static data member H9iEX-SHIG1E*/

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[__NFREELISTS] =

{@) @) @) e) @J @J @) e) e) e) e) @) e) @J @) eJ }.;

78] 73 B ek 44 allocate()
- FIXHKT 128bytes, HUiH #2028
- AHXHUNT 128bytes, e M free-list
o F free-list ZWAHTTHM XY, B FAHH
o A free-list WA HIXEL, FXIK/NEZE 8 580 T, A refill), #E&N
free-list E 178 25 [A]

75 [APRE R Y deallocate()
- FIXHUKRT 128bytes, #4028
- HRXHUNT 128bytes, FHIXTRIF free-list, K XHAIL

FHTIETE free-list (IREL refill()
- 2 free-list 1R A A IX B, 25 chunk_alloc A\ P9 F#E A HHE 25 (6] EEETIE TR free-listo
FRA HITE 20 ST RO IXEY), WS AR AN R, SRAI T ST RN T 20
chunk_alloc()ERE A AR E 2%E], R4 end_free-start_free JJWr P A7t 35 1 2]
- SR R R AR
o HEAH 20 MXBLRFIZ free-list
- W F AT AL PAERAE 20 MX L, (HEGHER ED 1 AN X R
o HRHIXAE 20 AN IX By 7S (A
- WSRF R AE AN XHER T AL B
e FIH mallocOM heap H 73BT CRANATRER 2 5, b —/ 5 BC A
JOT ARSI =D, AR N n] 2 ] GRRgai+ T BD
o WH malloc()ZRHURI, chunk alloc()st VU Ab-3H A T8 A A A H X B2 8 K[
free-list. #E| 7 HLIZ H—HAH
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STL YRS HIHT

o W EBUIRTN, AR E oS, £ —RABEH out-of-memory At
HHLE, S ANL BB BRI N AFE R . WRATRL, e, S
bad_alloc 5%

B, —FFEtAA chunk alloc(32,20), T2 malloc()ZE 40 4> 32bytes X B, HAFZE 1
53 19 D34 free-list[3]14E47, & 20 MEELGHNAEIL; #TR%E A chunk_alloc(64,20), B
free_list[7] % 2 dnth, W A0A A H G, YA BEAERN (32%20)/64=10 4~ 64bytes X B, miittix
10 NMXHGR[E], 21 DNLARS, 49 N free list[7]4E97 . BEE AR 4 2%. 8 NOREIRA
chunk_alloc(96,20), ML free-list[11]Z5 25 Wi, AZRIAN A . 10 AR ILItE oA 2, T2
malloc()7 At 40+n(FHNE) D 96bytes X B, HE 1 ANACH, 7 19 M4 free-list[11]4E7, &R
20+n(FHmE) A X HRET 245 AR

33 WHFEALETER
STL /& X 1 5 MameE, EH TRV E E, AT 25 23S0
o TEHTHAXIG (M 3.1 4 Gt ST, SGISTL 5 XAE Sk 3 ft<stl_constructh>H1)
- construct()ER %L (& AKX 5O
- destroy () FREL (BRI EEANRKT 50
o VEFHTREMIXIE (A7, SGISTL & ALK XA <stl_uninitialized h>H1, &&)E copy(). fill()-
fill_n() M2 R EO
- uninitialized_copy () B %
- uninitialized_fill() B&%X
- uninitialized_fill_n() & %k
2% I A X (A A4 R BR324
1. SEAFEXE, RUEETEENRTE TR
2. AR 3 ANREHESE X NGB A IEX SR (Fk, 1X 3 MR EEERATTRE W N AF 2 lie 555 G
FEAT A8 IFH 3 NGRS A commit or rollback“i& &, B4 A X REMER T, BEA—
MR ARG

= ERARE traits WIEHIE

15 B A DK T

TEE s RSN, IR ATRES R AHN A, Prig AN 288, SR s 2 M B Horp 2
—, BVENT DLAE R BUAR A i FHIEAR 2R TR 2 W) 28 ke AR &, thn] Be s AREs Frfe 2 MR BIE N
B PR

o TERBUEHE BRI s 2 A
- CH++3#F sizeof(), {HIF A typeof(). BI{EZIF RTTI 5 K] typeid(), FRAGAIH R &R
HZAFR, AR SR B
- XX HUR R BB ) SEHE FHLHI sk . 5032 funcOFE NAAMEE I, BEARI T A& 5 Roh s
BEAE— LI REL func_impl()H, BT ER£—MREENR, —BEHAH, wfdsmag st
THHES, SHBAT
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o BB YIHIREME AR R E R A
- BRI S HE S HURHE SRR 2L R S R iR R S A
- XHEEHRERMEYR . HZ, T IESRAREAARE, WRAERE TAE, (HREIEREN
JRAETRET Tok AL 2
it B, )RR S SRR ORI AR R T R . B 1 IARER s Z M2 (value type), 1%
IEFARRE AL IE S A 4 B, AE traits FifEEiE PR d, JF BB traits SRAF R LTI
)R X2 STL s bR i 7))

2.traits JRFEFIE
=R R0, 1E value type 7E VIR [BIZRAYES, Toik AR AEISR MR A Fekt . NEIMEA traits Sk
fift v, FEH TR R R AL PR ST i g A FR

PUAE, RSB 8 Mylter, B2 A FRED int*E constint*, #B AT LUE traits B 1IEH 1 value
type

AR, FERFEREE N traits BB A RUEIE, B MERIMLIUEIELE, BATLANHRRE T U Tr U8 SCE AR RS, X2
—ANE, EARETFREANLE, ERARIEAT STLRXNMKKE

RIBARL, BH ISR REE 5 F.

1. value type: FEIEES e N RIFEA

difference type: H LIR/R AN IEARES 2 7] 18R 5

pointer: IR valuetype & T, #BA4 pointer Hi/2igm T Fa4l

reference: IR valuetype /& T, 4 reference wi/e T 115 H

iterator category: IAfRERIZRAL (UL

v W

IR BT KA 4 AES STL A, —EENEGE X 5 MR . “RFPEREHL traits 2 fRESEH
FERpE 2 R
template <class Iterator>
struct iterator_traits{
typedef typename Iterator::iterator_category iterator_category;

typedef typename Iterator::value_type value_type;
typedef typename Iterator::difference_type difference_type;
typedef typename Iterator::pointer pointer;

typedef typename Iterator::reference reference;

}s

iterator_traits WA ZIE X NHIZEAA pointer & pointer-to-const # 3 THRAF LA A :
/)Ll CH+ NI ptrdiff_t (& X T<cstddefs L X1F) (EX4 74757 H7difference type

/1 XA TEE 1T it 1L R A
template <class T»>
struct iterator_traits<T*>{
/) [ 1541 2 —F# Random Access Iterator
typedef random_access_iterator_tag iterator_category;
typedef T value_type;
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typedef ptrdiff_t difference_type;
typedef T* pointer;
typedef T& reference;

}s

// X4 pointer-to-const HIf1FIL/KAE
template <class T>
struct iterator_traits<const T*>{
/) A 15 2 —Ff Random Access Iterator
typedef random_access_iterator_tag iterator_category;

typedef T value_ type;
typedef ptrdiff t difference_type;
typedef const T* pointer;

typedef const T& reference;

}s

STL #2HELL T k%, b IEAES AH RS A IR AR Y .
/) X R AT LR 77 (8 353 category
template <class Iterator>
inline typename iterator_traits<Iterator>::iterator_category
iterator_category(const Iterator&) {
typedef typename iterator_traits<Iterator>::iterator_category category;
return category();

}

/ /X ERF AT LR 7 (EH 3 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);

}

1/ P EGEAT LR 7 (EH 35K value type
template <class Iterator>
inline typename iterator_traits<Iterator>::value type*
value_type(const Iterator&) {
return static_cast<typename iterator_traits<Iterator>::value_type*>(9);

}

2.1 EARAF R
BETFEVER, R AT RE, A AR A — AR X, FRERXT R B S FE A B PR At S —
Mo L, XFEARRIEAFREOL T Setim KRR, 4 K advanced VR %L, H T #3015

7E LB, SA_advance i G — N SEH A E IR, JERIBES AR, B2k o2 R
WHEBHLE], R PIRAANMEH1ZS 8. RN SR MRE, (HERNE

4 advance() '] iterator_category (i) B¢ J1-#3%! iterator_traits<Inputlterator>::iterator_category(), X2 /*
A=A R, HBRASRR T JUMEASS R —F . )5, RIS, gt o A —
__advance()E # A%

LEPL dass R SCERBRIEFTRIFE, FH FIEA:
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o AILMERCE BN K I ia
o *NEIT4k/K, AILARAE e sal X o siE A A A (40__advance() ) Forward Iterator iz /& B
2 Input Iterator i, FIEATEAENE) AT UL 0] SR AR S

3.std::iterator FJ{RIE
NTFERE, ATFEAAES AN Z IR AE 5 DN AN AL, PAET traits 20, S22 H 5 T84
STL 224, W RETCVE ST STL AfHIRAHER . A, SRMEAEL A, Bk, STL @4t 7 —4
iterators class WI'F, RN Frix i SRS EUA RS, Bl RIERF& STL BT FE;
template <class Category,

class T,

class Distance = ptrdiff_t,

class Pointer = T*,

class Reference = T&>
struct iteratonr{

typedef Category iterator_category;

typedef T value_type;
typedef Distance difference_type;
typedef Pointer pointer;

typedef Reference reference;

}s

iterator class AN EARMTELGR, A R RFRME N, AR EASFEUHAIHIIMAE. BHT/E 3 M5
B BNE, #opr s A TR 2 M EETA . DUR N — kRO -

template <class Item>

struct ListIter : public std::iterator<std::forword iterator_tag, Item>{

}s

4.SGI STL ] __type_traits
SGI ¥4 STL 1 traits #f — B4 REEAILISL, T2AE T BN _type traits, &8 T SGISTL, A&ET
STL AR#ERLTE
e  iterator_traits: 1157 A HUEACAFRME
e __type_traits: PTIEEBORRRIE, A4:
- ZRAET B4 non-trivial default ctor
- 1ZFRMEE A non-trivial copy ctor
- ZRAET HA non-trivial assignment operator
- iZRA RS HA non-trivial dtor
L F__type_traits, ZEXTIENRAYHEATRE. HTAL. P8 DL WRABESEERAERT, AT DR S AR
o XX T RHUE TR E B B 88, A& T E RRRIRT

IR R, FRA A SRR 3 — A BB (DU R R A 5608 ), AHHZE AR % H A
bool 1, MiZZ M %HE H/MRIEF" R, KON FAIA B i N ()45 RORBEAT SHAE T, gt ds A
A X} class object JTEAHIZHL, AT, FrUIABERERHER, JZH]_true_type 5%
__false_type:

struct _ true_type { };
struct _ false type { };
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STL YRS HIHT

BERR__type_traits (2 AL SHFAL /Rt IR A -

VU P A A%

SRR A R URAE”, RN RER. U0 heap W7 — vector, priority-queue W7 —4“ heap,
stack 1 queue # & —4" deque, set/map/multiset/multimap #B P & —4> RB-tree, has x # N & —4
hashtable

1.vector
array seEFS T E, —HEEE VAR vector 55 array JEHAHALL, (HIZ vector £&BhAZ(A], Fif T
E I DN R i1 P S PR Y R UR < Thve 3

SGI STL 7 vector [1]5¢ Y.

1.1 58

vector 4EFFE —MELRLNERIA], FIAANRHIT RO, Elfa s 4T LUEA vector HIIEER T
W TR LERME, A vector IEAREE T 221035 /F47 9, W1 operator*, operator->, operator++,
operator-, operator+, operator-, operator+=, operator-=, iEfEE KA B & . vector RFFENIT

0, msE e IE A EXFERIGE ST FTLL, vector $EILA) /& Random Access Iterators:
template <class T,class Alloc = alloc>
class vector{

public:
typedef T value_type;
typedef value_ type* iterator;  //vector HLZE[CHHT 15 E
}s
1.2 rECAR
vector SR alloc AR 73 ElAS, FHHEIE 54N E X T —4 data_allocator, AR5 J7{8 LAJTE K
AVl =LA

template<class T,class Alloc = alloc>
class vector{
protected:
typedef simple alloc<value type,Alloc> data_allocator;

}s
[k, data_allocator::allocate(n) &/~ 73HC n NI 2 %56
1.3 vector FE/ERISEBL

WL vector R H:
e  vector(size_type n,const T &value)

- fill_initialize(size_type n,const T &value)

. allocate_and_fill(size_type n, const T& x)

e  push_back(const T &x)

- insert_aux(iterator position,const T &x)
. pop_back()
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. erase(iterator first, iterator last)
. erase(iterator position)
. insert(iterator position, size_type n, const T& x)

WABRAETRIE K vector [ 3 MBS EFE, IFBURE KBS EMRU

2.list
SGI STL H list [1]5¢ L

2.1 97 &

template <class T»>
struct __list_node{
typedef void* void pointer;
void pointer prev; // Z7 void*
void pointer next;
T data;

}s

2.2 EAEE
list ANFEBETEME vector —FELIMEIERETENIEACRS, UMY SR RAIE 1 A7 2% 1) Fp i SA7 1

list JEACAS 2T BEJIHRIA) list B9 AL, IR BE U IEAT IERA A0 . 0. HUE . RURAFICEEIRAE. list
Fr, IEAER SRR RR I T

HHT STLlist &—/MWm R, SRS H . EEIEET), FrLl list 324t 1,2 Bidirectional
Iterators

list PR AR S EIER A G RIEA T list ERBBRW, XTTFRBRERIE, B RF"1R B ER TR
MERER R, HEERBAZEMAREMN

template<class T, class Ref, class Ptr>
struct __list_iterator {

typedef _ list_iterator<T, T&, T*> iterator;
typedef _ list iterator<T, const T&, const T*> const_iterator;
typedef _ list iterator<T, Ref, Ptr> self;

typedef bidirectional iterator_ tag iterator category;
typedef T value type;

typedef Ptr pointer;

typedef Ref reference;

typedef _ list node<T>* link_type;// 77 /i75#1 25 Link type
typedef size_t size_type;

typedef ptrdiff t difference_type;

link_type node; // A/ Cas A mb 97561, 7500 List 197757

__list_iterator(link_type x) : node(x) {}
__list iterator() {}
__list iterator(const iterator& x) : node(x.node) {}
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bool operator==(const self& x) const { return node == x.node; }
bool operator!=(const self& x) const { return node != x.node; }
J/XECHIRAME, IRATE TR 92H (5

reference operator*() const { return (*node).data; }

#ifndef _ SGI_STL _NO_ARROW_OPERATOR

1/ LT A C R0 5 FFIRAE ST RO A M2

pointer operator->() const { return &(operator*()); }
#endif /* _ SGI _STL_NO_ARROW_OPERATOR */

L/ XIEACHEEN 1, BRI —T T 50
self& operator++() {
node = (link_type) ((*node).next);
return *this;
}
self operator++(int) {
self tmp = *this;
++*this;
return tmp;

}

L/ XA CaSEEN 1, FEARITIB— 1T kT
self& operator--() {
node = (link_type) ((*node).prev);
return *this;
}
self operator--(int) {
self tmp = *this;
--*this;
return tmp;
}
¥

2.3 list IS 14
SGI list AMJe W ER, &£ —NIIRMAEER. Frile A fZE— e, ] e R IR,
template <class T, class Alloc = alloc>
class list {
protected:
typedef  list node<T> list node;
public:
typedef list_node* link_type;

protected:
link_type node; // A Zi—1N5F [F 1] B o] it 7
s

iterator begin() { return (link_type)((*node).next); }
iterator end() { return node; }
size type size() const {
size type result = 0;
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distance(begin(), end(), result);
return result;

}

2.4 7y BCER

list SRA1EH alloc 1ENZ LA, FHHEILS 4 LT —A list_node_allocator, NI/ 5 J7 18 LA 20K
/NN A

template <class T, class Alloc = alloc>
class list {
protected:
typedef simple alloc<list node, Alloc> list node allocator;

¥
(Al list_node_allocator::allocate(n) 3R 7~ 2 n AN 25 (8]

2.5 list EAERISZEL

o RIERME
- OB R get_node
- B—AMT A putnode

- TAHA: push_back A1 push_front
. insert
- WRAHRR: erase,pop_front Al pop_back
- BRI —BUE I A A remove
- BRRBUEAFERELTT A unique
o HERERME
- fEAETEER: list))
. empty_initialize
- BERIEA: clear
d FERPHE: splice
- H[firstlast) N I TCZE #5302 position ZH: transfer ([firstlast)[X[A] 7] PAFE[R]— list ZH,
transfer J-AEAFHEZD, AFFHIIE splice)

3.deque
deque J& — Bl A T 1) S 21 7 1]

deque Al vector i K% 5+

1. deque FoVF T KIS [a] P Xt Sk 2647 70 2% (V3 A\ BAS B A
2. deque WA FTEARENS, PFUOVERNEH UL BOES S A SR, B AT LI —BOH i A
FFBEFZEER (deque A W EARBEATIFA A (IR B ThRE)D
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3.1 AR
deque JE 7 BOESE S 0] ERFH BRI GIESS, EALE T %EAESY operator++#il operator- 4~ iz
Hrg b

deque IAAUARLZNRENESR 7> BO s 2sla]) (RIZEh XD EMR; AZRRE S FIMr B C2 & Cekb TH I iEse
MEFNIIL% . VT RETSIERBEER, IAAUAS LA BE I S 42 8% map

template <class T, class Ref, class Ptr, size t BufSiz>

struct _ deque_iterator { // AZf#std: iiterator
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)); }

/) HEE std: s iterator, JTLLAIE T7HES 5 PN ZERT A C A v 287
typedef random_access_iterator_tag iterator_category; // (1)

typedef T value_ type; /7 (2)
typedef Ptr pointer; // (3)
typedef Ref reference; // (4)
typedef size t size_type;

typedef ptrdiff_t difference_type; // (5)

typedef T** map_pointer;
typedef __deque_iterator self;

/] RIFS BRI LS

T* cur; /UL CH T TE M X T 25 BT 70 2
T* first; /BRI TEZE X 1%
T* last; /UL CER T TE M IX I & 25/ 25 1H])
map_pointer node; // /%) map
s
IR AR
o HHIEMISIBIMNZMIX: set_node
o fHTIH*

o NILIEFE->

o IEAREIAI-

o HIE++FGE++

o HIE-FJ5HE-

o  HAMME+=F-=

o EAH+n A-n

o FHALFHL]

o MEHAW==, =Fl<

3.3 deque KIEIES

deque K H —HFTEN map /ENEEHELR). X EATIER map &g /Mg s, Hp g nR#s
AR BB (BERI) SRR, FRONGTIX . 2f X4 /& deque HIAFfif 2 7] F244¢
SGI STL R VFHAIHE B L2 X K/, BRIME 0 FRonflif 512bytes 22X
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deque B T 45 —/M81A map [REHSE, W4ED start, finish BNMEARER . 20 FE A S — P IX 128
MICEAER G Gt XS e — e (KN E) o gbhh, it (E H AT map Kb, .jj~~
map FrH LRI s, e 20 ST I B K — Bt map

temlate <class T,class Alloc = alloc,size t BufSiz = 0>
class deque{
public: //Basic types

typedef T value_type;

typedef value_type* pointer;

typedef size_t size_type;

public:

typedef __deque_iterator<T,T&.T*,BufSiz> iterator; //ZL/(/AE7
protected: //Internal typedefs

// T I EHITEE

typedef pointer* map_pointer;

protected: //Data members

iterator start; /) T C A
iterator finish; /) Blg — I T &G
map_pointer map; // 75/ map , map AZLIELLGS ]
/) BEF 1 T0 ZE ARG 51— T ZE0PIX)
size type map_size; //map HIA D, By G ZD1 156

b
deque s, ZEANIK . S0 XH I F IS

3.4 S ECAR
deque HATE X T 2 ML BRI A AL B 45
protected:
/! EEA TN B A FEA P e FE A
typedef simple_alloc<value_type,Alloc> data_allocator;
[/ EREATE I Al FEA B — TN E )
typedef simple_alloc<pointer,Alloc> map_allocator;

3.5 deque #1E FISEH
e deque HiESYIUHIL: deque
- JLEAIEML fillinitialize
o FHHHECE AR E create_map_and_nodes
o FHNERAE:
- fEBAFIREFEA: push_back
o EZRMXAE 1 ANTHZREE: push_back_aux
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- map AER: reserve map_at_back
. reallocate_map
- fEBAFIEIHEA: push_front
o FAZEMIXIEA T HA A push_front aux
- map AERf: reserve map_at front
e reallocate_map
- fREMERHA—ICER: insert
o  TEEHEN: push_front
e {EEHBHEA: push_back
o {EFEFEHAN: insert aux
o PRHERAE:
- HEHBAFIREICER: pop_back
o EZMXKAITLEREMN: pop_back aux
- SAHPAFIEE TR pop_front
o FBAEMXAE —AIJCER: pop_front_aux
o ERITEILER: clear
o JEBREAXEIITE: erase

4.stack
BEMESEYHE T, TR — R RSP, FONERCAS. Bl STL stack AR AN A4S,
MR ARG A%

SGISTL LA deque YENHRATE OL TH stack JIEHBEEH, & XAIF -

template <class T, class Sequence = deque<T> >
class stack {

//LLF _STL_NULL_TMPL_ARGS £/EFFA <>

friend bool operator== __ STL_NULL_TMPL_ARGS (const stack&, const stack&);
friend bool operator< __ STL_NULL_TMPL_ARGS (const stack&, const stack&);
public:

typedef typename Sequence::value type value type;

typedef typename Sequence::size_type size_type;

typedef typename Sequence::reference reference;

typedef typename Sequence::const_reference const_reference;

protected:
Sequence c;  //CLI A
public:

/) U FE2F Sequence ¢ HIEETE, Ekk stack HIER(E
bool empty() const { return c.empty(); }
size type size() const { return c.size(); }
reference top() { return c.back(); }
const_reference top() const { return c.back(); }
//deque Z Mk aJi# ], stack &l Y
void push(const value_type& x) { c.push_back(x); }
void pop() { c.pop_back(); }

}s

template <class T, class Sequence>
bool operator==(const stack<T, Sequence>& x, const stack<T, Sequence>& y) {
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return x.c == y.c;

}

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

}
WA stack Tisi f) 7GR A WLt A SR, stack ANl i DRe, AR HEEARES
HREHLBEEBIEN stack KR ER B ITEE:

stack<int,list<int> > istack;

5.queue
queue (BAZID &—Fpoeibde th EURE 4k, FEamddA, &% ¢

SGISTL LA deque YENHRETE L T queue KR, & L UWTT:

template <class T, class Sequence = deque<T> >
class queue {
//EL T _STL_NULL_TMPL_ARGS £/EHFy <>
friend bool operator== __ STL_NULL_TMPL_ARGS (const queue& x, const queue& y);
friend bool operator< __ STL_NULL_TMPL_ARGS (const queue& x, const queue& y);
public:
typedef typename Sequence::value_type value_type;
typedef typename Sequence::size_type size_type;
typedef typename Sequence::reference reference;
typedef typename Sequence::const_reference const_reference;
protected:
Sequence c;  //ACLITE
public:
/) LU 52 F) Sequence ¢ HI#EE, 5k stack HIEE(E
bool empty() const { return c.empty(); }
size_type size() const { return c.size(); }
reference front() { return c.front(); }
const_reference front() const { return c.front(); }
reference back() { return c.back(); }
const_reference back() const { return c.back(); }
//deque ZHL [ H, queue Z/Ehd. B ETH
void push(const value_ type& x) { c.push_back(x); }
void pop() { c.pop_front(); }
s

template <class T, class Sequence>
bool operator==(const queue<T, Sequence>& x, const queue<T, Sequence>& y) {
return x.c == y.c;

}

template <class T, class Sequence>
bool operator<(const queue<T, Sequence>& x, const queue<T, Sequence>& y) {
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return x.c < y.c;

}
REAEETEAAIIN I, queue AL DIRE, WARMEEASR
BEHBERBRIEN queue R ERBIHHZE:

queue<int,list<int> > iqueue;

6.heap
heap J:-AHJES STL A4 4tF, e MG JerE, 3 priority queue f8IF

heap /& —Mi5e4 — XH, S84 XS A SEa, DRI BEAd F—A> vector /B4 heap 45, #R)5iEid
—# xxx_heap 5%, HHFFE heap HIPER

o Ll (FEULZ HIMIiZ push_back) : push_heap

- __push_heap_aux
e __push_heap

e pop_heap (FESLZJ5 M 1% pop_back)

- __pop_heap_aux
e __pop_heap
- __adjust_heap

. sort_heap

. make_heap

- __make_heap

7.priority_queue
Jii44 B S, priority_queue e R A ALK T queue, RFEEEH, EimiEAN. SEEFRH—A
max-heap 56/, BIUCE TR S s

PLR A SGI STL ' priority_queue )€ 3:

template <class T, class Sequence = vector<T>,
class Compare = less<typename Sequence::value_type> >

class priority_queue {
public:

typedef typename Sequence::value_type value type;

typedef typename Sequence::size_type size_type;

typedef typename Sequence::reference reference;

typedef typename Sequence::const_reference const_reference;

protected:
Sequence c; /) GBS
Compare comp; /) TCZEL D
public:
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priority _queue() : c() {}
explicit priority_queue(const Compare& x) : «c(), comp(x) {}

// LU FHIZT make _heap() . push_heap() . pop_heap () #5272 ZHE
// HE—1 priority queue, B SEMRAFIEANTESCas X HI G /=545 ¢, 2R vl
//make_heap () 1E/H K Z 78 75 & HE
template <class InputIterator>
priority_queue(InputIterator first, InputIterator last, const Compare& x)
: c(first, last), comp(x) { make heap(c.begin(), c.end(), comp); }
template <class InputIterator>
priority_queue(InputIterator first, InputIterator last)
: c(first, last) { make_heap(c.begin(), c.end(), comp); }

bool empty() const { return c.empty(); }
size type size() const { return c.size(); }
const_reference top() const { return c.front(); }
void push(const value_type& x) {
1/ SRR B 7 push_back () F#r 76 Z A Kz, FIHEFF heap
__STL_TRY {
c.push_back(x);
push_heap(c.begin(), c.end(), comp);

}
__STL_UNWIND(c.clear());

}
void pop() {
// M heap WHKHE— T T0 5. (HAEEIE#H, T2 EH heap, A7 LUE/EZ#H7 pop_back()
/TG BRI 70 7
__STL_TRY {
pop_heap(c.begin(), c.end(), comp);
c.pop_back();

__STL_UNWIND(c.clear());
}

Fl queue —F¥, priority queue R HE AR AN SPINTIH . A&t Thae, WARMIEREE

8.slist

slist HAFEARHEIREZ 9, H1 SGISTL #2448, slist 1 list A5 [A] A& slist J& FRaER
FBEREANT AR N, (B2 R R amiE s, ArAshit & 23 2R

SGI STL H slist 15 X

8.1 slist ¥

TR AR S 4

/[ B EER ) TR R
struct __slist node_base
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__slist node_base *next;

}s

/. BTRERRF 2R
template <class T>
struct __slist node : public __slist_node_base

{
T data;
}
T UM ORI 4 JRy BR A

// EHIFE—TIH prev_node, J5# 75 new_node A K7
inline __slist_node_base* __slist_make_link(
__slist node_base *prev_node,
__slist _node_base *new_node)

{
// S new FHHHIF— T84 prev TA5H9 F—H 5
new_node->next = prev_node->next;
prev_node->next = new _node; // > prev 1IN R 1l i new 1k
return new_node;
}

J /] EERHIA D Cn AN
inline size t  slist size(_slist node base *node)
{
size t result = 9;
for(;node != 0;node = node->next)
seresult; /)
return result;

}
8.2 slist 1A

IRARER (5E LR

/B EER TS C TR LT
struct _ slist_iterator_base

{
typedef size_t size_type;
typedef ptrdiff_t difference_type;
typedef forward_iterator_tag iterator_category; // ]

X

__slist_node_base* node; ///5/1 /7t AR5

__slist _iterator_base(_ _slist node base* x) : node(x) {}

A

void incr() { node = node->next; } 1/ BT —

bool operator==(const __slist iterator_base& x) const {
return node == x.node;
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}
bool operator!=(const __slist iterator_base& x) const {
return node != x.node;
}
¥

/| EBIRER LA
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 T value_type;

typedef Ptr pointer;

typedef Ref reference;

typedef __slist node<T> list_node;

__slist _iterator(list _node* x) : _ slist iterator base(x) {}
__slist _iterator() : _ slist iterator_base(9) {}
__slist _iterator(const iterator& x) : _ slist iterator_base(x.node) {}

reference operator*() const { return ((list_node*) node)->data; }
pointer operator->() const { return &(operator*()); }

self& operator++()

{
iner(); // it T
return *this;

}

self operator++(int)

{
self tmp = *this;

iner(); // it T T
return tmp;
}
}s

T RBCA A%

FRUEI) STL KIKZE 2870 4 set(BE-A) M map(BLFR)RE, DLAIXN R IRIIAT A multiset( 2 E)
A multimap(Z LS R) . XEEREISHRENLHILL RB-tree(ZL BH) 5. RB-tree & — /ML 5 4s,
{HIEATFII LS SR T8
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AL, SGISTL b4t T — MATEARAERIAS 2 B FOCHR A48 : hash table, L& LItk hash table N JEHL
#1777 5€ i hash_set(HUFI5E4) . hash_map (5 ES %) . hash_multiset(HF ZHES)
hash_multimap(#{51 % 52 i i)

1.RB-tree

1.1 RB-tree KT &K

typedef bool __rb_tree_color_type;

const __rb_tree_color_type _ rb _tree_red = false; // 2L e
const __rb_tree _color_type _ rb_tree _black = true; // /%1

//RB-tree Ty #IE
struct _ rb _tree_node base

{
typedef __rb_tree_color_type color_type;

typedef __rb_tree_node_base* base_ptr;

color_type color; ///if%
base_ptr parent; ///7/7 < 15

base_ptr left; 1/ 15112 1 15
base_ptr right;  ///7/0 7 7 117755

/PSR IR x KR TTRHT RB-tree N 1l HI75 ¢
static base_ptr minimum(base_ptr x)

{
while (x->left != 0) x = x->left;
return Xx;

}

1/ SIS B, x AT A9 RB-tree A WA
static base_ptr maximum(base_ptr x)

{
while (x->right != 0) x = x->right;
return x;

}
}s

//RB-tree #:53
template <class Value>
struct _ rb_tree_node : public __rb_tree_node_base

{
typedef _ rb_tree_node<Value>* link type;

Value value field; //RB-tree 7i:ifjvalue
s

BB S FE value_field F

1.2 RB-tree £/ 58
SGI ¥ RB-tree iEAREF LI N Z
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RB-tree £ 28 BT W AEA DS, (EARSBENLENRE /1. BUdHERAE operator++( )i FH 1 2EIIE LR 1
increment(), J5iR#AF operator-Q A T E KA decrement(). BB 1R (9% 1E47 4 58 24Kk Hs
T XA T R A

/) S CaEREE
struct __rb_tree_base_iterator
{

typedef __rb_tree_node_base::base_ptr base_ptr;
typedef bidirectional_iterator_tag iterator_category;
typedef ptrdiff_t difference_type;

base_ptr node; /) TR BELELEBRINTE K CariE L F RB-tree HY T AT

void increment()
{
if (node->right = @) {// /% node 1771455, WITEZL 7 F T8 47 778
node = node->right;
while (node->left != 0)
node = node->left;
}
else {// 4/ node 47 9%, JHEEE)FH — I Z T R THATH” 1)1 R
base ptr y = node->parent;
while (node == y->right) {
node = y;
y = y->parent;

if (node->right !=vy)

node = y;
¥
}
void decrement()
{
if (node->color == _ rb_tree_red &&
node->parent->parent == node)// /)70 7 F ) node Y header /ff (JhEnode 7y
node = node->right; //end() /) header 77777 /il mostright, 75/m max 7757

else if (node->left != @) {// LA 7P AF57 WFEE) 27 F T 47 7
base ptr y = node->left;
while (y->right != 0)
y = y->right;
node = y;
}
else {// 4R 75T, JHEE)F — 1 1Z T ri s T-HA TP 1915 508
base ptr y = node->parent;
while (node == y->left) {
node = y;
y = y->parent;
}

node = y;
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}
}
}s

//ECHETE
template <class Value, class Ref, class Ptr>
struct __rb_tree_iterator : public __rb_tree_base_iterator
{
typedef Value value_type;
typedef Ref reference;
typedef Ptr pointer;

typedef _ rb_tree_iterator<Value, Value&, Value*> iterator;
typedef _ rb_tree_iterator<Value, const Value&, const Value*> const_ iterator;
typedef _ rb_tree_iterator<Value, Ref, Ptr> self;

typedef _ rb_tree node<Value>* link type; ///5//RB-tree [iilij/7/56 257

__rb_tree_iterator() {}
__rb_tree_iterator(link _type x) { node = x; }
__rb_tree_iterator(const iterator& it) { node = it.node; }

/1 R G JHEEAE KR T RB-tree TixifTvalue

reference operator*() const { return link_type(node)->value_field; }
#ifndef _ SGI_STL_NO_ARROW_OPERATOR

pointer operator->() const { return &(operator*()); }
#endif /* _ SGI_STL_NO_ARROW OPERATOR */

/) I CEHT increment() . #1520 node w7, (EH 75/ 71 RB-tree 7545
self& operator++() { increment(); return *this; }
self operator++(int) {

self tmp = *this;

increment();

return tmp;

}

/) 28T decrement() . EREE 152 node k7, (EHR 75/ BT —1 RB-tree T4
self& operator--() { decrement(); return *this; }
self operator--(int) {

self tmp = *this;

decrement();

return tmp;

}
}s

1.3 RB-tree #AEK)EH
SGI STL ' RB-tree [1]5&
° %)ﬁﬁ{lﬁ
- W RNAFERRRAE
o JPECH R get node
° FBEICT A put_node
o QIETIA: create_node
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e FEDIFTA: clone node

LA B

o Y A: destroy_node
- BRI R

. left
e  right
. parent
o value
e key
color
e RB-tree ﬁaﬂi

£1]7# 4% RB-tree: rb tree

° ¥tk init
- 3RE root FiA: root
- REUERA TR leftmost
- REURA T A rightmost
- REGELET A begin
- REUOK YT A: end
- RN empty

- K/B: size
- WATA:
o WWRAMEM—IC: insert_unique
- __insert
. __rb_tree_rebalance

- __rb tree_rotate_left
- __rb_tree_rotate_right

e AW AMEESR: insert equal

- __insert ([d]_I)
e _rb_tree_rebalance (Jd] )
- __rb_tree_rotate_left (& )
- __rb_tree_rotate_right ([7].I")
- TLEEE:
. find

2.set
SGISTL H set {5 L

set MIFITAT TR B AR To R IO BME H 2l 7. e e 2 S(E,  SHERUEBE . set ATRVFPIA
TEER B FEE

template <class Key, class Compare = less<Key>, class Alloc = alloc>
class set {
public:

P FISE (TR, PR 2 1142 7] —
typedef Key key_type;
typedef Key value_type;
typedef Compare key_compare;
typedef Compare value compare;
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private:

typedef rb_tree<key type, value_ type,
identity<value_type>, key_ compare, Alloc> rep_type;

rep_type t; // A& —FERB-tree, 1T/l RB-tree K#H set
public:

//iterator & X% RB-tree /lJ const_iterator., #vset WIE(CisLFH 1T 51 F
typedef typename rep_type::const_iterator iterator;

}s

set FIJCREMAEE, RAP set JTLEMASIN . KIEAFEIEN set HIIEFCE A set HIITERE. set
B HE AR 5 U RB-tree FfJ const_iterator LAPT 1E1& 14

set FTIFM & FhEefEE2 0, RB-tree tHERHE T, FTLAJLT-FART set #/E1T N, #H R LA RB-tree
IR N 2

3.map

SGI STL 1 map [1)5¢ L

map [T TCR SRE T R BE B s Re . Iri s #l2 pair, [N PP RAELMSHEH, o x
WA SRAE, A TR SHE. map ARV e PG AR R 1B E

template <class Key, class T, class Compare = less<Key>, class Alloc = alloc>
class map {

public:
typedef Key key_type; /7 BEFEL
typedef T data_type; /) SR

typedef T mapped type;
typedef pair<const Key, T> value type; // #EEX], RB-tree i #jvalue F57H
typedef Compare key compare; // /#7404

private:
typedef rb_tree<key type, value type,
selectlst<value_type>, key_compare, Alloc> rep_type;
rep_type t; // A& —FRRB-tree, {Z/l/RB-tree K7 map
public:

/ST set Aa], 0 IE e
typedef typename rep_type::iterator iterator;

// Tt lE
T& operator[](const key_ type& k) {
return (*((insert(value_type(k, T()))).first)).second;

}
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/[ FEALEE

pair<iterator,bool> insert(const value_type& x) { return t.insert_unique(x); }
}s

A LU map AIAR SR BEUT RN SHUE, AREBBUTRIEE

map P& FhiEd: 1, RB-tree HEREME 1, FrCULFATPA Y map #/E1T N, #IR 2#HH RB-
tree NERAIEIT AN C

4.multiset
SGI STL H set [{)5E L

multiset FJRFE S HRER set e AR, ME— R ZERI7E T AAVFEME A, BABRIERH 2 K ENL ]
RB-tree [ insert_equal()fi3F insert_unique()

5.multimap

SGI STL ™ map [1J5E L

multimap FIREME & AR map eI, ME—WZE T ERVFEMEESR, HARMER-ANZSRZE
ffill RB-tree [1] insert_equal()3E insert_unique()

6.hashtable

SGISTL H EAJTHE 7SI hash table, hash table i 1 T oM, AR A& 1 a7 B M
T, RE AT

template <class Value>
struct _ _hashtable_node

{
__hashtable_node *next;
Value val;

s

6.1 hashtable K& 5%

template <class Value, class Key, class HashFcn,
class ExtractKey, class EqualKey, class Alloc>
struct __hashtable_iterator {
typedef hashtable<Value, Key, HashFcn, ExtractKey, EqualKey, Alloc>
hashtable;
typedef __hashtable_iterator<Value, Key, HashFcn,
ExtractKey, EqualKey, Alloc>
iterator;
typedef __hashtable _const_iterator<Value, Key, HashFcn,
ExtractKey, EqualKey, Alloc>
const_iterator;
typedef _ hashtable node<Value> node;
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typedef forward_iterator_tag iterator_category;
typedef Value value_type;

typedef ptrdiff_t difference_type;

typedef size t size type;

typedef Value& reference;

typedef Value* pointer;

node* cur; /A CaE H BT 7519 77 0%
hashtable* ht; // 151 P hashtab Le

__hashtable_iterator(node* n, hashtable* tab) : cur(n), ht(tab) {}
__hashtable_iterator() {}

reference operator*() const { return cur->val; }

pointer operator->() const { return &(operator*()); }

iterator& operator++();

iterator operator++(int);

bool operator==(const iterator& it) const { return cur == it.cur; }
bool operator!=(const iterator& it) const { return cur != it.cur; }

}s

BT BEERAEE e 2N HRTFTFRROTS At &, AU — M BT ), BT A2 BT list W, Br RO Y
AU next FREFRD AR Z) 580, WS H I AIELE &2 list [0 R, BiEkE N —A> bucket &, EIELFIRIAIT
—A list AL HT A

template <class V, class K, class HF, class ExK, class EgK, class A>

__hashtable _iterator<V, K, HF, ExK, EgK, A>&

__hashtable iterator<V, K, HF, ExK, EgK, A>::operator++()

{

const node* old = cur;
cur = cur->next; /J/UIFEFAE, AT HIHALLTF Af i
if (lcur) {
/) RIETCZ N, EH T —7 bucket, J#LALMGEAEFNTHTH HIH
size type bucket = ht->bkt num(old->val);
while (!cur && ++bucket < ht->buckets.size())
cur = ht->buckets[bucket];

}

return *this;

}

template <class V, class K, class HF, class ExK, class EgK, class A>
inline __hashtable_iterator<V, K, HF, ExK, EgK, A>
__hashtable iterator<V, K, HF, ExK, EgK, A>::operator++(int)

{
iterator tmp = *this;
++*this;
return tmp;

}
hashtable [JiEACE8% A 5B H-/E, hashtable A & XVriHE I A %A 28

6.2 hashtable F]SZH1
SGI STL H hashtable )52 Y
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template <class Value, class Key, class HashFcn,
class ExtractKey, class EqualKey, class Alloc = alloc>
class hashtable;

template <class Value, class Key, class HashFcn,
class ExtractKey, class EqualKey,
class Alloc> // LA, (1254 Al Loc 2241 al Loc
class hashtable {
public:
typedef HashFcn hasher;
typedef EqualKey key equal;

private:
// LUF 3 Z#5# function objects
hasher hash;
key_equal equals;
ExtractKey get key;

typedef __hashtable node<Value> node; //hashtable 17/ 57/
typedef simple_alloc<node, Alloc> node_allocator;

vector<node*,Alloc> buckets; //hashtable /71404, Llvector ik
size type num_elements; /) ICE T

};...

SGI STL PABTECKBETHRAR AN, FFH IR 28 Ml GEAT2IIRL 2 1515C 5D 1HHELF, LEBER U5
W, [RINHRAE—A %, FREWERX 28 AN, SO T HHC 1L

static const int __stl_num_primes = 28;

static const unsigned long __stl prime_list[__stl num_primes] =

{
53, 97, 193, 389, 769,
1543, 3079, 6151, 12289, 24593,
49157, 98317, 196613, 393241, 786433,
1572869, 3145739, 6291469, 12582917, 25165843,

50331653, 100663319, 201326611, 402653189, 805306457,
1610612741, 3221225473ul, 4294967291ul

}s

// IZEREHE next_size () Irif/H
inline unsigned long __stl next_prime(unsigned long n)

{
const unsigned long* first = _ stl prime_list;
const unsigned long* last = _ stl prime_ list + _stl num primes;
const unsigned long* pos = lower_bound(first, last, n);
return pos == last ? *(last - 1) : *pos;
}
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6.3 hashtable #E/ERISZH

- WRAAFER

o QT new_node
o YT A delete_node
e hashtable #/E
- BUZEZ n 4> bucket [¥) hashtable: hashtable
. initialize_buckets
AT A
o  ARVHMEER: insert_unique
- KA EH I bucket: resize
- insert_unique_noresize
o  RWEMHESE: insert_equal
- KW A EH I bucket: resize
- insert_equal_noresize
- PEAYHLTTER bucket
o EZYHA buckets ME: bkt num
. N2 528 : bkt_num
o RRSEHME: bktnum_key

o HAZBE{EA buckets MNE: bkt num_key

- iFBR: clear

- H#l: copy_from

- #ITE: find

- S ENM: count

6.4 hash functions

(A D

hash function & THEICRAE R KL, SGLRXTUES MR T T bkt_num(), FH BRI IX EER L

hash function, HUf5—>7] LUG hashtable #ATHUSH FME . £1%F char, int, long Z5%£%]

[ hash functions WM, HZESIRA JEHE
inline size t __stl_hash_string(const char* s)

{
unsigned long h = 0;
for ( ; *s; ++s)
h = 5*h + *s;

return size_t(h);

}

__ STL_TEMPLATE_NULL struct hash<char*>
{

size_t operator()(const char* s) const { return

}s

__STL_TEMPLATE_NULL struct hash<const char*>
{

size t operator()(const char* s) const { return

}s
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__STL_TEMPLATE_NULL struct hash<char> {
size_t operator()(char x) const { return x; }

¥
__STL_TEMPLATE_NULL struct hash<unsigned char> {

size t operator()(unsigned char x) const { return x; }
}s
__STL_TEMPLATE_NULL struct hash<signed char> {

size_t operator()(unsigned char x) const { return x; }
}s
__STL_TEMPLATE_NULL struct hash<short> {

size_t operator()(short x) const { return x; }

¥
__STL_TEMPLATE_NULL struct hash<unsigned short> {
size t operator()(unsigned short x) const { return x; }

}s
__STL_TEMPLATE_NULL struct hash<int> {

size t operator()(int x) const { return x; }
}s
__STL_TEMPLATE_NULL struct hash<unsigned int> {

size_t operator()(unsigned int x) const { return x; }
}s
__STL_TEMPLATE_NULL struct hash<long> {

size_t operator()(long x) const { return x; }
s
__STL_TEMPLATE_NULL struct hash<unsigned long> {

size t operator()(unsigned long x) const { return x; }

1
7.hash_set
SGI STL H hash_set [175¢ X

hash_set P\ hashtable NJ&ZH14], HT hash_set ATt [K#{F 210 hashtable #R$24L T, ATLLJLFERTH
] hash_set 41T N, #F R 24 HH hashtable /T NI E

8.hash_map
SGI STL  hash_map [)5E L

hash_map L) hashtable NJi& )21, BT hash_map Tt I#fE# 0 hashtable #&4L T, ATLAJLT
B 1) hash_map #E1T 4, #2725 M hashtable FI#/EAT N C

9.hash_multiset
SGI STL ' hash_multiset [15 .

hash_multiset A1 hash_set St _FRME—ZERITET, BIE R oG A E/E R K Z ] hashtable )
insert_equal(), J&# /2 RH insert_unique()

10.hash_multimap
SGI STL ' hash_multimap 172 X
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hash_multimap F1 hash_map SZIL_EFME— 22076 T, A7 & 170 236 AN A E K S Z ML hashtable [
insert_equal(), J&# & XH insert_unique()

VAR A3

1.X [a]#% )N

1.1 copy
SGI STL ) copy HERIS &FhIp, CIGREERL FAURE. R0 S gt £ TR S AT R I s 2

o ZALRRA
- copy
o VZAUHA: _copy dispatch
- fRA—: _copy
- FRA: __copy
. __copy_d

. PRF LA . copy_dispatch
- _copy_t GREHIHEXN REA trivial...)
- __copy_t GGREFPTHEX R EA non-trivial...)
. fiF LA . copy_dispatch
- _copy_t (Jd )
I A&
- copy (EX const char*)
- copy (5%} const wchar_t*)
copy HHINIX[A][first,last) N HIJCR M 2t XA [result,result+(last-first) )N, WELRZL,
ERPITIRE S E*result = *first,*(result+l) = *(first+l),... KIREHE, RE—EREE:
result+(last-first). copy X3 template Z AT E R K& FIRE S i . HAAIXE R 7 b
inputiterators #J & R1 AT, %yt X8 A 755 i1 Outputlterator FKEI ], XEBRE T DMER copy Hik,
MBI —BRX RN E, SH2UER A SPEf—BXE

HH 45 DU, 6 T A T memmove() FIRAS, R R B BIX A1 5 YE X (8] = A 1 HOL .
memmove() & ALEE X 8] H A (115 30

copy 2= A5 IXIE N TG ERR T BE, A=A IeER . e AR H XA Pk Res M. #h)
WL, copy MREEIEZARK THRIBATEST . WRBEITEIBNTIIZHN, BT HIERT
insert il G BREL, BEAMER copy BIEIFERC insert_iterator
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1.2 copy_backward

copy_backward ¥[first,last) X[ FIRE—Ick, PAEATHIT MIEHIBILL result-1 ML &, 7 HITRA
WATHIXE) Lo A iEiUil, copy_backward HiESHATIRERR/E*(result-1) = *(last -
1),*(result-2) = *(last - 2),...LCABESHE, IRFEI—M%EES: result-(last-first)

copy_backward 52 LA JiE Bidirectionallterators, 7 AN {3147 10 ji”

2.set fHRFHE

XEIT ) 4 DEIEFTHESZH set, WMAURAFXIE, JCRFAERESE . #a)iEu, e LI STL 1)
set/multiset 2 #F1E N4 A X[A]. hash_set/hash_multiset FiF% %%, LA hashtable NEKZEHLH], FH AT
FIEREIMHAPIRE, Frbl AR PR AT set FFF,  ZIARRT N HT-3X BLR) 4 A5

2.1 set_union
XARBCRES s1 M s2 (4. s1 Ml s2 SRR R DA P X AR, sRBuR Al — M3, 181A)
i L DX TRD ) i

s1 fl s2 WINRE N JCR AT ZnfE—, A, WRIEAMETE s1 tHBin B, 7F s2 tHI m Ik, IBAZMETE
i X T8) A 2 tH B max(m,n) Ik
SGI SLT ' set_union [1J52H, #VEREIUIT

2.2 set_intersection
XA BRBORES s1 M s2 HI5E . s1 A s2 ARG FPIX A0 . BRsoR [al— AN A, 45
i £ DX T B S8

SGI SLT " set_intersection )28, FEAERBIUTT -

2.3 set_difference

ZRBTENMES IZEE, Z st NE NS s2 NEZASEIN, 1HH s1-s2. WE“HILT s1
EAHIT s2"f— ooz . s1 M s2 LR U XA R oK. sR#oR Il —MERE, famdm
DX [i] ) e g

SGI SLT ' set_difference [FJ=2H, EEAERBEILIT

2.4 set_symmetric_difference

XA BRHORES s1 M s2 KIS IRZELR, Wl CRMEHES s1-s2 5EE s2-s1 BF5%E, NE“H
BT s1 AT s2? U HIT s2 EAMILT s1" i — DItk sl s2 KHXRZEL A Z U
X oR, IR EHE R NSRS, T X TR R o

HT s1 f1 s2 WIREAN SR AN TREEME—, RIan REAMELE s1 13 n B#h, 7E s2 B m K, IBAZIELE
i X 8] AR 2 BB n-m | ¥R
SGI SLT H set_symmetric_difference (528, #EAEREITT:
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3.HEFF sort
sort ERAE N IEACES NEENLIEACES, R HEEXT vector A1 deque #H4THEF

STL (1] sort 5Hv%, #E KK Quick Sort, 7 BUdAHT . — B BUREHRE /N TR, H
¥ b, Quick Sort (13 YT F 45 Rk KIAAM 747, wielFH Insertion Sort. 40 F i HJE UOSE, &2 H
Heap Sort

PL NN SGISLT 1) sort SZHi.:

. sort
- _lg
- __introsort_loop
o MFXIJAKT__stl_threshold(16)i A 3847, 750 H Al
- CHIRFERRGIA 0 BF, SR MEHR
- CHIRIERRSEIRT 0 B, 4RSS IAHTY
- _final_insertion_sort (JtEf, CZEREAFF)
o HAIX (AKX F__stl_threshold(16)
- XFRETHER/N N 16 WX EF :  insertion_sort
o __linear _insert
- __unguarded_linear_insert
- WEHMXIEEH: _unguarded insertion_sort
e __unguarded_insertion_sort_aux
- __unguarded_linear_insert
o CUEUIX[Al/NTAET _stl_threshold(16)}
- . __insertion_sort ([F]L)
4 B
PR ] B R
. EHR
- adjacent_find (AHRE X LKA CER, IR B — o RS
o A
. ks
- find

- find_if (AJPAFRE#AE)
- find_end (7EX[8]—HE 3K X 0] 55— R EBIHALED
o RA—
- FARIEAES R : _ find_end
- XmERESRR: _ find_end
o A (ArLAFREEE)
- FRIEAESRR: _ find_end
- XAEAESR: __find_end
- find_first_of ({EX[A]—H 2L X A A {F—n R HE — R A
o hRA—
o AT (RVFHRERAD

- max_element
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N ¥ N
o AT (R HLBERED
- min_element
N N
o AT (RFfEE HLBERED
- search (fEJ7I—M X [A/H & HTF 51 18 3R
o JRA—
o AT (RWTREERE
- search_n ({E/F4—h&EHIES: n N B K TR TS

o JRA—
o RAC
giit
- count (T RHMEMNED
o  JRA—
o A GHEEERNSHEN)
- count_if (AJUL¥EEEAE)
e JRAE—
o AT GHEEENSEEN)
X B ¥ AE
- for_each CEieR%L f AT THEE XA, f ARVHMENOTER, FIONEMRZREE
Inputlterators)

- generate CHAOTRREL gen MBS 45 FIE 248 € XE K P R D
- generate_n CKEH{J7 BR%L gen Hia 5 45 RMMEFIEALS first TFLAR n ANJCE 1D
- partition CARIUETTE RGN ED

- stable_partition (fR&EJCE PIRIGAXS AL ED
- remove (XJEK/NIFAKRIZZRN, FEBRKITRSPUGHPER, XERBHSHLRR, &
[l i 17 55— MR T R AIIEAES)D
. remove_copy
- remove_if
. remove_copy_if

replace
replace_copy
repalce_if
replace_copy_if
reverse
o EAREAXAIERE: _reverse
o KRB NBENLIEAES: _reverse
- reverse_copy
- rotate CRf[firstmiddle) #[middlelast) IR B4, middle Friginai AR aE —AIos)
o KA NAFHENALE: _rotate

o IEARER NXUEIEARSS:  rotate
o BRI NEENLEASS: __rotate
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- __gcd
-  __rotate_cycle
- rotate_copy

- transform
e JRAE—
o« A

- unique (BRAHSEMIE S usR, DAUAHSE, BrCAZUEHET . 1 remove —FF, &HER)
o JRA—

o AT (RRVFHREBRIE)
- unique_copy
. IEAAR A AT IEAAS: __unique_copy
o AR M BRI (AREED: __unique_copy

- __unique_copy

o MX[EIEEAE
- includes CHIWrIX |8 — 2 BT XE—, PHAXIELIET)
o RA—
. A

- merged (FIHFMANXIEL, BT 5 —BEE, RERALSRPIIRE TR T O AEFEEE
o A
o A (RRVHRERI

- swap_ranges CEIX[H—MICES first2 FFESEANE oR B
BORE F R
. B
- lower_bound (5T value MEE—NICRMAE, AEENREIZE —MEAR)
o JRA—
- BRI EMANEAREE: _lower bound
- IR RMENLIEES:  lower bound
o AT (FfRE LLBERE)
- upper_bound (ZE# value WG — MAA R, BIUWRAFEITTERET value, HAARSG—
NET value FITCHEZ )
o fRRA—
- EARERAMETEREE:  upper_bound
- IERERRREYLIERAS:  upper bound
o AT (iFfRE LLBEERE)
- binary_search
o JRRA—
o AT (iFfRE LLBEERE)
- equal_range CGR[A[—XFiEMAS1 1), i/2 lower_bound I%5R, j /& upper_bound HI45E )

o fRA—
- EREREAMETEEE: equal range
- BRI EREALERES:  equal range
o HXEHEIE
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next_permutation (327 SFPitH T —MHSIA & . FIRBA: R mIHGE TSR
TR, LH—DICRNM, FEADIeER NN, B i<k, REZHE-HMLTRG,
P R T AarE ks, FREIHE KT Moes, won, K i, j ooEdiE, mR i 2
JE I T A TR B HES . W T — M E)

o« RA—
o A
prev_permutation ((ZFHFIHE E— MG, FIREME: iRt e ar 4R 4

BT ER, 2H—ATmENN, BT E NN, Hiaisri. HEIXE AL TR,
PN R T U RTA S, B —A/ DT R, B8N, B i, j R, i 2
Ja BT A TR BRI e N — NS4 A

o JRA—

e RAZ
random_shuffle

o A (FHNEEENEEASS)  random shuffle

o AT (R AR IR ED
partial_sort CFf middle-first Mg/ JeEHEF HE T [firstmiddle), H AR ICEAAE middle F
L) e S i)

o JRA—

- __partial_sort
o AT GEfTiRELEERE)

- __partial_sort

partial_sort_copy
o« A
o AT (RVFEE BRI
inplace_merge
e inplace_merge_aux
- ABUMOZEMIXE:  merge adaptive
o NFRIL BN, BORRIR AL 1

o YA 2 BN, HEMWX EWREINTFI) 2
o MZEMHIXAELIEGTFH) 1 MFAH 2 rotate_adaptive

nth_element
. __nth_element

AR
75 STL FRIEHING 5 55 0798 BOR R B A 93 44 B

PRACRETI B GAE T ASREWIL STL XHIRMERIZER, AR L PAFRUR ZE R —— s B A
STL Hedift (id&lcss) 500, P RGN
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LSEIN S, DiRR B — N T NI B B 5, N T BERE AT N SRR B, HERA e R b i
H & X function call 25T . HEXFENZHE TG, Binl EG R ?ﬁﬁ’]ﬂ%):ﬁmi*ﬂd\%ﬁ, DL
F 477 51 80 7€ L) operator()

STL 15 BREL 1 328, B VBAERI AN 3, o A— e Motk 8, = ULoheekl 4y, o hE ARz
|, RRBH, ZHisH =Rk

ATAR] N FHFE P AR STL INZEIIFRR L AR A0S NSk e, SGL NP E AT 15EBR 8 T <stl_function.h>3k
A

1.7 BRE A B2

STL {7 BREUNAZA BE /I8 R BCE L 23 1E 1, IR EIR — e R B2, A TIAERCRE /1, B— MR
IAE CH ORI N Y . A8 i SR Rl NEEAS STL K5 g, D AUKIEHEE L EHCR 5 M
MR —FE, IXUEAH RN T AEERC SRR AL ENE , RIS B AU s E B

175 PR B PIAE B 2878 = B R R I R B S BB AE BB R

TR, <stl_function.h>3E L 7 A classes, 43 AARE — o4l R — Jofli sk (STL AR =Tt
FER%ED , HE T data members B¢ member functions, MEFG —LeSHI 2 X, AR5 BB % R AR YR
%ﬂ?iﬁﬁﬁ_ﬁb\qﬂ* I class, #tEzNHAE T HLAHN A, Mgt 17 ERhE

N

1.1 unary_function

unary_function F3K 53— 70 BRET ) 2 B BRI (A2 7 .
template <class Arg, class Result>
struct unary_function {
typedef Arg argument_type;
typedef Result result type;
s

1.2 binary_function
binary_function F>R 2 CREHIE —SHEA, HoSHERM, DLOREERAL.

template <class Argl, class Arg2, class Resu1t>
struct binary_function {

typedef Argl first_argument_type;

typedef Arg2 second_argument_type;

typedef Result result type;

}s

2 H AR R

LR STL W BA KGR R, W T e ok, REmR— Ttak:
e J¥%: plus<T>

e J#i%: minus<T>

e J&¥A: multiplies<T>

o [R¥E: divides<T>

d B : modulus<T>

* 57 : negate<T>

template <class T»>

struct plus : public binary function<T, T, T> {
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T operator()(const T& x, const T& y) const { return x + y; }
¥

template <class T>
struct minus : public binary function<T, T, T> {
T operator() (const T& x, const T& y) const { return x - y; }

}s

template <class T>
struct multiplies : public binary_function<T, T, T> {
T operator()(const T& x, const T& y) const { return x * y; }

}s

template <class T»>
struct divides : public binary function<T, T, T> {
T operator() (const T& x, const T& y) const { return x / y; }

}s

template <class T>
struct modulus : public binary_function<T, T, T> {
T operator()(const T& x, const T& y) const { return x % y; }

}s

template <class T»>
struct negate : public unary_function<T, T> {
T operator()(const T& x) const { return -x; }

}s

3R REBHREN B

LAR 9 STL W “K RISHEEBMREC, 02 —IcisH.

e %T: equal_to<T>

e AZTF: not_equal_to<T>

e KRT: greater<T>

o  KTHET: greater_equal<T>

o /N less<T>

o /NFEEET: less_equal<T>

template <class T»>

struct equal_to : public binary function<T, T, bool> {
bool operator()(const T& x, const T& y) const { return x == y; }

}s

template <class T>
struct not_equal_to : public binary function<T, T, bool> {
bool operator()(const T& x, const T& y) const { return x != y; }

}s

template <class T>
struct greater : public binary_function<T, T, bool> {
bool operator()(const T& x, const T& y) const { return x > y; }
}s
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template <class T>
struct less : public binary_function<T, T, bool> {
bool operator()(const T& x, const T& y) const { return x < y; }

}s

template <class T»>
struct greater_equal : public binary_function<T, T, bool> {
bool operator()(const T& x, const T& y) const { return x >= y; }

}s

template <class T>
struct less equal : public binary_ function<T, T, bool> {
bool operator()(const T& x, const T& y) const { return x <= y; }

}s

4325 IEHRAT R

DA STL Wi “@Hia iR %, HA And 1 0r & —Juig ., Not N—JticH:
o WHIEH And: logical and<T>

o  WHHIEH Or: logical or<T>

o WHIEH Not: logical not<T>

template <class T>

struct logical_and : public binary_function<T, T, bool> {
bool operator()(const T& x, const T& y) const { return x && y; }

}s

template <class T>
struct logical or : public binary_function<T, T, bool> {
bool operator()(const T& x, const T& y) const { return x || y; }

}s

template <class T>
struct logical not : public unary_function<T, bool> {
bool operator()(const T& x) const { return !x; }

}s

5AE[], %G
CH+ AR I ARIA 51X AR AT — MR, A BT AAE T B SEI s A v sl . £ SGI
STL 1 HISEHLANT -
/) UFIARR A AF IR MR T, A S
/I REE F<stl_set.h>, KI5 ERB-tree Fril KeyOfValue op
/R Fg set TLFERTEE(E RIS, HrEl R identity
template <class T>
struct identity : public unary_function<T, T> {
const T& operator()(const T& x) const { return x; }

}s

/) EFFRH: BEZ— 1 pair, (IR
// BEEREEE T T<stl_map.h>, JK75E RB-tree /i /i KeyOfValue op
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//HiIFmap FL pair 70 ZFHIFE — 0 Z K H G, HrelRk/ selectlst

template <class Pair>

struct selectlst : public unary function<Pair, typename Pair::first_type> {
const typename Pair::first_type& operator()(const Pair& x) const

{

return x.first;
}
¥

/) EFFEE: 22— pair, (SR FE 05

//SGI STL FARBH I r#

template <class Pair>

struct select2nd : public unary_function<Pair, typename Pair::second_type> {
const typename Pair::second_type& operator()(const Pair& x) const

{

return x.second;
¥
s

/) AT (LIRS —25, RN 2

template <class Argl, class Arg2>

struct projectlst : public binary_function<Argl, Arg2, Argl> {
Argl operator()(const Argl& x, const Arg2&) const { return x; }

}s

/) B ERE: (EIEFE 25, RIEHE—ZH

template <class Argl, class Arg2>

struct project2nd : public binary_function<Argl, Arg2, Arg2> {
Arg2 operator()(const Argl&, const Arg2& y) const { return y; }

}s

J\BRCAR
SERCARTE STL AL MREALEIZ DD e b, BBk, He e g fa oo

STL FridfitiySMpiEhces: 1 SURMREERID#E, FONREGERLES: 2) BRSO HE, RS
TERCEY; 3) HUREE RO E, FOEAERL A

1A B2

STL R LN BF2SIERLES: queue F stack, ‘B MEM deque A% i A= BT A2 2% U5

stack [JERJZH deque ¥l stack HHUFE T FTAR deque XH4MEL, RIFHAFF S stack 5 TLAN BEEL
queue [MJ&ZWH deque HH%. queue HHHUE T FrA K deque X 4MEIT, RHFAFE queue J T LA

stack Fl queue [ EL 44 026 Y 2=
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2K RAHERC 2
STL 24t T F Z N H TS LG, B
1. insertiterators: ] PAAG— AR IR AE S0 E 5 AN H NBAE, AT L N R LA

- back_insert_iterator: &[4 51 b H4E N A E

- front_insert_iterator: F[JH 50 # K AN EAE

- insert_iterator: A LAMAERAL B AT AL

BT b 3 AMEREIE HE OAR T 2BEM, ik, STL $24t 7 = AE R &% A DR RIEAR
8

2. reverse iterators: ETEl*%**ﬂﬁﬁgfﬁﬁﬁﬂﬁﬁfﬂij3ﬁﬁﬁi??
3. iostreamiterators: AJ PLKFIEARERZEE RIS iostream X 4 & I

- YREF| istream XH E L, RN istream_iterator, A FiAILEE
- B8E 3 ostream X R E L), FRN ostream_iterator, A %iHThRE
C++ Standard M & EMIEO W DFEHIRTE, SGI STL K& f152br & X F <stl_iterator.h>

2.1 insert iterators

insert iterators LI FEMSR: £ insert iterators N EFELETH N8 (WIHHHTEE) |
HAIE B ORERES, T92, 4% 5 insert iterators (URMAEHERAERS, HEAE insert iterators H1
e RS A AR ANIRAE (a2, A R)Z 2545 1) push_front() 2% push_back() % insert())

HE IR W4T NN operator++. operator++(int). operator*##i <], XA ML operator-H
operator-(int)B% operator->%5IhfE, KA E N output_iterator_tag

1) back_insert_iterator
template <class Container>
class back _insert_iterator {

protected:
Container* container; ///iL 7/
public:
typedef output_iterator tag iterator category; /) A CHIET
typedef void value_ type;
typedef void difference_type;
typedef void pointer;
typedef void reference;

/) G RE . A — B4, (Eback_insert iterator 7 ELFK

explicit back insert iterator(Container& x) : container(&x) {}

/TR 1E R F

back_insert_iterator<Container>&

operator=(const typename Container::value_type& value) {
container->push_back(value); // 11 T 1 i 7200 /1 75 45 1 push_back ()
return *this;

}

// LU 3 INEIEN back_insert _iterator FEETEH (FKHIT1EE)

/) = IMRIEFATR [EI T #5E back_insert_iterator K
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back_insert_iterator<Container>& operator*() { return *this; }
back_insert_iterator<Container>& operator++() { return *this; }
back_insert_iterator<Container>& operator++(int) { return *this; }

}s

/) BT ER A, FEREAN T/ back_insert_iterator

template <class Container>

inline back_insert_iterator<Container> back_inserter(Container& x) {
return back_insert_iterator<Container>(x);

}

2) front_insert_iterator
template <class Container>
class front_insert_iterator {

protected:
Container* container; ///C/ 75
public:
typedef output_iterator tag iterator category; // /057
typedef void value_ type;
typedef void difference_type;
typedef void pointer;
typedef void reference;

/) PEFRF. fEA— B4, € front_insert_iterator 5 &#E kK

explicit front_insert_iterator(Container& x) : container(&x) {}

/1 IR 1EHEE

front_insert_iterator<Container>&

operator=(const typename Container::value_type& value) {
container->push_front(value); // Ul ) A id A 720 7575 push_front()
return *this;

}

// LUF 3 INETEXT Front_insert_iterator INETEH (A

/) = IRIEAFR [T HIEE front_insert_iterator A [

front_insert_iterator<Container>& operator*() { return *this; }

front_insert_iterator<Container>& operator++() { return *this; }

front_insert_iterator<Container>& operator++(int) { return *this; }

}s

/)RR, BN EE/ front_insert_iterator

template <class Container>

inline front_insert_iterator<Container> front_inserter(Container& x) {
return front_insert_iterator<Container>(x);

}

3) insert_iterator
template <class Container>
class insert_iterator {
protected:

Container* container; /) E R

typename Container::iterator iter; 1/ CEB I EACas (2 TMAZECEH A
public:
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typedef output_iterator tag iterator category; /) A CHE

typedef void value_ type;
typedef void difference_type;
typedef void pointer;

typedef void reference;

/) GRS EA— B4, [Finsert iterator 5 7SIz ik G308 e tc Fe
insert_iterator(Container& x, typename Container::iterator i)
: container(&x), iter(i) {}
/1 TR 1EHEE
insert_iterator<Container>&
operator=(const typename Container::value type& value) {
iter = container->insert(iter, value); //Ul/7/2/F1) 27200 750307 insert ()
++iter; //ftinsert iterator KiLhEH H i3 #5)
return *this;
}
// LR 3 INETEXS insert_iterator NEEWH (FHIL)GE)
/) = IRIEFFR A #5E insert_iterator A
insert_iterator<Container>& operator*() { return *this; }
insert_iterator<Container>& operator++() { return *this; }
insert_iterator<Container>& operator++(int) { return *this; }

}s

/)RR, TEFN T EEH insert_iterator

/) FIFT2 PMGAELCHENZ, B LHL GG HIMEN — T E B a5 C 4

template <class Container, class Iterator>

inline insert_iterator<Container> inserter(Container& x, Iterator i) {
typedef typename Container::iterator iter;
return insert_iterator<Container>(x, iter(i));

}

2.2 reverse iterators
] BLid s — AR B A2 1 rbegin(), A1 rend () RIRHUFI LA (1S AT ZE0 A N 25 A b 1
1 begin(),end(), &K rbegin()F rend(Vi i [F] T [ HIE R B m P2 4S slist ART{EH reserve
iterators. £ YSZF4U0 stack. queue. priority_queue H AR begin(), end(), MARMELEA rbegin()
F1 rend():
template <class T, class Alloc = alloc>
class vector {
public:
typedef T value_type;
typedef value type* iterator; // 75 /Uit
typedef reverse iterator<iterator> reverse_iterator; // .7/ %/ Ui s
reverse_iterator rbegin() { return reverse_iterator(end()); }
reverse_iterator rend() { return reverse_iterator(begin()); }

b

template <class T, class Alloc = alloc>
class list {
public:
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typedef __ list iterator<T, T&, T*> iterator; // "/ /ut/Ci
typedef reverse_iterator<iterator> reverse_iterator; //.i/m /U5
reverse_iterator rbegin() { return reverse_ iterator(end()); }
reverse_iterator rend() { return reverse_iterator(begin()); }

b

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

class deque {

public:
typedef _ deque_iterator<T, T&, T*, BufSiz> iterator; // 2/l l/UAi s
typedef reverse_ iterator<iterator> reverse iterator; // i/ U E
iterator begin() { return start; }
iterator end() { return finish; }
reverse_iterator rbegin() { return reverse_iterator(finish); }
reverse_iterator rend() { return reverse_ iterator(start); }

1E A IAARES A A s A RS 12 R B A0 T -

BEXFMZEM ERR, MO A IERERIR X RO — AW kRS X A G, A DA
FANGEE, T PALE RS IR AN [ AR A XA R v, DU I e I Ab B X E] iR — A e &R
reverse_iterator SEHLUIT :

template <class Iterator>
class reverse_iterator

{
protected:
Iterator current; // 0/ Wik i/t
public:
/1 AT 5 FIAE ST XS B IE 1] A Cas 4 Je]
typedef typename iterator_traits<Iterator>::iterator_category
iterator_category;
typedef typename iterator_traits<Iterator>::value_type
value_type;
typedef typename iterator_traits<Iterator>::difference_type
difference_type;
typedef typename iterator_traits<Iterator>::pointer

pointer;
typedef typename iterator_traits<Iterator>::reference
reference;
typedef Iterator iterator type; /) FCFIE [ 1
typedef reverse iterator<Iterator> self; [/ 1CE [ O

public:
reverse_iterator() {}
[/ P B BRG] 24 A C s 5 AL [ G x KRR
explicit reverse_iterator(iterator_type x) : current(x) {}
reverse_iterator(const self& x) : current(x.current) {}
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}s

//base( ) /L7 e EE AT A IF A T
iterator_type base() const { return current; }

/) XS] A CAF I ARG XS W I Je] A G S B — A I R 1 BBRR
reference operator*() const {

Iterator tmp = current;

return *--tmp;

}

/BB, ++ A -
self& operator++() {
--current;
return *this;

}

/)T B, ++ -

self operator++(int) {
self tmp = *this;
--current;
return tmp;

}
/)R-~ - A
self& operator--() {
++current;
return *this;
}
/)T, - -+
self operator--(int) {
self tmp = *this;
++current;
return tmp;

}

// BI5GB 77 [ e £

self operator+(difference_type n) const {
return self(current - n);

}

self& operator+=(difference_type n) {
current -= n;
return *this;

}

self operator-(difference_type n) const {
return self(current + n);

}

self& operator-=(difference_type n) {
current += n;
return *this;

}
/) FE—I* LA operator®, NN A

reference operator[](difference_type n) const { return *(*this + n); }
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2.3 iostream iterators

1) istream_iterator
FriEghE— istream object, HSZH/Z1E istream iterator P34E4 " istream member, % F Xt T
XA RS P T operator++i4E, 234 513 1 FHIEAREE A H B & IR istream member [R5 A\ #24F
(operator>>). XAM%EAES/Z inputiterator, A~ E4% operator-
/IR AE IH G HT HP #i%, KiF & triE#%L]: istream_iterator<T,charT, traits,Distance>
/R — AL input iterators 5 (E/H 55— template =4, JLHT L FU7EH]
//SGI STL 3.3 [SLHHIFE k] istream_iterator, MW%5S5 AW A7 P7
template <class T, class Distance = ptrdiff_t>
class istream_iterator {
friend bool
operator== __STL_NULL_TMPL_ARGS (const istream_iterator<T, Distance>& x,
const istream_iterator<T, Distance>& y);
protected:
istream* stream;
T value;
bool end marker;
void read() {
end_marker = (*stream) ? true : false;
if (end_marker) *stream >> value; /) Kt
/) A7, stream FIKE AJRECCRE, FrEL T ETEAIBT— & LAOE end_marker
/7 2GR eof B ERIFSIIATTHIE A, stream B4 T false KES
end_marker = (*stream) ? true : false;

}
public:
typedef input_iterator_tag iterator_category; ///Z/L/HE7
typedef T value_type;
typedef Distance difference_type;
typedef const T* pointer;
typedef const T& reference;

istream_iterator() : stream(&cin), end_marker(false) {}
istream_iterator(istream& s) : stream(&s) { read(); }

/LT HI
// istream iterator<int> eos; &k end_marker % false
// istream_iterator<int> initer(cin) F/ XK read(), FE/FEIMZZ1FmA

reference operator*() const { return value; }
pointer operator->() const { return &(operator*()); }

/) EACIE T — M E, BRI — A E
istream_iterator<T, Distance>& operator++() {
read();
return *this;

}

istream_iterator<T, Distance> operator++(int) {

istream_iterator<T, Distance> tmp = *this;
read();
return tmp;
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}
}s

THEIERT copy()Fl istream_iterator JL[E]&1E 5]+

2) ostream_iterator
FTB 482 — ostream object, F:SLil /27 oflstream iterator P #4EH'—/™ ostream member, %% ) i X
FIXANEAES T operator=4&fE, 4751 SR EARS BT SRS ostream member %0 H #4F
(operator<<). XMEAFEA Onput iterator
// EIRAE IHG I HP #1s, KT & tniEfZl]: istream_iterator<T,charT, traits>
/) RITT—HEEH onput iterators B A (E/H 7 —1 template Z4(. UL LI F 17/
//SGI STL 3.3 [3EHHI 77t ostream _iterator, /55 KA la] )7
template <class T>
class ostream_iterator {
protected:
ostream* stream;
const char* string;  // & A%H G775

public:
typedef output_iterator tag iterator _category; /A CHIE
typedef void value_type;
typedef void difference_type;
typedef void pointer;
typedef void reference;

ostream_iterator(ostream& s) : stream(&s), string(o) {}
ostream_iterator(ostream& s, const char* c) : stream(&s), string(c) {}
/I XEACaF IR AR T, B B i — B8
ostream_iterator<T>& operator=(const T& value) {
*stream << value; VS T liki 4
if (string) *stream << string; // 2/ /0577 50 a0 Gt e ir s
return *this;

}

ostream_iterator<T>& operator*() { return *this; }
ostream_iterator<T>& operator++() { return *this; }
ostream_iterator<T>& operator++(int) { return *this; }

¥
NEERT copy()Fl ostream_iterator F& [F&1F 151

3. HUEAC A%
BRI H0E it %% (Functor adapters, 7 B[] function adapters) /& 7 45 & At s 80 fe e K I — AN et HodERd R
TEEHURRT 2 FATARE L, TDUERL. &R, RS

PREUERARRME: @I ez mgie. A4, Biee)1, JUF I LLTCRHIHbEIE 200 m] g R 1E
A, 8L STL Bk —EE . THRE STL mEuEhRl 2 —
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BRI

e bind. negate. compose
o X RERBEK T R E
C++inERLRE, X LLIEADL 22 38 0 1] B <functional >3k#8, SGI STL #4'E 41152 3 T <stl_function.h>

R, TANEREERE NN, MU FTEIERR. TAER, 1D — iR Fgig%iE
unary_function; 2) o REULFi4k & H binary_function; 3) A RBUAH L mem_fun 4EHET
4) — R BULFL ptr_fun HET . —KRZ ptr_fun AFT KR E, BAWEELIREIRE IR
f&45 STLHEIEER, HTGEHAEMERRES

N2 count_if() 1 bind2nd(less(),12) & Bt 5451 ;

3.1 notl fll not2

1) notl
/UL PGl # R 2N " BEA] predicate” [T G H
template <class Predicate>
class unary_negate
: public unary_function<typename Predicate::argument_type, bool> {
protected:
Predicate pred;  // /40l
public:
explicit unary_ negate(const Predicate& x) : pred(x) {}
bool operator()(const typename Predicate::argument type& x) const {
return pred(x); ///Fpred /774550 | 7 b7
}
s

// FERE, (EZNT7E LI 77 (# (€ /H unary_negate

template <class Predicate>

inline unary_negate<Predicate> notl(const Predicate& pred) {
return unary_negate<Predicate>(pred);

}

2) not2
/) LU F G #RZEn R1 " BEHE binary predicate" K945 411
template <class Predicate>
class binary_negate
: public binary_function<typename Predicate::first_argument_type,
typename Predicate::second_argument_type,

bool> {
protected:
Predicate pred;  // /40l
public:

explicit binary_negate(const Predicate& x) : pred(x) {}
bool operator()(const typename Predicate::first_argument_type& x,
const typename Predicate::second_argument_type& y) const {

return lpred(x, y); ///F pred /7545500 [ 7 i b
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}
}s

/)R, (RN T7F LB 7 ([ H binary_negate

template <class Predicate>

inline binary_negate<Predicate> not2(const Predicate& pred) {
return binary_negate<Predicate>(pred);

}
3.2 bind1st A bind2st

1) bind1st
/) LRGSR R " & binary function” #4447 “unary function”
template <class Operation>
class binderist
: public unary_function<typename Operation::second_argument_type,
typename Operation::result_type> {

protected:

Operation op; /) A BB A

typename Operation::first_argument_type value; // B A
public:

binderlst(const Operation& x,
const typename Operation::first_argument_type& y)
2 op(x), value(y) {3} // /70t 220l bk ol
typename Operation::result type
operator() (const typename Operation::second_argument_type& x) const {
return op(value, x); /) LRI A, HofFvalue F8E Ky —SH
}
s

// FBRE, (EFNT7E LLE 77 (E &/ binderlst

template <class Operation, class T>

inline binderlst<Operation> bindlst(const Operation& op, const T& x) {
/) G x FEH K op 95— 4B
typedef typename Operation::first _argument_type argl type;
return binderlst<Operation>(op, argl type(x));

}

2) bind2st
/) LRGSR R " B binary function™ #4447 “unary function”
template <class Operation>
class binder2nd
: public unary_function<typename Operation::first_argument_type,
typename Operation::result_type> {

protected:

Operation op; /7 A

typename Operation::second argument_type value;  // /A ki
public:

binder2nd(const Operation& x,
const typename Operation::second _argument type& y)
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W

2 op(x), value(y) {} // /7l U~ 2220l /Al ol
typename Operation::result_type
operator()(const typename Operation::first_argument_type& x) const {
return op(x, value); //LLpii/fl#iksC, JrfF value F0e 455~ 240
}
s

/) FEIR L, (EFNT7E LLE 77 (E 8/ binder2nd

template <class Operation, class T>

inline binder2nd<Operation> bind2nd(const Operation& op, const T& x) {
/) HH x B Ky op f9HE— B MR
typedef typename Operation::second_argument_type arg2_type;
return binder2nd<Operation>(op, arg2_type(x));

}
3.3 composel 1 compose2

1) composel
// SHIFS AT unary function™ £(),q() . U FEI AR E—Th()
/71 h(x) = f(g(x))
template <class Operationl, class Operation2>
class unary _compose : public unary_ function<typename Operation2::argument_type,
typename Operationl::result_type> {
protected:
Operationl opl;  // /il il
Operation2 op2;  ///Wiluk i
public:
/PG RE,  FFPINZEA (il 7T e A
unary_compose(const Operationl& x, const Operation2& y) : opl(x), op2(y) {}

typename Operationl::result_type
operator () (const typename Operation2::argument type& x) const {
return opl(op2(x)); /) B S
}
s

/) AR, LEFN TR L 7 (EiE /Y unary_compose
template <class Operationl, class Operation2>
inline unary_compose<Operationl, Operation2> composel(const Operationl& opl,
const Operation2& op2) {
return unary_compose<Operationl, Operation2>(opl, op2);

}

2) compose2
// A1 “HGEA binary function” f Fl 1~ " AZA unary function" gi,g2,
/UL PSR —Th, & h(x) = £(g1(x),g92(x))
template <class Operationl, class Operation2, class Operation3>
class binary_compose
: public unary_function<typename Operation2::argument_type,
typename Operationl::result_type> {
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protected:
Operationl opl;  // /4 ulukil
Operation2 op2;  // bkl
Operation3 op3;  ///iluk il
public:
/) RIEE, J5 Ak TR T A A
binary_compose(const Operationl& x, const Operation2& vy,
const Operation3& z) : opl(x), op2(y), op3(z) { }
typename Operationl::result_ type
operator () (const typename Operation2::argument type& x) const {
return opl(op2(x), op3(x)); /) BREEE
}
¥

/] R A, LEFAT7E L (EE ] binary_compose

template <class Operationl, class Operation2, class Operation3>

inline binary_compose<Operationl, Operation2, Operation3>

compose2(const Operationl& opl, const Operation2& op2, const Operation3& op3) {
return binary_compose<Operationl, Operation2, Operation3>(opl, op2, op3);

}
3.4 Fi T REER 41 ptr_fun

/UL PGl #s H L g AR A — 1 — 70 B 277 £ ok
/TR E B R, B % R TR
template <class Arg, class Result>
class pointer_to_unary_ function : public unary_ function<Arg, Result> {
protected:
Result (*ptr)(Arg);  ///:0nkid, — 1w difit)
public:
pointer_to_unary_function() {}
// PIERE FF R EHTET iR T P A A
explicit pointer_ to _unary function(Result (*x)(Arg)) : ptr(x) {}
/[ L AT I iR
Result operator() (Arg x) const { return ptr(x); }
}s

/)R iEENTFE L (E &/ pointer_to_unary function

template <class Arg, class Result>

inline pointer_to_unary_function<Arg, Result> ptr_fun(Result (*x)(Arg)) {
return pointer_to_unary_ function<Arg, Result>(x);

}

/1 B R B s RS g2 1 —1 0 s H 75 £ EL K
/7 2GR I B % R £ 75 £
template <class Argl, class Arg2, class Result>
class pointer_to_binary_function : public binary_function<Argl, Arg2, Result> {
protected:
Result (*ptr)(Argl, Arg2); ///Yilikil. —T-milit]
public:
pointer to_binary function() {}

56 / 62



STL YRS HIHT

[/ FIERREL,  FFRRETEET iC R T Bk 7
explicit pointer_to_binary_function(Result (*x)(Argl, Arg2)) : ptr(x) {}
// L R EIGE] 75 1] R
Result operator()(Argl x, Arg2 y) const { return ptr(x, y); }
}s

/) IR IEFNTIE L €€/ pointer_to_binary_function
template <class Argl, class Arg2, class Result>
inline pointer_to_binary_function<Argl, Arg2, Result>
ptr_fun(Result (*x)(Argl, Arg2)) {

return pointer_to_binary_function<Argl, Arg2, Result>(x);

}

3.5 AT ek Fd84HE mem_fun 1 mem_fun_ref
2% Shape s& — Mgk zfk R, I HEA R K%L display(), A —1 vector<Shape*>V, 4L

25 for_each(f& A— LUEAC#S mem_fun &1/ display():
for_each(V.begin(),V.end(),mem_fun(&Shape: :display));

A e
for_each(V.begin(),V.end(),&hape: :display);
for_each(V.begin(),V.end(),Shape: :display);

AT 2 T B3 07 b 0 3t T 45 ) S B

/) TAFIZ40 . <l pointer 1/ “non-const /& 7 5 #¢”
template <class S, class T>

class mem_fun_t : public unary_function<T*, S> {

public:
explicit mem fun t(s (T::*pf)()) : £(pf) {} /) Kt A
S operator()(T* p) const { return (p->*f)(); } /] g
private:
s (T::%F)();

)

/AT, “idid pointer 1/”. “const /7 K4’
template <class S, class T»>
class const_mem_fun_t : public unary_function<const T*, S> {
public:
explicit const_mem fun t(S (T::*pf)() const) : f(pf) {} // /i #
S operator()(const T* p) const { return (p->*f)(); } /) F R
private:
S (T::*f)() const;
s

/) CELEITZ4. “idid reference /7. “non-const /i K4
template <class S, class T»>
class mem_fun_ref t : public unary_ function<T, S> {

public:
explicit mem_fun ref t(S (T::*pf)()) : f(pf) {} ///irmit
S operator()(T& r) const { return (r.*f)(); } /] F
private:
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S (T::*F)();
s

/) CTAF 24, “did reference 1/ “const Jik i R #”
template <class S, class T»>
class const_mem_fun_ref_t : public unary_function<T, S> {
public:
explicit const_mem_fun_ref t(S (T::*pf)() const) : f(pf) {} // /i

S operator()(const T& r) const { return (r.*f)(); } /) F
private:

S (T::*f)() const;
s

//“H 1 =4, L pointer /. “non-const Jk 7 BG4
template <class S, class T, class A>
class mem_funl t : public binary_ function<T*, A, S> {

public:
explicit mem_funl_t(S (T::*pf)(A)) : f(pf) {} /) HIE R E
S operator()(T* p, A x) const { return (p->*f)(x); } //72/7//]
private:

S (T::*F)(A);

3

J/CH1 IS, it pointer . “const FK 7 ERFE
template <class S, class T, class A>
class const mem funl t : public binary function<const T*, A, S> {
public:
explicit const _mem funl t(S (T::*pf)(A) const) : f(pf) {} ///5m40
S operator()(const T* p, A x) const { return (p->*f)(x); } // 720/
private:
S (T::*f)(A) const;

J

//“H 1 NS4, “Wi reference 1”7, “non-const ik id G
template <class S, class T, class A>
class mem_funl_ref t : public binary_function<T, A, S> {
public:
explicit mem funl_ref t(S (T::*pf)(A)) : f(pf) {} // P& R
S operator()(T& r, A x) const { return (r.*f)(x); } //720/1)
private:
S (T::*F)(A);
}s

J/CH 1 N4, i reference /. “const Jikid EREP
template <class S, class T, class A>
class const_mem_funl ref_t : public binary_function<T, A, S> {
public:
explicit const_mem_funl_ref_t(S (T::*pf)(A) const) : £(pf) {} ///7i5m4
S operator()(const T& r, A x) const { return (r.*f)(x); } // F
private:
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S (T::*f)(A) const;
¥

/>|<***********>|<********************************************
* FITHT 8 MBI T L8 TN EHIEH
* mem_fun 5 mem_fun_ref
* mem_funl 5 mem_funl ref: C++#p/fEZ84F4 T 1, ZOALE 2 1
FRHEFNTIEC

s o o ok ko K stk sk st kot sk ko sk skl sk ok R K Kok K St kot Sk SRk Sk ok Sk ok Kok KKK sk koK sk ok /

template <class S, class T>
inline mem_fun_t<S,T> mem_fun(S (T::*f)()) {
return mem_fun_t<S,T>(f);

}

template <class S, class T»>
inline const_mem_fun_t<S,T> mem_fun(S (T::*f)() const) {
return const_mem fun_ t<S,T>(f);

}

template <class S, class T>
inline mem_fun_ref_t<S,T> mem_fun_ref(S (T::*f)()) {
return mem_fun_ref_t<S,T>(f);

}

template <class S, class T»>
inline const_mem_fun_ref_t<S,T> mem_fun_ref(S (T::*f)() const) {
return const_mem_fun_ref t<S,T>(f);

}

template <class S, class T, class A>
inline mem_funl_t<S,T,A> mem funl(S (T::*f)(A)) {
return mem_funl_ t<S,T,A>(f);

}

template <class S, class T, class A>
inline const_mem_funl_t<S,T,A> mem_funl(S (T::*f)(A) const) {
return const_mem_funl_ t<S,T,A>(f);

}

template <class S, class T, class A>
inline mem_funl_ref t<S,T,A> mem_funl ref(S (T::*f)(A)) {
return mem_funl ref t<S,T,A>(f);

}

template <class S, class T, class A>
inline const_mem_funl_ref_ t<S,T,A> mem_funl_ref(S (T::*f)(A) const) {
return const _mem funl ref t<S,T,A>(f);

}
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