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1. auto_ptr (C++98 A E, C11 EME) RAMENER.

auto_ptr<std: :string> pl (new string ("hello"));

auto_ptr<std::string> p2;
p2 = pl; //auto_ptr A=iREE.

LA SRE, p2 ®IFT pl BUEREMNR, (BERSEFBITHIAE p1 H&REE. FRA auto_ptr
MiRRE: FREBENRNEFRRE=!

2. unique_ptr (&% auto_ptr )
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Ftt, unique_ptr tE auto_ptr B2 £,
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“BRfa— 15| AR HER TR . MBF share MirIlABH T RFEAIME S MEHHEZ, BfF
T RN HIRZTRA SR T L N HHE,
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weak_ptr @ — MR ZHIN RA GBS EERH, Bigm—1 shared_ptr EEMNNR, #1T
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shared_ptr 5| NBI—FHE5 8E5 £ 5R BN shared_ptr TE, BEXRBIAM—" shared_ptr 5
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KT static KEFI T AR REBCRIR N EERIERN, BN static KEFEIMERSKA
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TOI BN, <BEFEI C++PRIEINT auto, explicit AI ERFfE LR FIOHSE
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C By struct EESEME— TEUREMAISZINAE, M C++ B class BElERENE—
P SE NS

6. C++ fl Java X7 (iES4F1%E, Hikbk, NAIZSE)

Wit Java IBEILEF RIRAKR BT RERIBEIARG, RBETHRE, FAERENE
BIEINEE, MMAXREIBALLET C++ EBSPHFEHHRIERIRAIZMN, EHIE Java FigH1E
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RIMRT import 5 C++ TbIEZE A A EMUUINEE,

KB C++ RELMIFERERSZRNIG, Java REERIETILELER,

FHE: C++HPFRFEEMU Null R IETFRRFRHENER, M Java NFRFE SRENR
(string #0 stringBuffer) SESCIRAY,

Java AN goto 1BE), JAIEE goto fEAXEF, EBARIFERER, EREFEIES

i%,

Java S HIHIR TGS BN, HERRASTHEES.

7. RH—T C++ BERFBAEXFEEN? EEFBENFIIMIMIE?
HFRBEE, FRIERK;

HFLEHE, FEH—BTIEAE, BEFSRAUERIHDRE;

FHERSE, LNFFE, HEFEX.
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8. C++ HEHMNEE, BEXNEX5H!

EH

#i%H overload, RIEE—AAEAIRAKERN/LTEERESHIIRNERRE, KBT
CH+EHBFNEMESHNERE, TURSHER, M, IFFNTE. RESHIIX

IREFRMTERE, BEAROREENREIZER,

ES
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BABER static B9, —EERERY, BEM—CEREEE., BEFR, ESTHESHNRE
EEARNEETHN, ESXMOHOEIFRFEIUAEN, RE vitual B2 private #9, K
AR E 5 R AN public,

EEX (F3%E)

KA S E I E XKL PIEER FHIE vitual RE, SHIIR
HEEILEEATIURE, BIREHERT EXA virtual B5E2ERIER R
FRWRELPHRBRBARE (EEX) .

9. 1A C++ FTERIMIEREN

RN REBIEN, RIERANNRDEAFZE, FEIERWIERE, HWIERTTRAM
AR IIE,

BIt4IE RERRIIER . ¥Rt REVEIER G .

TS BHNSRE: AIEGAIEREY, MRKBPHE LTS EISRE, FiFdesBEME
INNTSHMIERE, RBAZ, TR, URABERENERNTSWISRE, HF
ZHCERSHE -SSR

—RRME RSN IREHMERE, —RWERBAINEEMSEIN, —TERAUEZ T —
RRAIERREN, RIRESHHITHEHEREANE, SIENRNRBEEASHARBERARNMIE
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EIFERE: BINAERRNRBSHANERAFHEIAH, BTRE-—TEFENIRES]
HE—TENZENN R, —RERBPSFBEFENNIRIEIEN RRVE——EHIZIFREIZR
MRF, MRZAEETNEENERE, WRAASEIARIZE—TEIMIERE, BHEXFH
EERRAN, RFAEERRIFFRENBIANZIMERE, RIFESEXFEEREFTHR
TTRE I,

REVEIRINSRE: RFE—TEERENNREIBZ—TARENNER, LAIUNER—RRIDISERE
R—H, XEBRHK, BRIRENERBIFROIAERINE, BICEREFRN explict /Y,
SPHIE— LRIV BRIV R .



BEZEMNESR: T8, ZTERUBNIWERY, K =aBNEENROEERHR =200
MR, EARTHWERY, =ZLAMINNRUVFEELHKEE. ARKBERNERECER
HER, RALZERRNNBESEN, M—LERENTIE,

XEX7

A al, A a2; al = a2;//ARWRECERS
A a3 = al;//ARENERE, RARTHEMBMNIE, a3 HREE

10, C++ HYPUFhaEHIAER

C++ BIIUFhsRHIEER 15 static_cast, dynamic_cast, const_cast, reinterpret_cast

= static_cast: BRFffEHEELIR, —MREICKRAELIRDBRIRNETELE, BRNZENES
RANE, LT8R (REEXSEEX) ®E, MIER (BE-SRESE) I%E, Il
FERTIESTHRIRIRE;

= dynamic_cast: E[JBFIREEZE)MIEER, type-id IR EIEH, FE5|HZ void*, X
FTFTRERLTEN, HERBL—HAY, HBRIRNETIEH, Mstatic_cast, HERAR
—HEY, BIRERNEBEIREXIEH, AJREERIEEIRREF O,

= const_cast: E[ AT const BMAVHEIR, ZEBR const 4B, ZWILAN const 4R, =M
PRI R IE—— DBl AR EE EFEIRTT .

= reinterpret_cast: REAAREFE, FEFERAXTMERRT, SBRIE. FRAER: MER
NEIBHTENRRERE, KPEANTE, IBEME; TDUSERE g, el
IEIEE IR N ENE; AT ATEIEE S| Az BT = IRV EE R,

11, f&etH05|REIXH

RES | RH 2 —MMAFMUAIERE, X3, EHE—1F, sIRRE—15I=,
EREFFENNER, FEHN5IRRINEINSREP,

I ERO—IRAE, BHNASEMERNRFAMIE, ERFNRER, NRFEHRE

Z-EHRERMIRINEIN SRR, MANE, EHHESNAESER MUEER, AVFE IR
18, A const f13F const X3, BEERIBANZ, sizeof #EiH1SRIRIZIETRELRIA/N,



M FsIAKR, ERRE—RAFNGR, ERNEIFTESRINNE, 215 "'5|ALTER-51AX
KU RINRITSRP, "ER—ADTHABENRE, FTAS|IFEWIimmE REEEE XA #E 41
ER—RAFL, BEAEER, HWREERZT, KA const FIE const X5,

sizeof 5| BRI RIIRAIA /), T sizeof FEHBRNWERIEHAFHA/N, BINESEUES

th, EBHEERES|I BRI AN RHITIRE, MEENSI AR THERESEEERRISIB
TRE,

ERSHNAE, FEHNEREEE, FENEZETRL; &5 BEREEHI,
(EPEEl: NP ==t NP k1] 8

12, BF(wildisH58= (danglingisHE+HAXEI? dfaEs?

F¥iEH(wild pointer): FERBREAIGHIRITETT. A gcc -Wall 4mi%, I used

uninitialized Z4&.
BETEH: REHTRYEDNAREFEELERFEN 7 —MigH.

TIL =BT RTIEH, AE2ERTMANEXEXENTHIENR"FEEATIE")NE
. 15" RALZERR" (invalid)iIAF X% 530" Undefined Behavior",

R R (EREF R ? ETRRIRIEE, FTAERE It BEER Z RIS alinftay>) 1Rel
H{EMErEE,

13, #—T const {EiffaHAMIX53?

THHESZENER, BEEXAARE:

const int * p1; /{IE@BEEE WiEH, TEIE@INETEEIEH

int “ const p2; /ABMEIHIEENET , EXEEERINEE, BiEOo (B8) B
BRI LAEER

const int *const p3; /fEMBIEE 1 BERT . CRAAEBERINEE, EQ
HIE A BEIZER,



EBRXERBIRIGET, EEXEFconstAIKEFAKFIRATE , WRIZKEFRY
AURRE, WEREE: MRXKEBFHNALREHEE, EHEAEGERE.

14, EHiR— T REGET
MEXFMBIZEMA EHRE— T B CIEE:
BAREX: RBIETREORANEHEE, REETTASERAE—TETEE, &EHE

SRR —TRANRN, XEMBAEHTRERORETS. FHE. HE—=F, XEEED

2

B

ERIEN, B8—TREEE—TAOMILL, ZAOIEFE RS ATEmAtbIL, B 785
RERIEHRER, ATAXETRERARA, MARRETRER S| REMRETE 1,
EXLEHE ERARM—ERY,

HIXZHIE: HRRSFMERENSE, EuEERER.,

-

char * fun(Cchar * p) {.} // HR#fun

char * (*pf)(char * p); // REBETPf

pf = fun; // REUEFPprIg@EEfun
pf(p); // BEREIEETp FIAARE fun

15, XA
%

MR IFRHETEE, ARENHRFFENDEZE, EAFENRENOKTE, —RFREF
TEMRBSHE.

ELZRNAFEE, ERIERNER, BRARNERI T —FARITIESHNMIL, REE
M

REEIZ TS

KSHRERT, SHRMNERENE (REETRAXMING, 257 IHEFREER
C/C++H RS HKEN T RSN ESE, NREMEBEER, E— TS0 [t
ATSHESTELBOBISH) BRBERE, AFIESNERE— SNBSS



SHRNBFDEERE, E—PMFERFE LRSS, FEit, SeRERRESRALEN, )
RRREFERERE, BEEELL®, REEZH, REEXIIETRTIGFMRAMILL, 2
FHZRBEIET, FAETEER.

S PRI R, ESibit, Z=EB/N,

HE

HIEFREE, EEF5) new malloc delete free HITHECHIEIU, MBRNHTLEIKAIE, &
SR AF M RAE) R,

FEZNTE, X LERRPE-—TERER, SERERFHRBNNR, RREHZHERKE
B—TARTFTHENNZRDESLRER, —MREDEEREFNINR, BEZELEEANRNEF
R/, HE delete BIIRZEA/), SRMWRERR, HRERRNBARZTRERFP, X
thEFEREFEAFNRE,

RO ST R, TERKA, BARE,

16, HEZESEHR/1LMHAR

Ef%E: ESEXZNEN, RBABNTSHRIEAARZHINRIIMNEILS,

\

HiHEE: WEEREN—MAN, BSEERXSHNaET, SNTESNIERIREN, M
HETHLS AT HITERE,

SIREE: Xhr EMEES A RAEUIE TN EF, RENES S ERIE
PN E MRS RISMERNSE S EE,

17. new / delete, malloc / free X3l

O] DAFSRIEHE EH ERFIEIULZS 8], new /delete 21&/E/F, malloc/free 2FEERE .

1T new TER EMITANEE: 1. DERVBHHNAEZE (malloc) ; 2 FRATRAMIE
PREGIT B #THARMN; RETENEN, MREF—LS o= B LR, MWL

std::bad_alloc 7%, FHEMRENTELBERBIFHERGIE; IREEZSMENRITHIN
F&, WENER delete BATF,



1T delete SLFR EthARMNIIE: 1. ERMAREXINRHETIAE; 2.OKAFEE

(free)

BA_E A IAE H new #l malloc BIX 5, new FEIEEI#IIALAIZ(E], T malloc FEIRY
EARIAMTIIZE, FilA new & new — KB 11 malloc MIEmalloc — M FHKRENZT
8], delete ] free EIE, delete NMYFEMZ BIIETHIITER, delete —"EE, free —1FET
KENZ=E,

Nt AET malloc / free BFHEE new / delete? E 3 TFIFASLIELEMS, JEH malloc
/ free TR RIS RNER, NRECIZNRNZESNHITIERE, WREBET UG
ZEERHITIMERE., BT mallo / free RERBMARIEER, NMERmFRTHDIRZM,
R EEBZIENATRIMIE (R EXFN T A9 R RO (E S5 5800 F malloc / free, FRLAR T new / delete 1#fE
.

18. volatile ] extern X=F
volatile = M4

Tt ElREERBRENR, MEMFKIET, T—REUAZTEEERL-FIEQOXINAY
volatile EFEMNFFHAD, MEEMMAFRIE,

AAALIE: volatile Hif4RiIFEs, TENHXMESHTHMAHNMM, EERZEER
HER, REEFASERBRNES, —ESENIT.

1% BESSERILE volatile & 2 BIMIRGFIE, fRiFsSAZHITILFM.,
extern

7E CIEST, 1BIH7 extorn AL SWERMMNEIAR, FARHE HEE/RMSEILE
X, BELSIFR,

IR extern FEIMNUENEFERAEHEXR, WREE main REPHITHERN, WREEE
main KEFIERA, FHERKPAERA. EXFZRAEEXHFNRHBITTE, RELEZ
A4 #include B1&3#3RENT], NMIREMA extern? EFA extern £INEEFNHIFTIE, X
HEETERE,



£ C++ H extern BB R/, ATEmR C & C+ + RERIEAIE. tbwEC+

+ FIEA C ERE, MHBEEE C+ + BEFFH extern “C” FIRES | HRIRE, XELHLTHES
AR, SIFTEHZRRERRRRAC REALEREER, TBREAR C+ + M C i2FRIF5TH
EEBRURERmRMNARE, IR LERE)E,

19, define 1 const X3 (%iFfiEe. Z2iE. AFELAS)

3T define Kift, 7AENXEMF ERAETMIZN ERIATIE, RAXRE, hiixGRENE,
NN RBREESCETFRENRT, BEIZVIRMEFZIR, MARX T RBNRERTT
B, REZHIDFRMN, EARNFTHNMR. EA define REXNXZRFT, ELEIT
NARRAINEREXDERNTE, BERMICEK NBEXRMA, define AU EIEHRIAIVRE T %
& IERIE DL,

34F const iR, const BRIERIFHAEIHITLIER, const BER, thFXRBKRE, BREBIT
FRIRSKEN const BEDENE, MEMWLCENABEW, const EEEHINAREBNEER
IERIRMAEIRLE, RERBT—HEIENEZEL, BXTIAURENAETE, MB, BiNwEiE:S
T2 RNEEN const EEDENE, MEEEE const EE2RMAIFESRF, EE T IEEH
EANAFNRE, WEXES.

20, iTE FEJLTZRRIA

class A{}; sizeof(A) = 1; //TEEZFIMRERI—MIE—FETAULE, BN 1.
class A{virtual Fun(QQ{} }; sizeof(A) = 4(32bit)/8(64bit) //&H C++ EHEHE
REMEHE, 2B —TEMEREKRNIER (vptr)

class A{static int a; }; sizeof(A) = 1;

class A{int a; }; sizeof(A) = 4;

class A{static int a; int b; }; sizeof(A) = 4;

21, ERXIRA=ALHE, HEEGlRA
C++ AEBRNZABIER: HE,. 4&. 5.

IREESES



MR IEENEERMIARNE, HEHEFIUER CHEENAERILEENEIETRIE
fE, YAAENHTERRR. —TEMIB—THE T HENRRFXLELHENIEAEHEE
R, E—TNRAE, EEABRELBIETUENEN, TEERINTRIAE, BEXME,
MRIGAT LIRS T RE AR, AR R TRAIE D BN ERIRAER T
SR BED .

PB4k
EEAMIEENERNONRRERS — PR RNEEN L, EXFHER D EOMR, 4
AEIEXE—MEESN: EAUMERMAXRNIEINGE, HELEEMRSFEFRNENE R T
XLETNRERITH B, B ECIEAFIEMAF R HE TIRER", WP RIEFTR N ER,
“RITVFYGEBER”, PERINITTE, TERM—RRENSIRAVIZTE, EXLIMAER, vJAEI“dt& F“H
‘7R,

PEM ST AR BERmE:

SCERAR s SRR R IR EIE FEREXNEMN AEM I S INMRIZAIEES

BOME: EOWRERSIENERBENAENRZMR. B FENERMITMAVEES,

EREESS

MERARENNREEE—THEE, TRNREZRRNZTERENTN BIHEE) . BI—
&0, PSS ZMTIE,

ZHS5EZTHTRXAIMERE IR EHELZRAEN ., MREBVEA, ERERR
EERIE A RT DARRE R AR AR stsE, Fr=AEARS, NEERSHY, BNt 2E40E ., manRE LA
AR e Edm iR B BAE, BEAGTHTHE, SMETIRIE.

22, ZSHIEM

SEHIT SRR MERBEIMNZE, NTEHRKR, M LEETHNRER, HiFs
NEBERNSSRTARMN, EFRAZ—MESHE, 5Z2SKX, SHENRBIX,
BIXXZ C++HBMAFAN, AAABERET C++, MUMRIFBRIREHEZZSHN—M,

AT AN ZEAIUD RFSSEHDESZE,



BSZRELIMEER, RANRSSISEEERZINEETATE THRABM XL, RIBESEIIR
KRE;

EEYFEREERRNERIBRIIN, AAZECITHIEREBERNEE, P

—IRER TR 2R MR S SRR E B3,
S STHLIS BRME, BEAIEHER,

TR FEARSESERENEREN? FEMPHREN, RENAERBLTEES, SNF
KBR—TEEAAEAME., EXEERBENTEI 1RO, £E—THEERER, M
SEAR XN ERIRE R RN TSE X T RS

23, FERREMEX (RERREIER, RERREFSTT) , REERERAYSCINRIE

BABIIRE—T, C++RSTHRR, EEXNREEIIL vitual X#E¥F, TIREXRFE
5iZRE, ETERRIESNS RIEFRREREAENARE . MRIREKBREIRESE, i
AR SRRIREL, WMRZBER, MIBAERNEE

EfrE, S—TRPESEREAE, FEFTNEZREN—TREERER, RFIXERERERY
o, EIfF, IRERMBEER, IREXPER-—TERRERY, PR ZERBINIRERERE
CHRERHEKR. SEMNEX—NIRERNRE, FFESIONZEEBEEREERE, FIARNXMIRE
RN REM—TERETETT, FBENZEENERSR, XTEREIETHHIIE 2 EWIERE
FRSEARY.

REMRE— T ERRBIET, BORESR, BAIBRERNE, MEREMERENSR
Y RE R BIR IS ET R SR R ENAOLE, il e DA AR AE 2R RO RE PR 2R 2R R AN R BR B DAL SE 22

1M\ o

#7E: MREEFFIZHE N virtual, BBA#HIT Base B; Derived D; Base *p = D; p-
>function(); X&)% TIEBHINIE Base H#Y function()., EAERFIRELFIZEERE
MIEN, BAREBMSIANNTHBANSZSHNE, MBRHTREMUINGTE (R4
E) , FREEME, EXT—NRERNR, BAEMEEELXNTE, REMWEIREEXNE
BAR, EB—TIREENR, BIAEHTERIKLGN, BRENEENTINRNE, HmIFR
INNKBEFEEE, Ba (RBFSEK (TEATERARNSE—1FK] ) HE0REHLI
M ELRREAtNE, AT EENRER.



24, YRR IRRR BRERAR N IZ AT L
HFIRELRSR, MERRUERBROTEEL-—HE= SR

» BIERNERHR, WREBZHE, MIENSTEREREERNERHER

= SREE—TEXNERBRNRERBFNERBRAR T —TEREEK, BMIED
EEXNIRERRIERSE

» SRRERPTESHESEXRTNERE, WNRE, MERMELESHER DI
BERREXELEESNERE, WRE, MEMESNERINE B SHIEREERR,

Derived *pd = new D(); B *pb = pd; C *pc = pd; A pb, pd, pc HiEfHUB=ERAEM, =
EERNRIREENESNASEENEETELXNAFRE.

BRSRAFNR

vptr —

long b;
virtual void foo() {} | CcHBREFERE

virtual void bar() {}

¥ vptr

long c;

virtual void 0O {I DS ANTFRE
1

virtual void baz() {

v
struct D : public B, public C {
long d;
virtual void bar() {} // override B::bar
virtual void () {} // override C::quz

virtual void qux() {}

25, HdeRE—AeE AR R EER E

BN 2R TRERFHRNAERE. BOREME, —TERNETHED—TIKER
NR, HEEATEERHRN, NRESNTHREIKBEXRERI, B 4%mFRIER
HREMSINN SR RAVREZEE, HREERATHRE (X3S RATH R AR £t
HER ARG E N ERRE) , (NPUTERRIH, IKEXRNBSRNBETIERRTN, &
R AFMTRE.



NRE LKA RENE R R L, IBAGRIF=S A DMRIESERRST R, HATIRESLAINT R
B, BRTEROTHRERE, RINEEAE.

26, FEREL—RRAE X FIEEREN

= ERFERRFENELONER, Eﬂ/\ﬁ-ﬁ%ﬂﬁ@iﬂﬁﬂ MABEAEN RAVRIR
RE, (BE, ﬁ‘ﬂ]%ﬁUL—/\ij‘%E’Jlﬁ BEMEXNRRITE E%E’Jo 15502, FTEA
BELEXNRAVALIRE, R, HiER! 5(7FF' TZARTE X PR R %

= MEMB BRI LIE R EHITZSNHIHKE, fEI_IﬂE’]ﬂﬁHIEE@L*@UTtZFﬂ%
HYRE PRERER FE o1 SR 3 B R AR th it AT R FRRY, MR IRMISRENZ RN, AR REER
EHNZANFER, TEREINNANERSRFERERS, BAXTERXR EBEE
[T FesE Bt IR R BN

27, FERREER TR E PR R R B = B

SEFR ERAROZ MG R AT R PR R R R ERY, EAXFNEBEIHASHERAE
ZHIBR,

BHFEME, B—TNER, EXFEX T TS STHNERER action_type(),
RIS R IR IEA T X TR R

IRELFES T IXTRERE, BNHEERENROESIELIEANE, MEAREBELMNER
&, BXRLIRMNCIZ—TIRERNRE, BASEIEIKERNERID, AITERNMWE
PRER, LERY, IRERRIB SERD EIRBRIAM, iﬂ‘%‘iﬂq%iﬁﬁ%ﬂ&ﬁftﬂ’ﬂfﬁﬁ, C++ikHEH
ENETFEEN—MRENGIEA,

MR RIS ERNELI D E, RIFRZTNNZME—TERERENNR, AFEAEE
R BU AR AR PR ENSEIN, #/zﬁ&ﬁ”ﬁﬂl*ﬁgﬂﬁﬁ‘hﬁ? B3 RIEIRE ZRA915 B BRI TRIF A
ERAN—TIREET R,

ENMRHPERE, IREXNT T ITHREE, IREXNESMAZEMRE XA, 3
AERATE RN R ZEAN A REERENREXREENG AR, AR, ?ﬂzﬂ?ﬁf‘ﬁ?‘*’]?‘
PREEIT AR RIERRERE, MERA RO AZARBATEENS



28, MrigRERENER, AMTE(ER?

MERE R BRI HERIER, EXfX—TNRONR, FTNBIIAEEESE, NE
REEEEI E MRS ER, XEMERMNRENERRET . MW REBR—LHLNR,
AZEDNEERA—TWIERE, MEFRAE, FEFFBENIER—

RS SR BERBER, BTRENRN—EEHRESLE, USRI RDE
RNFEZE; FR TRRESWERHER, EZRBEIEN-,

MHREIREZH, B REE, MEAE EW FE—TRPREE—TIHWERE. =8
HERE, FESUZEDERATHRY. B—TROTE—TIWRE, BPAIMBEEX
WeRER, WRILAZE SR 1% B 5E RENARIT 148 W —RRAT A PRENE XN R A B RR .

29, HHSRRERRIIATINE? MR EEHITIRR?
H93E PR I 7

= EEMERM, MRESTEE, WERHEIERINFE R RERIKER T LI
R, MARENERZVRERTNIRSE.

» AR RMIERE ., WRE Z TGRS RIS R ERIF RN Z 3 RIEL T =R
W, mAZEl]LIERRIRTRFIIE.
= IREE SIS R AL

it R I
» AR SR BRI 285

= I8 AR G SR 5T SRAVAT AL BRI £
= AR,

30, ZHRERREN (RIFHFHEO4RFFISTINLRE)
SEFR b, AEEBEHIMARR T ILREFT AL S IS,

= BRI EA R EIRE R R4 AR 5 R ERY 1R O

» BRBAIX REIREREEA AN R RO, XUAR G RERISEI, mE A UEIRE
KPRIUEE A RTINS

= BRYIMEBA X F BIRE SR A KR OMSTIMAER T, FEEEBRERISLI,



HsL, FIR— R R BNMERN TILREL RARRERVED, mEREXRFHFRHE
— PIXNERER IR, SNSHERERBBIRFGEMRE, TREHTIOIML,

T ERE R ECRR, BANEHLZ R AR ERMHIIMIEN, ERHTHMRENGELMT, BE
EPTMAE—FNEBEREENRPIEHHE class BIRFIEA,

31, FFSHENEISHENNEA

REFSHENDSHE, RMNERBEMEFSEBMNSERE, BFEREMEEHERERTH
FIRRATRAAKE, EHRFHEME. SKENZEBREXRASEIRER", FB1T
HAB)HA7E

BOME, XERME, HENSHORE, MNNRNALEEEBTIROBSER, &
AETERZEAN,

NSHE, XBRHE, FBENBNSKE, FAXSNAREESE R THINERE, REFET
1THAIE],

e, virtual EREZNSHER, FFERBZFSHEN, RESHELRFSHEN, X
B, MEEEIR, BAIALMZENEXPEMRNRESE, ANEMERNEEXT, A
EEMR . AA—TEEREHEO—TIREERNR, EIRERNTRPHITERBNSH
REBEHITTEEX, ERRESHEZFHSHEN, FSHERENEFHSEEBRNIA
B, FINZEI—MRERNERMIMANES T ERNRSSEERNERARR, X175
HAEE YRR ANE]

32, FAENMEFENNXA (BFFHRIRRE NNREE)

SHIERNSFSWER, EAELERY, EREXETENMERBNERLT, RARE
FRIARYFE DR EN — Bl%FE 0L, EREvSSEmmM RN ——8H, SBEMATIRBIETN, %
DZERI1TRY,

(BEEUERRPEIETE, MRRABBEIEEN, WAmERRm et iamE— T, 5
SNRRBLERE, ZEAMXITARLE, MSPEETFETTREE,

P, XERBERARENL, RENSELEN 2 ENXAMET RENSERAFRSINGIE
FEIREFAEENE, MMBMERREFETREE, BMmE2, SPERAPERETN, VWEE
ARENENZE,



33, fratEA TR ISR ER(EHER)
RN RFEEZNE, BIMSREEZRIERE, UTHERES=EREE NAERE:

» —PRNRUEEENDVEANRIUA, FEENWERIEEZE— NIRRT REAEELZE
B,

= —PRNRUEEENSVMREGRE, FEHIITENERREIEZE MRS RIENRE
{8,

» PN REBEEIS BT RETHIEN.

34, ATLENINHEREDFENSIREE, THEREEE?

ANTBRIEEFER. S—TNRFBEUEAVETEREN, mFEFZEMRNIBERENE N
EREERMR—TEIA, WMRE ANZNEERBMNSHAZS I AEE, MEXRMAEEE,
LN FERN T RIEEELE NGRS ERIERNNSR, MX—/XIERE A BENHE
RE, XFE—1TKRE.

35, GHFAEITTARNAT 2BHITAEITF?
B SR A 1K — T SRR RTEIS STRIR -

= TSRS TR, F—TRANUTREN 0 NUE, UESTHIERANRS
SWTZE min(#pragma pack() HIERIEL, EHIEMATSKE) BIFE.

= EFMENESIENATREBENTTZE, SHARSBRKSEAGHERTHTT, BEEARKER
min(#pragma pack(fERE, RKESIKIIEIERRIKE) BIEE

BLAFNTFIERZ T 40E?

= ZEAFYFTLZE, CPUNAFIAIEERAKRE, FXN CPU EAFIME —R—IR
B9, REGA/NEIAZ 2, 4, 8, 16 FT, EIt CPU EIZERRNFRIRTRZ—IR—IR#1T
EERRY, REGR/NRARFIZERIE . Il CPU ZEE—1 4 DN FRAEIER F 74
B (RIRAFERKER 4) , MREUEZM 0 FHFIERY, BAEERR 0-3 W1 FT5RE
EIENRIFEREP TR,

= WREBUEZRM 1 FOTERY, MELESA 4 TF0EREFEEE, FHXEM4-7 D
FREEHENTFSR, BEEEO0FT, 5, 6, 7 FUHEIESIMNR, &E&H1, 2, 3, 4
FRNEEHNFTFE, AR, SRELBEXTHN, FEFEHET TRSGINERE, K
KRBT CPU HYMEEE,



= BH, BE—THEE, BN CPUBEIRHAITAFNTRIGIEEIZEELIE, TE2MEN
EH-Faffaeiha IRl FREREE, RE@EHF e ReEaR et S ERLEFE S
REUE, SWNEEHRE. MUREXNFTEEHNTFaiiE.

36, AIFIERAVEX, WAt ER?

EX: AFtRERENEMERIE T —RAFZE, ERTEERERME, EN—HRERN
HhAEREFBITHEBRR, SHAFES, KRRAREHMNE, B1TRY%EHR. AERFFIER
—RATF, BIRBEO—TIEHERE, BAXRAEFHIMRE T .

PIEEIE ol EE ) 1/

» HAEATNBINERBENEEIEAEARFMR, Linux F{EH swap S MEREEFZ/DF]
IR 6], E—MDHARNZGLZEIINR, BEEUTHANRBRXEZSERLD,

» BRIDAMERR Hith—LE /usr/bin/stat THY netstat, vmstat &, WAIKERA AFHDES
BMAREN, — DI EMEE TEELIL T AR,

» SACERTREE, AFERMRENMNEMEEED eV & TR valgrind X TR
SRIFTARIFMRAH,

37. H—TFHFH_XK. SEFH_XK (AVL)
X FATERZRATERNFTE, MAEFTAEMATSA, MU

BRI A NEX ZXMH, — T —XWMRARNE, EEHE—TRTS|ANEAM T F AR,
ERFNEAERNE,

—XERW: —XERWA DR HIS SIS ERTREAMAR., TRUEERNZ: EEUTR
MNBE-—EATEEFRNE—TTRNREE, ANTEAFNBRNE—TTRNEE. FLb
—EHEAERNURS&IVE, —ERAERNUSEIEAE. BA: NMBTRFE, BRERK

naZE, @sgEglios, E2Rm, BEAR. MR MRBFERAB-—1TFOR, WE
EREEFTREEXRTR. MRMBRSEMTFIR, KA FHPNSRIVMEREEZRFRIINL
g,

FEZXYR: BN FROTEES T8E—NMENNNE, “FENARE B2 REEF
— I NERETR, FENFHEESEMEABORNERRM, UEAENIMERE, BT
TREEHIEIA0 AVL-tree, RB-tree, AA-tree, 1B ASCIN T — XA,



AVL-tree : SEFENTE XN (FRIFEGZXR) AVL-tree EEKREMTRNARF
WEEEERZH 1 WFEGHE-XN, S/ SBIREEENRTE, M TELREIE—
TAEER, FEHTRIERE, WEWEEHITEAZE.

38, W—T4IEWM (RB-tree)

FTERMINEX

M1 BT TREARER, BARYE,

MR2: RTREERE.

ME3: BTHFTR (NIL) 2RE,

M4 BN BERNRTFER— TR,

HE5: FE—ERISTHFERNBRNESHNEHRNRES.

39, i%—T define. const. typedef. inline {Ef/;%?

1. const 5 #define BIX 3

const EXHEESRTEFHRE!, M #define EXMRAR N EHARFTRE,

define RTETNAIERERSEA, BRAXAEHR, M const E%miE. FHEIRETEIER;

define RAZRBNFNFHBIRRBRENE, MconstE A HIERER, SEHITHIRTN, 7]
DAk % — ek 2R 35 1% 5

define FiisbiBfE, SRANIBERZE], const HREIEERZE);

const TNEEEE N, i define FJLAEIE #undef BUEEMRTSMEN, HITEEN;
define JB45INEE, LEUNAIARERS EXHFEESIA,

2. #define M3 typedef FIX 3

WATEIBIANE, typedef FTEZRIZEMERERL, typedef BERIMERIINGE; #define BELENX, &



EEFAIERER, NHITRENE;

INEEER, typedef AIRESCEEIMAR, EXSFELXRNEIERE, 5 struct NESER

Jax)

A

#define RRAZAILUAREEGIR, RAIMENEE. B2, HEAXRF.

RG], #define IRBIERZBINIRT], REZZRFENING, EUENEFFERALA
(£

M typedef & B 2H{ERSE,
3. define 5 inline X3!
#define@ XBEF, inlineZRE;

7o E X FEFRAL B ER AT X AEIR, inline BRIENTERIFM ER I TEIR;

TR:

40, FRRME, ZmiF, LR, PHEIERFAIX
—BRERESABI2I T M ERGIERZ B A HFATRI B R S,

Tt iBER—mixas -l mas - tkikds: REEBNERES CRIIXS,

XEXRE CRANEBTENARR) iR,

AL IBRER . BIFIERIES TR SUARLEN hello.c, FRAMESRIRIE #H KNGS, BRRIE
HIRER, W#include<stdio.h> FIERRFRIXAXHBAEEFEH, BEEMN .i GRIIX
(5=

MIFBER: RiEe45 hello.i SXHEMEMXAX M hello.s, X T&/LHIESEF. BRIESE

RS, ATLCEEMEZIEHIXA], (L5 S fE/7E TIAY? 5515 EAn BRI X A E D i
Pt —= MRV EFES/E<S. NENBRESHFILRESHEE,



iCYRBER: ICZR=345 hello.s BlIFRAESES . EXERSITEMRAEEUBRER, Bl
oXf4, hello.oR@—1""#HIXH, ENFHBEENMESER, THEFN. BEMTHER
HWEFFH

HHEMER: LE40 hello F2F1EA printf 127, B8 C FiFSHSRMHNINERE C UK
B, ITERBEFET TR printf.o WBREMRIFFNBEFXER, ITXEFUEMAAE
#2 hello.o 1, #HR=[IMATXMEFH. FEINZEAIMTER G,

41, H—T fork, wait, exec K}

SOHREFTE FHAZ(ERA fork B NHSR— 1 RHATRRIEIA, LT RIBI T GHRENTIR, BT
HIZEREE—RATE.

SEHESHNRERS X NNGIDERNE, exec REAI MM —1 elf XHEBIHRKH
72, MIER#FZNFHIEM A NETARNERFT

fork MAGHFZIR[E]FIHFEM pid, MF#HFERE 0, AT wait IRHERSRKERE, HE
BFHBINERE, MATRINRE 0, HIRIRME -1,

exec MATAIAN FHIZMFRVREFTTIR1E1T, FTREE, PUTRBGRE -1,
42, THSHIRES FRSIRE

RISHRIE, HIFSSERIFAITXON, EFERRRX NS REFRED RELR, &
REFATRITXEFE, ErRTXAEETTR AT R T oIS EE

SHRE, AIRTXGZEMNT I eiSEEE, EHTH, SREEAENNSEEEND
R FIEMKR—FERRNT PITXERGRIR, Z—HERMRT HERE, TE TR
SRR, RREMBSREENER, RBRTHIEZEEN—MFHRL, BEENFT—THENE
ANEHERE; —RUMREMITEN LIRBRETNAVIETTE, NANSHIZFNATHRATX A

BEB1T,

43, DhSHHENEFSHHEX S



RSEREMZE (ib) XAFRENRANBEREREBNESR, BFETHEAES
ZHENEXM; SR LEBRREFTEMER (DLL) 8 AR EE X4 HRRIL
EFERHRHBNEF, EFBITHRRBM DLL RS ENRANE, FIFEEN
DLL X{HRISZHF .

HSHEESHSHEENRREZAENAN, RRBESHEE, WEiREAEE, lib
FRIES P EIZE S EREZEM EXE X T, BEEE{FEH DLL, i%Z DLL A
BERAR EXE X4, EXE SXM4HITR B A“shA" 5 | BFIEEX NS EXE M7 DLL XX
%,

STHRENNSTHZEN S I T XAETEFSHIZEP A ER 88 Mt NsSiRERE
FSE, MAENSTHZEREANEESEMRNSSERSTHRE,

NSEMSERTERAEFRIREAE, RIERMRFRAINXRAAFEABELRIT, WNRE
Sl TP A SANAIXERE—TRARENER, BLRITH, XTRBRAZE TN,
BIURB 24 lib XHERE—TRBVER, BARTHZREBESIREFRONTZEE
BTzHEN, mAR—MERMTE—MEL,

44, iSRS FFSHAR

£ C++ 1, BXREIE—TITENIEFIARE D MU RIXAETE, BIREXRATHITHIR ERA
@, PILAD NEFSERIRANNSER YR 5

RSEATRE EIA R LIEERmIFM ERSTARY, XMEAREERAEREFBITZRITTHAE, XiRAR
HAEX YR . BLIFFSHEYR, ERENBRMOTRERFTRRERR (MRZER) SHIT1X
BRIFCIBIERAR, MEXMIXAMARE, ERFNNREMNEFSRE. FEEKRREIT R
IR E TR RVIETHEESIRNEE, EIRRNES, BREEE.

S EAIR B IR IR R AR [F s TR s #1T, RIFBSHNFRREERAW T E R R, Ehn
FRAEGITINERAIEI, XMEXGR X R0 EREAR, SEISRE. sISEYRI B 5 R ETRY
EERETHRIVEE, HWNARNNRERERMEANENRESR,

C++H—fiRIFN TRIBAREEF SR, (B D REIZSMENE RIS NAZERNSEAR . &
SR RERE LR, BRERR, hISEKEIE, REETIERERETHERIRE
SIRERERE, HEINN: EOERNETHESR>ERHR (EFR) FEELXYREIS
A& ER#SE (XTR)



LIS EAGR = 5
NTHEENSEAIREIIT I E X FI LRI RE RN
RZENGHEFREXR, BERIN—TEMSZ—TELBIREMRE;

DAGERERIEHEOFARONS, AEEENEERERIEHARRRN;

alE, JENRE, MEDEREMR, WRRESXENREELY, ssicRiTRmb!

—MELENREBOFT T
D ERBHRZANRNEE

RKiEANRSEE

EIBRTEE IR

RKiEARSEIE I
R B AR

T, RAIZUEHER

1. FAa=RRI4E?

RERZEIRFR

has-A B8 X%, RUHER—TRBEZSTEMEEMA, LI has-A XAAENMGRBIER
T, BI—1RBIRGARERER A — T ELEXFRIE;



use-A, —PEEAR—IE, BURZENMARBEERR, EXRTHEBRIEZES L
B TUSRSE I ;

is-A, BEXR, KRRAEFEBNE;
AR RS

FMBRA AR — T RUY A T B—TERNBUNLE, XTHMNERES T E— 1 ENEENA
R, WA FRIEIRER, BPFERIRIMARETEES;

PR R

FRIABRENFABRIENSE, FERAUNAERERBNRENE, FRIRAUIMHK
K RIEM;

AR R ()4

public, protected. private

A7 R ROF IS AT A BRI X

AP RFER E RN

2, ta=24A"?

— P REANHFERRZS —TERANER, BIRNGREMENNRENBSHMREA; SIEBHGE
HNR: BREIESTARNSR, ERAETHEREINIRIT, SIENRIBENSEARKERIN
RETHIRN, XEXRNBRYRIHAITIRNL,

BIRESENR, MIERANNTINT: TERARIROWERE, AERBARNRARA

FASERFHNEXINF, SHERWERBEIIBHIIRIAFTX, REHITASRWISERE
HIRRER, e R &R RBIRFE R



3. MhSRETRE RIS ML EFE

C++ ASMTMEZRTANNER, NRABEEWERBHATEETERTEWERS, &Y
ERBPRERE, EHTGREMWISREZI. B, YR b NMERBFLRERE, X
KOBTHR A SHWIERE, FLLZERRAFLRE.

A auto_ptr SIRAIERFCIEFHRANA, BXIMIEREN 738, RIFRTMEFERRERT IR
mEvEtl, THEREEEMHRAPFHIREER;

MRRFNETFEENRZBFFERE, MEREES—TSELTFERRKS, C++ 218
F3 terminate RELIZEF R ;

MRFEMTHRER L, MEREEISEITHEE, BITRRBERIITAEZN. MR
HWERBHITAE, MERETRMENIZAITHE—4SIE.

4. ZUNoseI ReEEF S oAl R eSS oD

BIE =18 new. delete TEFER N private B4,

E& ZIBMIE. TR ENRN protected B, BRFEENESEIE
BIUENNRERMHA N

» FSEIU, BFSEI—TENR, MERARERANREXRTEFRDERF;

» SEIZ, A'p=new A(); sISEIL—1TENR, MESER new BEN AN REHTE]
ROEAREF. XTIEED ML, E—HHNIT operator new() REL, EEPER—RAF
HH#1TOE; B DR EREBENTR;

» AFEA new BER, WERASHEELEE L, ERERH new ZEFH n] ASLINZE
WHEEEE TR LE. AU new IZEFIENTAE.

5. MIIYEERGBYIaHTIR? 2242
APt —1 5 AR T =0

a1t —" const R ERT;

SHEA—TERNWISRE, MWISEREIRE —HBSHAT;



HIERA— TR ARERE, MRE—EHSEH

Rixdes——HRIEIBNIIR, NESINFEWERBCALZBBLTRE, FRAEEPUETR
AP REBET, listhEVIN A IR/F 2 BRI A FBRIRFERER, 2R ATIRPIEZIIR
FRERN,

6. 275 XRIRTRERT RaNZiE?

A% PR R R BRI T 5

R class HEMRAENR, MEBHENWRE, BAENISUEERIRR 98 RN #E
R

MRBRE— vptr, IMEHEFHTE X

WRBEEERN L —REEESRAENRERE, WeEl=MUERIRFHRER;
MR EE R E R L

7. MEREEITEIR?
EIRERMSRER, MENEEEXER E—EREENDSEEER;
SERAY vptr #ADIETL
WRBANIAMNIIR, BEWSRBEAT BAR, XANTE vptr FIREZE7T 5
HATREF G FTIR RRYICAD

8. TEERERY I FE?

ICREMRIGHIIRPIEIREN R RETRREWSRBIREBIEA, FE5MANE
BRI 5 ;

WR—THAAREEIMERZNIBAIIRD, BER—TERIANDSRE, BAFRINDSEER
WNTHRR R 5

90R class BRER, BALELIBIREVE;



PR L —BHE SIS R EU TR 5
PE RE 2 REVME R TR .
9. MPLERRENTBER RERRIEN

FERER, MISRBWRENR, IREXDINEERREAT T4, TeEHITWIE; SHE
RER, 8—1TRE—TEXR, B—THRE-TEXRE, EXRETHEWERKBEN;

REREREN, AEXRER RERIEY ERATREURRVERIRIE, MERNEWEEGTHERT
REUAE, PTUAREREREANEER RE BRI &L

FRSRE, FSEBIAETIRETE, BSHRARESAthistetr, RUFSEREIRENE
REVKBEAREX,

KRR, RTRSTETROMARE, TamsE, QT asas R s
BB,

EERE, SERBAETRMARE, FEERESE, FLERRERBRERH,

oo
o
Juy
fiD
L]/u
:_I-l

MEDZEREAR, NRRBXEXMRBREL, 30K TR



—MELENAEOFTTF
D ERBHRIZANANETE

RiEARSHE

BRI R

RKiEARSEIE il
R B ARARRRE

h. STL B25M1E,

BRERIMER: E+=8-FTTtENERE STL R,

1. C++ B STL B (R1FEIE, allocator, REN, SCIMNIE, ZLEFESCINSE)
STL —HiBgHt/NKAMH, BiESE, BE, &R, (FRE, EE:[ORERE, BItMUEs
ER., aRBadRERNSHEFEMETE, EE8TEREBEFHRERAE, HREEUNEE

BT ENRERRMN, EIZSRrTMNATES. (HRBFIERES.

B3 JBMEUELSM, W vector, list, deque, set, map, FRFNEIE, MITMAER
HRE—IHRIREMR

& SMERNEE, Wsort (AN, RHF, #HHF) , search (“HE) , MEIRY
AERAR AR,

BERES: MIHMNAENRSE, K32 —MIF operator*,operator->,operator++, operator--Z
B EXIRER FEDEENR, PAAR STL B2EHE B CHIERER.



FERE: MZMNAER, FRHZ—TEH T operator(FIRHEHXER, FIUFEBENIEIAL
A ERIERES

Boigds: — M ARESINER[EEDREEERFZORRA,

EEE%E ARZTREESEE, MIUMNAREH, RESE— T THSZTERE. ZEE
B IE =i GNES EY

'R’: AEEE allocator

SGlI it T NBRIEEER, F—RECE2REHIZ(FER malloc(F free()5EAFERI D ECAIEIU,
B _ R BERNRIEZ RENOA/NEERERREERT

NFEZREELR, WRFERRANATF 128bytes, N EHIEEMBAAE—REREE, FH
malloc() P EERTE., WMREKRIRA/IVINT 128bytes, F£_RELEIZPAEITT 16 NTHHEER,
R 16 FUNBIXIRAORECEBES] .

BIS8/\ T 128bytes FIFKREKES, BAEBEMBRKRA/NAXSNABRPEEHZ A
=, WRBNEZRE, WRRE, NWERFEFHBREFTRKRANNNAFZE, WREA
BN, WSEMAZIBRAERSR. WRAFEFREEE, NERA malloc() MER#HITH
5, BRBINAXNERKENZE (HZF[F+nNE) , —BEREEHZES, —F (K
—f&+n) MAREFBH,

AR malloc(thk, NMISEFHDBRTEHER, MAASHEERAXR, BXREZK"H
freelist, IXEI—IRMIZE—RR L., NREZERE, HRHA malloc()4bIE, E malloc() B
out-of-memory LM IBENFISIFENSBREMMNANEERAE, MRAMUFMBEII, WRARATHIR

bad_alloc &% .
STL HF5IX S 23H9CIN :
vector

ZSEE, BETRRIINAN, ENREIEZETT T=EUASHFHITE. vector 4HFHY
—TEZNSMETE, mEEBETMAIAREZERIEN vector AETES
(

RandomAccesslterator) .



vector EIBEM P EIHME =& KBMEK, —MismBrRiERZTIELM iterator, —1
&0 B R{E A (8] Efiterator, — MM 8@ BRIFIAZEEM iterator, SEFAITRIEANN,

MRERBSEBRANEEZEN, URFTEAE, WEEY ZEME, NRMEIETE, M
FikRZERBANBE.

T REEANREREREZHERENSE, MEEMBBERELTE, KRENEE
ENEF=EF, BREREZE, STHR—XY . FEEIENE, BT TREMTFNZ
8], PRAY e, RAENEIRKEERA.

list

5 vector 1BEE, list WIFAFE B/ XIBEASMIF— 1"t R, MEESER—T=E, MARAE
LR BB ARR, STL list 2— TN @ikR, EBIEHOETEERE list KSRNFTEK,
E7 list NFfEZ Bl A ELEN, list ER [ FEFBNGERINEE, FRl list IRIEAIZE
Bidirectionallterator, list BIEIREIIH R E—4E[E node T RAVFEET R AIIA T .

deque

vector BER A OMEL L E (8], deque MZ—MREFF CREL LML= IE), FREXREFT
O, #Eut deque ZFTMEEMImHAITTRAVBANMIBRERE, 1HEET vector R Fe=[EAY
K3, deque SEFR EEMMETIRISEHL T IS BAVERE . deque RETEMHE, EAER
NS A D BROESES BB E AL, BERY AT DUB I —EFr A= (B HE R

AT EHPXMEMEENRSR, FRUENFERED (BlthizH
RandomAccesslterator) , & 7“EEE, EHl, BRNKEE, KNEERINEES
M, UMEIRFRIEVE, FNINIZRAIEE A9ER vector, MAZ deque,

BAFATEIE B deque B AR AFEIRESLRIRRREY, deque RFE—IRATIBRY
map {EAEE, XEMN map LR EME—RANEENTE, HFS—1xR, BIRZH
TR node, #BiEME T B —ERESELEZEMANEPX, ZPXTE deque WEIEFMEZTEE
K,

SGI STL @ AFHAIEE EH XK/, ERIA 0 RR{ER 512bytes EH X, = map i#H#
B, BIDERE —REARWZTEIRIEAN map, EFFREE. deque BIH—TXRBEHNHEEN
iterator BYi%1t, deque Y iterator FEM M ERD, cur IEREFXINITITR, first F5EEFX
Bk, last EERMEAXME (ERNEEEEMATIE) , node IEMEZEHL. FILARERIR,

dequeMIEIREMHREIE T, 1EME—1T SMiterator start, MI5M@ERE—1T =AY iterator



finish, —IRELTBIFANEIE map, BFEZEICHE map BRI, DAFFIRRaASEC & B ARY

map,

— S SR EIEUESEN, RAE—1HO, stack RAFMERTUFINIETE, BERRIETT
NS RNiRTR, deque @ @F OMIEIELEN, FRLAER deque 1ERIREBEMH T ]
HLigAO, #MAZR T —1 stack,

g

queue

=—MAHAFLRBIESM, BMTEO, AFMRRERMATER, BES&IRTR, M&E
ImATE TR, MRIURERITER, deque W EFFORVEHELS, EIA deque NIEREEHDF
HAHEEREO, MKHOALD, KT —1 queue, (EL list tBATLASEIR deque)

heap

WHAETF STL BRAM, EENEGHEE, 19F priority_queue BIBIFE, priority_queue 5
TR MEMRFBERTREADREA, EREN—EMIENRE (BEHRS) HNTXR
FFGEY, AAR#E (binary max heap) 1[EEBXHMMR, E/1EAN priority_queue BIEKEHL

il

AR, B—THEBTTRNRBESATASFSTEFTRBEN-XH (BAZHE—T
vector, —RELET(E], WL EMIRFFTIX T X)) , FIATERE, FIIATT
ZERER T —EBEANTR, BIEAIHZEEREZANE—T=R (BHEHRTRBAE
JEE/E vector By end() , RBRIT—TIMBLMRIER: BHTRERS KRR, MR
HEIERTRR, MRFNRUE, Mt—ELH, BERAFENRIAERRT AL, 5
BE—TERE, RAMEERTR, BERTR, BEEKRTERALINATR, FAEEER
MEBERAE, BARTREARTRE, #T-1TTHRER: BZETRMERANT RS
i, FHETH, BRI TRALL,

priority_queue

B — vector, {£F heap IERRIEE, A, 3REX heap RITHMEA, #HIFXD
vector, BUAEIRVFRF UEMRFBEATZEBEATRA, EREN—EZMLLNES
(HERS) NTRTIRERIBRT,



slist: STL list 2—1TW@HR, slist E— R @R,

2. vector EFRREERREFE, SRZEXY vector i8R push_back() 1ERESZIN
EREES:

ERBAMMIR TR EIECR RV

BT vector BUERS, WRRIFNIHIBTIEIETER, FEZD delete, BNSERAF M

SMEZLAA push_back()g0M

[@ vector WEERARINITR, BEABESIREENNYR 7_11% SEIEFDE, EMDEEAMNA
7, BERZIEENZIFITEF, B REEARE, XTIRESHENFENN, NI vector
AR push_back(=SEIEEERY TFZF,

£ C++11 ZJ5, vector BRI T FENAE: emplace_back() , # push_back()
— N ER AR —TFNTRAE, FRENE emplace_back() TEXXE LELE
T push_back() BT —EWNRF.

emplace_back() REERIE LEE push_back() BT —EMNXH, BFEEARFMAHLEM
BIIRERH., NEMCEERDEER THIENE (EEESSNNENSR, FARZI—
SHISBER) +EFISRRERIN S AR, EETRELE, ATFaETENIMETTE,
FtbthE —ERFH .

EEERREITYXEEXE:

3. map Hl set HHAXHI, 27IXEEASIAY?

map F set #2 C++ XKD 23, HEEIUIIIEN (RB-Tree)

BTF map 1 set BRI ZFRIEIEO, RB-tree thERIEM T, FRA/LFEFRER map 1 set
HIRIETT N, #BRE%E RB-tree HIRIEITH,

map # set XBIET:



(1) map PEITTERRE key-value (R#EF—1H) X XBFEIIRSINER, EURTER
SITEXREXRVENTE; Set5 ZHEXNMEBXRBFNERES, set FEITTRRABE—TXEF.

(2) set BUIAfNE3E const B, ARVHMESITRME; mapstiffZtivalue, BRBIFEN
key, HIRREZENImapillsetZRIFRBFHIFRMIEEBFIER, WRAIFERkeyrUIE,
BrafBTERRZR, REETFE, BEAMESENREE, BTEFE, dit—k, mER
AT mapHlsetiV451y, SEliterator k3N, AEANEMIZFEEMNZRINNUE, EEiEENEGEHN
UE. PTLASTLA G sethIEUEFIRE Alconst, RATHESUEUERAVE; MmaphYIEfLasNIA
VHEiikeylH, AiFEvaluefE.

(38) map>z#F ARMRIE, setAhZiF MRRIE. mapr] ARBkeyffl TR, maply FAmzER[ ]
ERBIBEN TIENITEN, WRXBEAEFE, WEA—TEBF LRI
mapped_typeKBIZIANENTTEEmapH, R ™REzER[ [ Emap AP EZEIER,
const_map A EER, RHEEBMERE T XRERSFEMNA AR EBATEN AN IZERA,
mapped_typeZXELS BEINMBELARNIZER . WRAndBERRFE, RAJgERAfind,

4, TEIRRIR—IR STL & ZRMFRTE
B EEEZINRIERBERAEA,

X FFFIA S vector, dequedfin, {EF erase(itertor) 5, BIIMNE N TENERBEEK
W, BREEHENTEHMEFRBHN—MIE, BE erase 2IREI TFT— N E AL 2S;

X FREXE 23 map set iR, {FFRT erase(iterator) f5, HAITTRAENRERZKR, ERHEW
ZAEW, MERIRITEN, TR T —TTRENRES, FAATEIEA erase 2RI, iTR
=TT REEREREN,

ST list Kk, EERT PMEEDENAE, FEEM erase HIABRIREIT—1HEY
iterator, Bt EEMANIEFRRYTS EE PTLAER.

5. BIRFR—T STL FERERR0ER, BiatAIEE=EN S

ECER



lterator (iXfX2%) #EIUXFR Cursor (f#tn) BRI, BTRE—MAGEMFHED—TRENR
PEINTR, MYXAFRBZNREIALRT. AEXFRAEESFHIER: IteratoriR\Z15
ATRENRN—MEN, BIERIZRN, ERERMTAINERNENRRBRTNERLT,
RE—EINF (HiteratorigtN757%) ThRIRESNRFNE TR,

BT lteratoriBZN LA L4551 SREXNRBE, E—2ELRHTENI ZEH, —MiX
BT EEREXFE, WSTLMlist, vector, stack HZA 23k Kostream_iteratorEy &
iterator,

ST X 5!

KT RIET, BEENR, RUMNGIETH ., thRABEN TIEH—LLIeE, BEED T8
A9—LEIRMERT, >, *. ++. -5, ERABHRTEH, F—1“0EHSTL ( Standard
Template Library) B2ENETHB O TR NNER, AREHETRERH, SHEHEIHN
—FiRFA (lift) , RETEEHESRNTAH, BET—MEEEEH, thrIDURIEARREEMN
WIREMRZM AR ++, --FIRIE,

ERRREINEN RS BMASNRIE, Frlbicout RBEH kM 2_{E R BVEEHEM T EE
HizEHEBS,

&R ERE

lterator=REYTA B A VM BN EE S RNBEIZEMR LR, EETIHRESESAIIEH
MAEIRIBHE SR .

6. [BIE—T STL B resize ] reserve BIX %I

resize(): T HUFIBRNESETENEE(size(), eg: vectorv; v.resize(len);visizeZ= Alen, 1l
RIFERvATsize/NFlen, FABEEFNE (len-size) TmE, TENENEIANO.H
v.push_back@);Zfa, ME3ZMETVAIRE, Bl TirAlen, LITE2EEsizelglen+1;
reserve(): T HBIB MR AS= (capacity) ,(EASENITE, REREXTEERATFH
ANZDITR, tNRreserve(len)iIEAT Haifcapacity(), IBASEFHHE—IREEFlenNITHR
M=E(E], AFIEZHIv.size) TR HRIEIT copy construtor EflI K, THERZBINATE;

[R1%, B/ S, MESERENR, URRFXENREEL, FSicRiEHM!



—MELENAEOFTTF
D ERBHRIZANANETE

RKiEARSEIE

2} T

RKiEARSEIE il
R B ARARRRE

—_ B2 w18
75, (BRI

1.

HelloWorld FZ2FFHAZIFTENRIRE EAYEdFE?

P &IFIRIER ST HelloWorld 72F CBITBEMANE)

BRIERS: #E HelloWorld ZFRHIEXER, MEHKXBIT[TEHITXNE; HETE
FEEMER, AERBIMEIEEIHRIT XXM EFITE LIS N A2 TR
BIERA: RIE—FHE, J§ HelloWorld RTH T SXEIRETENZHFZEEN), RnAHIZE
FEHL1T HelloWorldf2f% ;

BRIERS: 7 HelloWorld F2Fi%E cpu F FXHE, HEkZIFERTFTIALL;

H4T HelloWorld F2FHIE—FKIEL, RERIERE;

RIERG: DE—TIMEATE, HBRIBMERIEIANATE, AEREHIT HelloWorld F2
;

HelloWorld f2F#1T puts REX (RETER) , EERSB L5 —F/K5H;

BERS: RIEBERFHEEENERIZE, BRIRFEH—THEEHIN, RN, BRME
ROV ES TR B IEBIZHTE;

BRERG: ZHRENHESREENEOARSR, EEERZFRNE, BEORSHEXZ
— P EENERE, AEBFHBEEMER, BEEENZENEFHEIMEKX;



PSR ISR R LI B 28 nl iR IR — R IR FI 3RS 5;
SERERERES, BARRE,
OK, H(1ERE_LEZIT HelloWorld;

FEIMEREETTR

template<typename T>
class SharedPtr {
private:
size_t* m_count_;
T* m_ptr_;
public:
//FE R
SharedPtr(): m_ptr_(nullptr),m_count_(new size_t) {}
SharedPtr(T* ptr): m_ptr_(ptr),m_count_(new size_t) { m_count_ = 1;}
//HT B RN
~SharedPtr() {
-- (*m_count_);
if (*m_count_ == 0) {
delete m_ptr_;
delete m_count_;

m_ptr_ = nullptr;

m_count_ = nullptr;

by

by

/ /%8 DK IE R EX

SharedPtr(const SharedPtr& ptr) {
m_count_ = ptr.m_count_;
m_ptr_ = ptr.m_ptr_;
++(*m_count_);

by

//ENREGE

void operator=(const SharedPtr& ptr) { SharedPtr(std::move(ptr)); }

/ /RE TN IE R X

SharedPtr(SharedPtr&& ptr) : m_ptr_(ptr.m_ptr_),

m_count_(ptr.m_count_) { ++(*m_count_); }



//REER

void operator=(SharedPtr&& ptr) { SharedPtr(std::move(ptr)); }
//#%5|F

T& operator*() { return *m_ptr_; }
//FikIGE

T* operator->() { return m_ptr_; }
//EHboo L IBERF

operator bool() {return m_ptr_ == nullptr;}
T* get() { return m_ptr_;}

size_t use_count() { return *m_count_;}
bool unique() { return *m_count_ == 1; }

void swap(SharedPtr& ptr) { std::swap(*this, ptr); }
s

3. FEFRRFBEEL strcat, strcpy, strncpy, memset, memcpysEij

//18 src FRiEENFREEHIZE] dest, TR destEXM=T[EMN1ZEEsrcK,
char* strcpy(char *dest,const char *src) {
char *ret = dest;
assert(dest!=NULL);//fift=m1l: HMEBMASE
assert(src!=NULL);
while(*src!="\0")
*(dest++)=*(src++);
*dest="\0";//Ht=2: Fuhiti§mEN"\0 "+ L
return ret;
ks
//EBREFESNFRFRENRY MANR
char* strcpy(char *dest,char *src) {
char *ret = dest;
assert(dest!=NULL);
assert(src!=NULL);
memmove(dest,src,strlen(src)+1);
return ret;
ks
//H src FRiEMMNFREIENE] dest ATIEMMNFRENEE.

char* strcat(char *dest,const char *src) {



//1. BENFRHENRIBUESLRTE, REBREENLEHT
//2. FEE|destNERAE , BiEsrciENEldestd, iBBEREEML'\O'
char *ret = dest;
assert(dest!=NULL);
assert(src!=NULL);
while(*dest!="\0")
dest++;
while(*src!="\0")
*(dest++)=*(src++);
*dest="\0";
return ret;
ks
//18 strl FRIEMMFREN str2 FE[NFREFITLER,
/R EOREE T :
//ANRREE < 0, MFRER strl hF str2,
//ARIREE > 0, MRR strl KF strz,
//ARIREE = 0, MFRT strl FF str2,
int strcmp(const char *sl1,const char *s2) {
assert(s1!=NULL);
assert(s2!=NULL);
while(*s1!="\0" && *s2!="\0") {
1f(*sl>*s2)
return 1;
else if(*sl<*s2)
return -1;
else {

sl++,52++;

ks
[/ BB TFREEEEINERE
1f(*sl>*s2)
return 1;
else if(*sl<*s2)
return -1;
else

return 0;



}

//EFRE strl REHREIRBIFFRS str2 BIE,

char* strstr(char *strl,char *str2) {

char* s = stri;
assert(strl!="\0");
assert(str2!="\0");
if(*str2=="\0")

return NULL;//F&str2hz, NEEREZ

while(*s!="\0") {//BTAZ=E, WHTEN

}

char* sl

S;
char* s2 = str2;
while(*s1!="\0"'&8&*s2!="\0" && *sl==*s2)
sl++,52++;
1f(*s2=="\0")
return str2;//&s25c4R
1f(*s2!="\0"' && *sl1l=="\0")

ez

vy
IR

1E7F

return NULL;//&s1EERMms2RRZER, MRET

S++;

return NULL;

}

//EHIEMImemepy BREL MTZHEX str2 &%l n DFREIFMEKX dst,

void* memcpy(void* dest, void* src, size_t num) {

void* ret = dest ;

size_t 1 =0 ;
assert(dest != NULL ) ;
assert(src != NULL) ;
for(i = 0; i<num; i++) {
//BRvoid* REEEIEMESIFH, PRARERFEM char*BiEs| A

¥

/ /A Vo1 d* LI T2 BUYREE
*(char*) dest = *(char*) src ;
dest = (char*)dest + 1 ;

src = (char*) src + 1 ;

return ret ;

1\010



//ERERGFESNmemcpy R AR
void* memmove(void* dest, void* src, size_t num) {
char* pl = (char*)dest;
char* p2 = (char*)src;
1f(pl<p2) {//pliftthiltp2&5ithit
for(size_t 1=0; 1i'!=num; ++1)
*(pl++) = *(p2++);

}
else {
// MEERITE{E
pl+=num-1;
p2+=num-1;
for(size_t 1=0; 1i'!=num; ++1)
*(pl--) = *(p2--);
}

return dest;

4. C++ B2t 4, KBEEAZHAY?

RiFgs AT BIERBERGIEN ARG AIRERRNRE; FmiFSMREERERT BRI ™%
NERRES RiIFSFZIREERE TR IR TR SERABARSHITRE, &
ERH SN SR ENCEHITRIE.

X R NREEIRER LI EZT RER AN B IERREL, EfERREEREYREXHPE SRR
MREVSES M, MRIZAXMGHREER, RBEX, PRFSLTELFMCZER, RESHE

ZiE1R.

5. TBIRES M ERETE main FEHUTHISTIET

//E—M: gcc B, WX TR SENainR 2T, BEE—T
__attribute((destructor)), tRCRMNSERFERZE] (naingRZE, HERABT
exit/g) #1T;
__attribute((constructor))void before() {

printf("before main 1\n");



//EZM: 2R static TEMVIBHKERRBHE, T main RERIRIT
int testl(){
cout << "before main 2" << endl;
return 1;
ks
static int 1 = testl();
// B=F: HMFEKRF Milo Yip WEIEFFA lambda FiAI{
int a = [10O {
cout << "before main 3" << endl;
return 0;
HOK
int main(int argc, char** argv) {
cout << "main function" <<endl;

return 0;

T

before main 1
before main 2
before main 3

main function

6. 1R{RRIE—T fork BREX

#Fork: BIE—1HHRIHARRME—FAHETUEEY fork() RGTER:
#include <sys/types.h>

#include <unistd.h>

pid_t fork(void);

L INAEA fork() 2EIE— T HIERE, BILFESIER fork() EE—E—H, XM MHESLS
WeITIT, EFIFHIER, RINAY fork() ARASRIREI0, ERHEIZH fork() IR[EF#HFZAY pid,

MR BIMEEIR, fork() RE—AE.



B WEY fork() AERRIZ—1EVEE, ASEMA exec() A ZHBIME, BHRIRIHAER
BRIR, XMIBRT, IKE (fork) THIRVHIE, MXTFHEZFAT TR ZEASIATRITX
HHAYIRIR . XM IREMFAT RIANZERE L.

FEHIM0 Unix R4EH, CGIEHTELERIFR. HiER fork B, AZSIEFRBNASEIEEHWE
Hl—1n, EFHRENTIRIN, ARIEXHZERMN T EFIATETIINE 2 FHE0itt T
Bd, EMNAZBERIR, ZFRNEHAFXET2oFREY, TN Unix RAXRE T E SR
¢, $I40 Linux, XA TEREFHINAGE, MASXRARRT BHZREETH],

7. iR—TF ++i fli++ BIX3I

RINEE: XAEB=! ++ (BIEMM) SEIE 1HRE, i+ (EEMMN) TRE i BEE
1,

RIEMMAZTERRNNSR, FEMNAITERIEHR, GRS SHRRER

++i SCIR

int& int::operator++ (O{

*this +=1;
return *this;
}
i++ SCHQ:

const int 1int::operator (int) {
int oldValue = *this;
++ (*this) ;

return oldValue;

8. EERIR—T printf SCIRIE?

EC/C++H1, WRMSEHRIPEEMEEBIN, C/C++RIRMNSHEZBEENERNS RS
REES R (R —MAHERNEESY) .



REEANSHRELFR, EITENNATHR, BEF 2R, —REH, —REX (RYS
HRBEHTEMEXE) , MEEMAEFENSHIEEITEIEE R, BHEROMEHERIET
7, RAEBRANNSHEERLE, MEREMEZSHNREH, REEANSHERTH, &
W EBEREE T, MURREEANSHEEEEBHREILE,

RAEMAERIETRI LT . printfAE — TR EINS B ER T FAET, MERNEIS
SR —EB, RECEEH BT & BIZHI SRV T ECRAIM S AT BN EIERE, #Bd
XL A B LR EAERIE T NREEE T,

9. AR im, AfETHE

NiHER: SEHENSFRRETCAFENRBLR, MEENRFHREERFHNS ML
Iff

NRRI, BRERAENSFTREEAENSHUS, RUFTREFEEANFA R,

HifEMEFREAFRR T/ #HIERE, BREAHRITERIER

int a = 0x12345678;
int *c = &a;

c[0] == 0x12 KiIFiER
c[0] == 0x78 /NERIER

R R H TR

union HXEHAFFEEIEMR A EHZE—EAFN, EEANNRGHIEFES ZAIRIMAETE, W
AIEHAERNE’IE, Union IA/NARAKEIERRIAN.,

union IR REIEHAAF, FEEMNHEHEEMIIEFT. Inti= 1 XisF#E1RERS
iz, NmFEIERIEN. SiEBchar child, ER{IIEFT, NNE=ERAERE,

#include <stdio.h>
int main(Q) {
union {
int a; //4 bytes
char b; //1 byte
} data;



data.a = 1; //44 bytes, +7R#FITRTR A 0x 00 00 00 01

//bEAZcharf R H1Byte, aBANEintE 54Byte
//FRBA, EBAEARdataff GAEFER, bAfGAEFEETaff GAFENEMELEE S
if(1 == data.b) {
//ERXERRERFaNEFT, WELEITD
//BlafEFTEE TS AR SAFN (R Ritbit, &/ NmEUFIE
printf("Little_Endian\n");
} else {
printf("Big_Endian\n");
by

return 0;

10, 255 bool, int, float, f&iHREMITE a 5“F HILEBOET].
bool:if ( 'a ) or if(a)
int: if C a == 0)
float: const EXPRESSION EXP = 0.000001 if ( a <= EXP && a >= -EXP)

pointer : if ( a !'= NULL) or if(Ca == NULL)

TR float 2 double XTMTE, WHMERS, - EBBREIITEA ="
‘| PSP, MRRERAR SR <.

11, [EHEREEMER
HREEMBHAN, RASEMREISEBERIRE X—RRE;
EIER MBS T — T RUTIERE, HRAENSMIRENZENEER, ALk, REE

M=% 1, B 2, EX; 3, IREMAFH, MEEIMAIRARPIEIRIEEERBIRE
RN EA—T S8R, UETRAER;



)CH:

EE R B E — BT REFE TR AR, WRIERBNFETT (bil) (FASEEES S

— P RE, SXTEHRANERTEMERNEREE, BllmitiXEohERER;
EARLAMEERES RKIERED T, HREAROERHKERE, FIEEFTANEN, REFHE
—TEAEMKIERE., ELERFIFH (WHREHENINt BIBEREREL

Ak, HERNRF, MEOEREAR, WRREXENREFRL, FicKiERM!

—MELENAEOFT TS
D ERBNRIZANIAMETE

RKiEARSEE

IBRTEE SR

RKiEARSEE fiI
R B AR A

+. C++11 5

C++11 IS MEESTETE/ LT AE:

» IREEITHRERNESE: GESIHA. ZHEERER

» [FEEANERAMIEE: YIRtIIR. R—MRMAIEEL. LBES . SBE for BIF.
Lambda 1A, final ] override. #i&RENEIE

» ESEEHRIRFA: TIEH nullptr. default 1 delete. {KEEEK. #8% assert

» C++ WEENERT: Eeeigt. ENRIAL. BHRRF



1. F$55 nullptr
nullptr IR BRIZR T & NULL,

EEMENX LR, 5 C++ RIENULL, 0 IAE—FMERA, XEURATFRIZFRNMEE X
NULL, BERZERSE NULL E XA (void’)0), BENSEEKEEN 0, C++ AIF
B1E48 void * faz5E HRBIE KR (BANR NULL #E X ((void*)0), BBA Z4miF char *ch
= NULL; BY, NULL R#FHENH 0, MXERARTEO@, BEHT C++ PFEHEFME &
AREL, EE:

void func(int);

void func(char *);

X FIXF PR AR, AR NULL XEEX RN T 0 B4 func(NULL) X MEGE =X
func(int), MMSHRABEREM.

T RRRNEE, C++11 3INT nullptr 283, T IFREHZEE. 0, nullptr {928
Fnullptr_t, gEEZFRT AVAEIR A(EEIIEH S A EFTAVEEY, MEEMM(IHITHEFIEZEAFN
EEER,

HEE(FERA NULL i3z, FREAEIZR(ER nullptr B9S)1R,

2. Lambda F£ixx{

Lambda FRIATVEPR EMERM T — M ERUERBRIAEVEE, MEBRANZERTE—TE
A, BEXAMERENEwR—TRARRER FEERR.

A lambda FIANFIRENEREIER KL, AMNERIMIIRHEHERENR, FEER
EEIRE

MAEFREFH, lambda REANRB—FEENE, BNFIEEESTMEIIIEE A MAEETRH
EZRNRIEMREN, BREEENIEELS C++ B T IHRZAIRM,

MImX Ei, lamdba FEANFTERZRBNR, A£XF, AIUNEHRRBBRIEER(, LR
KRR A DO B AL DRERRIITH, BATIRXE RIVREIIR (Function Object) =&
{FEK%Y (Functor) , #ALL lambdafRiAzl, HEXIRE B SIFHIMNE.



lambda Tkt —EBEMSIES A, ARERTHIES), HIESREMEE M
B, B8 landba FARME, — M BEBHFIFMT:

// EXEERLambdaFRIAT
auto basicLambda = [] { cout << "Hello, world!" << endl; };
basicLambda(); // Hidi: Hello, world!

FHE&EER lanbda RIAL, RESH. WRFTEDY, B2LMEGRGIHE, BIEEE
SEmE, IRBREE, ROEREENE->FHEH, BERRERE, SAMRBAINZRIRESE
8, lambdaZ= 7 {5 B RhHERTHIREISEE :

// $EBRIR[OIKE, $ERIR[EZEE

auto add = [J(int a, int b) -> int { return a + b; };
// B ohiElmREZEE

auto multiply = [J(int a, int b) { return a * b; };

int sum = add(2, 5); // i 7
int product = multiply(2, 5); // %id: 10

BBEIOH I B lambda RIANKI—TMREERTNEE, #E HE.

FoWB—T lambda FANNAHRIE: BIHREX—T lambda RIANG, HIFH=E
ER—TEREX (XTERIAREHT () BEN) , BORAAEKE (closure type) .

BALEBITH, Z1 lambda REANMBRE—TERIARLH, HX—1HAEH, FI, *
1 EERY lambda RIATNERME2—TTHELH,

FABN—TEAZARE A NE I EZERES I AN ANHERERFABANESE, BIENS
EEMERREXBRENURZE, BNSCEEFRA lambda FHIER, HIFU0TF:


https://www.bilibili.com/video/av4050443?p=21

int main(Q) {
int x = 10;

auto add_x = [x](int a) { return a + x; }; // EiliEiEx, lambda
RIEAXNTEE LTS

auto multiply_x = [&x](int a) { return a * x; }; // 5|F#EiEx, lambda
FKIAX AT BT S

cout << add_x(10) << " " << multiply_x(10) << endl;
// &t 20 100

return 0;

HRRANAIMZES I At U ER], BERAMKERZE U T/LMIB RN MAEMEERE T

HEE:

[: BARHIREDEZE;

= [=]: BOALMERIRATEESE;

= [&]: BNADAS|IBIRFTERE;

= [x]: {XDAMEHIRX, HEZS A MHIR;

= [&x]: {XDAS| IR, HEZRETHIRX;

= [, &x]: BUALMERIRFRBRE, BExEHFII, BI5|IBHR;
= [& x]: BOALASIRIHIRFREEE, EE2xEHS, BIERHIR;
= [this]: BESIBAHRIINR (HL2EHIET)

= ['this]: BEIEEHNFRIRNR;

M lambda RIAX—PMEEEZRINAZH I MBTRESE, BiIX#MA I eI ASEIERE
BRE, HX, REANEESTLEER, LLURESRIT— 1T RAPHEISERENTRINZE,
1B1d lambda RIANZAHFM, B1BL8 count_if PREL:



int val = 3;
vector<int> v {1, 8, 5, 3, 6, 10};

int count = std::count_if(v.beigin(), v.end(), [vall(int x) { return x >
val; });
// VRRFINTENE

/atat lambda RIATNNFTEIEE:

[ capture-list ] ( params ) mutable(Coptional) constexpr(optional)(c++17)
exception attribute -> ret { body }

// FIENEIEE

[ capture-list ] ( params ) -> ret { body }
[ capture-list ] ( params ) { body }

[ capture-list ] { body }

= capture-list: f#EFI®R, XTAREZIE, BIHEAEHY, EARGEER:;

= params: ZEFIRK, _TLX%§E§ (EREELIERREUR) ;

= mutable: BJiE, & lambda FIATNARICH mutable fg, REARAIMEREEL E
RNTE;

= constexpr: A1, C++17 , AILAEE lambda RIARZ—TE=HREL

= exception: A%, EE lambda AR ATUMEBHFE;

= attribute: AIE, $ERE lambda FIATVAIFFME;

= ret: BIE, IREMEZRE;

= body: RREHATIN.

3. AfE51A

C++03 &ZETJE’\JW)EEP, AEZAAFRAZN, TEFHBEEA const T& AL R
AfE. AMZERRETME, Flan:



Person get(){
Person p;

return p;

ks
Person p = get(Q);

ERSRENVAEFIBN p WIZIEEE T Person M3 PMNETIEM2 MAMIETE, X2 C++ [
ZEmN—R, BC++11 AESI A MEATFERMNINGERHTIEN. SRS moveid
X, BIMAEFERZEBIEIRVBHCIENELE, MASEENWELEEBREGE.
— move FIEREEXFEIAR:

class Person{
public:
Person(Person&& rhs){...}

i
4, ZRHIBEEFRER

TICENIFFEES C++ AR NIE? (RE:

int N = 5;
int arr[N];

miFZR=IREE: error: variable length array declaration not allowed at file
scope int arr[N]; , 1B N fi@5, PEFFSRANEX—R, TEHRNBFBESEEN const
int N = 5 A8, [BC++1189ZLBEA L TR E:

constexpr int N = 5; // N ZET—1RIENE
int arr[N]; // 0K

constexpr FIFRIFRZE—TRIFHEE, BEEFANE—TRYFHEARFEREERE
Lo



constexpr int getFive(){ return 5; }
int arr[getFive() + 1];

5. #atIIR

EIRIITMSERTRAEESHTIENER TR, XEWEXLERERR DI PIULMMN,
AIMAEIEELEMNEE, LEAERENTRBADIEMLIIR,

M C++11 12T initializer_list RIFZTRINRIBMHIIRE:

class A{
public:
A(std::initializer_list<int> list);
}s
Aa-={1, 2, 3};

TRMRMIIRTERZMAIEAEE, ATSRM TSHAESE, %FIR R EFSHY

=,
6. H—AWRILIE

RNERBFERBEEFAENMRHESE, WA AFRFSE? dEatAa? nantz
HENH? AR T R?

AT A—IMIATER: HAIER - ERFIR":

X x1 = X{1,2};

X x2 = {1,2}; // AR ' ="RIBR T
X x3{1,2};

X* p = new X{1,2};

struct D : X {
D(int x, int y) :X{x,y} { /* .. */ };
i



struct S {
int a[3];
// T IBERIRAER =
S(int x, int y, int z) :a{x,y,z} { /* .. */ };

7. KBS

C++ 1M T auto M decltype HKFFSHSRE, ABNANERERBEFTEX N ETEMS
HRARORT R, (ERIDMERBSRKRERS.

for(vector<int>::const_iterator it = v.begin(); it != v.end(); ++it);
// BIARE A
forCauto it = v.begin(); it !'= v.end(); ++it);

S[AERRMNSIBEE (WJavaScripthy var ) RIR, EBC++{DAREEEN, =)

TRASKRENERNES. XRAZBIBELNENL, FHRNZC+HHIVFHSEKENE,

decltype FIFIRER— 1" RIANHIER, MAXRAXHAITKE EMTF
sizeof ) , decltyp(e) FMENT:

" Ee N—TEESNT=. RS, £ia, NREERENZTE/SEH/ERRTEREE
R R RY;

» BNEYTE, RIBRARNNEDZE (value categories) , 1RIZ T N e B
ROSERY:

» e TAlE (lvalue, BI“FIFHULE") , RE T& ;
e B—MIa&{E (xvalue) , NHRENERN T&& ;
e 2—T@HKIE (prvalue) , MIREEA T,

=5
=



const std::vector<int> v(1);

const int&& foo(); // ROIGERE: £HaBEPEEREAFELREE
auto a = v[0@]; // a A int

decltype(v[@]) b = 0; // b A const int&
// Bl vector<int>::operator[]J(size_type) const £

IREMEEE

auto ¢ = 0; // ¢, d ¥¥JhK int

auto d = c;

decltype(c) e; // e A int, Bl c A9zEH
decltype((c)) f = e; // f 8 int&, BEA ¢ 2EE
decltype(0) g; // g R int, AR 0 BGE

8. BT EERforf@Eif

Boost FEX TIRZ"SCRE", REINEFREEER TEENRIEI, X—HEWC++111E
Tk

int arr[5];

std: :vector<int> v;

for(int x: arr);
for(const int& x: arr);
for(int x: v);

for(Cauto &x: v);

9. TIERENEIE

£ C# M Java 1, — T HEREFIAER R —THREMABER, B C++—EARRIFXEF
(88

IMERILAY, XEFWERBAMNER—NER— TSR EBER S — ISR E, MMAZ
ELARBRIERY:



class myBase {
int number; string name;

myBase( int 1, string& s ) : number(i), name(s){}

public:
myBase( ) : myBase( 0, "invalid" ){}
myBase( int 1 ) : myBase( 1, "guest" ){}

myBase( string& s ) : myBase( 1, s ){ PostInit(); }
5

10. final 1 override

C++ [EHREREEIMIZITRZS, B C++ HERHX RS/

=)

= TERLEFRESE, AR
= FHAIOFRTRER KRR K
FRAYFTEREL

X -—BRE, I REFRPERESSRIERE T,
H, LLWEESHN, NNOFERT —TE2FL—REFRER

C++11 BT final REIUIERIUEES/ZILEMWARE, override KERHMEEEX
B}, XERFSESBRNNONITRHREEZERNEIRNES,

struct Basel final { };
struct Derivedl : Basel {}; // %RiEEE: BaselSuiTHarE

struct Base2 {
virtual void f1() final;
virtual void f2Q);
s
struct Derived2 : Base2 {
virtual void f10); // RiEE: fIFRFES
virtual void f2(int) override; // #miEH: XEFRE void f2(int)

1



11. default 1 delete

BNABRFRSNELBNEM—LEHTE, LEAMEFTHRE (ZEA95IFRNA Effective
C++: ltem 5)

MEZNIUNENHIEENRIEXEBHITNT .

struct classA {

classA() = defauult; // BEBR—1 B AV R L
classA(T value);
void *operator new(size_t) = delete; // BEIEERinewizE

¥

LR classA FENXT classA(T value) #1ERE, AR IFSRZIIASTINER—TTSE
HMERE T, MRBNFETUFEERE, PEERE = default ,

12. 875 assertion

C++ B THMARXFE assert : —F2E assert &=, B—FETLIEIES #error , BIETRE
BITHRRE/ER, MEEEMAIEERRER. l:ﬂ]iﬂ‘d‘%*&%lpﬁtﬂi, ENEIRZHRIFHAOEE S,
static_assert XBFEHAAL U T:

template< class T >
struct Check {
static_assert( sizeof(int) <= sizeof(T), "T is not big enough!" ) ;

}s

13, ERetREs

ETIRENEB C++11 JWTF C++ inEENZTE, C++11 B TR1 HFAT#HE, [EF T C++98 th
B auto_ptr , [EAPIE shared_ptr #l unig_ptr H A\ std s RA=(E),

EREFEF1E [Effective C++: Item 13] FEZXBAARMTIL T . XEBLH/—HIF:



int main(O{
std: :shared_ptr<double> p_first(new double);
{
std: :shared_ptr<double> p_copy = p_first;
*p_copy = 21.2;
} // p_copy #EE, EM@EA double BE—15|HELNAGRE
return 0; // p_first REEMEK double $HER

14, IENIRIAT

XM — NI NRIZES SR AEAVIFIEE T IR

const char *reg_esp = "[ ,.\\t\\n;:]";
std: :regex rgx(reg_esp) ;
std: :cmatch match ;

const char *target = "Polytechnic University of Turin ;

1f( regex_search( target, match, rgx ) ) {
const size_t n = match.size();
for( size_.t a=0 ; a<n ; a++ ) {
string str( match[a].first, match[a].second ) ;

cout << str << "\n" ;

IR CRZER S B Wikipedia: https://zh.wikipedia.org/wiki/C%2B%2B11

15, 18559 T

£ C++ PAREF — pair BIRAAMENX ZJtH, C++11 BiF—THRE T KSEHN
tuple &R :


https://zh.wikipedia.org/wiki/C%2B%2B11

typedef std::tuple< int , double, string > tuple_1 t1;
typedef std::tuple< char, short , const char * > tuple_2 t2 ('X', 2,

"Hola!");
tl = t2 ; // BRIl
16, IFHF

C++8J map, multimap, set, multiset {ERZIEMLI, HBAFEITEZ O(gn) KIE Z:
E,

B C++11 NXMMERERME T (KERAEZM) AR O(1) WERE:

BFIFREKE BIXxZRE 2 EERE
std: :unordered_set S S
std: :unordered_multiset ) =
std: :unordered_map = 5
std: :unordered_multimap v =

Z#: https://harttle.land/2015/10/08/cpp11.html

[BE, BR/N\RET, MESIZERENR, URRT/XENREREE, 3TicKiEHM!


https://harttle.land/2015/10/08/cpp11.html

—MELENAEOFTTF
D EBBNRIZANIRAMETE

RiEARSHE

BEREFIER

KiFARSLE hI
RHEBABRARR AL

\. BRGNS

1. TXRHFEEEREREH=E RS RE

AR | vwdmLsi AT R

m-

O(nlogn) | O(nlog®n) | O(n log® n) In—place

)2 4 HE A O(n log n) O(n log n) | O(n log n) Out—place

Pk e A O(nlogn) | O(n log n) In—place

mm-




(1) BieHF
CVS

= (BRI R, WRB—TLEE TR, MRBRENHT;

» NE—XEBTREBFNIE, MFEE-NIGENRE—X, ZFERENTEN
ZERRANE;

= HNMENTREEN ENDSE, BRTRE—T

» BEESE 13, HEHIFETM.

A—10F, TIRETEERHFNEINTRE. HIMNEX—HEUE4, 5, 6, 3, 2, 1, WME
FRHITHF, F—XEREENFATEMNEX4F

AUEE, BT REEREZE, 6 XM TRCEEEEERONE F. BRTRMENE
M, BAIRBHT 6 RN ERIRIERTT .



TECEA std::swap REEVRABAT, sTUBRB=1ERE:

template<class T>
swap(T &a, T &) {

T temp = a;
a=b;
b = temp;
¥
BubbleSort(std: :vector<int> &nums, n) {
if (n <= 1) return;
1s_swap;
for ( 1=1; 1 <n; ++1) {

1s_swap = false;
//RE—TIRE, BAfalse, MRTRIRBIFZEHITRIR, LHMEFHIFIIES
F, HIFELR5T
for ( Jj=1; J<n-1+1; ++]) {
if (nums[j] < nums[j-17) {
std: :swap(nums[j], nums[j-1]);
is_swap = true;//RRBEIERM

}

if (lis_swap) break;//;%E#3ERE, BANEH



main() {

a[] = {34,66,2,5,95,4,46,27};
BubbleSort(a,sizeof(a)/sizeof(int)); //cout => 2 4 5 27 34 46 66 95
return 0;

(2) BAHF

giEER: DHEHFNARARF RERIFXEIRE —1TTE MENAFE—1 ERARHIFN
B I nRECHFXEEKRESENUEBRANARLISE—"ETF.




void InsertSort(std::vector<int> &nums,int n) {
if (n <= 1) return;
for(int 1 = 0; 1 < n; ++1) {
for (int 3 =1; J > 0 & nums[Jj] < nums [J-1]; --3) {
std: :swap(nums[j],nums[j-1]);

int main(Q) {
std: :vector<int> nums = {4,6,5,3,2,1};
InsertSort(nums,6);//cout => 1,2,3,4,5,6

return 0;

(3) EZHIF

BiEfER: PEHFXENARAFXE, BXSMRAIFXERHIRNNTER, FEEEIE
HEF XERIAREE



ik ek Rie A ‘

1

SelectSort(std: :vector<int> &nums, n) {
1f (n <= 1) return;
mid;
for ( 1=0; 1 <n-1; ++1) {
mid = 1;
for ( Jj=1+1; J<n; ++3) {
if (nums[j] < nums[mid]) {

mid = 7J;

}

std: :swap(nums[mid],nums[1]);



int main(Q) {
std: :vector<int> nums = {4,6,5,3,2,1};
SelectSort(nums,6);//cout => 1,2,3,4,5,6

return 0;

(B8], =B ERE/ERTRE? ]

BT, BEHIFZREREN O(1), B—MEItHIFEE, REFHIFNRFERANEE R
B. &REANTIERREEREERN ONn), (RAINBECSKITES.

PBEFHFERENHIFEAL? EREEEN, ERAIFE—MIRENHIFEL. ME
B, (RAIAELR, EFEHIFEXEBERFRAAIFTEZPNRIVE, FHEIENITRRIRAL
B, XERIRTREM

[BE] BERHIFTBEAIFRNNEIERELRRZ On), #MERBHIFEELE, NTABAHR
B EBHIR ESXONIE?

[BEE] ERAIFEAERAMNL, TERRABE—TEEE, SREHIENEFE. BmA
HFZEEEHN, TEEANNL, TEEHIRBESTREHENEFE, B2, MBI
EXRE, BBAIFNARERRELBAAFNIESHNEE R, BEAIFEE 3 TIHER
5, MBAHFRFZ 11, BT TIREEDRN EAER T N BRI E), 2L3EEEM
BREL, AR ERANE R = ErYSATE !

(4) RHE

iR B —MEA; ERRNTREREITMMEAL D X TR/ T = HED
H; EEXPMRARRTEAREE; Mo BiEREIHF TEEEIREEF.

FHTRHEARR : https://www.bilibili.com/video/BVImE411M7SH



https://www.bilibili.com/video/BV1mE411M7SH

QuickSort(std::vector<int> &nums, 1, r) {
if (1 + 1 >= r) return;
first = 1, last = r - ,key = nums[first];
while (first < last) {
while (first < last & nums[last] >= key) last--;//A16H MAEE
1\ KT pivaIEIEa
nums[first] = nums[last];
while (first < last && nums[first] <= key) first++;//A#8H MEM
A1 B ARTFpiveIEIAL
nums[last] = nums[first];
Iy
nums[first] = key;//EFfipiv
quick_sort(nums, 1, first);//i&V3H~F //ALARENE, 2EAEGMEDE)IEA

quick_sort(nums, first + 1, r);



main() {
a[] = {0,34,66,2,5,95,4,46,27};
QuickSort(a, 0, sizeof(a)/sizeof(int));
for( 1=0; 1<=8; ++1) {
std: :cout<<al[i]<< ; // print = 0 2 4 5 27 34 46 66 95
¥
std: :cout<<endl;

return 0;

(5) JFHHF

BiEfER: FAHHFRE—TRENAIFEEE, [FFHIFNNEE REEMCIER TEE
O(nlogn), VFAFHIF N ERMtHIFFIE

RS 1 0, DBIER Alp...q] F Alg+1...r] 95— TR, EERIXFNTE Al #
All, FN5R Alil<=A[l], BAIIE Alil MAREETEE tmp, FH i B0, SN Al A
2UZN tmp, | ERB—1L.

& J
.:.1'3‘ — @ 00
F LU il

A

|||:r|||;;||| ¢ "-.*“FII';‘lI. II'
\l/:y l’J

B-H:P —=-0:8 0

v v
B:0:p:—"0:0:0

b
.’.‘.Z —o o2 (31 4[4

P ?

W2B B¢ e~ 348
P 1

mergeCount( al], L, mid, R) {
tmp = new [L+mid+R];



int i=L;
int j=mid+1;
int k=0;
while( i<=mid && j<=R ) {

ifCali] < aliD

tmp[k++] = a[i++];
else
tmp[k++] = a[j++];

by
// /BRI F 24 P A R RO EE
while( i<=mid )

tmp[k++] = ali++];
while( j<=R)

tmp[k++] = a[j++];
/// & tmp HREVERAEIIE Alp...r]
for(int p=0; p<k; ++p)

alL+p] = tmp[p];
delete tmp;

ks
void mergeSort(int a[],int L,int R) {

///BEARIEF G piaE)d
///7 ¥ A[L...m] #1 A[m+1...R] &#A A[L...R]
ifC L>=R ) { return; }
int mid =L + (R - L)/2;
mergeSort(a,L,mid);
mergeSort(a,mid+1,R);
mergeCount(a,L,mid,R);



int main(Q) {
int a[] = {0,34,66,2,5,95,4,46,27};
mergeSort(a, 0, sizeof(a)/sizeof(int));
for(int 1=0; 1<=8; ++1) {

std: :cout<<al[i]<<" "; // print => 0 2 4 5 27 34 46 66 95

¥
std: : cout<<endl;
return 0;
ks
(6) EHEIF

BiEtA: M AEXMEESMFMZITN—MEFE &L, HRE— a2 T XA,
FREI A RIS : BIFESNRENRS|IS2NT EEKRT) ENRTR, #HHFET
MAZEI E—RHIF SR, FAANMEEM—RNEIEBE—F, 8/XEEHAIT n-1 RAILEER,
8 7EH0(nlogn),

BETR:

1. FALTELHACIE 1 HO..n-1] (BMNXEBFERAR/NE) , BHETTER

2. URE—1TT=AEEN, BEMHE, BHENTE

3. IEERIRT48/)\ 1

4, EESFE 2, HREMRTH 1

i ISEARME— T, MEBIEISMNNZIE, RAMLETREA (T2 XK
B, TRE n/2+1 Bl n I NRBEMHFHR, FFEHML) .

HiF: "MIBREINoTR: ST RBRZE, BTN n NTRBERER, ASEEdEN
MAEE, BRETH -1 DN TREREEME, HETR2ZE, EEEINTER, KEI TR
n-1 BUE, —EEEXTIRE, EF&REHEFRE TR 1 N—TTE,

/*
i 0(nlogn), RitbHiF, AR 8T TNTRNEATFTENTFHOEAMTR



R AAEETIREE, HWHIREUESRINAIVUSBIRAIRY; BURRRREE S TIRHE,
*/
void HeapSort(int a[], int n) {
for(int 1=n/2; 1>=1; --1) {
Heapify(Ca, n, 1i);
by
int k = n;
while( k > 1) {
swapCa[1],alk]);

—-k;
Heapify(a,k,1);
by
I
void Heapify(int a[], int n, int 1) {
while (1) {
int maxPos = 1;
if (1*2 <= n & a[i] < a[1*2]) { maxPos = i*2; }
if (1*2+1 <= n && a[maxPos] < a[i1*2+1]) { maxPos = 1*2+1; }
if (maxPos == i) break;
std: :swap(a[i], a[maxPos]);
1 = maxPos;
¥
ks
void

(7) HHEF

BiEEA: BHRASIERBENRE. STRBTIEEF (BREBERMNHIFEENZ
i3 h B (EREHEFRITHE)

void bucketSort(std::vector<int>& nums) {
1f (nums.empty()) return ;
int low = *std::min_element(nums.begin(), nums.end());
int high = *std::max_element(nums.begin(), nums.end());
int n = high - low + 1;

std: :vector<int> buckets(n);



std: :vector<int> res;

for (Cauto x : nums) ++buckets[x - low];

for ( i=0; 1<n; ++1) { //TUTEETHRMNRIRGE S
for ( j = 0; j < buckets[i]; ++3j) { //ESNHLE

res.push_back(i + low);

¥

by

for ( 1=0; i<res.size(); ++1) {
std: :cout<<res[i]<<" ";

¥

(8) &

TR AREELPEELERRIEE—1 OMn) NEEXRENAFEZL, AIFREFFHIR
XA RE! E2ABIEE T LERINHIFRI T RRZO0(nlogn), {EZ2HEtEB MBS REHF

F, RTIBERIRFN, MEFHFNEEHRE —EMNEENELS, METSHIFFEELRS
AYHHBN == (8],

BiEfER: EELAEERE, REHIFNESETERAN TR, TS THRFHNTH. REHk
R IEIES S N E 2N

RIgE 8 1MEL, PEIFE0F 5 pZiE, X 8 MEEMMSIENINE—TEEH A8|H, B
PRIZ: 2, 5, 3, 0, 2, 3, 0, 3,

EERIRGM 0 Bl 5 7, FAVERRNF 6 NEA CleIRTE, HR RN SE. 11,
CEINEFMEHNARNEEE, MENNNZENE, GERNZERBIHF, HNIAFZEH—
BEEDE, #MAIAFEI C6IRYE.




XZHATREAE, MEFRFTUEL, 28083 0NEER 3, WNF3I0NEER 41, Fi
I, RGN 3 pHNEBEAEHIFZENEFEA RB|F, =REF M4, 5, 6 NIE,

ABRATMEAREITE L, SToRNEEETFEAPSNAIEFEUEE?

BA133 Cl6] 2RIk, ClelFENETEMER T FTEHXEF, CKEFENTFToE kK
HIZETEL

BAVWEHRIHORDARA A, LE2, SR5E) 3 B, HATATIAMEA C RERH TARH 3 9
E7, BHR%E WML, SEECEN, SBWNTETINBLEE T, BHIENRS
BHER BN 7 MR (DRREUAR H TR 6 OME) . %3 MATBARFE, /)
FETF S WTEMRBTT 617, FMARA COIZR 1, ThLs,

DALESEHE, SHBeAJIHEEIE 2 T8N 3 WEERIN R, MSIEEHRALE R R 6 17T
ZHME (EHME TrN 5 NUE) , SB(EETETHAEA R, H4E R ARNEBIEMEER
RO BMNEIREFHTINT .

AR ITEHHIF RERERIECEARNZRS, NRAIETE k LEEHFRIEEE n KR
%, MAEERITEHIFET . M, THHIFRESIFRESHF, NRBAFNBUEZE(D
KB, EREENSEEYANNERT, RAENIFREREL

countSort( a, n){
maxV=a[0];
for( 1=1; 1<n; ++1){

maxV=max(maxV,a[i]);

c[maxn];
memset(c,@,sizeof(c));

for( 1=0; i<n; ++1){



clfalil]++;

by

for(int i=1; i<=maxV; ++1){
c[iJ+=c[i-1];

by

int r[maxn];

memset(r,0,sizeof(r));

for(int i=n-1; 1>=0; --1i){
int index = c[a[i]]-1;

r[index]=a[1i];

cfa[il]--;

ks

for(int 1=0; i<n; ++1){
alil=r[il;

ks

(9) B&HF

BixfEn: BHHIFENEAFNSIEEEERN, FEAUDEILMITAY W RLER, mMEA
ZEEBEHANKR, WR a BUENSLE b BUEX, AR TRRLMABLER T, MRtz

b, B—UNEIECERERKR, BAMRLERIFEEERAR, SN, EHHFRONEEZR
ERITEME] On) 7,

EHHIFRS TEIRIHIT T SR EHF .

int getDigit(int x,int d){
int t[]={1,1,10,100};
return (x/t[d])%10;
I
void RadixSort(int *a,int begin,int end,int d){
const int radix = 10;
int c[maxn];
int bucket[maxn];
for(int k=1; k<=d; ++k){



memset(c,0,sizeof(c));

for(int i=begin; i<=end; ++1i){
c[getDigit(a[i],k)]++;//itHiEREERZ V4

by

for(int i=1; i<radix; ++i) c[i]+=c[i-1];

// BEREOREANE (ER: RARNNDERIG)

for(int i=end; i>=begin; --1){
int j=getDigit(al[il,k);//KEXBBIIEKNEE, Hla0: 5768953

25
bucket[c[j]-1]=ali];//BANNMEF(count[J]-1)FRREKAUEIER]
AR %S|
--c[3];// SRk BER JIRBRIDA RS H—
ks
for(int i=begin, j=0;i<=end;++i,++j){// MED@HULELIE
al[il=bucket[j];
ks
ks
ks

(10) #/RHNF

BiaER: BIEERNEMITED NV XEREFBAHFRMRE, XEAUIE—TTE
A U—RIEHEAR LNV BRI —KD . REEAFEEIGH NP ORITHIFE, BAN&RE—
IHRERNEAIE, BREITXS, FHIFNNE/LFE2EHFNT.


https://zh.wikipedia.org/wiki/%E6%8F%92%E5%85%A5%E6%8E%92%E5%BA%8F
https://zh.wikipedia.org/wiki/%E6%8F%92%E5%85%A5%E6%8E%92%E5%BA%8F

// FIRHEE
shellSort(vector<int>& nums) {
for ( gap = nums.size() / 2; gap > 0; gap /= 2) {
for ( 1 =gap; 1 < nums.size(); ++1) {

for ( j=1; j - gap >= 0 & nums[j - gap] > nums[j]; j -= gap)

swap(nums[j - gap], nums[j]);
+
ks

2, ZXWpiPEEHFHAE (EY3FFHAEEIT)

LeetCode 144. —_ Y MBI EHA

Y Z 8] 52609

IR _XWRURTIR root , REIETREN BIFF B[F,

O

il 1:

(3,


https://leetcode-cn.com/problems/binary-tree-preorder-traversal/

A root = [1,null,2,3]
ik [1,2,3]

5l 2:
BN root = []
W [
5l 3:
WA root = [1]
W [1]
[EE&]
BT ER"MAEINF EFHERERSTTF T RNINFE, HLttERER R, it
BERFRBERERNAERIEBRRRINROIAE, ETATALAEGER TR, 2B E
ERFTHFY, AERFEAK, MeEhiass.
it :
—FFiR1krootE RSt Ak, IHEREIM ML
LI
» EEETITR, ERmELIES
» HEIGRNAERNK
» HRIERNESE R

- B85 LR
. EREM

» BEMRERBEANRTER, RANZRNIREERLLSR.
(W)
//1B)3AhR

/* Definition for a binary tree node.
* struct TreeNode {

- int val;



& TreeNode *left;

* TreeNode *right;

& TreeNode() : val(@), left(Cnullptr), right(Cnullptr) {}

* TreeNode(int x) : val(x), left(Cnullptr), rightCnullptr) {}

& TreeNode(int x, TreeNode *left, TreeNode *right) : val(x),
left(left), right(right) {3}

* 1

*/

class Solution {
public:
vector<int> ans;
vector<int> preorderTraversal(TreeNode* root) {
// RENEREIRE
if(root == NULL)
return ans;
ans.push_back(root->val);
preorderTraversal(root->left);
preorderTraversal(root->right);

return ans;

¥
I
//4FiE)3

class Solution {
public:
std: :vector<int>preorderTraversal(TreeNode* root) {
std: :vector<int>res;
if (!root) return res;
stack<TreeNode*> st;
TreeNode* node = root;
while (!st.empty() || node) {
while(node) {
st.push(node);
res.push_back(node->val);

node = node->left;



node = st.top();

st.pop();
node = node->right;

}

return res;

I §

LeetCode 94. — ¥ B ZiEHA

M B 521035

BE—TZXMRT R root , REIEN B &,

O

I RE

(3,

wmA: root = [1,null,2,3]
Wi [1,3,2]

5l 2:


https://leetcode-cn.com/problems/binary-tree-inorder-traversal/

AN root = []
W [

5l 3:

WA root = [1]
i [1]

5l 4:

WA root = [1,2]
Wit [2,1]

5l 5:

A root = [1,null,2]
Rt [1,2]



[E]

FiED B EERTRFEDBRANNE. pFEHBERE[REZMLEIR, ERFER
“ERATEAHRENRERNALSR, AEEX EE—THRALNERZEET _XNNRA
MR
KiEX—451E, BIIBEE—1ER, BASHERANNFER, RNAKICRIHETHN
BRER, XERRHEANERZEVIREIREZ,
ZEERE EERERIRE, HEmE FERERNERFMLEERESSRTATER, R
FEMNLEAGRASAZAT—5ER, NAERQm#EIT ERERE.
Miatt:
currEX HRHEANKRME R, #iaftioroot
topE X N TRRVE LS =
TR
= IRHERNREMNERERlcurAE (RS SBEIARENSER)

S IS R top 4
= HirtopREREBARLE R, MREFAENcurtBRIALER, FE F—HBEITAK

= B LindiE

= GRFH XEANBIERFZGEMT: HAZE, curhZzE, X2ERNRFEHNFE
AREE, SE—THRZRAZTEAERARKER, HLRBEcurtb A=IERALER
AFENFERT, TERERER.,

[E5]

/**
* Definition for a binary tree node.

* struct TreeNode {

* int val;
* TreeNode *left;
* TreeNode *right;

* TreeNode() : val(@), left(Cnullptr), right(Cnullptr) {}

E TreeNode(int x) : val(x), left(Cnullptr), rightCnullptr) {}
* TreeNode(int x, TreeNode *left, TreeNode *right) : val(x),
left(left), right(right) {}



N

*/
//BVAE
// class Solution {
// public:
// std: :vector<int> ret;
// vector<int> inorderTraversal(TreeNode* root) {
// postOrder(root);
// return ret;
// }
// void postOrder(TreeNode* root) {
// if (root == nullptr) return;
// inorderTraversal(root->left);
// ret.push_back(root->val);
// inorderTraversal(root->right);
// }
/7 };
//ERIE

class Solution {
public:
vector<int> inorderTraversal(TreeNode* root) {
vector<int> ans;
stack<TreeNode*> stk;
TreeNode* curr = root;
while(!stk.empty() Il curr !'= NULL) {
// HEATRNEAEMNT R, BERCREBEREAR
whileCcurr !'= NULL) {
stk.push(curr);
curr = curr->left;
¥
// top ENXZUZIAE%RTER
TreeNode* top = stk.top();
ans.push_back(top->val);



stk.pop();
// WEBEREANERE, FIMERSEEA N
i1f(top->right != NULL)

curr = top->right;

}

return ans;

s

LeetCode 145. — Y WG REA.

MEFE & 52630

ME—TXW, REEN 57 EH,

Tl

wmA: [1,null,2,3]

wm: [3,2,1]

W BFABRARE R, (RAI BT EREATTMIE?

(i)
1. BIFEHNEEZFAEA.
2. BHEAKRPRL., UMEERNIRERRLTEAEFN, BEAGFN,
3. HERELHIRRLGEREREAS— T, THEF.
4. WP RTRBRIRFE AR,


https://leetcode-cn.com/problems/binary-tree-postorder-traversal/

(A& )

/**

* Definition for a binary tree node.

* struct TreeNode {

*

*

*

*

*

*

int val;

TreeNode *left;

TreeNode *right;

TreeNode() : val(@), left(nullptr), right(nullptr) {}
TreeNode(int x) : val(x), left(nullptr), rightCnullptr) {}
TreeNode(int x, TreeNode *left, TreeNode *right) : val(x),

left(left), right(right) {}

*1

*/
/%

//18)3hR

class Solution {

public:

vector<int> ans;

vector<int> preorderTraversal(TreeNode* root) {

// RENEEIRE
if(root == NULL)

return ans;
preorderTraversal(root->left);
preorderTraversal(root->right);

ans.push_back(root->val);

return ans;
}s
*/
//3E&Y3hR

class Solution {

public:

std: :vector<int> postorderTraversal(TreeNode* root) {

std: :vector<int> res;

if (!'root) return res;



std: :stack<TreeNode*> stl;

std: :stack<TreeNode*> st2;

stl.push(root);

// I TEE

while (!stl.empty()){
TreeNode* node = stl.top();
stl.pop();
st2.push(node);
if (node->left) stl.push(nhode->left);
i1f (node->right) stl.push(node->right);

ks

// BR_HERT

while (!st2.empty()) {
res.push_back(st2.top()->val);
st2.pop();

by

return res;

s

BEAERASEXMESHER: https:/leetcode-cn.com/problems/binary-tree-preorder-tr
aversal/solution/cer-cha-shu-san-chong-bian-li-gian-zhong-erk2/

[B1E, BE/NHEF, MESIZERENR, URRBXENRERER, 3SicRIEHM!


https://leetcode-cn.com/problems/binary-tree-preorder-traversal/solution/cer-cha-shu-san-chong-bian-li-qian-zhong-erk2/

—MELENAEOFTTF
D ERBHRIZANANETE

RKiEARSHEE

BEREFIER

REARSEHE il
R B ARARRRE

TL. TTRENLMES

XT EIXEZFEE8 TCP M UDP , HZRIEMF LS T —RXE: $35: https://zhuanlan.zh
ihu.com/p/108822858

Bx:

1, UDP 1 TCP 45 R 5 X5

2, UDP . TCP EEB&=

3. TCP W= RIEFMIRIEF

4, TCPM=REF (RHtAZR?)
5. TCP MILRIEF (RftAmR? )
6, TCP KEHAIEERNES)

7. TCPHsE, HREARBRNE

8, TCP AJS{EH

9, TCPEmEIED

10, TCP REiRH
11, TCP HE2s

12, RIEMBEFIRER



https://zhuanlan.zhihu.com/p/108822858

RME, BRXREF '—XIRE TCP UDP | HIZE—MNERMET.

REARR <

—I5E UDP 1 TCP S5amEiX 3!

herongwei: &fT/OBE, BE%: 1. UDP §l TCP M RE X35! 2.
UDP . TCP BEB#8{ 3. TCP = RIEFMINRIEF 4. TCP I=RIE
F (Fta=kx?) EiEex v

A #%[E 1653 v ® 37 £i¥ie  04-07

B 5 7E TCP/IP #m¥¢F0 HTTP 1,

1. OSI EEMmYER

OSI %! (Open System Interconnection Model) E—1"H ISO 2 H SR S4E
B dERE—MESM AR EAF MK E T 5 E E N S B BRAIAR/EESR

BAROSIZERBELFHRNNARYANTEZRA, BEREXN TIEEMETMXAZEHN
GIFRERE, ABANZIMBMINRBR T —TMRENSZE, SRITENRNZAERS
WYoN7RE, BEHN E-—BRHETREFNZEO, U MREANTBSESHRI]
BE,

2, DEEH

OS| ZZRERADREWN, WMEFR, M L—KZFEHE,



TCP/IP

B ARERTCPI R BB W R M ¥ UNIX &85 &
E7E NHARE
EWERAEFHL W
HTTP. FTP. SMTP.
POP3

Iy
HP R % R %
i iEMTCPH

RDA HP vr

RiEf | ERREE | RAAGG | SE : UDP {89 62 R B %
e | wEm | R

RABPES | g,
i

SNWP
bl kd
W

F6E RTE
REREEENEE
ENMER, e
B, WREE, E
NI 4R

E5ER =ERE
F B LAY A 2

B R WIS

RPC
ERIBAMDIS

AA

U S\

DAP LDAP
Blﬁﬁ| b

BE - — AR, G0 Newmios | 15055 | msec |\
AR IR IR T 5 -
B, SRR AR

R, BRIDXS MRS NaREE ot
A BB S WO CETE

i
B
|
g-
%

TCP fIRIZ 8 ik

UDP fH R EE M I

REhHi

HIR WMER | gE piove %
B FRR0IEST, 0B UEaws | pozne B ‘ T

RIRUE. HATEWR. BB

o 4 b iy
R h i

Hik _
0§ IEIRGP VRRP PIM-DM PIM-S
o WAL i) @Mt B R TS
A6 M L BRI AR y 7 !
RSl R Ciscoififl SO UEW T IH IR

H2E MR TNEARR -

WAL, R ¥ i | i i 2w B3
K LEAR R 1 200 : :
fethh sk : AEHEE | RPN . s -

FB1E PRE IEEE 802.2
. . ErE

(0388 000 05 L o) W e Slarnet 2
B A% 3 1 48

Internetwork




EFESRIUTEE (MNTEL) - EE. BUERREE. NEE. fRE. R1EE.
XRTE. NAE,

HELIHE

CYEE =

BRI, MIEE (Physical Layer) W{RIRIGRVEIEFIESIPIRGRIN L5, HX—
B LEEMETEE, 45, ABERQZENNME, B4, I8EEE, R EED
IR T —TMEREBIRRVIERE, X—EEHIZ bit .

HIE =

EHIEE (Data Link Layer) FERFISERIIEN Bl LR PTEMNER . ZENERE
¥R PRt Iab. BIERORML. REEH. BUENIMNE. EREF. X—EFEFIE bit i

IR frame M,
W& B

M&E (Network Layer) D153 FWIBIRVEE EHITIEIEE, LI, MEEERILASE
HAEES. WMIREEFE. EX—F, BIENSBMUMAEBIEE (packet) .

&HiE
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= P23, k23, W
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= il

24 TCP. UDP Segment/Datagram W)=

=

=15 SMTP. DNS 1874 QoS

=

R Telnet, SNMP 3L _

=
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=

5. HEATCPLER?

S (32bit) : EH#AE LEFHRIEDNRS ., YIRNFESSEIRE—THEVHYIERE
(ISN) , ZEEREZEEIEN, F=E = ISN + ZUEEBRNETRPINERE. BRIZA >
BEISN = 1024, F—EHIES12FETHEREIB, ME _BRMIERIARNFES 1024 + 512,
FFfAME B ELR el ,
HiAS (32bit) : FWA XN KIZATCPIRXERMNIML, EEERKANFSE + 1,
BEfK (4bit) : FMREPEZDMNMED * 52K, JmAN15, Bl60FT,

PRl (6bit) :

» URG: MG E2EHETEN,

» ACK: IEHIASEEEN (MIARXER) . BTRAES[[A,

» PSH: $2REWIRIZEDMZE i EE



= RST: RRERNAHEMEBIER (EURXER) .
= SYN: REREBY—TER (ERRXER) .
= FIN: RRKHAEER (BIFRXER)
= @O (16bit) : BEKEO., BTSN (RiEFH) SHNEPEEERINES DFTIE
&, RTRRRRIE,
= RIGFN (16bit) : FWIKFACRCHIE MR X ERE TTHiA,

6. TCP=XIEFHIETF

3. = REFIFE?
» FBR: BPIHASSYNAI, SEQ NUM = SHIEZRIRSEE. (& -> SYN_SEND)
FE R PRBBASACK, SYNiZHACK NUM =S +1, SEQ NUM = PRIBIZIEF
M. (BR->SYN_RECV)
s BT BERPHERESACKAL, ACK NUM =P + 1198ZIREZ R, (B >
ESTABLISH, Bk -> ESTABLISH)
4. PRIZEFIIFE?
= ER BFHLAEFINAL, SEQ = QMEZIRSEE. (¥ -> FIN_.WAIT_1)

» TR REBBEZESACKEACK NUM = Q + 11983IR%Z 2. (R >
CLOSE_WAIT, % ->FIN_WAIT_2)

o HNEEET
» BT RBEBELAZESFINBESEQ NUM = RIIEZIZFHL. (BR -> LAST ACK, ¥
-> TIME_WAIT)

o B ER

= FBIR: BEFILEERE—TEBACKLEBACK NUM =R + 1INERIEFHL. (R -
> CLOSED)

5. M AERFRE=R, 1EF2MUKR?

» WFEF: BFEREERANGBENNVRMCFS, RIEBEIARELF. (B=X
EBFLEM: RIZRBImOEIAESR, ERHARNT, EPNBNEREREK, X
HRJHAHNE—TELIFREZ N ER, ERERREE. )

= WFEF: TCPENIH, AMUAERFFRKHEEZEFINFACK, RF-ZE—FH=
WEhEY, FRAE AR T4AREF.

6. TCPERIRE?

H

H

i

» CLOSED: #¥J¥BIRTE.
= LISTEN: BRSS234FIEITIRES.,



» SYN_SEND: EFimsocketifliTCONNECT®EHE, KiESYNS, HANMIRE,

= SYN_RECV: BRZBIHUWEISYNBH L ERSZIHSYNE, #HALIRZ.

= ESTABLISH: RTEEEIL, BEFInAE T &xE—TACKEREHFHAIRE, RZinik
IKEIACKEI FH A LIRS

= FIN.WAIT_1: ZIEEEN—F (BEREFPI) KETFINRXEHAN, FENH
FIN,

= CLOSE_WAIT: (fRi%fRS23) BRKEIZEFIFINE 2 EEEFXANMER. ERKE
JMAMFINE 2[5, BAREEVEICEACKERN, RRELMEMAFIEKR, B2
BEAIUENAER (RIZFINE) BURTREXRBEMIERTELEZAE P, &8,
NIFEZEFING Z BI A LIRS,

= FIN.WAIT_2: WtRNRHERIRTS, BIBE—AEXRXAER, FE5—HAXH. BF
IniEIEIARSS2RAVACKE!, BHIZHIENZEINEIARSHAIFINE, FHAFIN_WAIT_2)4K

= LAST_ACK: BRBimA&mI&REHFINE, FEHRENEFIWACKITN, HAIIAES,

= TIME_WAIT: ZFiRIEIRSZIHAIFING, FHIIBlA&HACKEMEREMIA, FLbZ
[EH92MSLET [E)FRATIME_WAITIRZS.

7. fRFRFIN_WAIT_2, CLOSE_WAITIRSHMTIME_WAITIRE?

= FIN_WAIT_2:

» FEREFPIRS.
» REMFIEK—AREREIEE S, BERRE KIZIEEN.
» CLOSE_WAITJAZ:

WK EE A EEEIFINE R AN EINACKE R EELRIRTFEK.
» WRNKFER—HUREEFREFEEREMZHEANCLOSED_WAITIRT.
= TIME_WAITIRZE:

» WOU2MSLEFIIRE,
» IREFInEERIENCLOSEDIRT, WRRSIHREEZERKEIRE—XRACKERE
B ZEEHFHAFING, LRNERNEFIHESLCLOSED, FTARSIHM AR
Z|ACKMZUEIRST, FIATIME_WAITIRSEMERF IERE—XIEFHIEXEE
AX AR A EEFINESRH,
= 7E2MSLEYEA, E—socket T eEBHER, SNAERESTIHEZBIERE
(W0 R FTER B &EZsocket BEAVIE) .
8. fRFERTO, RTTHIBRIE(E?

= BNER: RiEnLERXEE R EREEIRIARNRXNERERIZIRX ., FIEE
AR TLAREIR -



» RIZNEIERBER AR, FRUASS IR B IR ,

» EIHEEIEUE, (BRACKIRXEREEEFER,

= EIRImEEEEFEE.

RTO: ME—R&ixEHE, ENKEFZRBWEIACKIGN, BF—/XEKZERIAE,

MEEEERE.

» BEBXREERTOZR—XEEZERIME, ITERUBEERTT, §l: 1RTT,
2RTT, 4RTT, 8RTT......

= ERERBRALRZEEILEEE,

RTT: HUBMAEEIRRRINS SO 2 [BR9R EERE, BIEEREMNSEH—TERA

i, RNATRE.

BRI BITCPAE OFREMRIEH AL RN GEANIESE, ANEREA

FERT IR GEIRK A T ERIRREE, PALUREERE R RIZEH.
TCPEXITHX, WMAAMEIERE, FAKRIZSEKEBHF— N RIZENIZE
A

= RIZE: RMRRERES P A ERIETEAR), HEREEEONANBRZRKIRER
EIRTCPIR X ERRE O FERIZH, EIWABILFREMAKRIEZS BSHNET
(RRLG. BHFRE) K.

» EINE: ARIRC A BARIRAIEEE R/,

TCPEREIE, KIZHENZIERAUE AN TS S EREEEEALD | E

RIEREHIANL D | RRIEEAREED | A aEED, ERREE = ERIERH

BB + RREFIRIEED . FREINEERA DN EEW | RiEBIEEZEZUL |

RFRREFEI, ZIRE = RxBEESEZEWERD .

RiAEAEIER R S RINEE R R R A EBIENACKIN N T B A XE, T4k
ZMEMIREAREGE. ZREBRBERKRISERSRAMESEN 7T BoiEBEOD,

TZE R RE?
= HEZHENEHLEERIZINERSHNERR (BHE. RiRilEF) I,

EAREBEHDSENEHREER, MABTERES. EHREERAEZEEO,

= TCPIRZEEZFIEIA:

= [E7F9R & HERR: TIVANSHERESTMEARERD ., SXKRIRIANG
MEFOME, EIAZIME (Essthresh, XE D ZIEFEERE, KERERERX
M—MSSHBMIBRFFEOAN, HRERE (BIRKEIFIN , HHEIE
BARFE—F, BENITEEEN, ITEENHERESR,

= (REER & REWME: B



» REREFOSWBRTREE.

AMEIX &5 i E A bR ZE 2

nERHETBENANE; HEETHSLBEREER.
NERHRERENASEIr—TRIZE. — M EKE, MMEE—FH, BREXIHES
AE, RIEEA/NBRZERAMMNTCPIR X B EOEMRE; HEEHINRETONE
HHIER SR IE—E SRS HIERENBINLSME EN EE

IR\ AEED = min(RIZ&IZE O, HEEO).

TCPAMalHE(H P SEEURLHAY?

BIiER (frwfil) © BERRIARETAREE.

FEE (FS. WAS) @ BRT7TEERERR. =BEE,
ZiERI (KREQF) © CRCRINEIREIE.

BINEE (BN @ RIEEEESERERASIEEBRZRER.
BONG (BO) @ REREES, BRUERIE,

WEZS: BL,
TCP soctet3Z BiifzE?

ARS5s:
= fl|#socket -> int socket(int domain, int type, int protocol);

= domain: MYE, RIE T sockethithiitZEA | IPv4AF_INET,
= type: EiEsocketzfH!, SOCK STREAMATCPEHZ.
= protocol: EEMN, IPPROTO_TCPR/TRTCPIMY, O BmhikiZFtypeERiAth
o
» fEsocketHim [0S -> int bind(int sockfd, const struct sockaddr *addr, socklen_t
addrlen);

= sockfd: socketiREBINERZRFHAR, FHUUFEHEAR,
» addr: B sockaddriEBUEIERVIEH, IEMMNERHSEENTE,



// IPvAfgsockaddritiit 544

struct sockaddr_in {

sa_family_t sin_family; // tHMINEEEY, AF_INET
in_port_t sin_port; // ImO=
struct in_addr sin_addr; // IPihilt

s
struct in_addr {
uint32_t s_addr;

» addrlen: HEHKRE,
» XIFiHOS -> int listen(int sockfd, int backlog);

» sockfd: EISITHIsockimir=E,
= backlog: socketB] LAHERARYER AIEFREN
» FUFF1EK -> int accept(int sockfd, struct sockaddr *addr, socklen_t *addrlen);

= sockfd: ARZ323socketifiiA=E,
= addr: }gmibiEZEFIIEET.
= addrlen: HIGHLUHKE.,
» JF: —BacceptE N EFPHIEKBRINGIRE— 2R AT ARRAGREF
FITCPIEIE.
= MsocketIEENFFRF -> ssize_t read(int fd, void *buf, size_t count);
» fd: EEREARTF
= buf: Z&FKXbuf,
= count: EHFXKE,
= 5F KFORTIERNFTE, REIORTIXXHFIERGER, NFORTELEER.
» X[fsocket -> int close(int fd);
» fd: acceptiREIRNEZRAT, 8TERE—, £wABRANERER,
» JF: sockfd@izlTHEAT, — P RSBBIE—T, BTREWRESHER; [d2&
BrF, BT EENRE.
= B2

= Bl##socket -> int socket(int domain, int type, int protocol);

» FEIEIETEITEA -> int connect(int sockfd, struct sockaddr* addr, socklen_t
addrlen);



» sockfd&FimkiYsockifiiA=,
= addr: RRZSERAVHBLE,
= addrlen: socketithtit<E,
= [@socketB N\{E & -> ssize_t write(int fd, const void *buf, size_t count);

» fd. buf. count: [GreadFE= X,
» RTFORTE TEDE LR, NTFORTLE.
= X [Hoscket -> int close(int fd);

» fd: [EARSZ23ImId,

A%, BR/NERE, MESZERHEMA, WRREXENMREREE, 3TicKiEHM!

—PELERAEOFT T
D ERBHNRIZANANETE

RKiEARSEE

SpErE

RKiEARSEE il
R B AR fiLE*




T. BRIERS

1. BIFRFER

ARME. HEE BME. REEMXE,

2, (tam#iz

1) #EREERRPEAGTN—TNARER, EF—BETME#HE;

2) HIZFILUARNZREFRITH—1X6], #ERRAAHTRARIENG/NRNU, HETHE
B IR AT =S (8] ;

3) — T HRETFEZILE A — T HENZENEHIESEN, URFE—THEXISES—
ENRIR, TRERHEEEE, bW Ea. HEWIF

4) HAER AR, BHEN—FITER, CHEENRIGITNESSBN, %
BRUBEMARERHAE, —TREFEDE—T#E, —THEZEDE—T4E%E;

3. #ig
HRERREFN—RINT, ZREF IS EMERHRKNT;
HIEEET. BHE. ME=TEFRS;

HIRRERL: ARGRSBEEE. ERUATEEEE. IFHEHSNMAERBEEE. B84
AMARBERE. SMNLERSAESE. HERREEAEEE;

4, HESZIENX5]
1) B —#RENEREHZAHIZAMIZE), THE BN ZIRILAVbIL =S E);
2) EA—#HREANLREXZLTHENTR, EBEHABEZBNFEIREIHILA;

3) — T H#REmIRE, ARIPEN TASHEMERRTERMN, B2 —1%Em R T HZ
i1, PRAZ#IZLE ZEF2f@AL;



4) RN, HFENTIRA. FAOSREISRERIR, (EREAERTTHE;
5) AR FH LT

6) 8 TMIAHREE— T EFNALO. BFEO, ERLRETEMIINT, DIREENE
EFF, HNAREFRRHESTEERTES.

5. HIBIATIEIRE

EFEEH
20 1/0 EK

I/0 FRAF
FNEBELE

B 2. #HENLSRE

1) RS HEEEZEE
2) BAETS: AT TIER, BEERT, FEDELEN
3) HATE: ZHREIEEHNAT;

4) BHES: FEEBHRETENT, WEFRFI/O5TM;

6. HIENEIETTE? FEMLERE? FTEMLEIRLS?

1) fork RN CIIEM FIRIZR R ERENTERA, EF T REARENRE, SEAEFENAS
task_structA R ;



2) viorkBIZHFHIES KR HTEHZEIEE, A HviorkQIZMNFHARERLT RHAREEIT;

3) linux L B2 L2 —RR{ERIEpthreadE, SEFR_Elinuxth8F( iR 7 BIR LR RS
F3, ®i=Zclone;

7. HIZCIETHTE forki$h
1) KRR EY
pid_t fork(void); /void X K& B EMIFL R S%

2) BT O0SH#HIE (RECIERY) 25, linuxREREZHEMHATERER. RIZMHIZATMH
12, ENERforkERIHAE N RHTZ, FERHENFHIE.

3) fork R A B EEMSE, T REEG=MER:
@ JFR#FE, forkREUREIFTEFHFZMpId;
@ XNFFi#HFZE, forkREHRIE] 0;

@ MR, fork REURE -1,

int pid=fork();
if(pid < 0){
/IR, —RRR AP AR BUARIRHISEARAFHALT

else if(pid == 0){
// FHEERITHRE

oooooo

else{
//AHFERATRINES

ooooooooo



8. FHIFHIRHIZELBE(E?

1) #£ Linux RAFFSTIMR FHIZABIS A AR A pipe() 1 fork() BREHITEIL;

2) WFRF#HIE, AREFBITHNEREANEHEE, HREFHE, HABTAINA, &
BIERX FARENMEREFRAETEIENGER, HREEHHRECIEFHE. fork) REAE
EEURHABERNESEH —1#E, H ID SHRHEN ID SAE, XNTER forkdt KR F#

EHRHTE ID ST fork() RERIHATZER ID =,

3) BEE: ERERTEER—MEHEN—N5iE, UISMENZEBENHES, XK
pipe X4,

4) EHEEEBRREIRS AR, SHEEEEENS mELEUE.

9. #FEMMFIAIXHI?

1) #RERREFN—RDTHRT, BTISHE;

2) =T RFREFIABAT—1TE/L T ERF, R—1TEFAHLTHERIT

3) FEF A AMERN —ME A R KEARE, THERIERFI—XHAT;

4) HRERBHRNE, S EMHAREAKNT;

5) #izE— T IHILRVIZTTERAL;

10, JEdiEta? UESHE? WMETFER?

PMBZEH, RESTHEBRISFHFEEDSENZRMARBMERTEANEE. REXR, AR
RBEINNEER, BRETEHOS REINES T HZEIG KA THIUAE. ST ey
EENNZTERFRFRELERERE, BAESEILH,

(1) BERFFM4. BETRBRE—EBRNEARER—TH#ESE, TEERNEM M TMUL
RS, MR G ZRRAMCD-ROMIRENES, 1TEINESE, LIELA R RNERZER

BRREZRE, EEARETEAFERER. XEHRRASNEEFMIREN, WIBATHE—M
MEER, MABATBERIEN,



(2) AEHEAFME, HEFMPERENEIRAERERTEZR, RRAIBFETERITHMIIRE
BEFHFNHER, MARHXZRNSEEAEZEBITRN. B ARFHIATEREN G
K, BAREIRNAEXNAHTH, LIAEf ENABCEFRZEEVE BIENBERSEHE

R) , XNHERAT BEEH,

(8) HEHHBERM. #EELELHE—THER, EXHEHNRER HTZRREHKS
SMERERR, MINZ#EMEE; B2, EAEFEMRRZHN, MRELSAELBNTEIR, &)
WIRARF RO, BEMAREN LBE, BEI—RiFE (Bl58 7T —E&F) , *FEEHER
FOMTE (RIEMNER) , ERROHERSEE (ZES—BFE) . BIAE, B#HA
A2, XAER; ST REEFIRNR.

(4) BHFFERG, FE-TEERFGFINPY, P2, ..., Pn}, HAP1FFHEP2EISENE
—®R, P2EGHPIMEEMNE—R, ..., MPNEGFPIFMSANNE—ZR, FR—1#HE

BIHEFEH. MEIENIEATEDR, BSFEFIHENTHE, MOXFERIBGE, M
AR ERF

FESRITRRA B RER RN HANTE RS —REE ., ENERBEEEXAERITHE RN ENR
A, MIFTER LSRN N AEFR AR —TEILT, RIERFEAZHENTEHIRS,

<>ITRERFM. BIRTFERZERNIGRIRELERIR, B2, BNERENLITFRE BT,
BITEEFSE, SRHBRRNGHNEEFMRERN. M, XIMMNEFTERNME,

<2>FTIRAFHE A5G, BRFHERITMNGEEBESTHMELERR. MR, S—1THES
OB TREEFR, EXHIEMNGER, ENEEIEMHEN, ELIRBMAIOBNEEER,
MEBEMHRIFE., EABRRNERINMIELAEERE, XESET1XHE S ENRRHRER
#ERE T, XMTABHTEHRI AL AN, R RALIERE.,

<B>ITABERBEFRYE., NIRRT ERE. BIAEEETRI X R R HIE
EFFENEHRR, MRETHEZFAFHNELRZBSAEHE, WADREQURIR, Lh#HE
EAIE1T. RABEIRRESHESRTARENEIRIRF R, 7 —IXIEHIGT ISR EIREER
PEchaizARE. ATETHNRHEZEE LB TEMENERRR, MU RELSBERRXHIER
RILR, FELAZRETEH,

<>ITIRBEREFEFM, TOTRBREFOERE. RAXMRE, BERRELIRRES, &
SoE, EHEERE, SHRBRNASEANE. FRIE#EENTRNEROIBIRERF
SEENIRFRL, #RRESRT/NSRIR, TEEFBASHIR, MAZTEWRE, MMk, 7
FE



JEHBES : IRITREA

11, Se5iRlER

RigRVEIIRE, XFNEREIMAOMRRME. Lo, ERERAF, ANIIEHIEH, AJAR
AN —MNE, SRAREFEIEAZHBFIERSZSATM, HRFRDKEFEDH]RY
HERBAFENAENSESTEE, XF—RAI BT HLEA R EFEDURAL A EZFRIE DAY
N MRPFEBIRKENEA RE—R, MARSATZEREHRIE. [FRiFR]ER2RIERSE
IRMARR—R, BARZSHIRIM A UERERKREE Z A ERENAMNIRITRAE RN
DIRRRCRES, JCHRRIED. SELREBRYUSER: HIZESiEIRR/), FEEIZ ELETEH=

B RARIC, BARUMAMRLLIE, OSHIXMEZ NERRIEIR 2 NESRE (RIESE
%) o

12, RITREE

ERREBINTG AT, FAMEMBRRGEIFMERES, BrERSEIANRENARSIERE. FiXHEA
PIERAFHINRSDNRERTHARENRTE, REEERAREHLETRENRT, EINER
REFED],

ROREENELBRBREDERR A, FIMRARARERREN; B, 729Ek. ER&EER
RRMERERPEDEE,

iRi#H 2 cusneediZ HIEKREQUEST [i], MIR{TREIERA FANEITHIRR,
(1)AN5RREQUEST [cusneed] [i]<= NEED[cusneed][i], M (2); &M, H4E.
(2)ANSRREQUEST [cusneed] [i]<= AVAILABLE[i], M (3); &M, 24,
@ARFINRDE TR, BrEXEUE:

AVAILABLE[i]-=REQUEST[cusneed][i];
ALLOCATION[cusneed][i][+=REQUEST[cusneed][i];

NEED[cusneed][i]-=REQUEST[cusneed]]i];



@ARENTREMNE, NEE, WoEmir; SNEHRRMEDEEE, RAMRERIR,
EEFT.

13, HREEBEANAIUM, MEIZENXAZTA?

@ #¥WIH, BEEENERS iR,

@

RERMTEBERRARRHARE Z BRIE(E;

@nuémm—w¢%mx# MNFEMZE A MERE@Mread. writel%l, EEE

EERNXMG, ANABETEMEUXERS, RERATAEFF.

@ Int pipe(int fd[2]); S —TMEERIAN, FEVEMTXEXXHHERT, BEXAEERFHZM

DA X ABNE

2) FIFO (BE&&i#)

@ FIFOR] AR T XMHFE 2 B RIHEIE, SHREBAE;

@ FIFOBKRRS5 21X, EUX—MIFHEENXHERAFET XGRS H;

@ Int mkfifo(const char* pathname,mode_t mode);

3) JHEBAT

@ HEBAT, BHBREER, FRERNZP. —DEEBAFIH—MRIRRRITIR;
@ HEIIZEMICREMN, HPWHESEBIHENSRURIFENMRLR;

@ H BRI T &% SFUOHTE, HBAR IR, HEMNIIRERBTHIWMER;

@ JH B BT AT LASEILH 2RI FEH & 18



EEER—MiTHE, FSERTIIHEENERSEYS, MARHTEHEEREEE

Q@ ESERTHRERREYS, AEEHREREENETEESHERRE;
@ ESEETIRIEAZNPVIENRE, BRMESENRIELZRFEE;

5 H=ZEMR

it

ok

D HERE, BRI PHERE—MAENFER;

@ HERFERRO—FIHEBBESR, FAHRREENREHTE
@ ERS N HEETNERERNE, FIAEEH#ITELS:

@ EEE AENEEREATE—REM.

14, ZiERILHIAIN? EAR?

1) ZREEP B8 S LB ERNRERITHIERE 2 BRIATINE, WrIARESTE 2 (68
W ESEMERTIIFHRR;

2) EEMMA I, IBFRX. EFRNR. FE5&. BHNR;, EFRFAXNERNREEZRT
BERETH, ESENEHNREERTRSEZES;

) IRFRX: BEN ZEAENBTHRIPRIAHFZRA—RAE, EER. EEEFHETER
B, EEE—THRZIRF—TEENHZRZRAITINE, WRESITEEWELE AR
R, BAEE—TEEENE, EMNELEARTFRNEIGRER, F—EFAEANGR
XMLREBETT, @FRXERERGE, EEETrINMIES.

4) BERNR: BERYEMEFAXRE, RAERNENG, REREERNRNLIETTIL
B AHFTROVR, BAEFRNRIAET—T, MUERILEAXZBEASRES M EIZRN T
8], SEABERNRNERELETESELIREERL, UMEREMEETHEZEIR.



5)E5E: EAWEZNG4IEER—NZIARE—ZFR, BEHERFER—INZITAELEER
B AZLTZEE . £ CreateSemaphore( 8255 =N EIZ B 5 H R IFRISRA R IRITEA]
SR ARREITH., —REKIBARZREITHIRENR AZRITE, SEIN— " %ENH
ZRFENIAL, SRR, RESFIASRITHREAT0 N, MAMUAL
=5 =255, BE2IRIATAITEUR/ 210 BINRA S S ARRNERZEHNELIAR TR
MRAHE, FEEATEMEENHEN, BNNESEESKEILEAL. SEELERHEE
BRE, NES FFRIER @i ReleaseSemaphore () REUSHFIinl BERITEDIN . E(E
AR H BTl A SRITEUR R I BER T RAZ TRITEN

6) FUXR: BT RABRIERANRARITELIENR L, TR UG EZII SN2 TR
EEERRVERIE

15, TIHIERHIXA?

1) TR ERNYERM, 2TIRATRAAEENTEE. REGRNEESEN, PERENTH
P REKX,

2) MM NBEIE EHAFRE, BRIRKEANEE, RETHFREENER, BEBRRmEE
FEXRREFZRITRIZN, RIEERERMID .

3) P LRI At == B 2 — 48, 2R RRFENR—MCICR, BlARR—1Tihit, o
EREOPRAL =R B2 — ), EFAEMR— T, BBRBEGHRR, XNFEEL LR
MhyitE,

16, fl)LAIEFIEFHIZNIXAN? BARBRXMERHIZ? FHRHIE?

1. —MRIBAT, FRAERRAKKHECRE, MAHEENRXHEEZENRIZXINFN, ME ZEE
AENEHTIR L, ERIER TRHRAERSIA wait E waitpid RENFGFAIETHE
B, M—BHABRAFEEREL, NHETHN-FHARESRinit(pid=1)#EEI, MEA)LEH
2, (HEREWNPRTINtHSERHERE)

2. MRFHAREFTEL T, REFBERGRAHIRFIEA wait 24 & waitpid B EERERF#IZH
REER, WFARERBIRSER (task struct FMFAIVERFER) STHEFHTZ.

FHIZR LI MR IAFERIESIGCHILDES, RHAELIESIGCHILDES ., EESLEREH
TRwaiti# TAMNEEF #IE,



[RIBZGF AN LETE, MMERIGAREZR RinitEE, BTinitAiZr] MR EF#
=,

3. SFF#IE (daemon) Z2iEHEERIETT, REEHRIRS ZHEENHEE. BRI TEHIZ
i, EEEBERHITREMMES . SIFEERBTRiInEN T BERHAEERITIREFIESR
EEQURR L ERAFBHEDASRIEQR IR LR IR(S S PTFTHT,

17, SFPHARERMA? BAZH?

1. SFiP#AE (Daemon) BIETHEGEEHI—MEEAEE, BIRIL THEHIR iR B EHREH
TEMIESHFHFLERELRENEH, FIFAER—MREANHE.

2. SFIHABEFTR

1) FIFRREREENNEREEEBIT.

2) TIPS EniTRINMMBEIRE T3, XEWRIREIERKHNAEAR, 2HL

i, =IEMHEA, TFERUEXHEIZERS, XEMEREZTIFABEMIITERNR
72 ($55lEshell) HRgrETHRR,

o

3) SFIFHABENB A NEEHS k24, ERAELInUXR A BN ME sk A /etc/rc.d /g
o, FILAEREW %I 2crondE5, ERILAEAF KR (shell) H4T,

3. x|

1) EERHFZ P 1TforkFHexitif L ;

2) T FHTEE FHsetsid R BIZFHEIE;

3) EFHEFIEMchdir®RER, 1HRER 7/ A FHENITFER;

4) EFHFERIERumaskR £, 2B H#HENuUMask0;

5) EF AR RAECIAFEN X HHHEIR



18, ZAEMIARENXA? SIERENFREMTA?
1) —TREEFREDE—T#E, —THEZEDE 1 4HIE
2) iz RE/WT#iz, ERZSLiEEFNARIES

3) HIEFEMITIRETRBIHIUNAFERTT, METEHEXZRNE, NMkAHIES 7276
BITER

|
4) TR MREE— T REFREITHIALD. IMFHRTFRIINEFNEO, B8 [E3IH
MHAT, DIAEENARERTS, HNAREFRES TEERITES

5) HENTEXET—TNREFT, §ZTHTHoUUERRT, BRERAZHRIER

STEBERMS MIRIIANA, RLM FZEENEREUAR TR
|

6) — MATEFMAA A SRR IZHEMNMNL T 8], BEMESBMIN (FABEH) &%
(stack), Windows &iZMEREHEEANIM, H(heap)I DB SEXBRIAE, —RE—
BE— 1 CizfTitE, XTMHERNRHREPRBELEHRZ, windows HZXBFMBHZEIAKE,
FF el AR B S,

LAETE: BiEtk, Firss, EFEFES

H=: i, = E, 2REE, #FSEE

HIZTLE: itz (E), #, EREE, %, FiFa

H=: URBER, RHHE, #ERR, #ED
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19. &iELbHIZEBMLEA?
1) SREERFPEMIN, FENRITR, B2, HREPTNAREY ANREREE);

2) Liztt HIEE A A ESAYERE, XERATE—THETNSESHEHE: STEHEEH=
B —HRE =

3) YIRERSOE— AN, DFNHESEMIINANESE, HOREABEXAER
20, HARMRRAZHIE? HAMRAS&IE?

1) BTSRRI S RAETE;

2) BEMTABITENMSERLETRE;

3) SRMEXHUAMBFIATE, SSIERMNIBRARIE;

4) TIREEY RAISHNHHIRHE, SO TBIRALTE;

21, MERMHA?

1) E—MLEAREENRERNFE, EU—THEEAIUATS MSE—R, —TEEIMNA
BETNE ETERREFERAAKERE, MxERHRERAES.

2) MERIFTHHE I/ VT 2tz

3) MEHE B FFas L T X ltk. MIZEELIRAT, $F 78 L T XA ARFEI it
73, EYDREIRRAR, RELRIIREFNTFEEL T X%,

4) BIIERT—THITET, FECHNAEE, SEMMERZZRBIENEMEIR.
5) BBFa. BIRRIN, THELRE L TXUNRRTTHE. HETBRIZGIR, BARERE;

6) IMTEXFRNMETRE, MENTREESyeldXEF, MERNITIREFR, EFEFREAIH
B, AERRMATINTRER, EEINNERFRENREENT;

7) MIEMSHIHATR, MNSETEEL, LEHNENS, MENEEMBHMBIEE;



8) R RES LI
22, EI8?

1) ZRERTEBRIES T EREZEZDRRFRZR, KERNESNHZESIAEFDM. BRI
RNBEBSIA—TRE: BIEAFNE. ETEEREENHZEUEN, SREDE, WRZEIRRY
KSR DE”, EMZAZTEEEN; BEZEERNER, BERIVRSERFE”, Hif
MR EEBRMEIXRR. BERHRIET8RXRE—1TEEHITEANEREE, MMRIET 2%
FEIRR MR IERIE.

2) IEE WM XENZEE L, HAIBUANR—MHZRNEFD, MRS —NMEFREKRERD
RIEHREMABLENEHE, EEHNE—EREE LREBEREEERTENRMN.

3) Mutex®] LA % i3 (recursive mutex)F13EiE I i(non-recursive mutex), BJ &3 i3RI
A BT E A Bi(reentrant mutex), JEBYABIX YA E A fli(non-reentrant mutex), —&EM—
MNXAE, BE—1T%EUZGEREE—MEAH, TTES. MR — %2 ZIRIKRE
BE—1IEEYIE, MSF=EIEHI.

23, APSEINESHIERLIRIE?

1) ZGLERA

XEAPSHREEMNEKRDIRBIAZSH—MAER, BRPSAREBIRSGARRIBERRER
SR HIRSIZEF M TIE, tbalEiflAfork()SEfR LT T — D EIEFTHREN R SA
. MAFFERNINGIEZOLRSER TIRIERZ N APPSR F B — 1R sSSEE, #a0
Linux B9 int 80h Ak,

2) &E

3 CPU ATBITERPS THNERN, RETREEEXATNNEE, XN=/MKHSR]
GITHEVRAGEBEFENRNZAEXEFT, gD TS, CNRTEE.

3) JMNEIR FE AT



HHNREIRETRAFIEKNRIERE, 2@ CPU REENMNFRIES, XB CPU REEHT
T—RENEERITRIRLEMEANTS PEHE SN AL IETRRR, WRTHNITHIESZAR,
S FRVRER, BARXMHEMIEEBAEMALE T HRAPSEINZSHYIR, R E5%
fE5Em, RASTVRIBERIZSHFMGIERF FRITEEERES.

17. RERRISEELS{FA, PERAYSEELITE?

@ Xehlfi, FNTAIBRIMRIREEIRT, ST,

@ RIFHIR, AT E[RETMEIEREHEEREEZRIRUTR, REBHEIH.

@ WIHETIRSTRFIAOMIELRPC, HE[HETRSTEF], FIMEHIH, BrRRHIH.

@ RIFMH. EFKF. TPl EMRIPCPURELEZEFRNAS. RE[FPELIEIRE. 2
WESRNPENEREEIMN, SSIARTERE HRAFE.

® IRERSS, LR LEABBIPUTME T FRELIR R BRPSLIM, BIREGFEFSLI

© BT, EREE, XNHEARATFEOAS, BIXFE. mMERRKRTF. mEMNH. F
. FBTRE, BEERESEI,

25, REHETE4, BPSHRNESHEXS

1) RS ERPSEERERFBIMMETRA, SEFEITESRITRE LN, AR NIE
TERPS, AAXER{IENE, ESERBAPERRGTIENR, KEboBFPEREXEY
BFHECTERRS: RZ, SEFBITEORSINE L, AR AETERZS,

GITEAPS THREF A RERISDBREAZAZBIESWNER, SENERZFHRIT—T
BFEN, REDNEIRETERPS T, EERRRERABNTRELERBNNMEEN
TR TIERT S IR EI AR,

2) FMMIASHERZERZ: LTRPSHITH, #HIZFTEERRINAEFEZEANRZEIR
Hll, HEFAT SBERMENZRIHEE GRY 5 MATROSHATRRE, MEEThRFRENA
FZEMXNR, HEFOBRGENZR A IFHRIE G,



26, CPUHHf

1) CPURRHE T4

@ IHENLLTHITHAE];

@ REGARET I ERIEFTHAN ST LIESH;

@ CPUE Rl SR EEHATRIRR R MERNITHEN NS HLIERER;
@ IR FTEE fFIR Bl R AR P BT A AR AT ;

2) CPUARKFTRIIER

@ FILAMECPUFNIMKEIRI TIE, £ ZRS0r] AR A FMER S 14 5

@ FIMATZTIMERERIN TIE, KKXiIRE TCPUNFIEER;

@ FIBAMECPU KRBT bR & A ERAE {4 £ FE

27, BIT—TZEG0AMN, OS RERNTFE, HiFMHLF

1. TR 2R (0:fork)
RAEQlbcHRRIRERSEIN, BVS R STIEFA S FH1Tint $0x807= £ T,
FATHIEZS (B RS AN AR AU L) IR, HATSAVE_ALL, (BTAZED)
FHATRRTANE, RIERZGERRIBARNZRE,

HATARZREL,
4T RESTORE_ALL HiREAFE

oy Pl g L8

28, HHERNIRGTERANXA?
1) REEMA

@ RERARELAFPEFERN—AEHRNED ., BPRERFA OB R B4R OMRKRS
BRIERRNIZIRHRIIRS 5

@ RGVAAR LARKRIZHITEG; RERGURTEEMAZEIE,; #2EE, RABEREZEORA



RIRERFFHIZBEN SESTERIIME TIBITS

@ LinuxARSEI R S8 R AR T Ox8644 22 2544 FRAY R 4 i ;

2) REVRE R

REHAGITERP=E;

EEXER BT EERERAITREUER;

BREEEA Z50ER

ERTERJIANSI CiRiFeshRAG , CEREEERN ENMEEGNESAERENE
CARREERN—ERIER (3R ) CRERRARZANRS
SHFEFERER SR EEAN—IAOR
RS T RIS T
EETHEET AradE” EHETHEET % a"

BTIEEA | ERAFEE SEAERPTEMAZ E T SOMEEE , FHEEK

TECEREElibch B ALI300/ HE FEUNIXFAZLF90 N ES0EH

ERINCEREZE A : system fprintf malloc RN ZESEAM : chdir fork write brk ;

29, EHAEF? EREMAFNNR? TAaBEMIbIESE?

1) EAE, EMREE—MREEERAK, ExFEREFECIANECHE—RERBELE
HWRNTE, A, XTREFEAFTAREESEN, #AEFETSEHE E, EEEMHITEIER
%,

2) = AILARAMIEERAFANNAR; —ERENRESRMIERE; HOIERNFAIIEE
MMFRIFREFERAFERFS;

3) iRm: HR—ERNIEERTE; MATHEENES; REFMFEASTMEINBEES
BE,



4) Bt =B X F— TR —#HERMRE, X THEFERVIEEHIEM0000FFIGHIE T A
F=E., ENFESISE—THRBE, EAS—THEERE T —TRR, FERE—THEHE
MENERER. BTHBERINFMESHE R, MBI E, MRS
e ERARANLUE, B, HEE, &, AREDEESR. RSETENNFREZEI21L,
XFBRT T Rt =S8 0 4GB,

24. ZIELE? W{oscIR?

1) NRRRIBAAENHEZRAE S NAEERNIGTT, MXEEZZEAESRRIBITXERR
B, MRBRETEHRNMEBELEETHERE N, MEEMNZEMNEDATEINE —
B, MEEEZTEn.,

2) AL )T ZHERTENFHFSEZ]5IEM,

) EFTHEFNERTE. FAOZERFIURE, MASRE, —BKR, XITERTE
EEAETEN; HEESTEERNIITERIE, —RIBEEZE[EZERD], SNEVIEFATEE
TMEARELZE,

4) WFHIEALZENTRBENTNBI N A ERLNEZEZLE:

@D st FFSynchronizedsl, & ReenTrantLock BRI A L I RHI TN, FREMLELIEHITH
BT, MMRIEZSEEZRMRMENRINELZ S, —MEIBEEEANERY, — 1 EAPIEH
B9 B R .

@ EFRER LS RKIMARZELZ S, REME: BARH, MEAAMTERE, RSEHEMERE
FRRZHIE, BHREMBINT; URREHEEEH, mFENR, IMBREEMERE
B RNERME T EhEIR, EKRINALL), XMAESEFEHFNTE, BABNEEZRE

PSRN A NS EERRFIE, BEXfiE<S E4ECAS SC,FAI TASE,

B &iEAt, —MERSHAR, MEF B ThreadlocalsR HB—PNERREE—  HETE
HEIAR (RIXZEELXE) BRI TEERNIRE—TNRNEEEAEZZEO)A,

31, ERMIOKRE, ZM? FIIONAIZTR? BT AMRR?

1) @5



MERAERE—TIIRERBAN, EREFIERZA, HBAMARE., *WHELST—H—HF
FMrSR— T T TR TS, MEXBEA—TIN8E, ﬁlilﬁmﬁﬁ GRAl, BEEFS
xRo

2) B

S—MRISIRAALRLE, BRETEILZFIER, IMAEXMEARNBGHERRE,

WIS, BAMEEAREFRBARE. MR BER— I8, TFEMEXINESER, 1ZINEE
BEREBHME ([EEEHR)

3) A

FEERARERRAERREZH], HR&RESEERE (LREFEAIFTHITRT, TR

T, cpufraisizobchtE R, BILEEEET) . u%&ﬂﬁﬁ%a’éU%%ZFﬁ REl, X
FRS ARG, RSMERHEIEEEREEN, R2MSE LEHFIRECREREME. M

2EAE (RE) , & (RH) SEREEHEIEZESINERZH, BITRIRME,

4) dEBHZE

FEEANBENZIBRER 21, ZRBASEEYFILIE, MaiZhREl, MERARE (R
), B (REh) IZEMR[E], @EidselectiBAIARE.

1) BEZEI/O

NAREFEA—TIORE, SHNAEFEE, FEEEESE., NRIEBEEY, —
BE5.. BRESET, MP\JV%J”\%UJEHF S (8], IORR BUR B A INTE TR

2) dEFEZEI/O

BANHE— 1 SOCKET#Z [ E NIEHEM RS IRNZ, HFMEK/ORIETIETHE, A&
IGHIZER, MEIRE— SR, XERIIM/OREREEAMINNTSIEEE 2L T
¥, MRRHERY, HElil, BEERIEASRTF AL, EXTAIINENERES, SRKEN
5 FHCPURSAY (8],

3) /I0EH



I/0E BiREI = AZselect. poll. epollRE, X/ TRt (EHIZEZE, (BL2FFEZEI/ORR
TENE, X=TREAIAENEEZN/OERE., MBETUBNYNYZMERE, 2PEIRE
AOI/OREH TN, BEIBEUERNEN ISR, 7 HIERARI/OBRIERE.

4) {55 3¥zE01/0

BEBNATERZROHITESEN/OHRE—MESHIERE, HERETCTHAEE, 3
HIREFZEN, #HRESKEI—TSIGIOES, AINUEESLHEREIFIERI/ORIER L IEL
1.

5) F451/0

S—TRIIFEERRLE, BREAEILZFRSER, St MERSHETRE,
BDIRE. BAIFENEAE AR & R A LR F,

32, IOSARIRIE? FZN? =PREL? epoll BI LT 1 ET {2zCHVIEAR,

1) IOEHELinuxHiIOKRE v —, I0E A2 AETASIFAREERUNIORMG, FEN
B—BERIHBRIEEN— TS TIOFKMME, MEdAEHAIZLIE, MMASERETIOLME
ZE7T . Linuxd, #=Z#Tselect. poll. epoll=FzOREKIIOE A,

2) Select

selectBYk -

@ BN HIZREB RN RN EFERARS), BEZ1024, HTselectRAH
A NEEXEERT, XHERATHRENS, thelE;

Q@ NW/BFZRAEEN 6, selectBEASAMEIESEM, FEEARFHE;

@ SelectiREIMN RSB ENUMIIENE, NAREFZEEREDHENINAT se LTI ol A%
=15

@ SelecttVft g HN2/KFE, NARFRURZETHEN —TEEMEN X EERFTHIT
|O1R1E, AT KselectifFAASIGXLE AR BAIHTZ,

3) Poll



SselecttfLt, polfEMERFRFXMAHAN, —R7RE T HMAXHHERSE, EEM=
NRRIRAFE

4) Epoll

L EFriAselectfR R TEepoll EAEFHE, epollE— T XHERA G EEZS MERT, KR
KA HEAFNBHFREINZN—TB4RFP, XFEEAPZEMAZE B copy R
H=—/X. EpollZBM4fAN, TERRIEEIWN, RAERANHKEZRE], AFEN, A
mmap () XHBREIRFINES A= EREREIE,

X7 /24:

1) SAF— T HREPTRE TSR AREIREN

@ Selectir K1024 1M &, HAEERHBFD_SETSIZERE X, EANEI2MUBHERTR, A
MR E AT, FIMEMRmEANR, (EEERTRESRMN;

@ Poliz B HRAEEZRT, REEERETHREFMH;

@ FEIRHPRENE LR, BRRK;

2) FDRIEEH RAVIO R b) &

@ BABRHTEMERD, FTAREEFDRIEIISIERIBHRE T, WERER;

@ PolllE t;

@ EHepool NZH LI 2 IRIESMd_EMcallback RERSLHIR, RBETERMsocketr 2%
sfiAcallback, ATAfEIEERsocketBR/DAVIER T, {ERepoliz B RIEME ISR FREAIIEEE
[a)

3) HEEZEAN

@ Select AIRFERHEEBIAFZE, MRENZXIEN;

@ Poll[E L ;



@ EpollB TN MAF = EHZREIA,

epoll B LT # ET X AIEARR:

epoll 3 AR TFAIRIEB FRFNEL: LT(level trigger)FET(edge trigger), LTRZAIAMER .
XAl :

LT#&RZ(: Hepoll_waittQ il Z AN B4R EF RIS HBANNAER, NARERAMUAIZED
W3R EH, NIRIERepoll_waithy, SERIDNNHIERFHBALEMG,

ET/EZ: Hepoll_waittN AR E M4 A EH IS EHBANEER, NEERNILENLL
BiZEM, MRARLIE, TXiEHepoll_waithd, ~aB XML N BREFEFBEALLSEGE,

£ select/pollf, HEREETREB—EHER, ARANAE R GARTHTIEE, m
epollEStiE T epoll_cti)REM— D XHHARRT, —BENXEWATTHMERN, NZSRAE
BlcallbackhIEIEME, TIFBIEXDXXHHAR, ZHiFEiZTERepoll_waithHEESEIBA (Lth
RERTBAXHHRTE, MeEd RrEENNEH, XthEepolllNAIE) .

Epoll It R EEMAIMEM TILNAME:

1. BAAERTAZIRS], EMXIFNFDLERERATIAITAXXGNENE, XTHF—HK
mARTF2048, ENEF, BREER M TEcat/proc/sys/fs/file-max &, —R&FEiR, X1
HENMAREFXRRAK.

2. Selectix AMVIR R HTZFT AL E BB IRHIRY, XX FEZHERANARS 2EHRKIRIR
AAEEHE, BALITIEEZHENRASLE (Apachefi2Lt) 5 A& Alinux £
HEIZHENANERD, BIBIEAZM, L #ERZEFIERSIRLEA EE&RZREL S
W, AMAHAE—MTENBRRALE,

3. IO EARBEE RAARIERERNIE KT FEE, epollR[EFselectMpollfV5i@ A,
B S NMAEXEHER LRI, REMENAT SRITEIEREL

4. ANR&H AEMidle -connectiond}Z dead-connection, epoll IR HFH & Lbselect/poll
=21R%, (BEE3HiEFKEMidle- connection, Fia & MepollBIER KK ST select/poll,

B, HENRT, MEDEREAR, NRTEXENRBER, 3TiCKiEFME!
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RiEARSHE
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RKiEARSEIE il
R B ARARRRE
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1, —Z=%ER

1
~

1) F—E, BEERPNFREBZE—REEN, FFD; 8—TREHERFI, ~A
28 MREZAFNEDTEEE S MEN, DIHREDARENENE BREER, INFEXARE
N B EHREBNFRY, WRBEERTAERHRES SCN, MAMAOXRABEEIEE, Bl
=, RERXRABIERE, M—Emes e,

2) BB, HIEEXRFAFAEIFREFENE—RIEXEFERNEEDREKE, BEINEE
B IR ERPFE-NTFRANERBAAZ I —"FERIA—HFERBREREERN, R
NAREMRFTB; SERKRFOIFEREEIZHB N ERRECREN, BEIFERBT X
RPFAZ RS D RE R T TR B NS DI, BESRER2NF,



3) F=TER, AR EIRIEA L, BUERPUMRAFEIFFRBFERIE—REREFTERA

&R BRI T SINF; SE=EARMNMNERKR UERRSE BRI T 5 —E S ST
RRIEENESE. HNNRKBESROERKXBENMBESEILT K&, BKARAET
REBEFERNEBHENMRERERE, MRE—FERHTEMIETEEE, MEMIEEEE
MR T ER, BAXTEERSEIREBTER, IBRMEEBRBTEREE. BEE

2. —RKREZRF2EEXEEER * *

2, BURREERVERS|REL, BUREREZRSIRER

1) BEERSIFLER—APRENE R, ENREEENESEE. R3IENEREERT—
NHZNF (B0, employee REIEE (Iname) 5l) AIEMITHIFAIEN ., WREIRISER
REEERER M, WSEXRPERFAANITHEL, R3IFBTEREREER.

2) L=

ARIIREFEALRIERE; IERE—IERS], REBUEFERFEATEENOE—E; NEKRA
RZBIIER; EERDANANF FORTHRELRN, TUEZRD>E WD ENANFRI
8],

3) TR

R FBEOREERUINYIEEMZE); SRR IMEFRS|IBEE—ENE; SPRHE
TEMRIEN, RIIFEMERE, XHFRRTBIRNENEE.

4) 3

ME—=Z5| ——UNIQUE, #&0: create unique index stusno on student (sno) ; FKHEBLEZES]
HNE—TRSERNNE—EIRICE, WTFRIIE—HRS], XRIERIFCESEENE.,
FFZIE—4R5|, RIESMENEESTREE,

EHRS|——primary key, HIEEXRZERISIIIHES, RERTHMRRFHNE—1T. 1%
SIRMARINERE, AHREEXRARETHIAREXEREENREZERERS], TRESIER—F
SIMHSERE, ZERSIERETRPNSMERME—, SESHPERERRSIN, EXRTS
HERVIRE(E],



RER5| (BWRHERS) ——cluster, ERERS|P, RPTHEINFS#RENZE (R
51) R, — M RABES—TRERS], WRERSIAZRERS], WRHBTHVIEIR
FS5RENZEIRFALCE. SERERSIEL, RERSIEBERHIERNEIERCEE.

5) LM A
B+, MRS, (MIEZRS|

3. REZRSIMHFERERS X!

1) REZRS I RIRPIFENHIERBRS|INIAFZME, WRBRLEERERSS, BNEHE
EHIRA, ERERS|IRTIMEFEE— 1A, REIEFEEES—TMA, RslHHEH
EOBENEELE, FREFZINEZVRERERSIE, EXBUREERZIE.

2) REZRS|—TRABEE—T, MIERERSI—TRAUFEST, RERSIFHECRED
H EESFH, ﬁ%”EQQEEELME , PIREHEAH LS

4, H—MERSIMERESIRIXS]

JFEEZRS|, oracle/sql server/mysql HEeBHIEIIE—FS|;

» FRA—EREE—IFE, MMNRFREETROEF—DFEEE RS TENERN;
= FREAEIME, E—RSIAA;

» ETRATNE, B—F5|M;

» FROATESPIFERNAS;

= FR5E—RSIFENE

-I&%ﬂﬁnmmMEﬁ'

= FRESIBTRAGEE—

5. #UEES|IZ, innodbfImyisamfd}Fs5 X5l

1) Innodb5 | EieHt 7 EIEEACIDE SR, H B XU TSQLimENPIMIEE LA, XxT
HWIEEESSHEBERANNASIENMIEESESSSHRELIIXBEXE, L5 B RETITHR
BIFISMBAR, ENZITENEAERBTERRERS, EASGEIMEZETMYSQLEEN
STRIIEEZRSL, MySQLE TR Innodb&2ERFHREILE P, ATFEHLHEMES|, B2
%5 | BAZFFULLTEXTER AN RS|, MBERBRFFRITE, ZHSELECT COUNT(Y)

FROM TABLEN B EAHE R, SEEFRBIEESSI, 125/ Z2HARER. BTBIAN



EBE/)\, SREFTTUEER, FIUNEARREN, {ERInnodbs|ZERIRFAHER, EZER
TRYBAZEITRY, WREHIT—1SQLIECIRIMySQLAREE BIEAYERE, InnoDBF&
ERFZIER,

2) MylASMZMySQLERIARIS|ZE, BRERBIRMHNEIEES SN, BAIFTRBIA
e, ELEHINSERT(HEN)SUPDATE(EFN AR EI SR FEENERIT R, WEESHK—
L AdHMInnodbAR[E, MylASMARTEfE T &RAIITE, T 2SELECT COUNT(*) FROM TABLE
MRSEEEEREINECAFREFEFNEMARERHITERAE., IRRWNZRERIIZTERER
ANEEIIRESSEE, BAMYIASMEL2RIFAIEE,

3) AR MIFESRE M T1E#FInnoDB5 |, AAEXFSSLEMKEME , FHEERNR
RE T HFEME NI E KL, InnoDBA AR BELS AEHTIHIERE, XStRR, FTRsE
WEINnnoDB5 | Z T HEEHR, AEREIENENRERAKBSSENEEERM, XTX
PMOERRE FXFiHEl, ARBINSERTIEQI(FEE NINSERTIETHRE AN 21T, HEHRN)E
MyISAM F&R—LE {ER2UPDATEIEG#InnoDB NS ER—LE, AHEEH LS AR
(3

6. RABNAEKRREEURRERIX A

i i R

e Z= FUE =]
L AITIER RIERAT | sgpme  —essnspalnlans—
i XRBEETRR. SASRERIRASSHE | N7 L
B Baem s S - ESQUEE R RA KRS

SQLite. S HIE 2. BEEE ;
Oracle . 3 FIZER  FFRE BUEHOSH 3 Ty . aaUS R (DA ST 3. BEAASERK
mysql %:-A%;;ﬁ%ﬁ%ﬁ_ﬁ ﬂapmxann?gr;)xxmﬁe? B AR B 4, BERERENRAE

; — TE =5 ;

;SUE‘:HZF!Q

x =B * o
FESR L CEREUEMIR 1 pegsqEiRl RS 1. RiRftsqlis , 2
MongoD 3 —h3 ITﬁ} =ACIDASHE 2, BTHEEY , SiEeERait , 251 R SFERRARS ;

b ’ 4 JE;*#U*Q;EEFET%_E;(E AR, - ﬂOS;g_[_E:J?_laT%T key,valueﬁz 2. FESRE , KN
redis ) _W*Qﬁ% N2 —FhEGEE EE Y%RK BRASFF SZEJH/:_EC BREFRE ITHetbifliRESETED
HBase = 1olvistepiagtes oo , TIE R B MR S R TNF ;

7. BERERIIRE LA

1) IRBE R SHNBEENFIEES, BARKER, MEERSIRNEBIEEIESER, EBHF%
5, REFH.



2) READ UNCIMMITTED (R#2%R1%) , BSHHEN, BMERBRR, EtESHANER
2, bR EEAMS ZMIARMILVSIEE, XMRERIZ5ERS 0, WLLE, T&F
WEEER; XMEFSTRIER, MAINESAUERMERBRNEENER, B2k

1E;

3) READ COMMITTED (18%1%£) , AZSHBUEERZHEIAREE L5 ZREAD
COMMITTED, XMIEEAFFME—1TBSHFIR, REEIIELRTHNESNER, EEH
178, BREHMEMBESEIN, XMEHISEINEEIBRIENIR

4) REPEATABLE READ (RIE£i¥) , REPEATABLE READfRR T BHIZAIBIER, 1ZZRBIMRIE
TETHICERNERE—HH, UME LERMIET HEENER, BRENTERRAS—1 0
A, %717, WRBXMEBRAME L RATEIE. ENMEENSSEERENCENEE, B
R ITESXAXTCENBEEBALIE, SEZREZMNMME, BIENITHIA—H. &
SREEN[E — S EURR MRIE—EUY, (BREAFEERIESBIBATEIE.

5) SERIALIZABLE (R]£471t) , SERIALIZABLERREMRELRS, ©EdRaHIESBTH
17 CEFERHIT) , BRTEHENLEER, BTthASINLES, SBAEEKER, FiLb
MEERIERET, BEAISERE —HMAHREFNTERAKRNMES AJREZEX T RER
all,

8. BEREIZEAER

1) EAS KA, HIF—ERENBIEEERE, HIIINERERIEEEZIREARE S
%, WAMNER{ERE Rl @id getConnection FiAIRENBUR EER, FRATEEEET
releaseConnection /5545 E#ZR A, JEFRUITIIEZRHIRE XA, MEREENEE2RE
W, HAT—IRERMIFES.

2) RIREMH, HTHEEERFRER, BR TMECIE. BIUERS|ENAEEETH.
RV ARGHFERNEM L, 183 T RAAHENTRE (RDREFER AREBIEEIRIHIZ. 2
ERHE)

3) ERMARMMIEE, BiEEFEEZLAENREIRER, FRELLETETHEEERE
THAEA. WEENNMRARFEETR. WTIWSEREENS, BEEANRIETHA
B, BR T HURFEEERDRANZRBISZNIE T, MM 7 RGN AE,

4) FINFRDEFER, NTSNARAZR—BEEFENRAMS, JENARBRIBIEEER
HVECE, SLIBUEREERRA,



5) T—HNERERE, BRIUEEEREE, RRATENEEFRERBIMA, rIRIETY
ROERR S RBIIRE, BHIWEIW SRER, MMk T BIEEEERRFR LI
RIFMEE.

9. FEAIBRIRRZE, IIBEYATV

1) SIEMBHIREETN—TEEERNRT, IS THAFERNSEBREEAKRER, SFK
FEA—EBWEE, AT, SEZRTSRPWE MREREETEIEN—E,

2) BUREHILINRIEN: AEH KB
3) ARIZHIREERARIBAFE: R, BT EE.

4) NERERRBES A= HHbHl. H= EFdl. MEFRBED NI —FZ
AL, —Fh R

10. #uEEEunion joinfX 5

1) join EMKXRMRZEREBFZHEBRIESDICRTE—TIERE, unionZ=ENMTICE
SFBRE-HFNHE—E, RA—THINCRE .

2) unionEHIEECEFRLRIEEE R, AEEGHZENEREITEH, Bl: WRak
MoXRANBESHE AT, BAMTEEENE, oAZEN8T. AR EaTHEHR

THRITRIZE

3) union all2#H{TEEEHCER, B): MRaRMoRPFHIEIESELTT, BEMITEEELN
&, BHZEN101T,

4) joinBHTRXBIZHL, MIRBE—EMNXAR. B MRaRMbXRHANBIESHEATT,
BEMTRESHE, REXJIEMTHEFREEMNKHTLR, Blakm25l, bRA2
5, joinz =245,

11, ENZARLENEY MySQL ER&G<

Ba5iEE

HEE IP it Hin S EF MySQL £z E



MmIEIA!

mysql -h ip -u root -p -P 3306

f51an:

mysql -h 127.0.0.1 -u root -p -P 3306

B MySQL

{£H quit 3§ exit IBH MySQL

EBRHNERE

SHOW DATABASES ;

BIZEN IR

CREATE DATABASE IF NOT EXISTS dbname ;

prit 36

USE #iEE® ;

EENIEETIBIER

SHOW TABLES ;

il 6

DROP DATABASE IF EXISTS dbname;

BIE— 1 ERNHIEER

FE RB(KE) BlE &5l



CREATE TABLE IF NOT EXISTS #FH&(

id INT UNSTGND AUTO_INCREMENT PRIMARY KEY,
name VARCHAR(Z255) NOT NULL

JENGINE = InnoDB DEFAULT CHARSET=utf8;

A NNES R

INSERT INTO table_name ( fieldl, field2,...fieldN )VALUES ( valuel,

valueZ, ...valueN ) ;

EigEiE

SELECT * FROM table ;

1S ENR

UPDATE table SET =¥kl = "{E1', FE1="{82' WHERE 5f%;

itz 36

DELETE FROM table WHERE %1% ;

BlEHmE AP

GRANT #XPR ON FE®.%xk% TO "HF#&'@'E41%" IDENTIFIED BY '#Hi5'

BEifMARAF

SELECT user,host FROM mysql.user;

HipREERF

DROP USER '"AF&'@'EHR';

{EX root FIF 213

SET PASSWORD = PASSWORD('§iZH3");



root A P {EEE & P 253

SET PASSWORD FOR 'A% '@' EA41% '=PASSWORD("'$iZ1E');

523

GRANT #XFR ON E&.%R% TO 'AF®&'@'E4%" IDENTIFIED BY "',
GRANT SELECT,INSERT,UPDATE,DELETE ON cendxia.user TO 'AAF&'@'EHE’
IDENTIFIED BY '#4%3';

BEEDR

SHOW GRANTS FOR 'HHF&'@'EHZ"';

T [ £52 B

REVOKE #XFE ON E&.X®Z FROM 'HF&'@'EMNEZ';

&ip

mysqldump -u root -p FHEER > EREFENUE

ERERIE

mysql -u yser -p dbname < filename.sql;

BR5|E

MyISAM -- FEUREIR, TXFHS

InnoDB -- ZEVREMIE XFHES FHMER

—EEREM

UNSTGND ErRSEM

AUTO_INCREMENT BiEEME(—ARAELdFERLE)



ZEROFILL FEZR

FFEpRE

CHAR EREFHHEE (0-255)1TFH

VARCHAR TRMFFEERE 5. 0UFI(0-255)MFH, 5.0 RAMUE(0-65535)1MF%

BEEREN

DESC %®%&; (HEEHR)
DESCRIBE %% ;

ERERIET

SHOW CREATE TABLE #*%;

BrRa

ALTER TABLE [R%+ RENAME TO &%,

e F ERRVER S B

ALTER TABLE X MODIFY FE& #EXE B 3|,
ALTER TABLE testalter_tbl MODIFY c CHAR(10);

B FERB

ALTER TABLE ®#& CHANGE RFEER TR HUERE B %5,

1IN ER

ALTER TABLE £¥®& ADD FEE&E HEXRE B ZE5|;
-- [FIRSTIAFIER ZFE&&]
-- (FIRST ERAIERINTFEE., AFIER FBE EEFEREERID

MIBR=ER



ALTER TABLE %% DROP FEH;

B FERINHTINE

ALTER TABLE X MODIFY FER& #ERE BN Z5| AFIER FER;

IBEARSIE

ALTER TABLE %+ ENGINE=5|%¥%; --MyISAM 5{ InnoDB

BRAE

explain sql;

explain a3 FA TR AF S B iZ5% SQL BAAHATHY, BE/SEEHNT explain BIZ5R AT AZE B AT
{ERBEIFIIRSE], REFRMAE!

BT explain (s LB AFEULTER:

REVEENRFR, EHURESEERERIERIRE, MERSIFTLMER, MERSIEPMERT, RZENS]
A, 8RXESMITRMNAS[RERFER.

mysql> explain select count(*) from app_summary where source = 'mi' and status = 1 and download_urll != "https://app.mi.comjavascr
ipt:void(@)';

Fo— = m———-———— - EECE L L +-——-—- om—m—m——————— - ETTLEEL L EECEELEEEEs EEEL LT ERTL LT EECEET L L L s +

| id | select_type | table | type | possible_keys | key | key_len | ref | rows | Extra

e e el T e L L L L EE frooosooms frocomonoss frococons fromosoooo e e +

|1 | SIMPLE | app_summary | ref | source | source | 123 | const | 488947 | Using where |

e L e EELT L L L L +--=-== mmmemm—mm-o EEETEL T ERTLPTEELE +--mmm-- EEETEL L EECTELELL LT +

1 row in set (0.18 sec)

B ftht

sql \G

Ea<&EENL\G BIF,

EEHED

£ MySQL #RRfFHFHA help;siE \n SREEREEN,



B https://mp.weixin.qg.com/s/QyGtgBhT4YehX7LYwg8WvQ

&, HEESRNINIAREERS, BFAZ2E GitHub 245 https:/github.co

m/rongweihe/CS_Offer

Hello -

Chapter 1 Chapter 2 Chapter 3 Chapter 4 Chapter 5 Chapter 6 Chapter 7
EO+EARER  RRIES BIBEMEEE HENRE BRIERR BiERE LinuxM & 45F2

fEaR&EMINR (FFEEHP)

FizAR, WRRF/XEXMREREE), AicKiEHM!

—MELENREBOFT T
D ERBNRIZANIANETE

HEANSEE
BB S A

RKiEARSEE AL
R B AR A



https://mp.weixin.qq.com/s/QyGtqBhT4YehX7LYwg8WvQ
https://github.com/rongweihe/CS_Offer

T IKTRIV (O AICASsEER)

(RIFRTR) —PhiRE 24 FitiRs, X 24 MitRUgdBEEESR], E—ER
RN TEBERNLM, REFESHECHESIIMTAIRETNE FHITRANNTE,

R 6 KigHE:

H—HREREMN: M—7TEXmME, MzNE—1T5EERANERER.

FREAREMN: RETARIAT R, (ERAAER, BENFER, WEFEIR B N
RRBRTA, BEREENMABRIN,

BRAREN: —MHRESENRERNE—TEE, Br—EEMTHIRESR., BIERMG

B, BEEFRMIKESR, BFITAKBEN.

REEIFERN . SRRARIXARIE T, BPAIXRBIER. Bl ERORE, FEXY LI

=R

WRIFRN: WRMPEAERERE, BAZMPEMAN IS REERZBEER. WR—
KXFEEAZ—TRNENHENE, AIEIE=TRERXTERN,

ZFORBEMN: STMEOFAFEREEZRAJAATLINNGE, WRAAR, MBRZROR
7, ERZTRENEO,

IR =%

BERRR: BHRIN. T &R, BiEERN. RERN

FEHMEMER . BECARIN. MRRIN. IMEN AR, RIFRIN. ZxE. BRI
THEMRIV: ERERN. <R BRSEN. SR, ANEEN. FEREN.
MBEERIN, KSR, KRR, BRGEEN . hEERI,

NEE R IARITHE:

BRI RIE—TRNE—1X6, FHRE—BRIENZERIBREIR.

TR0 gfREeT] RN, #HRI] &N, I HEER

BRI RN EERATLENR. B—1TIL1 KREBANFHTERENZE, AREREAR
BRI ERBISEIRERESR,

WMRI R EX T —TRIE—RIBXTBEMRIMNED, MAHEEMIIRRMAE,
MB|ERN: EXT—MH—WSHNXR, ULSTUERNRENET—TEENR, TFEIRK



AT, SEHNAENNESE, EMMEBERES.

WA BYASHELA— DI RIRIN—LEARIMUERSE, RRIEANINAESRYE, RIFELEA PR
EARE.

1, IRIREAIAI RPN RI

SRP (Single Responsibility Principle) : B—HIZIEM, 2R —7KREHE—MINEEFMIX
B—15lREZMNARE,

OCP (Open Close Principle) : FEEHARMN, mEX—1TEKR, SENAEMERZEHA
B, NERT BTN,

DIP (Dependence Inversion Principle) : {kEMEIEREN, FEEFEBTHR, mAMKET
I, ENFEENENTRERESE, BB REMEE XTI,

LSP (Liskov Substitution Principle) : BEEREN, MEEXLINLS, BIENFE
thEE A IATIIX T INEE

ISP (Interface Segregation Principle) : EOMRBEREM, ZIif—80, AEEILEABEMN
0, REMHIED, BOPWAEERED., UEiR, RMNENZTERITHNEQ,
MAZREREI—NMEEANEROMAERBMENESRBA.

CRP (Composite Reuse Principle) : &REREMN, ZRASIRITE, DEME,

2, B—HIASRENFHEOREREMX5

ot

= B—RBERNCEENIIRT: MERORERENEENEZOMKRIES.

\J

» BRBRRNEERNRE, EXTZEZRONAGE, SRR FRISSIAAT;
MmizARBRNIEZARED, TERHUHR, FTHEFZBERNWE,

3. BflRz\
SRR EGIEDE

WX WTMINAERT, PAAESRAIRE RIRHRFEHITLHIML .



BON: BREX, THANEEMASEELFIMNE, BMEAEFE RARIREIANET =
N

HNR (ZRERR)

ERTRNRFSYRMEZLIETMN, RITHEERFEES—TEHSHAET, ZIETHE
EIZEN—TNR, RHE—DABRFSHERE, REZNRET, A TEFSIRE—, 14
EREIRNTE,

#include <iostream>
#include <algorithm>

using namespace std;

class Singlelnstance {
public:
static Singlelnstance* GetInstance() {
static Singlelnstance 1ins;
return &ins;
}
~Singlelnstance(){};
private:
/ /B REICIEN RIREEIZRE private
Singlelnstance() { std::cout<<"Singlelnstance() #X"<<std: :endl;

I
Singlelnstance(const Singlelnstance& other) {};
Singlelnstance& operator=(const SingleInstance& other) {return
*this;}
s

int main(O{
//BE R BERIEITRAT AR 5878 B R B 5 /AR EIFR SR A T =
Singlelnstance* ins = Singlelnstance::GetInstance();
return 0;

ks
//%iE SingleInstance() #3X



WONRR (LRELREFEMH)

RAJBERIBRRI IR IX IS RAVSESI, BIFESRBISRE RS | MNIHMERUE B S4)iaft, C++
RESHEMBERENTBE, LLANSHREN, BAES.

#include <pthread.h>
#include <iostream>
#include <algorithm>

using namespace std;

class Singlelnstance {
public:
static SingleInstance* GetlInstance() {
if (ins == nullptr) {
pthread_mutex_lock(&mutex);
if (ins == nullptr) {
ins = new SingleInstance();

}

pthread_mutex_unlock(&mutex);

¥

return ins;
by
~SingleInstance(){};
// B8t
static pthread_mutex_t mutex;

private:

/ /B REICIEN SRR ENEIZRE Iprivate
Singlelnstance() { std::cout<<"Singlelnstance() #iX"<<std::endl;

ks

SingleInstance(const Singlelnstance& other) {};

Singlelnstance& operator=(const SingleInstance& other) { return
*this; }

/ /&SRR
static Singlelnstance* 1ins;

1



/R BESTETEEN
SingleInstance* Singlelnstance::ins = nullptr;

pthread_mutex_t Singlelnstance::mutex;

int main(O{
/ /AR RERIEN RET BT 58 R RN A A REFSH A TS
SingleInstance* ins = Singlelnstance::GetInstance();
delete 1ins;

return 0;

ks
//%H SingleInstance() {#fiiX

BHENNERDR

(1) RARFE-TXFNR, FEZRIZFERNAKRMARFEIZ—THR.

(2) BFPERAENENIORAHER— P ARIBESE, BTiZHESZIRAREE
FRIFENZES (RELEHNES ﬁ)o

4, T &=

T ER

e —1TI] X, XX T E—ZON—LRH#TIAINEIE, BRI RINNXLHREH
— I ZERFEANSE, DTREMZEIEM—TmE (XEFmEdHEE —TRED
#0O) r9sEhl,

#include <iostream>
#include <pthread.h>

using namespace std;

//FEmE (HRE, FEELHlt)
class Product{
public:
Product(){};
virtual void show()=0; //4ERER %K



1

class productA : public Product{

public:
productA(){};
void show(){ std::cout << "product A create!" << std
~productAQ{};

s

class productB : public Product{

public:
productB(){};
void show(){ std::cout << "product B create!" << std
~productBQO{};

1

class simpleFactory{ // I %
public:
simpleFactory(){};
Product* product(const string str){
if (str == "productA")
return new productAQ);
if (str == "productB")
return new productBQ);
return NULL;
s
s

int main(){
simpleFactory obj; // GIEI]
Product* pro; // BIEF &
pro = obj.product("productA");
pro->show(); // product A create!
delete pro;

pro = obj.product("productB");

::endl; };

::endl; };



pro->show(); // product B create!
delete pro;

return 0;

T ENENMECEEE, NRBAIARALI R, WRELIE™m A, B, BEMEXR
FIH switch...casel& @), AR —IEFHERMESHITMmER, HMNAERERINESHY
switch...case 13? XEFRHML, MEBAFEIRITEINFROFBEE AR,

AT H—FEE, AERL NEM ERRE THRI &, BEEL #fMmRbk, L7
H— DRI,

(AT

#include <iostream>
#include <pthread.h>

using namespace std;

//FEmE (HRE, REEEHIt)
class Product{
public:
Product(){}
virtual void show()=0; //4REXREL
s

class Factory{//#i%%
public:
virtual Product* CreateProduct()=0;//4iRE K%K
s
//FEmA
class ProductA:public Product{
public:
ProductA(){}

void show(){ std::cout<<"product A create!"<<std::endl; };

1



//F=mB
class ProductB:public Product{
public:

ProductB(O){}

void show(){ std::cout<<"product B create!"<<std::endl; };

1

//I] KA, REFAFTGR
class FactorA: public Factory{
public:
Product* CreateProduct(){
Product* product_ = nullptr;
product_ = new ProductAQ);

return product_;

s
//IT 2B, R&B™m
class FactorB: public Factory{
public:
Product* CreateProduct(){
Product* product_ = nullptr;
product_ = new ProductB();

return product_;

1

int main(O{
Product* product_ = nullptr;
auto MyFactoryA = new FactorAQ);
product_ = MyFactoryA->CreateProduct();// A=A L LA M
product_->show();

delete product_;

auto MyFactoryB=new FactorB();
product_ = MyFactoryB->CreateProduct();// AR @B F4AEFBf™ M@

product_->show();



delete product_;

return 0;
¥
//
//product A create! product B create!

5. MBEHRI

MB|ERI: EX—M— (WURR) WZ (WRRX) NOXR, IS TUARNRENST—T
BUENR, BUENRRSREZRMNMN, SBAMENNENS, EMIIEEEMRB SR

10\ o

MEERNPEERMAR:

MEE: ALESHEUTRENR, SRUEENROORTREZAN, EMECHRES. (%
B AN S FIRES)

BUEE: INESTABEURENR, SRSREZHMBEMAAENNEEEHNECAK
o (REE)

N7

H—THNRNABFEFNRZEMSR, EAMERRE S ONRETHEN, NiZERE(E
AMREREL;

— THRERER I AE, EF—AEKRHTZ—HEH, XNAMARRERIVEXME R
IR AN RHEEN]S BRI ENE A,

SEMAT:

#include <iostream>
#include <string>
#include <list>

using namespace std;

class Subject;
//MRE BEE (AP T HUREFNITRsub)
class Observer {

protected:



string name;

Subject *sub;

public:
Observer(string name, Subject *sub) {
this->name = name;
this->sub = sub;
}
virtual void update() = 0;

s

class StockObserver : public Observer {
public:
StockObserver(string name, Subject *sub)
void update();
s

class NBAObserver : public Observer {
public:
NBAObserver(string name, Subject *sub)
void update();
s

: Observer(name, sub){}

: Observer(name, sub){}

//BENRE BE (RRFRTAENIEENSR, MERSREZHE, LWRERE)

class Subject {
protected:
std::list<Observer *> observers;
public:
string action; //UREFRIVIKAES
virtual void attach(Observer *) = 0;
virtual void detach(Observer *) = 0;

virtual void notify() = 0;
3

class Secretary : public Subject {
void attach(Observer *observer) {

observers.push_back(observer);



}

void detach(Observer *observer) {
list<Observer *>::iterator iter = observers.begin();
while (iter != observers.end()) {
if ((*iter) == observer) {
observers.erase(iter);
return;

}

++iter;

ks
void notify() {

list<Observer *>::iterator iter = observers.begin();

while (iter != observers.end()) {
(*iter)->update();
++iter;

by

1

void StockObserver: :update() {
cout << name << " WEIEE: " << sub->action << endl;
if (sub->action == "ERFET!") {
cout << "D EXFARE, EMEINEILENEF! " << endl;

void NBAObserver: :update() {
cout << name << " EIEE: " << sub->action << endl;
if (sub->action == "ERET!") {
cout << "FKGLEXF NBA, EMEINEIIENEF! " << endl;

int main(Q)

{



Subject *B0OSS = new Secretary();

Observer *xa = new NBAObserver("xa", B0SS);
new NBAObserver("xb", BO0SS);
new StockObserver("xc", B0SS);

Observer *xb

Observer *xc

BOSS->attach(xz);
BOSS->attach(xb);
BOSS->attach(xc);

BOSS->action = "EIZIRT! ";
BOSS->notify();
cout << endl;
BOSS->action = "EiRFET!";
BOSS->notify();
return 0;

ks

//%it

//product A create! product B create!

6. &KifzZRN

KifzstET (Decorator Pattern) iFE—1TIBENXNRIRINFAITNEE, RBIIFX ARZHLSE
1.

XMERNIITENETEWEERER, ERFANENEN—TEE,

AR B E Car REINEEN, TAFEIBITFHNINEE, XMERIMFEAIER,

#include <iostream>
#include <list>
#include <memory>

using namespace std;

//MEF4ZE Transform (RSN
class Transform{

public:



virtual void move() = 0;

s
// Bt Car
class Car : public Transform{
public:
Car(OO{

std::cout << "TEENIE—HE! " << endl;
by
void move(){

std: :cout << "TEREMI ERDN, " << endl;

1

//HRRMNE
class Changer : public Transform{
public:
Changer(shared_ptr<Transform> transform){
this->transform = transform;
by
void move(){
transform->move();
by
private:

shared_ptr<Transform> transform;

1

// B x&KMZERobot
class Robot : public Changer{
public:
Robot(shared_ptr<Transform> transform) : Changer(transform){
std::cout << "ZTAHEEA!" << std::endl;

void say(){

std::cout << "iHIE!" << std::endl;



+s

/ /B mZEALrPlane
class Airplane : public Changer{
public:
Airplane(shared_ptr<Transform> transform) : Changer(transform){
std::cout << "ZRLEAL!" << std::endl;

void say(){
std::cout << "FERZ=EH!" << std::endl;

s

int main(void){
shared_ptr<Transform> camaro = make_shared<Car>();
camaro->move();
std: :cout << "-------mmmoo << endl;
shared_ptr<Robot> bumblebee = make_shared<Robot>(camaro);
bumblebee->move();
bumblebee->say();
return 0;

ks

/*

i

THENE—HZE!

fEfEith ),

TRAZEAL

et 2R

WiE !

ZRY AL !

fEfEith o),

FER=Z !



*/

B

https://www.nowcoder.com/discuss/632757,

https://leetcode-cn.com/leetbook/read/cpp-interview-highlights/052f77/

M EZBD FANREIEART WL, ST,

[BI%, 2R, MEDEREAMR, NRRENENFRBEERY, slicxiTimb!

0

|

—MELEAEOFT TS
D ERBNRIZANIAMETE

RKiEARSEE

BERmEF I TR

RKiEARSEE AL
R B AR fiEE

INE-E#E STL RS



https://www.nowcoder.com/discuss/632757
https://leetcode-cn.com/leetbook/read/cpp-interview-highlights/o52f77/

okt

=17 STL

cg~
-
L

/

T=. TFKX 30 EfER
=B B 2R RE

AKX, e\,

Y EGESEEH, FJUMEEEARE Therongweis FE—EEEFNES,

78537 GitHub : https://github.com/rongweihe/CPPNotes B4 I %, B—4 K it
/\\\/u\éﬁ_f. ‘mﬁﬁIET'fﬁﬁﬁE/jX$é yALEA/J\**DTGm o Eﬂﬂf ) WX\?;E.F
9F!

13.1 51
RKFKRE, METH.
RS 28I, T ToHME,
{RB2 FEXLN ] EI5?

TH new # delete I 4R1E2RREEIEM T ML TIE?
STL RREZT B ERIER BFN?

STL ZEEERINEEERMTA?

A RAENEENBER?

X, FAIMAEmZ XL,


https://github.com/rongweihe/CPPNotes

STLAKRAH

STUEB-= g it B2 construct() AT HHE
Xt

REM

alloc::allocate() TAaFRAFEE
alloc::deallocate() TATRAFERK

destroy() fa
SGI STL 3 RMEFHTH

FE—RECESE (__malloc_alloc_template)
SGI STL AENEES B
E_MECESR (_ default_alloc_template)
BHBER

RTFE

= |8) B B A3 R BRI

13.2 STL 73 KR4AH
EARNECEZS 2R, HAELETHET STL B RAIR:
WERRARE (32X Standard Template Library, #85: STL) , 22— C++ HR{EE,

STL IMMBEETAINAHE, MEEMS, STL w&H(I—ERETANENZTEHBHUR—
EarAR; RIt2sh, STLAEFGBN—TSRXE. OZEE4E (Generic Paradigm) 9
EALRY . RAMRREARDERE”,

STL RIS ARABM, THRXE o TRMNENEST TE .,

= 2% (containers) : ZFhENIELN, U vector, list, deque, set, map FAEEZHEIE. M
STIMNAERE, STL B2s=— class template,

» E% (algorithms) : &FhE AELEN sort, search, copy, erase... NEMAEFRE,
STL &R —H function template,

= %28 (iterators) : MEBRR/SBIAZENRER, fMBNZEEH". MIUAE
XE&, ER2ZEE—HIF operator *, operator ->, operator++, operator- Fig 5t 1HKIREF
IAE #Hclass template,

= {FERER (functors) : 1T REMLIREL, PIMEREANEMKEE, MIIAERE, HR



We—MEE T operator() Y class Z§class template,

» &fces (adapters) : —FMARMBINASZSHREEERZFIZOMNRIG, HIE0 STL 214
BY queue # stack, BAELUDEE, HXLRgEER—MEazERsE, BEAENNESTE
f&Bh deque, PREIRIEEBHIKZERI deque R,

» figE2E (allocator) : MRTEIEESEE, MIUMABEXRE, EHRE— 1M 7S

TEEEE. TEEE. ZEFRH class template,

EC AR
Iterators
pal T
~Allocator
- §7
' Algorithms
B8 _
- Containers
=A%
Adapters

R

Functors

STLAREH

13.3 fAZEEC B4R

3.1 ROBERTRTEEERS?

MER STL EEME, THEEHFATETENE , BATREERHGMERT T, BEEM
STL XUAE LR, ZHEERTEEZIERR,

ER STL IKITHENXIE, TEEESRSEERARMTHE, MTAMRATUNMERBEERSK
IR EIE, AT AMRAI A B 23R TEMIRIE, AT AMBERRATLUERZE), X—1I8Y
—t]], #HBE“TEEEZE NI,

3.2 SGI STL EEZBi &=

SGI STL NZHE &S RAE, BS STL inEREARE.

H27 alloc, MIE allocator,



2 SGI BECE T allocatalor, EREBCHAMER, AENZNNER, REZMERLER
BA, ANERREERHATEE/MRNZEME, MARNEREASEH,

SGI STL WE— 1 B3 ERIEERENZT B)ECE 232 alloc,

| N N
template <class T,class Alloc = alloc>

class vector{---};

£ C++ B, SHBATEA new H delete #HITXREVBIBFHERRI (R, WENSBERNEFEE
BRIEFNRRUERIE:

XEFH new F delete Z3T ST ERIRIE:
» T new FKik, RIZRSLIEA operator new PEATE; FAEIER Obj:Obj() #i&3d
RZNEA.
» IFTF delete 3K, RIFRASLIAM Obj::~0bj) 18335 ; SAFIAMA ::operator delete
=8,

NTHEED L, STL allocator JREIF XM M ERIRIEX 2 FF 3K,

= JFRMIEMH construct() F13R; IRIEME :destroy( fR.
= NFECEH alloc::allocate() 11537; WFFE1LH alloc::deallocate() fa33;

STLECE=RENXTE F, TEEWAHER T X—IEREM



RXEEXT EFERE constructi]
{ STLAERCH % v <stl construct.h> dCSTPOYﬁ%ij%B@$@5§*D*ﬁ$@
L RETSTLRETE

<‘s alloc.h> BiEXT_:é&EBE%E, ?&ltt
1stioes £ 3 AERERE Halloc

<memory>

XEENT—LELRBRMHBET
<stl uninitialized.h> [:,|> 548 5 KRN TR RUE
RETSTUIRESCE

13.4 FhsHIthtiRE

HNAE, BRRAENRIBIENEAFERNENMTREARTE: construct( ]
destroy() ,

£ STL 2H, construct( REIEZ—1EE P M— 1 #0181H value, ZREIFEEMZ 184
EIREEIE T PTfERIZE) L,

destroy() BRENEM TR, FB—THRAERZ 1, EERETHREZDhNE, B
VB RT3 R EREN AT

B THRAFRR first A last A CES, I [first,last) S CEIABIFAE XN RITWE,



#include <new.h>

template <class T1l, class T2>
inline void construct(Tl*p, const T2& value) {
new (p) Tl(value);

}

template <class T>
inline void destroy(T* pointer) {
pointer->~T();

}

template <class ForwardIterator>

inline void destroy(ForwardIterator first, ForwardIterator last) {
__destroy(first, last, value_type(first));

}

Hrh destroy() REEN T B0 RIS, SEPTINAE EEFCRRA, LEalAIBicRAOEEZEE
(value type) & A trivial destructor HRTEIR, TEMABIEZ R (STLIREEINY .

BAKENE, AT,

2t new(p) T1(value);

T1* p, const T2& value SEFRIAATL:: T1(value)
construct()

7214 i

A ERBAES— R
<ForwardIterator, XirigR__destroy() __flase_type destroy
ForwardIterator > I

destroy()

\_ T pointer$5ft, | ><hniapointer->~T() \_ —true_type ALY

trivial
destructor
AEERN




13.5 AFNECE S TR

RIEFTAER X RAVEFMH, Z TREBHNENFRWENWEREINNRE— (REFNDE
S5 , XREFHIENER, FEEBETH,

5.1 E. alloc igitHE X

NERMENTI 2 ERNRNEFEREINSE, B <stl_alloc.h> —#H1%7, SGI MULAYIRITERI
anr:

[@] system heap E>K= 6]

ZEZ%IE (multi-threads) RS
ZRAEDENIN TG
ZRIZNEIXIR" ] GEE IR R (fragment) [B)RR

Z R/ NEIRAIEEE A IZIFRBIER, SGI ARt TNERE B, YHiiEXREBT
128bytes B, FRANBHEKR, FHE—REEERE, BIZEA malloc( F free(.

SEEEXIRAAT 128bytes B, AT EEFIINAIE, BEREAE_RECER, RAERN
memory pool L EF T,



TILERAE—RACiEZsE (malloc_alloc_template) k258 " RECHEER
(default_alloc_template) , alloc #AEBR THEO, FHEEBFS STL fnE.
XX

#ifdef __USE_MALLOC

typedef __malloc_alloc_template<0> malloc_alloc;
typedef malloc_alloc alloc;
#else

typedef __default_alloc_template<__NODE_ALLOCATOR_THREADS, 0>alloc;
#endif

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

static void deallocate (T *p){
Alloc: :deallocate(p, sizeof(T));
}
};

HA, _ malloc_alloc_template & 58 —KEC & 25;
__default_alloc_template Fi 2% _KREcE2s.

RA—REREERTIE, 3152, BETFE.



SGI STL F—RBECE 2R

template<int inst>

class __malloc_alloc_template {...}

Hep:

1. allocate()E#E{EAmalloc(),
deallocate()E1&{ERfree().

2. 1&#lC++M9set_new_handler()ALMIBEAEFER EHIIEIR.

SGI STL B_RECEZS

template<bool threads, int inst>

class __default_alloc_template {...}

Hep:

1. 4P 16 T EHHEER(free list), fAFF16F/ B XIRAYRECE GE
78]
AFEAmallocBe BT, MRAFARHBAAE —RECERS.
2. MRFBKXR/NTF 128bytes HiAAE—RECEES.

SGI STL F—RECHBNE _RECH:

Hrh SGI STL FE &7 % 7 —E B XR(ES Alloc E&imERO,

1 alloc EX N E—RECE S

typedef __malloc_alloc_template<0> malloc_alloc;
typedef malloc_alloc alloc; // % alloc J958—RECE 23

# allocEXNB_REEE
typedef __default_alloc_template<0,0>alloc;

B—RER £ AllcRETERD SERREF A 2P0

SCRRER A EIE: template <class T, class Alloc=alloc>
template <class T, class Alloc=alloc> class vector {
class simple_alloc { typedef simple_alloc<T, Alloc> data_alloctor;
public: data_alloctor::allocate(n).//BEn 1t H
static T *allocate(size_t); /BT Z G TROTIZEHE
static T *allocate(void); IF
static void deallocate(T *p, size_t n);
static void deallocate(T *p); 11X 5
}: template <class T, class Alloc=alloc size_t BufSize=0>
class‘deque {
typedef simple_alloc<T, Alloc> data_alloctor;
typedef simple_alloc<T*, Alloc> map_alloctor;
data_allocator::allocate(n).//BEEn T Em
map_allocator::allocate(n);//EBEn TR
/BB Z GE T RHTIZELE
|3

F-PRERNE _PRERNEREZEONZAAR




13.6 alloc —ZHC & SRiRHEAFIE
RPHDEBS (L) B

(1) FE—RECEZZLA malloc(), free(), realloc() ZF C REMITEFHNAFEE . BRAMERE
®1E, HLIMELL C++ new-handler B9HLHI (BN EHIEER ::operator new RELEANTE,
FRARBEE #2{#FFHC++ new-handler Hl#l) .

(2) SGI FE—RECE 2309 allocate() F reallocate() B2 7E£1EHEmalloc() 1 realloc() 7N
&, AR oom_malloc() Floom_realloc().



template <int inst>
class __malloc_alloc_template {

private:

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(n);

if (0==result) result = oom_malloc(n);
return result;

}
static void * deallocate(void *p, size_t ) {
free(p);
}
static void *reallocate(void *p, size_t , size_t new_sz) {
void *result = realloc(p, new_sz);
if (0==result) result = oom_realloc(p, new_sz);
return result;
}

static void (* set_malloc_handler(void (*f)()))() {
void (*old) () = __malloc_alloc_oom_handler;
__malloc_alloc_oom_handler =f;
return (old);

s

(8) oom_malloc() 1 oom_realloc() #E AER, FNETAR‘NERCLEGFE”, BEER
HRE, REEBNNEMEFTRES, MAE—4LF5BHESHMUESERIBEN, MRBFAH
RBEREAEAELERER, XTRELNZR, ENEENET, STLEMESE. =
T Hexit(1) £ 1ERE 7.



template <int inst>
void (* __malloc_alloc_template<inst>::__malloc_alloc_oom_handler)() = 0;

template <int inst>

void *__malloc_alloc_template<inst>::o0om_malloc(size_t n) {
void (* my_malloc_handler)();
void *result;

for (;;){
my_alloc_handler = __malloc_alloc_oom_handler;
if (0 == my_alloc_handler) {__THROW_BAD_ALLOC;}
(*my_alloc_handler) ();
result = malloc(n);
if (result) return (result);

}

template <int inst>

void *__malloc_alloc_template<inst>::o0om_realloc(void *p, size_t n) {
void (*my_malloc_handler)();
void *result;

for(;;) {
my_malloc_handler = __malloc_alloc_oom_handler;
if (0 == my_malloc_handler) {__THROW_BAD_ALLOC;}
(*my_malloc_handler)();
result = realloc(p, n);
if (result) return (result);

type __malloc_alloc_template<0> malloc_alloc;

13.7 alloc —4RBe B 28 RMERFE

RO, TEHEEED (FE) RBEE, FRTWH, mikEiz, ERMPEE, BTROXE
7, BREMLLBENT RIS SR

B_REERS T LENG, BENHNAFER . REFRATROAUXZ O WA RIEE,
EEthE—1T0E, FUMUBKELERER, EFREARAENLXASNERREERINIER
R, BERXRE), FIMIBRAES,



cookie

 BLERAEAN

PTBEAF

HIREA—IRAE, BEA—X"R'EVSRN

7.1 SGl E_LAC B 23 FNKER T Z /D 0)@0E?
BB SGIZE _NEEZRIMULER: sub-allocation (EIRZEH) :

BIEHIRE T, SGISTL NE—REcEZREEIE(FR malloc(), free(), realloc() FHECL &1L
C++ new-handler lHISEIMAY, 3B _REEXRN TN ERBX IO NES KT
128bytes SRKEXNA BRI THRHES :

P—— BRE—_ARESE
| AF128bytes? | C—_g_— >malloc(),free() realloc()&CiE %
1 — 1 V| HATIRIE

%
{EFRAFtbtmemory pool

PreFER FHZE, EEIREIT memory pool , HREREFZBRIVERBXTRIF T, &, X
e _NEcEZRFEREE, WIEE? 558 FE:



HARE—KIRAEF, HEIPHNABEHER
(free-list) FAEBRBLRANATFTFRRER
Mfree-listcRER S

| A%Fitimemory pool

BTAEFE, EFAEMAMNT, SRRAXAREE, LRPRRESRTERER, ZITXEMLH

FRE?

B IR—FRR!

7.2 BR#RBEBEM? SOXUEI4FIE?

BAIAE, —HHE, BHERPEEXREZDES 7 EIRfER, P free_list FEEBIED
Bl Z—HE, ATHF free-list, BT TREFEHFIIMNIFEHIERD FT—TTR,

BARBERT, MREBITHRAEMTET? XAMIER 7 MIMNAEB? KRBl NigiT STLE
BMEARFREFERN, XA, NREKIREFZE, EL5ETHIIMNMINEZET ., B4,
BRERAL? 578! BREE—RRNIMNER!

(1) ERXZBHENERT BB —E — —union (BASA/HRBE) , 33 union ELREN
EE A M X—E0HAE; RTICTHRXR, BUREF—TF:

(a) HAFZE TN, R —TMISRERBIESM .,

(b) HRAFERTIINTZEHR—TRAEFUE, EFRNNEREFERENSERENARKE

TS,



(c) FAENHBERAHA—1T=E, FEF—NEREEFEEF—THREEENE, FI1A
o

union ChannelManager {
char ch;
int num;
char *str;
double exp;

A >

— union REEE— T RBANZTEIMRENmAKENEIERR, MEAMS, RAKERZ
double Y,

FflA ChannelManager B9Z (8] A/)\ffi 2 double BRI A/, & C++ B, union BIRL R ER
INBMETTA public, union FERRES ST, MR—LEHIEAAIEEER—TEIRENEAZR,
M=T BA{$E RS union,

(2) THET union Zfg, FATPILAfEEN union AUEEEN, STRWE—T free-list TV RAVLEH

union obj {
union obj* free_list_l1ink;
char client_data[l];



RN T R free_list USRS, BE A,

free_list <« XE—TNEXIR

REFTHNREIREERS
RFP{EBFfbAfree_listA
ZEHEEE

B HEREIRTT

£ union obj I, EX TRNFE, BES LEXRD T
MBEB—1TFEE, obj AIEM—1EH, ERBERPHNT—TTR;
MEBZNFERE, obj AIMMEM—118H, IR ZIERIFRINEFEX,

— Y _RNFAMEZARSRT LA RO IS MERRNFN S —TRE, SFXMEAM
BRBEBRNFE! AIMNESIRAR L,

7.3 F_RECEBT D TIMASR

HXE, BMNELEARTHR T ERIESRT free_list W ILIERIET . MY LFE _RECEZRAVED
g‘g

S IWALS TR

enum {__ALIGN = 8};
enum {__MAX_BYTES = 128;}

enum {_ NFREELISTS = _ MAX BYTES/ ALIGN};

template <bool threads, int inst>
class __default_alloc_template {

- amm n s .



pr wvave.
'ROUND UP( )iZbytes e SHY = %)
static size_t ROUND UP(Slze t bytes) {
return (((bytes) + __ALIGN-1) & ~(__ALIGN-1));
}
private:
union obj {
union obj * free_list_1link;
char client_data[l];
I
private:
/16 free
stattc Ob] *volattle free ltst [__NFREELISTS],
L EAZIRIE X 1 HeaensSfree-1List.nMOj
stattc size_t FREELIST INDEX(Slze t bytes) {
return (((bytes) + __ALIGN-1)/__ALIGN-1);

}

| ' NN R, H ‘ \ 7/ [\ n B E A [X
stattc voxd *reftll(SLZe t n),
| | AN0OD ]S INRYs1ze" B>
//URBCENOD] S m bjsr]EE=FFH
static char *chunk alloc(Stze t Slze, tnt &nobjs);

'Chunk allocation state
static char *start_free; //AFPERIBMNE., RfEchunk _alloc( )1
static char *end_free; /| ATF DR 1 F£chunk_alloc( )H 31
static size_t heap_size;

public:
static void *allocate(size_t n) { /*15/ 1»'4x}
static void deallocate(void *p, size_t n) { /* ¥ A T/5+/}

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

bt

static data memberfENX 5#EIEIZT
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>::0bj *volatile
__default_alloc_template<threads, inst>::free_list[__NFREELISTS] =
{¢0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0};



AKTIE, BEET, BXAR, BWWMEEETE,

13.8 T B a3k i allocate) i fEIE

BAFESE R ER A E 230 ER O R AN allocate(), ItERRIENE ST XERAY AR/,
WMERATF 128bytes — HHE—RECERS; /J\T128bytes—> FHIGEITIAY free_list (M1RE
B AKXIR, MEXREAZE 8 Ee0nR, AR refill), /9 free list EFTERTE],

8.1 F|a|HIE

VAR ERZ O K 2] allocate() :



M C
static void *allocate(size t n)
{
obj *volatile *my_free_list;
obj *result;

if (n >(size_t)__MAX BYTES) {
return (malloc_alloc::allocate(n));

}

my_free_list = free_list + FREELIST_INDEX(n);
result = *my_free_list;
if (result ==0 ) {

‘ ITree (1 rree
void *r = refil1(ROUND_UP(n)); |
return r;

}
*my_free_list = result ->free_list_link;
return (result);



O my_free_list iR ed=tnkd
b 96bytesX iR
free_list[16]

#0 #1 #2 H3 H4 #H5 #6 HT7T H#8 #H#9 #I10 #11 #12 #13

@ r'esul‘r_)

WA H X XR <—>
Lon= 96by'res

) F#167 free_listhiEHH—
IR BIN X R AE
E’E%free list{E t—HFHBNRFNT—

Mfree_listiff] i o] A IR AT

NOTE: B)REEMITNAY free_list BISLERENH AT ANATER, AfEXfree_list #H1TIHZE, {F
—SREBAEN T AT RLES,

2 TFE)FFRY

B, FAEZREERAEEERINEZOREL deallocate(), ZREE T HTXIRA/N,
KT 128bytes MiAAE—RECESS. /T 128 bytes Ik HITRAY free_list, JEFXIREIUL,



my_free_list TR AR
% 96bytesX iR
free_list[16]

#O0 #1 #H#2 H3 #4 H5 #6 #H#T HB8 HI9 #10 #11 #12 #13

E > - Dq
EIKGRN IR

<« >
n=96bytes .

) 1§ p FFIIEAEFEI{ES q

) FHITREY free_list

) FAEE free_list EIKXIR

) BRI EIRMA free_list k&b

Mfree_list[EIHP] B XIRATF

NOTE: B IFE free_list #FIFXIRIN free_list FISKER.

XIREIUZAN free_list BIIRIE, GNEIFRR:

8.3 EFfIET free_lists
(1) SH&I free_list PigB R AXIRES, BT refill) Hfree_list EFTIETZ(8];
(2) FROZEPFENEAFE (2H chunk_alloc() F8A%) 5

(3) REMFOTFHTR (KR) , ER—AFBZEARE, RSN RECFEIEE/NT 20,



=

template <bool threads, int inst>

void* __default_alloc_template<threads, inst>::refill(size_t n)

{
int nobjs = 20;

char * chunk = chunk_alloc(n, nobjs);
obj * volatile *my_free_list;

obj *result;

obj *current_obj, *next_obj;

int i;

if (1 == nonjs ) return(chunk);
| |

my_free_list = free_list + FREELIST_INDEX(n);

| |
result = (obj*)chunk;

*my_free_list = next_obj = (obj*)(chunk + n);

for (1 =1; ;i++) { ,
current_obj = next_obj;
next_obj = (obj*) ((char*)next_obj + n);
if (nobjs - 1 == 1) {
current_obj->free_list_link = 0;
break;

}Yelse {
current_obj->free_list_1link

next_obj;
}
}

return(result);

8.4 A{Fith (memory pool)

E...7£B0ERE] T memory pool, IFELFHREIXTAK boss £i7,



B, BIEMBEMAGFMHENZEE)LA free_list (£, = chunk alloc) EL{E, EE2EATL
TERIIE?

A5k D chunk_alloc() B9 TYEALEI:
chunk_alloc() £ end_free - start_free SRFIBTAF AN 7KE" (lGhe, RAZRAILER)

BRZEAETENEET, RERIE,

(a) KEBRRE: EFBH 20 MXRERELS free_list (2R1A20)

~
~

WpeEARRSE o (b) lezrkiB20: HIFBHRTRE20 RIRTE L%

- -
~

= (c) 7KE=0: WAmallocOMheaphBBARG ((EBRE)

H<ERAGHAFEZEHAEBRET, mallociEKEBEATM? AT
chunk_allocESHEALEARBEIREZ B EB AN free_list

(a) AT MELE—RARE
(b) 2BKE: HAFE—REEHR

AF chunk alloc() LIEEE

MRFE—RECEZZAY malloc() bR T, ®MA L bad_alloc &5,

WY XAZHEE—T STL FRRZIE,






//BigsizeB&iE S LIHESRIEEN
//ERBZ#nobjsEpass by reference
template <bool threads, int inst>
char*
__default_alloc_template<threads, inst>::
chunk_alloc(size_t size, int& nobjs)
{
char *result;
size_t total_bytes = size * nobjs;
size_t bytes_left = end_free - start_free; //M{EHEI=5E

if (bytes_left >= total_bytes) {
//AFBFIRZETEHERKE
result = start_free;
start_free += total_bytes;
return (result);
}
else if (bytes_left >= size) {
//AFBFRRZ QA ETEHEBKEBEBHN—T (8) ULEBHNXIR
nobjs = bytes_left/size;
total_bytes = size * nobjs;
result = start_free;
start_free += total_bytes;
return (result);
}
else {
/ / ATFEEIRZ BE—TXIRO AN T AR #
size_t bytes_to_get = 2 * total_bytes + ROUND_UP(heap_size >> 4);
/ /AT RABILEAFEPRNFRFTLABFIBMNE
if (bytes_left > 0 ) {
//RAFNAE—LTL LA EZHNTree list
// BRI HESENfree list
obj *volatile *my_free_list = free_list +FREELIST_INDEX(bytes_left);
//ABfree list, BAFLFPERTEISR)
((obj*)start_free)-> free_list_link = *my_free_list;
*my_free_list = (obj*)start_free;

}

//BeEheap=(8), AX+TAFIE
start_free = (char*)malloc(bytes_to_get);
if (0 == start_free) {
//heap ZE]AE, malloc( )&
int i;
obj* volatile * my_free_list, *p;
//AERAENF LRBNERA. XIARERKDE, HIATTEEHEE
//BUNNXIR, ERNIFBZHENR LSS
//ATHEFEHNfree list
//PMBESERIE"BAEXRAXIR, BXRBEAK"MIfree list
for (1 = size; 1 <= __MAX_BYTES; i += __ALIGN) {
my_free_list = free_list + FREELIST_INDEX(1);
p = *my_free_list;
if (0 !'=p) { //free ListAEERBEXIR
// A free ListUABHEARBXIR
*my_free_list = p->free_list_link;

-—rh e A o o o £ 2b o o f N .



starc_rTree = (cnar=)p;

end_free = start_free + 1i;
return (chunk_alloc(size, nobjs));
end_free = 0;
start_free = (char*)malloc_alloc::allocate(bytes_to_get);
heap_size += bytes_to_get;
end_free = start_free + bytes_to_get;
return (chunk_alloc(size, nobjs));

}

KET, XEBETIE, BXR, EETE.

P RAR HEnE my_free_list P RAR
32bytesXiR 64bytesX1iR 96bytesXiR

free_list[16] ﬁb *

3  #4

#0  #1 #H2 # #5 #6 #7 #8 #H9 #10 #11 #12 #13
SRR |
F—IREEL |  32bytes F—REOS
32bytes

32bytes

XLEELEXER, LA union obj &
BX#ER, AZRX free_list AYSE

. BRAARL, HPRVNETARTE

| ITRZEE—T linked list

96bytes

96bytes

(——O start_free

(—. end_free
ATFit (memory pool) SLERR{EFRIZE




NOTE: LiARiE STL I3 HPLFRAFMANIRIERIE, FHANPIUERIESTLAT AR EELFER
HEREFMT free list BIZERARK.

13.9 ASSVE

STL BERABEARER, BERZSHBUVWINRITEEARERE,

/J\m$A7J' Rk, EXBENREEECEENREETEEECHNIERE, TEZUHENKZER
Zigd, BEIeES, F7—TILENXE, XHMENEHEECS—"T T EFEN, 1~

@T\%Di*é, BRZEEONETAS SN,

ZENE:

(STLIRIGZIHT-1=EED

https://cloud.tencent.com/developer/article/1686585

https://dulishu.top/allocator-of-stl/

TP, AT STL & 23R
5 traits RIEIE

REREF, BE/)EAE,

XESREIFEERH, UREERARS Therongweis 5—AY[E][EIZFESE,

7832 GitHub : https://github.com/rongweihe/CPPNotes B2 K%, B—4% K EHid
SEHSE, hWEEBETRIBOY, WlSNM\WHEE, —&mh, TEE
Zz}!



https://cloud.tencent.com/developer/article/1686585
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- Iterators
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£ontainers Algorithms

R B EE

14.2 FREHRITRD
NEBEERBIOE, BT RITER? S SRS HER A AXRIR?

H, £ (TR TEAEONRRENEM) (GOF) XAZHPA, X3 7T 23 g
THEL, HAPMA iterator ERER, BEEEK,

it15, ZEEEMR STLIRBRRR, EFELILE iterator 23, MAXLIET —EHE
.

AR, X T iterator BUIEARI T : —MEEBIRF AT HZFEBTTENSE, ERZ
BENERBDRARIMNIRAL N, MERZINRARMEN T EFRH iterator 15 < Y0]=H
B,

BT LEXTMEA, BAMAE T ARSI EE—MiiHEDN, HiitBRESRIFERE

AN
Z= o

B4 C++ STL T iterator §l GOF NMAMERBINHEMHARIR? BELERIIEET
B C++ TIFMBIZER S, OOP (EMNRER) A GP (ZRERE) .



f£ C+ EZEE, BITTBUTARRFLRKS—T OOP 7 GP :

OOP: HEEX R4tz
D BT AR B RE SR BRI R R R B

Ce+ FMYRIESETV 2 MR AL — M A S Lo L ] AR
6P: TR '

RSES aRFHmEREBIERE

00P: ¥§ methods #] datas XExZF|—i (BRAKRMERENMRAZEME—EFPEL
m) , BIRFENSN, FIBERHRER (virtual ) EEZIETHEENAIE, BI"E5S
&, ATBTIRERBEREREENRERNR, FLERBXIRIE,

GP : JZEVREE, tHEFRN"FSESE", SMEBURREAER —MBAE S EEiRE, H
WERSHIESERIEREMZITNE LN EEWIER, BARIELEERFHRE, miF
2AEEEZ, KBERITRERS, £ STL BF/A GP J5 methods F datas LI T oA

Zo

M C++ STL FERNENIIRABIFZE GP (Generic Programming) , A= OO0P (Object
Oriented Programming) . T GOF RITEINKANME MR TRASSIN, FLb, HBIXIE
W, C++ STL BUSEHIMRSENRE, MBELEERTHIF,

£ STL mizEMER, ERB[BEILE—MIEIR class , EREIE STL REEITT IZHIN
R, Bd%ER2R, RNEAUTMEINNAEE—KE, RENEELFARMNERSS, tbdl
vector::iterator, list::iterator, std::find() FREENARIMNBZHITEK, MAE
N EDBRRRIZITZ TR,

AR, ENRUFRMESRZT, Ba, FRBMILMERTHRESRZENERSR
E? XNE@5EBE, ERAEKINSER, & STL FREEMER, ERMTEERIEHEN
fPKAES,



14.3 EaetaH

STL ZZRVRIEBEMNTY, BLUZREENIBSMEN., BIRKiR, STL RHER 235
SERIETE (find, count, find_if) FNEATEINE2RFP, SEERE— OISR TEN
TEH, iterator M EEXTEENAE.,

HiMEY STL ARG, MIARENSFEIE—MEfET, FEit, ShMBs 17—
RRIETTUFM AT R —— BB ERT * M > #&F.

template<typename T>
class ListIterator {//mylistik{{z3
public:
ListIterator(T *p = @) : m_ptr(p){} //H1EREL
T& operator*() const { return *m_ptr;} //BUE, Bldereference
T* operator->() const { return m_ptr;} //pGihlal, Blmember access

//. ..
I
BRERDHBZHRNINME, Ao BRNENIEDNS2RZAEEMR T, FRA, THeEE2Z897F
RIERABRINIRITE, WA, FREXMATRMEUFEERAMEEREED, Xth
ERAT LB STL Bt RIHBEERBERSRNE,
EEUNEEB S list ERBREXEFERNTLTEESR:
« (1) AREBOAREFELR GBI, WHREENNE) ;
= 2 XTF list , HF— T TEARBIBEIEMEET next ISFREY, {FREEEIEH
AN BIGHITER, MMBHE—=O,

14.4 template SEIES

@

SR SRR A BRI A EE?

FERER, MAESEX —TEENFETEREHIRERENVROTELRE, IR, {RAIEE
IBEIXFRE)E, RAMRFBBENEECRMIETRAREZT4, HMRBUX TAFRIE
HEZENRERE, EERIFE C+ 8F typeof XEFMIRBEMRE, tITEEZIR
B, BRZzanfo2as?



TRERE, TEIEASE, B G+ RET T typeid #RIFFN, XTMRIERREE
RIGEFIRIRFR, EARERNRFIREE, ERREENHEER], XTIHEXZA [ Z25F0E?

function template HIZEHESINHZ—TIAEAIE,

fign:

MR I RENEEFENZRIES, AT func FEEEHAERNRNERINEE, &
LE? ZTELERE S, RIRESEHESALH] AT AT RIES

template <class I>
inline void func(I iter) {
func_imp(iter, *iter); // fEX iter # iter FAiEMY{E, class BHmIES

BT RREIESALG], FMEERMSEARSIE T ATiE AT RAYEE

template <class I, class T>
void func_imp(I iter, T t) {
T tmp; // XEMEBEAZFIEROZES

/ ... IDEEZH
ks
int main(Q) {
int 1i;

func(@i);//XEFRANNZ—TiERS (RERTHEE AN



ﬁﬁﬂ%@%&}
b 4 LS
//funcBI TrEEEEfunc_imp L L8 ~-----

iter t
/! Tit@ &R #3182 IRy E R
// XEMEATunc () iz EE

FEEAR, BEZEMEN, RIGWMSET T , BRANEEERMY, bW, HHE
func() IRENERZZHY value type EKELRENE, HREEY " template SEUHESHLHI" #
SHRARSH, TEHRSRMRIREEXRE, F—RERSRBREE, HFEMATT, B
AN 2 9F?

X5 H T FTENERES
14.5 FERAERELS!
ERPRIRAY A ZEATIEXT RAVBLAN, FRZJ9EN MY value type ,

REME func_impl SREATAIBME T FARHBAREIE, EREMERF FEEANE

func .

MRESHHESNSI LN EAERES] (typedef) IB? FIBEMNREBEN—PHIHE, A
[EEIRIREY, XtFRE— LW

template<typename T>
class {

public:



typedef T value_type; //AirxERIEHH
MyIter(T *p = 0) : m_ptr(p) {}
T& operator*() const { return *m_ptr;}
private:
T *m_ptr;
}s

//AERZBRFRIEN RAVE B IR B EY
//EEtypename 2 A, EEIRRmIFesXE— KA
template<typename MyIter>

typename MyIter::value_type Func(MyIter iter) {

return *iter;

by
main( argc, const argvl]) {
MyIter<int> iter(new (666));
std: :cout<<Func(iter)<<std::endl; //print=> 666
¥

Mylter {
T value type'
char* T* ptr;

double* MylIter(T* p=0) {return *ptr}
T& operator*() const {return *ptr}

JERRBNRERH HRRBINIE 2R

FENBRAREEN 1T, (BEXE, XL EARERH, XBEE— RGN : EfREH
A EMERERZSREZE class type , REIEH LR —FiERES, EEI:.FFE?E'H';F
class type , FAAISERNEEXAERES,



-

]
// func)TELEPAEfunc_imp UL ----. // func iR e 268
fEFE
- BARBE
a NS 4 REXEEMATNEXEF typename EX
T 22— template ¥, HEERBIFRRAMIIZH]
GRIFRIXT—TcAhA, FELEAME MyIter<T>::value
RERNOB—PEBLEF— member function FE—
1 4~ data member FAAREXRF typename FHiFEF
EXE— R

iter T
/I TREBE a5 AT e 2 IR K R
// XEMIRATunc () Bz E S

|
1
|
!
|
|
!
!

-~ -

BIARBAENERIBFREOTR BIRREIREMEABFRENOTR

EXN func WMRZB—NZEBE, BACHENERSZ —NREREHENERZE, TEHAK
{EEEIED 47y G IR

p = new (5);
cout<<Func(p)<<endl; // error

BRERXAER, Partial specialization (RiR{m45L) MHEH T .

14.6 Partial specialization (HEHr{EiF1t)

FIBRIFILEIBUR—T class template HE—TLULHE) template SER, FHATRILAS
JWEHAED (2], BAELE) template SEHTISN, LEWMTEHIXMIF:

template <typename T>

class C {...}; //WZMCARAR T vJDAE{E(o2EE

template <typename T>

class C<T*> {...}; //H5HhRAE, (INERT T RRERTHIER, 22 HRZAHIPRE
hiR

PMBY L, MERHRIBRITHREE, F—TRNZMRE, T IUSERRE, F-1TERA
FURE, BE—TRIEKRIER, REFNREREST



14.6.1, [FERFTEAND? —A4FE “F=EY traits

EICSRIE RS RS EBIES G+ A ER BB BIFREV BB A DN5? o) EFE T REE
BRBENIERZ class , TEEXARE, MimSEAGIT AT ABRX 6],

BT LENIMR, HNBEE STL 2UENAMN, STL EXT THREER, BEEIAXK
“EEVIEEBRAIRMYE, T value type ERERSAUFMEZ—:

traits 7E bits/stl_iterator_base_types.h X P3f4H:

template<class _Tp>

struct iterator_traits<_Tp*> {
typedef ptrdiff_t difference_type;
typedef typename _Tp::value_type value_type;
typedef typename _Tp::pointer pointer;
typedef typename _Tp::reference reference;

typedef typename _Tp::iterator_category iterator_category;

¥

template<typename Iterator>
struct iterator_traits { //ZBIZEEIA

typedef typename Iterator::value_type value_type; //value_type Fi=Z
Iterator HYZEEVEVF

}

N3G INET) T SR



template<typename Iterator> //ZEXHE]
typename Iterator::value_type func(Iterator iter) {

return *iter;

//@iY iterator_traits {EFRAGERIARAS
template<typename Iterator> //ZEU5
typename iterator_traits<Iterator>::value_type func(Iterator iter) {

return *iter;

BIXBEHIFR=0ET, XTEERIMZERGEN typename :
1terator_tralts::value_type IR Iterator::value_type FIER—FN, AT ALEIL
B0 iterator_traits X—EFHE, SAESZUI—%?

B8 ZEEN 2 BIRIAR A B ARG : AZIFFEEIRH . mBgE HWLE’JH , BRI AR SRR
AR STIFRA IS HAORRAS ! QNItb—3%, i EEEEIEEH, EEE}HH
iterator_traits::value_type #BBERSIEA, XFAR/AR T BIEAICIRE,

//iterator_traitsBIRIFMARA, HWERRREERRHISE)

template<typename T>

struct iterator_traits<T*> {
typedef T value_type;

s

BAXE, BNAENMARA STL B0igitE(], B! HAA TEXKEREZE— TRIHE
ARAZ:
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RiRSHENES

TSR
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AERER

P T T N e ——
S g i ——> S ZER traits

T RAEHUMEANE

BRI

14.6.2 . const @45t

B R RIN— B REFEIRM traits 21K class, BESLIINIRAEIRHMEN B[S, AW
EEARESHAEIER): N TEREHNRIVIET X E AL EE? Lol TEaE]F:

=]

iterator_traits<const >::value_type // 3R1EHJ value_type & const

int, MAZ 1int

const TRREEMIAM, MFHERE (XA MBIVARSEL) . KEHRFENEE:



template<typename Iterator>
typename iterator_traits<Iterator>::value_type func(Iterator iter) {

typename iterator_traits<Iterator>::value_type tmp;

tmp = *iter; // Y®iF error
}

val = ;
const p = &val;

func(p); // XEEREEX tmp KB ER AR
Bz 2 aFk? EREEMIGTMH, RKEXI:

template<typename T>
struct iterator_traits<const T*> { //4%ftconstigft

typedef T value_type; //#FEITMmAEconst T

14.7 traits/RiEi A4S

B FEJLTRNE, FIIFHE, FMB traits Rz ETTIE MaEin—EPEIAENR
class , UBRRRBUERBRNERIPRIREIE M, FIB— 1 R(B/Z iterator_traits
BET func W, FEEEMNARBAZR), E—EMNMEHEEREMLE—T
iterator_tartis {FHEX3#F pointer #H const pointer ,

& o | | RRARIRELE 3 AR
@07 Rel—FEclass qnﬂ’\jlﬁijé"{ﬂﬂgi

traitsRmizFiE S EA R

834, iterator_traits

% fFconstigH




#include <iostream>

template <class T>
struct MylIter {
typedef T value_type; // WirE!HIFHA
T* ptr;
MyIter(T* p = 0) : ptr(p) {}
T& operator*() const { return *ptr; }
s
// class type
template <class T>
struct my_iterator_traits {
typedef typename T::value_type value_type;
s
/7 45t 1
template <class T>
struct my_iterator_traits<T*> {
typedef T value_type;
s
/7 REEE 2
template <class T>
struct my_iterator_traits<const T*> {

typedef T value_type;
53

// B%iiE iterator_traits<I>::value_type, MIREHAY I Hiss, NF NS
A,iterator_traits BEEEIE ;NREEHFKN I A class type,mEigd]
T::value_type.
template <class I>
typename my_iterator_traits<I>::value_type Func(I ite) {
std::cout << "normal version" << std::endl;
return *ite;
ks
int main(int argc, const char *argv[]) {
MyIter<int> ite(new int(6));
std: :cout << Func(ite)<<std::endl;//print=> 6



p = new (73
std: : cout<<Func(p)<<std: :endl;//print=> 7
const k = 8;
std: :cout<<Func(&k)<<std: :endl;//print=> 8

ARSI FZRETIEIE) iterator_traits::value_type , WRIEEHY | AT, MFENFE
hRZAS, iterator_traits BEZREIZE T, WREEFHRN I H class type , FEiIEE
T::value_type ,

BAMRETNSRETE:

iterator_traits<I>::value_type

x

- ~

’ifgrator_traitsﬁ:m R | RIS, B 4?}1&

~
~

*

[R5k | Zclass type

B T RE value_type 2+ AMF

I::value_type

BEE: ROANMRARET BRSEHSNH+AEREREEXNE, A7 ERERT XM
TRRDECES, SIATIRISEAE]. traits BiE—a “4SHEERAL, EERSBUAER, #ie
PEEX IR USRS 1.



XM RIFH RN AIARRE func BRI, BR—FRIHIER,

a0 func BILE AT

U8, BBARAXEHHENE, MEMIEREARRICIE SR, EEI T CEUR,

FEZEERA

iterator_traits

B RRRECNER, TIERRE
et a R R ELEAR B A LULERAES
{EithIRER EAR R B )

value_type
difference_type
pointer
reference
iterator_ategory

14.8 i&CZZRYBLAIFTRS

14.8.1 iAUZ39 85

int*
const int *

list<int>::iterator
dequec<int>::iterator
vector<int>::.iterator
MyIter

RIREREH #RBENEX
B SR E S

N class-type iterator

HARENEX B CHBMES|

traitsfRIERIE: FUR—E FFIEZEEML"

BAIBREEENHRNER, FNERFENERIE 5 M:

value_type :
int BI9EH PRIEXT RAVEEY,

= difference_type :

A,

EfCERPTIEXTRAY

2R ptrdiff_t {EAIRAFEE AT difference_type.

= reference_type :

[FREEHTE—MERRE, WFEEET int’,
= FTIBAY value_type ,

ARRTHTERSBRZENER, NTREREH, STLUC+ A

IR ESFTIEXI RAVELEIAYS|FH, reference_type —RZFBTEIE{K 23

N cERFEH L, R value_type & T, IBAXINZAY reference_type Fi T&; R
value_type 78 const T, AN HIreference_type HiE const T&,

= pointer_type :

N— ieie

operator-> F MG ERT,

£,

P2 E )R NE =Ry

ST EE IR, & ARINEERZE operator* ]



» iterator_category : BIEREIMREN ZERIRBEN4FIEFR] o] AR IE 23 ITROIR(E, M
iterator_category £, T[J§1%E{230 4 Input Iterator. Output lterator, Forward
lterator. Bidirectional lterator. Random Access lterator AzE, X B] AR B EEHDIE

template<typename Category,
typename T,
typename Distance = ptrdiff_t,
typename Pointer = T*,
typename Reference = T&>
struct iterator //&REHIENX

{
typedef Category iterator_category;
typedef T value_type;
typedef Distance difference_type;
typedef Pointer pointer;
typedef Reference reference;

¥s

iterator class NEIEFAIRAT=E, RERBENEN, FALASIEMEINGHE, ATFEE=
DNRBEFBEIRINME, ERRAENIME, REZREFIADSEMAIMNT , XPTEEFEZ AR
AR, TESCHEFRER0Y, TG FE EENE, XEFRMAsRELEN S TMEBT.,

SR RYIE A ZRZE B IR A0 T

tempalte<typename I>

struct iterator_traits {//4FM4ZEENNL, ZFEBUER 4T
typedef typename I::iterator_category iterator_category;
typedef typename I::value_type value_type;
typedef typeanme I:difference_type difference_type;
typedef typename I::pointer pointer;

typedef typename I::reference reference;

1

//BEXNERNIEHM const IBENRITIHEMRAE



14.8.2, #fUE8MDE

&G, Bi1REE, ER2B85 iterator_category SIRANERZIER, XNEFIRRF
EACERAVREANIRS N 1.
BT RERETLAS, ERB[ED NEAE:

= Input Iterator : LA AAITHENFTENNSR, @RIEN, XIF == = ++.

*o-> FiIRE,

Output Iterator : RFEATEXMENEZMAAANKXE EH#ITRAERE, X5F ++. *

FR1E,

» Forward Iterator : RWFRIEEXMIER AKX B L HTIEERIE, EXREEE[D
f85h, BIRREEBI—%, X5 Input lterator F1 Output lterator FIFR G IR1E,

= Bidirectional Iterator : RFEAEXMIEN A RXE] LFITIEERIE, AT
migsh, SRREERSE—44 ., X3F Forward lterator BIFRAEIRIE, FHBI2IE - #2E,

= Random Access Iterator : BIRIEFTRIRREIRIE, RIFEITHENIAR], PEEREohISEND
¥, IFRIEMF lterator BIFRBIRIE, HBINZHF [n] RIERFHRIE,



valid
Can be copied and copy-constructed ); :(:! ’
all categories e
Can be incremented a++

-

w
- n|+
nonl+
oo

Accepts equality/inequality comparisons :

Input -

# \ [Can be dereferenced as an rvalue a
Outout Can be dereferenced to be the left side of an *a

P assignment operation “a++

Can be default-constructed :(?‘

Can be decremented

Supports arithmetic operators + and -

(Y]
v
3

|

t

oo o0
o+ o+

ocoTo|oo e 2

Supports inequality comparisons (<, >, <= and >=)
between terators

[TV

b
b
n
n

Supports compound assignment operations += and
- a ==

Supports offset dereference operator ([ ])

Where X is an iterator type, a and b are objects of this iterator type, t is an object of the type pointed by the
iterator type, and n is an integer value.

Br, REB, NRBEIAK, ATARMNENERS[IHAITORE? ER[BEREHNETREZRR
EAEzAE? XM E@HMAE T —TEH.

mixfa, HAEREM—TFIAEHNKR:

container (&%) &I allocator (ECE2) EVSEUEEZEZTIE
algorithm (&ij%) &id iterator (i%fK23) 7ZHY container (B23) HWH
functor ({HER%X) WIIABBY algorithm (%) STRARMFREEZL
adapter (Egi%23) vILAMBIRELEE functor ((FERED)

TENE:



»  (STURREEIMT-1EHED
= https://zhuanlan.zhihu.com/p/85809752
= https://wendeng.github.io/

/

TH. 2 5F 20 BlH{RFH STL 5
BT

AKX, HEHE,

NEGRGEEMR, PIURERRARS Therongwei) HE—RTERIEMESE,

N3 GitHub : https://github.com/rongweihe/CPPNotes BRI F, B—% A @ik
SERASE, hEETRZIRIH, WIS NM\WHsE, —Zing, TB8E
4!

15.1 g
B ZHI, T,
F—m, BABIFT STLENRZIRIES traits /IZFE, X—RBEIIRESI TEE.

£ STL iz, BHREHRNEEHIN—FTRESN, FRONFIIATHNKRENS
%%O

MENEARXINET: FIATREEI TR AR ST EINFEFMENIAEITER, MXEKS
ZNZ @I (key) FHENIZEITE.

NREEIMFIAFREXRERENAIRR,
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FINNE 2R

STL7S g &

15.2 BEEHK

RIERE Y, RETRFELAINAE, &
e, XEIE 7 —KERE—T,

FIINER

array(build-in)

|
MEEEAEN

—i priority_queue i

vector }

E[27y:3

stack
ke
queue

array#¢H

vector
priority_queue

DRFINFREXD, BEARRXBRLS

| xmates

RB-tree

set

map

multiset

multimap :unor'dered sen

norder'ed map

hashtable

‘unorder‘ed mulhset‘
\

e —— ynordered_mulhmap‘ 1
1




[RTRIE, XREXENASKE[IAB - TLEERRNVBLESES, LB vector, list,
deque, DARATEMEMIIES E2OMIKITHEM, 1% BB, LRI,

15.3 vector

5 C++ BYIMAEHAT], Ri%3] vector #FFERE T, vector EARBEB IFEMRENNR, G
REBRE—T A UNSIEBRIVEE, ERERIEENSE,

BAIRBKEMR, MECERMEUMEIST BNG? I, BAR—NFIEALKT, KBlE, %
E, B—EREE.

vector EREIELSH
HEARE, STL EEHMENSRIREHESED=1782":
» kK23, ERESNTR, KHBRT RO RTcREE;

» ISR, HEDRRINZMYEMN;
= FMAYIREY, Ll begin(), end(;

\Y

vector BABISh, EXETIRIBZEMAI, vector HREMEEREM&EBAI—HM,

template <class T, class Alloc = alloc>
class vector {
public:
// EX vector BEMEBRERS|
typedef T value_type;
typedef value_type* pointer;
typedef const value_type* const_pointer;
/7 EBNEREE, XEMRE—TEEER
typedef value_type* iterator;
typedef const value_type* const_iterator;
typedef value_type& reference;
typedef const value_type& const_reference;
typedef size_t size_type;
typedef ptrdiff_t difference_type;



protected:
typedef simple_alloc<value_type, Alloc> data_allocator; // XxEHZ|E

[=Er
iterator start; // HEMERTEIRYK
iterator finish; // SEERTEINE

iterator end_of_storage; // HEIRIAZEENE

I 5

&4 vector EEXRTAF RENSRISIENRERtE, SRitnt, AFEZHRIERNRAML
fE, FRARHEE 3 MERa3oaliEm: BiEk(start), BUERIE(finish), HAENE

(end_of_storage).
15 PR £L

vector B ZMMUIERER, N T iwESHIEMN .

vector() : start(0), finish(@), end_of_storage(0) {} /] BINGERE

explicit vector(size_type n) { fill_initialize(n, T()); } // AR RNBERX TSRS, EZ—ME

vector(size_type n, const T& value) { fill_initialize(n, value); } // #EZ—PANAMAKE. intHllong#PHITHEIRIREAAL
vector(int n, const T& value) { fill_initialize(n, value); }

vector(long n, const T& value) { fill_initialize(n, value); }

vector(const vector<T, Alloc>& x); // #EZ—vectorZHHHiSHE

Hi £fill_initialize W#PIAMA allocate and £ill HEWIAIL, FHIASBRIBEMUE
void fill_initialize(size_type n, const T& value) {

start = allocate_and_fill(n, value); // ¥R HDBE
finish = start + n;

end_of_storage = finish;

// BRERIANNE_RERSENTF, PEXBMBEBEIDENANTZF
iterator allocate_and_fill(size_type n, const T& x) {
iterator result = data_allocator::allocate(n); // BENMTRENEMTE.
__STL_TRY  // NENEMTE#TOENE, URE—ITEKUMRESHZEHMLERE.
{
1‘}?1"@Eﬁiﬂlﬁﬁ%ﬁ?ﬁiﬁﬁﬁdeallocate uninitialized_fill_n(result, n, x);

B, MLBENEEERS, REEREE returm resutt;

E R __STL_UNWIND(data_allocator::deallocate(result, n));

BEE, XEmE, VIBUCHREZARMIIBHMI, BA—TEHAGBAAREMERL
®, FENGIXRZIERITEIENL,

KN vector —#4 class template, FRANE, FNHAZTEFINBENATE, L£inEAH%
EREshEBTMMERBARTE, HAENIE I AR ERTEREERNE,



void deallocate() {

if (start)

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

I
// ERTHREHFRAEF
~vector() {

destroy(start, finish);

deallocate();

J&IE3RER

THEREDFHD LB T ESHAIRE, LEIIRE] vector WFHIAHIEE, RERE—1TT
=, BEHATETH, TRFE, BENEF.

XBEEZEIFEMNEEN end() REIRIZ finish, M finish 2EM&E— T ENE— T ERN
f8¥, PFRBAMEA end( IR XS,

public:
// FREEUERN A AR SR EMNIE . DEXBERENEEREZE, tBHE vector &R
ML ERVTEE .
iterator begin() { return start; }
iterator end() { return finish; }
reference front() { return *begin(); } // 3REUE
reference back() { return *(Cend() - 1); }
const_iterator begin() const { return start; }// FEAE

const_iterator end() const { return finish; }

const_reference front() const { return *begin(); }

const_reference back() const { return *(Cend() - 1); }

size_type size() const { return size_type(end() - begin()); } // #
HITENTE
size_type max_size() const { return size_type(-1) / sizeof(T); } //

BRABEFMERITR T,



size_type capacity() const { return size_type(end_of_storage -
begin()); } // EHERISEFRAN
empty() const { return begin() == end(); }
//#|f vector BEANZE, HAZRHRTEHEN 0, EEEIERKEIEE.

push ] pop #&1E
vector B9 push 1 pop RFEH R BN E#HITIRIE, XEBEIRNESEIELZIENELS.

= A push_back IAFTRIIR, BEAZRNERSEEAZNE, IREMERESERE
B EMIETER, FAIBEEIEES finish,

void push_back(const T& x) {
if (finish !'= end_of_storage) { //@E&ERAZE
construct(finish, x); // EFREL
++finish; /RS E
} else {
insert_aux(end(), x); WBHIERH, BHinsert_auxdhMEFHIHHNEARNELTE, BHTEAN

¥ //<memory> —> <stl_construct.h>
#include <new.h>
template <class T1l, class T2>
inline void construct(T1 *p, const T2& value) {
new (p) Tl(value);

}

SR BEATE, My ZTZE(ERIE-BEUE-RRREZE), XENZEAT

insert_aux R%K.



void push back(const T& x) {
if (finish !'= end of storage) {//MAF HZEN
(finish, x); / 1 &R iR A
++finish; /1 RABEERER
}

else //ELAHZEH
(end() ,x);

finish

“‘—e.\
cappcity T\
} T end_of storag

template<class T, class Alloc>
void vector<T, Alloc>::insert aux(iterator position, const T& x) {
if (finish != end of_ storage) { //}\jﬂ‘/z\iﬁ?iﬁ#fljuf g2
(finish, *(finish-1));//7E8& A2 MR E—DITTE I PAivectorix
Ja— IR ENVIRE
++finish; LRERE: ¥ [first,last) RMITTEM pos METERTFEN
T x_copy =

(position, finish - 2, finish - 1) ;//TODO
*position = x_copy;

} else { //¥AT#HZ F—T1 }

FEEXKEE, aIAEZRI, push_back IXMREERE X HIR T —X finish 1=
end_of_storage X=2REAMENE? [RFEXZE AN insert_aux K ELA]EE T\%EZ L {th bR Z50E FR T

£ T ER else D2 BE, FA1EZRNT vector &Y SHlHl: AREREZEA/N 0 NSES 1
TR, MRKRT 0 NoERZEMERFZE, RAEEHEENITE,

else { //¥&A%M=HE

const size_type old_size = size();

const size_type len = old size != 0 ? 2* old_size :
1;
// VALY EEJE I AR KN oAy BE e R 0 MRS EUIAR
&0
/ /AR R/INAS S 0 ) 43 T S R/ N PR
/ 7 E2V B St i SR A a2 B S i B

iterator new_start data_allocator::allocate(len);

iterator new_finish new start;

try { try { _
. /1 FER M vector WA N Elivector// AHT T RIME
} /1D ZE RGNS BN Efinsert (p, x) AH

new finish = (start, position,
catch(. .. new_;tart) 8
(new_finish, x);
++new_finish;
/ /SRR vector new_finish = (position, finish,
(begin() ,end()) ; new_finish);
; }

//Uﬂ*éi’iﬁ%%%ﬁfﬁﬂﬁ vectod catch(const std::exception& e) {
start = new start; //"commit or rollback"

— new start, new finish) ;
finish = new_finish; e ! = )

data_allocator:: (new_start, len);
end of storage = new_start +\len; throw;




public:
//RBIRTRER HREBAN
void pop_back() {
--finish;//RBRIstTHCENRZN—TMIE REEKITE

destroy(finish);

erase MIfRTT=

erase REBMFIEEMNENTR, HEHRBATER—TCEANMETERE. LHRXIAHMIE
MR T REEABTRERRZH, T vector KIZMIFRTRAIREFEERERARR, AU
i vector ENESSNERIMIIRIRIF, ERER—THA.

//ER[first, last)BETE

iterator erase(iterator first, iterator last) {
iterator 1 = copy(last, finish, first);
destroy(i, finish);
finish = finish - (last - first);
return first;

¥

//BREEMNENTER

iterator erase(iterator position) {
if (position + 1 !'= end())

copy(position + 1, finish, position);//copy Z£EE %K

¥
--finish;
destroy(finish);
return position;

¥

void clear() {
erase(begin(), end());

BGEEERE—T:



erase(first,last)Z gl
first last

vector

vector<T>::istart vector<T>::finish
vector<T>::end_o_storage

erase(first last)Zf5: MR T4 1 TH

flrsf last
vector

vector<T>.:start
vecTor'<T> :finish
vector<T>:.:iend_o_storage

BRCERNMITER, £—HER finish &SEENTRIENLEE, AFREENTHRIESS
ERE, &ETEMRRZATRY,

MpRIEE M BT EME LI 2 EELEEERFE T ZRRRIRSH, REftdERE—1
TR

insert HiATTE

vector FUIRATTRBIRRKIEE, X o =5

. RFRZEEBHBARNNETEZSTIETER;
2. MIREAZTEHRBEBARNNE TR/ NTIETE;
3. WREBMZEAGE;

BAl—T—"TRDM.



» BARZENIETETE > fBTET

M pos FFIREEA n NIoEK, 3
A Rpos

3 . 5 6 l &AZE | £—H: HEH finish-nk/ N8, HEEfinishikf{ 23

finish T

end_o_storage

A Rpos

3 - ’ ‘ 5 | 6  FTH BRARZENTRENZSEAZE

finish/T

end_o_storage

end_o_storage

» HARZENIETETE <= FIBTETE



| ~ 1 hirs$F )\ AN 1
M pos It n TITHR,

B—F: HMETHEMAZE

end_o_storage

vector l uninitialaized_fill_n()

B EBRARHBIfinishGWiE—TTE

B BREBARZENTER
NEEMAZNE

vector

o T

fill)  finish
end_o_storage

MREBH=ZEAE



end_o_storage

B DERENTEAATHAE

finish end_o_storage

B4 KENZE B=%: BEAAEE.

XEE, EEE—T1, MIEFMENERIERMI6),
BT EFEBAMIBE T, MENERSRRDBER T TRE BEMEESE ZBIRIAR R
[BRTRENET, BERKIRBMI:

" BTHEATR, ERESTRBERIBSHFHREHETZNZEABTER, MMESE
[a) R 22 BRI U AR R 3

= ATHRTR, EERETRRAFREERNSHETEOETRNERSF A HFERIEE
[ERITTER

HIHRIIN—E2FHRE, XBSE—T:
= copy(a,b,c): ¥F(a,b)ZBAITTEE N ZE(c,c-(b-a)fiE
= uninitialized_copy(first, last, result): BE{R{ERZEIE [first,last) AT ZETE N1 Z result MBI

FEEN
= copy_backward(first, last, result): i% [first,last)NAYITZ=$E 1 &l result M/F1ERIFEN

vector 245

2XEMNE, vector DITRIMEAZ T, REREFEIIERIZ: vector RIMK F1 R EVER ML
FNE (athEsREE), ERERB CHRERSNRSENGIANLE,

BAREE—T vector BIMERR.



M=

» EREFEFDE—REENAETERTE, JUGHRA—H#RE, ST S,

« [EAIAE) A&, 3T TAmihlalfvector.at(iRiE.

= TETE,

7 9=

» AT EHIFREEEE, vector IEAMIBRIZIERIRTBIEZE R O(n).

» RBEEARIm#HITpopHpush,

» HSKEBERINDEANNG, BERASEHOE. ENNER=TE,
vectorfyifk R tURIA R, TEMER RSB ANBIBRAIBEM KE T

15.4 list

97, TEHNIFE—T list, list 2E—FW@EER,

list MIFITTEINER —R, FAEREXRIEAZRFZE—TTE, MEETER —TTR, list X
FZENERAELENNEE, —RtARE, MEXNTEAMUENTTRIEANTMER, list Kix
EEH=TIE,

AR listURIBERXD TR ITED, — T = list 61, Z—Ho R list TRIEN,

PBXEAHEZE—T, IT4 list TROATRITED, MARE—TEWERERIE? HFE
WA AR EENIEES D T EXE?

WRETEERVREMEREG T, XERNTHECHEHEE, RAEKIEDLINNENEERE
fEGRY, REERIERETMAUERX list,

__list_node<T> object




list BIREM-T R

__list_node AELM TR, BURSHPHMEFRIEETNELE,

template <class T> struct {
// BifatEEt
typedef void_pointer;

void_pointer next;
void_pointer prev;
// Bl
T data;

I §

SRI—B, list (U RKRIERE, FER list MR @R, MUEREHME FTEXTEF!




HRKH

template<class T, class Ref, class Ptr> struct __list_iterator {
typedef __list_iterator<T, T&, T*> iterator; // &{2%
typedef __list_iterator<T, const T&, const T*> const_iterator;
typedef __list_iterator<T, Ref, Ptr> self;

// EREEbidirectional_iterator_tagzH!

typedef bidirectional_iterator_tag iterator_category;
typedef T value_type;

typedef Ptr pointer;

typedef Ref reference;

typedef size_t size_type;

typedef ptrdiff_t difference_type;

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

// XTI RIEE
typedef __list_node<T>* link_type;
link_type node;

// FIERER
__list_iterator(link_type x) : node(x) {}
__list_iterator() {}

__list_iterator(const iterator& x) : node(x.node) {}

1

B

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



// EE
bool operator==(const self& x) const { return node == x.node; }

bool operator!=(const self& x) const { return node != x.node; }

// ++1l-- B EEEENIEHIE@nextiiEprev, AANListE@—TNafER
self& operator++() {
node = (link_type)((*node).next);
return *this;
¥
self operator++(int) {
self tmp = *this;
++*this;
return tmp;
}
self& operator--() {
node = (link_type)((*node).prev);
return *this;
by
self operator--(int) {
self tmp = *this;
--*this;

return tmp;

1

list 4544

list B ENX T HREXEEHE traits RTE, list £ 282 bidirectional_iterator_tag ZK#!, HA
=] N3z =}
= TEBiE .



list<int> ilist;

IR O 8=
ilist.end()

ilist.node

ite= find(ilist.begin(),

ilist.end(),
/G) 3);

listEE X node TRHY, EXHAZ—TIEH. XEETE,

template <class T, class = alloc>
class {
protected:

typedef void_pointer;

typedef __list_node<T> list_node; // TR

typedef simple_alloc<list_node, Alloc> list_node_allocator; // ZF[E)E
kT
public:

// EXBRERE

typedef T value_type;

typedef value_type* pointer;

typedef const value_type* const_pointer;

typedef value_type& reference;

typedef const value_type& const_reference;



typedef list_node* link_type;
typedef size_t size_type;
typedef ptrdiff_t difference_type;

protected:
/) BX TR, XETRHARE—1EH.
link_type node;

public:
/7 EIERER
typedef __list_iterator<T, T&, T*> iterator;

typedef __list_iterator<T, const T&, const T*> const_iterator;
s
list #43& A i) BRI EXSEIN
¥ IS R ERRT R A RS

BTERBEHLIE—TZER node TR, N7 RIERNEFTEMIRIEBARESHER
Ao

list BAIAEFR alloc fEATBIECE RS, HIBRIEXTBINENX T—" list_node_allocator, BIE
EMAENTRRKNKEEERTT,

template <class T, class Alloc = alloc>
class list {
protected:
typedef void* void_pointer;
typedef __list_node<T> list_node; // &
typedef simple_alloc<list_node, Alloc> list_node_allocator; // =[G
= o2

Hr, list_node_allocator(nRRECE n TN R=E], ATFAMNKRE, D7lFREE, B,
MiE, HEBE— TR,



class list {
protected:
// BE— T TRHRE
link_type get_node() { return list_node_allocator::allocate(); }
// B —TTR
void put_node(link_type p) { list_node_allocator::deallocate(p); }
// FEEEHEE) T RERTENRE
link_type create_node(const T& x) {
link_type p = get_node();
__STL_TRY {
construct(&p->data, x);
¥
__STL_UNWIND(put_node(p));
return p;
¥
//HEBITMRHARBD)—TTR
void destroy_node(link_type p) {
destroy(&p->data);
put_node(p);
by
// ST RYEN
void empty_initialize() {
node = get_node();
node->next = node;
node->prev = node;
¥
s

E AR MEIREX

template <class T, class Alloc = alloc>

class list {

public:
iterator begin() { return (link_type)((*node).next); } // R[EIEELHY
it



const_iterator begin() const { return (link_type)((*node).next); }
iterator end() { return node; } // REITRE—1"TENE— 1 HIIE

const_iterator end() const { return node; }

// XBENEERMES, rbeginREIRE—1HHE, rendiREIFE—NtbiE. FHAIKER
EREAEST

reverse_iterator rbegin() { return reverse_iterator(end()); }
const_reverse_iterator rbegin() const {

return const_reverse_iterator(end());
¥
reverse_iterator rend() { return reverse_iterator(begin()); }
const_reverse_iterator rend() const {

return const_reverse_iterator(begin());

// FIREAEHER, XEFIMRB—T=Tnode RRRERANZT.
bool empty() const { return node->next == node; }
// BRI EER, MHANES, FIMNEBCERITERRIOKE.
size_type size() const {

size_type result = 0;

distance(begin(), end(), result);

return result;
by
size_type max_size() const { return size_type(-1); }
// BREE—1TENE
reference front() { return *begin(); }
const_reference front() const { return *begin(); }
// BE&E—1TTENE
reference back() { return *(--end()); }

const_reference back() const { return *(--end()); }

VS
void swap(list<T, Alloc>& x) { __STD::swap(node, x.node); }

s

template <class T, class Alloc>



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

list RYSKIGFI i

E list @ —TMEMFIIIRGER, ATLA push A pop FUATSEIMEE KA, MERIEZERBAM
MIBR

£ list /1, push #HRIEEBR insert (K], pop #RIEEBEM erase BHEX,

template <class T, class Alloc = alloc>

class list {

// BEREAIEESEA
void push_front(const T& x) { insert(begin(), x); }
void push_back(const T& x) { insert(end(), x); }
// BE¥RTELERE E SRR
void pop_front() { erase(begin()); }
void pop_back() {
iterator tmp = end();

erase(--tmp);

s

LEERIM M ENREAEBEAERY insert B,



class list {

public:
// =EARWNinsertiRfE, Z@A—TTE
iterator insert(iterator position, const T& x) {
// BrREAEEMENRI— bt
link_type tmp = create_node(x);

tmp->next = position.node;

tmp->prev = position.node->prev;
(Llink_type(position.node->prev))->next = tmp;
position.node->prev = tmp;

return tmp;

XEFEITENE

» PEEFREM node ET S FIARY,
» BARERBETEB/AIIEEMNENRI— T HHE#ITIEAR,

MIpRIRAE

MIBRIT RAVIRIEREL 2 H erase RERSLIMA, EMMRIATA R EE S EixslBEZEM erase,
list 2HER, FTATEREASIMIER, list IEEAHRME: RER, HREBIBNEHTR, B
EEfETH USRI,

AT EERNERER, RBEDFRFHLEYT, BAELBAEELBATRRE/ILFZE—
Ry, EFREIE, fEkEfEERESMFTERE N,

template <class T, class Alloc = alloc>

class list {

iterator erase(iterator first, iterator last);

void clear();

/! BERE—TERE Bz RNRIEEHEONBRBREN T RMIT T
iterator erase(iterator position) {

link_type next_node = link_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);

s

list AR I —FPEMIBRIE R R E(transfer): R ELCEMNTERIRANEMTENE Z 8,
FAEMESAE, METRZENIEHBH, REFQTXTRHNEE, FHEHN
splice, sort, merge REtWF——HB% T, FAIKE—T transfer BIENS:

template <class T, class Alloc = alloc>

class list {

protected:
void transfer(iterator position, iterator first, iterator last) {
1f (position != last) {
(*(link_type((*last.node).prev))).next = position.node;
(*(link_type((*first.node).prev))).next = last.node;
(*(link_type((*position.node).prev))).next = first.node;
link_type tmp = link_type((*position.node).prev);
(*position.node).prev = (*last.node).prev;
(*last.node).prev = (*first.node).prev;

(*first.node).prev = tmp;

1

LFEABEETo NN TEN-ENT R, BIRBMZAEE.



iT#8 (transfer) position

prev

RS

prev
first last

position

position

I list WHEN—LRARIZERTRIE, MAMLIRE Y, BRi—LEER.

splicel®iE: BRI ERAITEH: REIMZEAR transfer PREX,

merge BREN: IFEANR list iR x SEERIEMNIIKREHEERERPEIREMR T HEREE
B2 MNBIRHEE T). XE merge HIRZIO\FEZ transfer BREY,

reverse (RE: SCIVKGHEREENINEE: £ER list WEARB[BEATZHENHF R, 8-
TTE—THEAE] begin Z AT,



sort REL: list ITALEFFALECEIM—THF, T RIFEEMALIESTAZL R
merge K&, AT —TEBBRAREME 2N TR, S E—TRnRFMHE T 2ERET T —
MERFE, REBFAENERETT merge)IFH(EH), MM T HRNHF .

ME#HRE: FEEZRM M ERNIFRANA—FITAVRIE

= REERAN  EFTERENRFRERSROTER
» [RiER/)  EHTEEEAEREERNFRITEUBANAVEAN R RERT

resize ¥R1F: BB list 89K/,

EAN— new_size, MIRFEXRIBEKE AT new_size FIK/)\, BRFEMIEREE 2RO
5

clear I#{E: BIRFIET R

BHE—TTR, HRATWARR)—TTR

remove R{E: BRIEEENTTR

EHE—TTR, HREIFZR

unique #ME: BRIEBRNESZTR, TERE EEMBARNTER", 7T SWBHRE—

AN
[

EHE—ITTR, NRELXEEREHEENTEMZRZ

RAMBINEEPIUBITEMIERAER.

9Fhu, list WNBEIXEMERT



list B4
B E2E—T,

list E—MN@EExR, STERBES—TEFEDE. — P EIIEET prev — 1 ERiEH

next,

MTEERSY, STEMENRE, BXTF STLHNBREE, list IRRRHBEEES
RORRER, NEBNFT M —LI85aVIRIE, FEILERPIBEIREE list A G EREL.

=

» NERAEERNFTRNSERE
» EREBAEHITHRAMIIREREE.
» B7EMIHF{TpushFIpopiR{E.

R

» AZEFHENLIAIR), BN TARRIER]D.at(),
» 3 Fvector G FHRNEZ.,

15.5 deque

THEHRTHEZOAS T, 'ETIRBENIFSI]—TXimAG deque .
deque RITHBERIEA.
B5TR—iKEE,




FEHE deque RBIE, deque Fl vector IR AZER—TET deque IFE ENAT B AR L
Iim ey B imiEt 1T T RN B IRIRIE .,

T deque IZEMMBMNBTEME, ARNERNSMIMN D ERELLE [B)4H & M Ak BB AT AE AN
—IRFF= B H IR,

R deque tIRMH BENLIAIRAOERZS, EENERSBMEIE ARSI —E, Higit1E
LEXENFBY, B, sNE&McEFE—TFEFN, RIENE, RAJEEEIEER vector
M3E deque, ——3RIXFK FIE,

deque B9F3E2E

deque EZE L EREXRELETE, REEH—EBR—EBNEEEELTB)MAM.
—BEWER deque BIRIIRSY BIRIEINFTZE], FRE—ERESEMELETE), HIREED
deque AYLERLEED.

%11 deque RIAIMA], BAZiL deque IERAEMEAEXE D ERINEEELLT B L, 4HiF
HEREZNRSR, ARHERBIFEIEO, Mg 7 & vector AtFr“EFECE-EHl-
BRBCTF =800, XF—R, BRATTHEFRE, MRS T ERNECHEEM,

FE SRS RIRIT A SRETE R E RS RIEHIFEE R,
deque RA—IRFTIBAY map (CEEAESTLEEMIMapE2s) EAHizes, HEIME /R

ETE, HPERNE TR ET, BRRII—ERRANEELE=E, 2B, |
ERE#HANER, ZPXTZ deque MNEFZBIEI,



#1ifndef __STL_NON_TYPE_TMPL_PARAM_BUG

template <class T, class , class , BufSiz>
class {
public:

typedef T value_type;
typedef value_type* pointer;

protected:
typedef pointer** map_pointer;
map_pointer map;//8@ map, map =ELELTE], ERNHNES N TTRE=—1 185,
size_type map_size;

¥

HRGIEWT: deque BEHIiZ1TH, map 1 node-buffer Bk R T:

node-buff i &P X

e SEA B, B llocate_map3RAcE B AR )

MAIMap Pl ABPE ST R



deque B9E 23

deque D EIELTE, HIFHBINELBRRVES, MEECRIEZEEEI, WME
operator++ {1 operator-- i NMEEF EH.

EERBZE, EMNAIUNEZE-T, WRILFEFKRT, RET deque BIERB[BAIXR &4
RS FNTARENE?

BAE—R, HIEB2E, MATDERES, NS IXEE L SpESL= HEME;

HR, B_RERNEPXBBLR, EREENZEREAIRT, SpEaLTREEFXNNE,
WRZE, —BEpEIER, MOATEEEI T -1 E—1TEPX;

B=R, LMELMETEMMIBFRNEIR, AR IEEREITIEH Piz=s,

BT XENEEESZE, BIBRERE, MESESZEE LT,

template <class T, class Ref, class Ptr, size_t BufSiz>
struct __deque_iterator {

/7 ERZBEX

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)); }

// deque@random_access_iterator_tag#H!

typedef random_access_iterator_tag iterator_category;

// BRERNEX, #HEtraitsimiz

typedef T value_type;

typedef Ptr pointer;

typedef Ref reference;

typedef size_t size_type;

typedef ptrdiff_t difference_type;

// node

typedef T** map_pointer;

map_pointer node;



typedef __deque_iterator self;
¥
deque WEB—MEMXBEIRIT T =T&EREE (BT AXHFRIT? )

struct __deque_iterator {

typedef T value_type;

T* cur;

T* first;

T* last;

typedef T** map_pointer;

map_pointer node;
1

B, PITLAEXFIZITIR? EREEENINA RN, BAERDEREENZTE, TEREEST
deque MIH#ZE3. EHX., ERBZENEEXZR :

ZhXbuffer

mapiZEE } cur lfirst ‘ last \n

& 2}iterator




EREA TR, 8—B#FER—1EFX buffer, MEFTXEHFEMNEB T TENMUEN, AT
BEXLENRSREAIE,

Hr cur RImSRIATIEAINIE ;
first R SRIEH P KAINIE 5
last RI-SRIBATERNUE.

REFMAEEE, FEEIENE deque NEEZH map EEN, ERE—MERIETHE
i, FAM=1"SHEZIEOIRINNAE, EXFNRATEEST, RS THAEIEEXS

ANARE
|'~<&=,

Bo, BHXANNSERRENE? XER, RAFREEZFXANNNE—TERRE:

inline size_t __deque_buf_size(size_t n, size_t sz) {

return n '= 0 ? n : (sz <512 ? size_t(512 / sz): size_t(1));
ks
//AR n RAHO, MERE] n, RREAHAXAK/NHBFEEX
/AR n o= 0, Xix BHFXK/NENME
//UR sz = (GtEA/) sizeof(value_type)) /NMF 512 MR[E 521/sz
//AR sz AF 512 NGRE 1

FIZREMNIEMIE T —1 int KB deque, IREEZFPXKNET 32, XHFE—K, 81TEH
XA AB Y 32/sizeof(int) =8 (641IF%E) TitxR., 2I—FHIREZRE, deque HlIFEE 20 ™
TR T, BARGRE begin() F end() IREIFFEMNIER N 1ZE EHENIE? W0 TEFIR:



cur Iflrstl last bode [ cur flrst last n(%

20 TITEFE 20/(sizeof(int) = 5 (BIFRER3T) TEFX, FilA map TRAT =TT,
AEfU2S start WAY cur FEEHERE A XBE—TITER, &U8F finish WAY cur FEFHERZHX
M&E—TTRETT—TE).

AR, RE—TENMXEEEAZTE, IRZELEFHTREAN, WEEBEAIZHEZTE,
deque ERZZAVIRIE

ENpGZ =PI

operator++ BRIEAREFTERE T TR, XEFERVRBAIMESELERETX
HIARE.



self& operator++() {
++Cur; /IR ET PR
if (cur == last) { //ANREZEAMEEPXAIKRE
set_node(node+1); //iIF—T54a
cur = first;
¥

return *this;

operator-- #{EURYIRE E—TuRMENUE, FERAIMESEAEZTXAKEL, BfE
B,

self& operator--Q) {
if (Ccur == first) { //AREZFAPRELE P XAILER
set_node(node - 1); //YREi— T alNRE—1NTE
cur = last;
¥
--cur; //PIREI— TR
return *this;

deque RUMIEFAHTHIERIZX

MERER. BS T EHREY, ZRALDARNSHERE. EX LS TWERNEZEA
create_map_and_nodes, X215 RERAIZ L, MR TRRELEL.

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

class deque {

public: // Basic types
deque() : start(), finish(), map(®), map_size(?){
create_map_and_nodes(0);
Y/ BOAMIERER
deque(const deque& x) : start(), finish(), map(?), map_size(?) {

create_map_and_nodes(x.size());



__STL_TRY {
uninitialized_copy(x.begin(), x.end(), start);

ks
__STL_UNWIND(destroy_map_and_nodes());

// ¥EZ n:aft Ry, value: #EHRYE
deque(size_type n, const value_type& value) : start(), finish(),
map(@), map_size(d) {
fill_initialize(n, value);
¥
deque(int n, const value_type& value) : start(), finish(), map(0),
map_size(?) {
fill_initialize(n, value);
¥
deque(long n, const value_type& value) : start(), finish(), map(0),
map_size(0){

fill_initialize(n, value);

TEBENKRESI—T deque HFIZR EUCEER



void

deque<T,Alloc,BufSize>: :create_map_and_nodes(size_type_num_elements) {
//BETRE= (BTRH/81TEFTXAISANITETE+1)
//AMRAFERR, ZR—TTR
size_type num_nodes = num_elements / buffer_size() + 1;
/7= map BEEEINTR, &2 8 1, REEFETREZ
map_size = max(initial_map_size(), num_nodes + 2);
map = map_allocator::allocate(map_size);

// B AR KRTE S BRI ERZFHEnstart.
map_pointer nstart = map + (map_size - num_nodes) / 2;
map_pointer nfinish = nstart + num_nodes - 1;
map_pointer cur;//iERFTABMNTRNEFRAUE

TET, ETEBZEAE: deque B begin fl end A2 —FIEF 215 map PiRERE
FLMERR, MElERMAENT RNRPRAE.

XA HHRAVIF AL P DAMER KRBT FefI A gEEfl—HF K, #]aiEskin, FEH deque Bk
RBIEAEE O(1), AT deque FEAKTEH BB =R HEXERA.

A, HABHE map FiZEs AEFERFEAR/NE? A& FKMHEET reserve_map_at_back Fl
reserve_map_at_front X R EEAIET, SEFRIRIEA reallocate_map 1T,

BB reallocate_map X 2R ENIE? XBFXBITER.



// MR map BT SREATEAE, AEFMMEE— T Mmap(BEE AR, ZIREFE
A9, BERAD)
void reserve_map_at_back (size_type nodes_to_add = 1) {
1f (nodes_to_add + 1 > map_size - (finish.node - map))
reallocate_map(nodes_to_add, false);
ks
// AR map HIEMTREFEAZEAE, FHEFRUMEE— T Fnap(ELEEARMN, 1EIFEXE
A, BRRFERT)
void reserve_map_at_front (size_type nodes_to_add = 1) {
i1f (nodes_to_add > start.node - map)

reallocate_map(nodes_to_add, true);

deque BYENTTEZFIMIBRITTE

&9 deque RIZRETEXREIIRIE, FTLAE push # pop BRIEEREM T list & AT AF A KT NRY
BRIF, BEIRHIE list RHR, FAARIPRINFRLHFIRT, MMdeque ZHENANRTFER,
T BB X SR T F B

push LI

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

class deque {

public: // push_* and pop_*
// STR#HITHEA
// FIRFREE DA THARS . RERIIMEZHITEAN
void push_back(const value_type& t) {

if (finish.cur != finish.last - 1) {
construct(finish.cur, t);
++finish.cur;

by

else

push_back_aux(t);

/7 SEEKRHATHRA



/7 FIRFRENE SRR T EHAKE . RRRRMERZHITEA
void push_front(const value_type& t) {
if (start.cur !'= start.first) {
construct(start.cur - 1, t);
--start.cur;
by
else

push_front_aux(t);

1

pop LI}

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

class deque {

public:

// SSRERFHITIRIE

// FIMTRERRIENARIKER . RBIAMERERER

void pop_back() {

if (finish.cur != finish.first) {
--finish.cur;
destroy(finish.cur);

by

else

pop_back_aux();

/7 XK ERFHATIRIE
// FIMTREREINANESS. RBEIAMEREREN
void pop_front() {
if (start.cur != start.last - 1) {
destroy(start.cur);
++start.cur;

}

else



pop_front_aux();

1

reserve_map_at—3E RN, popFlpush#&B5cIEH T reserve_map_at XXXKE, XLERHFERE RN
THHTRIE = B S B 2.

MIBRIRIE

THEERICE, RFHEMIEREAA create_map_and_nodes K %1, ZEZl deque LINFIF
BARBEERENON), FRIETEBGRBE T=IE, AT push 1 pop #FF] LATEHIEIAYEN4H 1
1THRIE.

ITERMRE erase, EY deque RHEIBAMAL, FRAtthitZ= 82 ELLRY, MIBRERE vector
—1¥, ERMMBENTE,

deque N 7 RIEMERRAGENS, FFEMIFREE R B REER T EREIRHAITEH.

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

class deque {

public: // Erase
iterator erase(iterator pos)
{
iterator next = pos;
++next;
difference_type index = pos - start;
// MIBREIt S 2R ERRI, SEIRIENITER
if (index < (size() >> 1))
{
copy_backward(start, pos, next);
pop_front();

// WERESt S 2HERE, BaRENTR

else {



copy(next, finish, pos);
pop_back();
k

return start + index;

}
// SCEMER, XfrtbEER LENeraseRi#n.
iterator erase(iterator first, iterator last);

void clear();

¥

EEH—T insert (K%K

deque JRIBHE AT —Pinsert EFRESIER 7 insert_auto FIETIEANNMUEELLEE
EEERa

MRERFH: WAL FmRZE, FAREERNER, R copy #HITIRE,
MEERE: NSRENSH, BEEEBHNES, f copy HTHE.
SEE : push_backZ 5 HATHIEETSH) node, il push_front 256 50 node TE#{THE. LI

HWEREERfinishEiEM&E— T RNE—" ittt ffirstig @M R E— o RAOHELE. T
H pop thE—H£H],

93

FEREAE—EHENMARE, RTREE, XEMAMNRE, BERAE—E TF—2K
£

reallocate_map: F|MiHIZRNBEEEBEA, WRABH, RIFEANTE, BN TRLD
%, 1824 map # start, finish A,

fill_initialize BEY: : FIBET(E), WBINZRETYGEN, RE—THHEEMLE. EERE
— AR RS EPIETRH,

clearf&#l. MIFRFAIE TR, DML HIT:

BFRME T HAFRIIFERE N AR 2SR, XEMEZEEIPENHNESE
=W, BIER AN A —CERERHN, REMFREIERTRENTTE,

dequefswapiE{Eth R 2331 T start, finish, map, H & B RIRFIBEHITTE.



resizefR . EFTiGdequeiTIHEE, LIS list—1FAY.

HIRE: D ETRHRAE.

deque 2%

deque EXLEEINEE EEH T vector M list,

(/A=

1. BRI 518, BI<Hs [] #RIERFAN vector.at();

2. EAERHERIAITEANMIBRIRIE

3. AIfEMImHEIT push, pop

RR: HAPREEREZR, REDBRELTE, MASARFENZ,
FRAXH:

1. MRIFFESHAIMEEIFE, MAEFREANBIBRAZER, £/ vector,
2. MIRMMEBZEXREBANMBIBR, mATOBENZE, NA{EAR list,

3. WRMEZMAFE, mHEXOMIRLEIEBEANMER, WAER deque .
15.6 DA deque HIKER 2300 EEC23

REZENEN=IEBSIESN, HRRKIREXIE—MERs, KRHAZCHERTHZNE
i:

He-stack: FEANEH, RAFERINAINAMPRITTR, FRA LMK,

BAZI-queue: FoASc, EPAEEUTER, HEERMITE, FRAHLAFABA,



. 5cBAF-priority_queue: FHHUERIRATY,

F AN A S BIEESRBEOKE, RAXHNEBRIIKE, RBCARMEFIM, REM
SiEHDFS%E;

wREIRATIR N R R BT BN AR EIMBRNERE, HEEPNTINEEREN B R
EBFS%O

BB ZE, TRMWE, B—TREE, ®AE stack fl queue NIKEHEXHZ(ER deque, F

deque NIKEB 2RI,

stack BORES


https://imgtu.com/i/W8uBBn

#ifndef __STL_LIMITED_DEFAULT_TEMPLATES

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

#else

template <class T, class Sequence>

#endif

class 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;

queue BJJERS:

#ifndef __STL_LIMITED_DEFAULT_TEMPLATES

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

#else

template <class T, class Sequence>

#endif

class 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;

heap

REHAIRE—T, heap, heap ATE—1 A4, FILAMEIRELI B CRIIANR S, AR
EHE#RE, ERR—MEE.



push_heap HATTE

BN R EZpush_heap. heap R¥E=RandomAccesslteratorZE BUAgI% (L 22,

template <class RandomAccessIterator>
inline void push_heap(RandomAccessIterator first, RandomAccessIterator
last) {

__push_heap_aux(first, last, distance_type(first), value_type(first));

template <class RandomAccessIterator, class Distance, class T>
inline void __push_heap_aux(RandomAccessIterator first,
RandomAccessIterator last, Distance*, T*) {
// XBENNERTERSENKE, 0, &A&E—TEE
__push_heap(first, Distance((last - first) - 1), Distance(®), T(*
(last - 1)));
I

pop_heap HIFRTE

popiRfEESLHIR B EIER X AMIBREWE, MEREIERERRE, R2RBEORENTEM
B, XEBarrarytB ATBAMER, SERIRB AR A/NHITIEE. pophILIE MM, XEHZTT
i3k, Z—TEABZE cmp (AREL.

template <class RandomAccessIterator, class Compare>
inline void pop_heap(RandomAccessIterator first, RandomAccessIterator
last,
Compare comp) {

__pop_heap_aux(first, last, value_type(first), comp);
I
template <class RandomAccessIterator, class T, class Compare>
inline void __pop_heap_aux(RandomAccessIterator first,

RandomAccessIterator last, T*, Compare comp)

__pop_heap(first, last - 1, last - 1, T(*(last - 1)), comp,



distance_type(first));
ks
template <class RandomAccessIterator, class T, class Compare, class
Distance>
inline void __pop_heap(RandomAccessIterator first, RandomAccessIterator
last,
RandomAccessIterator result, T value, Compare
comp,
Distance*) {
*result = *first;
__adjust_heap(first, Distance(®), Distance(last - first), value,
comp) ;
I
template <class RandomAccessIterator, class T, class Distance>
inline void __pop_heap(RandomAccessIterator first, RandomAccessIterator
last,

RandomAccessIterator result, T value, Distance*)

*result = *first; // EARNXBEEARE, FAUfirstlEMERAE, TEEAER
.
__adjust_heap(first, Distance(®), Distance(last - first), value);

make_heap G ENE T A HEFIT

template <class RandomAccessIterator>
inline void make_heap(RandomAccessIterator first, RandomAccessIterator
last) {
__make_heap(first, last, value_type(first), distance_type(first));
ks
template <class RandomAccessIterator, class T, class Distance>
void __make_heap(RandomAccessIterator first, RandomAccessIterator last,
[
Distance*) {
if (last - first < 2) return;
// HEKE, HiHPRE/RRE



Distance len = last - first;

Distance parent = (len - 2)/2;

while (true) {
// =P ETIERE, BEIEE
__adjust_heap(first, parent, len, T(*(first + parent)));
i1f (parent == 0) return;

parent--;

sort_heap LI EHEF

2}

HSLRL R 8R4F 56 — (U EUREE MM SE I HEFIHEE.

template <class RandomAccessIterator>

void sort_heap(RandomAccessIterator first, RandomAccessIterator last) {
while (last - first > 1) pop_heap(first, last--);

¥

template <class RandomAccessIterator, class Compare>

void sort_heap(RandomAccessIterator first, RandomAccessIterator last,

Compare comp) {

while (last - first > 1) pop_heap(first, last--, comp);

priority_queue
RIEHA1EKE—T priority_queue

E—T21r heap EHELRiE 4 priority_queue . priority_queue 2 —"TMATRBATI, &F
PUER. SZHFEAFMIBRIRIE, EREMESB BN, LERMIER, 7 B EIN =t HIEZIRIEIMA LR
FHEFIEY

priority_queue E 2RI —FR{KER, BRI FREIRBAY — A BEE 1ZR0RHEAE, &
(K2R, priority_queue ARE M AEEZ— 1823, ERM vector B heapH FIEIR(EAIED
E%&O



REIEN

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

#else
template <class T, class Sequence, class Compare>
#endif
class priority_queue {
public:

// FEtraitsmEZENE

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; // EXvectorZEEHIR

Compare comp; // ENXEELRERE(IHEED

1

JBIE3REX

priority_queue R EEER 3 MNEMIRENIRE, EXSHREHREESRE, R ETIRE T
vector ] heap FAZFLEIRE 2%,

class priority_queue {

public:
bool empty() const { return c.empty(); }
size_type size() const { return c.size(); }

const_reference top() const { return c.front(Q); }

1



push F1 pop L

push 1 pop BAEE R heap A,

priority_queue AE LI RREZRM, EBEIAFNIELZ THET vector, heap ZIEHERE, E
HIMERT,

=t vector (ENE2:, heap EABERRMENE RS, XBMAIM T STLHRESE: BT
BT RS EANGEMAESEI A —MINEE,

&fE, KEXBEFMEN—MIS: EEAMIINFAEES[N—TRN: AT EREINFTHE,
FEEEREANNRERTEE, MEERET.

T7, THNATMEIXET, BAITHBL,

PS: EAZVARE, THATEHENRXEKNSSRMW, TEXTXF, THEMEX
MRS HFARFHIERRE, dEMONETBORET T, & Java EEFH
TreeSet #l TreeMap. STL #8Y set ] map. Linux EIAFHEIRAFARI 71,

1. (STL RIS

2. https://github.com/FunctionDou/STL

/

1%, 2 5% 10 EHIRFMR STL 3B
7 23RS

AR, B=IHE,

NEGRGEEMR, PIUMERRARS Therongwei) HE—RERIEFESE,


https://github.com/FunctionDou/STL
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=R, BNEIRTFIIATE, X—RBIRES TREASE

£ STL fwig, ERMNEZEZREN—MBELEN, FRoNFIIANTRURRKAE

[=]=]

MENARXINET: R BR BRI TcEZER R PNUEINFZFREMIL0TE, MXES
23 2 BIT# (key) IFHEFIEETR,

FREEIMKXEAASEXREENAIRR, K—KELSHE.

set

multiset
RB_Treetl 281N EESLI

map

multimap

STL7 xRl ' unordered_set

unordered_map
hash_table N & ° '
unordered_multiset

unordered_multimap

16.2 BHEH%

AIERE Y, REFETEFELNAE, FEADNFINARIAIN, BBEMFHXEHLES
e, XEZHE 7 —KEHRE—T,



 FRIREs XBREE

l array(build-in)

MEEEAEN
—i priority_queue i

E[ 7y

multimap 1lmor‘der'cad_se'qi

- |
#nordered_mag

hashtable | lunordered_mul'rise'rl :

— 1
Lnorder‘ed_mul‘rimap‘ 1
1

REABHREFINTREFER, MEBRXZIRDNIE, AT RB_tree E=E
hash_table, FRIERELAFERNXBKATHTEAIERE XML,

A% BB, BAERDIMTERENHIII, FEER T ——INEIIMNERN, XENTHF
EREF, WTHERZOAIRITHREMY, ERERMALBING .,




16.3 RB-tree MBS A

BERNBLAEN, RB Tree 72 Red-Black Tree, XN EH”, E—FISHKIH_XE

i, AEMNST TR EBEFMRURTTRIEE, AJMUZL (Red) 3% (Black),
21 BRI
" BITTNREERRE, SERLAE,

» BT RRER,

» HPMHFEA (NL) 226, (5 XBEHFTa, 2EANZT(NILEENULLAMHFT
» IR THRELAEHN, NENFTRLIEEEBN,

s M REZTENFI D RN E R e SEEHNENET &,

EE:

» 45 Q)PFMIHTFTR, fRATNILTNUl)EYTI =,

= 45 B)iARIEE —RERSEEMBEREME. B, dENEENEZOAHN_X
.

EWTREEWT:

___________________________________________________________________________

IRMRILE T &AIEH FE 0(logn) WEERERNTHER . BmAMBIRRE MREEZ

=)o



FLLA BN ATATRZZR, LA,

HashMap
TreeMap

TreeSet

Nginx TimerE 241l

RIAFEE

T ENNAD S

Linux epoll A% S
HIZRE

set
C++ STL

map

7y, ABMNREXEEANS T, XTABRNNOMERAXZS—RXET, TERE
BT A— MBI EERIES I,

16.4 RB-tree HEZANIE(E

TEMNEREERE . MER.

XN ENHITRINSMR 25, #BBARRERE. ERETRNSBFRLENFNTRZ
BB BRI,

@ fess, AIDMEXBINEFTANLEN. BRER, e IENRSGLEMEYT
=

EAEWERGEAL AT ZZherAnE.
EhE: NPRXHITERR, BRMRILETR X RAET R,

alE: WHRX#EITALRE, EMRILETR XEAETR,



W5T 7 hess, FATERE—TENEAN, FMMEALIN:

[/ARRTFREESERBA

pair<iterator, > insert_unique(const value_type& x);

// A REEERA

iterator insert_equal(const value_type& x);

RB-tree EE2MMIEANAR, —MELATFREEEBAN, —WATF., JUAERAIERE,
RV insert_unique IEAEEMTE, £ RB-tree EHMELE LW,

HSLE RB-tree JRIBEHE, LEMTREERRKE, BANZER—T _insert() 1L,

HIE T EIERIRER R, (1B ¥E RB-tree MIIES X : AEBIEA rb_tree_node_allocator
. BRBBERE—TE, 21H simple_alloc FEiBRFEET S,

B oA E R T KR ECRAITR NS,

get_node(), put_node(), create_node(), clone_node(), destroy_node();

RB-tree FU#iE A N th B mfh: —FhZ2LAIER RB-tree EF— 13180 RB-tree, Z—FhE™
£ —RTHIRE,



16.5 I§%FF® (hashtable) TMEFIRNFA
TBWONEREXDT, TERIRE—TRER.

BAIBEHANRE: FUES, BAMRBREYE MERNTRE: FUEE, HmAMMR
GES R

BALABANENELGEMERIFIE, ME—MIUES, BANRESZHEIESEM?

/o

1]
A

=HEN, XMERAR.

[EHKR, UEMABIIR, T—MERNSRESHS, XMEREHRA. MR SRFRELD
BB EET I E RIRM.

th A AR — o S5 4

£ E KA hashtable SR8 281, FHAIFGAFINRZFA T

= BRHURRER: (EFEMBREIRES, REREBREI/NE, ARFE—TITRREN—T"AN
FIERRARIRS|, XIFRIREFRA hash function (BRFIRER)

= EREYRBAEZFREE: AIESZETRENTEZRRFRERNNUE, XTEER,
RATETHEFREART RN aray &, XMESPMBRVAIE@, fRRAE B —AR
B SMERN. RN, FHiEsE,

ARNFEEARRNBEES, AXLA SGI STL R38R KA 8EAMHTT hashtable A%
>,

HEE, PIDARRRAN“HERAVEAE", HERRE: MRS ITRBFHREE TRARNE—MIE
g, MPFFXEXREFICRER—TLERERTD, MRBEEN, MINFAEXFEREE.



_buckets vect_g_r_:f.?ii'

iterator

bucket list )

& 5-24 LIFEE (separate chaining) % 5¢ i) hash table. SGI Bl R Utk .

JEE, bucket HIFHUEER, HARA STL Y list, MEECS4IFPH hash table node, ZF
buckets ®1&, NMIZMN vector #i&5eRk, MEEANSY REES.,

hash table BYE X :

//EIRSEE X
/*
Value: TRRISC{EZER

Key: T RAVE(EZRE



HashFcn: hash functiong9z&3y
ExtractKey: MTTRPERHEENGE (REEHRE)
EqualKey: ¥HEEEHEERNGE (REE{HERE)
Alloc: Z[E|ECE R
*/
//hash tablefIZ& 4t RER vector AP
template <class _Val, class _Key, class _HashFcn,
class _ExtractKey, class _EqualKey, class _Alloc>
class hashtable {
public:
typedef _Key key_type;
typedef _Val value_type;
typedef _HashFcn hasher;
typedef _EqualKey key_equal;

typedef size_t size_type;
typedef ptrdiff_t difference_type;
typedef value_type* pointer;

typedef const value_type* const_pointer;
typedef value_type& reference;

typedef const value_type& const_reference;

hasher hash_funct() const { return _M_hash; }
key_equal key_eq() const { return _M_equals; }

private:

typedef _Hashtable_node<_Val> _Node;

XEBEEFEMRE, hashtable B9iE 232 1EMIERES, BT IFXE buckets vector B
X%, HicERBRIFMENTR, EFHRESBRIMENT R, BIHE—MUE.

//ATF2hash tablefRATE

private:
hasher _M_hash;
key_equal _M_equals;

_ExtractKey _M_get_key;



vector<_Node*,_Alloc> _M_buckets;//Fvector#iFbuckets

size_type _M_num_elements;//hashtabled 1ist =L
public:
typedef
_Hashtable_iterator<_Val,_Key,_HashFcn,_ExtractKey,_EqualKey,_Alloc>
i1terator;
typedef
_Hashtable_const_iterator<_Val,_Key,_HashFcn,_ExtractKey,_EqualKey,
_Alloc>
const_iterator;
public:
/ /&R EL
hashtable(size_type __n,
const _HashFcn& __hf,
const _EqualKey& __eql,

const _ExtractKey& __ext,
const allocator_type& __a = allocator_type())
: __HASH_ALLOC_INIT(__a)
_M_hash(__hf),
_M_equals(__eql),
_M_get_key(__ext),
_M_buckets(__a),

_M_num_elements(®)

_M_initialize_buckets(__n);//FReE== 8], FHIGEWBH AT
/ /BT B ARNARFnHIR/NEE
}

IRMHMMIENTENGE: insert_equal RFEEIEN; insert_unique RAIFEEIEAN .,

//BATTETR, AR FEEETR

pair<iterator, bool> insert_unique(const value_type& __obj) {
//FIMBEREHBA, SWMEMLE

resize(_M_num_elements + 1);



//BATR, AATFEEETR

return insert_unique_noresize(__obj);

¥

//BATETR, AFFEEETTR

iterator insert_equal(const value_type& __obj)

{//¥ B ERTBHE, SNMEFREE
resize(_M_num_elements + 1);

/AR, AT FREERR

return insert_equal_noresize(__obj);

16.6 hashtable B9EASIE(E

EED EENBRIXEEAEE set. multiset. map Fl multimap BNIREHFIEEE T RB-Tree
TR, BAEBIIERA. BIFRFIEXIRIEEEIZIAZIXS IO 8], A REKRBALUES
EEEIFEALIME

1M hash table FEEZXRBALIEEGHENIE, BN BERMERREHERE BT
B1E],

SGI FISCH] hash table 95, 7S buckets RAGTERAIP— DR, AEERR T
T ENIEA. B3, MREFRE, ZXBPHNEN TR NIE (bucket),

BAFIEEHAERRIEANAFEE, {8 SGI STL PAERFSRIZITRE AN, HEK 28 1
FREOTEYF, UAEREETAE,

// Note: assumes long is at least 32 bits.
// GER Ri%longE/MR32-bits, AIMRIEEHCEEEXR
//EX 28T EEA{Ehashtablefg K/

enum { __stl_num_primes = 28 };

static const unsigned long __stl_prime_list[__stl_num_primes] = {

53ul, 97ul, 193ul, 389ul, 769ul,
1543ul, 3079ul, 6151ul, 12289ul, 24593ul,
49157ul, 98317ul, 196613ul, 393241ul, 786433ul,

1572869ul, 3145739ul, 6291469ul, 12582917ul, 25165843ul,



I 6

//REIRFniYER/NEE

inline C ——n) {
const __first = __stl_prime_list;
const __last = __stl_prime_list +

(int)__stl_num_primes;

const pos = lower_bound(__first last, __n);

[ J—

hashtablefd T R EC B MBI D 5 H new_node # delete_node 5eh%, HBIBENIRIEFIRIE
2S5 insert_unique # insert_equal ,resize = PNRE KM, FRTFENE, XER=3KE
KR

buckets| |

- #."
[ Tel T ]
2 . A .

tmp[ ] #ss

first &




C++ STLAEER, AMYZE unordered_xxx B28, FTETLFBHRNEEIIMARANEIRF
RIFMEEN), B EME, SAEMINE” (XIRARE") BRABIBEFEMRUE REPRNE
HR, BN FEEMUERMR.

Hep, Pi RRFENSTREN.

RADIEREIRZA bucket 1, FIARZR, SERLTFERFERENN, TAFE—EBIR
EENFETE, B EATARERFHEREN, MEFMS THERIXIETT, SREXY
BHIENEFRUERS THRNTR,

£ C++ STL imERER, KE 1 RS TR (bucket) , BTREABECHRES (M
0 7fi8) . SAMBENTFMREILTFEERETN, BT FMIEI AU TS

» CEZBEENPRIOETARTENRERE, 2658—1TKR&EE (— B, BHRX
m)

» g HMETFBREERNSE n HZFEE (BIH % n) , ZEREIRRAG I RESS
FHEFNENES

» BT REELBEX, BRI R RSN RS L,

FHIMEG—RNE, BEXRFREHEE—TEENRE, MARFEF (load factor) ,



ZEMERFEATLFE, BTHEFFFEMRENNZ/HMER, BIRZEFER, Sk
ERan, BISHRPESSUSREN,

RLRZFRE[EREMRENNIEER; k2, RBEFW), FHEELE, BHT—E
FTERPEINRENTMED,

EHMMF, WRIITNERRBASE, EFSTRENRT NZRASENGREIREE
@ (FrERENIEREFMEER—#RL) . XMELT, BMEENREENAHEFRD, %
BaNERAERMKIARE.

cH

Fa=P, RBERFNITELEAN:

AHET = FRFENSRIEY / B

RINBERT, TFERNEANHEEFN 1.0, MREETFERIRETR, EFEEARERETF
BETEIME, WEHRZEBINEN, AEMmATES, MR/ aEREFrIE,

FERIBNE, WERERFHERENBRN, EREBTRENNS|I RSB IAE,

XBHMERT, ItABNERELTFERIES, RENNFRIIFENR RR2"NAER
R

C++ STLANEERN T H{ERF BirttERE TFERREEANRRREFMENR, STEFE
ZRAVRMRE PEBIR MR PIRBIBA T IA,



BRARE IhAE

bucket_count() RO H SR EEEHEBENEN, EHRBNEE
max_bucket_count() IREIZHFIZRZF, unordered_xxx BEKERZ 0 LMERZ/ D ME
bucket_size(n) R[EZE n MEPEERENNHRE
bucket(key) IR[EIA key NI BEX FIERINRS
load_factor() IX[8] unordered_map B3 HAIM A EHEF
max_load_factor() IREIEE 1% E LI unordered_map ARNHEANEHEF
rehash(n) SMEFMARRIOMENFTTHAT n E, WIR n KT HAIEH

ERNELE, MZHECRERENRS, XBSMIREEEST
HRTF n, k2, AR n NENTHRIEHMERRE, NEAL
HiERRER A EAIEA.

reserve(n) B ZREAEE (bucket_count() HIARIRENE) REARES
=i n DITRIE
hash_function() REHEI B 2HMERNE R R R

MEEIXE, hashtable FRIBINAMBEARS T, BIRAMRIFESFETIAKA AT K
AIGitHUbEE

TETEHBEARNXREKAESE, XENDRIERS, AEERERERDINE,

BANERBEARRELE T —0iE: RERESH JunorderediIFiZ2 R, B4 7 multif
MEAFREE, BEARHA insert_equal A E insert_unique,

16.7 set. multiset, unordered_set,
unordered_multiset

B T BIEHR RB_tree T, THENRZFS] set/multiset F] map/multimap B S5 %7 .
FeRE—T set UM

= set A RB-tree fEAEIKRENS, FAETREBRETZOREBIEAF.
= set WTEMERE, set AAFM N TZBHEBRE.



» ARVFEE set FIEEZERINZ set (NTRE, BN set WTHREMERE, FEXT TR
EMSZIMEHSIMN, MREEENTERE, S™EBR set AR, FLTEENX set i
E 2SR E X B T RB-tree B9 const_iterator,

» BT set ARVFERMERHE, PRUAEANRAERZ RB-tree B insert_unique 773X

» XBEREBNEXEFE—R, #2 const L&, AN set WERENEMABERIEN T,
FrBAIX BB #B 2 MAconstZE B

TERE—T set RYIREG

set WEBELIMAHEIHA RB-tree UM, XEMNRENENBETE—K, #E const 3£
8, R set WEREXEMABEREBNT, PAINXELZIA const KB,

#ifndef __STL_LIMITED_DEFAULT_TEMPLATES
template <class Key, class Compare = less<Key>, class Alloc = alloc>
#else
template <class Key, class Compare, class Alloc = alloc>
#endif
class set {
public:
// typedefs:
typedef Key key_type;
typedef Key value_type;
typedef Compare key_compare;
typedef Compare value_compare;
private:
// —RB-treepiZii%
typedef rb_tree<key_type, value_type, identity<value_type>,
key_compare, Alloc> rep_type;
rep_type t; // red-black tree representing set
public:
// EXHEBEZ constER | REEEK
typedef typename rep_type::const_pointer pointer;
typedef typename rep_type::const_pointer const_pointer;
typedef typename rep_type::const_reference reference;
typedef typename rep_type::const_reference const_reference;

typedef typename rep_type::const_iterator iterator;



typedef typename rep_type::const_iterator const_iterator;

typedef typename rep_type::const_reverse_iterator reverse_iterator;

typedef typename rep_type::const_reverse_iterator
const_reverse_iterator;

typedef typename rep_type::size_type size_type;

typedef typename rep_type::difference_type difference_type;

1

FIE PR ERADIE AR B RO BT iR B FB B9 2 RB-tree B insert_unique,

class set {

public:

set() : t(Compare()) {}
explicit set(const Compare& comp) : t(comp) {} // FEEfaEEiR

// EERTEAR
// &R EHDIER A RIRHME IR ARERB-treefinsert_unique
template <class InputIterator>
set(Inputlterator first, Inputlterator last)
: t(Compare()) { t.insert_unique(first, last); }
template <class Inputlterator>
set(Inputlterator first, InputIterator last, const Compare& comp)
: tCcomp) { t.insert_unique(first, last); }

set(const value_type* first, const value_type* last)
: t(Compare()) { t.insert_unique(first, last); }
set(const value_type* first, const value_type* last, const Compare&
comp)

: tCcomp) { t.insert_unique(first, last); }

set(const_iterator first, const_iterator last)
: t(Compare()) { t.insert_unique(first, last); }
set(const_iterator first, const_iterator last, const Compare& comp)

: tCcomp) { t.insert_unique(first, last); }



+s
B G B 43R EX

class set {

public:

// FREMRIEH 2@ EARB-treesREXM
key_compare key_comp() const { return t.key_comp(); }
value_compare value_comp() const { return t.key_comp(); }
iterator begin() const { return t.begin(); }
iterator end() const { return t.end(); }
reverse_iterator rbegin() const { return t.rbegin(); }
reverse_iterator rend() const { return t.rend(Q); }
bool empty() const { return t.empty(); }
size_type size() const { return t.size(); }
size_type max_size() const { return t.max_size(); }
// Rk
void swap(set<Key, Compare, Alloc>& x) { t.swap(x.t); }
// ERfind, countHF#HEEIZRFHAMRB-treefviEO
iterator find(const key_type& x) const { return t.find(x); }
size_type count(const key_type& x) const { return t.count(x); }
iterator lower_bound(const key_type& x) const {
return t.lower_bound(x);
¥
iterator upper_bound(const key_type& x) const {
return t.upper_bound(x);
by
pair<iterator,iterator> equal_range(const key_type& x) const {

return t.equal_range(x);

1



insert #R{EJRIS

class set {

public:

// palrEXBB(TEET—T o, XEREEEMinsert_unique, REEANKINHE
pair( , true), WBWAKKNZ( , false)
typedef pair<iterator, bool> pair_iterator_bool;
pair<iterator,bool> insert(const value_type& x) {
pair<typename rep_type::iterator, bool> p = t.insert_unique(x);

return pair<iterator, bool>(p.first, p.second);

// FBEMENEAN
iterator insert(iterator position, const value_type& x) {
typedef typename rep_type::iterator rep_iterator;

return t.insert_unique((rep_iterator&)position, x);

// FIESZSEEREA
template <class Inputlterator>
void insert(InputIterator first, InputIterator last) {

t.insert_unique(first, last);

1

erase RYSLI 21813 F A RB-tree SLINAY erase,

class set {

public:

// erasefyXIN 2 @ITEFARB-treexXiiferase
void erase(iterator position) {
typedef typename rep_type::iterator rep_iterator;

t.erase((rep_iterator&)position);



size_type erase(const key_type& x) {
return t.erase(x);

¥

volid erase(iterator first, iterator last) {
typedef typename rep_type::iterator rep_iterator;
t.erase((rep_iterator&)first, (rep_iterator&)last);

}
void clear() { t.clear(Q); }

1
REH T —TEHEER, hE RB-tree HiEOFA.

FXE, set KEIDHRERBHEST T —E.
multiset 5 set 4514 2HE, ﬂﬁ—%%ﬂ?’fﬂ: ATREEE, FBEARERRNEEEN
#ll RB-tree H9 insert_equal() M3E insert_unique().,

B TRBAIR T B— TR T HAVEIESSHS: hash_set 5 unordered_set,
EMN#HETETIRAR(hash table)yZrEIELSN, FERXBFSRERFHIXRIKEES.

B8 hash_set 5 unordered_set i E4F0E? 3LfR L unordered_set £ C++11E’\]H§1|i%}£§|)\ﬁ
EFET, T hash_set 3#5%8, FTLAEIGEZ(EA unordered_set tERRYF, XIMFLE— 1 EE
FINER, — 2 EEREN,

7£ SGI STL JERZEIWTE, LA hash_set BltrHY,

hash_set JFIe&HRIEOEHIT 7 —/RFE, LIS set KMAIIHEE

#ifndef __STL_LIMITED_DEFAULT_TEMPLATES
template <class Value, class HashFcn = hash<Value>,
class EqualKey = equal_to<Value>,
class Alloc = alloc>
#else
template <class Value, class HashFcn, class EqualKey, class Alloc =

alloc>
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#endif
class hash_set {

private:

// TENXhashtable

typedef hashtable<Value, Value, HashFcn, identity<Value>,

Alloc> ht;
ht rep;

public:
typedef typename
typedef typename
typedef typename
typedef typename

ht:
ht:
ht:
ht:

// EXFconstHE,

typedef typename
typedef typename
typedef typename
typedef typename
typedef typename
typedef typename

/] ENXENER
typedef typename
typedef typename

// {RRRER

ht:
ht:
ht:
ht:
ht:
ht:

ht:
ht:

hasher hash_funct()
key_equal key_eq() const { return rep.key_eq(Q); }

1

PEAEE

class hash_set

{

:key_type key_type;
:value_type value_type;
:hasher hasher;

:key_equal key_equal;

BEFRIFENR

:size_type size_type;
:difference_type difference_type;
:const_pointer pointer;
:const_pointer const_pointer;
:const_reference reference;

:const_reference const_reference;

:const_iterator iterator;

:const_iterator const_iterator;

const { return rep.hash_funct(Q); }

EqualKey,



public:
hash_set() : rep(100, hasher(), key_equal()) {3} // BRIMNGIEREL, TANEK
IANN1005IFRIZ=EL
explicit hash_set(size_type n) : rep(n, hasher(), key_equal()) {}
hash_set(size_type n, const hasher& hf) : rep(n, hf, key_equal()) {}
hash_set(size_type n, const hasher& hf, const key_equal& eql)
: rep(n, hf, eql) {}

#ifdef __STL_MEMBER_TEMPLATES
template <class InputIterator>

hash_set(InputIterator f, InputIterator 1)

: rep(100, hasher(), key_equal()) { rep.insert_unique(f, 1); }
template <class InputIterator>

hash_set(InputIterator f, Inputlterator 1, size_type n)

: rep(n, hasher(), key_equal()) { rep.insert_unique(f, 1); }
template <class InputIterator>

hash_set(InputIterator f, Inputlterator 1, size_type n,
const hasher& hf)
: rep(n, hf, key_equal()) { rep.insert_unique(f, 1); }
template <class Inputlterator>
hash_set(InputIterator f, InputIlterator 1, size_type n,
const hasher& hf, const key_equal& eql)
: rep(n, hf, eql) { rep.insert_unique(f, 1); }

1

ANMFRFHRIE

insertiE Y Rinsert_unqgiue& K



class hash_set

{

public:
// #EEBhashtablefyiz, XEinsert_unqgiuepR
pair<iterator, bool> insert(const value_type& obj)
{
pair<typename ht::iterator, bool> p = rep.insert_unique(obj);

return pair<iterator, bool>(p.first, p.second);

set. multiset. unordered_set. unordered multiset 525

R set multiset unordered_set unordered_multiset
[REXH A 4TREMN IEEEEN B#AmR
REEE RRVF VF TRVF VF
BATTE insert_unique insert_equal insert_unique insert_equa
TEREF =) =) T TF

EAXFICEN AXH5 AXH5 X F5 AXH5
ER MR const_iterator const_iterator const_iterator const_iterator

16.8 map. multimap. unordered _map.
unordered _multimap

£ map 28I, FABRDIT—T pair XFE,

pair E— MNERNTENEMME, BNEE R UEIZARTENT S, EEE struct BIANREZ
public, ¥ TLE M pair SEE—IL, XRA map<T1, T2> REAFEIEM.

template <class T1, class T2> // W NSEEER
struct pair {

typedef T1 first_type;

typedef T2 second_type;



// EXHRITZEE
T1 first;

T2 second;

// KSR ER
pair() : first(T1(0)), second(T20)) {}
pair(const T1& a, const T2& b) : first(a), second(b) {}
#ifdef __STL_MEMBER_TEMPLATES
template <class Ul, class UZ2>
pair(const pair<Ul, U2>& p) : first(p.first), second(p.second) {}
#endif

1

EH LI

template <class T1l, class T2>

inline bool operator==Cconst pair<Tl, T2>& x, const pair<Tl, T2>& y) {
return x.first == y.first & x.second == y.second;

ks

template <class T1l, class T2>

inline bool operator<(const pair<Tl, T2>& x, const pair<Tl, T2>& y) {
return x.first < y.first || (!(y.first < x.first) && x.second <

y.second);

}

E{K pair WINEES LU SR E R, XEEN map PSSIMUERRY, ETRBIIMMED
map B9,

map EAREME X

#ifndef __STL_LIMITED_DEFAULT_TEMPLATES
template <class Key, class T, class Compare = less<Key>, class Alloc =
alloc>

#telse



template <class Key, class T, class Compare, class Alloc = alloc>
#endif
class map {
public:

typedef Key key_type; // EXHE

typedef T data_type; // EXEUIE

typedef T mapped_type;

typedef pair<const Key, T> value_type; // XEENXTmaptIEigEZEE pair,
BHE{ENconstER!, REEEIR

typedef Compare key_compare;

private:
typedef rb_tree<key_type, value_type,
selectlst<value_type>, key_compare, Alloc> rep_type;
// EXIER, map2Arb-treeZEH) HEHAY
rep_type t; // red-black tree representing map
public:

FIIERREL: map PR BIBNIRIELS 2 AR RB-tree B insert_unique, AARAFHINES AV,

class map {

public:

public:
// allocation/deallocation
map() : t(Compare(Q)) {} // EIAEEE
explicit map(const Compare& comp) : t(comp) {}
#ifdef __STL_MEMBER_TEMPLATES
// R TIENSE
template <class InputIterator>
map(InputIterator first, InputIterator last)
: t(Compare()) { t.insert_unique(first, last); }
template <class InputIterator>
map(InputIterator first, InputIterator last, const Compare& comp)
: tCcomp) { t.insert_unique(first, last); }



ER R ERIIRER

class map {

public:

public:
// SEFrARKERB-treefkey_comp K
key_compare key_comp() const { return t.key_comp(); }
// value_compLPriREIMNE—MBREvalue_compare

value_compare value_comp() const { return value_compare(t.key_comp());

// LATFHIbegin, endFiR{E# 2 AARNERB-treefiz
iterator begin() { return t.begin(); }
const_iterator begin() const { return t.begin(); }
iterator end() { return t.end(Q); }
const_iterator end() const { return t.end(); }
reverse_iterator rbegin() { return t.rbegin(); }
const_reverse_iterator rbegin() const { return t.rbegin(); }
reverse_iterator rend() { return t.rend(); }
const_reverse_iterator rend() const { return t.rend(); }
bool empty() const { return t.empty(); }
size_type size() const { return t.size(); }
size_type max_size() const { return t.max_size(); }

// R, EAARB-treefswap, SLFRRheadFlcount
void swap(map<Key, T, Compare, Alloc>& x) { t.swap(x.t); }

s
template <class Key, class T, class Compare, class Alloc>
inline void swap(map<Key, T, Compare, Alloc>& x,

map<Key, T, Compare, Alloc>& y) {
x.swap(y);



BN

class map {

public:

public:
T& operator[]J(const key_type& k) {
return (*((insert(value_type(Ck, T()))).first)).second;

i §

= insert(value_type(k, T() : BB EFEZHE, WREFENIREZpair, MEEXEHEE
—ZREHBENT

= *((insert(value_type(k, T())).first) : pairf9EE— Pt R RNIEEIZTRIENLRS, E2NTER
EZE (false Strue)@ B FE, first E2ENHIZIEREZM * BXEpair.

= (((insert(value_type(k, T())).first)).second : BXH pair&E# i second{R 1Z AU ENIE

XBAN, VIFESSIEHE, BIE:

&3 operator[], X—#4 IR0 Z25L{E value(Bllpair. second)E’J%lﬁﬁ RBRUEFTREENX map X
%R, BEMRIBEIAVEEE key A 1FE, WESBFE—T map MR, {E key NIRIFEIANEE(E
key, 3t{H value A=, ETHHIFIFMIBRT,

BEB A AN LM, int ZKBIENIA value 9 0, bool ZKBIERIA value 7 false, string 2£
BARE



_Tp& operator[J(const key_type& __k) {
iterator __i = lower_bound(__k);
// __1i->first is greater than or equivalent to __k.

1f (__1 == end(Q) |l key_comp(O(__k, (*__1).first))
__1 = insert(__i, value_type(__k, _Tp());

return (*__1i).second;
//EXTEBENANEEZRE]
//return (*((insert(value_type(Ck, T()))).first)).second;
ks

map BYEA insert, erase, find #i2EZFAH RB-tree B2 ORI, XEMAER
S EaX i

16.9 map. multimap. unordered_map.
unordered_multimap 245

map ] multimap A9 E &

= MEREZIYNIEN, *TMLhLﬁ%ﬁﬂ“E&ﬁ%E’J& (B2 P BMEE T Z=AVE
= AN list REBRRIFIE, HITTRAFMEMMRE, RSEIRIESFMRARTA;

AER:

» map BAEEEE, X[ EER/
= multimap XIFEENHE, ~X2F [ &R

map H 1% set —1£45 iterator 1% RB-tree By const_iterator, AAE R FHAF B EIER
S TRAVSLE,

map ] unordered_map HE S :
» MEDTEEEENE, BYXEHIEER
ZNE=E

» map [EESLI AT EH



= unordered_map JE/ELIM AN

R

unordered_map A RITFEFEERNEREE, KEBAAR insert_unique( ATTE

unordered_multimap BJ AR IFEES

map H 1% set
T RAISE(E.,

B map
=% AR
BEZEE TRF
BmATE insert_unique
TRER B
EAXHE <5

=L

K234 3E const_iterator

Il
=heEE TEEE L key, w]
HoTRE A& value

16.10 B=&

N4 std:set NEIFEER

JFF stdimap s, HIE—

std: :map<std:

m["a"] 3

RERZ1FFERTIEIA.

—¥E¥% iterator %9 RB-tree B4 const_iterator,

multimap
AR 2|
RIF
insert_equal
BF
PHF

JE const_iterator

EelEkey, A]

A& value

MlF

:string,int> m = { {"a",1}, {"b",

unordered_map
IR S
A
insert_unique
T
x5

JE const_iterator

A gEfEekey, PILA

1ZHvalue

211

MEEME, KEIERR insert_equal() IEATE

EANERVFRFEEEEN

unordered_multimap
BAR
R
insert_equal
TF
NZ¥5

3E const_iterator

TEEE R key, BILAME

Hvalue

MR IS F std::set std::string s = { "a", "b" }; M= s['a"] N1z ™M+ A KEE?


std::string

BAIRZRS I B—1NE8RMTE alkey] = value WBTIEZEEE key XA value,
set RE key /&F value, I TIESHUZX,

2E

1. (STLERZEIHTY

2. https://github.com/FunctionDou/STL

TT. BFRX+ STLRARSE
AKX, HENHE,

NEGRGEEMR, PIUMERRARS Therongwei) HE—RTERIEFESE,

83 GitHub : https://qgithub.com/rongweihe/CPPNotes B2 IKF, B—% A @ik
SEASE, hEETRZIRIH, WlSNMI\WHsE, —Zing, T/8E
4!

17.1 g
F—EEHT STL XXX B[EME, SKEIIEFEST STL EiE,

STL EiEBARER, BETCEZ, BEEEZANM, BTN RN, ZEBSHZTFETHE, &
BEIEE =B A ERIBER,

STL HRZE NAEHEHMERNMANE R, AEXLEGANER IR Z IR AT AR
tomiz.

ot oo

ABEEFENRREEBEY STL #1TH B, KEEXNTHMEIERAE STL &,


https://github.com/FunctionDou/STL
https://github.com/rongweihe/CPPNotes

REAIMEBFIRE: RANRBLZE], TR TEENRAMNAN, B— I EEBRIFRFES]
Az,

1% BB, K LBHESHE:

EAEE (algorithm)

FEEE (numeric)

RREIIT R/ RAZN (functional)
fill/All_n

=7
generate/generate_n

for_each
[/ R
transform

max/min
i A ax/\
max_element/min_element

sort
partition

stable_sort

stable_partition

partial_sort

STL/\_\EBEH Z%/f &) partial_sort_copy

nth_element

reverse

reverse_copy

[R¥%/hiek%

' rotate

rotate_copy

random_shuffle

count/count if




find/find_if

find_first_of

find_end

adjacent_find

search/search_n

binary_search

lower_bound

upper_bound

equal_range

copy/copy_backward

remove/remove_if

i PR AN = 4R remove_copy/remove_copy_if

replace/replace_copy

replace_if/replace_copy_if

unique/unique_copy

swap/swap_range

iter_swap

accumulate

partial_sum

adjacent_difference

inner_product

equal
includes

lexicographical_compare

mismatch
merge

inplace_merge

set_union

set_intersection




set_difference

set_symmetric_difference

next_permutation

prev_permutation
make_heap
push_heap
pop_heap

sort_heap

17.2 [O]fi
STL JRISEIMT &5 :

5 FF KX+ 30 SKEIfZ | FEfRFH STL == 8]EC & 23R,

B | 2 HF+20 E&{RFEHT STL BRI B 28RE

i STL XEATL A 2ZRES

17.3 EXEX

£ STL tmEMAEH, HFIsEXoERBENERE L, 7AM SGl AEERN—E8AENT
<stl_algobase.h>2H, HEBAETENX T <stl_algo.h>H,

BRNEREZEER equal. fill. fill_n. iter_swap. lexicographical_compare. max.

min. mismatch. swap. copy. copy_backward %,

17.4 FREHENAERERE

FRERY STL E3EVIREIE, #RIADHM,

FMB“RT &L 2IsEBERIER 2R first,last]FitrR H3kMX 8], EEEIEFSEXRXERA
HITEAE:


http://mp.weixin.qq.com/s?__biz=MzIzNzg5MDg0OA==&mid=2247485807&idx=1&sn=9a74e6b8d15eae2c4b231d080fe7174e&chksm=e8c0f520dfb77c36cf986106f60a91731a29091ecc9ad1b187e86d296bf9f7538a905fea946c&scene=21#wechat_redirect
http://mp.weixin.qq.com/s?__biz=MzIzNzg5MDg0OA==&mid=2247485881&idx=1&sn=9dfdb74748edb8b8527595b8df8d48b2&chksm=e8c0f5f6dfb77ce0e9b41edb82b0058eea012833a234336fe235cc3e534fc6b7690d0474b0d5&scene=21#wechat_redirect
http://mp.weixin.qq.com/s?__biz=MzIzNzg5MDg0OA==&mid=2247486807&idx=1&sn=b0e0a5caed92add7b9f3bb961adad49f&chksm=e8c0f118dfb7780eaff8fdc1dc633db5e7a37d92b5303767cfd31159e3f3f769932c9bf98987&scene=21#wechat_redirect
http://mp.weixin.qq.com/s?__biz=MzIzNzg5MDg0OA==&mid=2247487781&idx=1&sn=9947e10604bc3cd65b96a88e0ab23c13&chksm=e8c0ed6adfb7647c08da85d6ead93c0c3e08492ea65d6745178e30262cfd93ca4d9d385f83bd&scene=21#wechat_redirect

EEan#E M (copy). Eif(swap). Bk(replace). EE(fill). fifF(remove). HEFIES

(permutation). 43 El|(partition), FENLEHF(random shuffling). HEF(sort)EFHE, #ETX—

X,

MERTE AR A CEIEFTASERXENNTREANS., tbalEK(find), PTH(search).
1128 (count) . i®[AH(for_each). tb#(equal_mismatch). FiR{E(max,min)F&i%,

17.5 MASEK

FIEZEEZENEIM NS HEIAE—XEEE, BERN first, last, ARMREANREX
8],

B STL E/ARVAEHE, #MRMEEMEBEZNZBERESFEE, Ul find) FE—T
inputiterator , XEENRMREX, EENBAINIERESEERANR S,

40 Forwarditerator. Bidirectionaliterator 3 RandomAcesslterator, &}y, BIZERA]AE{
=—"1 inputiterator, TEIRIRZE find() fEA—"1 Outputiterator, SFHE1%.

BRBRIERFEGRETTE, AR —Miaix, BEAMMRIEEEZER1FSH BRI LR,
RAPMB AR AR BRI, Ef1RZEfunction templatef—FhE IS4,

W2 STL BEiEA T —ThA, FEFE—THRAEEZZRAANTAH, 5—TRE=E
HEIMIMNISE, TR TORE, UERREERIRE,

5120 unique() FAIAER T ={ER equality #HRIEFFRECEM MEKRTER, BARXLTRVE
AFBRME, BABRIMEE—TBEEXRIRE (HEWBERE)

17.6 EiEH9Z2EME

B— 1 RATEBNEFRZRUAIERLE, B— 1 aREFRANELRI),

WMEEE AT FHETG B EIBEN 2/, ASHIENES, FEITHNEEEENELIEN
REEIELE L (IF2 array, thiFE vector, tHiFE list, thiFE deque) L, 1Efflth
SCIRFR AR IEIR?

XMEFEH—FEBS, RPETREEREIROERIMUBRMA, ERENRIITRIENRX
B BARRORBENIT AR, BIEEOME—TTHREELIFT,



X FEMIUME R Z R, BRIz, EEUTE STLIRREBIMTXAFBEZRT — find A1)
+, MR—T PR template + ERZRAVFE, iR TIZMLAIE X,

TEZHNMFEEE STL BBLEFHANEE, RTRER, EANCERAEML.

BASREIBA TR IAEFF LR GitHub BEEREWR, TEERH.

17.7 ¥3p%

k{4
<algorithm>
<numeric>

<functional>

17.8 9

No. %
1 IERZE
i

2  REEE
3 HFEA

4 HEEE

179 E%

INRE

BIERES
HEEE

PRERSS SR/ RIS

Lz

Non-modifying sequence
operations

Modifying sequence operations

Sorting/Partitions/Binary search/

Merge/Heap/Min/max

RERERBTENTNEE

AIMERERATNEE

SIS . A5, BREES
e

NEBMATHITHETE



BRIEX fER

fill(beg,end,val) Y&18 val MR beg , end SEEIANMFA B TR
fill_n(beg,n,val) Y18 val MRZ5[ beg , beg+n SCEINMIFAE TTE

generate(beg,end, func) LR RN func 3T beg , end SEEINMFAE TR

:'-'r
generate_n(beg,n,func)  ELZEEAREL func 1H3E[ beg , beg+n SEEIAMNFTBE TE

= fillQ/ fill_nQ) BTF1EZEEE, generate() / generate_n() ATIEFZEAREE,

17.10 i&[H/Z

R &R EA

for_each(beg, end, func) $&[ beg , end )SEEIRNFTA TTEZMORIE AR
# func , IR[E] func , MERFFIFEITT
E

transform(beg,end, res, func) $&[ beg , end )SEEIRNFTA TTEZUORIE AR

] func , ZERMAN res 1

transform(beg2,endl,beg2,res,binary) [ beg, end SEERMETRS
[ beg2 , beg2+end-beg )T TTRMKRIF
FHERZY binnary , RN res #

17.11 K&/



i
max(a,b)
max(a,b,cmp)

max_element(beg,end)

max_element(beg,end, cmp)

minCa,b)
min(a,b,cmp)

min_element(beg,end)

min_element(beg,end, cmp)

3z
REF TR FRA—T
(6P B E X EEBURE cmp IREIFA T ITRPEA—T

IR[El— ForwardIterator , }§H[ beg, end )P ERAR
TR

{ER B E X EERIRIE cmp ,JR[E]— ForwardIterator ,
e[ beg , end )RR AMTE

REF N TTRRBN—T
{EH B E X LEBIRIF cmp REIF TR FB/N—T

IR[E]— ForwardIterator , $§Hi[ beg, end ) &/\AY
IV

{ER B E X EEBRIRIE cmp ,JR[E]— ForwardIterator ,
FEH[ beg , end )P/ \BITTE

17.12 HIFRE(121): AT HEHIFRE



BRI X
sort(beg, end)
sort(beg,end, comp)

partition(beg,end,pred)

stable_sort(beg,end)

stable_sort(beg,end,pred)

stable_partition(beg,end)

stable_partition(beg,end,pred)

partial_sort(beg,mid,end)

partial_sort(beg,mid,end, comp)
partial_sort_copy(begl,endl,beg?2,end2)
partial_sort_copy(begl,endl,beg2,end2,comp)

nth_element(beg,nth, end)

nth_element(beg,nth,end, comp)

17.13 4%/ liesE

fER

BINFFEFHITER

EFRRER comp RBLEBIRIERFHAT sortO
TTRENHE, £/ pred RE, BERR true
AT RREE RN false FTTEZAI

5 sort() XM, REBSFTRZENIMFXR

(AR pred KB LERIRIERTI
1T stable_sort()

5 partition() £, REB2ZIPRIEITINF

{EFAREN pred KB LEBRIRIERTH
1T stable_partition()

HRo R, BHNFTRTERE[beg,end)A

{EFREL comp B LEBIRIERTIA
1T partial_sort()

5 partial_sort() &M, RE¥[begl,end)HE
FHIFFIE#2I[beg2,end2)

{ERREL comp B LEBIRIERIN
1T partial_sort_copy()

BYTRFIENAF, ERB/0TEn TR

HTTRELIMECRIE, MATENBLNERS
H

{EFRREL comp B LEBIRIERIN
1T nth_element()



2
reverse(beg,end)
reverse_copy(beg,end,res)
rotate(beg,mid,end)

rotate_copy(beg,mid,end, res)

17.14 BE#,

i
random_shuffle(beg,end)

random_shuffle(beg,end,gen)

it
BRI X R
count(beg,end,val) FE ==

ER
TREMRFHF
KL, LEREA res

TTERBESRZARE, Hmid AT RE—

5 reverse()

5 rotate() Y, ERBN res

(3]
ToRBENLIER R F

{EFRRER gen CEBBEMLAE R ERELH,
1T random_shuffle()

17.15 ERFE(131): 73RS EE8FEMME

EIEFTETL

count_if(beg,end,pred) {ERHX

B

A8 pred K& == BERFHIT countO

=

BERF, X[ beg, end )WITTES val #H1TLERR, 1R



find(beg,end,val)

find_if(beg,end,pred)

find_first_of(begl,endl,beg?2,end2)

find_first_of(begl,endl,beg2,end2,pred)

find_end(begl,endl,beg?2,end2)

find_end(begl,endl,beg2,end2,pred)

adjacent_find(beg,end)

adjacent_find(beg,end,pred)

L E

3z

KA == B1ETF, X[ beg, end )BITTES val
HITEER ., ST ERER, RENZTE
B InputIterator

{EARE pred KB == IBIEHFHAT findQ

£[ begl , end1 )‘TBFV\JEW,[ beg2 , end2 )/
EE—TRENEREI, RENZTEHN

Iterator

{EFIREN pred £& == BRIERTH
17 find_first_of(Q) . RENZITTEN

Iterator

7£[ begl , endl SEEIANEIK[ beg2 , end2 )&
BE—REM, HEINRE&HE—XRIZE
A ForwardIterator , TWMIR[E] endl

{EFIREN pred A& == BRIEFI

1T find_end(Q) , IR[ENZITER Iterator
X[ beg, end JWITTER, B —XBIPEETT
K, RAIMREIEERXN TTRMNE—T TR
#J ForwardIterator , &BMIR[E] end

{EAREL pred K == IRIERHN
1T adjacent_find()



BRIEX fER

search(begl,endl,beg2,end?2) 7£[ begl , endl SEEIANE[ beg2 , end2 \BE—
R, JR[E]— ForwardIterator , B
Ih,iR[E][ begl , endl )AE—X LI
[ beg2 , end2 )HIE, EHKWIEM endl

search(begl,endl,beg2,end2,pred) {EFIEREL pred £& == ERFHIT search()

search_n(beg,end,n,val) £[ beg , end SEEANEH val LI n REF=
el
search_n(beg,end,n,val,pred) {EFHEE pred (K& == IRERFTH

1T search_n(Q)

binary_search(beg,end,val) — P&, TE[beg, end )HE val , IR
[O] true

binary_search(beg,end,val,comp) {ERKRZEL comp KEBELEBIRIERTH
1T binary_search()

W57
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lower_bound(beg,end,val)

lower_bound(beg, end, val,comp)

upper_bound(beg, end,val)

upper_bound(beg, end, val,comp)

equal_range(beg,end,val)

equal_range(beg,end,val, comp)

(3::

7£[ beg , end SEEIRNAIAICAEAN val MAKIAS2S

IMFFEEE—"MUE, RE— ForwardIterator
GREEENE— 1" AKTF T EvaliIfiiE)

{EFIRRER comp B LEBIRIERTN

1T lower_bound()

f£[ beg , end )SEREIAEAN val MAKIAS 230 RY
RE—TMIE, ZMUERE—TAT val B8, &
[B]— ForwardIterator (RESEERNZE—TAKTF
valtyi &)

{EFRPRER comp B LEBIRIERTN
1T upper_bound()

JR[E]—3F iterator , EB—1 KT lower_bound ,
5 ”1NR/R upper_bound

{ERREN comp B LEBIRIERFIN
1T lower_bound()

17.16 MIFFFIFIREER(A5T)

Sl

copy(beg,end,res)

copy_backward(beg,end, res)

EZS

EF
E#l[ beg, end )Z res

5 copyQ B, TETEZEMUBRIRFHEN



remove(beg,end,val)

remove_1if(beg,end,pred)

remove_copy(beg,end,res,val)

remove_copy_if(beg,end,res,pred)

B

2

replace(beg,end,oval,nval)

replace_copy(beg,end,res,oval,nval)

replace_if(beg,end,pred,nval)

€M

PR [first,last) XEIWNAMAES val BEF
TR, HTAEREEMMSZPRFRXLLTR
(FEBRNAB SRR MeREREHE—
DA result AEEIBMUENDET . idssols
RE#mES

ffif% [ beg , end ) A pred &R true 8975
E

BEERETF val TTEEHE res , EE
OutputTterator JSMHEIE MATHRTER F—
MiE

YGFRB{E pred ER A true BITTEIZNZ res

(3::

1&[ beg , end JAFREET oval BITTER
#A nval KB

5 replace() %M, TIBERS
A\ res

1&[ beg , end )AFRE pred A true HI7T
=M nval B

replace_copy_if(beg,end,res,pred,nval) 5 replace_if(), TIBERS

EE

A res



BRIEX (3|

unique(beg,end) BREIIPEBESE TR, FTEERIRTR. EF
hRASER B E X LER IR 1E

unique(beg, end,pred) EFRE(E pred &R true WIBPEE TEERE

unique_copy(beg,end, res) 5 unique £, T HIEEREHLE] res

unique_copy(beg,end,res,pred) 5 unique £, A IIEERHLE] res

R}
BRI X 1EF
swap(a,b) RIRFEE a 5 b FHIE
swap_range(begl,endl,beg2)  ¥§[ begl, endl )AHITTZE]| beg? , beg2+begl-endl )To
REHITRMHR
iter_swap(it_a,it_b) ZHRFR ForwardIterator RY{E

17.17 EAREEAET) <numeric>



BREK fEF

accumulate(beg,end,val) Xi[ beg , end )JNTTEZH, MEIFIAE val £
accumulate(beg,end,val,binary) FEEREL binary KBINEIEZE, 1T accumulate()
partial_sum(beg,end,res) [ beg , end )NIZA EBIFTE o&E ZFIHMGH res H
partial_sum(beg,end,res,binary) FBEREL binary KB INEIZE, 1T partial_sumQ)
adjacent_difference(begl,endl,res) ¥ beg , end ) ABNHIERKRIERITRS E— 1 7tR

BZERGH res /A

adjacent_difference(begl,endl,res,binary) BERE binary REBRGEIZE,

1T adjacent_difference()

inner_product(begl,endl,beg2,val) ST FIIMAIRGI N T EBE, BRAN)FIEHTIRI
EI¥1A1E val L&

inner_product(begl,endl,beg2,val,binaryl,binary2) &R binaryl KB IEIZE JE binary2 KNEFIEIS

&, 4T inner_product()

17.18 X & E;%X(41) <stl_algobase.h>

ERIEX 3]

equal(begl,endl,beg?) HIUF[ begl , endl ) 5[ beg2 , end2 )ATT=EESE
equal(begl,endl,beg2,pred) 6 pred REEIAR == 1B1EFRF
includes(begl,endl,beg2,end2) FIMA[ begl , endl )2 BB E[ beg2 , end2 ), FARAKETEMN

< BRIERE, RUINREltrue, EHARAIER B BMARIRE

includes(begl,endl,beg2,end2, comp) JEREL comp (B < BIETF, H{T includes(
lexicographical _compare(begl,endl,beg2,end2) R FE R HIW[ begl , endl )2 &/ VT beg2 , end2)

lexicographical _compare(begl,endl,beg2,end2,comp)  IGEEL comp £F < IRERF, #

1T lexicographical_compare()

mismatch(begl,endl,beg2) HATEEFR[ begl , endl )5 beg2 , end2 ), 15HE—1AILEL
MfIE, R[E—X] iterator , irsss— T ALEETERAUE.
MR, REIESDE2M end

mismatch(begl,endl,beg2,pred) £ pred REMCEEIAR == BRIERT



17.19 £8HAGT)

merge(begl,endl,beg2,end2,res)
merge(begl,endl,beg2,end2,res,comp)

inplace_merge(beg,mid,end)
inplace_merge(beg,mid,end, cmp)
set_union(begl,endl,beg?2,end2,res)

set_union(begl,endl,beg?2,end2,res,comp)

set_intersection(begl,endl,beg2,end2,res)
set_intersection(begl,endl,beg?,end?2,res,comp)
set_difference(begl,endl,beg?2,end?2,res)

set_difference(begl,endl,beg?2,end?2,res, comp)

set_symmetric_difference(begl,endl,beg2,end2,res)

17.20 HFIASRE: RETELESRS

AJRERFIAS

3:

B3 begl , endl )5[ beg2 , end2 )1FHE! res
TR comp KB < RIERF, HUAT merge)
BF[beg, mid)5[mid, end), HEREE
[beg , end)

TERER comp XFF < RIEFF,

17 inplace_merge()

EY[ begl , end1 )5[ beg2 , end2 )ToEHEFK
Zl res

FEERER comp (B < BRIERF, AT set_unionQ
BY[ begl , endl )5[ beg?2 , end2 )ToEREIFI

Bl res

IEEREN comp B < BRI, H

1T set_intersection()

BY[ begl , endl )5][ beg?2 , end2 )JTTEANEEFIN

2l res

TEEREN comp B < BRIFT, H

1T set_difference()

EY[ begl , end1 )5][ beg2 , end2 )TTEINEEFIN

Zl res

Z—E INFRIFRR
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1

next_permutation(beg,end)

3z
EX [ beg , end )AEY TEB—1HEF

next_permutation(beg,end,comp) GEREN comp & < BRIERF, #

prev_permutation(beg,end)

1T next_permutation()

EXH[ beg , end AR EFB—1HEF

prev_permutation(beg,end,comp)  FFEEX comp U < JRIFF, A

7.21 EEEAT)

make_heap(beg, end)
make_heap(beg, end, comp)

pop_heap(beg, end)

pop_heap(beg,end, comp)

push_heap(beg, end)

push_heap(beg,end, comp)
sort_heap(beg, end)

sort_heap(beg, end, comp)

(STLIRIGSIMT) -=E

1T prev_permutation()

3z
iE[ beg , end ABITTRER— 1
TFEREN comp U < #RIETRF, AT make_heap()

EHIFE., Eilfirstfllast-1333&, REEHER—
., AM{ERBZEMbackihal#g " "Nt R E(FH
pop_backi#{TEIERIMIER, HAEIEIEHRATEMERE
]

FERREL comp (NE < BRIERF, 1T pop_heap()

{RigfirstBllast-12— 1AM, ERMAZIENTREFR
AENE last-1, EFEMME, EIROIXREE, LI
ETRBARERG

FEREN comp B < IR1ERF, 1T push_heap()
X[ beg , end \NEIEFIEFTHEF

YEREN comp REE < 1&1ERF, 4T push_heapQ)

https://www.jianshu.com/p/eb554b0943ab



https://www.jianshu.com/p/eb554b0943ab

al%, /5, MESZEMR, MRRESXEXNREEL, AlicKiERb!

—MELENRBOFT T
D ERBNRIZANIANETE

RKiEANRSEE

BEmiEF I RZH

KiFARSEE hI
RHEB ARARR A

T/\. WEIEFHIFS]—I JFIR

(W=%:>) EERIIMASFHRHLRN, MBKBLUEIINEG, —tIHMERENE,
FIEAANRM A FES BRI,

T2alBEBRIREGIIE? BEMNNGIESU T A ENGR:

» B-THEBENEGSIZEEEXREEEB T



= BB BRNNGSIETEN
» BE=TEBENNSGIEE RN
= BOTEBEMNNGIBTEELTFERX

FREAFY, FIERG, BEE, BILTBLEMARANTR, ZHREBCEEEE
TRIMRE, B8Rk,

tegl, MBEEH—TF/L, MUAEIFECS, JLAILS, BRELEENITN, DRZEI0L
XARRILGER,

Bin, SOA5EMR, MAZEETHAR, MKXEAN=8HZ,

A, VA=EHE, (tbw, BEED C++ EREEE, FIEBARIEEXASTEICHE—
i)

B, #AE®, (RfE, KEFFNEELETHCHBIHEN—REICAENEIEEN)

C, ¥IUMA, (B, FFTH, BHEY, RROH, THERE, AESIE—ER

1%)

B + 5efUR3 + 122 (A E. BAH) 8iE + Bt + Btk .

HENRZE—TTEEXENFHN, 25RE, EMNSRE, KEax, B#—%F, &K
KFERZBBBARIRS,

3. AKREENEFH

POERNESIEESN . MASSHIGEN . BRREEMEES . ERIGRNEEN . BREHRFINE—
MEATU ML E HREARNEERARARIEES

10 IRENFESIEES : BNEREN ARG, BSMRIEMIENRA, TR

BA, BEFS. Fl&, XMEFIEEN;



2. NAWSHEES: BHNRRAENLTY, EEAERTMEY, BTXbra@A, EIEHRL
NEZE, FHIRBEREREZRAR, WETA—ERME, XMIFUEE;

5

3. BRBEIEES : BB RENANRAK, HANRR, ¥—Rk=. MXZE. RiE
A, BEEBR—ITHRARER., K RMEREES;

4, EEMNZRNEESN: BNENAEERN EEN—YIRIR, FRASMERER, MM, &
MItIE, RIENHERFAFENZR (A, BFH. BRFEFSF) H8ET;

5. BREMFI: ENENEEEKNLE, MRRRE, ERESRNBERES, HBF—
8, — Kk, RESEE—ENFIRTAVE? LIl C++ MSF—AHE, B PHZELEBMENIE? B
MARFBT D AT AFE R D ESE, TEAENNE, XMEFZHIERIEES.

AREEDNNRF, EBRESFNLERLZE!

alE, BRI, MEDEREMR, WRREXENREEL, AiCRITHME!

—MELEMAEOFT T
D ERBRRIEANRANES

REARSHE

AIBREE SRR

RKiEARSEE il
RHBARARRZ e




+Hh.. Google Ei
C++1ChEAIGE
e e e e

3z
£

EESTEEM &&

/

https:/ /wizardforcel.gitbooks.io/gainlo-interview-guide/content/cggip.html

Google C++ K&

// Copyright 2008 Google Inc. R RAXHTRE . .cc
// License(BSD/GPL/...) WA, BSD/GPLMIT/... |[X#E2/)5,TRETARRER
// Author: voidccc E&

// This is ...
BERFHEELBEMEEKNR:
#include “eventloop.h" 1 ZRNFRE - PEIRRE, ARRADEB)
#include <sys/types.h> 2 CRGEXH
#include <vector> 3 CHREXH
#include "base/basictypes.h" 4 Ffth B Sk S HF

#include "foo/public/bar.h" 5 AMEAAXHCES S AUNDCIHER"."M"..")

A A FEE D coX - Mh 44975 EZ R Ausing
3 1 ¥ Fusing namespace xGSRP Z R @

using std::string

namespace mynamespace {

EventLoop: : EventLoop()

BREN:E-num_entries_(10), STMREIR, WS HEEH, U","ER
_num_complated_connections_(false)ll{ SN ERFTITHF
BT MMEEFIR Class: :ClassOR:_varGo)l{
} WERKPRARTBERAREEXN AL

ReturnType ClassName: :ReallyLongFunctionName(const Type& par_namel,

BHIASH","ER
Type* par_name2)l{ ST ERMF
bool retval = DoSomething(averyveryveryverylongargumentl,

argument2, largument3); BRESH","ER
&#%%wxgrg (condition)Z A 124, ifBL{TH2E KRG #

ifliCcondition)i{
BiforliCintli = @; i < kSomeNumber; ++i)J{ MERAMEN
if (this_one_thing > this_other_thingli&& FUERLSH, RHEHT & 4R
a_third_thing = a_fourth_thing)ll{ FUEEXF
// R (name€abc. com): xxx 5 B 75 B 8 FATODOCK 5 )X B,
} |FEASENLRNAE. BHBILY
S
Helsel{ A= SelseRtr, elsezA1DH [RERTERE o
nt j = gO R AN B TERRE !
} B ARTTI |
switchi(var)l{ (vanE & & 12 % | o EprintfZ XMW RER |
Hlcaselo: I{ AR switch 2% #% 433 iﬁﬁiﬁ*{!ﬁiﬁ%&?
... BT AR switch 4% 4 M BREFE, FEAREER|
break; |gmepcastmngnmEm |
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private:

const int kDaysInWeek = 7;
int num_entries_;

Channel* channel_;

} // namespace mynamespace

#endif // PROJECT_EVENTLOOP_H_

DISALLOW_COPY_AND_ASSIGN(EventLoop);

int num_complated_connections_;
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int num_entries() const { return num_entries_; }
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void set_num_entries(int num_entries) { num_entries_ = num_entries;
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const pluckDeep = key => obj => key.split('.').reduce((accum, key) => accum[key], obj)
const compose = (...fns) => res => fns.reduce((accum, next) => next(accum), res)

const unfold = (f, seed) => {
const go = (f, seed, acc) => {
const res = f(seed)

return res ? go(f, res[1], acc.concat([res[0]])) : acc

}

return go(f, seed, [])

}
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