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I RARA HAR G AR E R AR SR I, FORR LS 1 .

RF LEFRBE-RIDORMEESR, HPRFERET. B— PR
RIEF . XOHHEBIRAEMEE S http://aristeia.com/BookErrata/ec++3e-errata.html 9
"Effective C++ Errata” WB L, WRIRHEEXHE L EFFRBEA, ENARK
RIERMF SR . X B FIRARRAAE B TR RV THRBMNEBMA L, ¥HE
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Si%

Introduction

FEIRFESRARIER B, 2253 BARERHE S Bt I se I m i e
B5—EE, XFEEsT o~ UHER, Bl C+ UIEEANBENAFEEIR
KEE S . RENELMEA, CH nTBLACA TAE Rkt . BRI S
Wit U EE R MR, FHEA RN k. —HEFEREIF LTS
classes, functions F1 templates ] {FfRRFRERL . HW. B HHTHER. W
RRENEE M, GHARE CH BRFFAREAE. RARES REHEN, C
RS FBRMABEREUEM. RAEEY. THT R RRETUHIREE.

AP BRIRERERIAERER CH. BBREREEME C+ BMESH
HOSxMeEEEEHLR. XRR/ENRXMESHMEASS], SRR SE
R, SEY. WBE. YR, B3 FEAERFBENT .

BREFRHAEE KRB AR —RERB RS, DLRTWH RARH TR E
EERE. Wi RO ESF QT ERNARBEE D ESEREIES” o IR
%% FE inheritance (#k7K) LR templates (FEHR) ? %ZIEFE public 84L& private
$A&? ZiEFE private /KT composition (B&) 7 %% member BRELE
non-member B ¥(? %ikIF pass-by-value L7 pass-by-reference? TEXLEREFE x5 F
HIERRERERE, B - MARMBREFVERAZTRRE KT, NERRE
A BIKR, MEHEBRE BB X GER R, T B B B,

RRE R o2 S B A 4, sE 2N B E ] BEE RS T4 £ assignment
BRI IE 23R P28 Y Geturn type)? 7] B %4 AT H R BUK virtual? 24 operator new
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TIRIRB BB AN ZIMAATH? M XSHYRREEE, FAWRRBATAIE A
8, JLF B SECRAT BN . IR AR FAT A . A DI H B IR & BN,

RFAR—ABHETZH C+ 2EH. ZR—4 55 METRI (RERZH%
FO WS, RIRWFERRKARITF R . SRR EMLRERIHE, AX
ZHEMBSEHMER. FIBERABRH AR, NRBMNEBIERITH, K5
BEBRSIRAAETT .

ABEAR A C++ AT HEE. BI7ESE 2 T RAU S URIR SO R 5
(constructors) - HTHJPREL (destructors) FIMR{HEEIESF (assignment operators) [
— PR, BRI IR O M S B 7EH A 7 A R XA sk B A ThRE LA BT
Ay . WHEFTFS C+ PEASXEGER.

A4 H R RZERFRLEEFPIRAUE C++ W R SR AR
CH EFMEANRS, AADE PRUR U4 A AL o3 LUE BRI A SR 7 . At
PREE VR P R, AC-H &5 VRO o] [ i s 18 25 o LA B BR 1 ) .

FEHFIR, AR E R R C++ Bk, BRRASHEITIME LHF
HIFFtE. AR+ 0EWBHME, BTN RRAER — 5P SRR RIS T, X
BHEA.

FH=MEAREABRIAN R C++ \EB——EREE CH 4N K
B2 k. AP FFMEMES, SRBOVOAR R HELFOWRT, s
RE) ), REMFERIERRINE, HEFITA—AEFMZ VG S, —HE
Ho BOARMIMRRROEM, PG, BERSK. NABRFRARSERE
FBSE, BT UARAEMK B OB SR AL, LIRS LIS AR AR

WRAEAT I (A YR AR A — SR MEN], AKRFTRERA C+ B WABaRFH . 8
RPURBEMNRERHEH OIS DR 2N EREEER SR, XL
WHEADRETN 8. HE THRERERNERRE, R4S REREETH
CEMTREFRIRME, 247 HIRR B4R
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- AP REHGREMNR T C+ AT R A AMRAT A, URWMIE
REAT AN . §HNARPEXEEEAESK . BOREFHEH, KK
WA 2l AL — N 46K

ARAE (Terminology)

T RRR AR BN T R — N G L. HPRARE TS E
=, BAILAsAE L E R R ENNEX.

FriR A (declaration) 275 r4a ¥ & FE AR ERIAFRAER (type) , {HEE
HEHT. THABRAEHA:

extern int x; / /%1% (object) FEHHR
std::size t numDigits(int number); //BR¥ (function) FEFHAZ,
class Widget; /73 (class) AT
template<typename T> / /B (template) FEEHIN
class GraphNode; / /"typename” R W4k 42

EE, RRFIEH < HBRHA—DMNR (object) , BIEERMAELR. K
S NH “Ht” —EEREAHS B XER (user-defined type) & &E, HEIHNR
e, WIHER, BR¥ numbigit MIRMIRAE std: :size t, XERHKE! size t
PLFMBZENE std W RAMBLMEILTERE CH WwERFETRPINME L.
MM C (EMPIER C89) WERRIFEHREMT C+, M4KH C WS (Bl
size_t) AW REFFET global fERIEER std i, HEME A, EHRTERA LK
AN (#included) . APZHEMBBEARELE C++ K3, XEHE L4
KE std:isize tMARRET size t. BWIAEXATIRFFIFAERLFE R AR,
FAEMER T std: :» REBH SIATER size t, vector, cout XFERVUEAE std
Wo HEHIHTFRARESETAN std, BAHLEBREFRENITEREE.

R —3, size t HE— typedef, & C++ HEAE (FIUW char*-based F

FHRANFEHFIHE STL EHANTENMIEES) HANEMAFERS

(unsigned) KR, BB vector, deque fll string W operator [ REEZ NS
BOEKR . 4K 3 R B IRATE X B O operator [ B BT ZEIE M P

BIMERBE PR AHELR Gignature) , BRESEAIRERA, —MRH
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M2 E R TR ER . numDigits BB LI std:tsize t (int), WHE
Y “XRPIRBP—A int FIRE A std::size t” o CH WNELRAWE T E
XHAANEFEREBRRFIRL, RidABRIRERBMAEL N —H0, KELRE
#HEh.

T X (definition) WIEE SR FRE LA BT RIBAOH T . XX
5 EXXRRIFHRAMNRIRENIEMH L. T function 5% function template T
T BN T AR A Mk X class B class template 1 5, & X5 HEATHIRK R :

int x; / /AR EE

std::size t numDigits(int number) /7 BB E SR

{ / 1 RRBURIBIH BB B AN
std::size t digitsSoFar = 1; //BIInHAIBORE] 2, HAEURIE 3.
while ((number /= 10) != 0) ++digitsSoFar;

return digitsSoFar;

}

class Widget { / /class fxE XX
public:

Widget () ;

~Widget () ;

}:

template<typename T> / /template )5 L3,
class GraphNode {
public:

GraphNode () ;

~GraphNode () ;

bi

Viiatt Cinitialization) 7 “%FXTZAME” R, XTH P EE SRR §
TS, BIEE A1 R BT « BT default 3 o MU — N T B8 B o R AR T 52
¥ . THNMERKENRESY, EARERNSHNE RE M.

class A {
public:
AQ); / / default #3158 R
}i
class B {
public:
explicit B(int x = 0, bool b = true); //default ¥ji&ER%L;
¥ 7/%F Mexplicit”, WU TEE

Effective C++ 91 3ChR, 358 =R
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class C {
public:
explicit C(int x); 1/ ANFE default ¥ it
}i
LIRHY classes B M ¢ MG BREER B BA N explicit, X ATRHILBATIHE AR
PATBa SR EEH (implicit type conversions) , {HEARAT kT B A KBS

# (explicit type conversions) :

void doSomething (B bObject); //RREL B ANERDN B AT

B bObil; //— KA B ISR
doSomething (bObj1) ; /7, £E38—A B 45 doSomething PR3
B bObj2(28); //EFRR, #R3%E int 28 B —1 B
/7 CERER bool ZHEAE A true)
doSomething (28) ; / /%8R! DoSomething W i%#:5%% — B,
//ARE—A int, T int B 2Z[8
//HERH RS
doSomething (B (28)) ; /&R, 1 B MRS int BNFEHR

/7 (BB, cast) A—A B BUERut—iE M.
/7 (R 27 ITEHBIRBEE)

WA explicit HIAHE G HOE # LI non-explici U EZMIM, FNE
I8 EGR IR ESPATIETI (AR MR, RIERT —MNFEHA
SR A T RAREESR, TURKCEFWN explicit. REAIRHENE
AH R R BUE .

WEERRAE LRSI F BB A SR AR B0 . LUK FERISR I 75
RAFEed, MM NERESEENRAE.

copy FIER BB R “LURIBXNZVHBWBRINR” , copy assignment BVERF
WAR “ANF—MRENEPENHEIARIR” .

class Widget {

public:
Widget () ; / / default T %L
Widget (const Widgets& rhs); // copy M5 K%L
Widgets& operator=(const Widgets rhs); //copy assignment B{ERF
}i
Widget wl; / /R default #i& sk
Widget w2 (wl); / /A copyf@iﬁ%l%(
wl = w2; //VAF copy assignment FAERF

Effective C++ 13U, 35 =hi



MPRE BIBE TS EE DG, FA =" BEh TR EE copy 1 R
Widget w3 = w2; 7/ copy Myt R

EIBME “copytrk” MAESR “copyBE” AKX M. WER—AFRBE
MBIl EIEATIR w3) . —ESEAMEREBOAM, AT Ee AR R
WRBEFHRYE X BIWFTRE "wl = w2 B , HASHEWEREEA
Hl 2SR 2R SRR A -

copy WIS BRBR — MU HEER R, B e e X— N R UM passed by value
(MBI o 40T, EELUTAR:

bool hasAcceptableQuality (Widget w);

V'\I:"Lélget aWidget;
if (hasAcceptableQuality(aWidget)) --..

S w RLL by value 17 AA% 44 hasAcceptableQuality, FTLATE EIRIEM A
awidget B EHE w AN . XAEHISEH widget B copy ¥ i H 5T K.
Pass-by-value 5%k “ ] copy ¥IER B o LA by value t53 ] B & SCREGE Y &
AT, Pass-by-reference-to-const fF1E R LR HIERR, PN 4K 20,

STLRFTiEFFUERBAR E (Standard Template Library) , & C++ WRHEFEFENR—
4y, B TR (W vector, list, set, map %) . &8 (M vector<int>::
iterator, set<string>::iterator %) . ®iE (Ul for each, find, sort HH)
B AHHLRE . B HIXHLBELLR BN 5 (function objects) LI, HE “AT Mgk
W HINE .. XPERIN Bk B T E operator() (function call BEVEFF) 1 classes.
WRAR%T STL Bk, MiRABN FATREEE —ARHSHEY, HA STL X
RAFRT, BATEREAHE. —BREALEE, F—eSFHEER .

C++ B AWMBEREKRBEW Java B C# IEEKEE, TTRESXTFTIE “A M4
1TH”  Cundefined behavior) EEF. HT{MEE, FE Cr+ MLRAT R
HEX: HREERETHMETHSREMNAE. TERMEIHBRRTE “UH
AT A" -

int* p = 0; //p A null 54+
std::icout << #*p; /7%= null $85HIUA (dereferencing)
/1 FEABIHAT A .

Effective C++H S0 Hi, 38 = 1



Fix 7

char name(] = “Darla”; //name M. A4 6 GUEICERRE nall))
char ¢ = name[10] ; VZ it W W GOk el ]
/1 SBAASATH .
BRERFHRIA, TR CRESO ITHNGEREATHAN, Mgl AT

e @RFEH C++ BEREHR, WEAHMAITANEFSEERNFEDHE T,
HREN: —DMHERNHBIATHNERTFSHREFROFEE . BA—Ek, B
REf BIXPEFR P HIEERAT A, ANBITIER, ARERAL, AREMHA
R R. BE 0 G+ B AEMER vTREEF AT, REERT
e R T EHE D E RS THIT .

SHAMBEFHEE CH BFENERRNE, AN WEERRBRRARE R
0 (interfaced . Java F1 NET 5% 5 #8424t Interfaces HBFILE, H C++ &H,
RAEEF 31 iR TWflIE e . SMAEFAARE &7 i, RRRRREL
%4 (signature) =X class MR PF ML E (BIINRTTEES UL class ) “public #:” B
“protected ¥EI1” B “private 11”7 ) , B EHXTH template KRS HTHF AHH UK
—AFRIER (WA 4AD . HHERFENEDESERE —RERNEIHRS.

FHiB&EF (client) RBIeF ASFEY, fh (8e) FRARSHRE GEFE &
B . REMESEREIMES, WERF P EARE (I EE—
Ay, WAL RSRS Y IRECAE M A Class B template K% M RIEFEF
F{FH class BX template FIH—#85, WA CLRRE FEFBEARBEIA. HE)
“EPT NEERREHERRE R, BAREF ATTRERR. $RT. BB
AR, MAIrE AR T XMEE .

BRVFRA I BB 5, BRETEH KR I B SRR AT R LA A TH R v
BN, BRARM R AN TR RANES . BERNHEREA N RIEH
FRERRLE? Rk 25, FERDNAARILEFLRERI, FRERECHE
FOEREEARECEIARE) , IR R SR RN IRE T R D IR
BAEL LT .

Effective C++1 3ChR, 38 =R
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APhBH W HE functions F1 function templates Z AKX, LLK classes Fil
class templates 2 [B] X 5. FRKAMEFZ —HEEFHES T —THEIE. B35
BIXFhE IR, 4K 4 classes, functions & B AT TN R #) templates.

%ﬁﬁﬁ?ﬂ?iq“%ﬂmiﬁ@ﬁ*ﬂ*ﬁ*@@ﬁﬁ, ANBEESERHEET ctor ‘fl]
dtor.

T:?i% =) 'Iﬁ (Naming Conventions)

PRkl B LK & FR T objects, classes, functions, templates %5 & |, {H
REEETLZREFHRELATRARBARMES W, flBREEZHHNISEER
1hs I rhs. B HI4C#E "left-hand side” (245 ) A1 "right-hand side" (45 F35f) »
BB w LVEAE N — 0 RF (binary operators) BE N operator== M operator*
KL EN60TF, R afl o RAWNEHENSR, MHR Rational IR
A4 non-member operator* iR ¥ AT Feik (ﬁﬂ%jf?’k 24 FiE ), A T HRER:

a*b
LM T THREBOAH:
operator* (a, b)
E4K 24 PRI — operator* W F:

const Rational operator* (const Rational& lhs, const Rational& rhs);

WPRFT I, ZEBRAES a AR BN 1hs, HEAES o WA rhs.

TR ER, AMNLESH this FREFRINE K, AN RAMEH SR
R rhs. MRATEEC RS 5 WM T widget IRABBAHPERB TX—H. X
T, RAL% L, widget class R’Fl, "Widget" FARBLAERE, BREYKRTFE—
ARG class ZHREHBR R PI4AHR, EM GUI toolkits B widgets TEL LK.

RHA IR THXR” 0184 @40 pt, BB "pointerto 1. R
— B4 T :

Widget* pw; //pw = "ptr to Widget".
class Airplane;
Alrplane* pa; //pa="ptr to Airplane".

Effective C++ 1 3CAR, 38 =R
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class GameCharacter;
GameCharacter* pgc; / /pge = "ptr to GameCharacter”

5T references FAFFHRMLISIB: rw AT HERA reference to Widget, ra W24

reference to Airplane.

LB AR, BREU ne AH.

FKTF£EF2 (Threading Consideration)

fER—ESE, C++ XL (threads) WH MBS —FHE LEMEAIHEK
(concurrency) HYHHKH B . C++ PRHEEFESL —F. 4 CH ZHEHRR
N B8 (multithreaded) FEFFEANELE.

EIMLEENIFET « X BREBIERETBMN C+, BRARAE —AH
2. RFEEA M (thread safety) R BEFRAEMNMER. BT WAk C—+ FE
SR Z EMX A0 B R, MRRARER CH WEEZ LR
FHARESIRRE, REERHK. XTELEME—A CHEERERETHE, A
fiilb—A& C+ WEDERLIERERFNK A GATREEEZEZ TIRINSERERN
BAE, Y “HRBEBMSHNIEF 17 VP BT R 8 4 I TR B R H 7T .

MEHRARBZEBEREFREE, TUBRALHRBEMXINE. RiTWR
WIETERS — N S4EE XN AR S SRFE, Hidd, REERSRIFE—“ U
C++ AR B FER " FERIES L,

TR1 ] Boost

HReERM, ABAARS TRI F Boosts FH —M&RKFEMABR BN (KK 54
3t TRY, 452K 55 45%% Boost) « NEMRBXLELRMTETERE CENBBAER
LR IR 2 HE 3T . B, RRALHMTFEEEL . mREEXK, WL
ZERENE AT, (B RAREERA K SRR T ARSI FF, T 0 S M B Bh A
TR

B TR1 ("Technical Report 1") & — ¥, MRMA C++ ARAEREFHERITE £ HHL
fit. BXEEHLEE LY class templates K function templates JESUAHL, 4% EIE B
H hash tables, reference-counting smart pointers, regular expressions, AR .
i TR A HBE TR EEM tri N, EHEIRETHEZME std W,

Effective C++ 3CIR, BB =R



10 Fik

B Boost 2MNAL, IRE—AMih (http:/boostorg) , RUMTTHKE. FBEH. B
IR C++ FBFE. KEZH TR1 HLEERE UL Boost B TAE A EERY. 7EgmiRse
BT CH BFET SN TR 27, WHLHET TR TMHEHIFRARTS,
Boost PRI it &5 —ME B . Boost #24kLk TR1 EEHIART, Bl LS
HSTHE.

Effective C++"1 SUAR, 35 = R
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1

B3R C++

Accustoming Yourself to C++

ARAWOBEE RAA 4, Crr WATRLRREEH VLR, SRR
BRI, ARSI, (RANT U EIERN A BOB AL, 15
PRI Cr+ BB R, A BRIOEREA . B I BT,
AFRARAAN LR

FEM01: L C++ N—TIESEIB

View C++ as a federation of languages.

—FFih, C+-HE CmE—Smuigsstt. C+ BT & K C with Classes
WRBR T XA MK ER .

HEHXMETEH R, CREEEKELHN, EXEEER, JFiHER
AETF C with Classes HIZF L&, $EE MR 5ER% . Exceptions (HH)D R
LML RAFERBE (KK 29) , templates CRUAR) A BB IR T BE
BR A& 4D, STL W T —A a0 HT AR R R AR OE .

AS R C++ EEERNLHUBEHEHERIES (multiparadigm programming
language), —ANFEINZFEFITFEE R (procedural) . T8 [ Xt 5 FE R (object-oriented)
EHE A (functionald . ZEIER (generic)  JLHHFEER (metaprogramming)
S KR RIBAEAE C+ B — N EAILAE TR, (ER s Rk
B TE “ELSAE” UFEEAN. BATEGAMEAXH—MES R

B BT C++ AN EHRESHRNBRMIESE—ES. AR
HAIKIES (sublanguage) W, & FUSEFAMMEARE. EMEE. FEES

Effective C++ 3ChR, 28 =R
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. RMARAN—MRESBES —DNKIEE, FUTEERER. AT EHE CH,
RBFUARE EBRRIRIES . FEREEIRHFNA.

B C. WEIE C+ {2 LL C R, X3 (blocks) . &) (statements) . T
8% (preprocessor) . WEHIERA (built-in data types) . 4 (arrays) .
B4t (pointers) 2EHKLER H C. FH I C++ ST HERFZEEEANTHERF
B C R (BIINZEK 2 IRBITAL BB Z A 5 — 188, &K 13 RBILUINSE
R , HSRLL C++ NI C R TIER, SBgmfEsrmpEt C E5H
SR : WA BR (templates) , BB 54 (exceptions) , ¥ E#; (overloading ) --- -+

B Object-Oriented C++. X&#4+tHEE 2 C with Classes FrifK): classes (fU#EH]
ERBAANTHRE) , #% (encapsulation) . 4E7& (inheritance) . £ &

(polymotphism) - virtual PR (BHAGEE) <o B, X —HoRE RN RK

hZ A AR A G+ ERIBE S ‘

B Template C++. X C++ HIVZHIZEFE (generic programming) ¥4+, AKX
BRRF ALK B /DR . Template X E R 5 R IFCLRBEN C+H+, R
giEFN A “ME template G MHRFBRERHAEN (Bl K 46 REEH
template functions BT AN{I Hh BY RV EEWL) . KRR LEHIT templates BB, ©
14 KR F I gmFRIEA! (programming péradigm) , WELEFTIBK template
metaprogramming (TMP, fEIRICHIE) . KE 48 MR T — Mk, (ER
AR template BEEHIBAR FIBFHT, AR ALKEOIXE, TMP MR
b CH FiRGRTE T AR,

W STL. STL 2 template #2/FE, HARMBAE, HEE2IEFHFHRY—. ©XF
728 (containers) - &A% Citerators) 3% (algorithms) U X B8 #%t % (function
objects) HIMAFREFEERL A SUIA, R templates K FEFRE AT DA Hth
MERBE LK. STLHBOREKKAELRX, HIRMKFE STL —BI/E, #Rym
HFERY .

WHEXNMRIES, AEAENMRESTRR S, FBEAGERE T WE K
PRECE RN, ABEBET. SN E (BELE Clike) BRI S pass-by-value
JEH W pass-by-reference 3, HXYRM C part of C++ 7 Object-Oriented C++,
TR/ B % X Cuser-defined ) ¥ & B B M b ¥o e B 0 7 78,
pass-by-reference-to-const XL If. iZF Template C++ B LI, B A% E 4R

Effective C++ 3L, 38 =R



1 43K 02: REL const, enum, inline ¥ #define 13

BEEREFTGE KSR KSR, R — BB STL RS T M8, ST R 5T
BHELE C etz REBEHIRA, FTCAXT STL RGBSR RS, IFNM C
pass-by-value SF M RIEH (SH58 77 N MERATTIFENLRK 200 .

BIEEYL, Cr+ FARDHE AT —KET: ERANMKIESA
VRN BUR » BN GE 538 B CRMA . EEXAMRIES RS R CH &
5 T8 %,

EicE
B C++ SRR AR TN, BORTIREM CH BRI —385.

X 02: ERELL const, enum, inline & #define

Prefer consts,enums, and inlines to #defines.

AR SO T A iR S B R TRAL B AR LT, BNk #define
ABAAEFTH 8. WEREKEEFRE. SIRBHXENTE:
#define ASPECT RATIO 1.653

05 A FR ASPECT RATIO HIFMKRBHRIFRFE W; WMUFTEHRFRIT IR ER IR
ZHIE B BEBREET .. TEILSHM AspECT RaTIO HAREEHANIESHR
(symbol table) W. T& 4 {Riz H b BEHRS —MREFESEE B, THLHrk
M, HAXANHIRGEBEMAFLIERE 1.653 WAL aseecT rRaTIO. M1 H
" ASPECT_RATIO #{E XTE—MERATE KU, REEXN 1.653 LURERAMA
SRS, T RAKE B A B ER e MR ] . 33X ) B 41 7T g S LA 0 5 SR
2% (symbolic debugger) 1, JF FIAH [F] . %578 B9 2 3R AT BE AR BEA 0 S 3£ (symbol
table) o

BRZEREU— N ERR LRHE (4define)
const double AspectRatic = 1.653; /I KREEHEFEATE,
/ /X B 2R k.

EA—NMETHE, aspectRatio HERHRFRE, URMSHANLEE
W A S % 8 (floating point constant, BRG] s, FH% E0TEEHAE
Hl#define RBE/NEMIE, P ATHAES “ 5 HHH %2R AsPECT RaTIO Bt
H1.653” A G2 3 H ¥ (object code) HEEEH} 1. 653, X ¥ B AspectRatio
# A2 R IAE AR O

Effective C++H SCHR, 8 =K
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BEAUNE BB Hesdefines, ARMITHRENEB U B E LEBIRH
(constant pointers) . HT¥% & X F0B H#BHE L3O (CHERA RIRMIEBES
A, FEHGESRES (UARRIBH RIS BN conste 4l BAEk
SHENEX—NEEK (REH) char*-based FHH, HRUME const FIK:
const char* const authorName = "Scott Meyers";

KT const KB SCRMER] (Rl M EEIRH S AR, 4303 A R8ritie.
XBAMRSERBEIRIE, string WM RIEH LILHTZE charx-based ', FrLl LiAK)
authorName FE1E € SUARIXFE 5 4 42

const std::string authorName ("Scott Meyers");

FEoNMEBEENR class TEE E. I THE 2R 1ER B (scope) BRHFIT class
P, ARIAEE A class I~ AR (member) : TAMBRLEEESRE —H
AR, ARBIRALEE A — static KA -

class GamePlayer {

private:
static const int NumTurns = 5; /I ERAEHR
int scores[NumTurns]; //MERZEE

AR FTE B R NumTurns M BT SRR XA B C+ BERIRIRFTAE
BRI RER S XA, HWRE RN class FRH B A static H oy BHEK
‘& (integral type, 10 ints, chars, bools) , MIFEFFRRALE ., HE ARBCE TR HbE,
AR AT LLFS B IR AT R AR A A (BIRIRIEA class & )& H B bk,
AR AR T PRI IR 2540 (N IERaH) RIFEFH—Me XA, Rl
U ARG ST

const int GamePlayer::NumTurns; //NumTurns FI5EX:
/TSR 2B S THE

EHIXA R P NIRRT, BT class HE DS YIRERA

HIME (a0 56 AT A B NumTurns IR ERAME 50 5 BIE XA LA RIME .

A —3, HER, ROLEF A idefine QIE— class EFRHEE, BN
#defines FFAREMMEE (scope) . —HEHFEN, ERELEHHFLIRTH

Effective C++7 3ChR, 38 = ki



1 425 02: R&LL const, enum, inline ¥ #: #define 15

2% (BRARE A #undef) « X EBR#defines MUAREB K e X class EREE,
WA BRI e M, Wl R YLK A FTIE private #define IXFEM AT, 112448
const %A ’E%%EI PAREE R, NumTurns #i2 o

IFRg 1% 88 VP A SR EIRTETR, BAIAR ARV static B 5 7875 81 0 _EIRAGH)
H. WLANTIER “in-class ¥MEBE” R VPR EECHEBH#T. WRIRKHIFS
AL EE LREVE, AR DU AIME A E K

class CostEstimate ({

private:
static const double FudgeFactor; //static class & & /S HH
.. /LTSRN

}i

const double / /static class FEE X

CostEstimate::FudgeFactor = 1.35; //frFSEBiscm

KL BRI IR — FEM 2. M FIINE MIRTE class RFHAIRIT
F—A class HEE, HlE FRY GamePlayer: i scores Eﬁ#éﬂ%%ﬁtp (R,
G A% AT L AAE S B B A ANE B I R/D) o IR — R gmBERS (BB iRHD
A S “ static EEE! class B ”5ERL“in class FMEWE”, AIBUBATIEH "the enum
hack" *MEME. HEREME: “—MNETHEEHAE (enumerated type) HIEUE
AT ints BFEH” . TR camePlayer B X W T

class GamePlayer {

private:
enum { NumTurns = 5 }; / /"the enum hack" — 4> NumTurns
/1A 5 M—ME 54K

int scores[NumTurns); /IR AR T

FHETHANEH enum hack HBHEATINIR. #—, enum hack BT A FHEH
B1E #define TR const, HRRIXERRAEEK . HEE— const HHhhk 2
R, BE— enum FMtEESA S, TWE—/M4define MMl B A S,

Effective C++ 9 3ChR, 585 = i)
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TRARARAL ) AR 18— pointer BX reference 18 M IR I FEA B H &, enum AT LL
FEMREIIX AR, (3K 18 X T “Eid #RAL 8T i o2 SEHE T E A sR &4
BWREL. ) WIERNBRIRERAZNA “BEA const R W HINIFE6E
ZEME) (BRIEMRAIE — pointer BY, reference RN E) , ABHMFH G iFIRHW
fetnth, THIXATEERVRAEER . Enuns Mlédefines —HEAARLFBEAELER NTE
SR

AR enum hack F B A BBAKREN TEHEX. YEREBATE, TUE
BB ARULIAIRE . B L "enum hack” £ template metaprogramming (B4 7T
gnt2, W4 48) MHEREEIAR.

O R BT B AR 5 — A W #define RFEILR LT 5L I % (macros ) »
FERRBEH, BALHEBHEEA (function cal) #HRFINITH . FHEHEA
EREERLS, WHARK £

//8A a b B AM £
#define CALL WITH MAX(a, b) f((a) > (b) ? (a) : (b))

RERMMEEERLHRA, SCRBHEIIME RS R,

AIATH SRS X F g, RO AETWIRELSn LGS, EUE
S AEREA P RAX N EN O S EBRG. BHERAFTEESNENGS,
EFE TEAAENPERS:
int a =5, b= 0;

CALL WITH MAX(++a, b); //a BRM IR
CALL WITH MAX (++a, b+10); //a BEM—IR

FERXRE, WA £ 28, a KRB RERARRT “ERERMELE” !

EBEMRAATFENN XML ROLER. (RO USSR E—
R R B BT W TRORMT R F28 AL e 2 (type safety) —— R B4R S 1 template inline
PRE (ILAEK 30) .

template<typename T> // BFBRATAR %018

inline void callWithMax (const T& a, const T& b) //T £&f14, FFLARHE

{ / /pass by reference-to-const.
fa>b ?a: b); / 1 M4 20.

}
XA template 7= W —BHRH, BOREHESHIFRNER, FURLPBL
Effective C++"3ChE, 58 = hR



1 £2.03: R0[HEfFH const 17

ZAA f. XEAFBEERBEAEDASEN LTS, BAFEROSHEEZRE K
1=0JE 27 CIEE st AN T callwithMax 2N E IR RS, & B FAEHE (scope)
RV RN . Bl YR4a5E AT LA tH—A “class 4 ¥ private inline BRi%” o —RE
FIIETEREE .

AT consts. enums Al inlines, RAIXHLEE (FelfE#define) KIFTK
BT, (H3tJE5E2WBE. #include TrRRUFE M, M#ifdef/#ifndet HkLEH
WEHSFNEEAA. BWEAR BESATS BN R, HIRN XL
FEEKERE IR

Hic{E
m N FRadiEsE, BIFLL const XTREL enums F#e#defines.
B TR RS (macros) , HIFEUH inline B EE ¥ #defines.

R 03: RO8EFA const

Use const whenever possible.

const MI—FAYEFRE, EAVHEE —MEXAR BHREEE - “A
FWEE” WXR) , MRHFERBELHEXMAR. € RTFRE FH R
P ASENZEEAE. REX (ARSI BFE, FlZmsiitiXk,
F AR R AT IR E RIS EE, HREFARTPOER.

KT const B4 B E AR LUFHELE classes #5116 global B namespace(
5 2) ERRTRIER, RIEWIHE. R SXREMAE (block scope) 8%
RN static MINS. FRIBFTLUH BB classes PI EB#Y static M non-static R
B WS, R LARHRIEST B & REHFTIRY), SIBEE R (B A) £ const:

char greeting[]l = "Hello";

char* p = greeting; / /non-const pointer, non-const data
const char* p = greeting; / /non-const pointer, const data
char* const p = greeting; / /const pointer, non-const data
const char* const p = greeting; / /const pointer, const data

Effective C++91 3ChR, 5B =R
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const WVARRULEG, FHANZNRE. WHEIETF const WHEREL
U, RPPIRYRFER: MRHUAERSHY, REHHAGEEER, WEBNE
BEWIL, RTBHRYNEH HEEL TR,

WMRPIYRE R, FEETFRARWRET const BERRMZ AT, Hls Ao
CEERMZIE. BSZHl. BHEENEXHE, Frel FABA 2SS
KRR —FE:

void fl(const Widget* pw); //£1 RB—A s, EE—A
/IEER] (REH) widget W5
void f2(Widget const * pw); //£2 R

A EEARN, RRZRE I e,

STL SEACER R MRS A IRIB AL R, BrLUSMRBMERREA T $5%t. &
BIEAS A const RIS A const —FE (BIAEB—A T+ const 384F) , &
ARAMIERBABIE R AF LT, BEFERRARER USEIN. WRRE
BRI R A B SN (BT STL B4l const T+ $541) , KREE

9P 3 const iterator:

std: :vector<int> vec;

const std::vector<int>::iterator iter = //iter BHERRA T+ const

vec.begin( ):
*iter = 10; J /BRI, M iter BRTEY)
++iter; /IR iter £ const
std::vector<int>::const_iterator clter = //cIter BHERIEA const T+
vec.begin( );
*cIter = 10; / /EER! *cIter £ const
++cIter; /7R, BAF cIter.

const B A B FER TN A PN NHE., E— N REEBERA, const
AT BORRIME. 235, B¥A S (MERRARE) FodXrt.

L RBOR Bl —/NE RN, ST UBEREZ RS RNESN), TYXAEF
MR Z2EMERTE. 20T, ZEHE Y (rational numbers, K3 24) 1

operator* ol AR

class Rational { ... };
const Rational operator* (const Rationals lhs, const Rationalég rhs) ;

Effective C++ SUhR, S =/
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VEE R 5 — YR B 75 N R S AR B2, 6, 91 438 ]~ const
$ %7 LA AR 27 R A ST A () A7

Rational a, b, c;

(@ *b) = c; J/AEa * bR L operator=
BAMIE I A5G ANEN AN BEA A — R (assignment) , {H
BB ERFRSELERTIAM, RENBAERITFER (UAR—N]#E
REEHH bool KR .
if (@ *b = c) ... //RER, HSRAME— N (comparison) FhE!
WR 2 M p AN ERE, XFEMNMARBERT AREREE. M— “REMN
R B SRR (R R A8 Lt G N BRI ARE (&K 18) , W
M SO X PR A SRR At i AT 4 BB T . % operator* HIRMEE AN
const A TP A4 “WEBWBRMENE" , XA ZBAMMIEE.

ZF const BH, BEMHARNFABMNE, EMNAELHBR local const IFH
—F, RNEELEE A ENIRRHRERIEN]. BRAERA F R LB ZHE local Xt
%, ENERENIEYAN conste RAALEIT 6 MFFF, HATLAE FRARAEIR,
i “ARETRA == AIESEK = 7 WER, UM ER.

const A 5 &k #

¥ const FTHET HLR R B, A THANZRRRBOTEHRT const WA
HE. X—XRARPZHAUESR, RTHANEH. B—, EFUE class ALK
KW ZXREK, HMIBAD R LIBEI AR R AT, REE
B BT, BEAME “BAE const MR MAFRE. XX 4RE @mBARVIE A KR,
HmEK 20 5, ME CH BEREN - MIREDPBRLL pass by
reference-to-const J7 RALEXTR, MMBARTITHERE, BAIIH const AR
AT RSRAEBEE (HEBMTAD 1 const WR.

T2 ANEP— 3 BMRARBmEREEEY (constness) R, AJLA
BWER. XTER—ANEEN C+ 5. HEBUUT class, FAREIN—KRTF:

Effective C++1 3CIR, 38 = /R
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class TextBlock {
public:

const char& operator[] (std::size_t position) const //operator[] for

{ return text[position]; } / /const I .

chars operator[] (std::size_ t position) //operator (] for

{ return text[position]; } / /non-const % 5.
private:

std::string text;
}i

TextBlock ] operator[]s A[#IX A{FH

TextBlock tb("Hello");

std::cout << tb[0]; / /YA non-const TextBlock: :operator|]
const TextBlock ctb ("World");
std::cout << ctb[0]; / /A const TextBlock: roperator []

Miitr—3%, LR const MR KL T passed by pointer-to-const X passed by
reference-to-const IfEIRE R . FIRH ceo B F RS EIE, FERXALBE,
void print (const TextBlock& ctb) //IEE%H ctb & const

{
std::cout << ctb[0]; // VB const TextBlock: :operator[]

HEE# operator [1H XM ARIMIR AL FTARRBHREZERE, HHaTl4 const
F1 non-const TextBlocks 3K78 7 [A] f 4b 5

std::cout << tb[0]; /7 AR — £— non-const TextBlock
tb{0] = 'x'; / /B — E— non-const TextBlock
std::cout << ctb[0]; //¥iEB — $£— const TextBlock
ctb0] = "x'; /7R — B— const TextBlock

HEE, FRRRNAE operator(] KERMIKAUT, EF operator (] B
EES®HE. HiRERTFABX—“H const BZ operator[]I&[E” # const
chars MEATRESNE.

Effective C++h SUhR, 55 = kR
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#1572, non-const operator(] HIIR[EIZKEIRA reference to char, T
char. 0% operator(] HIZIR[E— char, FHEIXFEHIAF BT S %%

tb[0] = 'x';

MERA, MERHEARPEMZARNERR, 23R R EHE KRR
B, PG, CHLL by value BB RIX—HE (RLEAK 200 BRI
SERE th.text [OTHI—NEIA, A& tb.text(0] HE, MASRFBENITH.

EBRATH B B — R 1% . AR R const BhRAH4?7 XAPINHR

iT#%2:: bitwise constness (X FXK physical constness) #ll logical constness.

bitwise const K- i AAHIR , 55 BB 2EAS S o0t 8 2 AT o) i 53 22 B (static
B4y B A AT LA R consto AR S AT SN R A AR — 4 bit. XA A9
WHRBAGHMERA: RESAFIRKALENMESNER AT, bitwise
constness IE& C++ XTH B (constmess) HIENX, HIk const iR REATTLLE
BN R AL A non-static f A& .

AEHRTFZRAREBRS TR A% const HHRENAEET bitwise K. B
Bk, —MNEHT “IREFTIRY” KRR RBERANRER const, HMRER
Hight (MAEHATRY) KRBTSR, BWAFKLEECK bitwise const A5 R gk
BRI, XFBREUWLER. BHRENHE — TextBlock-like class, T
4 char* TIAE string, EHATFEBEM— NN string FEHE C AP VAR

class CTextBlock {

public:

chars operator[] (std::size t position) const // bitwise const 7,
{ return pText[position]; } // {BHEEANEY.
private:
char* pText;
}i
XA class NE 4G operator () BH#A const MARK, MiZRAEIR
[F]—A reference TR 1EAI AT R A ERME (5K 28 MEFHEZITIE) . BEENATRA

Effective C++H3ChR, 35 =R
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H, HHER, operator [ LMK H AT K plext. T R4H5FRIB IO Y
operator [17=H H¥rf, B £ bitwise const, i 4k ReIXA\E. HEBET
AR AH:

const CTextBlock cctb("Hello"); //BEH—AMHEENE,

char* pc = scctb[0]; / /] const operator [ 1 BUE—ANEE
// 38 cotb BIEEE.

*pe = 1J'; //cctob BIAERT "Jello" XPEMINE.

REPLARNZEEER: HROE—NEEXNSIFRUEME, @ AR e iEE
constﬁiﬁﬁﬁﬁo @W%%ZS%EM‘ETEH’JEO

EFEOL ST H FTIE ) logical constness. X —JRHHY#H F3K, —A const B A
BRECT LMESUE BT AR B B BN BB S bits, {H R E R RTINS T oA
Bk, BIaYRE cTextBlock class 75 T HE BT IR 4247 (cache) SUAX Heft K FE LfE
IS AT VD ) <

class CTextBlock {
public:

std::size t length() const;

private:
char* pText;
std::size t textLength; /1 BRI SO X
bool lengthIsValid; // BT ERTEH .

b
std::size_t CTextBlock::length() const
{

if (!lengthIsValid) {

textLength = std::strlen(pText); //&HR! 7E const R EEH
lengthIsValid = true; // AEEBEZ textLength

} // FlengthIsvalid.
return textlength;

length HISEIR 4R AN & bitwise const, B textLength Al lengthIsvalid #§
FTRERBAE . X P BB WS BN const CTextBlock M &M & MR EZ, H45
FERAFE. Ef1EFF bitwise constness. &4 717

fRRIMEIR T FIH C++ A5 const M3 : mutable AT [H).
mutable B non-static i A 458 1) bitwise constness ZI5R:

Effective C++1 3URR, 58 = hR
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class CTextBlock {
public:

std::size t length() const;

private:
char* pText;
mutable std::size t textLength; / /IXEERR B AT AT RE R
mutable bool lengthIsvalid; // S E, BIfELE

}; / /const LI REA .

std::size t CTextBlock::length() const
{
if (!lengthlsvalid) {
textLength = std::strlen(pText); //3UfE, FTLLXFE,
lengthisvalid = true; / MABFT LU .
}
return textlength;
}

7F const ¥l non-const XA KRBT HMEEE

stF “bitwise-constness JEEFTAL” KB, mutable —AMMRIPEL, EHEN
BEAR R FRA I const AR . BT, B TextBlock (1 CTextBlock) W
ff] operator [] A2 HIR[E]—4 reference 15 A EFHF, HPATILFREK (bounds
checking) « FiBiHi{ER (logged access info.) . HE A REHITHIE THEHRE .
3B AT X 6] IR 3G const Fl non-const operator[] ¥, SEUXFHHRY (HH
RSB A —A “KBEBAHTI” B inline KE— W45 300 -

class TextBlock {
public:

const char& operator[] (std::size t position) const
{
/ /i1 H5 (bounds checking)
/7B W EAEVT (log access data)
/ /REHEC R (verify data integrity)
return text[positionl];
}
chars operator|[] (std::size t position)

{
/ /11K (bounds checking)
/7% e BV (log access data)
.. 7 IR BAE ST (verify data integrity)
return text[position];
}
private:
std::string text;
}:

Effective C++1 3ChR, 5 = AR
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WY PRBEUL H A R AR BB B 5 DA R A B R PRI ). . ARRD g Ak
LNKIREFEED ? 2R, AR RR S REBH S A RA RS (&
FERA privated HE& B MRAN operator (] WHAE, RWHN, HALEEET
AU, FIR BN BIK return BRI,

WREIE MR SEI operator [1INLABE —RIEEHEH XK. R, Ry
MEHA—ANEAT A XAERATEH RIS (casting away constness) .

TS, #E (casting) £ —MERIUARE, BB —BANESk
WX (KK 27, HFREAER M. ATRBES WARH 245 AGHRE
2%, APIF const operator[)5ELMIM T non-const FRALMI—1), M1
AFEZIGREIHRRE T —A const WA XFE S T 14K FE K const 54
BRRZ2M, FAAREHEREA non-const operator [1Ei—E B %£H 1 non-const ¥t
2, BMFARE I non-const &%, BT L4 non-const operator [ ] const
R%E“Aﬁﬁﬁﬁmiﬁmkéﬁﬁﬁi—ﬁuﬁkﬁEF%?“A%i@‘f/ﬁ T2
W, MEHERENMERE:

class TextBlock {
public:

const charé& operator[] (std; :size t position) const //—UNHEi:
{

return text[position];
-}
chars operator(] (std::size t position) / RAER AR const op[] -
{

return
const_cast<char&> ( / /% op [ 13R[EMEHY const $51%
static cast<const TextBlock&>(*this) //A*this f_E const
[position] //VAH const op[]

Effective C++H13CIR, 8 =K
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WRFT I, XA AN EEIE, AR . BATITHLL non-const
operator [ H const 503, {H non-const operator () VNER# FE R 4{FH
operator (], &BHHAMBECD. MK W eeeees WIT—BHIR. ATBREEH
I, AL D AR R const operator[], {8 C+ SZ HERNIEDA
LB 4. RIX B +this MHEFEH KK TextBlocks A K const
TextBlocks. Feffl, BRAMERAZEBIENEM L const! FrELXBEILHBHIRERL:
F—AKA *this M const GXFETHRKIEA operator {188 LAEM const
MRAD , B IRWEM const operator [1HIR[EIEPFER const.

7RI const MIR—KERBGARAT T —IRZ 28R (B non-const WHEN
const XR) , FTLAEAMEA] static_cast. BER const RIFHRAENERFTLIFEH
const_cast JEfk, WHEIANEE BEARTS HELRHR; —1A Costyle FHA AT
238, H—WmEAELK 27 R, BHEFREORERORE. WREARE
static_cast B const_cast, %K 27 T —HHE .

FEFHAMSE, B TEGRRGRRER, UIBEE — AR, &NEE
WIFER AR, HAFRIMEAW “BEABER” BE, FHAEEH const
operator[] SEHLH non-const WA . AT EIAIA HART S H ntb s & 1iBER
LB, RAREERE, B “ZH const A ML H I non-const ZEAEILH”
MR REE TN

BEATHERE, RMBEE— const AIHM non-const XA LI G E
E— AR ZMMI . 04, const A RBUKEAEANKE I R HEERE
(logical state) , non-const F¥% 7 BRI HIEFH XA . WHRTE const REA A
non-const ¥, BMEE TXEEKNE.: /REZLEENUSHIINR LRSI T .
RN 2 “const A BRI non-const B R BRE” B—FEEIRITHN: BA
MR A AR M A . by EEEASXHENAEEERPE, RLeAER -4
const cast ¥ rthis & LY const YRR, KBS = BTRIEMATIE. K
A (BEBERNEREHRIEN) 4 RZ2H: non-const B K B HUA R W] LUK
HABMAEMBNE, FUTEEPRA A const BAREIFARSHRRAE . XH
A AABILL static_cast YEH F*this MR E: X B IHFAHTE const HRER .

REH —FTHEMIREEMR, const BANAYW AL T HHRT. AEFeE kg
B b fr¥gEt. BB K references I8W M E 5 L AERESEFIREIRA G b,

Effective C++1 3[R, B8 =hK



26 1 it IH CH

fE local BEY b ERRALS L, MHREREAR—TIL. const —AEIEKHIB)
Fo REfeEHEE. RERIEDBRIRX.

HicE

m BREERTEREIA const AT BhGR F RO AR, const AIBUHEIN T
AERRARN SR, RESH. REPORMZER . B R BAR .

B 47 PR3LIREISEHE bitwise constness, {ER% 5 F2 RIS NS A LS LR EML”

(conceptual constness) «

B 4 const Fl non-const AR @ﬁﬁ%iﬁ%mﬂﬁifﬁﬁ, 4 non-const RR AR
H const Wiﬁgﬁfﬁﬁﬂﬁﬁgigo

&R 04: MENRBERBIS LB

Make sure that objects are initialized before they're used.

KT “HXRVIEL” XH, CH+ TP RELE. WRIFXAE:
int x;
HEREGERE T ¢ RERRIEAN Ch 0) , EEHMERPHRGRIE. WRIRXAE:
class Point {
int x, vy;
}:
ééint j<H
p kR B BEEMERNGL Ch 0) , BRMEAS. WRAERBHAMESEHEET
WILHEAFE “TVMEXNER” , BAFEDL, FAXBTAEE.

BRECRYIS B S SBR AT R EFRETFE L, U R RRYIG
WS, BT R R AR P4 IIBAT . EATRERITE SLRIEA L2 “ YL bits,
R T EERATEREMER RN R, BEARBATHMMKERFTY, URFEL
AR R PRI R o

IAE, RAVATHT LN, R “REPBEM—E k4, FIrf
R—BEA” « FEMRZEHNEESR, RIAXEIZIMEREAEE T,

Effective C++H1 3ChR, 28 =K
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WHWRIRMEH C part of C++ (LK 1) 11 HAIEA AT Re Bz T ¥4,
A FEAMFAUE R AEWIERL . — BHEA non-C parts of C++, A LAY, IXFIR LT
HhfERE T M 4t4 array (3R B C part of C++) RNRAFH P I 4R1L, T vector Gk
B STL part of C++) &1 WARIE.

R LXFBATERERRE, MRECEINERE: REEEHANRZ
RSEH e IR . ST RAEMBRAKAERR, RUHATF TRmtdE. fiw:

int x = O / /% int BEATFE WAL

const char* text = "A C-style string"™ / I3 FRET ST T TR
/7 (TRI4EK3)

double d;

std::icin >> d; / /CLEEER input stream (15 RIS,

2T R ERR S EAB AR, FIRATHER GRS (constructors)
B o MNRM R BE0RE— R AR R R — R BT L.

XAMMBESHEIT, EEHEYEE T (assignment) FH] 440
(initialization) . ZE—AFRRILERBEL class, HMERENT:

class PhoneNumber { ... };
class ABEntry { //ABEntry = “Address Book Entry”
public:
ABEntry(const std::string& name, const std::string& address,
const std::list<PhoneNumber>& phones) ;
private:
std::string theName;
std::string theAddress;
std: ; list<PhoneNumber> thePhones;
int numTimesConsulted;
bi
ABEntry: :ABEntry (const std::string& name, const std::string& address,
const std::list<PhoneNumber>& phones)
{
theName = name; / /X RIRAE (assighments) ,
theAddress = address; //TAERIEG4L (initializations) .
thePhones = phones;
numTimesConsulted = 0;

Effective C++H1 SChi, 58 =hi
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XA B8 ABEntry MR WE REE (R¥EE) ME, EARRBERE. C++ A
S, SRR R A BRI BN R A FE 3 N M o AR R 2 1T . 7E ABEntry I8
BN, theName, theAddress fl thePhones ARG, TIRERME. ¥
IR R B, R4 T XA default ¥ ¥ B a2 CLEEEA
ABEntry M35 B AR R R) B B o (HIXN numTimesConsulted NAE, FHHIE
BFRERR, RIIE-—E7ERITE B A WA 3 15 B0 i 18] R 2 AT RS AE .

ABEntry MM BB —MRAEBIER, £ FTIEH member initialization list (/%
BHMEF]D B BRESF:
ABEntry: :ABEntry(const std::stringé& name, const std::string& address,

const std::list<PhoneNumber>& phones)
: theName (name) ,

theAddress (address), //BHE, IXEEREYISEM (initializations)
thePhones (phones) ,
numTimesConsulted(0)

{1} //BE, FE R AN R B

XA R MR RAR, R NER . B TRENRI W
A (A — PR AD S default #3355 R #N theName, theAddress fl thePhones
WAHE, RESTRESENIRTH . default M35 REH—VITERRILIREE T . AL
RAMES] (member initialization list) [I#: (ABI%H R4 @R TE—FE,
HPMEFI A HAA R AT RTRMES, WE DR AR SR H L
%, ABIFM theName BA name IWMEIEAT copy i, thehddress P address A
¥MEHET copy #Ii%, thePhones PA phones AHMHRELT copy ¥ .

SR LB, iLseiB default #3E R BREH A copy assignment
BERE, BREA K copy MIERBRILERERN, ANERERAL. NTH
F AN E AN numTimesConsulted, HATMRLHMBRE K RAME, BX T —BERLT
AT R R AE BRI . FIRGEHE, HE SR default IiE— MR E,
HRESTT LIS F R A ME 5, FUESSE XY (nothing) YEAVIMAMESEIW . BE
ABEntry B M ESEMIERE, RITTRESIMT:

ABEntry: :ABEntry( )

:theName () , / /M theName K1 default {15 eR ¥y,
theAddress () , /7% thedddress WESLEME;
thePhones (), / /3 thePhones AFITE,
numTimesConsulted (0) //i248% numTimesConsulted BRFIGEM K O

{1

Effective C++ 1 3ChR, 3B =R



1 4K 04: HHEX S E A AT CoE AT EE 1L ' 29

HTRBFERS KA BE XER (user-defined types) Z K RAET R B3NHH
default 3% B 3 —— N RIS R RAEBAE “ R RYMES” HE&A BIR e vMERIE,
FE TSR B A2 57 it 2ok R LA -5k, AR T EARIK , (H35 S0 T — AN,
e B EAEYHESI R B AR, DAERFICEMER AR (WRENTE
WHER PRI TULTEPIME. BT, BT nunTimesConsulted J& T W
FRRE, tRLAYMES] (member initialization list) &K T'E, EREHEYIME,
MR “AHBEITA” NBZTh&ET.

A7 g L BT T PR R AR BB T P B R IR 4 HAah 4L 5 IR B i R A AR
[ » W eEfMERYMES. 20, MERRTERRE const B references, 15
—EHEYME, FHEHRME (LK S o NB% T TR 2 B A I S SR TE i
RVUEF H IR, FRAFE, EFEAHEERE: [QEMHBRYHES. X
A RHEde s BB, B XA RE SR

W% classes HHZMUEEE, HMEREH B CRBRAYES. WRZX
Fh classes fEFEF % X A BB B H/EL base classes, B RVMESIHFERESFEA
ZHNMESR (E¥METIR) NP TE (EFANSE) . XMER TFTUE
HAEYMES P BRRA L ORERIVEEL—FEF” R R R, SR ERR
{EERVE, FFR AR R A A R B GE X & private) , BT EMEREORA .
XFIRTE “ BAE B MVIE R AU REEE B R H. A, g
E R B VE 52 R “EAHTE54L 7 (pseudo-initialization) , Eid B F#11E %] (member
initialization list) SERHT “ B IEYIGARL” 8 H FEINATHL

CH+ BETHBEER “HAVIGHERRTE” o &K, KFES2MF: base classes
5 B FH derived classes #HI#1L (ML4&3K 12) , T class AR 5128 & 6 & LA A BH
WIFEBHIGEA. [F3LEF aBEntry, 3 theName KRKTECHATHN, KRIGR
theAddress, PR thePhones, )i & numTimesConsulted. BIM¥EA17EAR 4]
HHFUARRBRTFHI GRAERZEGEND , BASHEMER. JBRIREL
PREGR KR, IR S ] BB AE7E M AH IR, A RAE R RAIME S T 45 &4
R AT, BT R LU AR IRF AT .

BEE: RIRPTIEMEER, REOEMA R EBNBIGNAE R Slundlihie
array I T BHEE N, BEARER K/ IR B R 2R B U AUE R HIME

—BREER/NOHE “NBEHRATE” WM MUIEL, W SRmHBER
NI B BOEH “ B ANMES)” ¥ITa4L base classes FIERAEE, IR R ——

Effective C++9 3UR, B =IK
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HEFTEEL, FRd- /RLER ROFR - eeeee “AFEgRIF R ITH E X Z non-local static
X587 PIFIHALIRFE

EBAT— R AR K 4.

Frif static W%, HEGNEHREHKRBERRFLSRI L, Rk stack F
heap-based X B #HEHERR . X FIXT HAFE global X5, X F namespace /£ IEK
HIXTSR . 7E classes W 7ERREIAN. BAKTE file EFRAE A static BN SR,
BRI 4N Y static XTZRFR A local static X% (F A E 11X RS &2 local) , HAth static
X FRA non-local static M5 . FRFLEHET static MRS ABNHB, B4
IHT ) BR B2 7E main () &5 RIS BB AR .

FriBgmEE T (translation unit) 2/~ ¥ —BEIHF (single object filed [
HRLSYEND . FEAR be R B — YRR SR R BT A ARk (#include files) o

BT, AR 1R R e 2 > B AR SO, B — AN W& E D — non-local
static X% (WFRUIZITE R global AL T namespace YEFAR A, FIEREE class N
& file EHBABEERRN static) « HIERNREL: WRERFHITCHEAN
non-local static X RMIFIIUENVEMLA T 55— Hi¥ERITT N HIEA non-local static Xt
%, EFTHBIFXANR R TR M RERIEL, B C++ X “e XF AR ER T
M non-local static XF 8”7 HIFITA IR T T B & o

S AT AR Bh AR . R PR > FileSystem class, ‘EitEEEM FHICHFE
RRFZGAL T AP (ocal) . HITFIXA class [FHEAEERGENE—CHERES, K
ATRE ST H— MR 8, A7 T global B namespace fEFIIR N, BAE8E— TR %

class FileSystem { / /R BIRRIFRFE
public:
std::size t numDisks() const; /1 RE R B —
¥
extern FileSystem tfs; / VTR R P A R X8

//tfs AR "the file system"

FileSystem X ZRMAAR ML FHIERIER (trivia) W, BLHKRKE
P UIRAE theFileSystem W R MG FERATMME e, RBEIBENKIE.

MAEBBFELEEFETT —A class A LA SO 2R 45 0 B B 3% (directories) «
1R B4 1H class 2 L theFileSystem X%

Effective C++H 3R, 5 =hK
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class Directory { // ARRFEER AL
public:
Directory( params );

}i
Directory: :Directory( params )

{

std::size t disks = tfs.numbisks(); /115 tfs MR

H—BREK, XEEFREAE A Directory W, FIRAUE IF S 04
Directory tempDir ( params ); / 7 AWEET SO R B 3%

I, MR RITF M EE M BRI R T : BRIE t£s 7F tempDir ZHTSEHHILA1L,
&M tempDir I BRE2 FH BI MR YIIR LAY s, B tfs F tempDir BARMIA
7 A [R] 0 5 18] F R [ (RS SO R 1, EAIRE X T ARRIGRERIGA T
non-local static 3% . HW{AREMSHE t£s S tempDir Z BIACHFIH1L?

e, PRIV E o B — IR, CH+ X9 LT AR 4R 13 5. 0 A ) non-local static
SE” MFIRAAER IR P E . REFRFER.: e el rsoTH
LA, R R, WAL . R WE, el 24 %35 70 A 1 non-local
static A HRZ M “HEiR A RIY, implicit template instantiations” ik (TMjE&E H
Ot R d “HRBEIL” B , NMEATRePE EFIPIHEAIKT,
HEFENMEFI R “FHREERRT” KFRRER.

EEMZR NN ET BEHBRXN R, E—HERNE: S840
non-local static X R M F A KL BER BN AN RERRBAR AR static) o
XL R BOUR [F—A reference 181 B HT FHIX o RGH AR ERE, TIAERE
R IXLE R . HAJED, non-local static X B4 local static S HFH T . Design
Patterns 2 BF kg 14BN IR T, X £ Singleton = ) — A% WSt F k.

XA TFHRNEMAET: CH RIE, RN B local static X RS “ %K A
FE” “EYoB gt gy w2 A gamiEi. Bt mRARLL “RBORR 7 GR
[B]—A™ reference $517) local static XT3 ) B# “ HH15 ) non-local static 5T & ” ,

Effective C++ 1 30K, 38 =hi
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AR TARIE, fRUEIRETERGHIARA reference FF35 A1 — ML HITRAL IR & . FiE
W, IRARMAKIEA non-local static IT B “{HHEE” , MBEALTKHBEM
HitiiA; EIEH non-local static X% A WX 4 E !

LA E R T T t£s M tempDir & E, EHRWT:

class FileSystem { ... }; // R

FileSystems tfs() [ VIEANRBFRE s MR EXF

{ //FileSystemclass P AR static.
static FileSystem fs; / /58 X FHRIHAL—A local static ITER,
return fs; / 73&[Bl— reference 15 7] _Eib%t 2.

}

class Directory { ... }; / /TRTR

Directory: :Directory( params) / /IR, {BJRASH] referenceto tfs

{ / /BRAEBA £Es ()

std::size t disks = tfs () .numDisks( }:

}

Directory& tempDir () / /XA BB tempDir X%

{ //"EFE Directory class AT HESEA static.
static Directory td; / 7 5E X FIFHIIRAL local static X,
return td; / /3R [Al—A™ reference 5 1H]_FiAXT % .

XAz E, EANREEFNEFEEBUN—HBRETE, ¥ — AR &4k
TITRAEAFH tfs O F tempDir () MAFE & tfs il tempDir. L BLALAIEE R BB
R[BI) “35 1 static TR ” B references, T ANFEL{EF static X H B .

XL T reference-returning BBEAE o a8 —47 € SOUFWIMR—
A~ local static 3%, FTITREYE. XFERBMAHF EA1%A 4K inlining (FiE
A, RHMBEMNEMERARE (&K 300 . HEMAS MEE, XEEK
B CAE static WR” WBELFEENESREREPHFAEIHAEH. HFE—WK T
il —F¥ non-const static X%, R E R local BE non-local, FELLLIEFIE T “&%
FHERE” BRXAKRG .. GLEXADROK LR EREFHNEEERSIIMB
(single-threaded startup portion) F LiFFTH reference-returning e, iXn] ¥
53 E R “TEER (race conditions) 7 .

MaRuk, B reference-returning BB 1E “HIERAILIRF IR , BTRE RS

Effective C++1 3R, 3 =R
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HE—DXNNEMFEEBPELRF . WRFEE D RLE, KPR A BALEX
% B ZHISENIEAL, B A KA RET RDhHI 2 HT B & & E4ihte, XeH&
RABRBT - BEAPRAEE S, DERFUMLAS O, HAARROIEN
A MR GHR RIFEIIR S, BT RERBETF.

BESRIXHEE, RBREN SRR it R R e, I"RFEM=14%H. F—,
F LA A B R non-member 3% . # ., FARRFIES (member initialization
lists) XHAIXTRBIFTHE ST BG, £ “VIHIRFATES” (XHARRFR
JCHTE X K non-local static Xt 52— ) HEHT saRM%RET.
HIcE
WL BRI ST E TR, B CHARUERISRA e
B3 ok SR IT 1 P AL R H]ME %] (member initialization list) , T ANEAEMIIE R
AR AR E#RIE (assignment) . FIEFIFIHKRATR, HEEFIRFENZ
FEANILE class HHIH B RFHIFE .

B Gy “EHRFERICZ WK R, 5L local static X% F# non-local
static Xt % .

Effective C++91 3ChR, 88 =R
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2
AP IR YRR (=B

Constructors, Destructors, and Assignment Operators

L RBGHE—A class MEH —HENWERE. —MTHEEHR. — copy
assignment BeVERF . IXERMELLREFHINM A, BERENERPELFE TR, #H
EHEAERE, RETHBXN SR EEVIAL. BIRIAX SO EH0E HiEE .
DARE Tt BT . R IX SR U0, & FBIRE B2 AARRIKGR, BERKR
KA classes. FTUARAREMAT A IEMEEFEMRHKRE . KERMEK TS AR
PIXL R B R AL, TEK classes RIFHE,

FERR05: THE C++ MR mEH AR REL

Know what functions C++ silently writes and calls.

f+ 4 BHiE empty class (ZF2) FAEREA empty class B8? 24 C++ AL EZ/E.
B, WRRECHEEH, RESRSIEFY (RESRAERD —A copy WK
. — copy assignment BAETFRI— MR R B AN RIR A B IR G R
B, GRS N IR B —A default #9185 BB T A X LR #OE 2 public H inline
(W43 300 . FHk, WRMRET:
class Empty { };

X RARE T IXFE AR

class Empty {

public:
Empty () { ... } / / default #3315 BR %L
Empty (const Empty& rhs) { ... } / / copy W1 R
~Empty ( ) { ...} /MR, RE R

// virtual WRYEULEH.

Emptys operator=(const Empty& rhs) { ... } //copy assignment #AERE.

i
Effective C++ ' 3ChR, 3 = iR
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W LK ERBHFE R » BN SggmiESsa@lisk. BrhRE
EMNEREENE. FTERMESR LRE AR g a8~ 0 -

Empty el; / / default #J3 s 5T
WL R L
Empty e2(el); // copy ¥t R
e2 = el; // copy assignment BeAERF

i, BATMIET, MERIRGRE, HXLERHMTHAR? VE, default 14
ERBMT MR EEREmMER M THRBE ARG R, BEH
JH base classes 1 non-static J 53 228 54 3 B BT M BR B VR, SRIEE BT
FIRRERE D non-virtual (L& 7) . BRIAEIXA class ] base class H 5 5 # virtual
PR CGXAHEAL T IX AN BB B R HE; virtualness; FZR B base class) o

ZEY copy FIXE R BUR copy assignment BEAETF, GRS AU MIRRA K2 B
HE RS 4 non-static FEATEHE N HEH R, HE—1 NamedObject
template, & SLEFMRE— NN BIRFIZEA, T X554 CHK:

template<typename T>
class NamedObject {
public:

NamedObject (const char* name, const T& value);
NamedObject (const std::string& name, const T& value);

private:
std: :string nameValue;
T objectValue;
}i
MTHPEHET - DMERE, RERTRATNEEIE default IERE. X
IREE, BrREAREOE—A class, HMSHBERES, HRETLABOHIF
BOETHEH G IRIBIN AN L B R (B default HIi& BB T 35 HARK
WS

NamedObject HE%H 7B Y] copy MIEREL, WA 5 copy assignment BAFLF,
Filgnizaa et sms GnRe/TBRARE) - 3IE. BF copy WiEK
)

NamedObject<int> nol ("Smallest Prime Number", 2);
NamedObject<int> no2 (nol) ; / /A copy #IE RS

Effective C++H LR, 58 = AR
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?ﬁl%%ﬁiﬁiﬁ’ﬂ copyﬂ]i‘é@%l%éﬁiu nol.nameValue fﬂ nol.objectValue jJ%)]fE
% 5 no?2.nameValue Fl no2.objectvValue. BEZ T, namevalue HIZEHRIZ string,
M*rHE string B copy #IEERE FTLA no2.namevalue HIHIIE NN EFEA
string M copy #3 ¥ BB B I LL nol.namevalue A L H . FH — A M A
NamedObject<int>: :objectValue HIZREIR int (I RXTH template BIUATTE T
£ int) , MEANERE, I no2.objectValue &L “#N nol.objectValue
W —A bits” K5EERBILEL .

%3 H NamedCbiect<int> Fi4ENT copy assignment¥#EfF, HATARA LS
copy MRS RSN —iL, E—KNS A LA BMRBES LR EAEAISIERER
MY (UFRD , HRAASWMBERMAU. T HANEHEE - DARKES, miEH
£3E4 0 class 4 H operator= .

EBAHF, B NamedObject SEX T, HF namevalue B~ reference to

string, objectValue £ const T:

template<class T>
class NamedObject {
public:
7 /CU M R B A AN — 4 const Z#K, K4 namevalue
/ /A A reference-to-non-const string. SERIIRA char* Hi %L
//B8EET, BABBEA string AL .
NamedObject (std: :string& name, const T& value);
/ /3080, RRIFAR B operator=

private:

std::strings namevValue; //iXUI4-EA reference
const T objectValue; / /XA A const
}i
WX ETHRREMSLAE:

std::string newDog ("Persephone") ;

std::string oldDog ("Satch");

NamedObject<int> p(newDog, 2); //M¥IEEZ I, AR Persephone
/7B B AN

NamedObject<int> s(oldbog, 36); //B/IEHEFFEA Satch NE 36 &,
/1=~ TR IITTEE .

p = s; / /B p KRB R R A4 $5?

TR 87, A p.namevalue Al s.nameValue #RFGM string JH CYHRAFE
Fl—4) . BREINEZNAET p.namevalue B? WM{EZE p.namevalue Mi%

Effective C++ I, 58 =K



2 %K 06: FAARMEAGRER QS ERRE, MixHBIEL 37

#81 s.namevalue FifEBIFRA string B2 R ¥ reference [ & A1 3 k5,1 2 i
RE, MEIRITRET FARM, HHh C++ HARR “ik reference B AFIITR” .
#H—MEVE, p . namevalue FTIERI A4 string X RIZB BN, HTTZ W T pointers
2 references T ELIR 1% string” MIHMNRID? RN 8 P B HE 2R
BAEWN? GRiRES 4 copy assignment BEVERF R 5 %18 4B 2

TR ANHEE, C+ B B0 g iR A — 1T B . I BARITB7E A Py
# reference A7 () class ST ERAE (assignment) , #RUE S5 X copy
assignment JAEAF . X “E const R ” (MAEHZ objectvalue) I classes,
RIERRE RN —FE. EH const MARAFEEEN, FUGIFRREnEmAEsH
SRR o BN X AT BEEH — RS0 WS base classes ¥ copy
assignment BAEFFFE I private, RiFE$EHEL NI derived classes 24— copy
assignment ¥RAERF. TR TN derived classes FTA [ copy assignment BAERFAE
BT LASEEE base class B> (JLE#K 12) , BENTMRIEEH derived class TEAL
WK AR wIFRETE M, LRENS.

BHicE
WG5S AT LARE B2 class B3 default 3 i 5 . copy H35 B8 %5 copy assignment £
YR, LABHT I 3 .

R 06: ERVERRFBODERNRY, MiX
BRtRELE

Explicitly disallow the use of compiler-generated functions you do
not want.

WA ERRE T, AP KAERG BRTTRARLE A class R E S
EBER:

class HomeForSale { ... };

B NUREMNBTRAEBLU, E—ER-HER W TH—% , BF
PIESEEMBE . BIBATHIAA, K HomeForsale M S EIA® My, R
BT LU HI R e RKoph— T 2R PERE 2 Rk, VRN %R B A B HomeForsale M
X 588 TSR LA R Mo s% -

HomeForSale hl;

HomeForSale h2;

HomeForSale h3(hl): / /BN h1 — RiZET IR
hl = h2; / /B I h2 — AN R

Effective C++ 91 3UhR, 58 = iR
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g, BHIEIX — ARG EHASMREN . BEDRBRAAE class XFFH—
Beig, HEAHEUNSNVEEMET . BXANEBI copy HEREM copy
assignment AR H AR, RA%&K 5 SEBH, WREAFEH TN, miEs
NERFAEN, RmiFERNHRAEREN].

XIPGRE R T — WS R ARA B copy H it BB ER copy assignment B,
GRS ARE AR — 1, T BRI class I copying. INRIRFHAE 1, FRIY class
B REF copying. HIX B EAREZZEF L copying!

BRI, BT A GRS H A B SUER J2 public. 2y BH 1 FIX 2 pR B8 6 8 HH oK
R BTFEREN, BXBEHEE AT REVRLAUE BT E % public. FILARAT
LAY copy ¥t R copy assignment BEVERFATBE g private. #8 d BHAR AR — N &
PR, RBHIE T Zmidsims BRI HLEMRA; M XLEREN private, {FRTELL
R IE AT E .

— R S XML IE R 45 %4>, T4 member B8 #0F friend PR #E 21T LLE A
YRI) private BRE. MRARVREBBEREE, RIowell, BAwmRIE AN ERALA—
A, SR\ —NEBHR (linkage error) « “HR AR A private TTABRE
AT X KFERZ, WMEATE C++ iostream 27 BEIE
copying {TH. BW, BENRT LHIRHERFESSHH K ios_base, basic_ios fl
sentry. IRERIATLILEW—, I copy FIE R ER copy assignment 3 ERFER B 5 5
A private T H&HA & L.

B IX AR HEAT T HomeForsale IR faj &

class HomeForSale {
public:
private:
HomeForSale (const HomeForSaled); //RAEREH
HomeForSale& operator=(const HomeForSale&);
};
RFFERE T, RERSRBSHENELIE. B, SREHRIHFELE, RAEX
KRZEARGHER. EMRBERERSHEEIRB R, WRSBER, BESREARK
XEFTR?

AT LR class F X, AP AEE N HomeForsale M #, HiFasaHFMh. W
BARAETE member BHEEY friend BEZ WIRAM, LDERBREHEL.

Effective C++ 3THR, 38 = kR
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HEEPB R ERIFHEATRN (T HRTE, REAEMME#HES,
HE copy HIERBA copy assignment BRAEFFFEEAN private SRAT AZ3 3], (HAR
1 HomeForSale H &, & —NE 114 T FIE copying shET ¥t ) base class .
X~ base class JEF 18] 8.

class Uncopyable {

protected: / / ST derived X R IEFIATHY
Uncopyable () {}
~Uncopyable () { }

private:
Uncopyable (const Uncopyables) ; / /1EBHAE copying
Uncopyable& operator=(const Uncopyableé&);

}i

JKFEIE HomeForSale ST &4HHE D1, FATE—TEMMIH R K Uncopyable:

class HomeForSale: private Uncopyable { / /class N FERE
/ / copy Vi BREER
' //copy assign. ¥AERF

XATRE, B HEFA A——FH FE R member KK friend BHF—2RE N
HomeForSale X5, 4niEssHiRE LM —1 copy W B —A copy assignment
YERF, MIEWISAER 12 B, XEEREH “GiERERM” S22 RAHH base class
BIXT R St 5, ARV i gm R HE LS, DM base class (1935 DR $UR private.

Uncopyable class [ SRS UM, QIR — &80 public S&T (W%
K32 F139) , PLK Uncopyable HINTHIERES — € B R virtual (&K 7) %,
Uncopyable ANEHIE, FHILFF&4EK 39 A& empty base class optimization %
¥ o BT BREHNH base class, FULMHAXTEHEAREEFH LS E LA (FiE:
o AR R GE TR E A A TAD class) (B EMA ML 40) , TIHHEMEAFE SBE
1k empty base class optimization (FHXK K453k 39) o 1 HEHRAT LA BBS X Lep b 13,
ARG EEAFAEA uncopyable, FAEFTER “T &7 kI8 EMHIZEIE, T
LL# M Boost (M.4c3K 55) R4ELMARAS, HEA class &4 noncopyable, R NEBAH
RIZFEK, BRABRWAEBIREG oo lB- - AKER.

EiLlE

B ARG EREs) () IRAEMVLEE, RSN R RE Y private 3+ H
AFEB. f# B Uncopyable iIXFEH] base class 12 —Fh % .

Effective C++ 1 3ChR, 5 =R
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EMR 07: NDBSEAFEDR virtual ATIIREL

Declare destructors virtual in polymorphic base classes.

BiFZMgeETLLEFREE, Ei, % —4 TimeKeeper base class Fl—ib
derived classes TE AR FIFITHB 58, HAEEAH:
class TimeKeeper {
public:
TimeKeeper () ;
~TimeKeeper () ;

}:

class AtomicClock: public TimeKeeper { ... }; //BEF4F
class WaterClock: public TimeKeeper { ... }; /1 7KEF
class WristWatch: public TimeKeeper { ... }; /IR

WEEP REERFP AN, AE8R0rEmA T ESHT, XEHMERN
L&t factory (L)) A%, ﬁ@?ﬁﬁ?ﬁ‘ﬁﬂafﬁﬁﬁﬁo Factory SRS “iR[H]
—A™ base class ¥5&l, IBFH P derived class Xf 5 ” -

TimeKeeper* getTimeKeeper () ; / /BE RS, R —
//TimeKeeper JRAERMZIES BN R
yablAsd factory BREHIINAE, # getTimeKeeper () IR BIKIXT B WML T heap. &
A T BRI, B factory RELRFPIME - EBESH delete
HIRE R

TimeKeeper* ptk = getTimeKeeper (); / /M TimeKeeper #kAAEE
/1B EN R

... //ERE...

delete ptk; J/BRE, B TRIRAR .

FA 13 B HABE S PUT delete BiME, HA LEHHILMERMN” , £
18 MK 2 factory BRE#E: AT LMERBIH A2 & /1 851R, (HIXLAE AR K
EHH, BANEFKARMNEN MR LR A ERAS A gERE8—
PRI T, 3R INESERR F I 4T3 .

] B HH 7 getTimeKeeper iR [Al (F1T8 4t #8 M — 1 derived class X% (#ilfn
AtomicClock) , MIHRMXTRHLH—4 base class 55T (FIHW— TimeKeeper*$§
£ #MIER, T HHETH base class (TimeKeeper) -1~ non-virtual A7 #4 & %1

Effective C++H1 3ChR, 38 =R



2 3K 07 AZEHLFEY virtual HrH ek EL 41

XR—NTIRKAERIFP, BH C++ B ATRE, 2 derived class WHR L 1 base
class F4F 4 MR , 1T i% base class #7 % — > non-virtual FTHRH, HER KRG E—
SEFRHATREH RN S derived BB . MR getTimeKeeper iR[F]
FEEF8 ) — 4 AtomicClock Xf %, H AWM AtomicClock B4 (HELEEHT
AtomicClock class WHIR AAZER) RATEEM B, T AtomicClock MIATHI R #
FEeBATAENR . SRTTH base class 9 (BFELR TimeKeeper IX—#B4)) BE S
&, TRERER TR “RBYPR” MR XTREABEMR. BOAZ B4
¥, VRS BIRFT SRR A ERTE.

T BRIX A ) B (2 R 15 B8 - 48 base class — virtual 7] B8 45 . 1 J5 IR derived
class M EMSUMFEERMK. £H, ELHBBINF, GFEPHH derived class
Wi

class TimeKeeper {
public:

TimeKeeper{ );
virtual ~TimeKeeper ();

}:
TimeKeeper* ptk = getTimeKeeper ()

delete ptk; //BREE, 1T RIEH.

4 TimeKeeper IXFE 1 base classes (& T #7143 B #ME ¥ 8 4G HAh virtual BB %K,
A virtual BBEH B B2 SUF derived class FISEELAB A HIE (4R 34) . Bitm
TimeKeeper B 0] BEFH — virtual getCurrentTime, ‘B TEAFIH) derived classes H
HEARKEIIG ., £ class REWA virmal REF/LTFHENZBH 4 virtual
Hrig g%,

R class N virtual B, BHERREHFEE G —A base class. 2 class
AABEH M 1E base class, ST BRECY virtual HEREMETE. HE—MHEE
7N HE S [R] AR KR class:

class Point { /A4S A (2D point)
public:

Point (int xCoord, int yCoord) ;

~Point () ;
private:

int x, y;

}i

Effective C++ 4 U, B =R
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R int A 32 bits, B4 Point IR ATEA—A 64-bit FFHET . BHESE,
IXBE—A Point MBI A—A “64-bit B” {4 LAHANIE S C 5k FORTRAN
BERBRE. R point AT B EE virtual, BHEET &4k

BEH virtual BREL, MNROLIIETREFER, EERRESTHRERE
virtual BBGZARA . X465 BB H & H— T8 vptr (virtual table pointer) F5H%t$i
o vptr 35 [ — > B B B RS T H B, FRA vibl (virtual table) s 5—MAFAT virtual
BB class B —AMANAY vible 240 RIFF R — virtual B, BRI R ER AL
LT AT 51 vptr Frfg 984 vibl——45 % 3370 5 F 308 LR BUERE -

virtual R LM TAEE. EEMEWE point class W virtual R, H
S BARFASIE N 7E 32-bit HENA R G A 64 bits Ch TP ints)
% 96 bits (FIA™ ints 1L vptr) ; 7E 64-bit T ENA R LW DT EE S F 64~128 bits,
FA T84 7EXAE T EMLE b & 64 bits. B, K Point TRIN—A vptr 23N
R A /NE 50%~100% ! Point MR AT BEH AN —A 64-bit 73, M C++ K Point
HBEMABHHADIES (1 C©) AHHRFHAESE —FREGH (B RAES X
REHEAE vptr) , R EHAEANEARE (EEZH) KBS SRR
¥, BRIEVRIABAME votr— AN B TSI, LR ERABE M.

FE i, oA classes RIMTHERB AWK virwal, BEMNRFR TN
virmal — ¢, EBELEIRN . T2 ARNOER: HH X class B8 20— virtual K3,
7 R e FE B virtual 7R

B # class 552 virtual FF%L, ¥ “non-virtval #TH BB ” ARG AERET
FTRERT. ZMEIT, KRHE string REAEAT virtual EKE, EEREREF RS IR
& 241 base class:

class SpecialString: public std::string { //#F&E! std::stringFH

... / /non-virtual §7H) %
}i

EEMMFLE, BEUNRFRIERFERELTEEHF—A pointer-to-SpecialString

Effective C++ 7 3ChR, B8 =R
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H: ¥ —A pointer-to-string, SRIFRHEMRITBIIIEA string FaEl delete B, RIL
R TR R “AT AR [T .

SpecialString* pss = new SpecialString("Impending Doom") ;
std::string* ps;

ps = pss; //SpecialString* => std::string*

;Iéiete ps; /I ARFREXY ML *ps [ SpecialString BESMERE,
/ /B4 SpecialString Hfa R s s A
FFEM AT EH TAEAIAT virtual FTHREE class, BIEFTA STL AR/
vector, list, set, trl::unordered map (M453K 54) FE. MRF G EAE A —
M UER SR H A “HF non-virtual HTHJERE” B class, FEAFHRE! RA
F C ++ WHEIRAEA Java B £inal classes B, C# 19 sealed classes ARFERT “2E31
VRAE” Bl ) |

H %4 class #—A pure virtual #7#0 & 3, 7T REEIUCH EF] 3B 1281, pure virtual
BB EL abstract (FH) classes i BANEE B Sk 4k (instantiated) [ class.
kR, AR LA CEN S . RHNEREERTHE class, AF L
¥ {EA] pure virtual B, B4 73? 1, TR class B A B Y 1E— base class
A, 11 31T base class W% virtual AR, F BT pure virtual B¥EF
BB class, RIARTEIR 5 N R B BRI R A class 7B — > pure virtual
Wi, NN T

class AWOV { / /BWOV = "Abstract w/o Virtuals"
public:
virtual ~AWOV( ) = O; / /T pure virtual TR %L

Yi

XA class H— pure virtual ¥, FTLIE BN class, XHT'EHA virtual »
%, FIUBRAREELITIHRENEE. ROXEEFNST: RLBHEXA
pure virtual H7T#) R EERHE— M2 X:

AWOV: : ~AWOV () { } / /pure virtual H7H] B EUHI & X

TR EETE, BREEIRYE (most derived) FIFBA class HAT# iR # %
SR AR, RE RIS A base class [T R B R[S awov I derived

Effective C++91 3CHR, 55 =R
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classes HINTHIEREF g — A%t ~awov HITERBNE, B LMRLAUN XA REER Mt —
BriE Lo MR, ERFLKHBLE,

“4> base classes — virtual STHIEEE” , XA R ER T polymorphic CGif %
A4 R B Y base classes 5 . 3XFb base classes K131+ B #2247 F%“HEid base class
HE A3 derived class S8” . TimeKeeper B2 — polymorphic base class, KA

1% A AtomicClock Fl WaterClock X%, MFHATHA TimeKeeper fg4ti51m)
Bl

3#3EFTH base classes FIikH HIER A T £ EHE. FIIFFHE string Al STL
PIRESA BT base classes [/, FHIREET . HLL classes M1t B RRAE
7 base classes f£FH, HAREN T BAHR. XFER classes WK 6 ) Uncopyable
RSB input_iterator tag (5EK 47) , BEANFIEHHRIIHIR “4H base
class B4 B derived class {5 ” , FWEAIAFTFE virtual Hr4 8.

FieE
W polymorphic (HFEZAIEMA) base classes N5 B —A virtual HTHIERE. WK
class B4 fF4 virtual B3, EMFZIH A virtual FTH & H.

W Classes (R iFBRITMBANREMEN base classes FH, HARNTHREEZSN
(polymorphically) , HEA 275 B virtual HTHI R ¥

SRR 08: Blit BEEEITHIRE

Prevent exceptions from leaving destructors.

Crt FRFUATHMIREOL I 53, MERBRIER B SRR AIN. %518
A AR

class Widget {
public:

~Widget ( ) { ... } / /B g — AR
¥
void doSomething ()
{

std: :vector<Widget> v;

yo e

Effective C++H1 3ChR, S8 = /K
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Y vector v A, THITHBREATHATH widgets. B v A&+
Widgets, MEMTME—NLEBRE, HAMREHEMY . HABAA widgets BRN %
BNt (B EAUREIE R EMARAMR , Bt v MZAR &8
B, (BRI AN, B A widget ITWRBE X H R E . IEEHF
AYERBIRE, XX CH TEALT . ERANRE RN FEABRT, BFEAL
ZRPITRE SBAYHAT A . AP EEIFRAUHKITH . FRRAERFER
A HARASE (W0 1ist, set) B TR MRS (4K 54> HEZE ammay, B4R
MM RS L. 2R array JF 3B PRSI DB &M, REFTMRECLHFE, W
I A SR arrays, P HAAT RAERBUNARBITH. 28, C+ &
BT R R B e

RIRASEM, B RIRONTRELFIRIT A EE, TiRsE BEa7ER
WO Pt B, RE AT BT, BRI —A class 957 B8 B

class DBConnection {

public:
static DBConnection create(): / /XA R BOR B
// DBConnection 34
/7 KBRS S 5.
void close(); /7 REAL; RO R .

JHR % AR ICLE DBConnection ST % & LA close (), —MNABEKEZLE
)38 —A k%3 pBConnection BWYRKY class, HIEHATHMRE PR close. X—
KT HRBEEER classes 768 3 A ALK, X/LREHEREMMNTHREKH
M T

class DBConn { / /3ZA class A3 FE DBConnection X%
public:
~DBConn () / /B IREAR PR D R SO
{
db.close( );
}
private:

DBConnection db;
¥;

RE VR, B HIXFERAHE:

Effective C++1 3ChR, 5 =R
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{ //FRB—A KB (block) -
DBConn dbc (DBConnection::create()); //8. DBConnection X &H
// %&#; DBRConn S LMEEHE.
//385¢ DBConn KD
// {¥H DRConnection X% .
} //TERREEH A, DBConn X5
/7 W%, EWED
// X DBConnection X% iHH close

RERA close BT, —YI#REF. HMRXEASBER®, pBConn HTHRH

SERZRY, BREAFCEFRMTRRY. RSERRE FyRR2ANH
T3 ARG B BRRATT

PP LU S X — Bl R . DBConn MIBTHER B AT LA

B R close M RERLREF. EHELHA abort 588k
DBConn: : ~DBConn ( )
{
try { db.close(); }
catch (...) {
HMEIZEOR, 0 FH close MIARIAIM ;
std::abort( ):
}

MBARFME A “THRAEARENSE” FRERENT, “BELR
BE” RANEEETR. EREWUBEIERE MRS HE (BeREAH
WEATAH) o BRRURIAR abort FTLAMRSER “AEAMITA” TIEH.

B FTHEAA close TIRAEMFH:
DBConn: :~DBConn ( )
{
try { db.close(); }
catch (...} {
FIVEBEEACT, D FX close MIER R ;
}

—RME, BREFERNMAER, BACEST “REHNERK” HEE

- ER! RUAMESE TRERILAE “EREREF" B “THBITAHRKR

B” 8. ATUERBA—NITTE, BFOMESARERMNIT, EEYE
BHER—IERLZE.

Effective C++H1 3R, =K
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XETEERRAT ARG S FEETHERILEN “FH close WMIAE” 1)
1 SLA Y o

—ANBLAE SRS R F T U DRConn B2 1, fERCE A WL T Bl B i) LA
R %10 DBConn H CLA] BAREE—4 close ¥, RTIMFZE /" — MR LLALE
“BRZERETT R AR R o DBConn AT PUBERH T B2 DBConnection &2
Pk, HESRATOER T EETRREOA . XA L3RR BE .
SRR DBConnection HTHI R AR close KM, BATTCHEIRME “SRiB L5 RIET”
®OBFTRE” KK

class DBConn {
public:

void close( ) J I P AR
{ db.close( );
closed = true;
1DBConn()
{ if ('closed) {

try { //RMER: (WRE AR LMEE
db.close( );
}
catch (...) { / /BSRSC B R R,
ik, T AT close MM . // ERTRHEGRERF

B
... /! BETRE.
}
}
private:
DBConnection db;
bool closed;
}:

A close MITTEM DBConn #7498 ¥ F 3 3| pDBConn & ' F_L ({H DBConn
WA —A “SURK” @D fTRSHHR “BRERBEB A" KR,
REZTEA I EER &K 18 FiiEls GHEORGHEHMFAD . Lhr HIXPIIN
BRI, WRENMRETTRA KRB RE, T XFEEMNTELMLEHE
HRE, BAXANFE LIk AT RS LA EA RS RoATTH RS 75
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48 2 MBATRREER

MK, Bawk ERERER” R CRERFHTH” FIRE. AFERK
2, MEFACHEA close HFALKMAIHR GUH, TR MAT— LB R KM
£, BHUMBIBHLEWER., MRAANIANAXMRTH (EFMIBEASAH
REH) , TLAZE, #8 DeConn MR A close. MEEEHRRE—
WH close HIREHE H 5% —ii B DBConn 7 T %5 H B WIRSF, R/ BA LG
%%, HREMITEENSE - FLAERE, oIS ET .

HictE

B TR AN R R T RO AR R T R R, AT
HWRBE N IZBREM TR, REFTEN (M%) REREF.

W R BN AN R AR R HOEA T M B R UE R, A class YR
A HE R COIEERTAR S AT ZERE.

E 09: BREMDSHITAATIZEPEA virtual BREL

Never call virtual functions during construction or destruction.

FEFTFFHENRBELREABE S IR ZENE R HAITH REOAFERA virtual
R, EAXEEREARSHERGTENER, REERERERY. WRIRFRK
R —47 Java B8 C# FEF R, WEMERALK, BAKE CH SEMAERN—
AT .

BRRE A class BAKR, FIREER TR S WML LHKTTHREE, X
BB —EELETHET, USSR IREMER, EFIFHE (auditlog) $
FEAE-EFELLR. THE MEEREY A ERMBE:

class Transaction { //BTB%E 5 %) base class
public:

Transaction{( };

virtual void logTransaction() const = 0; 7/t R R T AN
//HIHEEFE (ogentry)

Effective C++1 UK, 35 =R
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Transaction: : Transaction () / /vase class ¥IXER¥ SR
{
" logTransaction () ; /1B EIMERELXERS

}
class BuyTransaction: public Transaction { / /derived class
public:

virtual void logTransaction() const; /e Qog) HEIRES
}:
class SellTransaction: public Transaction { / /derived class
public:

virtual void logTransaction() const; /738 (log) BLEIZE S

WAE, HLUFRTHHAT, |SREMAAFH:
BuyTransaction b;

T LA — A BuyTransaction MR AR, BE % Transaction M
R — ESFE AR 21, derived class X 8 M ] base class B/ & 7E derived class
BB S ET e fiEZ 5. Transaction MIEREMEE —ITIAA virual R
¥ logTransaction, XIERESIEWAKER. XFEH AR logTransaction &
Transaction PIIARAS, A& BuyTransaction K HIRRA——BRE H A BIR 8 7 Xt
% KRR BuyTransaction. MY, base class W HAE] virtual REEARS TS
derived classes i /= . BRMTARZAHIR, SBRHKEARBHIE base BB —F. JEEKK
TIRBF LU A PH: 7E base class #JIEHAME], virtual AR virtual REL.

X—UPREENATAENGFESE. HT base class HWERBHHITER T
derived class 91 PR H, 24 base class {1 FREIMATES derived class KR A 2 & KA
Tk . G0 SR A B A B virtual R3NP E derived classes T2, ELANIE derived class
B R B LF AR local J AR B, AR AR B W ARV . XH 2 — KT
ANRBATARYEERAKRSBNERERE. “ERFRAXN RN RIBA RS
REAERIARLZIE, o RibfRGEX KR,

HELaH PR B A TFRARRE: 7E derived class X5 [ base class ¥ #A],

Effective C++ SChR, 38 =R
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T 2R AL base class A derived classe AR virtual RSB HRIFHEMTR

(resolve to) base class, E#HiZfTHIZKAEE R (runtime type information, 40
dynamic _cast (ML43K 27) #l typeid) , ISR IA base class KA, .~
B, ¥4 Transaction FXERREIEATE RITHAIMH “BuyTransaction MR AH]
base class f4r” I, EABRAKE R Transaction. BEF—A C++ KA (B4
1) PR, MHXPEMMAREEN. XAMMERNM “BuyTransaction ¥ &M
MR BRI EE A, FTLLERTEA], B 2R ENIAFELE . X R 7E derived class
Fx R BT IR BAT T AR 2 B —A derived class S5 .

A B33 PR S F T M B $ . — B. derived class Mt BT LAAT, HWRAH
derived class B RS BAF LILAR & H, FTUL Cr+ el MihAMAETE. BEA base
class H IR BUS M B3t B — A base class X%, T C++ RMLATER - RFE virtual B
#(. dynamic casts HHMBMABLERFE.

7 FIRRHIF, Transaction MR EEIAH 4 virtual RE, XIREHET
HASERERALRK. hTERESHELR, FURERS IR —NESE
FR GLERNE, BAEK S HELERNFR) . MERFXANES, X1 HE
ZEHATRTHELVEE 2T B BMSH N, HA logTransaction MHFE Transaction
PRA pure virtual. BRIFEHEN (ARHAE, BEFTHE, WK 3D SR
F?%df@%r @ﬁﬁ%%&?ﬁX@JﬂZ‘%ﬂﬁ Transaction:: logTransaction ifﬂ’fﬁﬁgo

{BRAUIN i 3s R BER AT MR S AT I R A virtual BB AR BRI
M. R Transaction HEAMEEE, SNMHFRITHREHRTE, Balbh
ﬁ@ﬁﬁ%*¢%%1ﬁ¥zﬁﬂﬁ@m@ﬁﬁ%ﬁﬂ(ﬁ*@;%ﬁ logTransaction H‘Jlﬁi
D B — A YIR R BN init K-

class Transaction {
public:
Transaction( ) )
{ init( ); } / /AR non-virtual...
virtual veoid logTransaction() const = 0;
pri\.ra-lée:
void init ()

{

logTransaction () ; /73X BiFA viral!

Effective C++ 9 3ChR, 38 =R
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KBRS S LRI R ARAAEE, B R ERIT B R AR, BAEEEAN
LB RAT R iR SS FE R IR . WIN BT logTransaction #& Transaction W
Bj— pure virtual BR%1, ¥4 pure virtual B, KEPITRESDILRERF GE
HahEgERmEE—NMEE) . KRR logTransaction AN EFK (@2
impure) virtual FREHAE Transaction WHHE LR, HRAHSHIRA,
TR RE A X R R AR SE (TR AT, B8 F AR T BBk -4 B 3L — A derived class
St SAREIREAR logTransaction. ME— BB BE G I o] BT AR & B
PREHIIE SR BCFOATH R BRI R (TEX S G M S R 1A virtual BR%L,
TS ATV A BT A R BB AR R — 20K .

(EARINATLR IR —4 Transaction ZAMAE R LA EWEIE, MSHFEXUR
A logTransaction #iIHFINE? RESR, 7E Transaction M KB (s)PIXTEIT R
WA virtual FRHOR —FrEHR S .

KA TRTUMBRXA B, — M #% R class Transaction W ¥
logTransaction BTN non-virtual, #RJ5ESR derived class ¥ iR EfE b B
R4 Transaction WG HRE, MEBRMPWIE R HE T Z2H WA non-virtual
logTransaction. BIXFE:

class Transaction {
public:

explicit Transaction{const std::strings& logInfo);
void logTransaction(const std::string& logInfo) const; //MA-BA

/ /non-virtual PR %L

i
Transaction::Transaction (const std::string& logInfo)
{

logTransaction (logInfo) ; / /A A

/ /non-virtual i Fd

}
class BuyTransaction: public Transaction {
public:

BuyTransaction( parameters)

: Transaction({createlogString{ parameters )) / /% log ER

{ ...} / /454 base class HIE R EL

private:

static std::string createlogString( parameters );

}i

Effective C++91 3UhR, 38 = IR
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A B FARTEEAE A virtual BREM base classes [/ T iEF, ZEMERE, 7R
T LI H “4 derived classes W N ERHIEE S M L4EE E base class H&ERH” &
e 2 TR 0 LA SR ER .

HEEAHIZ BuyTransaction KW private static %l createLogString H1iZ
M. 28, LEEMAYES (member initialization list) PI%5 T base class i TE 538,
F) F 4 Bh ek B B B — B 545 base class MIEREFE LR 7 (W) . 4
HERBCH static, MEMATTREEIMER “WHAKR B BuyTransaction X W WK
VIR R ER” . XREE, EERY “RERATELTREXRE” ,
PL “7E base class 438 HIT#4 3 (8] 8 FH 8 virtual BRECAT] TR derived classes” ©
Hic(E

0 FERERIATH AR AZEA virtual BREL  PUOVIXE A M TS derived class
CHGHES = AT HAT A 385 B BOAT M BRI D

F10: % operator= IRE—T" reference to *this
Have assignment operators return a reference to *this.

RTWE, A@KRERT U ENSSaES -

int x, y, z;

®x=y=2z=15; / IREEHER
BAEABNE, BERALEEE, U DR ESBERENTA:
x = (y = (z =15));

XH 15 BHRES 2, RIEHER (EFREM 2 BHERHES v, RAEHER (B
BER y) BEIRES .

AT SEW “EMRE” , BEBRERFUBIUREI—A reference 18 7 BEVERF R 22
5. KRN classes SEILRAE B RF At RLZ S B U

class Widget {
public:

Effective C++ 9 3R, BB =K
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Widgets operator=(const Widget& rhs) / FIR[BIZEEL A reference,
{ /7 B HETS.
return* this; / /IR (%6 5

}i
AR SGER T U LR REER, @R TAEREMSESE, Hlu:

class Widget {

public:
Widget& operator+=(const Widgets rhs) /1 ENBGERTF
{ // +=,—=, *=I %%"
return *this;
}
Widgets operator=(int rhs) //DCRRERIE A, B
{ /7 SRAERF SRR

e /! AFEE.
return *this;
}:

ER, EHREMMY FERBEEME. mRAEEE, AEHTEIHRE. R
ﬁ'ﬁﬂ'ﬁj\m@(ﬁ@?:ﬁwE?@ﬂ%ﬂﬁﬁﬁﬁﬁﬁﬁ%ﬁm%ﬂﬁﬂ string, vector, complex,
trl::shared ptr BREIARALHIRR (&K 54) HFEHT. FEEBRIEFRE — MR
FOLREIFE S, ARIEREAE.

RicE

m SWR{E Cassignment) ¥AVETFIR[E—A reference to *this.

R 11: £ operator= PAE “BERME"
Handle assignment to self in operator=.
“HRME” REENSERES 5O

class Widget { ... };
Widget w;

. /R E T
KERKREERE BUAE FUREAEE SRS AM, HANRES)

Effective C++H13ChR, 58 =R
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PEFHA BRI 2 AT 5 —ER PR AR, Fl4m.

alil = aljl; //ETER B RIR(E
WR i AMHENE, ZEENMERBE. BE:
*pxX = *py; /7 HEER BRI

WR px A py 1B TGFE M E)— AP, XBEBRBRE. XEHAHEMN ARR
8, =2 “WE” C(aliasing) WHRMGER: i “Ha” e “B—A Uik
OGEY) X% . —BW s R EBAEEAE pointers BY, references T &1 145
k “HEMENHRBBPNER” , RFHEXENEEENR—A. L LA
FHEXBR—MHAGR, CMEZATSEHAAHRRBMATGER “AE” ,
Kl —" base class [ reference 5K, pointer 1] LA#5 5 —> derived class X%

class Base { ... }:

class Derived: public Base { ... };

void doSomething (const Bases rb, //to FMxpd B A fEH LR F—X %
Derived* pd);

MRS 13 LK 14 RS, RESBAXNEREHRRIE, THERTAH
EFTE “BIREBENBR” 1 copy KAERE EMHRAIEH . XF S TR EEER
iR “HEBELEN”  (self-assignment-safe) , NTFEBSME L. R URM
ZRETEERE (WREITEES — N FREEER class BiAXFEMD . TTHES
st “TEAE IR BIERZ RTRSMVER T B Wbt BBRIREN—A class B Sk{R7F
—AEEHR I — RIS ELHIALE (bitmap) -

class Bitmap { ... };
class Widget {
pri\;a;t;e:
Bitmap* pb; /7385, $ERE— M heap HECIIEHIN S
}i
T operator= SCBUAT, #E FEEKAME, {6 ERGE NN IR %S
CEHARERE R, BRIMHEEATHERANEE) .
Widgets&

Widget::operator=(const Widget& rhs) //—{#FA%4 M operator= SLIMRRA.
{

delete pb; /715 I F 24801 bitmap,
pb = new Bitmap (*rhs.pb): / /1 H] rhs’s bitmap HIEIA (B4 .
return *this; // WEK 10,

Effective C++7 3CHR, 8 = iR
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XHEK BEME R, operator= REMWM *this (RERIH K A rhs
AAREER MR REWM delete BEASUZBIB LRTN R M bitmap, B H
ths ) bitmap. FEREKRE, widget—BRENZY HBRBENEREH—F
PLH SEAE MRS S DR RIS

BRBH IEIXFREE R, (EEMEER#E R operator=RTH H— “IERAA (dentity
test) 7 X% “BRWE” WK HK:
Widgets& Widget::operator=(const Widgeté& rhs)
{
if (this == &rhs) return *this; / /AEFIPNR Cidentity test) -

/B ERIRE, HAMERE,
delete pb;

pb = new Bitmap (*rhs.pb);
return *this;

XFEATARE. MEREEHET, B operator= MIARE “ BRWEELR
27, MARE “BEReN” . XNMFRANAFEERT ITHKMR . HEHH
Hiiit, R "new Bitmap™ FBRFE (R EFAFEN AFEALEEN Bitnap #]
copy HIERBPIH D , widget BEASTH —MREHE M —HRBMBR Y Bitmap.
XHEREH A E. ROETEBBREN, EEREZEHEREN. w—ieX e
I R EERA B2 HIREER IR DRI

A ANEXHE, ik operator= A& “REXeM” AEEIRE “ARRER
2”7 fEHR. HESRkAL AR “ARBE” NAESERMNALE E, BEN
BAESEIL “BE XM (exception safety) . 43k 29 IREIRIT T BH L2,
EERABRER “UE2HE-FFOTHEURTUSHRER S (UEBER
BMERE) KRE” , XRET. Sl TR, BINRFEREES pb fiiEARA
Z Hi HI B pb:

Widget& Widget: :operator=(const Widget& rhs)
{

Bitmap* pOrig = pb; / /EAERSER) pb
pb = new Bitmap (*rhs.pb); /14 pb fEM *pb M—AEMH (B4
delete pOrig; / /IR IF SRR pb

return *this;

Effective C++1 3R, 35 = /R



56 2 HMEAT IR EIE E

BE, W "newBitmap" P FH, pb (KHMH KT Widget) TREFERIR.
B B E IR (identity test) , JXBAUEDIE R REME AL T B R, TR RAIN R
bitmap # T —3 2. MEXIR bitmap. ARG AFHEREMBNEMT. CRFARL
HCARBE” MR, HETHEE.

WARMRIRRORE, ATBHE “UERRR”  (identity test) FFRAE R HR LA .
R AsERIN A S, R “BREE” WREMEFLE? FAXTN
HUEFERE, EERETR L (OERGEHE D FSA—AFKEs
Ui (control flow) 4332, TP # &R ex FEIEANITIEE . Prefetching. caching 1 pipelining
RS RBCEHSE R,

T operator=R N F THAER (FRFREANME “REEL” MH “HRMEME
7)) B—ABRNRE, FHIEN copy and swap HR. EXAERM “ B
e HEVIRER, FBll4&RK 29 #AHHE. Kb TR — % RS T
operator= BEINE, FrLMEREE LLHFEBIMI AR

class Widget {

void swap (Widgets& rhs); / /R Hxtnis M rhs HEEE: AR 29

}i

Widget& Widget::operator=(const Widgets& rhs)

{
Widget temp (rhs); // A rhs BURFIE - EH (B4
swap (temp) ; / /%*this BN LA S HREHER .

return *this;

EAFBEF—ABRMIIFFALTEL: (1) 5 class i copy assignment B
FEVTBEREE A “ LA by value T NBERSES” 5 (2) A by value T A B RIS &R
— i E /A (LK 20 .

Widgets Widget::operator=(Widget rhs) //rhs B#EENSH—HEMHE (B1F)

{ / ERGX B R pass by value.
swap (rhs) ; / /¥ ehis MBUEME 48| X REEET ¥

return *this;

Effective C++ "1 3ChR, 8 = iR
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BN EIXAMEE, RINAE N T RHITW KBNS TEWE. &
¥ “copying ShYE” MEEEIAAABE “RESHEIEMBR” 0S4 iFHE A
A SRR,

#Hic{E
B SR A RIBERN operator= H RIFTH. HPHEABRIELE REXR”
Fo“HARWNE” Wikt B0 B RRNERRF. L& copy-and-swap.

m MR R R — U LR R, WP INREF AN RN, AT
RATHR IEH o

EM12: EFINBEHIRETS—TARD

Copy all parts of an object.

B RIFZERNBR RS (O0-systems) &KX RFAAHHFEER, JHEHD
R AT SRE N (EE), BERWE SV LFRN copy ¥XEREFD copy assignment
BEVERE, BRIREATA copying AL 43K 5 MER B 4 1% 23 20 LB RHE D B AT classes
BIEE copying BREL, FiHBRIXLE “GRIERABIR” WITH: BEENROAERAE
BEMM— N

WRAREE B B O copying R, BEBE &R IFB[IRIFDERGR A LR
FKEATH . mFERHGHBHEBLRMN, SU—FFRNTTREE: BRI EBAUIIL
F R W B T VRR

A class AiIRFIEE, HPF L5 H (MIEHRIFSEIE) copying B #,
{EES R ENIRASEEL (logged) TkK:
void logCall (const std::string& funcName); / /EE—A log entry

class Customer {
public:

Customer (const Customeré& rhs);

Customer& operator={(const Customer& rhs);
private:

std::string name;

}i

Effective C++9 3R, 8 =K
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Customer: :Customer (const Customer& rhs)
: name (rhs.name) / /8% rhs FIEHE
{
logCall ("Customer copy constructor");

}

Customers Customer::operator=(const Customer& rhs)
{

logCall ("Customer copy assignment coperator”);

name = rhs.name; / /&l rhs WIHEE
return *this; 7/ M&ZK 10

XE WS- GEEEERMIEL, MK Lt ERsmsy, 5254
AR AL

class Date { ... }; // B4
class Customer {
public:

B / /T
private:

std::string name;
Date lastTransaction;
}i
IXBHEBER I copying BRBHT IR JR#HE UL (partial copy) : EAIIMBE ST

B K name, {HEA BHIFRMM lastTransaction. KHE G FARIT LA AEAT
BE RIEEREESHRIF (ML S3) . XEHFES “IRA 5 H copying
R BIEMATA: BRRRIEATITARSH copying RE, WMRREIAREA TS,
BB ARERR. Ei0BRBEE: RMRH class HI— T AT E, ROFFRIRGHK
copying ¥, (REFTEBI class MATHAERE (LK 4 %K 45) URAE
fTEARHEFE K operator= (%K 10 HAGIF) « WREEIE, HMIFHJAKTHER
AR D

—BRAMK, ARSI RS P R ER N EENL. REE:

class PriorityCustomer: public Customer { //—4 derived class
public:

PriorityCustomer (const PriorityCustomeré& rhs);

PriorityCustomer& operator=(const PriorityCustomer& rhs);
private:

int priority:;

}i

Effective C++ 3L/, S8 = /R
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PriorityCustomer: :PriorityCustomer (const PriorityCustomers& rhs)
! priority(rhs.priority)
{
logCall ("PriorityCustomer copy constructor") ;

}

PriorityCustomers
PriorityCustomer: :operator=(const PriorityCustomers& rhs)
{
logCall ("PriorityCustomer copy assignment operator");
priority = rhs.priority;
return *this;

PriorityCustomer HJ copying R¥EERIFE R H T PriorityCustomer K (K4S
—HERV, BREFEE K. =i, ENIEHT PriorityCustomer 5 B [ pl G A5 &,
{HEgA PriorityCustomer ¥ W& B Fr 847k ) Customer BRATEEH (BIA) , m
ASLERL R B HI R H . PriorityCustomer copy ¥IE MBI B E e e LB
3 base class MG ST (kR VIS 7EE MR A IES] (member initialization list) H
BHRE customer) , FEIH; PriorityCustomer X &K Customer WA EHA LS
2 Customer MI¥s e ¥ (ED default ﬁ]nﬁ@ﬁ—%iﬁ~’n‘%ﬁﬂﬂ3&/ﬁ:—ﬁﬂzﬁ&) %]
Ut default ¥y iR BK 4L 3 name A1 lastTransaction AT B8 VI E 1 3h e,

PLESATE PriorityCustomer copy assignment Bk 8 + H B4 A .
BEAY BB base class KIS RS E, B L AR 2 1% 53 BB BRI ANES

TR R BEVRAIBE “K derived class BE copying REL” FIEFRKAE, Wi
RN 5 I E base class 055, BSR4 404 AL private (JL43K 22) , BrURE
EHEEVIHEN], #RB %Lk derived class [f] copying B %0 FA AR I ¥ base class F%K:

PriorityCustomer: :PriorityCustomer (const PriorityCustomers& rhs)
: Customer (rhs), / /R base class [ copy Vit R
priority(rhs.priority)
{
logCall ("PriorityCustomer copy constructor");
}

PriorityCustomers&

PriorityCustomer: :opérator= (const PriorityCustomers& rhs)

{
logCall ("PriorityCustomer copy assignment operator");
Customer: :operator=(rhs) ; / / %} base class B4 AT RAE BN
priority = rhs.priority;
return *this;

Effective C++H1 3UR, S8 = iR
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FEFRBEHFIRA“EHE DS "RENKBERET .. YR RE — copying
SR¥, WHE (1) EHIFTE local KAXE, (2) WHPTH base classes PIIE X1
copying BB % .

KB copying BRI BAELEF T R I SKOLAtK, X ] e o PR A AR Lk 3R ok B0
AR — R BRRISES. XEREIERERSEAERSRE, RS copying
BRHUA 55— copying REE L ALARIE BIVRABE K B AR

4 copy assignment BVEFF AR copy WG RRBRASER, FAXRG R EME
—ABAFENNE . XEFMRRE, NETRARGHEXEE. B LEM
WRFT B REYE, BELAR; BNHELREERERAEMRT B, BElEEeEE
T ESERARIITRBOR, FUBRAT KB ERRNAIRE. PAERIXA
BURIE: R4 copy assignment BAETH R copy V&R HL.

R T M—2 copy x5 R %A copy assignment B{ERT—RIBE LR X . #iE
R FSRAIGH N B, T assignment 3465 LT F EVIALt % 8 b xt—A
MR EL X B IRE, RBRE— D ERVIGLRXT RS B8 “ st Edbibxt s
AHEX” WE—F. B! H3Rk.

R R IRR copy a3 REF copy assignment B ERF A ML H/LHE, R E
HEREMMIER, B — TR RRBEHEE R XN REAER private T
HEHMBN init. XN ULEWHE copy IER B copy assignment T1E
FZ BB ES.

e
®  Copying RENZHARE S “SIRNBAERRATR” & “FH base class 7" .

» REZELUFEA copying RBEIL TS —A copying BB ¥ NZK 3L FLEERUSHFE =
NEE, HHPEA coping REGERIEA.

Effective C++ " 3CRE, 85 =K
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-~ \Em =
HIEEIER

Resource Management

FHERERE, —BRTE, MRUIES RS, MBRXEE, MRS
L, C+ FEFF R M YRR RS A A LA TE LR ARSI 4 77 5 MR A
MIEE, SSBAFRE) » HNERERLIEBEORS REL . LMER
H %R R R R 28 (file descriptors) « FLF# (mutex locks) - EEFAE T
M RATER] . SRR, LR sockets, MMl —FhgtyE, EEMR, B4R
REMERSH, BRGEEARS.

LR AR THAHEU LIS, BHEERNSE, BURBEIFH.
HHN % EEMEERE. PR A SRR AR AR 2 TR K, &%
FMAB T WEEFHNSHRTBIEA R, EH .

AE-FHE—ABETAEBERET NS (object-based) HIBIFEEIE, &
SEFE C+ W RE. HHERE. copying REHIER L. 2K ExR, KdVIgE
FESRIXEEE, FTUL PR REE RN M. RS AT LEREETIRR A
MAFEE. X E BAERTFH T oM —RUKKNAL, BNEEAF
B R AN oF B 0 R A3 a0 A 3 24 T LE At T A

ER13: DINREBHRIER

Use objects to manage resources.

BERBRIMEB—ABAREEREITHN (PIMRE. RESS) NEFE, K
BRAZRERB B RAI A H— root class Investment::

class Investment { ... }; /7 R RY” BARER PR root class

Effective C++9 IR, B =R
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BB, XMEFEREN AT ®¥ (factory function, WK 7) L
T1HE4% 2R Investment XTH:

Investment* createInvestment (); //R[EFEE, 38H Investment kAL RN
/IS ENE. BEEEREMERE.
/ /XA T it ZBAESH.
—l EVEBEFTS, createlnvestment FIA R T RBURBIN RS,
MG . RELEEAD £ REBIT TR 3HE:

void f( )

{
Investment* pInv = createInvestment( ); //AH] factory EREK
delete pInv; / /B pInv FTEXTHR

}

XERKEZY, EHETHERT £ TaLZEMBREH A createInvestment K
BEXTS BYFRE . KIRA RN R E return i8] W RIXFE— return
AT K, BEHEME RS K delete BA . R LUF I K L X
createInvestment KI{FF K& delete BHERL TEMBEHN, T AMEH B THEA
continue B, goto iEAJITHIEH. BiE—MAEeER . RKIEBEANEGHRE,
I HIFEERALER delete. Lif delete UNfAHEGT 5, TANMRH
RN ESHENRIRRATE, TRFEI R R AR LA IR

MR, EEIEHG SRR AR 1EIX— 2R, ERLAUEAE, ETTRESTE
g R e SR . — HREFFRER gD, TREFREARIN return
A)E continue FEHJT A AEAIRBE X B VRS EARGE RS R . AN
Bl BKETERER A “SEARRURHE, MER B ZEFE
Maty” Kk FHLRAEER “ £ BRRXPITH delete IBA” RITAEM.

AR createInvestment IR [ ) B IR R R ORI BATI TR B TR YRR B
W, SEEIRETT £, RN RS BB, Lh EXERRS
TALZRY G ENME: BRFEBEEN RN, RIMETEB C++ K “HriE
EShEANE” BB EERR. (MEHRSEUEE. D

Effective C++H1 3L/, 38 =K
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WERFEHHAESET heap WG HAT R R REREH N . ENNZERS
T B8 FF AR DX PRl bR A B R T . AR UERR SRR auto_ptr EREXTIXFHE
R REEHIF= M. auto ptr &4 “HK45%t (pointer-like) XfR” , HgRHTIH
“RGIRE” . HFTHMRBE AN HHARENERIEA delete. FHIRTEW{FATEH
auto ptr BAMES £ B B0 1E 1 PR R MR T Rt
void f£( )
{

std::auto ptr<Investment> plnv(createlnvestment( ));

/7 AF factory BRI%k
et //—IAEHAER pIny
} / /%M auto_ptr FNTHIEE B3R pInv

AR BB F R “ AN RE B PR KR KRR

B RESAERSZ M HEE N KR (managing object) W . L LARHE &
createInvestment JR[F| [ FIEM UM EHEE auto ptr FHFIME. Efs L “LL
MHEERRIR” ST « RIEBRRPLERWIBALHL”  (Resource
Acquisition Is Initialization; RAI) , FABAULFRRERE - ERERETHE—
BEBRALLEVIHARENEENR . HEERANRERERRE GdRahi)
EANEENE, BARE Rk, 55 B UHE 7 IR I R A S 203 ot
B R H,

B FE R (managing object) E AT HWEBEBHRBARERM. NitEHlRuH
FRHR, —BEXNSEEHER Bl EAERE HITMRR AR 83
WH, TREREHBR. mEREEENETRSERLRE, FIHELEER
BT, B&RK 8 CARBMIXANTHE, FIUXBRIMNMBEAZELT.

BT auto ptr #HBRN < HIMBREHFTIEZY, FU—gBEEHNiLEA
auto ptr [FEIEFERIFE—X %, WRIEME, SRSBMBR KU b, IBAE
PREFEFH g “REXATH” BRETE L. B THHXAHE, auto ptrs
BRI ERER: 38 copy MG R EEK copy assignment BAIETFEHITAT,
TSR null, TS HIFTR e KBTS R A ME—F A

Effective C++1 LA, 55 =R



std::auto ptr<Investment>
pInvl (createInvestment ( )); //pInvl #§H
// createlnvestment iR [E14.
std::auto_ptr<Investment> plInv2 (pInvl); / /B pInv2 R MR,
// pInvl A null.
pInvl = pInv2; //BE pInvl $EIANTE,
// pInv2 ¥ null
R—WROERITH, EmEEERM: “2 auto prrs WEKRIEGHAA
MBHE MU EH auto prr FIBHERE” , &b auto ptrs I HENASERE
FFHFERIR . 2AEIF, STL ABERITERE “ERN” SHTh, Fix
LRABBEARE auto_ptr.

auto_ptr B A 5| F o S8 341 ( reference-counting smart pointer;
RCSP) . ATif RCSP th &M feftt, RESLiBiiit £ X RIgm e wIE, 34
EXNTBREN QMR X . RCSPs 324 947 % L5 3% [ ik ( garbage
collection) , N[EHIRZ RCSPs LIEITHIFIRTIA (cycles of references, HIH 4
HECABRBHEAMSEM TR, RfRELE “WHEE” kA .

TR1.HJ trl::shared ptr (M4&#K 54) BE4 RCSP, FrUMRAT LUK A £

void f£( )
{

Sty ccroharad pry e Tess s s
pInv(createInvestment( )); / /I factory i %5
- / /1 pInv —nbIEE.
} / /%W shared ptr HTHIEH E MR pIny
EXBABERKILFHEA auto ptr MIABEAAR, {H shared | ptrs &
BATHERST.

void f( )

{
vtdirtrlrshared ptry<Investment>
pInvl (createInvestment ( )); //pInvl ¥g[A]

//createInvestment iR[F4).

sradistrl:rshared ptr<Investment>
pInv2 (pInvl); //pInvl Ml pInv2 I M E—H 4.
pInvl = pInv2; /AL, AT

} //pInvl fl pInv2 BRE5ER,

/ PENTFTRIIRT SR H 3%,

Effective C++ SChR, 3 = AR
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BT trl::shared ptrs MIEHITH “—WHM" , EATTHM T STL AR
R FAR “auto_ptr ZARIERBHITAIAGEH” B L.

RE, JHRET, AREFIFAEITEI auto_ptr, trl::shared ptr B
A RS, MHRREBRE “UXNREHEEW” MEZEM, auto ptr M
trl::shared ptr HAMZERRHT . WIRAESNIE trl:shared ptr WEEFR,
TEE KK 14, 18 1 54,

auto_ptr I trl::shared ptr P E HME KT W R B A M delete AR
delete[131E (43K 16 X H MAFALERAE) . ERESNE 2T array
&g kA auto_ptrﬁ}i trl::shared ptr EMETE. REm, WIKE, B4
AT et 4 1%
std::auto_ptr<std::string> //BERY SR EEERM
aps (new std::string[10]); // delete FEX.
std::trl::shared ptr<int> spi(new int[1024)); //#FE)&.

WERFR TR, HBERHEX “C++ ZhaEmEBA” Mt r2m
auto_ptr BX trl::shared ptr ABFEMZARTE, H & TRI FHERE. MLEKA vector
I string JLF B AT LUBAR B S RIS H0MAL . 0 AR A A £ 3 B
Mt &l auto_ptr Al trl::shared ptr HFEH] classes E4f, &HE Boost I (I,
3 55) . EWMILKREBEXNHBEI boost: :scoped array F boost::
shared array classes, ‘BJERRRBIRENITH.

AGFEEU, WRETEFIRBRE BAEH delete IR —M5
YRE B, resource-managing class) , AH RAEFEHR, BEREANEESHEAED
auto ptr fl trl: :shared ptr T LR AR B R A KBS, (HRNRMRHT
fEFA BRI HATX LT classes Toik 235 B B K o BE SR Q1 bk 75 2K T 7 AR
HORBEEEE, MANRIEFEEAE, BRHEAETHREESERMS . A
HRIEAR T %K 14 R4 15 MR

Effective C++H1 SChR, B = kK
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fEhBEEE, BUBIEH, createInvestment REIH) “KiNTHg4t” (raw
pointer) & EL2X BHEMIFIK — M IET-#Ey, EAEABERS EXMEH S EKL
VAH delete. (BMEMLA14E auto ptr B trl: :shared ptr RWAT delete, fth
fITE 5E UIHERH¥ createInvestment BB B TR ae e s X %M. ) 5
BB, HAFEX createInvestment BT OB, RLK 18 WXL,

BHicE

B Y5 EBHIRMR, TEEH RAILXTR, EN17EH % R B P RS 5 I T B 8
R

B PIANEBAE M RAIL classes 435/ trl::shared ptrfll auto ptr. BUE B

RBAELRE, FAH copy 1T AHBEM. HERF auto_ptr, HEIEHES S (B
HiHP 61 null.

FR14: EHRBFEEEED/INM copying TR

Think carefully about copying behavior in resource-managing classes.

FR 13 AR BRI R HUE R VAL HL ”(Resource Acquisition
Is Initialization; RAID , FFUAMMEN “BHEEREE” MFE, B#RET auto ptr
F trl::shared ptr MAHEXANWE KA heap-based BIE . MRFIFIEFE R
JFHR L heap-based, XHFEIRM S, 1R auto ptr M trl::shared ptr XFEHE
BEtREr A E S E N BRIEEEE (resource handlers) » BESROLL, & A BefR 4R
SR, REEBELHCHBRFREHERL,

B, BEERIEH C API BEABHEA A Mutex WHFRIE (mutex

objects) , 3tFH lock Ml unlock HH R AT A
void lock (Mutex* pm); / /BAE pm BiTR I E 2%,
void unlock (Mutex* pm) ; / /R R BRI BIE.

A RERASSIEE —PDESER Mutex B8, RATRESFBHEEST A class
FIREEHB . IXFER class FIFEAR LM RATL SFIUEAD, AR “ By
[RIERAE, FEATRIRIRIRRR - B

class Lock {
public:

explicit Lock (Mutex* pm)
: mutexPtr (pm)

{ lock(mutexPtr); } / /RIS

Effective C++H 3CRR, 3 =R
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~Lock () { unlock (mutexPtr); } 7 /B IR
private:
Mutex *mutexPtr;

Yz
2% Lock MAERF& RATL TR
Mutex m; 7/ ENXARFENE 738

{ /78— MNXBRAIRE X critical section.
Lock mi(sm); //BEESRES.

- / /BT critical section P FIHEAE.
} JITER SRR, BRI FREUE.

RIREF, BUMR ock MRB R, SREMFLFH?

Lock mll (&m) ; //BH5E m
Lock ml2(mll); /% mll HEP mi2 & E, XEREMHAE?
KRERENS R E ST . B — L E R 4 RAII class fE& —
EEEMMITH: “M¥— RAI MEEEH, SREMNTLAH? 7 RBHHFEHFREE
BT PR BE:

m BIEEH BRI RAI SRR G H A B S —MME Lock IXAEH class
XEETEK, EAROS BT “RBAEMEY”  (synchronization
primitives) &M (BIA) . WREHBEXT RAI class A, VREMN %%k
1EZ. 43K 6 HIFIREBAM: ¥ copying BAIEFEWIN private. It Lock Il & Al
KARAIXFE:

class Lock: private Uncopyable { /BB &K 6.
public:
/ /OET

Y
m NEEHREFESH “SIAECE” (reference-count) . HIMERNFERE BT,

HEERERE —MEAE GEXNS) gHB. XMEL T ES RAI X RAE, M
ZA IR “HEE B B, tri::shared ptr {ER Wk,

BHEHRENE— trl::shared ptr R AR E, RAII classes {8 A] LI
reference-counting copying 17 4. MR ATIR K] Lock T B A# A reference counting,
B A A mutexptr R, B M Mutex* UK trl::shared ptr<Mutex>.
SRIMIRAZE trl: i shared ptrHIBREAT N RS U5 FRECH 0 WHMBRIL T,
MARBAFTERATH . BARATAHE—A Mutex, RAIVBEBMREIEENFERE

Effective C++91 3ChR, 5 = hR
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R T R A RS -

SEIEME trl::shared ptr AFHEEFTIER “MERES” (deleter) , AR
— AR EHTER (function object) , X475 |FHWKECH 0 INEHAA (BLHLEE
H AT auto ptr——E BB HIBHMER) - MERISXT trl::shared ptr
HMIERBMERETEMEZSH, U RIBEERGXH:

class Lock {

public:
explicit Lock (Mutex* pm) 7 /PR Mutex ¥IHE shared ptr
: mutexPtr(pm, unlock) // FFLLunlock BB MIERES.
{
lock (mutexPtr get ()i //5%FK 15 %] "get"
}
private:
std::trl::shared ptr<Mutex> mutexPtr; / /%M shared ptr
}i / /%4 raw pointer

HER, FBIF Lock class AEFATMEE. BARELE. FK 56
it class B #4) B F0 T8 = G 2284 BN, A 7 B E I9)4x B 378 A 2L non-static
RAAER (AP mutexptr) MIHTHEM. T mutexptr MHTAIR ML/
BERIS R ECH O R B30 trl: :shared ptr RS (AHIK unlock) .

CHURBEEIXA class MRIHR, RFSBEHE DA FIEBERE: KHAEAE
T, RS T REFERERMIREIT . O

SHRBEE. Ak, RBERER, AT 0 RERET HEREENE
f (BIA&) . MAREE “HEETHEL” (g FHbE, ARIAETEXIEM
AR S BRI RO T E IR BN S, MR R G
. AR, SHBEEEXNSN, $THR “WEENL .

FHbRHE T RRR RN “F8M heap WATE” ZIREHH GRALE8 R RAF
R AT  XMFRFBXNRA ST Mastfam—5 heap WFF. 4
KA FRHENSEEE S, NRRHSEAEAFRSREER —1 214,
XM TR RILEE R H (deep copying) 1TH.

HEBRSHBNAER. FLERGE TR R ERHRKERE —1 RAILX
35— RN THIE (raw resource) , B RAII Xt S 4% & Hl4& R in . e

BROAAENENEERDHB I HEY. &K 13 ik, XE auto ptr
EITHREHE L.

Effective C++™1 3CRR, 8 = hR
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Copying % (45 copy ¥ BRI copy assignment BEVEFT) V] RER Gn i 8%
BRI R, KEtBRARGR IR AERRAM T HREEMIE (R 5 RIEHREIT
5, BEUMRBECHSEAN. FEER T RS AR X R — R A,
XFEHI AR AR T 43K 45.

o
B 54 RAID SMEUWA—HFEHEIEENEE, FTLLBREKN copying ITHRE
RAIIL X} 2/ copying iTH

W R E KB RAI class copying T A& : #M#l copying. #AT 5| A
(reference counting) o ANIEHARAT A thER W] Be 4k LI

R 15 ARREERDPRHENRIIBEFREVISGGE

Provide access to raw resources in resource-managing classes.

BPE A (resource-managing classes) RiE. EAIRFBIABEMFEHES2,
HarSEMRE R TR RENREAMNR. £ —/N5ERMR PR /HBOEHR
classes SRAFEMEF 2 FMKFTHE LS, MARERNFHBLERRHEIE (raw
resources) . {HIXMERIAREE. % APIs HERBER, FTURIEREKE (X
R —HDH EERIMERES)) AR RIXER APIs, &N RE50d BRE B
% (resource-managing objects) EL#EV H] JREA¥EYR (raw resources) .

HABTF, £K 3 BA—AME: EHFEIRA D auto ptr &
trl::shared ptr iy factory BRI createInvestment R4S H:
std::trl::shared ptr<Investment> pInv(createInvestment ()); //W%&E 13
BRERFBUENBBLHE Investment X5, BIXFE:

int daysHeld (const Investment* pi): / IR [AIEE RE

Effective C++913ChR, B =R
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VRAEEIX 4 P T
int days = daysHeld(pInv): //EEiR!

HIRARE G E, BN daysHeld FEM R Investment* T84T, FRIELEHHIEANK
RN trl::shared ptr<Investment> HIXT 4.

XFHRR T E AR RAII class 3f % ()4 trl::shared ptr) it
ﬁﬁﬁﬁﬂﬂé‘iﬁ%ﬁ‘a’ﬁﬁ (Zgﬁﬂyﬂﬁ%ﬁz Investment*) ﬁ?ﬁ%ﬁﬁlﬂiﬁ%ﬁiﬁiﬁﬁ‘:
BB .

trl::shared ptr # auto ptr #HIRME—A get A RE, FkPIT BXE#,
Wl TSR EIE IS W RIGIRE (MR -
int days = daysHeld(pInv.get()); //ARE, ¥ oInv WRREASE
/ /4545 daysHeld
B OUP) FifiRedast—+E, trl::shared ptr Ml auto ptr tHE#H 745
EHHU{E (pointer dereferencing) ¥:4EfF (operator->#l operator*) , Ef1MIFE
R RIIR G4
class Investment { / /investment 2 AE R IR

public:
bool isTaxFree() const;

}i

Investment* createlInvestment (); / /factory BR#Y
std::trl::shared ptr<Investment> //% trl::shared ptr

pil (createInvestment( )); /) EEERE.
bool taxablel = ! (pil->isTaxFree()); / /4 operator-> Vi1 %EYE,

std::auto_ptr<Investment> pi2 (createlnvestment (}); //% auto ptr
//EB R,
bool taxable2 = ! ((*pi2).isTaxFree()); / /% operator* YiIEE.,

T g 50 2 TS RATL X 52 P9 (K SRR R U8, K48 RATI class Wit # T 2
BRARR “RrmiBRTERM L, SRR A BRRERRE. ZETEXANHTF
TARR RAIL class (X C API T & AR —Fl R AL MDD -

FontHandle getFont () ; /FIZXRAC APL. JsRFEL IS

Effective C++ 91 3Ch, 538 = hi
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void releaseFont (FontHandle fh); / /R BE—4 C API
class Font { / /RAIl class
public:
explicit Font (FontHandle fh) /1 RAF B,
: f£(fh) / /R F pass-by-value,
{1} // BNy C APTIXFEAH.
~Font{ ) { releaseFont(f ); } / /7 BECE R
private:
FontHandle f; /7B (raw) FARETE

}i

BEHKES FHRMERE C APL, EfETZ FontHandles, A “¥ Font
X B WA FontHandle” &2 —FHMRIMEMFE K. Font class A AR E— 23K
%ﬁ&&y {% get ;}B#:

class Font {
public:

FontHandle get () const { return f; } / / B
}: ,
ANERRIXFRE G LAEEF ] AP R EA get:

void changeFontSize (FontHandle f, int newSize): //C APL
Font f(getFont());
int newFontSize;

é};.;:ingeFontSize (f.get (), newFontSize); //HIHH¥ Font ¥4 FontHandle
REERFRWRES A, B bR assk B %K, LUMAGMERYE O,
ANHEEM XA class, MMM T HHE T EHATREME, T Font class B EZE W
HHISE N T B %IR (2R .
T~ N IPERA Font B EE R EL, AN FontHandle:

class Font {
public:

operator FontHandle() const / /R R
{ return f; }

}i
XAE#9% P iE A C APL i LB B HR:

Effective C++H1 3R, 3 =i



7 3 BREEE

Font f (getFont()):
int newFontSize;

changeFontSize (f, newFontSize); / /% Font BB\ ¥4 FontHandle

HEXAMREAFHRSHMEIRREN 2. FlmES THREFEFRE ront MES

£1)3— FontHandle:

Font fl({(getFont( )):

FontHandle £2 = fl; / /BRI EEEE Il Font W&,
J/HIRTH £1 BBy HJEHF) FontHandle
/IREAEHIE.

PA_EFEFE A FontHandle H Font % f1 &, (B FontHandle AT
HEFEH 2 B, WILFASEHHTH. Bl e HES, FHRERm, o2
IR “RBMmIY”  (dangle)

BB ZRME N B HRE (B get A KED # RAII class F# 4 HIK
TR, SR IZRRR RS, BREERRT RAI class #R AT IR E L
AR, UREBMEMREN. RERHRATHERFAK 18 FBE: “iHEORS
BOEHER, AEBARM” o B B AR get B ILBZVOLKB T, FA
T AR A TR R MU T . RTTE IR, AR S K
M “BRAIR” BRs RRFHEH

RHIN QW ETREIA A, RAIIL class I MEEIRIERIER R, 5 “FHi”
REFE. BEREAM, H—BTSERAS LB ARITKH#E. RAI classes FAE
H T HEEYTAAA: SNREERR THRE - MIRITA—RERT—2K
Ao R —EE, YRBTIEREAT R ERN— BRI, BRI ENE,
HAMB AL RAIL classes &5 & AR Z R iER 5, #LERE R ErE 5t
Bl. B8 trl::shared ptr ¥ EMRFIAFIATENAEETEX, TR FIB
BV A SRR TR . BB 2 HOR T REFI classes —FF, ERBE TR,
TRERWESY, HEREFFENERA.

Effective C++1 3CRR, 35 = iR
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HicE

W APIs FHE R F R HIE (raw resources) , FTLAEE— RAII class pV iR {it
—A S HE TSR BRI

B XA BRIV ) AT BBt BN R U . — M B B XN E R LR R4,
(ELEEN =2 Sup-galaa k(a8

R 16: BXHMEA new ] delete N EBEXEAEBEIFEIN

Use the same form in corresponding uses of new and delete.

LR ENER 442
std: :string* stringArray = new std::string[100];

delete stringArray;

BHHEEEREIRETF. FHT new, BB T HNE delete. HIERH
FEHRVEEREIR: REBRPITARAS (REEX) . BIKME, stringarray
B & #1100 /> string XTEHH 99 MR AT BEHCE LMK, B ENTHIHTH BN
FREB AR -

HPAEN new (HWELRME new IEFER—INER) » HHMAERE. B,
WHEM DB GHE 4R operator new HIREL, WA 49 FILK 51 . F,
HXEAFRE D (REL) WERPAEAM. SIRER delete, WMHHMH
RA: SMEHERE D (BED) R8s, REAFABEER GEY
4K operatordelete IR, WEEK 51) . delete I KMIEAT: S M
BREINFLARARFALSONR? ZXANFEBRERERE T H L DM R4
B R K.

Ehr EXAN R AT DAE R L. BB ER BB 185, FRIRM R B — X R R
MWEEA? KRN ULATTGRATE, FhR—XRK AT R— RS A RTH5E
MnEAR. EHBE, BAMANNFEREERE “BARD” fidsk, UE
delete FIETERA L D UATHIE L. B REAFNBEXEIER. RE LR
PIRAREBAFERRAZOT, P 0 REEARAD:

Effective C++913ChR, B =R
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W

PO L % n ’ Object I Object l Object |

MR, X H AT . SMIFSATFIFERALIART, BRRERIFER T
T o

RIS — G EH delete, ME—REEBL delete MNP REEFE—D
R RAMET” WIMERR: HBRREFE. WRREMH delete W LS
(7)Y o delete MIGEIEEHEI —MEUAL &M NE REHE I 6 X1 B
std::string* stringPtrl new std::string;

std: :string* stringPtr2 = new std::string[100];

delete stringPtrl; 7/ EE— AR

delete [ ] stringPtr2; / /G —A B SRR TR

RS stringptrl M "delete (1" JER, RREHAH? RRAE
X, EARRA AR, BB AEARW L, delete EHUE T A E MR
K CBHAKRND” , RIEFHE REANRE, ERARMERTCE RN FAE
AEABA, WBRVFIREA & EEH BRI KB 5.

WRRE AN stringper2 ] "delete 11" R, N&KAEM2HR? I,
Hah BIRRAT B X, AEHRTT LURARTT A S BOR D MMM B HOB A MAHHE, X
A BERR int HEHRRGEN (HEFF) , BEXRRB RGN RE-

WM E R A WRARVEH new WAEH 11, RATLEN NI delete M,
A (1o BRI new MEHMH 11, MABAZIEN NI delete FEM 1.

REEE ) class B —AMEETEMSIESEAAT, HIRMHE MG REET,
TR EE, FEXF R T ARG O e BT M s b TR E
) new B HaE R ILAAL . W RBOXHEM, T S RAE AT I B B PR R 408
K delete WE?

A THERAEA cypeder MABMBEE, FAEER cypedet HIfFH

DIRBERE, UFF R new BIERIZM typedet FBIXIRET, HLIE—Fl delete
ﬂéﬁfﬂ}ﬂ%zo %EE_FEIZ/I\ typedef:

Effective C++ 51 3ChR, 3 =)
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typedef std::string AddressLines[4]; /1A AR UL 417,
/1R string

T AddressLines BANE, WHEKAF A new:

std::string* pal = new Addresslines; //¥£%, "new AddressLines" J&[H|
//—A string*, %
//"new string[4]" —F¢.

BT “BATER" 1) delete:

delete pal; IIATARBEX!
delete [ ] pal; //1REF,

ABREWMEIER, BITRBEAEN AR typeders FifE. XMBA
BIER, FR CH+ FRMERRTEE (42K 54) %4 string, vector 2 templates, T °Bf
ﬁﬁéﬂﬁﬁﬁ‘%kﬁéi}ﬂzﬁaio%ﬁﬂ%ﬂLJH@M?IJH’J AddressLines & X A“H strings
?ﬂﬁiﬁ"]*/l\ vector” , mgﬂt}%ﬁ?@ﬂij vector<string>,

EicE
W WRIRLE new TR (1, LB delete FER R EF (). I
PRAE new KIEXP AR 11, —EARBELEMNH delete FiAXhFH 1.

EM17: DURILIBEDIE newed NREBA LSS
Store newed objects in smart pointers in standalone statements.
BRBATH A BB RIB REFFF ORI, 7 RET R A4
B8 widget LEAT 5264590 11 Se A i b 28 .

int priority();
void processWidget (std::trl: :shared ptr<widget> pw, int priority);

HT#EE “DUXSREEEE” (X% 13) WESES, processWidget #5E X
H &S R Widget IBH & Ae4a4t GXE KA tr1: :shared ptr) .

fﬂ&%ﬁﬂﬁ}ﬂ processWidget:

processWidget (new Widget, priority());

Effective C++9 3ChR, 38 = iR
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B, FEZEXMNMAARENX. EAARELTHE. trl: :shared ptr APEATIE
FE—/NRIETEE (raw pointer) , HiZMIERER explicit HERE, Lkt
TR, ¥ 8 B "newWidget "HIE MG FRET FE ¥ 4 processWidget BTER B trl::
shared ptr. WIIREBIXFER AT CUE S % 35

processWidget (std: :trl::shared ptr<Widget>(new Widget), priority()):

SAEITFHRZ, BRRMNERMEAH “HE2EHNRXEIE”  (object-managing
resources) , IR ARAAGEMIRERE. HERFEFEINERE.

B tH—> processwidget WA &1, L0 & Set% BBV 4 5% 1 &4
2., FRECNSBHE-NBRAHX priority BMBMAH, BE—%5
std::trl:: shared ptr<Widget>(new Widget) EH P9 #8434 s

B HIT "new Widget" FILi
B A trl::shared ptr fJiERH
T RETEF A processWidget 2B, ZRiFH/UMEIENME, MELT =45
[ =t priority
B AT "new Widget"
B EM trl::shared ptr IR

C++ JRidds LM AR T e X S FAE IR ? MR K X AILARIE 5 0 Java
N C# AR, BHEMES REUERFERRESERE. tTUHEREZ "new
Widget" —EATT trl::shared ptr WA 2 61, FAXANRIERG
REEREIBIEN trl: :shared prr WIEEREK—NES, BN priority KiFH
AT LAHEE 2 — B ZE =T . R GRIR S E R UL IR BT E GRAET
FERE R RARE, ERE! ), BRRIRBXENEREF:

1. 4T "new Widget"
2. A priority
3. 8H trl::shared ptr MR

MAEEREAR, J7 3 priority WIRARBRE, SREMTAE? EhER

T "new widget" RIIFIEEHSE KR, BAEMKRBEN trl: shared ptr I,

JEERBATHER B kB DREM RO REE. ZH, £ processwidget HIE T2
RAETREE | R BRI, HAE “BEHAIE (BH "new Widget™) ” M “WIHEH

Effective C++H13ChR, B =IK
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BB ARIREENR” WA R EE TR AR T,

BERIXS B ISR FHSEER, 2HEE (1) Q8 widge, (2) #
EEAN DB N, REHREANT IR 5Y processwidget:
std::trl::shared ptr<Widget> pw(new Widget); / /AEEUME A A LA
/7 RRREFRETTENE
// newed FTEX%.
processWidget (pw, priority());: /1RSI EEA 2 T 1E At
L2 BrLiA7480E, Robgm iRt T “EaiEa &I ” A ERHEESIM
B (REEEARNECAWERINEHE) . £ LREITERARBAN, "newWidget"
FER VAR “H trl::shared prr WEREEIEM " XWABIE, 1“3 priority
FIER” BOBRM, MTAFEEGN, FIURESABECNZ AMEREEENR
TR,

EicfE

m LUSTIEAHR newed MEFHT CEN) HHEIRE N, MBARXHM, —HR
WS, A RESBOE R R IR

Effective C++H 3ChR, 3 = iR
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4

1Bt 57568

Designs and Declarations

FriB8sAardt, & “S%OB A B eSS fSBAMEE, E% UUBCY
— MRS, BABER TR, D AVEEB%RED (interfaces) HITFR.
X O R B AR CH+ B, ATRBRESTBRE C++ BORNEIFMERR
BB H. RUNFREE, E&MMEORTH—DMERNEL TS “bBE0R5E
EFEHE, AESHHFRA” o XML T —MES, b HAE TR A X —
REEKEE, BFEIEFNE. @tk B3, 4ot @ik, Ui —8t.

UMM R A SRR B AERMR R EO R e —4E, TR
BERMHE, SRLEMEHIMEIREHES, A class. fanction F template ¥t
BB R BHR AR

FR18: UEOESSRIEWER, RIWIRA

Make interfaces easy to use correctly and hard to use incorrectly.

CH FEB 2 HiEV% . function % 1. class 4% 0. template $:[1--+--- FPhgEOH
REP SRR EZNFR. BERRIX 0L B “JEEMIAN7 , BEX PR
EHEHEF . MATEEEAFERROZED . ZFHER T 0RO LR A gD
FIREANERS, 2B A—aT L. B L, WURE AR OGE
BHRBUATNAT Y, XMMEANZES S E: wRAERE T %I, SHEN
BLIZERE FITEER,

RIFR—A “REPERMEH, AEHEIRA” WD, Eaum% %,
WA ARERIE R . BBLRA — DN FREILH B0 class WM iR

Effective C++"1 3CHR, B = FR
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class Date {
public:

Date (int month, int day, int vear);

ERZ FEANMEOBHER (BEOEXREWNL , HENEFRESLTEDLH
AR, B, MRS DR KT IR S
Date d(30, 3, 1995); //URBK! MiZ& "3,30" mAZ "30,3"
B AT BE AR — N TR 4 BB
Date d(2, 30, 1995); //BRK! MMiZ%E "3,30" AR "2,30"

CEMITHRITEERIRE, BT, B LK 2 M7 3 Fid. Ta 18N
HOLIHFARKER. )

YRR PR IR LU N A B R TR AT . B, TERHTE “AEAIE 1
EE” b, BREY (type system) BIRH FEFBE. BRI, BitRIMTSAfR SR
HIFME 2SR (wrapper types) RXHIRH. AHBFEY, RIET Date ¥y B
IXBEARY

struct Day { struct Month { struct Year (

explicit Day(int d) explicit Month (int m) explicit Year {int y)
: o val(d)y { } :val{m) { } val(y){ }

int val; int val; int val;

}i }i }i
class Date {
public:

Date (const Month& m, const Day& d, const Years y):

}i

Date d(30, 3, 1995); /PRI IE 2R
Date d(Day(30), Month(3), Year(1995)); / VRN IERA R
Date d(Month(3), Day(30), Year(1995)); / /0K, KA

4 Day, Month Fl Year 43 H & F /BRI classes FHr3t 5L i, Ehfgies
FH ERAT structs IF (JL4#K22) . {BEME structs LWL M RIE: B TEE
HRAF RGPS “ORA " HHEFIT .

Effective C++H SURR, 35 =R
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—HIERRORRS R, BREIE R R E AR . Plan—E 1A 12 MR
B4, Bibh Month Ni%EBUX—$E. MEZ —RFIA enum XILAH, {8 enums B
BARNE B AR, HI enums T B ERS—A ints BT OLEK 2D .
Bt % 4 ORI 1 R 5 XUFT 49 R i) Months:

class Month {

public:
static Month Jan() { return Month(l); } //eREL, REIEHAG.
static Month Feb() { return Month(2); } / I FEIGRRREAT 4
. VEpr =3 - UEISE B
static Month Dec() { return Month(12); }
/ 7 EcAth ) O R B
private:
explicit Month(int m); //BRIEAE BT R B4 .
- //XRABTREIE.

}i
Date d(Month::Mar (), Day(30), Year(1995));

MR “LpEHEEHng, BMEMEE AN itRESAR, RTFEEAFREIL
T non-local static ¥F 5 KHI B RFH O EEH vl B . BUURRAR 4 K Ed1Z.

WG & P AR S — N2, BREIZEBINA AT, FAaBERGEM. B
PRI M b const. BlUISkEK 3 WL PRI M4 “LL const i operator* HIIR[A|ZE
FiV e N =T ok s S A S Rl = B = <3 LR 1 -

if (a*b=2c) ... / /B, SRR SR B — KRB !

THRS AR “ib types RE W IERME R, AAESHIRA” BRI
“BRAEFIFEH, BUNZRESHRE types FITHERE types —” . P EEM
R int ZFEM type HEHA4TH, BTUMRRIIZEZ: IR types /LA FEA B HRTER
TUHHHRERR. Flm, WEaMoHR ints, FBAX a*b BMEHFAEHE, BRI
B E S AT A > EBHE, EUNZIRE types HEAMFRIFIRRA. £H, —H
PHREE, BIFE ints TG4

BWAeXmESHNERUAKRE, HIENEHENTRETA—BHZEO. ROAH
ftE bR £ — Bk ERE R “RUASHIERMER” , WRDAHAMER R

Effective C++"P 3CIR, 55 =R
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bR B EnRIEE O Ak STL BN+ 20— (BRI RERM—F0O ,
X EATHEE A S BMAER . FlnEA STL BHHEHE —NEH size FEREE, BER
HIRARE HITARARZOX% S LR E Java, B RFREFTEAMEH Llength
property, %t strings ¥/} length method, TiX} Lists {f size method; NET th—
BEVREL, 3L arrays B A property %4 Length, 3 ArrayLists HA property 4 53 Count.
HEF R A RS AES T AHEE (integrated development environments, IDEs) §8{#iX
BA—HMERAEE, B4 T . A —3HEX RN 520G 5O BURURS #_E i
BESH, BHET A IDE W LLE 2.

FMEOMBERE LI EMERSNE, SEFE “ALERER” KN,
FA &P AT e MEnaEE . HlIn&EK 13 AT A factory ¥, TiRE—13E
£13817) Investment EAKERN K —ANBNA IR :

Investment* createlnvestment(); /7R A% 13; JREL B S

jﬂﬁgﬂﬁﬁﬂ&ﬁ; createlnvestment ﬁ@ﬂ@?&ﬁ%%%\éﬁﬁwﬁ%, {Eﬂﬁi/}‘ﬁ}%
THANEFERNS: BAERMRRE, S&RE T fae#Ed K.

%K 13 KAE WK createInvestment HIRFIEAFMET — AR BEFEE 0
auto ptr Bf trl::shared ptr W, FHMH delete THTELFERER . B &/ &
ICAEFE IR B A FERME, BRERDHBRITRUZLREIA, 4 factory i
BOR [Fl— N8 RER AL

std::trl::shared ptr<Investment> createlnvestment () ;

XEZFR AR RIERPESAET D trl: :shared ptr A, JLPHEMT S8
MBRIE Investment MR (CHEAFHEMLHND KIATREM:.

EFr L, BIF trl::shared prr ik ORIFEFUBEIL—KBERFIE T REMRE
FIE5IR, EABMAEK 14 TS, trl::shared ptr A IR ket e
— AN YRR R E (FTiBMIERES, "deleter”) 4% T B:E4F B E (auto ptr BWH
XFREMD .

{5 class WTH IS AREE “ M createInvestment BX#} Investment* THE” %

PR ZIeEHEES — N4 A getRidofInvestment WINKE, MAREEET S L3IT]

(B delete) . BOHE— ML PSR BERATT, ZHIRE “0H
FRAE R FRFT A" (B EE delete B getRidofInvestment) -

Effective C++1 SUR, 58 = IR
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createInvestment W W it & W L& b s R A: BEH — A “ %
getRidofInvestment 4FZ AMIERES (deleter) ” I trl::shared ptr.

trl::shared ptr 2R EMEREERZ AN LS —PRBEEHENIEL, 57—
ARG HRBAER 0 HWEH AR “MBERF . XEKEAMNWE - nul
trl::shared ptr LA getRidofInvestment 1EHHMIER AR, BIXFE:

std::frl::shared ptr<Investment> / /2 GE— null shared_ptr
pInv (0, getRidOfInvestment); //FE—A B E IR ES .
/1T E T A

g, XA C++. trl::shared ptr iR ERFFHE —SHB LA
fe&l, M0 ARIEE, BA int. BN, BRI AEH, BAEKER TIFASLY,
KA trl::shared ptr BEE—ANAHFAMMIEE . R (cast) 7] LUEHRIXA ).

std::trl::shared ptr<Investment> / /83— null shared ptr JFLL
pInv( static cast<Investment*>(0), //getRidOfInvestment AMIERRS;
getRidOfInvestment) ; / /%3 27 123 static cast

Fik, WRBAIELIL createInvestment fFEIRF|—4™ trl::shared ptr JFH
”r"'%' getRidOfInvestment ZIM’VE%JMJ&%%%; 'ﬁflggﬁ*{gﬁﬁa

std::trl::shared ptr<Investment> createlnvestment ()
{
std::trl::shared ptr<Investment> retVal (static_cast<Investment* >(0),
getRidOfInvestment) ;
retval = ... ; //% retval {5 FHEN%

return retval;

}

AgsRub, H0RAE oInv BHFRIGIEE (raw pointer) 7] AZEE S pInv Z BT S/ E
Tk, MW “BREFREHIES pInv MIERE” St “%H pInv FILEWE null FXE
f— R E” M. ETHER, #ENLK26.

trl::shared ptr H—MFHEF MR : B BMERER “B M EHFREAH
Kege” , EIMEERS —MSERNEZ R FTiBM "cross-DLL problem". XA A&
ETF “HWERENSERBRFE (DLL) 94 new I, #ES 4 DLL W delete
B . EFEFE L, X3 “B DLL Z newdelete liXTIEA” & SBUBATHIHY
%o trl::shared ptr BEXA M, BAesafmRSaRE “orl: :shared ptr
HEAFTTERIRA DLL” [ delete. IXEH - B eeeons LT EEABF, WIR stock IR
4 H Investment I createInvestment SCHLHNT:

Effective C++13Ch, 38 =i
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std::trl::shared ptr<Investment> createlnvestment ()
{
return std::trl::shared ptr<Investment>(new Stock);

}

BRBIFARA trl::shared ptr A AZB AL AL DLLs, LK 7EE “cross-DLL
problem". X M5 Stock ) trl::shared ptrs RIBFRILFE “ 2 stock M5 HKEAL
A% 0 BHZ A A4~ DLL's delete” .

AL BHAEFFENEST trl:ishared ptr, RN T “iHBOXBHTEFRERH, &
BREWEH” . HHT trl::shared ptr L SRR e P AR, (E8IRAN
Bt A A . BB WY €r1::shared prr SEHLARSK B Boost (JL4k#K 55) . Boost
] shared ptr ZFIHIEE (raw pointer) IPIFEI, LIBHIRS AL A A7 1R 0 I & f0
“WiBrBsz T RBAEE” . U virtual B MBERSE, IE 2 LRGN RSN
S FEFIEL (thread synchronization) HIZAMTEY. (REEX—ATRAERGT S
AT LKA 2 &) « Mg, BHREGRE AHE, WEEHREhENF. &
Y NP XS BT RA I AR, RWME “BRE R FBEE 2
B ANBESR ‘

EicE ,

B HREORAESHEERER, AESHIRM. REZERNEEOPE AR
“lEdtEMER Y FINEEREERDN B, UAENERIT HIE.
“PHIERA” RIAMEEIREAH A, REBIRE ERAE, R ZME, LAWK
=P RREE R IE.

B trl::shared ptr ZHFEHIZMIERS (custom deleter) o IXH[R5YE DLL W&, w74
sk BaMRR B8 (mutexes; WK 14) HE,

Effective C++ 3R, 58 = hit



84 4 it H A

R 19: 81t class PUZIT type

Treat class design as type design.

C+H FGEH AL OOP (MM RHEE) BEF —H, UIREXL—DH class, HHE
XT =A% type. &0 C++ BIFG, REFZEIEEERART KIRHEBRS (type
system) . XERIRIFA R class iH#H, E2 type Wit& . EE (overloading) R
BB, EHNENSENRE. € XIRNVHARMEL .- 2 BERT L.
FAR N ZHHERN “EFRICE AV BOHET WERRN” —FEAIEEERPHYT class 1
wit.

AR classes R—BUORERTAE, B ABRIHEFH types 2 —BUOREK TAE,
I types A HARMIEEE, EWKENL, UR - SEBAMRHEEHRS. £ CH F, 4
AR T class & XBARTEXE ERAEM—AN BAR. HE class KRR REHIK
EEMATRZIEN “WIH A" HRWH.

A, W T B AL classes W8 ? B SEURAAIR T MR ORTE 4G 1 B . JL PR — 1 class
FHERMRE XS L TR E, TRKEZEES SRR ETG:

| 3 type IR RE Z TSI RAER? X SR BIRY class IS HECFITH i
UL K N FE 57 BE eR BUORVRE TBUER 3 (operatornew, operatornew|], operator delete
WA 8 B Myit, URETREWMRIRITHES EAI.

B NROFWECOIROBEZTHHARNEN? XS R IR e OB
L Cassignment) BAERFRIAT H, UIRHEHESR. REZENREIBE T “VIHL”
M oemE” , EAEMIMNETARKREGEME (LEX4 .

F operator delete(]

B 3 type X KRB passed by value (UAEER) , BEKEHA? B4E, copy Wi
BB R E X — type 1] pass-by-value Z N 3B

B AR type ) "BERE" ? XWclass WRATEME, BF¥ R EBBEERSA
B FREEBEERE TIRK class DAEF LIRS (invariants) , HEKRE
THURAIR R BRE R RAIE R E . BEBRERTRFTIE "setter” MR DAUHEATH
RARETHE. BHERRERENORE. DA GRDEMAHE) B RFEHEA5)

(exception specifications) -

Effective C++ 1 3ChR, 38 =R
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B REF type BEESE MUK E R (inheritance graph) 157 AR R4k H FEEE
W classes, R ZEI AL classes HI BT HIREE, $e A 22 B EAIMRER virtual
5 non-virtual” M (HL43K 34 FI%&K 36) . WRIRAVFHAL classes 2k &M
class, AR L R MAVR BT S B A B B—— U H AT R —— R4 virtual (&K 7).

B {REH type BEHABRNELR? /R type EF T HAL 1 types 2 (8], BIMHUL
HHERATAE? WURIRA B ARVFRE 11 2 YRR I RE 2 2 Y, AU
1 class TL N B MR BRI (operator T2) BFE class T2 N5 —A4
non-explicit-one-argument (AJ#78A—SE2 AR MMERE. R H R explicit
S RBAE, MAEHEIIATRIITHRRNEE, HARAIBEBRIERF (type
conversion operators) B, non-explicit-one-argument fIE R H . (FK 15 FRAME
AEBRBHITEE. D

B HABABREFRDREXN N ype = RSEHN? XM EEHER I ERE MR
4] class 75 BHMRSE o 85, Hoh Fi% R member B3, FLNIFE (&K 23, 24,46) .

B H4ABNFERKENZRE? AL IE RN B R private & (WEK6) .

B EZEAF type BRA? X/NMEE W AEBRREB KRN public, HAHA

protected, MEA private. ‘B HABRIER 1 classes M/EK functions %R
friends, LEKEMHRETH— M ZARTEHE.

B AR type 89 “RFEPEDO" (undeclared interface) ? TX K. REZLMH
(H4FK 29) UABRIFEIEA (Bl MBS NTE) REMMAIE? RIEX
G R AL B LR A AR I class SEIRARAS N B AR 4 IR 44

B RO type HH A —#4L? SRR R L—ANF type, TR 8 LA types
Rk, REIMIREAZE X—1F class, TRMNZE X —HH class template .

Effective C++H 3ChR, 58 =R
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B REBHBE—NH type B2 WIR R E XHM derived class LMERATEF ) class ¥
InHLEE, AR A B e 3£ non-member PREEL templates, B REMFIEF)
ER

XEE AR GBS, ArLlE X EHY classes & —FhPkik. AW R
HE /DR C++ NEEH R BE X (user-defined) classes, — )T KEEME
.

L
W Class MBI type 18It 7E5E C—NHT type 1T, & BHE K B4 BT A %
A WA e 3.

£ 20: A pass-by-reference-to-const & pass-by-value

Prefer pass-by-reference-to-const to pass-by-value.

BAETEBL T C++ UL by value 73X (-4 H C IR MR E (BCRED
M. BRAERBIMEE, FURESBEEULRLESMEN (BIA) HYHME, A
SRR R IR 2 R BOREME I — DN B . X E M (BIE) R RN copy FIE R
B, XTTREAETS pass-by-value 5 B 511 GRIFTHID BlE . BEELLF class kA &K

class Person {

public:

Person(); / Rk, BB

virtual ~Person(); /153K T HIRIRATAE & virtual
private:

std: :string name;
std::string address;

y:

class Student: public Person {

public:
Student () ; /I FIREESE
~Student () ;

private:

std::string schoolName;
std::string schoolAddress;

Effective C++ 71 UhR, 55 = hR



4 22K 20: T LA pass-by-reference-to-const F#t pass-by-value 87

AL B LT, HohiAA&EH validateStudent, EHETE 1 student E
% (by value) HR'E REH

bool validateStudent (Student s); //BRELL by value TRV FE
Student plato; / /I ROH B, IR RS
bool platolsOK = validateStudent (plato); //RAIERH

M LR H A, RAEFASE?

FTEEH Student [ copy MIXE RS R, UL plato NEAN s ¥itaL. FHEH
B, M validateStudent BF s &A%, Bit, MERETE, SENHAERA
B “—IR student copy MIXERBUAA, N k—IK student HTHIREHH” -

HIREA RN HHEYE . Student HRAFH WA string M, FTUGRME D
Student X WFHE THA string W& . A student W HR KA H pPerson I 4,
Fr LR F3E student S B LR 1 Person W . — person R NEH
A~ string SR, Jﬂiﬁ#?ﬁ( Person Wiﬁiﬁf?lﬁ?%fﬁﬁﬁ\ string Wiﬁfﬂjﬂza
B&ERE, Ul by value 7 2AE#E— student SR 4 FHBUHA —IK student copy 14
e pE¥r. —IR person copy MIXEEGH. VUK string copy MR ZRBA BRI
Student EAREER, AN BREOR A S EAE B — XS RLEIARTHA ok B0 A Bk
E, LA by value 77 A5 #—A student X8R, SARAE “7S R i HOM 75 XA
MR !

X2 EAf FAEAIA AT R, HESEIRA SR 0 BT A3 0T 80 BE A Al S b A 1 A0 ATT
o ARG, WERE 47 LA BT AR R R B R LR AT 1. A,
HLJE pass by reference-to-const:

bool validateStudent (const Students& s);

XFEBE T RIEREEL: BATAMWEREERT R BRI, FAREE
MFENEBEAE. BUFNEASEHFE DK const BEENR. REN
validatestudent Bl by value 77INIEZ — Student S8, FILR ¥ mE A1 5|
4, RBALEASHEANNR student B ; validatestudent HEAEBXTILE
# (BIA) B . ITE student Bl by reference T A%, ¥ BN const BOE
B, FERRIXPEMIE R ESME validateStudent & A4 BUARABAT/E A FIAR A

Student.

DL by reference 77 SALH B H B 7T LA S slicing (XTZPTED HE. 49— derived
class X182 L by value J5 AL I 400 — > base class X%, base class [1] copy

Effective C++1 LR, 3 =R
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oA, TR S MAT AR derived class ST 7 [HI AR L4540 5T 4 V) 21
BT, LB T base class MR, XEEANEAEANRUF, K VIER base class 4
EREEY e, BXLPAEASRIREERN, BRKRAE A classes LT, Ak
W—ERE D RS

class Window {

public:
std::string name () const; //IRFIE D4R
virtual void display() const; // BARE OFMEANE

}i
class WindowWithScrollBars: public -Window {
public:

\.ri;:tual void display() const;
bi
BT A window WMHERWH — N B, RATLLHEE name BEIBE. A HOHH
B, Wu LB display MEEHR'E . display & virtnal K%, XEWRR SibE
] base class Wwindow X 2 1K & 7= 7 S AN 5 5= 1Y windowWithScrollBars M2 [ B 75
HAARR (4K 34 F1%K 36)

RAEBRBEEFEE N REETHE 14K, RERREEH. THAHERRE:

void printNameAndDisplay(Window w) /I ATERR SHTT R .
{

std::cout << w.name();

w.display():

HOREH IR BB IR ST — 1 WwindowWithScrollBars M %, &K EH A HR?
WindowWithScrollBars wwsb;
printNameAndDisplay (wwsb) ;

B, BH w SR — window X% ; 'E 2 passed by value, iFid/8%8? i
R wwsb “Z FTLAR A WindowWithScrollBars M2 ” BT E LS B2,
£ printNameAndDisplay BRI A BALIEIT R RIFRX R AKE, S8 wiltlh—
> Window ST B K g HZ B R window) . K M7E printNameAndDisplay A display
i FE S 2 window: :display, i@x%% WindowWithScrollBars: :displays

Effective C++ 1 SURR, 55 = hR
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RYIE (slicing) WHBHITrZ, BRELL by reference-to-const 7 A% w:

void printNameAndDisplay(const Windows w) / 1B B EAEHTIE
{

std::cout << w.name();

w.display():
}

WTE, FEHERE DR AR, wHRILHIHF KA,

%

WMBHM CH WIFBRIKEZE, REEM, references LIRS LIk, Fik
pass by reference ¥ BEWEH FA AR . HHOEBEEEANSZETHERRY (F
Ul int) , pass by value £E4E L pass by reference KIE &L, HABERMWT, MK
T AR pass-by-value B, pass-by-reference-to-const b, i%3% pass-by-value 3t4E
WEEH. XPBEWERT STL MERBNRERR, FAIR L ei#gRith
passed by value, IERBARFARWLREATAEEE SMNETEREAZIE A E

(slicing problem) FRIFEW . X & “ M2 BV TR ISR — 34 C++ (&K 1D 7
—AF .

WERRIFAM 2N, FEH AWK, BB/ types #2 pass-by-value (K& ¥ fF 1%
A BECITRAF 8% XM class MR . ERAARTENHER . NRDHAHE®RL
copy ISR BA R R. BFENFE—AERKEZHSTL AR —HEWRABRL—Ms
e, BERXMNRAFTAE “SHIPLBHFENE -HEE" . BRKRIER
.

B DRI R H A B BT copy MG RE, ERATGEHRE EryFil. FLgR
R CAERM” MR ERCEE” NEEBAAR, YEHRERFHRR
JEE IR (underlying representation) o 25Nl F, HLEHFB/EATLHA B double
HARBIN RBCEEFRN, MRAEE D IERER LN ATTEMN doubles FAM.
MIXFFERAE, IRENIZLL by reference J7 AL B EX R, FARMFZRLRSHIE
(references I SEHAK) BUBBIFRN, HLIHE.

“ONRIEI R P B s CRBIAR B RECA pass-by-value R BIEEAN” 95— Eb R,
fER—NR P BRCGKR, HAPNEHERZE L. —4 type HRTRAD, Kkbirs
AR, BAKAREATEREE. B2 DRSS CH WA R type
IR BEAEIT, FER FEEZ], FEARERFEEBRA TN string 88 I A
RRA KA.

Effective C++"1 3URR, S8 =K
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—RE, RATLAEERE “ pass-by-value AN 517 FIME— XS EURE N E A RUR
STL kR BREHENE. ETHMAMEAAESEETALZRNESE, RELU

pass-by-reference-to-const B #t pass-by-value.

HiolE

m RELL pass-by-reference-to-const Bt pass-by-value. RiH B LB B, I8 %
PE| A E (slicing problem) .

B D EHFEARERTHERR, DR STL MEARBMEEE. Seilns,
pass-by-value L L BIE Y.

FM21: PWIROXNRIY, BI=RIROHE reference
Don't try to return a reference when you must return an object.

— B RAIET pass-by-value (FEE) FIRREEEZHE (WL 200 , 4%
MTFERT, — O BBB passbyvalue T RO FHFHEE. EREBKR
pass-by-reference MEEEH, Ml TF —DEATHEIR: FFEfEE—LE references
BHEESHAFERNR . Ko ARSI H.

B —/NA LRI EE (rational numbers) Y class, WE—NEEAXRTER
NE B H IR

class Rational {

public: :
Rational (int numerator = 0, / /558K 24 B A AR A RE R B
int denominator = 1); /I ARFEHA explicit
private:
int n, d; //%5>F (numerator) F143E; (denominator)
friend
const Rational /753K 3 R AT AR FEIRAE const

operator* (const Rationalé& lhs,
const Rational& rhs);

XAMRAH) operatorr RUL by value JT R BIILTFHER (—DXF) o WERAR
FEEANHLZIT R AME TR, RESEEV BB TR T IHE. FHIENE,
B NS RBE AR BAT RS AN, FERE R ZE A AR ?

Effective C++91 3ChR, 35 = IR
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WE, RV AR 44 % reference, BRATAT AR . BRWCAE, BB reference
RN, REHEDEANR. AEIHEEF B — reference A, PRESN Z 2% ]
B, EMAE—MERETA? BAE—E8EFEYHH 8. L LB operator* i
B, aRERE—A reference, f5H —EIRAMEANTEAM Rational MR, WEBHA
Rational X B HIFRMH .

BAVEAATREIAEIZFE A (AE R Rational MR operatorrZ
AUBAEAE. st U, WARE:

Rational a(l, 2); //a = 1/2
Rational b (3, 5); //b = 3/5
Rational ¢ = a * b; //c BiiZR 3/10

AR “RARGEE 1 HAEN 3/10 B Rational A R” HAEH. WE operator* E
B[Rl —A~ reference $g M WML, B4 E SEEH R Rational %,

REEIE B T SRR E . 7 stack T KTE heap TR B . MERE X —4
local &5 &, BLJETE stack FEGIEM F . BIEXNKIBIRE operator* WIF:

const Rationalé& operator* (const Rationalé& lhs,
const Rationalé& rhs)
{
Rational result(lhs.n * rhs.n, lhs.d * rhs.d); /7 R AT
return result;

PRAT AR A IX My, AR B0 E AR 208 G R Al MIE R B, T result EIA55U%
AR B —FE M B F I R BRI R R . EC R : XA R BURE— reference 517
result, fH result &4 local 5%, 1M local SR ERFERHATHEAH 1. Fik, x4
KA K] operator* 3R [E] reference 35 M 34 Rational, & iR [E]H reference ¥5H —
A “WBTIU” Rational; —MHAME Rational; — AN EH 44 Rational B4 E
. RE. WA, FHATCEEHERT . SAMRHEEE DR R K
R EMEMBUTfR— RS, B LR T XATA” M., FENEME, 1T
177 PR B SRR [F — A reference FRIAIFEA local W%, #o—Mikih. (UnRBEERRIS
Et4&1a)—A local X%, W —#. )

Effective C++ 71 3R, 38 =hi
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FB, iR EELE heap NI — X%, FFIR[M reference $§[7'E . Heap-based
SR H new A&, BT LAMRABE —A heap-based operator* I T :
const Rationalé& operator* (const Rationalé& 1lhs,

const Rationalé& rhs)

{ /8 BRENETE
Rational* result = new Rational(lhs.n * rhs.n, lhs.d * rhs.d);
return *result;

W OREEDE A “HERECRR” R, WASEHBH AR
TE 214 f #5852 BT R AL BN AE o BULSMEIRZE XA T B — AN RS BRI new
HkeMxT B LM delete?

B R, FH T REEIR, iERANKEBIEXFEAH G
PR AR A FA vt -
Rational w, X, Yy, Z;
w=zx*y* z; / /%5 operator* (operator* (x, y), z) AHF
XE, FA—ANEAARIEE T B operator*, HMMIRMAH new, HHFHFEMNK
delete. fﬁﬂ&ﬁ%ﬂ%d}(ﬁi operator* 1%%%1&1’?53{3% delete WM, EREH
L FFEARA IS operator* IX[AIH) references # G FAAIMATEE . KX T

(EERFREZR T, LR on-the-stack 5%, on-the-heap i, #RE A Xt operator*
WA 4 B RO R E T . WYFREISBRAT MR B F5 T % W
R RBORRENE. BRI IREE A — Fh vk AT DOBE AT (TR e B A - BRI
’f/’F‘L‘a‘Eﬂjfﬂ—Fﬁﬁ#mifmﬁﬂ, W BT “il operator* iR 0] reference fBm—
A E X T BB EB I static Rational MA” :

const Rational& operator* (const Rationals& lhs,
const Rationalé& rhs)

{ /7, MR,
static Rational result; / /static 3R, R EURIR ]
// Freference.
result = ... ; //% 1hs FELL rhs, KSR

// BT result W.

return result;

Effective C++13CHL, 5 =)



4 &2 21 BEGREIXN SR, PIEMREIH reference 93

AT AL static X BRI —FE, X — MR AR SRR R 2VERSE
2. Rt iE RET 85 RAFEA. MREEETRENRIE, HELUTHXE:E
AR '

bool operator==(const Rationala lhs, //—MtXT Rationals
const Rationals rhs); // TS5 operator==
Rational a, b, ¢, d;

if ((@ * b) == (¢ * d)) {

LRFUREN, S SHRNEIE;
} else {

SUFRRIAERT, HUE A AN B,
}
BREAE? FER ((a*b) == (c*d)) BRYPBEN true, Al a, b, c M dHIH
Al

—BRARBESEISHNREER, BESHETUTHED TH 2R
if (operator==(operator*(a, b), operator*(c, d)))

VER, 7F operator— #{MHHT, CHMA operator* WHNEMEM, &4
iR [0] reference 51 operator* P &#85E [ static Rational Xf%. K operator== #
BERH¥F “operatorr W static Rational X HRH” EHRHA “operator* AHJ static
Rational X ME” th#R, WRHEL RS, BAARE. GFdE: XERAER
B: WK operator* WAMIBI® HIXE T static Rational MH{H, HiEt T ENHEEE
#B 2 reference, [Ahif A3 BIMIKIE & static Rational XRM “HHE” . )

X% R URIR, 84 operator XEER R FGR [E reference, A RIRTRIT
BT, EMESRVEE R AXEE: “ME, WR— static A8, BIF— static array

BATHBREHRFRRFEXMMEUEE A CHARE, BRTUR R#HR
A AfRZA T RHXAELTRL . & ERU UL array KA n. W0 0 KA, R
ATRE SRR “ I EREBOREE” (|, MAFRREIR T RN A SR
— static Bt EWMR n KK, SECBREEFRE, KA aray AR DX RS
FHERBE KA ARG R T AKETHFE o MIEREA n MR HE—BI
RAVFIHE KRB R — R WRFTE “Biide” REGEKARRNLR, B
MAEFTRMIX SN RN “BHL” « BE, B BNFAEIRT ZMEBEE amay B,

Effective C++F 30K, 38 =R
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7 R A A ) AR SR 26 2 o TR 51 2 () i B 510 ) 0 EL R TN R B L TR 1H C assignment)
Bele, BIREMRAILT? SHHFZE types 15 EAH AT HHE -4 R E (HELEEIB
{E) mbE—MdEms AURHIFE) B850 RSB RaER T SAER ! |
STHLSEIE, XAMMEIEA LI . SUE Ll vector B #t array B A LB HLFE I 2E,

—A4~ “UHHREFR” MR IER SRR kIR oh BUR B — B 2.
*f Rational [] operator* M5 ML FEE (SHARAT FEMIALED -

inline const Rational operator * (const Rationalé& lhs, const Rationalé& rhs)
{
return Rational (lhs.n * rhs.n, lhs.d * rhs.d);

1

L8R, IRTHIRAZ operator* IR [EIH MM AT A, SATTHCZRKFE A
N T RBIERAT A TATH I — AN . BT7— KRR R, RAZAR, &
T C+ M RBEES —F, AWmEESSLilE TN, AUSEE " HEKRE
HIARRAEILTMBLNIAT A I EEEFI T operator* i [FH fI M R AT 3 % 4
HHER . WIRGIFRBEHX—FEL CafBAEELIL) , RNFEFBSRERFENX
BT A, T RATHE K S L U A P .

FAE DL BRI RIRGE R . MRIRAE “IR [Pl reference FTiX [H]—-~ object”
Z BRBER, R TAEMRES AT A ERERA . SibgmERT A “ Rl lk
A7 s R, IRATLLEZAREIENE.

BiclE
B 4 REIR[E pointer B reference 35 71— local stack %%, BXIR[A reference $517]—
4™ heap-allocated %1%, IR [F| pointer B reference 35 il — local static X &1 AJ

BRI FEZNMXENN S, &K 4 O8N “fEREEIRE P S HIRF reference
F8 1A — local static {2 ” $4E T — 4 Wit sk,

FR 22: BRRZEEFIEN private
Declare data members private.

OK, FHERMMEL. HEHERER N ARAZTEREE public, REiLARE
FE BT 5T public B 51 AF B HI18 m RIFEE A T protected i AT & . &5 S H—1 4t
RAB BN private. FREXANEE WG, BAEFBERKIERT -

Effective C++ 1 3ChR, 55 =R
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4, DAEEE public K RER. A AR EWR?

NG E B (FIRERLEAR 18) . WRBAZTEAE public, &/
WE— BRA U7 7)o B B PR R I B R . R public B I BRE R TE R R B
B RATEEITHD M class AN KRMAELERBTZHEHNMES (AFHES) .
AR E MR T, BOABRAA SR, Eams, XEPITUE FTHEHY
7 H AR ] o

BFARAA D — B B LA N B R, AR AR Ssenf: A R EaT Lhik
Proxt ik 52 22 B A AR BT SRS A R o WR RS B AR &R public, A AW LIRS
e, HIRRCRBIRG RB E HE, AT LKL “ AR L “ KR ”
AR “EBYH” « WRT, REETCSLH “H50R ", GURFHEERIE.

class Accesslevels {
public:

int getReadOnly() const { return readOnly; }

void setReadWrite (int value) { readWrite = value; }

int getReadWrite( ) const { return readWrite; }

void setWriteOnly (int value) { writeOnly = value; }
private:

int noAccess; / /% int BAEAATREIE

int readOnly; / /3t int U (read-only access)
int readWrite; / /35t int RSV (read-write access)
int writeOnly; / /3 int MMES Yi1A) (write-only access)

};

W R S T R R S, EAT 2R RERNZSEEE K. M
RABHT T — getter FRELHI setter BEEEF R,

ERABUMRMR? R KON RE 7. ek, W RRE T o687 &
REZE, HEMSUEN T EEREA KA R, W class &7 — SHEAXAE class
A ER eI Sk T ARk .

Effective C++ 1 3T, 5 =K
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BT, BRFEAS N ASWERF, DRFES, HEEFE A
AN EERESN:

class SpeedDataCollection {

public:

void addvalue (int speed); [ /BRI

double averageSoFar () const; / /BB FHEE S

MAEULRATHE B I R averagesoFar. MiEZ —REE class W& — MR AR
', WRXEBSLRTABRERFHE. 2 averagesoFar HIHMH, REREIRA KRR
BT . 57— Mk 2 averageSorar SR A AT EH TSI, HREHERS
R ERA NS —BEEE.

R E Pk (BERR T IE) 25—/ speedDataCollection W H K,
AR BB RAFR EH AT EIME. REAE. R AENE— MR AT RIS,
R averageSoFar AT FBLTT+43 MG BT LR E—ANMEE] B #7 P ¥{E R inline B
OORE30) o MM, “BEEATTHEPIYE” &8 averageSoFar HATHRIE,
{H4G— speedDataCollection X HLE /I,

WEULAR IR — AN ? FE— ISR B INLAR £ (B 30— & N B 000 2
B, BRE-NMHAIEEREFHENNARFY, “SREEN MR L
HR G RIE . BAE—MIEFEVFREMNNHEERS, MBERNMEFEFEE, ¥
FARER, KIE ‘BRGNS T PHE” 2EEF %, 82, bTEiT
1 R OR VT TP (BRI T ED » REBUBHRARMEI SR (WAL
FRATRABEINARTD , EPREATEFRIE. (WREMBELK 3 FIRREAR, &K
B2 nT IHRRE R4 IENAERE. D

R BRRAERSEEANEE, WLy “Franasci” wateet. sl
AT ES AL AR B R B S R R B A H AR B . AT LARRAIE class A2 R 444 LUK iR
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BRI R A GRS ] LAE L SRR hJAT R P46 %% S H Delphi 1 C
KB Cr+ RPN REE, XBEENEFN THAES M "properties”, REFHSH
WmEHPES. :

RPN EEREERBEYVINF R EEE. WRESE R AEE (WHREE
UMD, WAL class B R &AM SRR YED, Ko A8 BB eR S0RT LA
Bl AERE, R T HEEELHKAR . WRRARE T, RIERSENR,
BEHIF class [FAETE, A8 F{a public HYIKIBE /10 M2 B, KA ISRER
ARELEF 5. Public MWAEEE, ML Tl LA, ANEERWRAT AL, 55214
I AFEFIR classes T & . BT 2R classes BT EHIFEN—MNERE, BAT]
BRI “BCRA — MR A Pk,

protected M AR H+4r 2. 92B5 LER public ARV A, R
REVFEAIEERAR S, “EE 5" M Ao 2R EH” S8
SRWE AT protected #HE, BB XS public —HEEH . HEHEWE? protected M H B
HEME AR EI public FUAEE? HEASANRUE: e,

K 23 S EVFIR, ZEEB RG5O I AT BB BRSOk &7
B, B, Y RARR MBS 0T AR B N A DU IR BT A R 7 A
Rtb. Brifchss, HiFRM class FBBRYE (RFXFEMNTHE, & LR

averageSoFar) o

BB —A public RAER, MERMABLEN T 2. 20T
We? MR, FRAMEHERE PSR, MBRL— AT KE. K public &
RABRTEEWA B, BRRIEG — protected K RATE, MRITBLHE T &,
B ZEHRIR? #E, FTA £ B derived classes # 4 AEIR, AR RN AAS
SRR E . Ei, protected X B E IR public FAEE RGBT E3EH:, B HFEX
MFERT, WRBEAZEWHRE, BESHEATEA M RKERDZHHEL. BRXD
HRAEAEREAN, HARFEMIEFEEESERR, ELEMN. —BHRE K
RAR B public 2 protected i %%/ FFEAME S, BRIR AR I K R A BB &
B—tl. REABFEES, BRI, EFRS Y. EFRRTFE. AEERARN
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7, HERAETREMRABR: private GRESZEE M3l (REHHE .

T E

PE R R AR AN private. X AR T2 2 Vi SR m— Bk . WAl o i iR
B, REARAMIREBRIL, HIHE class fEH DTSRI KB

g protected FF AN L public B A R,

&30 23: L) non-member. non-friend #5168 member BRI

Prefer non-member non-friend functions to member functions.

MG class FRFTRMTIRI M, KR class ATREIREM AR R, H—
B RS T TR R X (cache of downloaded elements) ~ &R V5 Al id i) URLs
{7 i3 (history of visited URLs)  LLRBBBRARZEHHIPTH cookies:

class WebBrowser {
public:

void clearCache( );
void clearHistory( )i
void removeCookies( );

Y Bl — AT FTE X &5, Kk webBrowser HHRBLXHE— A AL

class WebBrowser {
public:

void clearfverything () / /W clearCache, clearHistory,
//#1 removeCookies

24K, X —HLAE AT 51— non-member gl%ﬁ)ﬁfﬁiﬁ%’[ﬁ‘] member PR FMHHRHEH .

void clearBrowser (WebBrowser& wb)
{
wb.clearCache () ;
wb.clearHistory():
wb.removeCookies( );

Effective C++ 71 3ChR, 3 =R
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4, BB—NHER IR ? 2 member B #l clearEverything ¥ & non-member B £

clearBrowser?

T [ e S BSR4 A S 5 008 F A0 2 B S ISR 7E — Bk, IR
i member BRI IR . NERRIX DB A ER o X ASE T X ) X R B
BSCR— AR T R B B SR B MR R R e, AR B A S
member B clearEverything WSk Bt B non-member FH clearBrowser K.
BAh, 4L non-member MKW WX WebBrowser FISHLEEA B KM E M

(packaging flexibility) , TABE%& BB IFMIKE, HI webBrowser T
ik, [RIBLZEYF% 5 non-member %Y. member MU%E . EEAR, BAVLM TR
HIFZR.

LRI EFF IR . R RTGRIRE, CRAH TR G RAAREHE,
BAOATUEHE. MAPAFHE, RIRAERNAMEZLE, BARINBH®
B WA BB MR ANFY . Fik, SBRGHEEE, BATNZRLELRS
(B AR, KRR IR E e R R . e R B B T UM
ARES.

DEE BN R A EEE . RORMTUERIESE (RS » &F K%
A EE, MR AL A RN R, Gl R AR E. KRS
& TR “H SR URRE REAR" 98?7 BATHE RS U RS
BHGE, N MHREREN. ST RETTRE, SERNEERERAK.

£ 22 Bigit, MRABENIZE private, BAIRENIAE, SIELREN R
W UVIE TN, ST B, B8V private R BB MBEERAE class 1
member B8 Z0IN L friend B #0f T 41 R BEVRAE— A~ member B CE AR B LAYI ) class
A 1 private ¥4, AT LA private B8 %, enums. typedefs &%) Al— non-member,
non-friend R ¥k (&TEV A LIREMTRIE) Z AMEkEE, mHAEFRMHEREE, B
4, S KSR non-member non-friend Bk, BB FHARN “HeiE Uk

Effective C++H1 IR, 3 =i
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class 4 2Z private %73 "I B BB X HAREE T A4 4 clearBrowser(—7> non-member
non-friend B ¥ b clearEverything (— member BR#) BEXWIAMIERE: BESH
WebBrowser class H 3 KK EH#HE.

EX— S PR EEEARTER. £, XNMRARRER T non-member non-friend
P, friends BREN class private A% 7 BI95 A S 1 member FREAHR], BB & 34
b JEWRAR . NE RN AR, X B R EFEREIH AL member F1 non-member
F¥ 18], T4 member F1 non-member non-friend BRI Bl (44K, HaEIFAEmE
—EE. £K 24 BELBRNEZEEICEAEH, NiZE member Al non-member %
FAIE T P

B OMAERERNEELE, ARAERB SR Bh class ) non-member”,
HAREBEWE “AaLLE S — class () member” . XXTHCLL I F « B4 o8 BUER 40
EXTF class N ” MBS (W Eiffel, Java, C#) HIREFRAM S, WA MNEBERIRGE.
B AT LL4 clearBrowser BCAEE T E 2 C(utility class) [{)— static member B %% .
HE B webBrowser F— &84 (BUSA K friend), BE A4 F2 M WebBrowser [ private

1E C++, LRI HREIMEE R L clearBrowser A —) non-member 5 33F A A7 T
WebBrowser FTZERI[E— namespace (fy& =0 W:

namespace WebBrowserStuff {
class WebBrowser { ... };
void clearBrowser (WebBrowser& wb);

RMIXAREATEHERKRBARME . EHIE, namespace Fl classes AN, FET
B MERS ST S AR XIREE, FWR clearBrowser IXFEISRERE A “41
HEFFEE” , MREEARE members AR friends, FLEHE N WebBrowser [
BRUT IRy, A EEIR AL “WebBrowser & 7 LA AAR T NERS” IFLAE. 254N
¥, R clearBrowser NEFE, H/ MR IF A478A clearCache, clearHistory

F removeCookies.

—AME WebBrowser IXFEH] class T BEHEHA KEEF) B, H 544 (bookmarks)
HxR, FESITEFH L, ©F L5 cookie FIEHF R - BHERKEHEP AL
R R, FIEE— A S B SR A BUR N B R A - Wo.----e- B n—

Effective C++91 UhR, 3 =HK
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A~ cookie MHSER B R EHFMAEK TR, THEEMNNREEMIEHR 2B BEMXE
BB AT AL, ¥ cookie #HIFERIR AW F B —A k30, FRBRITENH
FAER BT B =0, b

/733048 "webbrowserh” — XA LS4TSR class WebBrowser H 5

// I WebBrowser {Z/ULEE.

namespace WebBrowserStuff {
class WebBrowser { ...

}:
7/ OLRE, BT EE P HEER
// non-member FHHL.
}

/733044 "webbrowserbookmarks.h"
namespace WebBrowserStuff ({

/ /SRR I MER R $
}

/7330 "webbrowsercookies.h”
namespace WebBrowserStuff {

/ /5 cookie FHRHMERRREL
}

HE, XIER CH R ENASN A HERFEFASRIFE R 84
PRI <Cc++standardLibrary> kICHFHTEHF N std B ZRNRE R,
TRERAH A k3t (<vector>, <algorithm>, <memory>%%4%) , LA std
I AE. MR E RSN vector MIKHLEE, fATFE #include <memory>;
WRE S AEF 1ist, MAFEE finclude <list>. XRIFE S Db AET AT
— /N RBTE R R AR (43K 31, HPit e BRGEFKAF TS o B
AT K IBINLREH AER T class B BREL, A —A class WAZU8AAE S, ARERK
BN BB

¥ BB R bR BURTE 2 AR S NB R B R — AN d 2230, B AT SRy
JBX— L AE R R B, AT E AR AN ¥ £ non-member non-friend P& % 2| ity %
BN BT, WMREA WwebBrowser B HREE L5 ZE THEAM < HEFR K,
s T EEAE WebBrowsersStuff fiv 44 2 A N B 52— NSk 3044, P& A5 L8 bR B0 A B B ]
5 R HO B A B A BRI BRSO T BEEE A — 8. X class TLIERE 55—

Effective C++1 3ChR, 38 = I
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AR, BFHR class B XANME TS EFMT RN, 2R m, &/ LRAE BT
classes, 1B derived classes JoVhE1H ] base class ki) (B0 privated A5, TEi0
W P RALEE AR BRGS0, A &K 7 B, FFHIEFTH classes #RH
Bt B A A base classes.

EiLlE

W A2 non-member non-friend BRI FH P member B, XFEMTT LI .
wmaaft (packaging flexibility) FINLEET Zei.

K 24 EFESHEFTHBER, BHRUXA
non-member BRE]

Declare non-member functions when type conversions should apply to all parameters.

BRAE S, 4 classes SLRFBARB AT H EMEREN IR, ARXEM
WA HAIAh, BH W EI SR B EE KB o BB BT —A class FIRZIA
$, VPR CRAESRT NHEBUFEL G, N, EIFAK C++ BEM int
% double [MEEKEAEH, ML C++ WEM double £ int R HRFEEL,
R YRIXFEFF LA VRIY Rational class:

class Rational ({

public:
Rational (int numerator = 0, / /RIS R BZIE AN explicit;
int denominator = 1); / / foiF int-to-Rational Faz554:.
int numerator () const; / /5T (numerator) 1438 (denominator)
int denominator () const; / /MRl Caccessors) —W.4REK 22.
private:

}:

R BFERBEE NG FIEEE, HIRAHERTZN member KA.
non-member B %, 2k 7] §% (3% F1 non-member friend B HOR LI EANT. R B EHVFIR,
2 PR IR % AR T R XS SO AP . FRANTE A BB RN Rational class AR, EIR
H R HLLFi%7E Rational class N AT ERESEIL operator*. £&3K 23 BARKE N E
3K, W R BOHOHARSE class A& 5H AR S MEREFE, HELRNLSERBAE

Effective C++ SRR, 58 =R
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5%, eI — F# operator* B Rational 5 BB 5.

class Rational ({
public:

const Rational operator* (const Rational& rhs) const;
}i

(WMRBEAHEAFLAXD BB FRE AR ERX, B2t 2aERE—A
const by-value & R{BIEZ—/ reference-to-const JH, ESE LI 3,20 21, )

XA BHER B BN B AR AL A 0 7 AR SR

Rational oneEighth(l, 8);
Rational oneHalf (1, 2);

Rational result = oneHalf * oneEighth; / /{BEF
result = result * oneEighth; / /1REF
BHRERHL. REEXHBEREH, W EE Rationals - W eee el G0

ints M. HERBOFHARE L HENMEUEARRE SR T —BIERA D ARR
BRI HE -

R BRZRBERER, AR —ATHE:

result = oneHalf * 2; //1RYT
result = 2 * oneHalf; / /8RR

XARE Ik, FIENIZHEXHRE, FEG?

MR K R BOERES LR T, REREE-HTRT:

oneHalf.operator* (2); / /iR

result =
result = 2.operator* (oneHalf); //EER!

£, oneHalf 1M WNE operator* BN class IXTH, FrUL4GmFEH[/ A%
R ARTIRES 2 FIRE AN class, MBKH operator* MR K. MIFHH L
A F AT 4 LA T X 4% B A non-member operator* (WL RAEA 44 25 (M) W a4 global
YEREAD -

result = operator* (2, oneHalf); //EER!

EEFHFRNEFEEZXFE—NESZ int 1 Rational 1B H K non-member
operator*, FIHE KM .

Effective C++1 SUhR, 85 = /R
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BREHEEWRIUEARH. rEHLE KR % 2, A
Rational: :operator*%ﬁﬂ‘]i?fﬂ%/l\ Rational ST#. ﬁﬁﬁiT’ﬁ‘/A$q At
22 TEX B R, 5 —MAHPEAEEZ?

F X B EAET Bk (implicit type conversion) . Zi¥ 88 STE R IELE
E3—A int, MEEFEMEZ Rational; BT HENE A ERA Rational MIERE
FRFRFRAN int, BT H —AE XM Rational K. TREMBEEM T .. #
AJIE I — A I B ETE SR iR 28 IR P A S B #E

const Rational temp (2); //ARHE 2 BN —NEI MR Rational W&,
result = oneHalf * temp; / /%5 AT oneHalf.operator* (temp) ;

%, RBEAW R non-explicit MIERE, FMIFERASXHEM. WHE rRational
MIEREUE explicit, PATFEREH DNl @Ed 4.

result = oneHalf * 2; /78R (FE explicit MIEEEREHITERT)
[/ TEHR 2 H A —A Rational.
result = 2 * oneHalf; //—FERRER, — PR IA) L.

IXHARMELL Rational class YRR GREREHT, FIED LRBAMFHT
AN —HO.

MMURE B AAE—8, BEXHREREREY, hEsEaIRtat
kA EEAE S g R XA IR BB LR AMER), A AR Rational My B ¥
A explicit, MRRE —ANTHEHF, B—AFATLL:

result = oneHalf * 2; /7 EFRE (FE non-explicit #XE R ATIHT)
result = 2 * oneHalf; //EEIRY (HZTE non-explicit HIERE B T)
ek, REUBEHH TS| (parameter list) P, EANSEA ZBR KR
B E#SEH . WS T “WREAZ R KRBT RBRBN R —— this Xt
B—HIRIMEHSH, BARBRRNEBRNEKSS5E . IR LIRS —KHA
FFGERE S, SRS, EYRE AR DMRESEINNESE, B
TUCGHH N .

R — B SHETHREAEAREE. T2 BA TR ZNH: ik operator*
A non-member K, B AFMIFREE - MLEG FHITRA LA,

Effective C++ 71 SChR, 585 =R
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class Rational {

- / /A EFE operator*
}i
const Rational operator*{const Rationalé& lhs, [ /BT — A
const Rationalé rhs) / /non-member PR%

{
return Rational (lhs.numerator() * rhs.numerator( ),
lhs.denominator () * rhs.denominator());

}
Rational oneFourth(l, 4);
Rational result;
result = oneFourth * 2; /7 E AR
result = 2 * oneFourth; /IS, BITHRFET!
XHRENMENER, ATEH — S0 EEL: operator* BN %A
Rational class ffj—-]* friend PR ?

MAMNEEREETEN, BN operator* T LAFEEFEH Rational I public £
A5eAEss, R OREEMMEEE. XFH—ANEERUE: member FREH R
£ non-member H ¥, A& friend B KE C++ BFREE, WR—A “HE class
K" BRI Z A —A member (WITHTHITELSHTHFELLELK, FlWskET
#J Rational ) operator* PR , BiZE friend. ZFI1FR X did FAMR.
T ot SR AR ET LUBE B friend PREUBLZBES, KDUMRRESCHA 8, MR RM
RBUEE T HE. SRENE friend HEIEXY, BRXNMFLKRAE: TEE
R REAZH A member, 3t BBNEEHRA friend.

AEBHNETEH, BHAZL2THEE. XXM Object-Oriented C++ Hiff
Template C++ (JL£#K 1) ik Rational A — class template T class, XFH—
SEFEE BB RN B, UR—SSANRTF R EEE. XEFN. BERAw
AR T &K 46.

HICE
B WRAEFEAENMREWAESEH (R this RTINS ED YT
HAUEEH, B 43X RN AT S non-member .

Effective C++91 3ChR, 5 =R
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KR 25: ZBEBH—TARAMNEZEDN swap RE

Consider support for a non-throwing swap.

swap RNEBIAEE . FAEHE STL %49, MERAREZLERE
(exception-safe programming, WL.4k3K 29) HIEHE, DAKAIRAE A RBERT R (W
ZA 1D B—ANE RS BT swap WILH A, E4HEBESE. RAMEELHE
B AR R TIEANELE. A&KETXETMERERNZHE.

BTiR swap CE#O WX SE, BB RER K FX 7. SREHILT swap
BNAETT AR TR P AR AR swap SVASE R, L HLEY SEBSE A AR B TR -

namespace std {

template<typename T> //std: : swap HISLRISIIN;
void swap( T& a, T& b) / /B a Fl b FHE.
{

T temp (a)

a = b;

b = temp

RERB v 8 copying GEIL copy W& RBLAN copy assignment BAVETF5ERR) >
B M swap SLIACEE BN ST R B LR TR R, IRA T B A B AN BT T/E.

KR (] swap SEURA + 0 iR, TRERIBARI B LR BB R =ANRME )
a BH3| temp, b HHIF] a, LIR temp HHIF] b, HEXNFELRUNE, XEEHS)
EE—LE; MENME swap RETHET RICHE KRB REGEDNETFA .

HABEEMBE “DIRFHER—INR, AEEESIE” BALR., Xt

fE R REFTIE “pimpl F#£”  (pimpl & "pointer to implementation" 455,
W& 3 « WMRLLUXFFFHET widget class, FHRRLSBIXEE:
class WidgetImpl { /75 widget AR T class;
public: /P AREE,
prix'fe;i;e:
int a, b, c: //TREH P 3R,
std: :vector<double> v; / I BRE IR AR .

}:

Effective C++ /R, 58 = IR
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class Widget { / 13XA~ class {1 pimpl 32
public:

Widget (const Widget& rhs);

Widget& operator=(const Widgets& rhs) /I EH widget B, 4T EHH

{ // WidgetImpl X%,
- //XF operator=H—RBtsEI
*pImpl = * (rhs.pImpl); /7 HFE, WAEK 10,11 R 12,
}
private:
Widge L Tmyd s plapd; //¥8%E, PR RS
}i // Widget $#E.

—BEBERH widget WERME, BAME—FEMH ML ERRK popl 154+, B8
B swap FIEAHIEX — K. BERREFH = widgets, BEH = widgetImpl At
Z. EFERZHE! —RBRSANE.

&1“%%@2@5%% std: :swap: % Widgets ﬁﬁ?ﬁﬁﬁm%&éﬂﬁ:ﬁﬁﬁlﬂ%ﬁm
pImpl $64t. HIPISLERX A EB A — MR B std: :swap 5T Widget ¥fik. T
RARMI, (B H VXA R C K T 1%

namespace std {

template<> //IXR std: : swap E0t
void swap<Widaei>( Widgets a, /7 “T FEwidget” HISFALIRE .
Widgets b ) / / BiDEA ST %,
{
swap (a.pInpl, b.pImpl); /1 B¥: widgets tF REEHREAIN

} // pImpl {8 HULT.

XA EB—FFIHEE "template<>" RIR'E R std::swap B — D248 Crotal
template specialization) R4, FMGHRLIGH "<Widget>" T —IF LA A Rt %t
“7 R Widget” M iT. BAIEU Y — BN swap template Hi1T T widgets & F{ES
R A . BERMNAEE (RAEAT) BE sta B ERNFEMNERE, 87
PA (B ARVF) JdnlE templates (41 swap) LA, 5B TRA1E M classes
(Bl widget) o PARFENIERIM.

BER—WHERN, XNRBELEELRHE. FACCEVE a fl b K pInpl
ek, TIARENR private. TATTAT LUK MG IR AR 8] friend, {HALATEABIAE AR K

Effective C++3ChR, 38 =R
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—H: BT widget A —A44 swap [ public AR R EMELIE O ER: T/E, RIS
¥ std::swap ¥4k, AR R R

class Widget { //HETE, ME—ZERENEIN swap R
public:

vold swap (Widgets& other)
{
using std::swap; /PR EINZ LA SE, RG RS .
swap (pImpl, other.pImpl); /B Widgets HUSBUE plmpl £741 .

}:

namespace std {

template<> /MBI G std: : swap BV A
vold swap<Widget>( Widgets& a,
Widget& b )
£
a.swap{b); //EEEE: Widgets, AR
} // swap R BRHL

XA R B R, B 5 STL R84 —5:, AFTE STL A58 th#4e
BtH public swap B 5 K FF sta: sswap FEALIRA (FHLUBATATE) .

AT % widget A widgetImpl EB4E class templates M 3E classes, tiFFHATAT LR
X% widgetImpl P [FIELHE AN L B B4k .
template<typename T>
class WidgetImpl { ... };
template<typename T>
class Widget { ... };
7 Widget W (LLJ widgetImpl K, WIREERE) TR swap BK 53 B BOR A% LLAE
—REMET R, EROINERL std: :swap B8 L ELTE. BRATIARES okt
namespace std {
template<typename T>
void swap< Widget<T> > (Widget<T>& a, //EER NG

Widget<T>& b)
{ a.swap(b); }

Effective C++ 1 3ChR, 35 = R
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BFHERSHEEE, MAGE. BREXFN, BATDSEMEL (partially specialize) —
A function template (std: : swap) , {H C++ 5%} class templates fR#§4L, £ function
templates £ FIREFELRIT B . XBARBAZESFIF CRRE L5 548 R s

ZTE) .

HRIT S AL — function template B, 5% 505 & 181 8 g B I — A E UK
A, RIXFE

namespace std {

template<typename T> //std: :swap BW— NEBHRA
void swap (Widget<T>& a, /7 GER "swap" ZJEEHE "<...>")
Widget<T>& b) /ITBERSEFR, XHEAREE,

{ a.swap(b); }
}

—MIM S, E3X function templates ¥H ), fH std ZAMFFRINM L 0], HE
HEA R LU B R . & FT LAA AL std N templates, {HANHT LARINETH) templates
(EX classes EX functions B HAAEM AR FE) F std Bk, std MARTEH Cr Ak
ERARRE, WEBASEILRINMEKBLECESIFRRT, W, g <47
ATRERERIEE, HSCBEBa LR IL P Gt FBaT, BEII04T h%H U
TE X o WRIRFBORHRAE T HHAMAT A, EARERINEMH RS sta k.

Az R4r? ERBRINDBFE—NIMELLHAN N AR swap N 6298 BB RA1E
BB R template $FEMA . BRIRME, RABEZBH—/ non-member swap
ke A member swap, BRI non-member swap A std: : swap FIEF LK
ARERRA . HREMEL, B widget WA EHESHE T4 L5
Widgetstuff K, HEAGERERREGRXFE:

namespace WidgetStuff {
/ /EARAL R Widget Impl 5%,

template<typename T> //EIET, W& swap ARE.
class Widget { ... };

template<typename T> / /non-member swap K%L
void swap (Widget<T>s a, //IXBHABT std 2.

Widget<T>& b)
{
a.swap (b) ;

}

Effective C++1 3/, S8 =R
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AL, AT AT ARSI RET BB F A widget MR, FEFIHA swap, C++
R A FRE HIEN (name lookup rules: R 4A#h it 2 BT E argument-dependent lookup 5%,
Koenig lookup i5W)) &3] widgetstuff W widget BEMRA. BIELRAIIFMER.

XAMBIEXT classes Fl class templates ZAT5E, BT DMBUE 3RATT R 24 AL ] A #5
ERE. NEMRE—NEHFRMIZR classes F7L std: rswap (BRBSHEE) ,
BT RARAR AR “class BB ” swap TE/R T BE S MBS THOAA, RESRNZE
% class FrE#r 4 2= 95 —/ non-member ARALLF — std: : swap LR A,

H—3, mRRER LEEESSMERA RN LENE, LREEEENRESH

(B R YR IE R FHE—4 non-member swap KA member swap) . {H, {JA7E

global iy 4 4% ] P4 ZE35 % 2 %-B¢ 1) class, template, function, enum, enumerant B4 /% typedef
ARG ? MEEIRXTTE ARG/ KEH TG

BRTCA LR BE R swap WEFEF XK. RALBE, NEPULAES
HiFA BE ., BIRIRIEAES 4 function template, Py B E B PN AT 2.

template<typename T>
void doSomething(T& objl, T& obj2)
{

PR swap? & std BEH BB —MRAARAE 2 IERRA T RETEE HORFLIR
AT WMERE— N RN T T RAA BT RERT 5 TRA A 42200 (24487877 LA
R’ std) W? RARBERNIZEEA 1 TREA, HEIRAREENER FEM std
WKL A . THRRFELRENS:

template<typename T>
void doSomething (T& objl, T& obij2)
{
/ /% std::swap 7RG S A AT A

swap (objl, obj2); //XTENSRIEARE swap A

Effective C++H LR, 5B =R
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— B4R EBIX swap RIAA, BEAMEERIE UK swap FFHZ . C++ KL
EHHEN (name lookup rules) K3 % global & FRER T e 2 fy 42 2% 18] W AT
TERIK swap. MR T & widget AL Tr#a 5[] widgetstuft W, FIFARSIEM “5L
SR THEIMM”  (argument-dependent lookup) FH widgetstuff HHI swap. WHE
BE v EEZ swap e, WERMMAA std AW swaps X1 R using BHRLE
std::swap TEEREINERYG. SAT BI(E Q4R R 8510 2 LU B XK std: :swap M T R4
AR, TR —RALEI A template, BFLAINRIRTEI N T4 sta: :swap ik, $HLRS
Hegm e,

Fuk, &AM swap WHARBRAS M. FENOKR, HAX—IFHFNEs
B, WM C++ PHEELRE. RERUIZMIT A swap:

st swap (0bjl, obij2); / /IX R swap VAR

IXAERIE MBS I std B swap CBEIEHATM template #4L) . BT AET 6
AN FEANESEDS v SBARA . W, SEepkRRRRE 5 IR LA 8
swap WA, TIHRIERE “URA classes X std: :swap BATS4EL” WEEER. 8
KRERY swap SEHLRAHLATHEIX S “RRIRARED” FTF CGRERIARHS L ILTE SE L hRuE
PR STIURRH,  BSRARA DS 5 85 B S B R AT RE R O E)

Bz, BAIEL1HLIT default swap, member swaps. non-member swaps. std: : swap

bR Ay LARSY swap (IAH], BELLBRICEANTEBMABL .

B, R swap Bk STILID SR class BR class template $24E R85 A0,
PFAZEHIMUEAE, [FAZRER (swap) FRHNRIWAFLWMBHERE, T
IHH RIFREEE.

ik, WR swap Y ZIRBERLE (FBILT B LEEHKMRE class 5K template
R T HF pimpl F35) , REMLL T HE:

1. $#&4t— public swap 5 B#, 1EE R EBIRKMA R M DN RME . BEBE
R, EANRBENZIHRE.

2. 7EARIY class B template 5 7E 16y 44 2% ] Py 324t — > non-member swap, 3418 i
Fi& swap Ak 5.

Effective C++1 LR, S5 =R
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3. WRHRIEGRE— class (173E class template) , FFRAT class 74t std: :swap. Jf
A IR swap % 5 B8 .

BJE, WRRAA swap, EHERE I using A, PHMELE std::swap /R
IR BN IRIETT I, A5 A INMEAT namespace B1HRF, FREEEM B swap.

ME— BRI R B AR swap AARATIB R . BEFEA swap H—
AN AT RO B Bh classes (Fll class templates ) MBI B W £ &M
(exception-safety) {RFE. 453K 29 X b F B T A, BHEBERET—MRE:
R ORI swap AP E . X —AR AT FRAR ! AT FIERRR, BA
swap B AR AR PA copy HIXEER B copy assignment BVERT N 3ERE, T —RABH T
FHAFRERE . FWSIRE T EERAN swap, FFERENARAZHHER
EERINE, MEABRT . — RS XBEA swap fEMERELE—EMN, BHEM
K swaps JLF MR T X W ERBHEAE (FIW pimpl FIEMEEER) , MAER
B ERBREAA SR RE.

wicE
W std::swap XMIRMIRBMEA G, U swap RARE, HHHEXNEE
AR .

® I RRIRYE— A member swap, HIZHRHE— non-member swap FRIEHRTE . Xt
T classes (7 3F templates) , WiFEFL std: : swap.

m i H swap B RS X std: : swap A using B, SR/G A swap I B AL 6y
BB

8 5 “H e KA BT std templates 4FLRITFH, BT HAEZRE std WM
AFEEES std 1ff 5 &H AT,

Effective C++1 3ChiR, 58 = ki
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5

S5

Implementations

REFHEWT, EARBIARE classes (F class templates) & X UL & functions
(¥ function templates) 5B, RIEHREBRZLIMMHMAFT. —EIEMTHEN,
MM RKEZHB T 4. REWMN, EEFEREFE/ L. KtReE KRBT REE
R EIHEIE: MR (casts) MJREGHMRSTIE AT, NHKRMY
MERREIEE R IREIXT S “WHEEREZ S8 (handles) ” W RESHIAHFEHTAR
FRERS M (dangling handles) 5 R B &y ok o I AT 68 3 BB SO A
FEBRWER; EEH#OH inlining W HES [EABERK: SEME (coupling) MATEES
FAFANHRETKEER A (build times)

ARSI BT # % . A HREEPBE.

FM 26: SUEKEESEEE XINEIHIETE]

Postpone variable definitions as long as possible.

RERE X T — MR MR H — M R B ERTHRE, BA SRR
#HIF (control flow) FAXNREE XAN, REBAZHERS: HXNMER
BT HAE R, REEAZ A . WX R BLI R, R
ERRA, BT DR R TT R e X T .

WUFRLIAA, RATRRE X— M AERNEE, BISEAEREAR BET
XA RE, ErFEITENNNERAMEER, ReFmgk, WREMK
W, BREEZH—NRE, KB logic error (EXT C++ FRMERRITEE, W4
= 54) .

Effective C++H 3ChR, 38 = IR
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/ /EABREGT B E XA E "encrypted”
std::string encryptPassword(const std::string& password)

{
using namespace std;
Cring encrvoted;
if (password.length() < MinimumPasswordLength) {
throw logic error ("Password is too short");

}
7/, REEE- NI S S
/ /BN encrypted W

return encrypted;

1% encrypted AR B P I AESE &R MAER, HWRE SR HHEL, *Ejﬁj!)i
TIRR . Wl R R encryptPassword EH R H, HREAH
encrypted FIHIIE AR RIBTHI A . ATULRIF IEST encrypted I8 X 20, B BIHEST
TWEE:

J FXAEHGES "encrypted” M N, HEILEREY

std::string encryptPassword(const std::string& password)

{
using namespace std;

if (password.length() < MinimumPasswordLength) {
throw logic error ("Password is too short™);

}

string encrypted;
/ /EEE, ARRER— NN S AR
/I BENTE encrypted

return encrypted;

ERXBAEIRAEIRET 5%, 4 encrypted BIKE XETALMELSAEH
HIME o IXEEWRIH AR default HXERR L. 172 RHE IR IZIT A A0 3B — R E 2
SeM™ME, WEREL —MRESNER. K4 BRBNM 4 “did default ¥
BREE H — RN EIRE”  “ EIRAEMER R EVIE” BERE. BN
T RHE A T . 280 F, KX encryptPassword ISRAERISHE LL R s b it
17:

void encrypt (std::strings& s); //FEHAENEE SR s g

Effective C++ SChR, 55 = hit



5 %K 26: JSTTRERE 5 AR B e X A ] 115

T & encryptPassword A SN, BAREAE & B IF Hi:.

/I IEANEREEERT "encrypted” BIEX., HIEEE NI
/ /BB ERE Y RAT A AEAT I BRARTE
std::string encryptPassword(const std::stringé& password)
{
/ /¥ length, H0HT.
/ /default-construct encrypted
RIS R / /WSS encrypted
encrypt (encrypted) ;
return encrypted;

B SR (KI5 LA password fE R encrypted WA, Bl 2 L& X default
MR
/18T, R X encrypted MR

std::string encryptPassword(const std::string& password)
{
/IR K.
yptedipoeaaardy;  //BIE copy MIiEREL
/ /58 IR
encrypt (encrypted) ;
return encrypted;

AL BANBARRA KT “SUTRER " MEER X HRARPILLE SRR
M X, HERERAERZERRERIAT— 200 1k, L2 MR X e X EF e
BEVMESES Ak, MRIXFE, TR B RIE AT JEBREXTR, EAri
BRI ) default 33547 R . EHR—ZUE, Ll “AH BN ZVME” BEBEYH
., IETT DABK U B AR R E Y

“UETEH A 7 RSB SE R, MR EREBFNMEH, Kalme
ST PRSI I AR WAL B R, BREIEEEXTERA? #
PRV T AP -, WA thger?

/700 A ESCT RS /7058 B: BXTERN
Widger w;
for (int 1 = 0; i < n; ++i) { for (int i = 0; 1 < n; ++1i) {

v - BT 1 BEAME; Widget w (HURTF 1 BIEAME) ;

Effective C++ SRR, 3 =K
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XEEENRPHKBMN string BN widget, DURERIEEN T “XEMATH
#. M. BRERESIERTHR IR A AT SR

7E Widget BREAFE, LA LM EIERRAWT:

OE A 1 AMERE 1 TR +n DEERAE
B % B n MR +n MTHERE

I8 classes ff— MR RAME T —AMEHT A, ik A KIET S L=
. HY n EHRKKAE. BFUEEE B BUFELF. WML A ERAFR w HI1E
FIS, (B EBAMER) Lo B oK, 7 I AR SRR P (0 T AR 5 4 5 PR A
. FWERIE (1) REERERAL “HETe” BAK, Q) RIERLEAH
kA S EEBUR (performance-sensitive) IFB4Y, 75 W R ZE A MIX B.

it

B AR AR A B . AR AT B IR B O B B R R R

R 27 RE/NRETEDIF

Minimize casting.

C++ FWAIEH Bhrz— R, fRIE “RBIER” LRRERE. ik FmRRE
MIFRFRR “ Trpdh” Mg, MFREIFREEEEMN R E EHITEMA LA,
EREX. BENBORAE. XE—AMREMERRIE, THERBHGTE.

RERE, BR (casts) B THRBARY (type system) o HA]BEFBUEAH
KIFRI, FLeAHPIR, HyiRm. WRRXKE C, Java 8 C# E, &
FEE, FAHLESPHNER (casting) LB VEMLER R, HILERAEE (5
C+H M) . (HC++ AR C, AR Java B C#. 7 C+H+ FHEIE MR
E R E IR — M.

ERATE BB RIER, RABEE=MARKNER, 'S5 HMHRKFEEE)
Yo C R B E VR B B RARILHE -

(T) expression /1% expression A T
BR B AN B B B VE B R R AR X FE
T (expression) / /¥ expressionHEIA T

Effective C++9 3CIR, 38 =R
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PAMEAIELEZN, 408 R/ NESHEBMBERRTC. RIRE ZFERN
“IHREEY”  (old-style casts) .

C++ BRI I A CREBFRA new-style 8% C++-style casts) -

const_cast<T>( expression )
dynamic cast<T>( expression )
reinterpret cast<T>( expression )
static cast<T>( expression )

BH AR H K-

M const_cast WA RN RE)H B (cast away the constness) . T
RME—H ULEE ST B CH+-style FERIERIEFF.

B dynamic cast EEFRIAT “LEM FHA” (safe downcasting) , HEtEH
RKERNZREFBYEAGRPIENRE. RNk H IR RIEERAT
HIshAE, HRME— T REFE R B KB AT A M RENE (MEd %) .

B reinterpret_cast BEPITMRHEFER!, KErEnE (L) FTREER T 4158,
XM BREARTEME. FIUE—1 pointer to int HEIH— int. X—I54E
RITEARBARTS LSRR 2D W, o A2 RAE A — 3K, IR EHE A0 £ 3t 4k W AE (raw
memory) B H—MERFHK AR (debugging allocator) Ff, W4 50.

B static cast AIRIRERAFE#H (implicit conversions) , H#¥% non-const X
BHN const M HR (BREKI 3 TR » B0 int #4 double H%. EMATLL
RSRBAT LR BRI R m B3, I voidr 1REMEN typed TEET, B
pointer-tobase ¥ Jj pointer-to-derived. BT TCHE¥ const ¥ K non-const 1%
MNRE const_cast A HEH,

IARFERIREVE, EFNEBRZRIE. BEE: F—, EfRAESENRE
FPEFRRAR (RREATHHRBE A TAD grep) , RTH LA “FRHAR R
MR BN” L. B, SEESENEREEL, RERATRE
WitheRIRAIE M . 25007, WARRITER H BN (constness) £, BRIEMEAM
EQ%EEPB'J const_cast W vEE I R . '

TME— A BN, JEEEA A explicit Mok — Pt
FABE—NRBE . Bl

Effective C++ 3R, % =K
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class Widget {
public:

explicit Widget (int size):;
b:

void doSomeWork (const Widget& w);

doSomeWork (Widget (15)); /7B =~ int Ik “EREURER” 1
/ VBB — 1 widget,
doSomeWork (static cast<Widgat > {151y, // PL—A int 0B “C++ K" 1

/ VEERIEAERIE — Widget.
MR, BEM “XEER” SMERERNEAR “FHE” , FLIIRIER
] BEAF A bR AR 1) % T 5)) 16 i A static caste HIPEHE—IX, JTMNE
F—BH G R4 S8 “H0MEET”  (core dump) KMUEERS, 52 BEHRAIEE 95
87 BIEE, FrUleRir R 2 AR, R AR,

VR OIS, SRSt A AR, RS VRN S IR RIS 5 —
FhRAL, IXREREME . AR — KRB (RS RE LR R ETHITRENX
Hed, BB g B8 ¢ AN e FURE ) TEAE B G iR 28 90 7 B AT A (R SR AT BUAS
Bl InAEX BAR P -

int x, y;

double d = static cast<double> (x) /y; /1% BBy AT AR

49 int x HEADY double JLTHE & HeAU, [ HTEATEA AR AR
LA, ine MEERATRATF douvle MEKERE. KEF AL, BT
A AT T L AR KRS T

class Base { ... };

class Derived: public Base { ... };

Derived d;

Base* pb = &d; / /it perived* ik Base*

XBHATA B base class T84 T8 17— derived class Xt %, (B BT
LRI A RS EIFAAHE . XFER T2E MEBE (offset) 7EIE4THIMHEIT T
Derived~ ¥t & &, FLIEUS EAHMI Base* FaEl{E.

EABITERN, B g (BIn—ANRAL Derived HIRTH) FIREFHH — AL
LfhE (B0 “BL Basex FRMIE” B HIHEHERD “ LA Derived* RN E " B RYHHE .
C AT e RAEIXFE, Java A BER EIXFE, C# UATBER LM E . H C+H 7]
B! KPR b BHZESK, X$/LF HEEE. NEER ST HTRER

Effective C++1 3ChR, 38 = hR
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f, BURIORAT HA R, R 5 /b BRI 8 Y 0B iy “RIBAE C+ gl
WA B, SR TE AZ UL R N SR T AT R a4k . il X R
HuBEEETh char+ F8EHAR G A2 AT 8 AT HRET R, JLPRBREIELENL (R
HAEf) AT M.

R, BB RN R E AR . TR T A
S 07 B AR IR, ISREOR i1 AR R AT R T L R,
FESE T AT, FE3URT B IR AT, AR B IR I
A1 PT4 T3 7 A 2 B

- R TR A RS . RAVEA S S U AR (FEH AR
EE WG E R o HIUNYEE N AIFESE (application frameworks) ##5K derived
classes W 1 virtual BRECAED I E — DB 26 T H base class FOR e 3. BT
11 N Window base class Fl > specialWindow derived class, Pi# #:Z X T virtual
Hi¥ onResize. HE— W SpecialWindow ) onResize BREUBZE R LN
Window [f] onResize. FHEIESEMARZ—, EHEEKX, HFEFE L

class Window { / /base class
public:
virtual void onResize( ) { ... } / /base onResize LIS
}i
class SpecialWindow: public Window { / /derived class
public:
virtual void onResize( ) { / /derived onResize SEEATHY
static cast<Window>(*this) onResize(); //H*this BRI Window,
//RJEHE onresize;
/ /IEAN]AT!

/ /IXBSHAT SpecialWindow HEATH.

Yi
BAERIE IR T HMEME ORRAMFES, BEEH B HA SR
IR  —URFTHE, XBAEFH ~this A4 window, X BA¥L onResize
W EI AR T Window: :onResize. (HEMAMREARR], SR AR LA/
S8 R, TR BRI ERTR S — A “*this IR Z base class B2 " HI
BN E A S ) onResize! (FiE: REMERY, WMARBERE—4H, “HA
R RS FEE FAKRNE? KB TR A REEA MR this 18

Effective C++h SCHR, 38 =
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i, SRR A RN EYE. O B, PRREIFIEA SRS b
A Window: :onResize ZJjg XA X B & L HAT specialWindow T EENE. 4,
TR “ YRR base class 4”7 FIBIA LA window: :onResize, RGTEY
B R E _EIAT specialWindow TBEI1E. WA window: :onResize BE T XHEREA
K (AREULRE THEerE, A onResize &4 non-const I RED , MM RHE
TR, NS EEAE. SR SpecialWindow: :onResize WUTEWEXFT 5,
METR R IS EE) . XSRS RN —FP M55 ARE: H base class o>
FIE %S, T derived class A FIE B RHFL T .

Ry BREREENZE, RZ AR IEAARKE. R 3t A AE ML BB 4R TR 280
*this ¥4 — base class $1%, FRAEMIEM base class A onResize R,
AEERTENERE E. FILAEXAE:

class SpecialWindow: public Window {
public:
virtual void onResize( ) {

Window: :onResize () ; // Vi Window: :onResize fEA Frthis B L

XAEIFHYE, MERRIAE CITEHY, BERRNMESES. R
E¥ R EREESRA TN L. WRARAE dynamic_cast BRI,

FEERF dynamic_cast Wit AT, HAEENRZ, dynamic cast HFZ%
DR APAT B A 2918 . Bl Z D —MRE RN SEIIRAEET “class BLIRZ THF
B, MRRTENERN B EERANEANER G EHAT dynamic_cast,
R A B B A LR A TR (R EE— K dynamic cast WRESFEH LXK T
stremp YA, FALLELHR class BFR. IRBEARARERE EA RN A & | FLstIR
AXFEMARIRE CEMTBASZ AR « AMRTRERE, BRT X —KEH
RRFFALBUSESE, BN ERCRORBE PR dynamic_casts IREFILE ST
5t.

Z U FFE dynamic_cast, 8 &K HRAELE—NRINE AN derived class A
5 F3AT derived class B 1E R B, (BREF LERE—A “3587 base” A pointer B
reference, R R BESFEENIRAIEN G . B A — LA RT DUEE FiX AN [ .

Effective C++ U, BB =R
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B, FHARIFELREAEE BTSN derived class M E TR CEFRE6E
REF, WA 13D, WULMEHERRT “&iT base class BB S MFE. Bk
SERT I Wwindow/ SpecialWindow 2R ZR  HH5 specialwindows 74 3 FRIRIGRRSE,
TR N B
class Window { ... };
class SpecialWindow: public Window {

public:
void blink();

}i

typedef //RTF trl::shared ptr
std::vector<std::trl::shared ptr<Window> > VPW; //JWL£&3K 13.
VPW winPtrs;

for (VPW::iterator iter = winPtrs.begin( ): YoZ Nyl
iter != winPtrs.end();++iter) { //dynamic_cast.
if (SpecialWindow * psw = dynamic cast<SpecialWindow * >(iter->get()))
psw->blink() ; B
}

INAL T ABrY e E

typedef std::vector<std::trl::shared ptr<specialWindow> > VPSW;
VPSW winPtrs;

for ( ypsw::iterator iter = winPtrs.begin(); / I IXFEE LT,

iter != winPtrs.end(); //MER dynamic_cast
++iter)

(*iter)->blink () ;

LR, X EEM R GEER — AN BN FEIRE “TERAE W2 & H
Window JRZEX” . MR HELEEFE ORY, RABEFESANER, SMNIELH
R&ELBZ LM (type-safe) .

53— Mg A iERIE T base class B AL “ BT A W] B2 & FF window JRAEH 7,
AR AELE base class R virtual B BUBARAEXT B4 Window IRAERMITE . 2550
T, B specialWindows A LARKR, {HERVFRE N4 R EA B T base class I3
Rt —t “UMathBil” Mg IR HRXH:

Effective C++H13ChR, S8 = /R
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class Window {

public:

- /1SR IS AR

e /75K 34 HVIR A4

}: /7 R EHAREA R MEER.
class SpecialWindow: public Window {
public: '

S SRR //7EM class 7Y,

//blink fffess,

i
typedef std::vector<std::trl::shared ptr<Window> > VPW;
VPW winPtrs; /7B WERE, fRR
// FTAETHER Window ZRAY.

for (VPW::iterator iter = winPtrs.begin( );

iter != winPtrs.end();
++iter) [IEE, XBWE
(*iter) ->blink(); // dynamic cast.
AR -—FEiE—— “ATHRAZSF R B R virtual REAESAGR EJ7
Ba” —#MHIHERZIIEEHE, BEFESHER T EMNSEE —-NTTH

dynamic_cast B . HEMNE IR, RN ZRAMEEAN.

7 5of WA BB G () — - B R FTIB Y “3E R (cascading) dynamic casts” , L
RERRBXFERRA:

class Window { ... };
/ /derived classes & X AEIXH

typedef std::vector<std::trl::shared ptr<Window> > VPW;
VPW winPtrs;

for (VPW::iterator iter = winPtrs.begin( );
iter != winPtrs.end(); ++iter)
{
if (SpecialWindowl * pswl =

dynamic cast<SpecialWindowl*>(iter->get())) { ... }
else 1f (SpecialWindow2 * psw2 =
dynamlc_vast<SpecialWindow2*> (iter->get ())) { ... }

else if (SpecialWindow3 * psw3 =
dynamic cast<SpecialWindow3*> (iter->get ())) { ... }

Effective C++H1 3L, 85 =&
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TXRE P A2 R PR UK X MG, ifi HEEREAN AR, B RHK Window class 48K {4
A HUE, AR -FMAEBELAHREHAEEREFEBN. flun—BmAH
i derived class, BRVF 1% &R0 b R BB IS0 30 IXFERIAURD B 1% 06
LIS “RT virtual BRECHH” BIAREBOMARZ -

R CH AR ADE R, H S BB R EAT LR AT LR #]
W p.118 M int #EA double HURFMM —MEHEENMEH, BREIHARLST
WEGRBAI T LUEFTE, AY—RAH double KBTI BIFLL x EHILHL) .
ARG N AR 2 BRI T BE RGP AR, BAITNM R AT RefR B RS 1, @R RIE
ERRIER MBI, REEE S RIS A R 5N ST A SR8 B0 B 15
.

il

B RWLL, REEAREY, BAEEEERENAET#ES dynamic casts.
WRAN I HFEFYE, AERBEFEYEOBERR

B REMRLEY, RERERBTRIREEE. F/HETLLAHZRE
T AS 5 e B B Tt AR ATT B RIS Y

B CTAER CH-style CGBAD R, ARMEAIAAFE. W& RAESPHRLN,
[[IRERIAAS &S =g WPEIE S

&R 28 EGIRO handles IBRAINRAERA D

Avoid returning "handles” to object internals.

BRRWNEFSRER. SMERHEAL LARETARSE. ITiE—4
Rectangle XP B ATHE/D, WRATBES R E A E X EEFE X £ j5 7 U FE Rectangle
MEWN, TIRBIE DB struct N il Rectangle T

class Point { /73EA class sRFRAR <87
public:

Point (int x, int y):;

void setX (int newvVal);
vold setY (int newVal);

Effective C++H 3R, B =R
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struct RectData { /73X “ R BHEFRKI—NETE
Point ulhc; / /ulhc = "upper left-hand comer” (7£ 1)
Point lrhc; //1rhc = "lower right-hand comer" (5 F#)

i

class Rectangle {

prix.rz;ée:

std::trl::shared ptr<RectData> pData; //XT trl::shared ptr,
}i / /R 13
Rectangle HI% )AL T 5 Rectangle BIVER, FTLBAIXA class 214

upperLeft ¥ lowerRight Hi¥l. Point &N BENEA, FTUMEER
20 ABRAVEE (SUWLL by reference R A& A - B € LHRIFEF UL by value
FTRAEREBR » XERETRIRF references, REEKEM Point IR :

class Rectangle {

public:
Pointg upperleft( ) const { return pData->ulhc; }
Pointg lowerRight( ) const { return pData->lrhc; }

i
XEEMRGEEE SR, BHESIRN. EHELELERARFEN. —JTH
upperLeft Al lowerRight #EA AN const A RE, BEACTIKHBERRRA TR
it P —AN8 50 Rectangle FRAFR ST, AR IEE P M Rectangle (R
%3 3) . HHEHEAREHEERRE references 817 private AFFEHE, HHET
R AT I iX 4% references BB SREHE ! B0

Point coordl (0, 0);
Point coord2 (100, 100);

const Rectangle rec(coordl, coord2); //rec A~ const §iFE,
: /7 M (0,0)E[(100,100)
rec.upperleft ( ) .setX(50); //BRAE rec HIZZRL

// M (50,0) % (100,100)

ﬁiﬁgﬁi%\%, upperLeft {18 & Re5F FI 4R A1 B9 reference (¥8H rec B
] Point BB E) RKEXHR. B rec HEMNIZRATER (const) !

R EBRANANBI . B, RATENEEEEL HET “REH

reference” FIBREMIVT I E A . ARFZ A BEIR ulhe M 1rhe SN private,
BEANIEGR L H public, F 4 public 283 upperLeft Fl lowerRight £ H T &4 16

Effective C++9 3ChR, 55 =R
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references. ", R const A REAEH— reference, FHTHBHEESHHR A
B REL, M XEFEETHRZN, BAXARENEBET USSR EHE.
IXIE & bitwise constness f)— MR EE R, WK 3.

FEBMNAHKGSEAEHERZDT “BRARPORMP] references” . WREANR
Bl R e st sk R ER, MFANERER AL, JREWEAHR. References. a4 fiik
REBAGHRITIBN handles (S, FRKEENNR) , WEE— “RE
SR A HEIE” [ handle, BEZTIRIER “FBREXNREIMN” XK. Wi, —
WA, ERATEESE “ BRI const A BB RS SORAH TR .

BHEBIMTK, MRE “NE” AR EHMRARE, HILETHEATFLERLY
R (R B protected BX private ) HEITE “WH” H—F o
Rt ¥ 2% B 00 A LR BB AT handles o 16 2 BR AR 48 3 AN %4 1% 52 R B0R [F]— AN R
ErgE U RIRBBAR” MR R WRERIS LM, FEENSERRT R &3
RIEIRTE GHREEMBREED , FAZ T LURA—MEEHE A “Uin 4l
BAL” MR REELERMREREE.

R “IRBIFRE R RENR BB MBHEEAE R, FFUEBIEEES
W El, £7ETF Rectangle class FI'E K] upperLeft PA M lowerRight fif A B . AT
XL R 5 LRGBS B AR ER, HEXTEAIRERBIERIN E const
BT,

class Rectangle {

public:
const Pointé& upperLeft( ) const { return pData->ulhc; }
const Point& lowerRight( ) const { return pData->lrhc; }

BT XS, &/ LLRESERK Points, ERREREEN. XEKXY
75 B upperLeft Ml upperRight H const FHEHENMIE, BACTIFAEALAFE,IE
BN ERE. BTHERE, BMNBRERILE /" EF2 Rectangle MSMEH Points,
LK R RAAS S, RN AT IR BRI i LRI
B WERREREE LR

{BEMEM M, upperLeft Fl lowerRight IR A T4 RE X A& "1 handles,
BRI RRFEH Aty &R R M. AR, &0 B 3 dangling handles (&IN5

Effective C++1 SChR, 55 =K
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958D« IXF handles FTTE AR TG (MUFTEXM R ANEAFAE. XF “AHLFERX R
BRI S TR AR R B B0 B o B B AN B EUR R GUT % % f ZMME (bounding box),
ANHMER R

class GUIObject { ... };

. //Ph by value FAIRBI—MEE
boundingBox (const GUIObjects obj); //4kiK 3 RN ARITHEAR const

WAE, &)H AT REX A EATX A AL

GUIObject* pgo; //ik pgo #8MIEA GUIObiect
const Point* pUpperleft = / /B RETRSMEL A
& ( - .upperLeft()):

%t boundingBox MR ZEE — N H . BETH Rectangle W& .. XN REH
LZ#, FURMBEIRE N temp. WG upperlett fEHF temp & b, B[FE—A
reference $5[A temp HI— AW, FREUEIER —MHUFRT rtemp 1)
Points. T4 pUpperlLeft $HMFA Point & . BATAIE—UIEE, EHEFMK
R, RAEIRAME R4 R 5, boundingBox IR [AI{H, 2 RAIFTIE temp,
B %, MALRESE temp WK Points HTH. B%& T pUpperleft {8 —4
ABIERIN S B2 U— B pupperLett MARMEFAILER, pUpperlert th
MR B BH (dangling) !

X AT 4 R IR Bl handle £RFEXT 5 N EBAL S 7 M R AL 0 B
RBIXFTiER handle RAFERETEGIEAEEL reference, tHALIXA handle 2% H
const, WARHAIEE handle IR RERETE N const. XEME—KEE, H
A handle #4512 T, —BUBRE 2R ERE “handle LHFTHRNRE KA IR
5 S

X FHARERARA XS A AT LUk A SR BUR ] handle. # BRI A . 40
operator [ RFIR“HEK” strings M vectors BIPRITTE, XL operator[]s
FZIR[E] references $RIA “ABNMEEE" (HHHK 3D, YIRS HEER B
B, RAEWL, XFEMRECERTEREIS, AREES.

S

@ SR [0 handles (fLFE references. BT, EACES) AN S HH. BFXH&
FRETHE B, #EBD const A A BREKIAT B const, MR “REBMSE
J#”  (dangling handles) ] AEVE%EEBAK.

Effective C++1 3CHR, 38 =



5 %29 N “RERE” MR HEEREN 127

EMR2: N BELRE MBHEREFD

Strive for exception-safe code.

SH &M (Exception safety) 13 Loy &R & - VUREIEES PRZ, (B35, 7ERAN
SERCRAZ A, SEELFHESHKIEET.

R A class HRFILIE T E EH GUI SEHH XA class HEA T 28
FEIREE, FTULEREAE R (mutex) £ X3k ¥H (concurrency control) Z -

class PrettyMenu {

public:
void changeBackground (std::istream& imgSrc); /IR R B
private:
Mutex mutex; /7 HFER
Image* bgImage; // BRI R EE
int imageChanges; / /15 B ER U R RS
Vi
TH&E PrettyMenu f changeBackground B — A A] §ELIN .
void PrettyMenu: :changeBackground (std::istream& imgSrc)
{
lock (&mutex) ; /BB E RS (AKX 14
delete bgImage; / /ERRIRRE = ER
++imageChanges; / MESE AR RS
bgImage = new Image (imgSrc); /1R SRR
unlock (&mutex) ; / /B R 2%

M REREN” MMERE, XPRBMRE. “SEZE” HRAFL, M
XA R BB W PR — D R

HRERRHE, TEREZeENRES.

| FHREMER. DR REEEMEIX— 5, RA—H "newiImage (imgSrc)" §
HARE, X unlock MAAMAARSIIT, TRILFHMNATHIFET .

B FAFEERRER. MR "new Image (imgSre)" PHRW, bgImage #iEfE M —
AN EAEMBR XS, imageChanges AR BN, 10 H SEH-B A B 1 Sk R Th
THERER. (EAFG—MHER, [HEGOHENE, Ui PRREE

Effective C++H1 SCHE 38 =R
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R CHET”D .
RS (0 TR S, DG K 13 IR T LARS S B, %
14 BT Tock class i —F “BRIRILE MM RIRIL” M7k

void PrettyMenu::changeBackground (std::istream& imgSrc)

{

Lock ml(&mutex); //RBE&E 14 PRERBEFRREHEHEBER
delete bglImage;
++imageChanges;

bgImage = new Image (imgSrc);

*T “UIEEHEA” (resource management classes) I Lock #, — N E#EMNEH
HE, EMNBEFRHER. BE, FEFEMEA unlock TARW? F4 M
HUEX AU B MD R 2B RIRS, B HEattg, TE -BER%
, BIRERPL SRR D,

RIS, A RATA LSRR R BER FIMOR T . LR B A B
ANREE, HRARMGBHREZA, LASCHN —ERRE LERARE.

FH 2R (Exception-safe functions) ML = MRIEZ —:

m EAFKE: WRFPEEME, BFAREMEDNARFEGRRET. BF
AR BB EIR S S BRBTTOR, A X SR ah T — M BTG —2E PR &
(BIIMBTE R class ARZMHMBPLIRBHL)  RMEFHRIALRE (exact
state) Bef AT TR 20507, BATTLMRT changeBackground 8 — B A
FHPHE, PrettyMenu MR W LSRSEH A IR H REHE, RESEHEHEA
SFHEREG, AFFTETUHE R mRAEME, AT R0
FA R RS K RERES 4,

B ORFURIE: MRBERMD, BFPREAKZE. BRZENREREEERA

. WRRBRTI, BAETLEMTI, WRREKRK, BFaBIER AR
ZHT” KPR

Effective C++ 1 3UIR, 38 =R



5 %K29: H “RERE” MENREBY 129

FIXFRHRGL R RURAE IR IR BIE T, LORIR A S50 0 30 B LS LB A AR 5 1 7
BOH, ARZT, FAEHA - MRMESERRENREUS, BERAREH
FETRE: ST AR B0 I bR B T BT IR A, BRI 280 o B0k U AT R &5
SO LR, WIREA A R A AW RS, WEKHRREE, &
FAW AT AMRE——REREANSERAE.

W R (nothrow) RIE, AEHAPHTYE, B ASIIAREESSZRTNIES
AERTIRE. EAFRERE (BIW ints, 194M5%) 5 LIPTHERIEEEG
nothrow fRiF. X&ZRH LS — /NS AE] > [l 6 g B bk .

WERBAMER B, B “F AR E YIS ” (empty exception specification)

AR nothrow &%, LIPS AE, HSSRRR. B4M0TF, ZEUTHE:
int doSomething () throw(); /3R “FEANRERA”
// (empty exception spec)

XA doSomething AR e, TR Ui H doSomething Ml HY
. BREPESIR, SAREEANNREEEAY. LE L dosomething t
WRERFRIMEAAFRIE. REMAER (BELSEHY—nRam
WD AR HVMRES EREMHN. TN, B ERKE
RERUATFAIFH 2 AHRIE. FrA IR m R SIRE, TEEs
8.

5% %41 (Exception-safe code) WM ik =FRIEY —. WIRE AR
i, EMARERE LS. Fit, RIOMBER, ZARNFSHE R
PO — R ORAE? BRI AR FH 2204 S0 (GRS A S BRI 8 I Fh
T - BNRRLZ P 50 T A RGBT R 2 AR RIF “RAFE”
R AT A A RO R BT “ MR IR 3 “7EMIT AR b 5 WO B4
MFE.

— BN SR RSERE T LE BRTUEIE. AR RS WANY,
nothrow B ¥R 4R, (HIAEAEE C part of C++ Fuh 52 2% WAAEM —A4 T8
PR E RS ARSI NERARE (BIMFTHE STL 458 WEEERTT

1V RTHR “RASRMRE” , WEAREEAOERIIER S0 Cr ik, &
~ set_unexpected BUF LG FIBUF IS B BB RIE T IBA “ BRI IEE” .

Effective C++H3CAR, 35 = AR
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BHNELBATF R, BHEMESWE A bad alloc BH (LK 49 . 2K, 7]
R THPEME nothrow fRIE, (B34 KRB S, R EEREAGLEFRE
PRAE 2 [] o

Xt changeBackground M5, #EALIRFIFUELTEARRME . B LS PrettyMenu
) bgImage KRB KR, M—ANHKEDY Imager MW BEIBE S —A “HT#%
FEE” MR (AKX 13) . BEH, X MFWAELDE R BRAIBN 1%
Pttt . EX BRI BEH 2 ERIE” MU RZEL T 4K 13 MigA: U
WHE (FmEREEHD BHBRER R RUTMRA. UTFRE A AL
trl::shared ptr, HENELL auto ptr B EHM KT A S E 2T,

B, BATEHHEY] changeBackground W IER RIS, FHBAEEMEGY S
A EM imageChanges. —RMT S X R MR . NERH T RREMFE KL%
AT GARE, BRIEMGFFEENEET .

TR LR

class PrettyMenu ({
std::trl::shared ptr<Image> bgImage;

}:

void PrettyMenu::changeBackground (std::istream& imgSrc)

{
Lock ml (&mutex) ;

bgImage.reset (new Image(imgSrc)); //EA"new Image" MIPUTER
//¥E bgImage HEREEH

++imageChanges;

}

HRE, XEAHTFEFY delete HEME, B AKX DEIE L d8 481545 A B
AEERR T . AL, BERSIE R R AT EBRB AR Z . FIEMMBS, tri::
shared ptr::reset MR AEESE (HHR "newImage (imgSrc) " HHITEE 5
BRI E R FEA AR . delete HPE reset BEAMBAE, FTLLIn &M
A BRI RN S delete. HIEFE, AE (trl: :shared ptr) &
HHRR CXEREBASETEHN Inage) R4 T changeBackground [HHEFE

MBEAEPTE, XD EEILFEHiL changeBackground $AH 3R F1 ) 5 ¥ %
ERIE. RPPEMRBH imgSrce MR Image W RKIHRH, HTEERA

Effective C++1 3ChR, 58 =W
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Ui (input stream) MIELHICS (read marker) CHBE, TIXAEMBBENF RS
%Bé]‘z%*ﬁﬂmﬂ’]%%}ﬁﬂﬁ B LA changeBackground Eﬁ@%iz/l\f‘ﬂﬁ‘z%ﬂ%1ﬁ
B N AR

SR, EFRATIHE A —5%, 3% changeBackground IR AL T 38 ARIE (3%
AR CARAT LA AN 4 FR R 5o 3, SRAF R AT LA B I B 80 Y, N istream
B — A B RHAE SRR o A AL B S AR S 2 S BER B
TRE, REAMBE. XN REEWHRN copy and swap. BENIRFIH. AMRITEE
B S URE) il —0alE, REEREIES B0 EE%. HEEE
HEEEHE R E, EXRRERGERE. SRS ERTE, EEEsaty
A B A IS RAE— DAY 73 MR B e (swap) ©

I EEH R “RBMRIEE" NES RS AR, K5
TR} G AN, FREAAPTIBK SRS (implementation object, BRFEIA) .
XA A pimpl idiom, 43K 31 MR T . 5 PrettyMenu M, JH
BT

struct PMImpl { //PMImpl = "PrettyMenu Impl";
std::trl::shared ptr<Image> bgImage; / /BRI A S B struct
int imageChanges;

Y
class PrettyMenu {

private:

Mutex mutex;

std::trl::shared ptr<PMImpl> pImpl;
}i

void PrettyMenu::changeBackground (std:: istreams imgSrc)
{
using std::swap; /7 WK 25

Lock ml (&mutex) ; /1348 mutex (1 5| AKEE
std::trl::shared ptr<PMImpl>
pNew (new PMImpl (*pImpl));

pNew->bgImage.reset (new Image (imgSrc)); //IEREIA
++pNew->imageChanges;

swap (pImpl, pNew); / /B (swap) BUE, BB mutex

Effective C++ SChR, 35 =R
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ez RIEFELL pMImpl BN — AN struct TIAR—A class, XEEFE N
PrettyMenu BI$3E B B O 28 B T pImpl 2 private "3R8 T {RiF . 1 B4 PMImpl
A=A class, BR—FFIF, BIRMEAIAKRTE (EHEEARETH MR8 . mf
PRE, WATLLK PMImpl #RE T PrettyMenu W, BT I (packaging, a0 “If
VEBEERWEEEN” ) RBAXEFHEERNE.

"copy-and-swap" HEEEX X FRAME “LFHAL” SN~ MREFIEL,
BN s EHAMREBETRBAERIIMAET M., A THRER, iE®RI1ZE
changeBackground ) — M & : someFunc. B 1# ) copy-and-swap 5%, {HEg
BB RIEXN SR £1 F 2 A

void someFunc ()

/ /%% local JR&M— @A

/ IRBBESRRPRS BTk

HER, WE £1 8 2 FRFELEME “SRIMEE” 1K, BIB#iL someFunc
FRA CBRIFRRAET o BT, R £1 RIREHEARIE, HAN T it someFunc
RGRIRIE, BALAE BAUREFEH £1 2 WHENMBEFPRES. BT £1 057
BHERT . RERE RS

WR 1M 2 MR RIUFHE LY, HRIAFRILTHE. EE0R o R/
iR, BRI THATAE SR, FitmE 2 EEME R, 2FER
AF someFunc BRI AR, H 224 £2 BEUREEMARTERN AW,

o] B AE “IEHEM " (side effects) . MR R RIRERBHRE (local state,
Bl someFunc M “PHAENER” KPRZ) , [FHIX A S R R FRF.
ERELGREN “JERMELHE” (non-local data) HEH WML, IRMIRFUEIED
AR L. 254007, WMRAA £1 WREEHEENMIRER ST, BREE
iE someFunc RGN L EM. —MMEE “SIBEBSIME” Zihzja, ’AEMT
AR A I K S BB R 1A, BOA SRR b E TR E L BRI TR %8
BEE

XL UE AR 2 BRI AR 4 R HR AR ZURAE—— B AR IR A M. 55— A E 8

Effective C++ 3R, 5 =
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RR#E . copy-and-swap MIREET “BEMNBZEERRLE, REE—IPIHWREE
HIR B TR BB RR A E S , I WFANE— R sl Xt S
—ANBIAR, BEEARTELE GEERE UNIKEMZRE. 21, KFEHFH
R4 “BAIE” « BTSRRI N IZRAE T, B “SREURIE” HAEE
AR AT B 2B B A8 B

B “SREMRIE” AP)ERRRT, RBLLAERME “EARRIE” . AEFHRIHFIK
L, AR DU L i B R BLIRFUARAE, (ERCRME R E R A X EETHFEZA
T E RO . RERYG LA IE L K0 A ERARZURIE, J7—SERRATIT,
FEARR TR E K AR MEEEALRAE, B ASAZE TR SN FERENE,
“HHEREMZEARRIE” £ NENEFAHEKIERE.

WRAERREEEN R R FE RZERIE, HHE SRR BAMAT S
BERMFEXTEAREK, BEFIEHECHER. 2K, RESEHRE L0,
ARETRER S N RAE H . FREEAATHIR AR AR 11 A £2 1)
someFunc SEPAG . RX 2 BREBRARBARFELZERIE, HEEESRIERES,
MEREKR B 2 LR, BFAWEA 2 NHHRTEE. KRR £2 TR
g, BT T4 (sorted arrays) W REARFRALTHEFFPRE T . MIEEIE S #%
BER - HREHN R AT REE K - -FE. someFunc BIMEFMEATLE ) B
WR someFunc A KRR B RUEMFHE ZLMRIE, someFunc HEH A fER
PLAEAT CRAIE

XL BARBIIRG . — R LA IR, SR BIRA. AR “ AR .
FHFEE, —MERZEARAE&R LM, EXREREE, REMBN“R
MAELERR” - MREALNE D WEE N BELRLRE e, B4
RERAR&EREZEN, BHEREANS (RRERERESMEN) REHETREH
PR SR BRSO . ARG LZIH CH+ REFARERERESYE, I
UAREZREMAARB R “RHERE” 1, FAEMHAT —SFE “RE
ZAe” A,

BB LMK EAFT . SRR EHERIE RIS, FFmamame
EERERW RN, AR “UNSEERE" (KK 13), AFEIERER.
WERIE = “RELZERIE” PRIE-ALETRABHE RS L. 7R
Reizghik “ISCATRE” M FRIBGRZISR, RELRMREOAR T H5R0,

Effective C++1 3L, 3 =R



134 5 SEI

ARTEIEFHE CBA “TAEMRIE” o BREIRET RO, X—R2 N IRKK
BAFER, TREAREESEEE. KRB “RHE RS RIE" RHT W
HE &5, BrOMRMNZIHE RS, shEIER R B O i AR T8 0 —FF.

PO-H4EHT, W% goto MMACREHM N —FhELFSEE, MSIATINBOI S H45H
{3 (structured control flows) » — 14T, 2 /H%3E (globally accessible data)
WA —FhREF SRR, MARMABOITHIENHE. HEA, 85 “REREH
BTEWN” WREBEA A —MEFLR, MSRMNBUITEH “REXSE”
BRI AN RTIE . BRATT S BRI
HicE
B BEZE2RE (Exception-safe functions) BIf# % A4 F & AL ithiRs % vg el Ao 4
TR SR o XRE R BX 20 o =P el Ge M ARAE: EEAH!, 3REZUA. R
M H .

W SRFUGRUE” HETERERS L copy-and-swap SEHRHISK, {H “SREIMRAE” FFARXSHT
A RPF LIRRFILE N

B REERMR “REZSRIE” EFESRETEIRAZENREN “FHR
2RIE” PRRSE.

FR 30: B TR inlining AR B I

Understand the ins and outs of inlining.

Inline BRE, FHNHAT! SNEERGRRE, FBREH, HLEEFBEE (L
& 2>, ATLVARENINAEZZ R B BB I . RICREERES
g ?

TREPRIRBIN LR BIRIE £, BG “ Rk BORAH A" JERHK 3T
B 4 iR AL HLEIE 54 ot FORWRGE AR “AE RO MR, FTuX
R inline ZEA R, SOFGIFS MBI A XY GREAMR) HUTIESRMREMR
o KEBFRIERLARITE A “outlined MERA 7 SHERIT L2 BARAL.

SR SRR P s R BLSE A5 — 4%, BH FIE /P48 - inline B4 5t . inline
REH GBS, B xR EIE—MER” MUREARGERZ . B
ATBEG ARG VR, XRTRER IR HF7ES (object code) K/, 7E

Effective C++1 3CRR, 5 =R
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— A RHE REHLEE b, o K intining £53E BRUR A ARUR DR O eT 2R NI 750 «
B4R BN AE, inline X5 RS ZAK IR & S SIS B IUIT A (paging) » B
fol B R AR B T P2 (instruction cache hit rate) , LA AFBHIXEE T SR #93%
K.

B, WIR inline BBURAMIRA, HRIFBISRE B FEHK
R AR HhAT 3t “BRBCAA 7 BRAE B E N, SRELANLh, K ER B inlining #5K T fE
SN B RS (object code) FUR TR BB AR BT R !

JO4E, inline FURXTHRUEES M-~ B, RREH A4 . KR E RS
d, BT LB AR . K R B BOE ST class B XU

class Person {

public:
int age() const { return theRge; } 7 /—/ Fargitry inline E1i%:
//age BLE ST class & XA
private:

int thelge;
i

BORE ) B B0 2 B 5 R, (453K 46 it friend BB ATHUE T class W,
WREEIEE, TIME R4S YA inline.

B 75 9 inline 535000 i I R AE B R XCRAT N LR inline. BIGIERAEN
max template (3K H<algorithm>) TEAF XA LI R

template<typename T> / 7/ BF S inline:
inline const T& std::max(const T& a, const T& b) //std: :max ZRIH
{ return a < b ? b : a; } //RRT inline"

“max & template” T — UL R HAVRKIL inline B HA templates
2 T B R 5 ST Sk ST P o IR A4S B ERFR T B LAY function templates — 2 445
£ inline. XM ISAETLKT AT EEHEH, HHRANEF.

Inline B BCH % & B E T3k 3CHE A, B K 2 40 B ¥ 35 (build environments)
FEGR BRI P HEAT inlining, T8 TR — A “REUAMY By “wiRAREm A
7, RS EE IR AS R B ARE T LU PR B A L 7E X B 58
inlining, >EHREBEF T NET CLI (Common Language Infrastructure; NHE
AR B93EEHEE (managed environments) 3T 7EIE4T 76 Bk inlining. #
i 356 BE P BR8s He 25 L A5 4, AN J2IE 1 . Inlining 7E K H 5 C+H RSP R 4TEFERIITAN .

Effective C++ 1 3R, 5 =K
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Templates 8% WM E T LMW, FEAE-BHEEM, %S0 THERI
e, FEMEEKMAAET. GXHEHARMR SN g ERgaT
TEEZEAPIT template AH . ARG FHE AT ELLEHF K. )

Template K EI4L 5 inlining L%, WRIRIEFEE — template T RINAFTE
FRIE L template EINH SR 1K) 5 FUER 1% inlined, 134 I template 7BA4 inline; X
R ER std: imax REBEMEN . BURIREN template ¥RH E HE R EFEIK
F— N EREF R inlined, FAIZEHAFIX D template 7 B2 inline (K8 Bk
A . Inlining FEEA, WRASEERARLESLEIE FRHERIRLE fA 0,
FELHET inlining WA 5 KA GXXT template /EEFFAEE, WA 4,
{RIEAFE AR A, TS AR,

DELEEATEE R “ inline EAHIE, IEFSATINCLZR” WS . K35
BREAE AL R (B HAIRIREREIT) FIRE inlining, THTH X virtual &
BEOHH (BRIERBRTFRILEAR) BALE inlining HZ . BN RSHHF, KX
virtual BBk “%fr, HEBTHA B AR RE” » T inline FIR “HAT
B> SERF RIS S o g R T e BRI AR ™ o SR A8 AN S0 TE T2 R o 3
PRFARME DT % & AT 1THAE RS B B A< 44 inlining.

AR AR BBRE: — A RE_ LB inline 1R EET Z 2 inline,
BT RO EINE, FERATHER. SENRKSHRSTREMT Ll
R RN TR AR SR I s 8 inline 1k, SBR—ANBELE A (NEK S3) .

AR BARGIFARH K inlining RARE, ERATEE AR BE SRR
Ak, HEAET, MRIEFERFEA inline EREAIHNE, F7iE38 1% U500 Mk 3
A4 outlined PR A . BEFE4R IEARIEA RE 0 IR HH —NMREHIR M F NN R
He? SUIFRIE, g%l A X it ek B ST REAT I A 7 SE 18 inlining,
IX RS inline BRIV A A T 84K inlined, tHATHEA4 inlined, HXk T8 &
ST R

{...} //REHIFSREERE inline “XT £ FHAR”

inline void f(
( £; //pfiEM £

)
void ( * pf ) ()
£(); / /XA inlined, BEATERE—ATEEEA.
pEQ; / /AN E SRS inlined, BAEE REIEEHA K.

Effective C++H 3ChR, 38 = h)
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BIAEVR AARAE TR idadt,  “RAERL) inlined” ) inline BRI $04 2 FH 7T B4
PR, BRAREFF RO IEME—BRRBIRE A . B IR 138 2 4 i 1 BR ORI AT #
BRELI outline @I A, WM—RENTAA LAIRB IR TR LR, 7 array WD
RHEMr R A

SEf LA SR BT M R B 1E 2 inlining BUREREIRIE A —BARBAZLH
W TRASXAWA . HHELUT Derived class f3E lR#:
class Base {
public:
pri;éée:
std::string bml, bm2; //base BEH 12
bi

class Derived: public Base {

public:

Derived() { } //Derived MIEHRBRTH], B, BW?
private:

std::string dml, dm2, dm3; //derived H 1-3

}i

XA R HE BRI inlining FIAEERIEN, FAERARNSEAALG. E
RAR BIHR AT BE 2 KR 1R

C++ WF “ @I EMBERBA R EH2E” T X RNB MR, SR
Fl new, Zh&MIEMIXM S ME R AW L: SIREH delete, XMHIMT
MRBEBRA. LIREE—XER, HE A base class RE— M RALEHE
¥ EHHME, BHRHEBR IR, RABFOFTWITATRSAIRE. R R
HENGHER RN, ZNR ORI -8R0 S8R, LR
foCH+ R THa—ESkRE, BERFROMEL. “HENAEE” RRES
SEMERNGT, AEELH -sURERE, BTREENATRESRE . RIEFH
—EH R RAD AL IR g R A, TR —— R iR 8 T IR A A = 5
ZHFRIRF P RE——F S A E TR . F IR SRR AE R i H 3 R 300

Effective C++91 3ChR, 3 =hR
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WHEREA, FTURMFTUAER, REBSAHERNBARR LEERIZN
Derived ¥ BT =LA, A TLUTHF: ‘

Derived: :Derived () // “ZEH Derived MIERHE” FIMSHESLI
{

Base::Base(); / /18Rt “Base B

try { dml.std::string::string(); } / BV dml.

catch {...) { /I IRP R R
Base::~Base(); 7 /855% base class {453, FF
throw; / ERERE .

}

try { dm2.std::string::string{(); } /7R EE dme.

catch(...) { /AR R
dml.std::string::~string( ); / 7458% dm1,
Base::~Base () ; / 7485%% base class i5r, IF
throw; / MHERBERHE .

}

try { dm3.std::string::string(); } / ABEE dn3.

cateh(...) { / /SRS R R
dm2.std: :string::~string( ); / /% dm2,
dml.std::string::~string( ); / /8% aml,
Base::~Base () ; : / /8% base class B4y, F
throw; [ IEBERE .

}
} .
BRI AR R IER L ERIE SRR, BARENSRIFRIERN
HEL MR ERE . REWMI, XERBHERR B Derived 2 A M R EUL
FRBEMITH. PERFBELAFTMWFELREZ ARBES, Derived iR
BE>—FLMEAAELR AT R base class B MWERE, WHALEH (B
{18 5 AT REH inlined) WIS TR T A 5% % inlining.

A2 A tHE A T Base M REL, ﬁ?uim%"‘gi& inlined, FrH &% “Basetl
BREOAR” MEANRBEELBEIEASR] “Derived MWEREAM” W (BA
Derived WS MBI T Base WERED) . MR string MR HE T4 inlined,
Derived MEMBBEBHM “string WERBARE” BlE, B—HBIENNTF
Derived MEHWMENFHHE (HMRASLE, =N RKREBECHER 2—. WE
B RIERT, “REWH Derived KGR inline 41” FFAERNEMHIRE . KL
BEWIEM T perived MRS, 7EMILRNTLIE R “B Derived MM BEPHILH
WHIFTENSR” #——H%, ik BTy AT

Effective C++"H3ChE, =M
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TRFF v TG “ o BB WY inline” B idi: inline U EEREE TR
FFEERIFT R R BARE IR £ REFEAKR— inline ¥, KWK “1
BAMN” gt BRSPS, —BREFEROHERES £, FTEME £ ME P IREF
WLAEF G IF. ZEERRFAEEREN. RMWR £ 2 non-inline HH, —
BeEREMed, ZHrmA ®ERERRT, ChERHFMAEDRE . mAR
FPEER NI, FHPUR R B 27 UAMA R B NP R .

MNEEFFRNE, ¥ LR SR CTEORERERE, BENARLRHNAH
K H—ANFLEHMREEERE: K RIABERT inline REHRFLE., X
IR AZA R KK RS, ERMRWEIE D IHAFER R BN R T WA (break
point) WE? BARFLLHE EHXBEM N inlined REMIAR, HhirLEBERS
AR G “ AR R AR P 28 11 R ZE inlining” .

IXAE AR PR 8 B L R FZ A A5 WA inline TTMBAE BN %, HE—NET
BHAHRE . — IR AR R B S B inline, BKZE/DH inlining HEATRIEH
FRAEALE “— MY inline” (WK 46) B “+ 2 FH®RILHR” (Bl p.13s
Person::age) M5 k. HEMH inline (EEX H /G EMH AR HREL, I
HREA—RMETHEE CHERNTF TRMMAZE. FEEID 80-20 KA. ~FH
B MR s0s MIBATRTRIZERR7E 208 HARFS bk XRE—AFEMEN,
BN eI, 1B —DNREITRE, VR B ARR R X AT DA RO8 SRR R B A
KH 208 U, R)FHE inline BB PTREMFT TR . HERIERIEN Bir, &R
— VIR T

i

B K Z % inlining PR FIZE/DEY . AR RS £ XAMEH G R
FI—HEHIF-4% (binary upgradability) A S, A {##E7E HICHE T2 AK ] L& /I
th, FEREFFEEEANSER .

B RERIEY function templates HILAE L CHF, B EATA B inline.

Effective C++ 1 SUhR, 58 = AR
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FMR 31: FXHE BN RIFRFAREZRE

Minimize compilation dependencies between files.

BIARRT C++ BRFHIFEA class LB T EBHMEK. R, BXHIAE
class #:1, MA&SLHW, 1MHRK private 4. REEFEEXMEF, FFHGHR
WEBHE . EREAE A class HBEK. RIET "Build" AN make (BH
R S) . RERE—, REBRIEH, FARZIRIBAH RBWE LR
PEREERE T | MM EHRRE, ERN NG ?

BB TE C++ HFBCATE R NSCELP Iy B XM RET . Class BI5E X
KAREHBORT class &M, BEFEHEHENHE . Bil:

class Person {
public:
Person (const std::string& name, const Date& birthday,
const Addressé& addr);
std::string name() const;
std::string birthDate() const;
std::string address() const;

private:

std: :string theName; ‘ //EEH
Date theBirthDate; C//EAE
Address theAddress; / /IR B

X B class Person TikiE T 4 F—— W RRFRS A I G H e o ARAL B 3
¥ classes string, Date Ml Address B . XHEFIEXRBEE B #incluce iR
TR, FTLL pPerson & XXMM b AR AT REAFEEIXFEHI ARV

#include <string>
#include "date.h"
#include "address.h"

NEHR, XA —KERA Person & X XHFHEE N Z TR T —F R
BKAF XA (compilation dependency) . UIRIX &L L LT P, =
T S S B AR R LA SR SO AT R, R AB— A& N Pexrson class HISCHF
MG EFRIE, HEAH Person class MM R E B 4IF . IXHEHE A GmiFHK
3% (cascading compilation dependencies) <xXf1F % IR H 1 B UL 210 2 .

Effective C++13ChR, 3 =R
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PREF SR, T4 C+ BEF¥ class MEHMAHET class EX A2 4
AR E X Person, BTN H 4 FFRGH?

namespace std {

class string; o J/RTESY (AL, T
} //
class Date; //HT B A
class Address; //RTE A
class Person {
public:

Person (const std::string& name, const Date& birthday,
const Address& addr);

std::string name() const;

std: :string birthDate() const;

std::string address() const;

ﬁﬂ%ﬁf U\ﬁB/AﬁQ, Person H’Jg}ﬁ 5’7[:,‘3\ ﬁ?gﬁ Person 1% mﬁf@ﬁ&)‘iﬁﬂ“iﬁéﬁ
.

EANMEEFERNE. -, string AEA class, B typedef (EXH
basic_string<char>) . Ft EREXT string TBAET BEAWIFALH; EFHK
AEFHLRELR, FEN RSN templates. SRR HFAEE, FEARARER
RERT LAY — S bR ERF R . IRBEAUE FE 416 #includes SERLH K
BRAE K SO AN KT BE B A G BEHER, F5 J2 T SRR B 8 B A B o VPR 4 P P 3K
X4 (precompiled headers) . WIRAENT (parsing) Fpife L SCAFELHIRA MR, fRET
AETH B BCRRIE DR, BREARERTES “5IRAZRIDZ #includes”
A—HoT o

KT “WIEFRRS—HRE” ME A (ANEERERN) AEL, 4%
RADIPAE G R IR FE X BRI . F XA

int main()

{
int x; 71X —A int
Person p( params); //EX— Person

}

HgEREE x RN, TREBRSTELSAF GEEMT stack ) A BEF
H—A int. BB, BMRFSBUE D int HE K. AHFRER pMEX

Effective C++"H 3ChR, 5 =R
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X, EWEE LR F ] LUBUE — A Person, {HBEWAEIE—A Person %f
KAEZKE? SGiFaRREIXIE B M — InE i 2 H class & X AR T W0 & class
& XA L EEIA S HEIAl B, i8S 5% aal £ /b5 ?

BEiH A Smalltalk, Jave % _EIAFLAE, KA BIATLLAFE S & X%
N, Saidds AR E Mg — e LR EZENS) FH. 2 RENTE
IR XA T
int main (}
{

int x; /IEX—A int
Person* p; / /5 X —ATEEH81H] Person X4

X HRWAEATER CH RS, FTURETTLLE Aol “Rxd R34 H B
F—MEEEE” HEK. £X Person IATATLAXFEM: #8 person 7 AMA
classes, —MMHRHEHED, H—MATERZELQ . WRATT LI HTiE
implementation class B{ % § PersonImpl, Person FfiE X F:

#include <string> / IR A M AN Z A E A

#include <memory> //MIEAT trl::shared ptr MEN; #/E.
class PersonImpl; //Person LI HETE A,

class Date; / /Person ¥ O FZIH classes BT B A B

class Address;

class Person {
public:
Person (const std::string& name, const Date& birthday,
const Address& addr);
std::string name() const;
std::string birthDate() const;
std::string address() const;

private:
std::trl::shared ptr<PersonImpl> plImpl; //¥&%t, ¥5SZI;
¥ / /stdz:tr]::shared ptr WL43K 13.

fEIXH, main class(Person) AN & — M (X BAEH trl::shared ptr,
WA 13) , FRIMESEINAE (PersonTmpl) o XMW T E R A pimpl idiom (pimpl

Effective C++ 13U, 5 = AR
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7& "pointer to implementation” HIZEE) . IXF classes A FaEF BRI BE
pImpl, U _EEACHANEE.

X Z T, Person & FEL5E 415 Dates, Addresses PA X Persons )5S
DB 8 T . HRLE classes IATAA SEIUE AT E Person B i EH ik, I
Sh T P GIEE S| person HISEHAN H, AT S M4 “EUR TR H 7
Mg, XEER “Bn5suisE” !

EADBEMSCRIEF I KA B8 “ o UHIKAFEE” . I — %k
AR /MEI A BT BLSEPlSLSOR W e HIRE, T — AR, WikE 5
il SCA 9 R FE B TR SO0 K. SoAtads PR A T AT B i et oK
s <

B R4 H object references = object pointers TINEREE, RAEEHR
objects . T LA HSE — AN AR B S @ PR 1% 28 AU references Fll
pointers; {HUNFE LIFEHKAK] objects, LT E H Bz M2 LK.

B R, LB class FHAXEH class EXR. FE, SFEH— DR
EHBEA class B, RIFAFEZ class FIE S HFERELL by value 7 A%
BIZRB S (BERRIE) TR

class Date; / /class FHAIC.
Date today(): //ERE — XBEHAFE
void clearAppointments (Date d); // Date HE XK.
MR, pass-by-value — BT 5 2 MERERER (L& 200 , HURKE
A FEMRZEERE, FAREHUY “ELEZRFKEFELR” FA
EXMH.

7 today BBEF clearAppointments BB FE & X Date, XFfE ST
e AR, EEHFARENMAMEA. — BEAEMANRABLERE, HAZ
Al Date B XX —EHEBRIATT. MABIFHREHY, MLFOBEH-MEA
WHRREYE? W, HAERAEA, MEH ESEMASHE. BEEE 1%
HENSEOEANREGEH, DRSSP RS R WRaEREE R
Bt class EXA” (EIE #include FEHD KIXFM “BRBAEBIBTE” 2k
HRBES “NEREEN” 2% X, Fard “JFEEIBEZ LR E X
5% 7 Z (8] (R G PRAK AR M 22 B

Effective C++H 1 3CIR, 3 =R
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B AEARNOEXABHABEL . I TR T LRAEN, FEHADKL
e, —AHTHEHL, —AMRATEXK. B3R, XSO ERE—BE, W
RENARAPESER T, B SCHES SR KIEFRRFFER P NS & #include
—ANEPCATEHE R E SIS TR, RS N IR X A kST .
MG F, Date IEFIMEFEAEM today M clearAppointments, 14 1%
BARTHFEUF T EFH pate, MEMNIZ #include BEHHI. WEEHH
ISk S

#include "datefwd.h" 7 /EA IR AR (HEE ) class Date.
Date today( ); / /TRIRT.

void clearRppointments(Date d);

REFWHRMIA LML A "datefwd. h", @4 REVE CH FRUHEREF
Bk 3o (JR4EK 54) 1) <iosfwd>. <iosfwd> R E iostream %A AR,
IR XA HmEETANRRKLCHFRN, B <sstream>, <streambuf>,

<fstream> F <iostream>. :

<iosfwd> AR KRB XMH —ANEREHEE, EABE “F&XKEHT
templates 3% f F non-templates” . BAREK 30 i, EHATEEHIE (build
environments) ' template & XA H P E T LCHN, HRFELEERE D
¥ template & XABAE “JEk 0" A, XA—KeiwT g “REFHR” B
SR 4A templates. <iosfwd> BURIXFE—# k3.

C++ HIRHEERT export, FVFHF template 758 0A template 1 S 74 %1
TAFEHAN . AENEZFERNREFNRIFSRBWERD, Hicss
FREXNMCRBFZAEREIET D>, BiTEEPL export ZEE CH GRFEFH
B4R, BRgzdi.

% Person XHEAF FH pimpl idiom W classes, H1E##R 4 Handle classes. i%F
REGHI, IXFFHY classes WA B EAHNE . IMNEZ —REGENTNITE RS
FHRY 3L 302 (implementation classes) JF H1f5 & e BLSEBR 1 AE . H1W01 F 2 Person
BN 5% R B ST

#include "Person.h" / /BAIEFESLIR Person class,
//FLlidhgfi#include H class & X R

Effective C++91 3ChR, 55 =R
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#include "PersonImpl.h" /1 BATH A include PersonImpl H)
// class 5 XK, BRI R 5 R
//{F&=, PersonImpl HEM Person
//SEEMRRIR R AR, MERDESMRA.

Person: :Person{const std::string& name, const Date& birthday,

const Address& addr)
: plmpl (new PersonImpl (name, birthday, addr))
{1

std: :string Person::name() const

{
return pImpl->name( );

}

HEE, Person MERELL new (WK 16) HH PersonImpl MiE ¥, LA
. Person: :name R N AH PersonImpl::name. IXAEEN], il person TR —
A Handle class A REEEHNE, AT eI,

B—HI¥E Handle class [7rER, 4 Person B A —FERR K abstract base
class G EZ) , R4 Interface class. XF class 11 H R VR4 ——H53& derived
classes O (W4 34) , B EEENFHAZE, HEEHERE, RF—
A virtual HTHJERH (K&K 7) UKL —4 pure virtual ERE, FSEFURREANED.

Interface classes 281 Java #1 NET [ Interfaces, {8 C++ HJ Interface classes
HAFE NI Java 1 NET K Interface FiF AIBHITE. BT, Java F1 NET
A SLVFLE Interfaces P SEILAR 01 AE BN A B HL, (2 C++ B ILIXBIREAR TG .CH++
XMENERMHMEE LR, BA—W%&K36 TS, “non-virtual FEIILI”
XA RBRAFTH classes BN IZAHR, FTLUK LSS o BRI Interface class (3
TEHEMHNAE) W—stEEEMN.

— AL Person Tl B Interface class B i & SRR IXHE

class Person {

public:
virtual ~Person();
virtual std::string name() const = 0;
virtual std::string birthDate() const = 0;
virtual std::string address() const = 0;

}:

Effective C-++H 3CRR, =R
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XA class HI& A BLL Person [ pointers F1 references K85 N BT, A
HEATT RSN “ WA pure virtual B3 ” ) Person classes RILHI LA, (AR
B RESHURAE B Person B classes EBLH 4R, # F. ) B4R Handle classes K17
F—#E, BRHE Interface class I O# BB NHE A AFEH Wi¥.

Interface class §1%% /2 bR T02: X Fh class BUE B S . MATEREHH —
ERRERE, BCERBCEYIE “ EIEM A BB BIIRA derived classes RIMIIE B EUAA .
XFEMERBORHFR N factory (1)) BR% (4K 13) B virtual #iERE. BT
EEEST (BUE ATERMB geTEE, AKX 18) , IASIASEATBXER, izt
%75 Interface class M. XFEMRE XAIELE Interface class PR BN

static:

class Person {
public:

static std::trl::shared ptr<Person> //3BFEl—4~ trl::shared ptr, $EM
create {(const std::string& name, //— i Person, FULBEZSH

const Date& birthday, //HIER . 43K 18 HURIR
const Addressé& addr) /1A ARIER trl: s shared ptr
}i
B SEHEHEA:

std::string name;
Date dateOfBirth;
Address address;

J /BIE— AR, FHF Person B

std::trl::shared ptr<Person> pp(Person::create(name, dateOfBirth,

address) ) ;
std::cout << pp->name () / /3T Person MHE O FHIXASTE
<< " was born on "
<< pp->birthDate ()
<< " and now lives at "
<< pp—>address( ):
/7% pp BFHERIE,
/IR BREHE B,
/1 REHK 13,

gk, FHF Interface class # LA R Z 2 (concrete classes) 4% /& X Hi
3, Wi BLEIF M RSN RR A . —VIEREE virtual #3E Bh B SE AL BT 7R B S0

Effective C++ 3R, 3 =K



5 2K 31: CRESCAFE R gRIRIRAE R R R R R 147

AR R A, B Interface class Person B4 A % H derived class RealPerson, /&
R AL AR T ORI virtual FREFISEIN:
class RealPerson: public Person {
public:
RealPerson(const std::stringé name, const Date& birthday,
const Address& addr)

: theName (name), theBirthDate (birthday), theAddress (addr)
{}

virtual ~RealPerson() { }

std::string name() const; / /XS B sSE IS A BT,
std::string birthDate() const; J/BENREGER.
std::string address () const;

private:
std::string theName;
Date theBirthDate;
Address theAddress;
}i

H T RealPerson2.)i, Bl Person::create BIEHK —HBAHE T :

std: :trl::shared ptr<Person> Person::create (const std::string& name,
const Date& birthday,
const Addressé& addr)

return
std::trl::shared ptr<Person>(new RealPerson(name, birthday,
addr) ) ;

—AMNEISLH Person: :create SEHAIE A B A FIZREAL Y derived class X152,
WR-FiEmBsSHE. EE R ENSE. FETRSS,

RealPerson /~76 35 B Interface class (K133 WALHLZ —: M Interface class
(Person) &AL IHMG, RELMHEBEOFREZHET. Interface class 115 —
ALE R B ERK, BREEKWOBEEHTE,

Handle classes fl Interface classes f#fR T H: D MSEILZ MG CR, WM
RS MR AT (compilation dependencies) . HNTRARERAFHEIE (FiE:
RIFFIRFEEL — MR & BRI, B U4 BRI S | RHR Rk
), REBEREEFERENFSAHNFE, “HEXEREEMHE R 7
PRtk . SRR ITESRAEDEYE FEMEIRL: S EREBITIE RS TH®
B, XALR A A GBS T W AF .

Effective C++1 AR, 5 = kR
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7E Handle classes & I, % & REULAGE T implementation pointer B 78 %4 % %
#o MEAF KGRI M—EREE. T8N REFEM AT EL S
implementation pointer [{J:K/N. B J5, implementation pointer % Z¥I1444 (7£ Handie
class M REA) , 8 — P 3h& S BL18 K1) implementation object, BT LAPRHG 22
ZHHFAFSE HFRBRBNE) TRKESN T, DLAREIRE bad alloc i
W (REAL MRt

ZT Interface classes, T4 BRBH A virtual, BT CAURL SN & X R B0 A
fF i — A a1 #EBEEK (indirect jump) A (JLAREK 7) o L4 Interface class JRAEH)
X BRI E—A vptr (virtual table pointer, FRRNLEIK 7) , XA TR TTHES
INEFEBOT R F RN AR ——SERBR T XA RER T Interface class Z4MR&E
AAE HAth virtual RECRE.

)5, Aif Handle classes 8%, Interface classes, — B % inline BB TTHEH
RKER. K330 BRI A REA4ENL TH inlined W51 (RARIH) BTk
34EW, {H Handle classes fl Interface classes 1F 245 B4 % 71 FH Sk Ba i s B4R 15 an
PR A,

R, R BAFE T B EAEA%IE Handle classes Fl Interface classes,

BREEMHR. Virual BB RRAY? RIFDASBEFSLENIXSAX?
CIRERE, BIREED T ) WNZHE BT AERA SRR, ERFR
FE3d B2 {8 ) Handle classes A Interface classes bLsR SEHURA 745 (4 B X 3L 5 4
Kghdi. MUETNSBOERA/SADMERE TEKRUET classes Z[BIKHEA
M2 FARA AT, 8t LLA 2 2 (concrete classes ) #t Handle classes 1 Interface

classes.
HicfE

B SYEF ‘AR RIEEROME” BB AR BT AR, AERKRTEXR.
T AR PN F- B Handle classes #1 Interface classes.

B AL SRR, “5e 2 BEAYR”  (full and declaration-only forms) [
AT XMBIEAR R EY K templates £BIEF .

Effective C++7 U, 58 =R
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6
xR SERIXT R

Inheritance and Object-Oriented Design

H X %472 (O0P) JLFEANBEMAEN T, Prolk 4K, IRA . virtual
RYEE, WRRCSA T 82K, MMEFTERU CHERF, N5HENE
2k OOP M .

RE@, C++ I OOP F e AR IZA SR OOP FF A “dkA&” o LA
RP— G ARWE HY K, F—MEAERE (link) T LLZ public, protected 5, private,
W AT LA virtual B non-virtuale 4R /5 2 A% BB & AVET: virtual? non-virtual?
pure virtual? BA K53 Bk BOMFARTE SA- R B2 . SR S HME S virtual B3
B AKX EEW? AWM ZN CH FHARERMN? Bt EIa W ? i
class BT AT BB, virtual FREUEREERFEG?

AEIXEE H EHE K. WM REERE CH+ EMARERNEIEEX, #h
AR AR E R AR M R R IE AR T RIE KRR B 0 public k7 "R "is-a",
MAFERIEEHFELMEN, Redmlbs. RFEEH, virual KGR “&O
WA 4R AK” , non-virtual EREUENOR “HE ORISIILESLANBARA” o R AREEX 4
KRN, KEMRCH P RKRREN.

WMRIRT R C++ SFRERE RERI, R OOP MELNZET . BN

B — U SR RIS B S A PR B0 A0, T AT DALEAROE R U H AR AR A R 4 AR
% —BREZETEREM A, BEE CH ERBHAERATHMEERT .

Effective C++71 3ChR, 58 =R
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FM 32: FAZENREY public SR BBEH is-a <HR

Make sure public inheritance models "is-a."

7E {Some Must Watch While Some Must Sleep) (W. H. Freeman and Company,
1974) XA, {E#F William Dement i [ — P H, KEfLE L REL¥4E T
LR REEN LG L, s R B, — RS 2R X TR ETE 1066
EREEERT (Hastings) HSFTAIASE . MRAH#AEILHB L L, Dement #iH,
TRt 2 E8 1066 XM EF T C . ARG Dement SR8 HREE, Hh LA DHEE
BR, WFE K RMTE SCRERE " X RABI G . th—HERPEE, QMES
TREPHHAAT -MFE, BEOEXEHEATHERESRNE . Dement FEEE
S e A b EE R T ey T (01

WRESEHRG, MRENBF BEBELE: “BTMRARREEFRBR—MK4ER
SHE” . X Dement #t20id#E, MMEABOR. JLEFE PAHESF "1066".

X AN ARARERBERETRER, L cH+ TH RN RARE, &
EER—/NRNEZ: publicinheritance (AJF4EA&) BEBK “is-a" (B ) MRXR.
FEIX AN H I 2 2 B A% B AE AR (10 R I !

M YR4 class D ("Derived") LA public FE 247K class B ("Base") , FRERE
Vr CH iEds (LLAIRIARSEEED U, B—KE00 D X R Rt —AN3k
B BHIXR, RZAMIL. VREEEE BH DRIV FE—BALKME, Motk s
R ERF BRGNS . IR “B MR WIR LABRAEMHT, b MR —HEa L
R’ ER” (% EIFTE Liskov Substitution Principle) , BlX%4%— b M54
R (M) AR, RZUWRHRFE D DXNR, BXNREERT, FAHE
REA DX HERE N BMER, R

C++ XfT “public k& ” “#8 HAT LR WM. HIBLITHIF:

class Person { ... };
class Student: public Person { ... };

WRFEEFLRRAVGE, SN2EHMEN, EHFESMAREEE. XEEX
MERABRIIER BATH, X AW LU — S ——f g A A#H &
H——XF A WAL o (B BRATIIEA TR 2 4 o] 57 48— F—f n fl S

Effective C++1 3R, 3 = /R
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CTEM TR R ARERSL. AR LA E R A, AR AR — PR B
o

FR, ALBE, 7 C++ S, (LT R RHEREB KA Person
(&, pointer-to-Person BY reference-to-Person) HISES, #tHLIERIEZ— student
% (EX pointer-to-Student B reference-to-Student) :

void eat (const Persons p); /1A NER 2z,

void study(const Students s); 1/ REHEA R

Person p; //p RN

Student s; //s REEE

eat (p); /7B, p RN

eat (s); //ERRR, s A, TRAHERE Gsa) A
study (s) ; /IR, s ANFEE

study (p) ; /R p ARNEE

XA A XT public 8k A L. R X student P public 64k person,
CHIAT A A S IMBRFTHIR . private AR X SHTELARE (HEK39 , BT
protected 4kik, ME—FHEXZESTIRNBRERM K.

public 4470 is-a Z [A] (IS X RITERIBUA T 8, ERMRRMER T RS
R BT, 28 (penguin) B—M 5, KEFL. GAILLE, XHBEHL.
IRBITRAHMLL C++ WRBRIXEXR, 4FRWT:

class Bird {

public:
virtual void fly(); / /SRR
}:

class Penguin: public Bird { /1R MY
}i o
SEARAIERATE BT, BOAXASRARGRFEARETLLY, WRITMERAE
Hi. Ballz?

XA T, WAIRT ARET (FGHE) FTREER. SRMNESS KN
i, BRAEIENERFANERAARNSEHE R, RONBRMAZE RO SETWAE T
ITEEST o AN s, BATZAN DT H5E: FEAEAR G BRADREIUT

Effective C++ 1 LI, % =R
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GARR, CEBIHE SRSt

class Bird {

/I BEFY f1y R
}i
class FlyingBird: public Bird {
public:

virtual void fly():
};
class Penguin: public Bird {

/ /BB FE fly R

}i
BORE R BRI R L BUSE 0 BV 38 A S R RATEE B R .

BUEEat, BE2IBAT IR R BE e AL B AP X e L, Ry X R k1 R T
ATRATEX & U GMAL KNS SRR B LI SS9, 524
AETRAT, B “X classes YRR R ” BV RAT LA ATE T KRB —4
FE, M EHEREE A CEHTHERME” WEEE. FERER, Bk
TREFEMN 25, AEAESRK. MBROERESN T —IH M, EHER
TERRM AT “BHFR&" , BARERSLCHSIARALKHY, REh—A5
RMHMMBIE LFF EEAREL “MME MUK E2Wil, FAXANR
FEVR AN B EAR I 57 o S ANAFEE

S —FUISEIRACERITE “FIAENSHL G ARBEY, ARAMALST,
UERK” B, BN ARER E X f1y R, ST E-NBITHER:

void error{const std::strings msqg); //EXTHIMEE

class Penguin: public Bird {
public:
virtual void fly() { error ("Attempt to make a penguin fly!"); }

Effective C++913ChR, 3 =R
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IREEMR, RUAUAEX B AT UL R LE AR AT A R BT AR A . X HIEAR
R “ABAST, MER “AWETC BB ABE—MHIR” .

T RER LRI A 22 5 2 B IR A SR A (] O, “ i K7 X —
PR 40T e g iR SRR SE i, (BEER “ AR T, BMERY X &N,
REBATHA BER R

AT R “BRAS K, sUXEE” MG, WRATTLUA Penguin R X £1y FREL:

class Bird {
/7R FEH fly B
I

class Penguin: public Bird {
/IR £ly R
be

WAE, WRFRRELLAR K, MmIFRSXNRNTEREMLLED:

Penguin p;
p.fly( ) / /EER!

IXFURE “ 4B FEITHRESR” ORERANE. FURME, %iF
BALS p.fly WHRK BTG, &3 18 Blid: 47 K3E O LABT 1L TERAEI
MBS iR, BRIARRIZTRORIR “ e IR AN T ot AR “R
FEBATHA REMRIEAT)” BBt

BRI UR AR B Z BB, (HEERL LT AEAHE. 1B, Y2 MARFR,
EHTERMER M RH HAEHK?

W, EHEXMEEMEE: class Square MiZ LA public 4k & class
Rectangle % ?

Effective C++H1 UK, 58 =R
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“mhl 7 URUL,  COMRIIZILE ! A ANESEIE TR R, RZUAR
R, RERRHE, BOERRXABN. BRESNNBRITEESTEN.

x5 JEIX AR :

class Rectangle {

public:
virtual void setHeight (int newHeight) ;
virtual void setWidth (int newWidth) ;

virtual int height( ) const; / /IR H4ET{E
virtual int width() const;

}:

void makeBigger (Rectangle& r) / /3 R ERT LA« TR
{.
int oldHeight = r.height( );

‘r.setWidth(r.width() + 10); /7N SRR 10
assert (r.height( ) == oldHeight); //¥Iii r FIEERERYHE
}
B, LIRN] assert RKZAHE . FN makeBigger R r FIFEE;: r 1y ‘
T AR L

AL RIXBARS, HAEA public 464, SFIEN AN —F4ET

class Square: public Rectangle { ... };

Square s;

assert (s.width() == s.height()); /XX HIE R —E N E.

makeBigger (s) ; //HTHA, s B—FF (s-a) 5,
/ /BT CAERATAT LARE LT AR

assert (s.width() == s.height()); /IR EE EAERZAR N E.

XWRBE, A assert FRUNIZKZEHE. FAWEE X, EFEH
P8 AN AR .

EREBRIBE LT —AHE. RATWFTHE FEED assert AR

B 1 H makeBigger Z. B0, s H& MBI,
B 7F makeBigger ¥, s WEEND, HEERL,

Effective C++ 1 SChR, 585 =i
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B makeBigger R[MZJG, s WIEEHEMHEFEMMA. EE s £LL by reference
7 A% % makeBigger, Ll makeBigger B ME s BH, FE s WElE. )

Barg?

XK E] “public 467K ” MEEM R . RELAMTR (BIEHP) 2T EN
B, TEXERAITEN TS IR, AGIARA R R, LT FER
5 ERSERE (Bl FH B AN UE SO AT TET RS £ (5
FERREN SZMEE ) o B public ZAAETK, RBHITT base class X5 5 F
HIgEEYE, S4FER, B LUBAT T derived class XT8 & . 76IF HEFISEE
Bl (BB F RS 38 B sets Bl Lists) , FREM ETRTIEARRE, FF
LLLL public 487K BB Z MK RN IER. FiFRSibRiEs, EHE— k]
BT, RHARERFHRATHIESR. MBI R R —E%dm (B AbLiFt
HAENEHZFD - RBE LG EHRF R L EREE.

ANEL N U R R G A I B LR AE S5 T TR X R A 4T 3T A A o ok 3808,

EOFERELER . BMUERAEMER, EHIERTS IR “&it” EWMEM

L4k7& (inheritance) XTI KML, IRILAFTARKERFMFHRE S, UESS
PRIEZIEH “9R” XX MER# . HF KA ANRTR AN A BT R B AR
%, WEKEHZE “4 penguin 27K Bird, BRE4 Square 2k Rectangle” [KJ#j
DR XFERRE TTREILFELES, HBETRR,

is-a JFAERME—TE/ET classes Z AKX R, BHAHNMERZR has-a (B —
) Fll is-implemented-in-terms-of GREFMSLHLL) . KEX RBIELK 38 FI
39 g R E B E 6 R P AT~ AN RN is-a T RAS IR,
FE C++ HIHRFR, BT CAYRR %8 5 RS T R IX A “classes MIE X R” 2 1]
M2, HAEMMZE CHr BT HIERE AT,

HicfE

B “public k7K ” UK is-a. FEH T base classes F FHE—HEE - TLERT
derived classes 8 I, K N4—4 derived class %% tH&5 2 — base class S5,

Effective C++ IR, =R
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SRR 33: B G EIEMARTTRAVZIR

Avoid hiding inherited names.

KF “&F”, BLUWREXE—FE: “BRREMAR? 7 iy, “—%
BB A FER—HFIT. ” B AL EERXANIE: “@TRINELZTH
NEf oo BRBBIFAI . 7 TTREM. KERAMNTIB]T C++ “BARTIRMBIR”

XANEA R AR ST R, TRAMERIR (scopes) k. BATEFEA M
BRI
int x; //global &
void someFunc ()
{
double x; / /local &
std::cin >> x; / /B FHER T local ZBE x

XML BAE BRI R local B R x, A global &8 x, FhNEE
FEM ARSI GERD SMEERBN 2. AT LUXEEE 6| F1E R BE A

Global scope

x SomeFunc's scope
: X

L4k BE b T someFunc VSR BB AR x B, ‘B 7F local fEFIE N A
REFHARTOFERXNER. WRRIMABKILMERE. £BH someFunc
#) x & double ZKEIM global x & int KA, ERMAEE. C++ ML FEREHMT]

(name-hiding rules) ST E—SFERRE . ERELK. £ T BREE MR A
FIFE, FAEE, XHF—P B0 <« double BHE T —ANEHN x 1) int.

BAERANSA, BAVMIE, AL F—A derived class B R BRAEH 38 (refer to)
base class WHIFEY) (BIFRANRARE. typedef. BRERETE) 0, HiFHFATLIT
HBAIFTHEH KR PY, Bk derived classes 487 T 75 B T base classes P HIFTH &Riti.
LRRIEET R, derived class 1F B IRETE base class fEFIRA, BIXFE:

Effective C++H 3R, 38 =R
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class Base {

private:
int x;
public: Basel¥){E i 1
virtual void mfl() = O; AR
. . . x(B B &)
v11.ftual void m£2(); mfl(14 #%) | Derived f4F %
void mf3 (); mf2(1/7~ R %0
mB(MEE) | mfi(AE%)
. mf4(1 )
class Derived: public Base {

public:
virtual void mfl{();
void mf4 () ;

A5 & — 4 IR4 T public il private £ F, LA K — 41 pk 7 2 B A AR R BZ AR
X R BR B HE pure virtual, impure virtual 1 non-virtual =, X2 4 T 3R IRA]
WAL, MHEMTR. XM ETTINAZFEFRER, #1U enums, nested
classes 1 typedefs. B MTETHE—HEMRZXLERAMER, & TIXERAEA
AHAEE, AFMEHB MK, R —BTHE %R TRENE, BESHT
CAHEAR C++ TEZ EHMA FHATA.

B ¥ derived class P ] me4 B SZINGD 3R 40 (50X FE

void Derived::mf4 ( )

{

mf2();

MR FEREIXEFHLI 2, WHIEECIEY (refer to) 4K, HiF
BOBEEERZERE, BEAREENEN nt2 WAEPR. HEAEK local /£
AR (R mea BRMERAED , ERJLEHRIUEMERTESL N nf2. TRERK
ShEE R, R class Derived AR MERI . IERBRBMEMARTEL N mE2,
FRBEEINEBE, 461K base class. EMILRFHFRE—NBAm2 AT T,
FREIEER. WE Base WIERKRH mf2, EHRIMEMHLE T X, HEEAE Base
KA namespace(s) MIYERIER (WMBFME) , BIE1F global fEAEIKL % .

Effective C++ 3R, B =R
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WA B R RS F BRI, (BT RO BARIFAREN T 5EHRsS
ORI AR LK BRI A AR E AN, TR A BAIELBHE L, AU@RRELEAR
WRET. M TEE, AERNETEEHRRER.

BRFIBET— M T, XN ES me1 B mes, FEFM—HK me3 2
Derived %. MWI43K 36 frilt, XERAMHEIER: Derived BE T mf3, HE—A
k7K SR Y non-virtual R XRFBAMRIT L BRHELEE, HATRSUN
ARERANE “BRRATAM” , BRIOENZZIEE.

class Base {

prl\‘zate : Baself 5 il i5:
int x;
public: x(B 0 R B -
virtual void mfl() = 0; mflC /M%) | Derived 1 Fl i,
m2(1 &%)

v%rtual VOI‘Ld mfl (int) ; mBEAE %) mfl (1A %0
virtual void mf2(); mi314 20
void mf3(); mfa(1 & %)
void mf£3 (double);

}:

class Derived: public Base {
public:

virtual void mfl();

void mf3 () ;

void m£4 () ;

}:

XBAR R R IT AR B B —KEXNER CH+ BFERKE . MME
R B “ 2IRERIN " HEBE KL, Fi base class WATH % 4 mfl Fl me3
FI R B # 4% derived class I mel I mf3 RBCGEHE T . NBHRERMLXKE,
Base: :mfl Ml Base::mf3 A ¥ Derived gk !

Derived d;

int x;

d.mfl () ; /788, A Derived: :mfl

d.mf1l (%) ; / /8R! BN Derived: :mf1 M T Base: :mfl
d.mf2 () ; / /%, J8F Base: :mf2

d.mf3(); / /3, &R Derived: :mf3

d.mf3 (x) ; / /8R! A Derived: :mf3 HEHE T Base: :mf3

Effective C++% 3R, 8 =R
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WARET A, EIRINESERS, BR4E base classes F1 derived classes P It 5 305 A
RIS HEERMER, T AA R K EUR virtual 5% non-virtual —4A3E A . IXFIA K 3
RN B EARR, 40K someFunc M double x EEHE T global FEFIR A
i int x, W14 Derived PI ARSI me3 BEHE T — AN 4 me3 (AR AR F 1 Base B ¥,

REATHE G BEAE RN T B L VR7E 2P RSN FI#E4E Capplication
framework) PIEILHTH derived class B [ Hi M BR T 4 base classes 47K 4558 5
ANERRIREH AR A EREI. TR LW RIRIE7E4EF public 47K T X A 4kik
R IR, BRI K base F derived classes 2 [A]ff] Is-a 35 &, T4k 32 it
is-a & public ZKARMFEA . FILKRILERSAEEHRER (override) C+H XJ “4k7KTT
RIZIR” HIREERAT R

R LAAE using A BRI B AF:

class Base {

prl\'fate : Baseft) 1k Fi 15
int x;

public: X(H A AR R
virtual void mfl() = 0; mflQ %) | Derived 4RI

; . . . mf2(1 70

V}rtual VO:ILd mfl (int) ; mf3 (2 B #) mfl (A )
virtual void mf2(); mB AN E R
void mf3(); mfa(1 1 %)
void mf3 (double) ;

bi

class Derived: public Base ({

public:
using Base::mfl; //ik Base class 44 mf1 fl me3 MIFTH 475
using Base::mf3; / /% Derived fEFIIBN AR W (3£ A public)
virtual void mfl();
void mf3();
void mf4 () ;

}i

WAL, BRARBLHKE — Wi & s 1

Effective C++ 7 3R, B =hR -
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Derived d;
int x;

AmELO;  //HREIE, UYAER Derived: imel

d.mfl (x); /AAER R T, M Base: :mfl

d.mf2(); /PBRE R, XA Base: imf2

d.mf3(); /7R, A Derived: :mf3

d.mf£3(x); //RAEE T, W] Base: :mf3

XER DR IR base class FiI FEHREE, MARNFEEFENHETES (G

B Hrh—is5r, IARDBI AL JA S P FDN LKA —A using
A, 7R R 7 28 S AR I 4% FR S R

A IR YRIF ALK base classes FIFTH R%, XA LAEMEK . 7F public k&
T, XA ATRER A, FR'ERT public k& FTRE 7RI “base FI derived classes
ZIAMis-aX R, GXWHEE I A FiR using 7B KB TLAE derived class ] public
(X 35k JR EX] : base class PA ¥ public 4 FR¥E publicly derived class P 5% public. )
RIMIAE private 7&K N (4K 39) BHMEEREEXM. Bl ER Derived B
private FER4kK Base, I Derived ME—AR KK mf1 %%B/l\?ﬁﬁﬁﬁ&jxe using ol
ARTEXBRIRA LA, FA using BHHREASMRTRMES L2 HRZFTE R
B HAE derived class PEFI M. R, BATFHEAFPEOAR, B M6 A A R

(forwarding function) :

class Base {

public:
virtual void mfl() = 0;
virtual void mfl (int);

.- //5HTH
)i
class Derived: private Base {
public:
virtual void mfl() //¥3HR% (forwarding function) ;
{ Base::mfl( ); } //BEE R inline (W4&2k 30)

b2

Derived d;

int x;
d.mfl(); / /1B, VAR Derived: :mfl
d.mfl (x) ; / /4R Base: :mfl () BUEH T

Effective C++ 1 3ChR, 55 =K



6 %K 34: X 4rEE4RARRISEILGk K 161

inline AT B # (forwarding function) (K% — MR A ILEA L HF using &
R (F: XFFIEEMITH) WEHRFEDFRE—KIFE, BERTBHBRICA
derived class fEF A o

X RS AM AR EH ., B MM%ALS templates, AKX
“HRRLATRYOER” — M ERARMER. T “LUATKSER” WIH LA,
VLR 43,

FiL{E

B derived classes P () 22 FR4IEHE base classes W4 FR. 7E public 48& F W\REH
AFEmk.

B h TR A RARRE, AMEM using ABIABRFARH (forwarding

functions) .

2R 34 XA EOMEFISII R

Differentiate between inheritance of interface and inheritance of implementation.

RME FEBT A1 public AME, 2UEERRNEZS, RIEHBES
Hpk: PAEEED (function interfaces) ZkZAMKH LI (function implementations)
AR XPFRGE AN E SR, REABFEMHEKRBGTH S REE X2 BRZESR.

B4 class @il %, FIEIRE A derived classes HEkA M R BHED (1
RS ;. FMER LS derived classes B SR RFIMEDO LI, B
FERBAET (override) CAITARIEI; NHMEIRFHE derived classes B}
ARRPOEOMII, HEARFEEEMRA.

AT EFHURS EIRERZ MKER, LRATEE—NERLERFE DRI
fATFEAR I class 4E& &k F -

class Shape {
public:
virtual void draw( ) const = 0;

virtual void error(const std::string& msqg);
int objectID( ) const;

};

class Rectangle: public Shape { ... };
class Ellipse: public Shape { ... };

Effective C++"3ChE, 3 =R
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Shape 1% class; BRI pure virtual B draw B BN — % class. BT
PLE P A RIR Shape class FISEHR, HEERIRH derived classes IS0 fk. RE
., Shape BRIBZIE W T B L public TE X 4E& ] derived classes, BN:

B BARENEORRSA. &K 32 Brii, public Sk&EIK is-a (—
), BT ST base class A E KL MEHE —E B I derived classes HE. FEik
IREANRBATHAT T class & L, —@ W HEITTH derived classes & L.

Shape class BB T =4 E . F— M draw, TR PG+ B H 2505
%, BN error, BEAILIY “FERSFENMER” MERAREAH. F=1
& objectId, REEETXH R M—MR—E - MBEIRMIE. SMRBEHEHTR
#HAMF: draw B4 pure virtual B¥; error BAMEAMEG (JE4) impure virtual
H¥: objectID & non-virtual BRE. XEEARR K HPFRM AR BERIE?

B 55% 8 pure virtual 3 draw:
class Shape {
public:

virtual void draw( ) const = 0;

}:

pure virtual EREHA AR HBERE: EOILABAEM “HRTEMN” AR
class EFFEH, THEMEMSR class FREEERF & . EXHMEREBLERE,
R A:

B FEBI—A pure virtual BB H 824 T ik derived classes Rk &R e .

IX%} Shape: :draw RBRBFSEALTHET, HAFH shape X RE N ZRET
L, XRAHMENR, {8 shape class T4 R EBER LS HE AL, B
MEBLFEERTHERLYE. shape: :draw KR TR A SR derived classes ¥
EU,  “PRUTURMH—A draw ¥, BRATHHREATHE.

& ARINR, BRATERT LA pure virtual B EER 4 E X R RART LR

Shape: :draw N — R LIAREE, CH HASEHET, BEH KB —RBR A
FH A BR AR S 2 class BFR” -

Effective C++"3CHE, B=/R
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Shape* ps = new Shape; //85R ! shape BRIZR K
Shape* psl = new Rectangle; / /BRI

psl->draw( ); //VF Rectangle: :draw
Shape* ps2 = new Ellipse; /7Bl

ps2->draw () ; //PH Ellipse: :draw
psl->Shape: :draw( ); / /8K Shape: :draw
ps2->Shape: :draw( ); /78R Shape: :draw

B T BEB A BIRTENS B IEIRX LB A KRBT R —MEZIMESR, — RS
O FEEEER. B —WHEREER, ECUSEEL—FMYLE, SR GE
4£) impure virtual iR $ER AL E P H T L &R ST

A AM¥ impure virtual B30 5 FI R pure virtual BEH S AR —WiER,
derived classes 4k 2. R #3% O, (B impure virtual 5 & 24— 4 2L, derived
classes TJ S (override) €. HMEAR, MBS HEA:

m EHE AN (JEZE) impure virtual BB B 1), &1k derived classes 4k i% efi$
HY$E OB SET.

%fﬁ Shape: :error 134%5‘]?

class Shape {
public:
virtual vold error{const std::strings msg);

}i
HENOERIR, A class AR “ 28 LHHRETT A" g%, H
A class A B (HALERAR R . IMRFEA class ARSI RBUBAR M BRAT R, ©WT
CLB[E ) shape class 32 4L 1B AR A BT . R T Shape: terror AR
V¥ derived classes IR VHE, “PRUMLIFF—A ervor ¥, HMRHRIEED
H—A, TRMEH shape class {1 IBLE A" .

B4, StV impure virtual B[R] 46 52 B 507 W0 BB AT, HIE T REE
ISR . METIRE, EBAVEE XYZ MBAE RIS RGER. ZAFR
H AR B PR RHL, FEEMUAER IR AT Bk XYZ 8 XL k& th
A

Effective C++ ChR, 3 = /R
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class Airport { ... }: / /LRI
class Airplane {
public:

virtual void fly(const Airport& destination);

}s
void Airplane::fly(const Airport& destination)

BAREG, B WICEREK K
}

class ModelA: public Airplane { ... };
class ModelB: public Airplane { ... };

KT REHE WIS — 2 HEE AR HURERN EFEARRK £1y 5K
HL” , Airplane::fly B FEE14 virtual. SRTTHN T BRI Modela 1 ModelB HRE
MERHE, A RATAT A H Airplane: : fly 4L, & R B Modela 1 ModelB Z7K.

XA BB BT R A B B v B classes JEE— M E R (WELR EATIZER
fly AR . FrLAILEHER KT base class 1, RGP IXMA classes k. X
AR BB ILFAMER, BARBER, JHRARKNBRILES, BMEKHEFR
FHIRA . BT X e T A 0 S AR ik 32 BIWGE A I . XYZ AT A Al 0
(L

IAE, B XYZ BRAN, doelk—mE C B Hl. CRMARLKB
RMEREAR. ERREBE, i XAR.

XYZ AT RBRF RESRERPHN C BRHBMT —1 class, B TFARAD

[ELLF WL LERS, BB TER XK f1y R¥#:

class ModelC: public Airplane {
- /R fly R

b;

RIS R — i b A N 1E:

Airport PDX(...); / /PDX B FKMHEFIIS
Airplane* pa = new ModelC;

pa—>fly (PDX) ; //VAH Airplane:: fly

Effective C++9 30, B8 =K
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KB K A XA TR RE L Modela B ModelB ) k4T 4 :3k & Modelc.
XA LA T SRR E OIT R .

#BATE Airplane: : fly HEREIT A, TAET Modelc ZERHA UL “HE”
BB R TRk T B ITH. TEHRRERINIAT USRS BB “ROBRE LIRS
derived classes, {HRIEEAIREABEREM %iR” o WAKBETUIR “virtual R
B M “BrE st 2 FRERE. FEE k.

class Airplane {

public:
virtual void fly(const Airporté& destination) = 0;

protected:
void defaultFly (const Airporté& destination);
}:
void Airplane::defaultFly(const Airporté& destination)
{

BRAITHR, WK EREME RN,
}

BER, Airplane::fly B8y — pure virtual ER%L, HEgieirgEn. |
BTt B BRZE Airplane class 1, {EUIIRER UIMOT KL defaultFly FIBAH
TR, 2548 P 548 SE B9 B Mode 1A F ModelB), AT AZERL £1y BB X} defaultFly
fir— inline YA (AEERSLK 30 BTS, inline 2R HOR virtual B B2 (A A E X
7

class ModelA: public Airplane {

public:
virtual void fly(const Airporté& destination)
{ defaultFly(destination}); }

};

class ModelB: public Airplane {

public:
virtual void fly(const Airporté& destination)
{ defaultFly(destination); }

)

Effective C++1 U, 3 = hR
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ILTE ModelC class A RER /MK AN IER I £1y SEIRARAS T, KA Airplane
H1f pure virtual b #08 F Modelc LIFEHE A O £1y FRA:

class ModelC: public Airplane {
public:
virtual void fly{(const Airporté& destination);
}i
void ModelC::fly(const Airport& destination)
{
# C AL K REm B R
}

EAFRFIERATLE, BFERTER TR BN (copy-and-paste) LS THA
SRR, 1ﬂ?%%tﬁﬁ%%&i‘i‘ﬁ?§{§ﬁo 2T Airplane::defaultFly, BHEER
EIFERK T protected, BIAE R Airplane KL derived classes FISEHAI H . BN
ZRERWHEEAR S, AERENEA K

Airplane: :defaultFly J& D non-virtual %, X—SBREE. FAREEM
—A™ derived class MiZEDF E XA (WK 36) . WHR defaultFly £ virtual
R, A —/MEREE: J7—% 2 derived class JHICEH T X defaultFly,
SERE?

HoARNSUARMEHE > HEAEOMGETR, R LERH 1y M
defaultFly K%, AbA15<.0 Rt BE F R H BB AR 51 I class iy 44 2 [AV5 5 )
B AR RE, BOMEE TN . XANRE EERREF G
fRdk? W, JAIFTLIFRIA “pure virtual B FHFAE derived classes PEFTFH, H
AR LIS A ORI X—H5E, THEL Airplane SR LTSS pure
virtual ¥ —7 % X:

class Airplane {

public:
virtual void fly(const Airporté& destination) = 0;

};

Effective C++ 91 3UhR, 3 =R
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void Airplane::fly(const Airports& destination) //pure virtual PRESCIR

{
BUEIT M, K KL E R E R H i

} .

class ModelA: public Airplane {

public:
virtual void fly(censt Airport& destination)
{ Airplane::fly(destination); }

};

class ModelB: public Airplane {

public:
virtual void fly(const Airport& destination)
{ Airplane::fly{destination); }

-

}i
class ModelC: public Airplane {
public:
virtual void fly(const Airport& destination);
bi
void ModelC::fly(const Airporté& destination)
{
B CETWH KSR E M H fH
}

X JLPRRT— DB —E—F, R pure virtual ¥ Airplane: : fF1y B ¥ T
WAL R ¥ Airplane::defaultFly. 45 bk, BZAEMK fly A BIAWIRAEE:
HAERESRAMEED (FR derived classes LAEAR) ., HE X4 NED
HEREIT R (IR derived classes T REME A I, (B R GRS BRI H BB A £) .
WREIH £fly N defaultFly, MERT “UHIBREERRGEPEL” HGH2.
SR LA protected R ¥ (defaultFly) WA AL T publicC KB f1y 2 ).

BJ5, BA1EF shape B non-virtual B objectID:

class Shape {
public:
int objectID( ) const;

}:

Effective C++1 3CIR, =%
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W5 B EUR A non-virtual BRE, EWE T IH AITHEILE derived classes HH
AFEMAITH . LR L— non-virtual B R RBTRRMAZY (nvariant) BEH
¥Rt (specialization) , W ERRAR derived class BRE AR, ERATAH
MATTUHE. REBHMNS:

& 759 non-virtual BG# G H 924 T 4 derived classes %ﬂ(k_ﬂ%ﬁﬁgﬁ O & — 135
.

#RE] LA Shape: :objectID B 7S B AR MR : “4#/ Shape A — AN KR
ANBRHNGBAHERE: HRWUBAERAMEETE TE, ZHEH
Shape: :objectID HIE XA RE, B derived class FAN ZZ= AR B ILITH” .
H T non-virtual R NE XRAZEY Gnvariant) 57 (specialization) ,
B L #8 A% AE derived class PAEHTE L. XWALFK 36 ifRK—MEA.

pure virtual FA%{. simple (impure) virtual B3, non-virtual B BIMH 27,
PRI LIRS HHE B RARE derived classes ZKAAMARTE: R4k&AEO, BURSkA&B IR
— R I, SRR O — RGBT XEARERB I ERRA
BN HARFN, SRR R, BAEEERE. R RHscBIT,
PZAE B RS A LR class Wit E B H BB MME R

B— R R BT B B0 4 non-virtual . IX{#78 derived classes H KB
(A HATRA TAE. non-virtual FTHERBITH S RRAE (ML 7 o B8, &
W—ANFHEAAERA base class 1 class R4XTFEEN], BEARIXH, BHFTH KRR
#7824 non-virtual #ARIE 4. HIXH IR Z LB T virtual Al non-virtual &
K ZES, M EHEO virtval RBEIREBA . LR LR class RITH
PR base class, #EPHEET virtual BB (BXRLEK D .

BRI virtual REERA, ERFRAHHTIEHN 80-20 LN (o] K&
30> o EAMENB, —AMREKTEFE 0% MPATHMIERTE 208 F4US 5 E.
N EE, FATER, PHNEERMBEARATTLUA sos £ virtual
TIAMP TR F R RABRR . B UL AR R TG B8 01 5148 virtual BR 3R A2 7T,
FEK O RERE R RER 208 R Bk, EAREERKE.

Effective C++H1 30, 3 =R
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Fi— AN R R R FT A  F R B 5 A virtual. A RMRIX R ERHK, Hi
43K 31 #Y Interface classes. fRMIXAIBER class WitEHHRZ B LI HIETIE
F LR B R A ZALE derived class PHEEFIE X, RE LRI 1255 AR L5 ok £ 75 B
24 non-virtual. ¥H AF B ZFRIRI class iEH FEM A E MO THMTITIRF
L b R E e AR R BT L —. R RIIAEY Grvariant) BEY:
RBM (specialization) , BEMWHHE.

HEicdE

| EOgEMCI AR 7E public k7&K Z T, derived classes £ & 4% & base class
rEEO.

W pure virtual B A BAEEEO4% K.

B B AN (JESE) impure virtual B8R e B HE 040K L BRAE SRR 4R K
B non-virtual BRECR TR 2 O 48K DL KGRI SEBL 4R K .

ER 35: FER virtual REIINYVE thkiF

Consider alternatives to virtual functions.

BRIRRIERE S — MSRIFERR KA, VRITE IR A AR — R ARB R,
VREGHEAR B T B R KEY, B S A Py 35 58 5 I At PR B i B g R A 1B 0
FAFER. RENRERME— R RY nealthvalue, BIRE—NEH, Fr
APHEERE. ATARMAYTEUARRK AR T FMAEII0HERER, %
healthvalue & BA y\] virtual ﬂr){jjz%ﬁ% =] $ﬁﬁ"1f&ﬁ¥£

class GameCharacter {
public:
virtual int healthvalue() const; //iRBIAIKEREETSE

- / /derived classes B] EFE X E .
}s

healthvalue 3R AN pure virtnal, XBEREIVESE AT EEEREN
BB (LK 34) .

Effective C++9 3ChR, BB =R
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XM AT, EREARNMARRANRTIE T ERS R, BT
AN R, URET AR A AR B AR AT R D T BRI I R X
ST EIE L, RIS B AL R

#£ /1 Non-Virtual Interface 5 %331 Template Method ==\

BAEMN— NGB BERIRLE, XADRIREK virtual KB LF 2
private. XAFIREFASFE R, BEFHRITZIRE healthvalue 4 public B B
#, {Bil B AN non-virtual, FFiHF— private virtual %L (11 doHealthvalue)
BEAT SEBR TAE:

class GameCharacter {

public:
int healthvalue () const / /derived classes NEFE XY,
{ /7 WA 36.
.. //—SEHETTIE, ET.
int retval = doHealthValue () : / /S IERI T AR,
e /ISR GTE, ¥,
return retval;
}
private:
virtual int doHealthValue() consat / /derived classes ] EHE X 'E.

{
/IRERE, THEARREE.
}

TEIXEY (LLRAZKEAN) BT, REEE class & XN IR AR
Afk. —HI&EK 30 FiE, BEBILEMLEEEART inline, EHLRIIXF K
R BIARIG R R A TR A S 101k . RITRER BT inlining HIRA %1,
BT CLE A BN R R R BAE X B X T classes A EFFBRAE. X, EHH.

X—FAR, R 4% A E T public non-virtual ¥ 5% 2R $X (8] 821 FH private
virtual K" , BA non-virtual interface (NVI) Fi£. ‘2 FT1E Template Method
W (55 C++ templates H I RHE) K —MiEERIFE K. FATIXA non-virtual
B (healthvalue) R4 virtual BREIFNERS (wrapper) o

Effective C++ 3UhR, 85 =R
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NVI FUEM—MUARSTE LR AR “i— S TE” 1 “H—&3E
TAE” Z e AREvERH R & VRAR G I ARG RIELE “ virtual BRBUHITHIET/EZ
BifZfE” Wi . XEWSES (wrapper) FARELIE—A virtual BREAEIRA
ZRIWEIFE SR, FERASRZ GEHES S, “Hi LE” TLaEgEn
F28 (locking a mutex) . #HliEiE# HECHEIR (logentry) . BAE class AR &AL
UOE R B A L E T4 VAT LAVE R 248 BR 81 (unlocking a mutex)
IR TS FRRRIE class A REMEE . RRLE T HEHEA virtual
R, BRRAE AT IME ] MO e,

HHE L iF S SRR BRI 0 : NVI F98 K IE derived classes N EHT
& X private virtual Bi#r. W, B XFETA derived classes FHAEAKRE! X
BHAGFEFE. “EHFEX virtual BE” FrFELEH “@f” ¥k, “HA .
virtual PRE” WFRRE “ME” BE. XEFHRLZ S B EAMRTH. NVI
FIE A derived classes EHTE X virtual FH, AR FEAT “nf] SHALEE” 1
Yehife s, 18 base class fREVRIE “BRBRTRBIAA" BBR. —JFiRX TR
BUPHa S, (B C++ [IXFH “derived classes 7 B 7 a2 X 4k 7K 10 K ) private virtual 5
7 MM EeEEAE.

75 NVI Pk T H% A L El virtval BE—E 52 private. FEE class kA&
ZEK derived class 7F virtual BRE K STIR P9 4018 F 1 base class AR 5 26 (B4m
p.120 WHRP) , Wh TiXRERAMA &%, virual MEUAIE protected, ABER
private. & virtual B EE 2 — & 182 public (#I41.R % LM BN base classes
TR — WEK T . X4 SRPEAEREHE NVIFIT .

#£ #1 Function Pointers LI} Strategy &3\

NVI F#£3¢ public virtual BRI H &2 —MERIERTE, BNFEMHETARE
M2, BHEEEHEFER— M. BEERNEEFEH virual RECRITHESMNA
YIRS B ERBIEN R R A ERENTE S AWREE
K”, XBEMTHHTENITFE “AW” ENHS. BRI RSERGEN AP
Fois ok B2 — AN BEN, fem— MBI E RS, MRATET A A i R BOR AT S2 bR
T

Effective C++H3 3CI, 35 =i
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class GameCharacter; //RUE RS (forward declaration)
/7O SR T B R R R RO SR B
int defaultHealthCalc{(const GameCharacter& gc);
class GameCharacter {
public:
typedef int (*HealthCalcFunc) (const GameCharacteré&);
explicit GameCharacter (HealthCalcFunc hef = defaultHealthCalc)
: healthFunc (hcf)
{}
int healthValue() const
{ return healthFunc(*this); }

private:
HealthCalcFunc healthFunc;
}:

KA T WK Strategy W EXNRBENK. EEM “HET
GameCharacter ARAE R A2 virtual FE” FIMGETLE, TBIRE T B3 ik,

B F— AYRR 2 AR AR SRR SR . Fl:

class EvilBadGuy: public GameCharacter {
public:
explicit EvilBadGuy (HealthCalcFunc hcf = defaultHealthCalc)
: GameCharacter (hcf)

{ ...}

}:

int loseHealthQuickly(const GameCharacters); / /e R
int loseHealthSlowly(const GameCharacters); / /BB BT ER K 2
EvilBadGuy ebgl (loseHealthQuickly); / /A FERE ) A LD
EvilBadGuy ebg2 (loseHealthSlowly); /7 AEBERTE TR

B HEOa AP EEETE R B EBITHEE. HlU GameCharacter A 24
— AP R B setHealthCalculator, JARE B LTI RBRERTE K.

PAER, R RETREOT H R B F R GameCharacter 2R R A I A 53 B 47

X—HEER, XETHEREBOTREFATE ‘RSB EERER” BN RY
AR5 . Bl defaultHealthCalc H K1 H] EvilBadGuy HJ non-public A4 .

Effective C++ 130, 8 =)
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T S\ Y R B T AORE MR 1% A8 public DB RIE BIDLHE, XatE
IR, {E00 SR non-public {F BHEATREM VR, SMBEMET . LR EAEAS& 2
R4% class M MLAE (MIFEUE B EANBRRED BHA class SMBHIEANFM
FlLEE (0 EUE B H non-member non-friend B3 5 — class ] non-friend i1
RE) , XERBAEFVUAR . INFRBFEEARZRERREE, F RN E
BT BT L # W RAE ] GameCharacter ZE7RIK RN .

—fET S, MR Y “ B ELL non-member B ) class /Y non-public Jik
57 WIMERLR: 381k class HUEEE. B0 class AT BAAE non-member HEH
friends, BURAHELIMAMIFE—I424E public ViR (GLALES R 5 0 Bk
) o EAREIEH B virual RE, HAR (BER “BAXNSTEEHEACDH
BT RE” R CAIIEIBAT IR E R ) BT R USRI A (F ] Rl
RMEAR GameCharacter 33D , RARDBIURBEFA R B LKA R THEREN .

#FH trl:function 5E if Strategy 2=\

—H3MRT templates AR ENIXTBRATED (LK 41) KEH, BTEREEs
EBUEE R 2 HRTIAR T . B ABK “RRHRZUH” HMEANR
B, MARREMN “GQREHIKRA” (BWERENR) B? MR —EHLRE, A
HAREEB RN ARE? At A—EBRE int TR AT HEFEHRA int B2
Rt ?

MR RATR B S R EIeE (WATHIR healthFunc) , MiksH —AN2KA %
£rl::function MINR, KL HMEHERANT « BIBKK 54 Frif, XHEM
MEFEE () HEATTEEY (callable entity, W3R RBIGEH . REXTR.
WA R RBIRED , RERSLARFERTERM. UL FRRIA &S0k 5

trl::function:

class GameCharacter; / /T
int defaultHealthCalc(const GameCharacters gc): / /Ty
class GameCharacter {

public:

//BealthCalcFunc W ULRALA “FIEAY” (callable entity) , w3
/ /AEAIFHRAT GameCharacter 24, BREUEMHAET int FHEKRE. 1EF.

typedef std::trl::function<int (const GameCharacter&)> HealthCalcFunc;

Effective C++9 3UIR, B =hR
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explicit GameCharacter (HealthCalcFunc hcf = defaultHealthCalc)
: healthFunc (hcf )
{}
int healthvValue () const
{ return healthFunc( * this); }
private:
HealthCalcFunc healthFunc;
}i
WYRBT AL, HealthCalcFunc J&A typedef, FHRFEIN trl::function KRN E
Mk, EREARAENITHR —BOREEHE. WAERMNSE L — S
HealthCalcFunc s Mt AREH typedef:

std::trl::function<int (const GameCharacters)>

XEBI trl:: function ALK (instantiation) ] H #5844 3 (target signature)
UARBERAHK. BMELRRORER “EZ— reference #H[7] const
GameCharacter, FFiR[E| int” . XA trl::function KA (WEEBAIEE XK
HealthCalcFunc K8 FAEIXT R AT LIFFAT (IRIF) (BT 582 XA KA
H#) (callable entity) . FTiE3# A, BEREX N HHYHNSHAT# RIS const
GameCharacters, MMJLIREIRAITIHEAFEHNY int.

FIFT— & (K GameCharacter fFH IR K FRE) HE, XAM&EITHILFHE
. ME—AREREINA GameCharacter FFH —4 trl::function XH, WM T—
AR R HZ et . XA BRI /D, BB R ERET ASEEW, BRIER
P ‘R E R XM E EREER AR
short calcHealth(const GameCharacters) ; / /RERR VR AL
/ FEBFOREEEY non-int
struct HealthCalculator ({ /7 AT R ER R EOT &

int operator () (const GameCharacters&) const
{ «.. 1}
bi

class GameLevel {

public:
float health(const GameCharacter&) const;  //FMEE FHUIHEERE,
.- / /FEEH non-int IR [BI2EAY
}i )
class EvilBadGuy: public GameCharacter { // [FlHT

}:

Effective C++13C/, B8 =R
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class EyeCandyCharacter: public GameCharacter { 11BN NGERL,
/1B GRS
¥: //EvilBadGuy [d]
EvilBadGuy ebgl (calcHealth); /TN, ERIFEA
/7 BREGTEERERS
EyeCandyCharacter eccl (HealthCalculator()); LI N2, fEREA
// RECIRU R
GameLevel currentlevel;
EvilBadGuy ebg2 ( /I3, FREAN
std::trl::bind(&Gamelevel: :health, // A REGT IR
currentlevel,
1) /IERBLT

BRBMAME, ZREW trl::function AFRIMEHER, EEEHE. &ik
RESEE. MRREEXEARE, UFRFECYLEW trl: :bind FiR4EN
HiE, HATRMMER.

HARERY, hitH cog2 MBS, Mi%M#EA canelevel class IR RS
# health. #F, Gamelevel::health HIRE HCEZ /8K (FBEA reference
{817 GameCharacter) , HEX[RF LEZHISH, BAITEHHB—IBRRSHK
Gamelevel, HELR this FIEAIFEA. R GameCharacters HIfRRE T B &H ¥ R
RHBE—ZH: GameCharacter (XMW HKH It EHEBRBRE) . WRBRIEH
GameLevel: :health ¥Eb ebg2 FIfEETHE HREL, BINDAUAEFTRERE, &
EARHEZFENSH (—4 cameCharacter Fl—4 Gamelevel) , HMEZH—5
# (- GameCharacter) . TEXMBIFHBRATBRESHEEMSH currentievel 4E
A “ebg2 M RETHE R BT BHIFBA GameLevel SR 7, FRBATH currentLevel
REHN GameLevel W%, LBAE “4BIK GameLevel: :health B LA ebg2 i
R MgAER . IRIER tri::bind MIfEN: BRI ebg2 B R R BN M
&Ll currentlevel fE4 Gamelevel A% .

R T —KBEAY, BENHF 2 " 1" FEWK “HH ebg2 WA
GameLevel::health B R Bl currentLevel #E4 Gamelevel X%” . XEEMLFIA
HEER, HEMNKSBRERMBEEL: FLL trl:: function FHEHIss, &
ARBHREAFBEFEFEANDREREEREARENTEHEY Ccallable
entity) . WMIRXEANEE, H4RE?

Effective C++H1 3R, S5 =&
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T HH Strategy HE =

NIRRT (design patterns) EEXt C++ RUBEZIE G MR, REVRIR,
f i (RO Strategy i & ¥ S BEVH B R BB — 1> 7 BE 46 A& 44 R 1) virtual
AR WIrERERRBIXFE:

GameCharacter HealthCalcFunc
Ay JAY
[ [
EvilBadGuy SlowHealthLoser
EyeCandyCharacter FastHealthLoser

MRARIF AR UML /75, 50, XE ARSI cameCharacter EHA
MARERIAR A, R P EvilBadGuy Ml EyeCandyCharacter #i & derived classes;
HealthCalcFunc &7 — M AKRMME, KAF K SlowdHealthLoser
FastHealthLoser #FA derived classes, % —> GameCharacter X R #H & —/ g
&, FEM—/3K H HealthCalcFunc Z&RMERKINTR .

TN N E T
class GameCharacter; / /B A (forward declaration)
class HealthCalcFunc {
public:

virtual int calc{const GameCharacter& gc) const

{ ...}

}i
HealthCalcFunc defaultHealthCalc;

class GameCharacter ({
public:
explicit GameCharacter (HealthCalcFunc* phcf = &defaultHealthCalc)
: pHealthCalc (phcf )
{}
int healthValue() const
{ return pHealthCalc->calc (*this); }

private:
HealthCalcFunc* pHealthCalc;
}i

Effective C++H IR, S8 = IR
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XAEEIR B HET, BBERUHE Strategy B0 AR R S WA, TiEEE
Bt P EBRREESOANGR” MaTasE ¥} HealthCalcFunc 8k
AR RINI—> derived class I,

BmE

AR A DS R, LR AR BT T3 A BT 750, A g% 58 virtual
MBI R, TEREEAEIRNBIELTHILNBRTE:

B {fF] non-virtual interface (NVD) F¥%, HE Template Method #1488 i — Fil
FFRTER . & LA public non-virtual 5 7 5 4 .8 8K T ¥ (private 5§ protected)
] virtual B8

W K virtual BRECEHCH “REURETA TR , X Strategy W RIR I —Fh 4>
fERIERA .

B Dl trl::function JRAZEEEH virtual FE, Rt fe {3 F AT T T R R 4

(callable entity) B —MRAETHERMNEZELN. XtLE Strategy iR (K

Erw.

WO RAERNE virtual MBEHRN B —ARAERANE virual B, X
Strategy X A S SLIF .

BLEFFRADIEN R IF H virtual BB FTHBBRA R, [ER%E iR E0E

MEANDERITR. Bt ENEA KX O SMBR S, REZIEENL %5
AFEER.

3R G M N THI 1 68 B B0V B R T T BB IR, (BT RA TR 44
M. IMEREEHMT S ER, EERANEN 5.

HicE
W virtual REHIER T REIE NVI T K Strategy % iR L FHER. NVIF
EH B E—MEBRE AR Template Method #H .

W CREHLAE A R BB 2] class SMBEREL, Hroem—MEAR, JER R RMTEY
"] class I non-public A% 7 .

B trl::function MEMATHME — BRI . XN RTEY « 5452
B4R (target signature) 3A” HIFTA ATEAY (callable entities) -

Effective C++9 3UhR, 38 =R
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KR 36: BREFE N ATIRAT non-virtual BB

Never redefine an inherited non-virtual function.

R B VRR, class D 2 H class B LA public JER R4 i 3K, class B E X7 —A
public Al AR mf. BT mf FSEFR EEE AN ELE, FURBRPE BN voids
BATE R R

class B {

public:
void mf () ;

}i

class D: public B { ... };
BARAIXT B, DA mf —TEHTEN, HEST—ANKEDY D IXS x:
D x; //x Be—AREK DEIXR
IR ELTFAT Ny
B* pB = &x; /B IRERIE x
pB->nf () ; /I EHRIZIEE R me
A TFLUTFAT A
D* pD = &x; /IR RERIA x
pD->mf () ; /1L HRZIRH AR nf

URATRE AN L UF . ST A HEL N R < AR AR ne.  THEHTEA
RIBRBEARIR, MG R WA, BTLT A MR, 22

R, BN, AHEETAEAR Mk, OB, W nf &4 non-virtual
BT D e XA B O me JRAS, IHUR R it

class D: public B {

public: o
void mf(); //3EHE (hides) T B::mf; W4 33
}i
pB->mf () ; /7B imf
pb->mf () ; //VE D: imf

& e — P EAT M AR K&, non-virtual BREHA B: :mf A D: :mf HREAYRE
(statically bound, W& 37) . XEER, ©F pe B PN —A pointer-to-B, 3§

Effective C++H13ChR, 55 = hR
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I pB A H non-virtual FRHZKIT R B T E XHIARAS, BIA#E pB fgia— KA h “B
YRA Y class” WIS, —nAHl.

A5 —J5 T, virtual BREHZEZNEGEE (dynamically bound, W43 37) , BT
PLE IR SZIXA R B2 55 . WS mf £ virtal 0%, A8 &L o 28 pb 4 mf,
#4 FBOMA p: i, K4 pB M pD BLIEFRIUE R —MEKMN D WX R,

WIRRIEERE class DIFEH E X4k K B class B ) non-virtual B3 mf, D AR
IRATRE R IR M A R — BT EW#MEL, 24 nf $0RA, F@—A pXt
LERERIAE BRI DWATH: R ENMENRE S, MAET “RZNRZiE
517 MYIMFE SR, References 114 B ILANTRET —-FExfE IR AT 2.

BB R RS ERitie. BRAMERKIERENRERREMAER T “4
ANEFTE LTI non-virtual BEL” XEIH) . RIRFENHRIRS .

%3 32 CAULT, JiF public 4 E K is-a (B—Ff) FIXER. 245K 34 WH

RIHAZE class W Bl — non-virtual PREIS Ni% class B —MAZEM

(invariant) , ¥ 25 H 4% R 44 (specialization ) o W R AR X BT S 4T T P54 classes
B fl D LA X non-virtual i% 5 & B: :mf 5 b, HA4:

®m EHTBRNRNE—MF, BEHT D%, BARA DM HEHE— s 35
W B [¥ derived classes — % & 4KA& mf H19 O FSEI, B4 mf 2 B — non-virtual
PR

WAE, MR pEFEX mf, MM EHIFE. MR EFLESLIBE B
AEE mt, IF BMRE A BN R—AEE ARM——EN DI B FTigtm
mf SCIAY, A4 “BA DERE—A B” MIAANE. BRI DAL public A
4K B. B —HH, WHE pEKLIILL public 7 R4k& B, HHMRE D EAFEL
s B ARK me, A me BLEHN B R “ABHERER R BT, B
RIXHE me NAXFEUAR virmal RE. &G, WREBA DENE 1 B, HFHUNE nt
HHR B R “ARMEEZBR R BIER, B2 o EAFEERE X ne, MH
AN AR ZARIX A

AR — N, SeEHERL EAFER TEAZES T X — M RAT R
non-virtual EA#{.

Effective C++9 3CHR, 58 = FR
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WA KRR RZ R, RPREAMMRELBEER 7, REHTEREA
4% &M (polymorphic) base classes PIHINTH R BN %2 virtual. 40 R AR R
ANV ) C 9 598 2 136 SRR 7E polymorphic base class P 75 B — A non-virtual #7#) BE H0,
PR R TALEK, EHN derived classes #aXT AN iZEH & L — AN KK
non-virtual B8 ¥ (HALHREI I base class HTAIEEED o EMERA EHATHEERL, IR
HE, FNEKS B, KRR “WREEFTAHCER -, RESSARE
B MEFRRAREZ — RARTE, £ 7 RAAERALIK—MEHRE
B, REeHSHEED RPN —FK.

WEiClE
W AR B KA TR non-virtual FR%

FEM 37: EREFENYRTRNRE S HIE

Never redefine a function's inherited default parameter value.

EBA—FFE A IR A . PR A REGRARPIFR BRI L virtual A1 non-virtual B,
SR B HT e X — 2T RN non-virtual BB ZEHRE (W4 36) , FTAR
T L2 &R AL RIT R AR T “4& M ERESHER virtual BE” .

ERER T, AREKBLKEEBRAET BEMBEE T virtual R RS E
(dynamically bound) , T4 SHEH LRSS TE (statically bound)

MR AFE? RERIBAA S ER MRS R CKILESYHE N3 &S e Z M
MER? (HTERBRER, FRBE K, BEBEXLIWHRE, el
binding; BIEREN LGS E, late binding. ) RIEILBRNTR—ME X 2 kB!

SRHFAIEERS AR (static type) , B EEFRF A 55 B I BT R A B 282,
ZEBULITM class SA&KERE:

/IR RER LR class

class Shape {

public:
enum ShapeColor { Red, Green, Blue };
/TR R IR — AR, Fk&gdiac

virtual void draw(ShapeColor color = Red) const = 0;

Effective C++ 91 3CHR, B =R
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class Rectangle: public Shape {
public:
/ERS P ARIMBE SHUME. XERERE!

virtual void draw(ShapeCoclor color = Green) const;

};
class Circle: public Shape {
public:
virtual void draw (ShapeColor color) const;
//EE: EER, BEXABNEES UNRAALRE, —EEEESE.
// BUABRSSEE T XA BB AL base SABRE S
/7 {HE LAFE4T (B reference) TAAIMEEEL AILAARIEESR(MH,
// BEIABSYRE T XM RS ME base SREESH(HE.

};

BEAABRE R T :
Shape
T
[ I
Rectangle Circle

BRAEE R IR Lo Fa 4t

Shape* ps: / /ERERELN Shape*

Shape* pc = new Circle; / /BB HALN Shape*

Shape* pr = new Rectangle; Vs 75 Silhs] Shape*

A H ps, pc Al pr ZBHEFHA A pointer-to-Shape KA, FrLABIHLIE higds
KR IR, AREMNEEREMHA, BNHESRRERE shape*.

XRKPTIRSNAEHKA (dynamic type) WIRIE “HRFTHMRIRE” . i
i, WERUETURRAE —AMHEHESEFHAITH. LTS, pcBhALR
A& Circle*, pr HIBhAKAIR Rectangle*. ps WHBISHKE, FNEMEIERIE
X% .

AR —MHEARRIR, FIERFPITER S S GER 22 HBREzHE)

ps = pc; / /ps RIBHARRIIAR Circle*
ps = pr; / /ps FIBNASBRINA R Rectangle*

Virtual BRI AEHETIR, BELMA— virtual K, RERAE—5
BRBCLIAED, BT R RS RSN AR

Effective C++ SRR, 38 =R
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pc->draw (Shape: :Red) ; //WH] Circle: :draw (Shape: :Red)
pr—>draw (Shape: :Red) ; / /W Rectangle: :draw (Shape: : Red)

WENEXLEH 2 E S, 2N, RUREL THE viral K3 (HE MIR%EE
WHREZHAER virtual BBE, TEFER T, FABRMIRAE R, virtual REUES)
BYE, MRESHHEINEHEHE. ZERRATEESE WA LT derived
class ¥ virtual BREL” RIFEET, H1E 1] base class 258 FiTE & M4 S 504

pr->draw( );: / /] Rectangle: :draw (Shape: :Red) !

BBz, pr MBhARE S Rectangle*, FTLLM A MIZ Rectangle Y virtual
R, —WRETTIH. Rectangle: :draw @ﬁm@%%@ﬁ{ﬁ@@% GREEN, BT
pr MIFRS LB E shape*, FTUIL—IAHMEE S E{ENR H Shape class Mk
Rectangle class! &4 /51X BEOMNI A & BRI HJLP4axt & A FiR S 21 A
4, t shape class ! Rectangle class B draw AR & H—¥F 1,

LB AR R IR T ps, pe Ml pr #5545 "IN 4L; BN HE 554t 46 % references
ie] BRATYIRAFAE B AE T draw /&4 virtual BEEL 1B H MY S H{E A derived class
R EFENLT .

At A C+ BFFLUXAARTKH T ARISIENE ? B RIETBITHRE. Rk
HERPERBHRE, wIFS LA LR IMELEBITHA virtual 5Bk E5E 4K
SHE . K HATSEATH “TEgmPIRe” NS ERT HE R 2. X TRF
MPATE LGRS LB ZEE, Cr+r BT XFEMI S, A Rm 2R 45T
ERMPATHR . EUURRBAER SRR RNEY, RESRARE.

X DIERAREY, W RARRE T IX AN, I BRI A5 E B 8L 2 base
F derived classes W P, X&KL+ AHE?
class Shape {
public:
enum ShapeColor { Red, Green, Blue };
virtual void draw(ShapeColor color = Red) const = 0;

Effective C++ 3ChR, 38 = hR
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class Rectangle: public Shape {
public:
virtual void draw (ShapeColor color = Red) const;

Yi

BRRR, RISESE. ERNE, REBESAEMKNYE (with dependencies) :
W58 Shape RAHIEESHENRE T, IF “BERAEHRESHE” AL derived
classes tHAZH KA, BRIEMBRASFH “HEE & L —MATKMGFESEE" .
BAIN?

R4 virtual B HCR IUHE IR FTAREZ AT A B AV @ AR, R W] 05 2% 18
BARHt . 40K 35 B T A/ virtual BREIEAR BT, HZ —=& NVI (non-virtual
interface) Fi%: 4 base class FI1— public non-virtual F# M private virtual i
¥, JEH T4 derived classes BHT A X XEIFEATALLik non-virtual BEFE & B4
2%, T private virtual ¥4 5T & iF T .4E:

class Shape {

public:

enum ShapeColor { Red, Green, Blue };

void draw (ShapeColor color = Red) const / 7/ W4"E AL non-virtual

{

doDraw (color) ; / /A~ virtual

}
private:

virtual void doDraw(ShapeColor color) const = 0; //EIEMTAE
}: / /TEMAESE R
class Rectangle: public Shape {
public:
private:

virtual void doDraw (ShapeColor color) const; //ER, ANieE

/ I SREBHHE.

Yi

BT non-virtual BEE N % LI A derived classes BE (W4 36) , XAk
FHIRFE B HET draw BRELH) color R E BEUER E N Red.

EiCE
W AR AREERE X MRS S5, BoVRE SRR TS,
T virtual & $——VRME— N IZB8 S AR —ARESIEHE .

Effective C++1 SCAR, 3 =X
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FM 38: BTESEBEL has-a S"IRIEE Y ST

Model "has-a" or "is-implemented-in-terms-of" through composition.

4 (composition) RRAZ A —FKR, BFFARIEN R K-S EFRE
RFIX R, ERARXFXER. Fl:

class Address { ... }; / /HRENBAERE
class PhoneNumber { ... };
class Person ({
public:
private:
std: :string name; / /B HBRSYY) (composed object)
Address address: //E E
PhoneNumber voiceNumber; //HEE
PhoneNumber faxNumber; 7/ L

A Z 1 Person & H string, Address, PhoneNumber #J X . HEREFRZIE
H & (composition) EANRIEHF G LR XA, 8 layering (5+F) , containment
(W) , aggregation (B Ml embedding () .

%32 BYt, “public K" WA is-a (R—F) WEN. ES4BETECHN
B Efr EEAEHANE X . & &I has-a (5 —1) 3 is-implemented-in-terms-of
REFEFY LI o IR E N IR IE ST E IR R P B F A AR F 148
(domains) . F2/FH X RILSTAR S T IR AT SIG AU HE R P I S S 300, it A
., —KKVRE 5% . XPERIHSRIB TR (application domain) 4y .
oAt ot B U S0RE B ST IR LA TS, R 22 X (buffers)  HJF 58 (mutexes )
B (search trees) B, XL GAR Y TRV IR CGimplementation
domain) . HRERLETHNABAKMNRZIA, XKWL has-a X ER; JERET
SEER IS Y U R B is-implemented-in-terms-of B4 % .

LB H) Person class 777l has-a %% . Person H—P&H, —AMbht, LIRS
BFAGRWERITESH. RASU “AR—ANEHK” B “AZ— ML , HRei
ANE—NBR” M CAF—HE” o KEBABZH X WZELRAE, FUR
b N5t is-a 1 has-a BE|FK,

ELECRRII X 4> is-a (B—F) H is-implemented-in-terms-of (H3#25My55:
WD XM RER, BEBEHRFE— template, 75 H]3% H—41 classes A FE
MEAEENZARN sets. HTFEA (reuse) RUEDTXHMERE, HRES—A

Effective C++ 3CIR, H=HR
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B R R BIARHERR FE R I set template. &I, WRMAFTE R template &
Tk, BAMATLAT—AN?

REME set WEIAGERE A TCRBASAIRE "B ITH. B sets
W PR (balanced search trees) SEEAMIAL, (EEAIEEIR. &, B
ST ENARESIA X 2t 18] (logarithmic-time) A% %. SME AR EE, XEME
B E A, BNRARORFESMLEEEER? MARERTEN set 1£
BEAURI RS R E T S . IR RAREHEE HTH template.

ERARFEW K, A (reuse) RAFXIFHFE. MBRE MEEEHESR,
PRBREAE, LI sets UTVERE T, Hh—FERIERERA linked lists. TR
VRIEFETE, FRAERRFER —4 list template, TRHFREZME.

HIASML, (REEARIRA T set template 2k std::list. MR
iF Set<T>47K list<T>. EBEMFELIE ST set WHRHLRN list . K
FRE set template W F:

template<typename T> /7% list MATF set. R ME.
class Set: public std::list<T> { ... };

BHHEERREIRLT, AL EFEREZSMH R — &K 32 e, WRD
B—H B, 3B AYENS—HEHI o BHMMIZAE. H List TUAEERTEK,
TR HE 3051 B RAEF] 1ist<int>BEK, A List A FTME 3051, set AT LA
NS ERILE, MEHME 3051 HEHET set<int>FHIK, EA set ANE % 3051
FH “set B—Fp list” FHFARNE, FAX Llist HRAEFIFLEHHEN set AR
HAAKE.

H TP 4 classes Z [FJHIF is-a #355 %, BTLL public SANE & HRERE
1. EBRIHEIER, R THE, Set MR AR~ list WHRLIHR:

template<class T> / /¥ list AT set. EHAfE.
class Set {
public:
bool member (const T& item) const;
void insert(const T& item);
void remove (const T& item);
std::size t size() const;
private:
std::1list<T> rep; / /¥R set HoldE
I

Effective C++ 3CIR, 5B =R
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Set A b BB AT K EAT M 1ist ROARAERE P 1 Hofth B0 4 SR BERINLEE K FE AR, BT EA
HRBUR AR R 5, HERBERLL STL i 5F2/7:

template<typename T>
bool Set<T>::member (const T& item) const
{

return std::find(rep.begin(), rep.end(), item) != rep.end( );

}

template<typename T>
void Set<T>::insert (const T& item)
{
if (!member(item)) rep.push back (item);

}

template<typename T>
vold Set<T>::remove (const T& item)

{

typename std::1ist<T>::iterator it = J /AR 42 o}
std::find(rep.begin(), rep.end(), item); / / "typename" HIiHE
if (it != rep.end()) rep.erase(it);

}

template<typename T>
std::size t Set<T>::size( ) const
{

return rep.size( );

}

IR R B fRT B, Rl ERGE A A inlining R A . (EIEEME, EMHAER
5 inlining H XMk EZ /T, NiZALBEEFELEK 30.

WFEANFER, R set BB STL BB MEFE LK 18 MBIt
BEORES. “bERSBERMTEH, REERA” o (2L ERAE AL L
W, FRHN set IRINFZ RV, KB T EM 1ist ZHMX R, HTF set Ml 1ist
ZIERIRREAZKME R, FTURAI BB WL STL 384, Mo, set
BOWAZER “XF set T E L ERHIBCR]” BER KA, MABFZIEER 1ist
HIFKRER. EXRHIEis-a (BREBVILIFEE) , W& is-implemented-in-terms-of .

BicfE
B & (composition) I X F public 4k 5E &R .

® 75V F 4% (application domain) , EAEMK has-a (H—1) . ELHE

(implementation domain) , & &K is-implemented-in-terms-of (FRIFFsL
D .

Effective C++H13Chi, 5 =hR
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£ 39: BAENMMEEMI{EE A private 8K

Use private inheritance judiciously.

23K 32 MBI C++ WTEE public 4k &ML is-a S . ZEIRN BT H FAT
EFAGRAMKR, HP class student L public 4k class Person, T R4miFESLE
WERZ] Ch TiERBORAA BT ¥ students B B4 persons. MARFEL
B —ER 4y, LA private 2k A& E #t public 4% 7&:

class Person { ... };

class Student: private Person { ... }; / /XK private 4k

void eat (const Person& p): 7 /AR AR

void study (const Students& s); /1t RIS
Person p; //p A

Student s; //s BREE

eat (p) ; /7, p RN, A7,

eat (s); /AR IR, MEEZAEANEAY

AR private B H R is-a KR, AT REEH 42

CREDR ! 7RG, “AERMNEITHE N AT, Al EARERZERIT . B private
ZkARBAT RN ? ~ E, S8 private AN EMMRRIACERT T: WE
classes Z [B] Ik 7K X R & private, ZmiFas e B3 —A derived class X% (#i40
Student) ¥ — base class R (FU Person) . XF public LEAKITERA
. XHMEBAN AWML s HH eat TRMIRR . 55 % MMZ, B private base
class kAT RKIFTA KRR, 7E derived class FHAREAL Y private B, HAFENIE
base class # J7 A JE protected F¥ public /& -

BT, WELRITITEITEHEE X . Private 262K B K implemented-in-terms-of
RFEEW LI o WRARAL class DLl private B4k 7% class B, HRMAZ RN
TR class B A DA B ZHFE LG, AEFN BXNRHM DX REEFTMWSE
fIKFR . private ZEARSERE LB —FSCIEER GXBLR R4 % & B private base
class IR AR TEAEVRI class AR private: BUBENIEM R ELBETH ) « &%
FH4E 34 RHWIARTE, private 2R&GE R LG LR 40&, O NERSE,
IR » LA private FE 4k B, B R DX ZIRIE B MR LIMA, BRAHMAER
To Private ARG “Wit” Bl EREREN, EEXRAERTFHRELIZH.

Effective C++1 AR, 5 =R
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Private 4¥7& &1k is-implemented-in-terms-of CGRRIBEAMSEINE) , XAHIH
BA AR, FR%K 38 ARITEHE A (composition) HIR X HRIXFE, fRanf
EWEZARE? ZRIBAE: RAURMEEES, DERAE private 467K I
ARBE? TR protected B 7R /A virtual K EEHGERMIAE. HELEH—
FhBGETE AL, R Y BT MR F X R L S private kAR SCRERT . FHJE FA]
FREGBXAD, HEETRR—MEuER.

BEBAIREFHF X widgets, TIEATRE N BT #& 2T i H widgets.
BN BATA RABEAE widget AR L 2 MEMBORA, RHBmMELD —BRA
5 5t i 24k . EAIE, WH ZANMATET B (execution phases) FIFZ)F,
T BEZE AR M BRI B AN F W4T % B (behavioral profiles) . #3147 1% 384 f@ T

(parsing) Mr B BT FHRIRE, K RXARE TR (optimization) FIALIDAERL (code
generation) By BUF I B 4.

BATREB Y widget class, B RFEBAHA R EOBRAKE. BTHR
AT RS FEERGER, BFEN EEA widget FME, DARBRAITFEE
BT ARSI . AT TAE, RMNFBER LR 2, FRITMmERES
TR REET .

BB ARENRE, RELERAN, AUEECKH T RAAEZMPEEE
B, FEBFOMEITIXA class:

class Timer {

public:
explicit Timer (int tickFrequency);
virtual void onTick() const; / /BT RRE—IR,

/ / SRRSO B SR —IK.

XEAERATRBIMAET . —4 Timer X%, ATER RN RN T T WAL AR
BT, FREEREBREA virtwal B3 RAOITTLES & XIA virtual K5, ik
JEF B widget FIHEPIRE. 5ER!

AT ik widget EFE X Timer WY virtual BE, widget WA H Timer.
{2 public Z&ATELF HAEY, EHH widget AR Timer. £, widget BF
AR ZEWAE A widget W onTick M, FENME FAHAR widget M
—HBor. WRAFREMIAABE, RESHEREF T ERMAEA widget #01,

Effective C++ 3R, 35 =hR
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RemREAR 1BHBE: “HRORSWEREN, REWRA” . £XHE, public
G AT SRR

AL private FENGEAK Timer:

class Widget: private Timer {
private:

virtual void onTick() const; //B%E Widget HIEAE. . . H%.

#EtH private 267&, Timer K public onTick FREFE Wwidget WA private, T
IIEFHFFE (X)) HHRIEEEEMRIL. FR—IK, 1 onTick B# public £
WERBE P EUAMRITATLLERE, BRER TR 18.

XREAMF &, BAMEILSCER, BN private kA& FFIEART S B, WRBA T E
PLE & (composition) LI » 7T LA . R A widget P B—AMKER private
class, J5#& LA public FEA4EA& Timer HEF & X onTick, REBB—NIXFRAEAIH
BT widget W. T THRZIXPREN TR

class Widget {

private:
class WidgetTimer: public Timer ({
public:
virtual void onTick() const; Timer
}: ‘ZF
WidgetTimer timer; Widget“Oﬁ WidgetTimer

XA L RA#F private Sk E v — ik, A4 BRI X public 6&ME
&, HFEA—ANH class (WidgetTimer) . HARKEEBRETER L TREWR, #
=N R B FERR—F, MG E CBEEMEERERN (BEELXK
35) . REwm, BRMUAHEMNES, HMTARTEREE (RRNEZE EHEX
FER public AT &, TAREREESCH private Y& W,

B, REFSBERIE widget (848 IHAH derived classes, {H[FERRA] B4
A8PH 1E derived classes EHE X onTick. 1% Widget #& H Timer, T KRR
AUTEESEI, B2 private AWM AT RE. (GRILEE, 43K 35 B derived classes
ATLAE € X virtual R, BMEETNIARHEAE. ) HUR widgetTimer £ widget

Effective C++9 3CIR, B8 =R
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W E)—A private & B4k & Timer, widget Y derived classes 57573 EUH
WidgetTimer, BRlBLIEIRSkA E o E Fie L EH virtual BRE. WISR AR 4L, Java 58
C# AEIMRS “BHLL derived classes EHE X virtual BREL” HIGES) (LR Java
H) final I C# 1] sealed) , MLAEMRENEEATE C++ FHBUET.

B, RERFSHEN widget MARMIFKAEMBERIK. R widget 4k
Timer, 34 Widget RN Timer 2 s e] I, Brile X Widget FIHBAS SC1F
Rt A #include Timer. ho (HUIR widgetTimer #H Widget Z #M Widget W&
fEEHR I — widgetTimer, Widget ] LLRH#E —MATHM widgetTimer PR,
AT H#include BT Timer HXMATE. M AR RLAT S, Wlkimas

(decouplings) FIEEREZEMH M. R TRIFRFEMT ML, FERLZK 3L

TEHE G IRE, private AT EH T “ 24— A EAKEH derived class FHAET 1
—NEAKHA base class % [ protected 4, BA T EHTE X—ERE A virtual 7.
{HIX I 5 PE A classes 22 8] FIME& 6 R H SE & is-implemented-in-terms-of (FR{EE:W)
LI TAE is-a. ARG, A —FEEERLE RN, TSR
PREEFE “private kA& AR “BAME L .

RS HEREEESEYE, REHTRITAER class AEAEMEIEN. X
FERY classes ¥ non-static RAZEE, A virtual R (FAXFREOGEES R
BAIMWEA R — vptr, WK 7) , HEH virtual base classes (P 4 iXFEH base
classes HHABUAR LTSNS, WK 40) o TRIXFETIBN empty classes
SEGAERMERT A 8], B B AT A R S B8 58 B0 . AR TR L
B, CH SENEMT CEME) MREUBEIETRA, Frlin BRI

class Empty { }; [ IEEEEE, BT S N AZ A R A
class HoldsAnInt { /IZHRFEE—A int &)
private:

int x;

Empty e; 1/ REEA T BATAT N

)i

R RN sizeof (HoldsAnInt) > sizeof (int); &Rk, —A Empty R &5

MERNE IEREBHIIERT sizeof (Empty) KB 1, FERHEX “ KN HEZ M

Effective C++H1 3R, 25 =R
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a7 (EMB) XR”, BHE CH HHHARREH — 1 char BIEXE AN . KRITTF
iR Calignment, W.Z%3K 50) FIBEIE AR FIE A ELL HoldsAnInt IXFER class
fn_b—eit 3 (padding) , FTLAEATRE HoldsAnInt W EARIKEG —A char Kb,
WLl DRREE B NN — int. ZERRALBPFIEFRFERD, AIREIXF
B E.

HEFRERE T, BB GHEE “Hhr AEME) ” MR —ERRE.
WV, XD RAEH T derived class X% M ] base class f4, B A EA13EdE
AL CHEMEED o R Empry, TIARRN S —ANESPPERIR T2 -

class HoldsAnInt: private Empty {
private:

int x;
¥:

JUETA] AR %2 sizeof (HoldsAnInt) ==sizeof (int) . XTI EBO (empty
base optimization; THREREM) , BALWITERBFREETXFENER. R
WRE—ANRFEFRAG, TRAZFIEEERTH, BAEBER EBO. HIMNE
{EFHEN R, EBO —ft G —gkA& (MAESEHRK) TATTIT, K CHHHR
A B AL W E B RO EBO LVE# ST T “987 £ 1> base” Y derived classes &
t.

WML "empty” classes A EFIR empty. BAREAIMRKAIH non-static ¥, 51
AFE, ENEEAE typedefs, enums, static A% 2358, 2K non-virtual B ¥, STL #iH
W EZHARAIEK empty classes, HFASERAIMA GEHEE typedefs) , ¥ base
classes unary function M binary function, X “HFP HEXZ BHTE”
T H PR classes. i EBO H) VZ SEER, X PR A4k &R DI I derived classes
IR/

&, EZBAIBIBRA. KLH classes 73E empty, BTLL EBO 100K
private SR IE S H . HiHE—DU, KBHEEM AT is-a, X public 26K,
A& private B 7K . B FD private 2K AL R IR is-implemented-in-terms-of, {HE & H.
REGHESE, FULRanE, RBEWL, RESNZEERS.

HUREXT “HATETE is-a KFR” BFIHEA classes, HA—APNFEY S DN
protected A F, WFE I & XL —FEA virual B, private HRH T EERH
IEGWOT R . BENRRBCAEES, —MES T public kEAMB AR, 1F
TRYWRERHRENITY, REXKNRITEBRRUOERE.  “ 9% 75 EHE

Effective C++91 3/, 23 =R
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private 467K ” BK, fe st A B T 2 R, WRIRINA private 2R&Z “F
MEFEHNFTEA classes ZIHMIXER” MlmtEing, XAHE.

Hic{E
B Private KA is-implemented-in-terms of GRIEEEIMA) . EEFE bEE
(composition) MK, {H2% derived class 7 E 17| protected base class 53]
R, BB R e AT R virtual BEE, XARTREEN.
m FIH2E (composition) A, private 467K n] LU empty base Bk, xR
AT “wBRFEML WEFEFRENS, TRRER.

=R 40. BPREMEEMERSEUK

Use rﬁultiple inheritance judiciously.

—H¥W R L EL4A (multiple inheritance; MDD , C++ HEEE D A FEARE
%, HpZ —ANIEE—4k& (single inheritance; SD ZHF ), ZEHAK—EE
W, BIRMEE R, B SRRITN, BAEERANMIBAE (RER> . &
ZHMEEBRRPHEKRE THRSEREANIRN.

B EEABN SR, 4 ML BRI RE, B AT RA LA b HJ base
classes AR LF (WEH. typedef £%) . P IFBE LRI (ambiguity)
M&. Flh:

class Borrowableltem { /7 B AR R R T

public:
void checkOut { ); /I BFPRHEA TR E

}i

class ElectronicGadget {

private:
bool checkOut ( ) const; //BAT B BARW, IR [F1R WA
}i
class MP3Player: /I ERX BB ERK
public BorrowableItem /7 (s i R H MP3 #BI3Es)
public ElectronicGadget
{ ...} //iXH, class BIE XARRBAIMROER
MP3Player mp;
mp .checkOut ( )7 77800 T ARREA checkout?

Effective C++F 3R, B =K
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HERILHIZ F 5 checkout BB X (BB 1, BMERA R+
P\%‘~4\ﬁfﬁxﬁ (BorrowableItem PF] checkoOut #& public, ElectronicGadget
W HIEN & private) » X5 C++ RIRMEIT (resolving) EERFFAF M MAEFF: &
EFRTHMNREOTBAZE, CH+ HAEMAXNMRET AR Z 52 REE.
R U BAEICE R S A KB H TR . BB checkouts H 4 7] K ILECFE AL

CGEVE: A & B SO, WF FriB B AR ITEL . il ElectronicGadget: : checkout
FRY T HUFH A 500 A R e TR 2% S

AT RBYXAE X, YRBZH F 18 HAREE R HE— 1 base class P BRI

mp.Borrowableltem: :checkOut ( ); //BF, JRRRIXA checkout. . .

IR 4R BT L2 iR A A ElectronicGadget: :checkOut, {BRERESHKE
—A~ “22R A P private SR RE” HENR.

L ERAEEBRYEA—LLEH base classes, {HiXEE base classes HANH7E
ARG TR X EHHA base classes, HARSSHE RN “GHRAULSEHK” -

class File { ... };
File
class InputFile: public File { ... }; /v \7\
class OutputFile: public File { ... };
. . , , InputFile OutputFile
class IOFile: public InputFile,

public OutputFile
b i IOFile

FEART B A AR SR AR — A SRR R R T P 3E ) base class FIFEA derived class 2 [A)
H—4&U EHAEEBELE GUELRE rile fl ToFile ZAHMERER, 5HFH
InputFile # OutputFile) , PRSI IXFE— A A8 BT HAL base class
AR RAEBZE B KB EHEEH? KRR File class HMHRAZER fileName,
4 I0File WiZEELDEXNBHRWEIRE? MENMAEY, Torile AHF—
base class 268 —14F, FTUEINRAMNZAFD fileName ATE. EMNF—NHA
BB, ERMBEEEFRN, 1orile R RZE I CHLHR, FILUESKEHBHEA
base classes TR fileName NZEH .

C+H EXGERTHEEEH IS, BN AR EHIF—BRILEEHEE
BATE S (Bt R E—EBRATRME A - EBARMREL, FROMESHA
A R class (HBERE File) BRI —A virtual base class. 3 7 IXBEABL R

Effective C++H1 3URRL S =R



194 6 A ST X R

M4 AT A B4k A& H TN classes S “virtual 4k72& 7 .

class File { ... }; .
File
class InputFile: virtual public File { ... }; —

X S
virtuall - \\ Vvirtual )
class QutputFile: virtual public File { ... }; . .
InputFile OutputFile
class IOFile: public InputFile,
public QutputFile
{ ...} IOFile

C+H PRERIFEA &N L EMRRER, L4
A EHRE, HADSIH classes HSDZ class templates, B4 AJ& basic ios,
basic istream, basic ostreamfl basic iostream, MAEX B File, InputFile,
OutputFile Ml I0File.

MIEHIT A HIM A, public kAN %M & virtual. G1RXZME—— MW AL,
FRIRTET 88 ATAR] i ok 24 4/R 48 A public #k7&, 1524 virtual public 4k7& . {BR, W
WF, IEFMIFARME WA, HB ARG RIBALRER, WiFHLIRMEE
FHEEWRE, THGERRZ: #H virual 2R KIBLE classes T4 IS RALAE HAE
H non-virtual 282 ) SU B 1R FRR, 51 virtual base classes F kA&, W Lbis
iF] non-virtual base classes [ R EHAEG . Fdh Y K FER AR MR, BEE
ERIREE: RER virtual &S BN .

virtual k&K A BB IE AN ST . 2B “virtual base classes #J8A4k” HIFLN
Etitd non-virtual bases (EHLIE K B 4% BA B WM . virtual base FIFIE 574 A2 B4k Ak
R HIBAK)Z (most derived) class $1 57, IXBE/R (1) classes FH VR4 F virtual bases
B, YA virtual bases AL HRLE bases FER ZIE, (2) H{—A
H derived class MAGkAE RS, BELMAIIK virtual bases (AR BELHEER A8
IV TTAE

X virtual base classes (IRH T X virtual 2k&) B EBE R, F—, FEH
R virtual bases. VH 1% 4 il non-virtual 467K . F =, RRLHFEH virtual
base classes, P HEF R TIRNEHIE . XA RFHAFTIELIXLE classes & I
HIgiga CRIRMED BTk T . Java A1 NET [ Interfaces (HBIFE,
EEHEHHERAT C++ 1 virtual base classes, 11 B HA S EH AT

MAELRNTER FEHXMNHRREE “ N7 [ C+ Interface class ( B.453K 31)

Effective C++ 3CHR, 35 =R
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class IPerson
public:
virtual ~IPerson();
virtual std::string name() const = 0;
virtual std::string birthDate () const = 0;
};

IPerson K% P WAL, Iperson [f pointers Fl references 4w BEF, F A%
classes JLIEMSEMACBIEN R, I T O ST H 24 1rerson R RIXI 8,
TPerson fI% F & factory functions (T e¥k, W& 31) ¥ “UR4E 8 Iperson
BB % classes” SEAL:

/ /factory function () BR#D , BIFE—M—L - HHERE D 41— Person X1 5.
1 /%5318 HIRIR A AR IR EIR B sie st

std::trl::shared ptr<IPerson> makePerson (DatabaseID personIdentifier);

/ VEANRPMEREF LR EdEE D

DatabaseID askUserForDatabaselID();

DatabaseID id(askUserForDatabaseID());
std::trl::shared ptr<IPerson> pp (makePerson(id});
/7 BNE— IS FF Iperson #N.
/ /#EH Iperson A AL E *pp.
ﬂEI_;E,‘E makePerson ﬁﬂﬁ@d@ﬁ%#ﬁ@yﬁ\zfﬁgfﬁ‘ﬁﬁuﬂ? %éﬁﬂﬂ*%ﬁ%éﬁ
R4 H IPerson FIHR class, 7EH Y makeperson A LAGIEX .

RX A class &4 CPerson. HiEHA % class —#, CPerson WIIRME “4k&
H Iperson” W] pure virtual BREFISCIALIS . FATAT LG RH 5 HiX LK, A
EIFHRAMBBEE A, BERT RS SAELEFSE. i, BERAEMEAK
BPRFEMIR class, £ 4 PersonInfo, A crerson FIBEENLBEN:

class PersonInfo {

public:
explicit PersonInfo (DatabaselD pid) ;
virtual ~PersonInfo();
virtual const char* theName () const;

virtual const char* theBirthDate( ) const;
private:
virtual const char* valueDelimOpen() const; //EFR

virtual const char* valueDelimClose() const;

Effective C++713URR, 38 =R
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HRA] LKA HR class, BAH R BBORIA] const char* AR string
g, RS, WRBETFEM, TWAFE? XA class KIEARKKBIROE
B RBAIH & R A TR S AWM.

AR, Personinfo ¥t RN P RITENBURE TR, 810 F
BEMRE A NERALUSRERE AR, RERLKEARFSRIFES (M
2y, Frbl (Bl FBE "Ring-tailed Lemur" ##8 4LK:

[Ring-tailed Lemur]

HHFFESFERZNHEAANSZROARGTS, FTUNA vitual BH
valueDelimOpen Fll valueDelimClose FVF derived classes B EANTH QLR AR
%2 . PersonInfo FH BRBCKIA XL virtual REL, TEUHARKFSHRMEE
IR EE . Ll PersonInfo: :theName A8, RIDEERMBXH:

const char* PersonInfo::valueDelimOpen () const

{

return "["; / /BB RS
} .

const char* PersonInfo::valueDelimClose () const

{
return "1"; /BB NERAS
}

const char* PersonInfo::theName () const
{
/MRS RS REMEF ] BT static, RS AaIRIsA “ 2582 07

static char wvalue [Max_Formatted_E‘ield_Value_Length];

//ENEBTS
std::strcpy(value, valueDelimOpen(})):

HUTE, % value WIUFRFRFMEIXMNXTEET nave B R
G, BEREEIKER)D

/IBNGERAS
std: :strcat (value, valueDelimClosel()):;
return value;

B 47 AJFBE PersonInfo: : theName % 1A B b (KRR & SEAA B 85t K/
1) static ZBpFIX, ARK IS PR AR S, WK 20D , ERAGIERITX
PSS, MUTAEAEFA]: theName WA valueDelimOpen FEE R
RIS, SRIG =4 name {8, R 5 AH valuebelimClose. HiF valueDelimOpen

Effective C++ 1 3CAR, 55 =R
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F1 valueDelimClose #E virtual PREL, theName iR [BIH 25 AR T Personinfo
WEL T M Personinfo YR T W classes.

54 cPerson SLELE, XENMEHE, R NHFHMEE Person XK G, AL
name F1 birthDate P EREUNAURBIRZE L (NHREMFSNERERFS) HE. B
HEUMEAEALAN Homer, WHHE name M BN IKE "Homer" AR

"[Homer]".

CPerson fl PersonInfo AR R 2, Personinfo NIEFHE T REATH B cPerson
Ehgi e S sE Bt e . ixRE. BTSSR EE is-implemented-in-terms-of (AR#E
FYLID , TORAIENE XM RO AP AR LI BH& (M43 38) M private
A (WK 39 o £ 39 HBHESWEFERBZVAMME, EnRTFEERE
X virtual BRE, MAHEKEVLER. EHZF cPerson FEEF & X
valueDelimOpen fl valueDelimClose, FTEABAIRIE & LML, B E R
R4 cperson LA private FTER k& Personinfo, BIRLHK 39 ki, RELIN—
AL, crersontr[BIZ& “HE& + 4&” SARUKREREF E X personInfo
¥ virtual BRE. BLALFRW A private 4k .

{H cperson AL TPerson ¥, IRFETF LA public k& A BESERL . X B
XEMRAR—AEFAEMNA: % “public 864K X O” F1 “private k& B
SEHE SE7E

class IPerson { / /3ZA class TR T EIAIHE A
public: )

virtual ~IPerson();

virtual std::string name() const = 0;

virtual std::string birthDate() const = 0;
i

class DatabaseID { ... }; [/ FEEEAER, MEAEE.
class PersonInfo { / /XA class HHETH HEH,
public: //ATHALLSEEL IPerson 0.

explicit PersonInfo (DatabaselID pid) ;
virtual ~PersonInfo();

virtual const char* theName () const;
virtual const char* theBirthDate( ) const;
virtual const char* valueDelimOpen() const;
virtual const char* valueDelimClose () const;

Effective C++ 13U/, 58 =R
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class CPerson: public IPerson, private Personinfo { //VFR, ZESK
public:
explicit CPerson{DatabaselID pid): PersonInfo(pid) { }
virtual std::string name() const / / SEBNEE) TPerson iR PREL
{. return PersonInfo::theName(); }

virtual std::string birthDate() const //SEHLUAER] IPerson RO L

{ return PersonInfo::theBirthDate(); }
private: //EBENX

const char* valueDelimOpen () const { return ""; } / / BRAKTR T

const char* valueDelimClose () const { return ""; } // virtual

/ /" FHPR R

}:

£ UML E X Nt F R R IXFE

IPerson Personlnfo
f‘ % (private)
[
CPerson

AT ERRA, S EAR LA ENE B

MELRAT, EARY, FES#ARARAANE TAMEN I TAWNS. A
B LE, PEE B E A, A LR LR, FTU R IRE AR — 4k
AR TR, MERXATNTF IS EREARSTE, BB &R T EIL
T—E BRI . RO ME— RS IR R T T R R EZ HYK, IRNIZESS
HM—E— P —ESE R Rikn —2RITEE. RiT2 EHRE R
MR SERTE S 2 B . B4 BB, REWLHAFERE.
HEHE, WM ENEmHREMER TEAE.

HiclE

B BEHAMRGRE R, EATREIBERE M, PURN virtual 26K E.

B virtual 2SN EE, B (RIRMED EREFEMRA. WR virual
base classes AHAEIEHE, #2&BELHAMERENR.

B EEMARKNETIESHEE. K AMETE R “public 44&FA Interface class”
Fi “private 4k AT PRI EILN class” FIBIAHA S .

Effective C++™1 3UhR, 58 =R
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7
BN 5Z B RIS

Templates and Generic Programming

C++ templates HIB AN A EANHIAR B 1195 LLEE ST “ KA 4247 (type-safe)
RIAE U vector, list M map. AT 4ME AH I templates, #4155 templates
B HE 1 ST W] REIAR A . 258 AR IRIT, {H3Z #4452 (generic programming)——
5 AR AL BT AE 3 (0t S AU A T —— T 4F o STL S49EM0 for each, find
M merge MRIX —HKMAEHEE . BENTRB, C++ template L5 135 £ 5652
BB RHYL (Turing-complete) : & AT LA PSR BATAT A B9, FRSHT
BIR 7G4 (template metaprogramming) , GIHEH “7F C++ GiER ABATIH TS
PESCRUNT L BAT” AP . ERIXEEE T, A8 R A BN C+ template 41
M —/ By SRR template IR WIBE ST, H— AR OM S H L REF4
#T template FIGFE. FBLLA S(E R A

FETIFEVRAE— T RHH template FLF 57, (HTT LEMRE K — /4 BT
() template 2/ . AEMSBRBERL, [HHREET BIRM template T2, 7
IEVRBT IR BRI 5

FM41: ITRBRINBONEFHIBS

Understand implicit interfaces and compile-time polymorphism.

T 16 Xt B g R thE 5 2 LLB B O Cexplicit interfaces) FIEITHIZ A Guntime
polymorphism) R H . AT, BEXHE (BEZEX) M class:

class Widget {
public:

Widget () ;

virtual ~Widget ();

Effective C++0 3CIR, 8 =R
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virtual std::size t size( ) const;
virtual void normalize();
void swap (Widgets& other); // W4 25

}s
X (BREES S MER:

void doProcessing (Widget& w)
{
if (w.size() > 10 && w != someNastyWidget) {
Widget temp (w);
temp.normalize () ;
temp. swap (w) ;

FeATI] LLXPE B doProcessing Y w :

B T w BRI AR widget, BTl w LI XHE widget #:H . AR LAZESE
B XA D (BT widget .0 3XHEH) , BEERMTAETF, FIUR
PRI — N RBRED Cexplicit interface) , WHEREEEEH BT

B T widget MR A BRERE virual, w 3T R BRI ERS RN BBITHE
A CGruntime polymorphism) , WA TEITHIRIE w HEHALR (4K
37 REAFLEAB— I eRE.

Templates FR#Z MWEMIR, SHEAXNSZFERE LKWAE. FEibt R4 25
BONMBITHZ SRR, HEERRR. RERRRED Gmplicit interfaces)
MmFFHEE (compile-time polymorphism) BEFIk T . HEMEREMT 4, BE
HIFAHF doProcessing M ik B2 BB BUARAR (function template) B &4 4 %

template<typename T>
void doProcessing (T& w)
{
if (w.size() > 10 && w != someNastyWidget) {
T temp (w);
temp.normalize();
temp. swap (w) ;

MERNIE 4B doProcessing W wilB?

B DA —MEED, R template FHATT w B LEIBRER GG . AFIE K
w 2R 7 GRS ST R size, normalize R swap 5 A BREL. copy iR (A

Effective C++" 3ChR, S5 =R
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PAEEST temp) « N (inequality comparison, Fi R HLEE someNasty-wWidget) .
BAVBRESERXHERLERH, EXEHNNS 2BEEL. BENE, X—4
FixRX (K template T s B AERGHF) BR T LAFHFR—4BED
Cimplicit interface) .
B ALK wBMEAEREGAA, B operator>f operator!=, A A] Bl ik template
AH4L (instantiated) , XLERAE ST XHERRIAT R E7EHIEH .
“PIAREHY template 28 E B function templates” & 5 BE AR F &%, X
ERTIENGRFRL A (compile-time polymorphism) .

PAEVRM A FT templates, ROZAREE “BITHEE” M “GFERHEE" 20
WER, BACRUT “B-AEHREEEAM" CREEHFLD M “H—A
virtual BREZES e ” (REERITED ZEER. EXREOMEBEAZONESR
BB, FHEEDEWITHRHAEER.

EEERBOORENELN WHMBRREEH. SHA. REIERD Hk.
7180 widget class:

class Widget {
public:
Widget () ;
virtual ~Widget ();
virtual std::size t size( ) const;
virtual void normalize();
vold swap (Widgeté& other);

H public O H— MR — MRS, B size, normalize, swap &
HBHER, REHEE, B (constnesses) fK. [ARWAIERIFL=4EM copy
Y3 FEOH copy assignment BFERE (L4 5) o« BAMBATLUIE typedefs, LLE
T RAR KBS R 43K 22 (4R private) T HHBLAY public KA X E.

BREARTEEAAT . EFRAETRHESELN, MEAAHFZERX (valid
expressions) #H%. FIXEE doProcessing template —FFUR K 4F -

Effective C++H SRR, BB =R
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template<typename T>
void doProcessing( T& w)
{
if (w.size() > 10 && w != someNastyWidget) {

T (wiIRED WERABE OB RFEARXBELAN:

TR — NN size FIARE, ZREOR[E—EHE.
L IR A5 2 = i operator!= ¥, RRELBEHEAD T %, XERINIEE
someNastyWidget FIZRE A T

HERIFEVERF EE (operator overloading) RHAIGEME, XA NARELA
TEWE. BN, T size A RE, RMXAHEHATBEM base class 4k
A XA A RBAFRE AN EHE, EEAFRE—NEBEEE. s
=, EHEAFERE—AE XH operator> IR BHE—FEMMLRE—A
KA X IR, T xXFEm E— int(10 FIKED LA EER R —4~ operator>.
XA operator> ATHEARBEE —ANREY x WSECRT, Ky tha] LS
By, REFE-NMRIANERAREHAR < X RER AR v TR !

FIFEIERE, T H AT EXRF operator!=, BF A AT IXFEWBEZ AL : operator!=
BE—ANRBEHN xAINEM AR vy UXR, © THEEHRAL x M
someNastyWidget HIBRIVT 54 v, IXFEFLAT LA KA operator!=.

(& VRAR, BLE T IR RE BRI TN operatorss HER, M—
A ER A B AR TR R BFEF ARG, ANHE ERRIEARE . D

BAIE WU TT A BERAZ D, KEHEMNISRBILE . HEKA
B A ITAOREUE. ROl —HEMERIEAY L, REXBATHE
ERREZR, EEMIZERBAREF—RT S HEER . FIm T &4

if (w.size() > 10 && w != someNastyWidget) ...

T T size, oper-ator>, operator&&E‘Z operator!= %J:E‘]Z’Jﬁi%ﬁ:’ E2Y
YRR BE R Z, EHEEFHIAREXAREMAHAIRE S . i B LML

Effective C++H13Chi, 38 =i
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RAMIRFREX, FIULRY Rt AERFRERY, Lik"w.size() > 10 &8 w !=
someNastyWidget" R4, EHBUINE bool A . X template doProcessing
i FHAEBSBH (type parameter) T BRI O —E#B4)r. doProcessing B3R
HABREEO: copy IERE. normalize Al swap HARMIIRT T B RE K.

& T template %8 FHIBRREO, HENET class MR8 EHEREO
—REEE, MAEREFEREPTREE. RERTLIEU—F “5 class R4EZ 2
RBEOFE” AR EAN R KB EALHEE) , RIBICETE template HHAE
H “AS7Hr template FrERZ BBRAEO” #IX% ((RE—HEATHF) .
wicE
B classes A templates X (interfaces) ML A (polymorphism)

B X} classes 1 & £ 172 2 M Cexplicit) , LRI 4 4 L. AN 2#EIT virtual

RBCRAE T EITH# .

B X} template Z2HME, BOLEREXE Gmplicit) , EETHMYEAK. £EHN

it template FLINALFEE B E R AEAT (function overloading resolution) &4+
ETEES

FER 42: THR typename INEE NV

Understand the two meanings of typename.

BB LT template BEHARH, class fl typename HHAAE?

template<class T> class Widget; //EH "class"
template<typename T> class Widget; / /R "typename"

EE: WEAR. JEAIEY template KEIBH, class Al typename FIE X
SEAAHRE]. LR F IR A L EK class, BUAT LT LA F. HMA (B
) HEER typename, FNEBRBSHIHIE—FEFREA class KH. DEITFRA
REEEZAEMRBINE A typename, TI7EREEZH A& CREIRARHEIERH
class. SRMM C++ KIAERE, FHH template BB, N HREE class B
Lypename, BEXwAMHEA.

AR CH FAB R class A typename M AZMH . FEMEFR—EEHH
typename. A T fEHEIHL, ATLFSERIRIRET LI template IR (refer to) HI
[EEE

Effective C++H1 SChRL, B = iR
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B EATE S template function, HZ— STL FARBRASH, ARAEL
RIXT RO EIRME Y ints. M—BEEXANBEAUL R EITENHE o8l X2
NEBRRE, UL ALH, MHMERS, SEEAEEITHFR. HiF
RS E, TEHRRKRXNBEHZN—M AR

template<typename C>
void print2nd(const C& container) //ATEVRBSNIE —TE
{ / FEREREA R CHHAS
if (container.size() >= 2) {
C::const_iterator iter(container.begin());//BEEH —JoENIELRE

++iter; /4 iter BB —TE
int value = *iter; /I BZTTEEHBFEA int.
std::cout << value; / /¥TERHEA int.

WAEATD P8 AR IA BT A local R iter M value. iter MK A R
C::const_iterator, SEFRZ2fAMLAERT template 24 C. template B I 4
IR TIEA template B4, K2 YMBLIK (dependent names) . WEMNEB
ZHIRAE class NEER, BAIRTARENBLIR (nested dependent name) .
C::const_iterator MUBRXM — MR Lhrs LEE RN REMNBLE LK (nested
dependent type name) , HEEMREMNBLIRTF LispRan.

print2nd W5 —A local & value, HEEIR int. int B—MNIHEANEBIT
i template Z2HHIZFHR . XFEMBIRRIGIEMNB LI (non-dependent names) .
AFNE R A AL LZFR (independent names) o HIRRAMIB RN B RiE
"non-dependent" & ARG, REZEHE T MG, {HEEE "non-dependent” CHEE N
X—REMROIARE, FrolBEME—F, ZEREREIRNEE,

RENR A FRE W 6T BURT (parsing) A . 845 F, BEIAT4 printend
EREL, XHEE:L:

template<typename C>
void print2nd(const C& container)
{

C::const iterator* x;

EERFBEAMNEH x A — local BB, BRANIRE, H—4
C::const_iterator. HEZ UM A AN, REAIRIN “CLumig”
C::const_iterator B MERM, WHR C::const_iterator NREAKMIR? WE ¢
A static HAZBTMMITH WAL N const_iterator, BRUIE x REIFTEA global

Effective C++ 3CRR, 38 =K
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REAZFNE? MEKE LRBERAFEFH— local 2R, TR —MHEFS)ME:
C::const_iteratorﬁu x. 48R, XUTERG SR, HARWTHER, M#E
C++ BT ALIBRCHTETRKEA, EERXARIERHA.

TERAENE c RA4 28T, WEEMINEFT LIAIE C: :const_iterator BH N
—AER, T AGIFSTFAMT template printond B, WRFE c B4 K.
C+H+ BANMNWETLUANT (resolve) M—B SORA: IRV TE template T #E—
MEREMNBER, EERRXEHRARNEE, BRIEREFERL. FLREELT
BWENBBMARLER ., HHUEMII, HiEksRE.

X EgES L, MEBIRE SR printend IRLR4LL:

template<typename C>
void print2nd(const C& container)
{
if {(container.size() >= 2) {
C::const iterator iter(container.begin()); /1 IEAN R

7 /R R
MAENZBEBEITLAXAEFRN CH+ KRBT, iter FHKXREHE

C::const_iterator BAMEIR I &, BRAIIEAE HF C++ HER, TR C++
BREAR. HEEFEXNES, BRITLHEPF C+ ¥ C:iconst_iterator &4
M, RERRE ZATNERRT typename BIT]:

template<typename C> [V XREEN) CHARES

void print2nd(const C& container)

{

if (container.size() >= 2} {
typename C::const_iterator iter(container.begin());

}

—FEERAR T B AT S RABEEZE template FIFH —MRENRKEL
R, RLFEBEEERT—MIER EXEF typename. (FREE—K, RHRK
LREI—AMBISE. D

typename R REHBRENBRREZKR; HMLHAZECEE. FlinTHE
X4 function template, BEZ—PNEBA— “IRIDIZFR” FEAE:

. template<typename C> // SR VHER "typename" (8{"class")
void f(const C& container, /AR AHFER “typename”
typename C::iterator iter); //—EE/ER "typename"

Effective C++ 3ChR, 585 =it
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ERH c HARKENBLR AR (B HIERETAEA “HkT template %"
HIZRFEND , BTEAA B container B 3 AT ELL typename HFTS, {H C: :iterator
MR EMNBARBLLIR, FrolbFill typename HET S .

“typename WIEAIKENB AR ZFRM AT B R "~ 13X — 00 6 #140 &,
typename AR LAHILAE base classes list WK EMNBRRI LT, HATZE
member initialization list (& RAHMEFD H1EN base class BHiI%F. #lin:

template<typename T>

class Derived: public Base<T>::Nested | / /base class list #1
public: /I ANRVF "typename".
explicit Derived(int x)
: Base<T>::Nested (x) / /mem. init. list
{ / /AR "typename".
typename Base<T>::Nested temp; / I REMNBLRRILIR,
- / /BEATE base class list F A4 mem. init. list 7§,
} / IYEA—A" base class BTN L typename.

}:
XA —HEES AR, H—HRE T —HE%, MRt aeEs .,

WEBANTEE RS typename BT, HBEAIRK B LR F B BIACR Y]
Fo BHERNEEESE — function template, BT — AL, MRITTE X%
IEARARW HIR AL local HIF (BIA) temp. BATATLUIXAE.
template<typename IterT>
void workWithIterator (IterT iter)

{

typename std::iterator_traits<IterT>::value type temp(*iter);

A1tk std::iterator traits<IterT>: :value type HHF TR, BFRNT BAR
HE traits class (JLA&3K 47) MI—FPZH, MA T “2BRH TeerT 2 M EHIEZY)
MIRAL” o XAMEREH— local & (temp) , {HH IterT W& ATHEWIIAEF
KB, ¥ cemp HILHWA iter FitM. WR IterT & vector<int>::iterator,
temp IR int. R IterT & list<string>::iterator, temp FJZSHImLR
string. T std::iterator traits<IterT>::value type RAMHEMEHRA L
Fr (value type HIRE T iterator traits<IterT> Z Wi IterT /&4 template
40 Fﬁuﬁﬂ]ﬁ@iﬁﬁiﬁﬁmﬁ typename.

Effective C++ 71 TR, 55 = kR
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WBRMRIANHM std: :iterator traits<IterT>::value type AR A,
S—THBAKB TR A5 MBREREEETFR—F, WABFHILIKZX
Mo SRR AN, IR A RPN A E L — A typedef. X T traits F 5 4 FR U0
value type (FRKIEEZK 47 241 traits 5.8 , HWAIIRERE typedef £
FRALUMRRIEA traits A BFF, 125 W LUE BIZREUXFERY Jocal typedef:

template<typename IterT>
void workWithIterator (IterT iter)
{

typedef typename std::iterator traits<IterT>::value type value type;
value type temp (*iter);

T2 RBYIANIE "typedef typename” HHMIAEIE, HELERIEY
“HREMNBRBGRR” M—NEHMTER. RIBR&IEE, BERARINS)
il
e ?

fR#FHEITJLIK typename std::iterator traits<IterT>::value type

ek g5iE, BNIZIRS], typename FHIOCHUNTEANF FIgwEE2S FA AR .
SRR B Z RIS R AR IZH typename MR T JRARNEZH typename #1H I
T BELEERFSE GAFERIFRAE) BAREL cypenane. XHIK typename
FREMNBRBLTR” 2 NP EE), SN S RFEFMEM L.

HiLE
B 759 template ST, FIEKET class Al typename Al H .

B EHEARET typename FRINBREMNBREI L FR; B base class lists (2
%) B member initialization list (B RAYIMEF]) HLLEE N base class E1H7F .

FEM 43: BINEBERICELANRIR

Know how to access names in templatized base classes.

BRERNFEREGS NS, UEBERELRIFTARIMNAT . FREAR
FEHREL, ERRERENTAT. WREFHEENELHE BRI W —1
FERAEEW—FKAE, BMATLERAMET template fFL:

Effective C++1 U, 58 =i
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class CompanyA {
public:

void sendCleartext (const std::string& msg):;
void sendEncrypted (const std::stringé& msg);

}i
class CompanyB {
public:

void sendCleartext (const std::strings msg);
void sendEncrypted(const std::stringé msg);

}z
/ VRS HAR AR T classes.

class MsgInfo { ... }; 1 /3ZA class FARRFEE, LR EER

template<typename Company>
class MsgSender {
public:
/ /AEERRA ATHIRR RS
volid sendClear (const MsgInfo& info)
{
std::string msg;

TEX )L, B infor"4EER ;

Company c;
c.sendCleartext (msg) ;
}
void sendSecret {(const MsgInfo& info) / /% sendClear, ME—AFR
(... / /X B c.sendEncrypted
}i

XAMBIEATE . BERBA A M RAAZEARKIZ HE BN EL (og) FEF
B derived class T3 5 N L3XAEMI A= 1, AP BA-E1H & B

template<typename Company>
class LoggingMsgSender: public MsgSender<Company> {
public:
/ /AR TR R S
void sendClearMsg(const MsgInfo& info)
{

B “AEER” BEESE log

sendClear (info) ; / /A base class BR¥; XERESTCIE @ 4RiF.
¥ “UEEE” FERSZE log

e
Effective C++ 3ChR, 3R =K
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FERIXA derived class F{5 BAE %R EBE — MR ZHK (sendClearMsg) ,
5 base class W BFR (sendClear) N[, IBRMFBH, BEA T8 GERE “ 2%
ATRREFR” (4K 33) , @ REF & L —A A& M8 1 non-virtual & ¥ (I
%K 36) . HERRBEEEELRE, EONFRENRFRTE. ZEM&RIF
M sendClear AT BATHIMRES T ULE B sendClear BIHATE base class 4,
HFEJRHNBEAR EAN. Aftar

W BT, 4wi¥A3HIA class template LoggingMsgSender & BT, FEASEN
HERAMTARED class. 4R B4R KR MsgSender<Company>, I H ¥ company
& template 3, AEIEHR (3 LoggingMsgSender # I TIEMIEEE
At 4. TMBRARLE Company 4, BIIEFIIE class MsgSender<Company> &
ERGH A——FE W3R B MNEINE B REH D sendClear E3.

9 TALIBE R, BERATH A class Companyz K- A IN#HE

class Company? { [ 73XA™ class A4
public: v //sendCleartext R

void sendEncrypted(const std::strings msg) ;

}i
—R& ) MsgSender template X} Companyz A& i&E, BRI template Rt
T —A sendClear ¥ (A XHIBIBH company WA T sendCleartext i
O 5 TIXX companyz SRIFAFE . AFFEX AN, A1 LI Companyz
FE4E—A MsgSender ${LIR -

templated> /1=
class MsgSender<CompanyZ> { //MsgSender; EHRI—HZ template # [,
public: /IERRETFEMET sendClear.

void sendSecret (const MsgInfo& info)

{ ...}

R class & XREHTKY "template<>" EEZIEXFEARR template th AR £
FrHE class, TIRAMFILARI MsgSender template, 7 template SE% & Companyz B
WAL o IXRFTIRIEA2HF1L (total template specialization) : template MsgSender
XK Companyz FEAL T, T HHARLE SR, RN — BRBBEM T
XA CompanyZ, FFH#H H Al template ST 1L

Effective C++H1 30/, B =R
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IMLE, MsgSender %1% Companyz 347 T 42484k, ibBATHIREE derived class
LoggingMsgSender:

template<typename Company>
class LoggingMsgSender: public MsgSender<Company> {
public:

void sendClearMsg (const MsgInfo& info)

{ 1 AERERT” BMERE 4 log:
sendClear (info) ; / /U Company == CompanyZ, XMMREAF.
¥ CERE FEESE log
}
i .
FMERATS, 34 base class #i5 & 4 MsgSender<CompanyZz> B X BB 5
7%, BEAIA class H AR M sendClear B! kR A4 CH FHEAXMHAHN
JEH: ‘©403# base class templates 7 0] B4k, THAR AR A 7] BEAN SR AT —
fitE template AR [R5 0 . R EIEFEE47E templatized base classes (BEARALEE,
AHH] MsgSender<Company>) NSRRI SR B CEFIN sendClear) . Ht
EME NS, BRI Object Oriented C++ 3t Template C++ (LR 1)
BRA GG ART AR AT R T

KT ELRE, BAILTEEMIFES CH “ANBEA templatized base classes
MEL” AT RN B=EANIME, B R7E base class RECHHIEZ TN L
"this->":

template<typename Company>

class LoggingMsgSender: public MsgSender<Company> {
public:

void sendClearMsg (const MsgInfo& info)
{
¥ “AEERT” MIEEEE log;

this->sendClear (info) ; //For, R sendClear Bidkrk.

¥ ARIRE” HERSE log;
}

Effective C++1 LR, 58 —hR
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BRMA using AR, WRFRBEITEIK 33, XMEENIZS4RERR
Foo 43K 33 IR using BFPRWAH “BHHM base class ZFR” AN — derived
class EFHE N . BAIATLAXFEE T sendClearMsg:

template<typename Company>
class LoggingMsgSender: public MsgSender<Company> {
public:

using MsgSender<Company>: :sendClear; /1 EVERERE, HERR
eee //sendClear {7 F base class .
void sendClearMsg (const MsgInfo& info)
{

sendClear {info) ; //0K, B sendClear KlakA& T¥.

}:

(BAR using FHIREX BRALEK 33 HUEMEBME, EFCHERK SR
SEAHE . XBEEIH AR base class ZFRYE derived class B FRIEHE, TR IFEE
RPN base class FEABNER, TRBALEL using HIFE. EHEBAH. )

FBEAMERE, WABHEIRHREBA T base class H:

template<typename Company>
class LoggingMsgSender: public MsgSender<Company> {
public:

void seridClearMsg (const MsgInfo& info)
{

MsgSender<Company>: : sendClear (info) ; /70K, fHi% sendClear
e / IR TR

HXEFEREBAE AR — MRS, FHXYWME¥HARAMGER virtual B3, Fik
FIBA B 2B (explicit qualification) £r3%H “virtual 88T H” &

MABFRATHLRL (visibility point) FIAEME, LG —MEEMPHBEETHEE:
FERIELEAALE “base class template RHERIER LI ASERE LHH— & (240D BRAHY
ROLEO” o XFE—ANRERGRFBIERNT (parse) # LoggingMsgSender IXF¥
i) derived class template FI R E M, HUIRXANRKERLRP LT HNK, FEH%H

Effective C++" 3CIR, B =R
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FRATREEHBEL AN BT, WRMEREDAR XA

LoggingMsgSender<CompanyZ> zMsgSender;
MsgInfo msgData;

... //7E msgData PIEEB.
zMsgSender. sendClearMsg (msgData) ; / /AR ToRN SF.
H A%} sendClearMsg ARSI TEE T, FATERANA L, ¥
4018 base class £ template $54L A MsgSender<Companyz>, 1 B 'EA1408E A4
class TNEft sendClear BRE, /G HE sendClearMsg 21 IAF A # .

MAEM T, AKKEITHE, T “F5F base class members” Z T references,
FRIRARHIS W B AT BB R AEAE R (AT derived class template [1)5E X AE)
WAl fe R AR CHIRE templates 45 &2 template LB HIULR) . CH K
BURRTERE LW, XFEHNT 4 “2 base classes M templates F 4 R IULES”
R X AL base classes FIN AT AT BHIZH .

B
W T 7E derived class templates WIEIT "this—>" $§¥ base class templates P IR 7
ZR, BFEH-THASHM “base class BB R” 52K

FER 44: BESHYICXBIRBIBE templates

Factor parameter-independent code out of templates.

Templates & 198 B EFIB AR ERN -G P FEEERA 20 MK
A classes M— A 15 MRARE, HRAFEAN—A class template, 4%
AR 2 B IR 20 MR ZE A classes #1300 N H.  (class templates F R 5t
BR B A R A AR R A B oh B ERAL, B LA B TEIX 300 AN eR B — A ER e
HRA 4 3K183X 300 T %L. ) Function templates I LUHVFR. BSHL RN,
PRAFEE S — function template, 2R /J5 L4 R BTSN TR . HARAEFEIREZE
R, W,

MY, WBeeeees HEHER . WRIRAADC, 5 templates 7] e S FHAICTL K
(code bloat) : H#HEHHEER (RJLTFER) WA, 08, HpE. HE
RERFEDELRESFMES, HEIRE (object code) HNAEI 4RI, JERE
NEE AR MR A BT ¥, BT DAR 75 B 4038 T8 S X A ) 3 IR

RO EETHAEANSBRENBIR: XESTEH S (commonality and
variability analysis) , BHEEETFRM. AFEHRMNRET A template, H#RIA

Effective C++ 130/, 38 =R
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AU IXFERI .

YRGS R KB, TR B P R 43 (K SEDRAG R R — AN BRSO SE R A s
T, RSB FRAi BRI ? BRA, REmEEDNRBEIEERS, iE
BB =S, RELREFAREARXAN RS BREU, WM
TR, KRBT S, ERRHS BB TR E, 58
B PEREE DS FIFEE, MEREARSEA class, MARBPHILS
FAEFA A —A class FIFELEISIHR, REARSEEXILRMTES . BHRZ
HIRARSITIL IR WAL B class &, REMHSARE S (WEKLHK 32,3839 ,
AJRSER classes BUAIXSL R4, MIBR classes M E B34 (BFEY) MRER
AL EAF,

4’5 templates i, WEBGHFRKT, UMERFABRES, BEHPE
#5/7. £ non-template fXAGH, B H + 73 B WRAT LB "B HEEH A classes
ZEIEREL. AT template RFLH, ERZRREH: HEFIFE 4 template
YRR, FrCMRLZnY4k B © 22 template 4 LI B IR AT RER B ES.,

EEANGIF, BRI EE R IEFEMESRE A template. %8 FE K7 5T
Z— R FFYHEMZEHE (matrix inversion)

template<typename T, //template Y0 x n g TEE
std::size t n> //FFR T i objects; WLTF
class SquareMatrix { /15T size t BEIEE
public:
void invert( ); 7/ RIGHE R

XA~ template $FEZ — N RBBH T, RILZ SMEREZ — P EEY size tWBH,
MEANELRRBE (non-type parameter) . XFSHMKRISE R FEARH W,
HEMTEEE, HRERG—, HBER,

WAE, HRIXERH:

SquareMatrix<double, 5> sml;

sml .invert( ); / /R SquareMatrix<double, 5>::invert
SquareMatrix<double, 10> sm2;

sm2 .invert( ); / /P8 SquareMatrix<double, 10>: : invert

Effective C++"¥ 3CHR, 38 = /R
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X& AU S invert. ﬁ%&ﬁ%ﬂtﬁ%ﬁé#ﬁlﬂ, R — AN RN
B 5%5 SERETT S —/MRERIR 10%10 55, (R T HER 5 10, WA REEHARE _
54, X2 template 5] AR AK K — NS EH T

WMREEFNFHAREEEMAE, RRT—MEH s mHn—MEA 10, W%’E/A
f? FREIARES N BN — M RES IR, RELL 5 R 10 RFAEAW
SHMERL, TAERNRB. ROARRE, TEHEX squareMatrix HH—KE
8

template<typename T> / /5 R~FIERH] base class,
-class SquareMatrixBase |{ /TR
protected:
void invert (std::size t matrixSize); 77U BB R~ SR sERE

bi

template<typename T, std::size t n>
class SquareMatrix: private SquareMatrixBase<T> {

‘private:
using SquareMatrixBase<T>::invert; / /G base FREY
//invert; W.4&k3K 33
public:
void invert( ) { this->invert(n); } / /%l —4~ inline VM, A
}i / /base class BRI invert. THE

/ /R AA A )LHE this—>
BRI E S, HS8M invert ST base class SquareMatrixBase H'o F
SquareMatrix —¥#E, SquareMatrixBase WA template, A[EFREE RXT “HERE
FTEMNBHRE” BEL, AEERRTSEMNL. HEX TREAEZ TR RE
B, FHEEEER— (R#E——A) SquareMatrixBase class. '‘EIHMEE
I FIXHE——A class W) invert.

SquareMatrixBase: :invert HESERN “# % derived classes fUBER” K
—Fh i, BTLAE LA protected #B#t public. i ETERMITIMRANZEL 0,
B4 derived classes [¥] inverts i8fH base class ARASH FH & inline A CGXHE Y
inline RGN, WA 30) . XERHFEA "this->" 05, FAFRXEE
& W % & 43 BT U, AR MR templatized base classes ,» %
SquareMatrixBase<T>) W I & ¥ & #R & derived classes . HWIEEE
SquareMatrix Fl SquareMatrixBase 2 8] ({1 k&KX R private. X RN —HL:

Effective C++H 3R, B =R
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X E [ base class R4 T #58) derived classes 520, AN T RIL SquareMatrix
! SquareMatrixBase Z [H[f] is-a K& (KT private kK, W& 39) .

Heimi —#ar, HiEHE LM FHNHEHEKXARE
SquareMatrixBase: : invert W] AT ZERIET A58 ? BREMNSHP B E
JRSF . B B e R 3 WOR AN e A T SRR R R L 2 AL AT derived class FHIE
Derived class 1] B 4% 3 base class ¥ i8 a4 ? — A Al GEMI UL R A
SquareMatrixBase::invert ¥RINA NS, WVHEATEE, 51— PARKCE
S R (0 PO AR S A . FRATARAE, L2 AL invert NEME——DAEN “IE
NG RTTLEFKH B L squareMatrixBase N B squareMatrix . MREFH
FIXRE IR SRR, FRATTME— B R B R B TC BRI AR Bk A A . JRATTRT DAY
B X REIR R BRI — NS S5, A3 — IR X — K Hb 5 UF squareMatrixBase #H
FHfE R, ZRELLEAT.

B—ANIERS squareMatrixBase AT RN, 4R F PRI N A7
TR B E AR T AL AP, st AT AR ) s JORE R R IL

template<typename T>
class SquareMatrixBase {

protected:
SguareMatrixBase(std::size t n, T* pMem) / I FHERE RN — A
: size(n), pDhata(pMem) { } //F6%r, 1R PERUE.
void setDataPtr(T* ptr) { pbhata = ptr; } / /BBIR(EL phata.
private:
std::size t size; / /5ERERIR /N
T* pData; /7365, TREHEMERNE.

X fLVF derived classes PLRE WAEMEL T30 HeEe SEURAR A V5 2 Yo B e 4
EIEABTE SquareMatrix B

template<typename T, std::size t n>
class SquareMatrix: private SquareMatrixBase<T> {

public:
SquareMatrix ( ) 7 /ISR AN
: SquareMatrixBase<T>(n, data) { } / /BHEFR 45 base class.
private:
T data[n*n];

}:

Effective C++H1 SCR, B =R
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KRB RAFENESLAS, BEXNREH TEIER K. 57—
8 — AR BIE B0 heap (BRI new ROBAFF) «

template<typename T, std::size t n>
class SquareMatrix: private SquareMatrixBase<T> {

public:

ScuareMatrix ( ) / /¥ base class FIEHETRET LA null,

: SquareMatrixBase<T™>(n, 0), /I RFERE AT

pData (new T[n*n}) / /R RRZ RAF R TRET TR RE R,

{ this->setDataPtr (phata.qet ()); ) //REHER—PNEIZITE base class
private:

boost::scoped_array<l> pbhata; //*T boost: :scoped _array,
}i /7 R 13,

RNy H T, NERGABERITZ, RERIATTEZ —WAEER
H SquareMatrix /% f BRE A DL 4 DL inline 752\ base class fiA, &
B “FERIBIGE” CRNSHEFERAD) ZEHEMRIE. FRFER, TNREXAR
SquareMatrix M BREEAFRKM, PTLIEIME (HlI squareMatrix<double, 55K
SquareMatrix<double, 10>) XtTZ{FFRAHEH squareMatrixBase<double> ¥, fl 8&
¥, BRATHEHN LM E -1 SquareMatrix<double,5> Xt B F|— M HEIKF
SquareMatrix<double, 10> W HE., B, XFg?

RE, fREE, EUGUT BN . BERBERERTHMA invert A, HA
REAE RSB A (o R TSRS B R BN B D BRI, 61
WERSTEEBRT, RSBAMMEREE, FUWUFERERN) HEBIRML,
BB ENFTHPERIES T RO ERR . & “HRTEXR” fIRE+£X
EIPEIH

MFA=NEEE, DRKANFERERFEH R RER invert, AIRDHATL
RN, BRI FR Y working set GFrE: M TFUHEE) KA, HFmibisds
R X ARSI HEF 1 ocality of reference) « IXEEHF 7] GEFFEF AT E E P,
B RSP LB invert FIBARWER . B — A b EEHAL? BB R,
— [ R P R SRR BT & 14Tk LA K T AR B 40 I AT 24 6

BEE: T8 working set ZFEX —ME “ BN T HATHIBERE (process) S
HAEERB—HNFEIL (pages)

HB—DRUEEVP LT RO EBEXN R AN WREANE, TR “ 55K
RAATERKIRBIRA" WS base class N, XM AMNRE KD HlIHER

Effective C++H13C/R, 38 =R
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RARBRFHE TF, 88— A SquareMatrix N £ HH — M H W
SquareMatrixBase class PR, BREA derived class BEH —FMEGHIEN
I, XAXE A SquareMatrix FEMME D MEERAK. HRETLE
BB, ERIXLERE, HEF K, XEPTFESTHRE. FlW4 base class 2
FE—A protected BEM R MR EIE, SFBREARAEEN, WAK 22 Fig. 0
BESERFEEHE FRRALRES; B, R base class FAfE—MEEHE AR
1, BRI REIASEIRE, WIFFMET derived class X R A (AfEH
BT, i BB AR A MR B 7 XA HE R, ERAR =
REOME, EHREESARER. AEAMAEE, —AARBEREREBEERE A
EBEBET .
X A4 2 H 18 B non-type template parameters (I RIBAR 250 H#7 R Bk,
HSE type parameters (KA SHD LS FEEK. FIMEFEZFE L int M.longH
HIF gt ER, FrLAME vector<int> fll vector<long> KK R R E W ReE 2
HE—XERERMB R L. FEEER (linkers) £&FF582M FIKRBSE
ML, HEERL, EHEERFELE templates 8B IA int B Llong I MRRA, H
B AR R (AR T) o BUER, ERZHFE L, FHEIEHRE
BEMBN -_HEER, KA templates FFHHEE (HIW list<int*>,
list<const int*>, list<SquareMatrix<long, 3>*> %) FHAMNZME—A G
BREE M —— R R XBEAREER, WRIREIRL R S RETE
{18 AE3RRIIE4T (srrongly typed pointers, HI T+) , RS ENTEAS — &E
FTeRAIFRE Cuntyped pointers, Bl void*) FIRE, HEHSERER TIE. KL C
FRUERE e B SEBR A T N vector, deque F 1ist % templates f{ T X, R
PRIMR I templates 7T B HBLRID K, AR ARLEIRA templates AR R
E: 4
WHiClE
B Templates =R A4 classes MM H, BT UL template RAGEH AN Z S HEAE
BREEI K template S AEMHE KR

B HIELRBARSH (non-type template parameters) TR KIARTGRERK, FEAER]
W, MUER LIRS class R AL B template 2%,

» REBH (type parameters) T RAMNEIEH, EEFIRE, BOXRibwHH
Se4 R 3k #I&AE (binary representations) HJEINZEH (instantiation types)
ILELIE.

Effective C++p SChR, 38 =i
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S 45: ZAMBRRYIBERIBSIIEHREETR

Use member function templates to accept "all compatible types."

BB & g4t (Smart pointers) & “ATABIGE” FIXE, HRMEHEHRER
WLEE. BIIN4AER 13 B4R K std: ;auto_ptr M trl: :shared ptr WA BEM M H R
7E IERAI L H 1M ER heap-based Wi . STL B2 HNEMRERILTF L2 e bt
WARREEBMEA "+ B— DR ETRE M linked list FIFEDNTT AR ENS —ANT A
{HIXLE 1list::iterators B F 785,

BRI — - 3R, CRFRASUES#: (implicit conversions) . Derived
class ¥4t Al LA #68e h base class F5%1,  “$8[ non-const MR ” [FIFREH 7T LAFE
2k “4810) const X7 «eeeee s FNHEWHRRE T SBSARKER K-k,

class Top { ... };
class Middle: public Top { ... };

class Bottom: public Middle { ...
Top* ptl = new Middle;
Top* pt2 = new Bottom;
const Top* pct2 = ptl;

/ /45 Middle* H¥H Top*
/ /¥ Bottom* ##H Top*
/ /¥ Top* ¥ H const Top*

B4 AR A A P B 2 P ResR e R LR e, REREA BRI TR EELL

T AR I SR
template<typename T>
class SmartPtr {
public:
explicit SmartPtr(T* realPtr);

}:

SmartPtr<Top> ptl =
SmartPtr<Middle> (new Middle);

SmartPtr<Top> pt2 =
SmartPtr<Bottom> (new Bottom) ;

SmartPtr<const Top> pct2 = ptl;

/ /BT R
//UNE (JRER) TREFTERMIEAL

/1% SmartPtr<Middle> ¥k
// SmartPtr<Top>

/ /%% SmartPtr<Bottom> FEHA
// SmartPtr<Top>

/ /4% SmartPtr<Top> ##h

// SmartPtr<const Top>

BE, [F— template F)AERILIA (instantiations) Z RIFFANFLEAT A S5 AH
FMBEHRR (FE: XEEHUIR LI base-derived KRH B, D WRA S5 A
WAL EA template, P24 HOREIBE AN RBLEFE A HFH base-derived KR , FrlldmiF
Y SmartPtr<Middle> Hl SmartPtr<Top> HN5EEAFEIN classes, A AR
25 7 N = ATIEE Weeeee H A vector<float> Fl widget HHEY], WM. KT 3HRERK
1175 B IR ) smartper classes Z (A FIFEHEE J7, B 1 LUK EATHFMAE 'S k.
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Templates #1iZ B! 43%& ( Generic Programming )

B e fatt 2, B MEORIE T MR RiRE R, FILIE
BAIRLZIIE W 9 'S B B 5 UM s B, (AT M as i R R s B e e,
—AMRERBEIMEERE: ROVKIZELIES HWBRNFERFTE SRS . -
GAERERT, WAMWIE—A smartPtr<Middle> Bi— SmartPtr<Bottom> Hjid H
—/ SmartPtr<Top>, {HUNRIXA AR K KT FY %, SmartPtr<Top> XTH X
IR AE RS R AR RERE I H O, BRH)ERMT

class BelowBottom: public Bottom { ... };

HATE A4 SmartPtr<BelowBottom> X278 LA & SmartPtr<Top> Xt
B, HEANLAREE BB smartper template LLIE R K TR,

PSS, LB BRATTHFEO MR ERE IR, FR A template 7]
BOERERIAL, USUERTRERS. Fit, PIFERNFEMARESY snartper
-G TR NS 'S — AMERAR . X IRR (templates) & 718 member
Sunction templates Ci 8RR K member templates) , FAEF R A class 25 R ¥ -

template<typename T>

class SmartPtr ({

public:
template<typaname U> / /member template,
SmartPtr (const SmartPtr<U>»& other): 7 /AT R copy HTE R

}i

CA_EACHE R R SHEART R T FEAT 257 U, 3X B W LURYE Smartprr<us2E
A SmartPtr<T> ——[X4 Smartptr<T> MG R EIEZS A Smartbtr<us>
ZH. X RMERBMRBEN S v QNS ¢ (BRE smartprr<us fl—Fp
SmartPtr<T>) , il u Ml v FHER[F—4 template FIARFERIE, HHBRIIHEZ
Azt (generalized) copy HidE &%,

Iz copy HIXE BB R I explicit. IEFEM, BN IEKEE
BRI (B M derived class $84H%: K base class $84F) ZRaREEH, L
T EE HERIEE (cast) , BT GEIE 4T MOX P TRt B A 8 . 7EREARAL,
HyiE R 4L (templatized constructor) H1H& % explicit BN TXAHIK.

SERFEWZ G, XK smartptr B K “IE14 copy MitE %7 $R0LHI R L
HBMFEN ¥x. & i ﬁéﬂ]%%ﬂ%ﬁ*’l\ SmartPtr<Bottom> ﬁdﬁ — A
SmartPtr<Top>, EIAFH BRI —4 smartprr<Top> G —4* SmartPtr<Bottom>,

A public #7A&TME (LA&K 32) RFEN. RINGAFSERE
Effective C++ 1 3Chi, 55 = hR
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SmartPtr<double> Bl ~—* SmartPtr<int>, R AILILFHEH “B int~EHHN
double*” HINI MBI ELHAT A . £H, FATLBMMFE T E XX — member template
JT G| PR 1 A oA BB REAT PRIE BR IR R

% Smartptr H1E auto ptr M otrl: :shared ptr Frigfipmse:, Wiggt—
N get ARARE, REFEEREIR (WEXK 15 FFEANHRA RGBT R4,
MARNIPTATE “MIEHER” ERARBPAREHRITH, FEFESROIGTHE.
template<typename T>
class SmartPtr {
public:
template<typename U>
SmartPtr (const SmartPtr<U>& other) //LAother B heldptr

: heldptr(other.get () { ... } // A this B heldptr
T* get() const { return heldPtr; }

pri;éie:
T* heldpPtr; //3ZA smartper FFEMNE (REE 8%
}i
oA B A R W11 %) (member initialization list) R#JiH4L Smartptr<T> Z R
By o MR RZARE, FUREDY ux B3EE (B smartpte<u> FH) EAVME.
EXAMT AR Y “HFEENMRRER AT —A u- B8 —A 3847 WA REE
WgmFE, MMERBIMBER. BEMELR smartprr<r> EHR T —PMEA copy
R, XTHWERBAERFTRENESREEY GEA) RBNA B wiE.

member function templates (B¢ BEUFEIR) WA AR THE RS, ©IIFEH
OG- NAERFFRERE. W TR M shared ptr (LA 13) ZFFAH
“kBFHAEZNEFEE . trl::shared ptrs. auto ptrs Ml trl::weak ptrs (M4
=S54 T WHEITA, UERFIAXRE EEREY (crl::weak ptrs BRIM) HIBR{EE
fE. T TRI #MEHF KT trl::shared ptr B —HR, K RZUE R =
template ZHBF R KT class AR typename (3K 42 Giiid, WENE
XEWER T sE2MED .

template<class T>
class shared ptr {

public:
template<class Y> / /¥, SR BAEfTIREN
explicit shared ptr(Y* p); 7/ EFRE.
template<class Y>
shared_ptr (shared ptr<Y> const& r): /18R shared ptr.
template<class Y>
explicit shared ptr(weak ptr<Y> consts r); //Blweak ptr.
template<class Y>
explicit shared ptr(auto ptr<¥>s r); //8 auto_ptr.
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template<class Y> //WRME, SR AR
shared ptr& operator=(shared ptr<Y> consts r): //shared ptr.
template<class Y> //® auto ptr.

shared ptré& operator=(auto_ptr<¥>& r);

¥i

FRFTH ME R BCETR explicit, HEE AL copy MIEREL” BRAb. AME®K
MIEEAS shared ptr ARG T 5 — shared ptr R, BAFEA
W B TR ET BN A REHR A R B HHAT IR R W AN AT (IR B XA cast
SR REEBIRATLD o BBk R EES trl::shared ptr MR HM
assignment BB auto ptrs H R AN const, 55X B RN ELHY 2
trl::shared ptrs fl trl::weak ptrs #BEA const f&ih. KEFEAFKK 13 #id,
MR B auto ptrs, BRIHEHEHINT .

member function templates (% 57 B EHEMR ) BANMFWHART, AEIIHASE
EEEAMN 42K 5 Vit 4 iR 28 AT RS0 BA 1A U BL 5L R 3 Hh BN & copy
X RBRN copy assignment B 1615 BRZE, trl::shared ptr B T —"™MZH copy
FIXE RS, TTRR—BRE v/ vy HR, 24 copy WIE BB S BRI A “ EH K7
copy HITS M. A EHIFIRAIE B trl: :shared ptr A —A copy I &
BOB? BSHEA trl::shared ptr STHBEH—AFEU trl: :sharéd_ptr pap s
BFFHEAT AN, RiIFREE T copy HIERER " BRI

—MIFTR, member templates FHAKAREFTHN), MEZRUB, WRENF
FBE A copy R, REBEEFHE, MERSAERBEBER 1. FE class
WA AL copy #HE R %L (R member template) FHANLPH I gRmFRERE=ATE
CLIA copy Hid % (— non-template) , B L0 SEORAEE B4 copy MM 5 /7 TH
W, #RLEEREREZ copy MERER “TEHEMN” copy HIERE. AH RN
BEHTEY C(assignment) BfE. TIHA trl::shared ptr F— & XHE, FlE
LRFTE:

template<class T>
class shared ptr {

* public:
shared ptr(shared ptr consté& r); //Copymiﬁﬁﬁ.
template<class Y> /124 copy WERREL.

shared ptr (shared ptr<Y> consté& r);
shared ptr& operator=(shared ptr const& r); //copy assignment.

template<class Y> / /2 copy assignment.
shared ptr& operator=(shared ptr<¥Y> const& r);

Effective C++ 1 3ChR, 58 = kR
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HictE _ v
m H{EH member function templates (F B REHEB) K “ATEEZ A AR
TR

B WRARAEY member templates FHT“E4k copy #iE "B 24k assignment 45",
PRERFEFHIER N copy HE R B copy assignment BAEFRF .

FR 46: BEXRRIGITBENERE XIFR SRR

Define non-member functions inside templates when type conversions are desired.

43K 24 B I AMEE non-member MEAE RS “ET LSS LR
RAERER” , %I L Rational class B operator* BB HH]. HIRFIB IR
BEEE T H2 Bl B ORRRABIT, BYAEHE L PL—MNEREER S s
FEAK 24 BITHE; ALEW Rational F operator* BERILT -

template<typename T>
class Rational {

public:
Rational (const T& numerator = 0, / 143K 20 HiF R AT A58 LL
const T& denominator = 1); // passed by reference 7725
const T numerator() const; / /138K 28 HIFR IR AT A REME
const T dencminator() const; /7 UL passed by value J7 A A%#%.

... 1/ %8R 3 HIRRAAEBIIR const.
}:

template<typename T>

const Rational<T> operator* (const Rational<T>g& lhs,
const Rational<T>& rhs)

{ ...}

BMBEK 24 —1F, RIOFEIRFBEARX (mixed-mode) HARZH, FFLRRA]
FEUTRERAELEF. RITETAPER, BABEREZK 24 FFIKNE—H
RS, ME—ARFEHR Rational fl operator* WIAHRA T templates:

Rational<int> oneHalf(l, 2); / TEABIFR B4 24,
/ MME—AFR Rational B4 template..
Rational<int> result = oneHalf * 2; //45R! k@A HRF.

ERRBMAERINBRRE, BERAK Rational W ALK FELLF K
non-template AR . BHELIHMI, K 24 A, RERIERMN XA
LB (RREZPWA Rationals BEHIIA operator*H) , {HIXBEFHFRALM
ERMBEE BN REWMHRZ R, EIRER A2 BB 2 K operator+

Effective C++H 3R, =K
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[y template HLILAG G A ) ke B AT AN B A TR 1% 11T LA B BRAL 354N 44 operator
HHEZ A Rational<T> 8" MK, B4 SEOX— BIAATEY, A E N T
R 4o FBRENTRA XA .

ATHR T, BB TH operator* WHHIANEF I SE SRR, A AR e Ry
7372 Rational<int> (oneRalf [ I int (2 MIKED) . B FFLIE,

LL oneHalf HATHER, TREIFAHEM. operator* M — B E N
Rational <T>, TM{k %% operater* RIS — K% (oneHalf) MM 2
Rational<int>, FTRL T —E& int. HALSEHHES BEH X A EH] . operator*
HIZE — 28 A A Rational<T>, {EALI%EZY operator* IS —5i% (2) KR
inte ZWiIFSSUIAARIEIXANER H 72 ReRVFL BB A %584 F Rational<int> [
non-explicit fE MR HOH 2 $#4 Rational<int>, MK THESRH int, HEA]
AIBAM, BIATE template LB HE Pt F2 i MK B KBV B 300 ok B N 1, 4
AN SR R T bR O R R PR PR, (R PE R R A — AN R B BT, s
DIRAETRA RBAFLE . Tk TANIEE, 156 AR 341 function template #E S 1
SHERR (RRJG A TTRE L0 R BB R o ST template S5 #: St kit
AFERG B MERETRER” BB B . %3 24 R K templates,
JIT L template SEBHE S AN IHE UL BIZE T 1140 )2 kb CE template part of C++( i,
A1) SURN, template LB SR IRATME AL,

HERMH A9, RAVATT LGRS 35234 template 3254 5 75 0% 29k
#: template class WK friend PHI AT LASEW S B 5. TEDE class
Rational<T>A] LAPB] operator* 21— friend B #{. Class templates 3 A
i template SLSHESF (5 #H HMT T function templates 5 1) , FFLA%H %58 R 26
B7E class Rational<T> RIULETRAE] 7o BEik, 4 Rational<T> class 2 BH & 24
operator* A3 friend BKHL, W] 71k BEA ) B

template<typename T>
class Rational ({
public:

Effective C++ SCHR, 55 = i



224 7 Bl S5 RgE

» friend ) 7/

const Rational operator*(const Rationalé& lhs, / /operator* &ﬁ,
const Rational& rhs); J/HTET.
b2
template<typename T> /1EX

const Rational<T> operator* (const Rational<T>& lhs, //operator* BRH{.
' const Rational<T>& rhs)
{ ...}

AN operator* FIBARNFEHFTLLUESRIET, HAXNE oneHalf #E
85— Rational<int>, class Rational<int>TRELEM R, MIERLEKN
—#4y, friend B operator* (¥ESE Rational<int>Z¥) M BHFEHHK.
EHEGRI—ANREMIEREBR (function template) , FHERFBRVERHA R
AR MRS (FII Rational B nop-explicit WISRED , MXEREERA
Fz B AT R E

BE, KESTH “HI” BMERNFE, BRABRAXBRANELRE, H
TEEE. HERD EERAEXANHE, HERERKRE Rational HEH
operator* BJiEE.

#E—A class template P3, template BFRATHEFHRMER “template HIHZH” #)
fRimEiEHFR, FTLLE Rational<T> WEAITLL R E Rational MADLE
Rational<T>. FFFXRAWEHRMNPITNAFE, EEHAFEZSH, RSHEK
B, XTUFERANNEHE, BTibRBEETE. RBRXPREN, B+
Bﬁ operator* ¥ IH AR HIRE] Rationals (I Rational<T>s)  WREH
ERHT, —BEX:

‘template<typename T>
class Rational {
public:
frie.r;t;.
const Rational<T> operator* (const Rational<T>& 1lhs,
const Rational<T>& rhs);

MRTEAMRERETR EER) WEER LB EE.

HZEB LA RN R . BEXNABELTHIE, HARIBAERNIER
AR (REES —/ Rational<int> BAE N — Raticnal<int> FIA

Effective C++H13CR, B=RR
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" operator®) , EIARBAB AT Rational W, HFREBENHK. RINEE
4t class SMHEHY operator* template RfEE XA, BRETFAE—umREMNAD
BT —AEHE GRIER Rational template REIER) » BB FEEXBIMHE.
BEARBRIMNEFRME XN, ERBLIARST !

BRIF B M ITINER RS operators MEAHAEHZEHEHRA:

template<typename T>
class Rational {
public:

friend const Rational operator*(const Rationalé& lhs,
: const Rationalé& rhs)
{
return Rational (lhs.numerator () * rhs.numerator( ), //%ﬂﬁ%'—?
lhs.denominator({) * rhs.denominator()); //%#K24
} ‘
}: .
XEMFERNFTHEIERESMETEX: X operator* RIR &N AT 4 iFE
BHPAT. HF!

EIEARK—NBR SR, RIBREH friend, H5 friend HEZLH® “Vi
i#] class ] non-public 4> ” BAMT. A TiLBREBTREETHELS S L,
BAITE—/ non-member FH (£ 24) : HTEX MR A AT, BRAD
FEB T AV class WEE; T class K EBE B non-member R HIME—IPEER R .
LEBA— friend. EMBRIIBMIXHEMT . RAM? B FRG? RALHEE.

— B4 30 FT ik, & T class P ) B SRS H LK inline, B¥E operator*
XPER) friend R¥. FRATCALKXFER inline BEHFT SR sk B /ME, R4
operator* MEFEMHEW, RIRA—ANEXT class SMBEISBI R . FEREKIH
Fh, XEEHFEERKREN, EHN operator* BLEMBITREE, BEXNEELRN
REME, BAMBEFREME. “4 friend BEAABBIRE” HBIEKHES
MA—E.

“Rational 4 template” X —F LRIk LR KHB) K HOE ¥ th R template,
FRUAE YT Rational B)SKICHARES, RABMKEIANMET:

template<typename T> class Rational; / /5B Rational template

Effective C++ 1 3R B =R
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template<typename T> / / 75 B helper template
const Rational<T> doMultiply(const Rational<T>& lhs,
const Raticnal<T>& rhs);

template<typename T>
class Rational {
public:
friend
const Rational<T> operator* (const Rational<T>& 1lhs,
const Rational<T>& rhs)

{ return doMultiply(lhs, rhs); } / /% friend 7] helper
. e
WL mFE SR S RIAIRIEFR A template & B SCAER, BT LLORER
FEL UM A E N doMultiply (—WI43K 30 5, IXHEIK templates ARAESG 2
inline ANAT) , FHRGIXFE:

template<typename T> /I EROE,
const Rational<T> doMultiply(const Rational<T>& lhs, /7SR L
const Rational<T>& rhs) / /helper template

{
return Rational<T> (lhs.numerator() * rhs.numerator(),
lhs.denominator () * rhs.denominator());

YE3—A template, doMultiply HMAZFRE AR, BEHEHEAIFE.
’E/D\?ﬁ operator* iﬂjﬁﬁ, Iiin} operator* iﬁj’/ﬁ‘%ﬁﬁf@' ZKEEJ: operator* i
i T RBEB TR, HIRFED Rational M REEEHR, RETHXH
ANXFEAELE —NE XN doMultiply template IR, SERUSERRRIIRIEIRME. hE
AN A, 72

WEiLlE .
m YiIRAIRE — class template, Ti'EFT#EHEZ “ 5k template #1557 ¥k

Fr“HTAESEZBRARRER” ™, EEBLEREE XA “class template 436
i) friend BHL” .

FETR 47 HF A traits classes TINKBU=SER

Use traits classes for information about types.

STL FEH “ALIRINAR. SREAER” B templates #%, ERBEEE
T TR templates, Het—~4 ) advance, FIREGENERIBFBINENMA I H -

Effective C++ SRR, % =i
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template<typename IterT, typename DistT> //4GiEfC23H A5 d 847,
void advance (IterT& iter, DistT d); /AR A < o WIREREED.
WM& b advance JURM iter += aBhfE, BHEARR USRI 4R, FHAHR
H random access (FENLTHIA]) EARES A SRy +=184F. T ILAE AT A0 KK
EACHRFRL, advance W R BEHEST ++ 2 --, L a k.

W, RARCERE STL EACERT2E (categories) TE? ¥R &, ibWATk—
RBIREBL. STL 3F 5 MM 43K, MM T EMTSRMRIE. Input A8
BRI, —k—%, F/ AR (RERE) ENIFTRMARN, mH Ak
B— W EMNBEPTE A SR B 3364 (read pointer) ; Ct+ 25 Y
istream iterators f2IX—4rRIR . Output IR BEBLAELL, (E—IH bk
EMNRME¥s), —k—%, FrRTREENIENARE, HRERS—IK.
ATV IR M SRR E¥eEE (write pointer) ; ostream iterators X —4r
KR ZRBIBAKMMIERE L. B TEWRMARETES), TWER
BRI E KRR L —~Ik, FTLVEMIRES “ —IRM#IEHRE”  (one-pass
algorithms) .

AN B ELEGR KR KR forward TEACES o IXFPEARES AT DABOIT IR B A 43
HKrRe %, HTSREHAEY— KU L. XEFENFTHITT£
WMERAEHEE (multi-pass algorithms) » STL 3 K32 LB 1A linked list, {HFLEFRF
B GEEAA slist) , MIRAXMESRMERBRZEET forward i35, 18
A TRI hashed 8% (WL 54) MIWAIRERIX /2., (. XE# “9fe”
JZ1H 4 hashed B AR IRARR AT N BB AT R A, ERTEBARA. )

Bidirectional I5fREGLL L — MR AFERK: ERTWUNEES), & LlEE
B, STL By list BB FiX—22, set, multiset, map Al multimap A%
RB[WERE X —52,

BEBIEAEE 28 random access A3 . XFIERBIL L DNRES
BORIMUTE T E /T AT “IEAEEEAR ", st & ar LIFE 5 BT R A 1) 87 5% [
JEBRERAE B EE B X I ERIRRBAIREH AR, MBI A4 AT, BIA random access
EARBERCNE (JRIR) IRE AR, WMAERH AT MM random access i&
REBMEH . vector, deque Ml string IRELHIE B L X — K.

XTI S B, CHrAEREIFE S AR LR INEBIRE ) (tag struct) BB
k.
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struct input iterator tag {};

struct output_iterator tag {};

struct forward iterator tag: public input iterator tag { };

struct bidirectional iterator tag: public forward iterator tag { };
struct random access iterator tag: public bidirectional iterator_tag {};

XU structs 2 [A] UG ASSR AT U is-a RRLEK 32): £, BiE forward
IR R input kA8, WM. RRBAISEBIXNTRARRNBII.

BFEEE| advance H¥l. BRIICLMIE STL R/ AEFEARMAS, LU
advance FISEEIEZ —RKXMA “BIRERE R KER86e0, DA R E@igais
WIEACES . RTTIX P EIFE SR LR PERT 18], BATIQIE random access A58 32 FFg AR
BERZHE, FREREENRE, ERENXHERE, ROSESHENS.

FATE IEA BN R LU 77 :UEHL advance:

template<typename IterT, typename DistT>
void advance (IterT& iter, DistT d)
{

if (iter is a random access iterator) {

iter += d; /7%t %t random access IECEHMFHIERBHARIEH
}

else {
if (d >= 0) { while (d--) ++iter; } /7R FARIEARER 4y 3
else { while (d++) - —iter; } //REFH ++ 8 —-

X S SR BIHT iter BT A random access EALEE, M R HLEEANE
%féi” TterT £ A random accessiE 08533, HAFRRNIFEINE R B ) F L
f5 8. BER traits iLRBLLHAITHE. SAIRFRERFL A AL EARER.

Traits H AR C++ KBF BTG E X FHEA; B2k, ig—
A C++ B AR IMERERZ —&, EXWE (built-in) 2
BRI B X Cuser-defined YRR IR BLS IR —FELF B8 MFIT, TR Fik advance
WEIF LS £ — 84 (HIW0 const char*) FI—A int, R advance fi#R440
BROZME, AR traits BRUDIH BT TABRRMEH S L.

“traits NN RE B HEIT TN E R ” Bk “RENHFHEES S (nesting
information) ” XFMARFEHET, FARMNLEREERET RGN K%
B traits {5 SN FRE G B2 4. FrfERARREEE#E— template K H—
REMFUIAE P . XFEN templates TEFRMERFEFBHE T, HPEohsAs
BN iterator_traits:

Effective C++ 3CHR, 28 =R
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template<typename IterT> //template, FI3RALZR
struct iterator_ traits; / [FERBRIT RERRIF B
WYRET W, iterator traits &4 struct. ENK], N L traits BEBTINA
structs, {E'EATIEN XAEAEBRRA traits classes.

iterator_ traits HIEVET L, 3 —1KE IterT, 7E struct iterator_
traits<IterT> W—EFE A typedef 44 iterator category. X4 typedef
FIRHEIA TterT BIIERER .

iterator traits AN T ERFE. HEEERE N “HFRFEEX
FIIEAC AR ALY UIHRE — typedef, B4 iterator category, FISKRHIAE M
BAREEM (tag struct) o FlU0 deque BIIERBSTTREALT A, BTEL—AMH % deque 3%
RABZTTVE T class BRERSBIXHET:

template < ... > / /&I ARS template 2%
class deque {
public:

class iterator {

public:

typedef random access_iterator_tag iterator category;
}:

}i
list FIEAIR AT AATEE, Bl eI %R :

template < ... >
class list {
public:
class iterator {
public:

typedef bidirectional iterator tag iterator category;
}i

};

£ T iterator_traits, REWREFEHRHMSY iterator class KIHRE I typedef:

/ /%A TterT WY iterator category HSLFLREAREI “IterT e HORMHA”
/75T "typedef typename" HIIEFH, W43k 42.
template<typename IterT>
struct iterator_traits {
typedef typename IterT::iterator category iterator category;

}i

Effective C++ 1 SR, 3 =R
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N B CRBATHE, EXHEH (MR —FsAs) ITRE, BRI
AT HEIRE typedef. iterator_traits [M& 3T, EHITHEIFi84.

TSR TREHEASE,  iterator traits ¥FRHEFXFHEEF LB — Mt AL
WA (partial template specialization) . 1T ITHS random access EEAC 32k
L, BTLA iterator traits AIRHTEE ML ARE.

template<typename IterT> / /template fRi{t,

struct iterator_traits<Iter’*> / /5PN B RS
{

typedef random access iterator tag iterator category;
}:
DURE, ARISAZERIE QA Bh - SEI— A traits class T

WA TR A R TR BB AE B BlInSHSRRTS, RSB
KTTHRAFH A2 (category)

B OhizERERE AN (BIW iterator category) .

W 2t template M —ZAFILRA (BB BB iterator traits) , W
PRA SR I AARLAE B

., EHRT iterator traits (SEfF F& std: :iterator traits, FEAE
R CHARHERZFFIER - —#53) » FATATLAXE advance SEBESERTIEHAS (pseudocode) -

template<typename IterT, typename DistT>
void advance (IterT& iter, DistT d)
{
if (typeid(typename std::iterator_ traits<IterT>::iterator category)
==typeid(std::randcm_access_iterator taq))

BARZERR AT SO, H R RN E. HA LS8R E, HIk
TEARAK 48 A BRUHX — i, WA SERA I BB H £ . TrerT JEBIZE SR PRI IRI 3K 4T,
Frll iterator traits<IterT>: :iterator categorv A TE4IFHAMEIFIE. 1B if
HRRRIEIBIT A QB . 2% TS 352 R HE BB T HIA MR 2 iX
AR TE), VTP AT SO

BANREBRERR -DEMAR (MR if..else B AW “HGikHIK
SERRT) " Z KR AGTS C+ A —NEURIXFMT A I 709K, FELE E K (overloading) .«
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HREHEANRE £, RLIFHARE D ERGMSHRA. HREA
G A EARIR AL R L S FEROE U AT, IR “ W BIXA E R
BILRARE R SE, MRAEA £ WERIADERAFRICE, SR £
WARB=A e mILE, BIEAR A £ 7 KK, B T, XAt
RIT AR “ IR o h T ik advance AT A WIRATFTEARE, RATHE
MR ER RS, WE advance MATINE, HE QS ARZEMK
iterator category X% . TAG X R E 4% doadvance:
template<typename IterT, typename DistT> /IOy

void doAdvance (TterT& iter, DistT d, / /random access
std::random _access iterator taqg) //i{Ls%
{
iter += d;
}

template<typename IterT, typename DistT> / /XA T
void doAdvance (IterTs& iter, DistT d, / / bidirectional

std::bidirectional iterator tag) //ik{Cus
{
if (d >= 0) { while (d--) ++iter; }

else { while (d++) --iter; }
}
template<typename IterT, typename DistT> / /IX S A T
void doAdvance (IterT& iter, DistT d, //input 8%

std::input iterator taq)
{
if d<0) {

throw std::out_of range ("Negative distance"); //ET
}
while (d--) ++iter;

B T forward iterator tag 4k 7k H input iterator tag, BT LBL_L &
doAdvance fj input iterator tag MR A B fiE 4% kb 38 forward %R 4% . X 2
iterator tag structs kAKX RASKI—IAF]. EER LIXMIE public 48&N KM
BRI UFAL: EFXT base class 45 AUFS T derived class & B AT13E.

advance MBRTEH, WRIHI L random access F bidirectional 24838, 1]
B2 IEBE BRI SR B (B RIS (K2 forward 5% input 2%, W UER &S
BARHHE (RESO 1TH. BIERIE 0TI HERE a A0, FREEBEEAN—
AT TR IEAR, SRR 0. BRI LI SR BORAC > . PR
WU ARYE, H “REEREME" & “AUHHIT R ZHIET 4.

Effective C++ 3ChR, 88 = hR
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T X% doadvance EHRA, advance TEMAIR 2 ENIHBIMEE—
MG, FELAERELNERESIL. TREREBESHERBITHLS
(overloading resolution) i Fi&E 24 K SEIALHS
template<typename IterT, typename DistT>

void advance (IterT& iter, DistT d)
{

doAdvance ( / /38H doAdvance A
iter, d, /73 iter ZIEREBEAHTS
typename / / DAIREE B

std::iterator traits<IterT>::iterator category ()

)i

BLAETRATAT LA RS S5 el fgi B — A traits class T:

m BV HAEHEE (BRI L) REBHR (FII dordvance) , RULERY
ERRAETE BH traits S8 2RI EHER L traits {5 EAHN.

B OE AR (R TR SREBUER (B advance) , EWA L&A
Ak 37 T pREL” FHA5E traits class FrRELRIE R

Traits | ¥ F THRUERR . Hoh M8 IR iterator_traits, BRT
fit [ iterator category TN B @ﬁﬁ{ﬁﬁ*ﬁ%fﬁﬁ (E‘:F' %ﬁﬁﬁ B 2
value type, W43k 42) o HWAMNEH char traits FARMGRIFEFHFREMHEXEL,
LK numeric limits FIRMRFEEBAMMERELR, FIMEBERB TR &
NMEMB KEZES; 4N numeric limits B AL AT, B4 traits classes 14
FRELL "raits" 5, 18 numeric limits HAHEFIXHFRFE .

TRI (43K 54) BAH L H M traits classes FAURUABHFE R, OF
is_fundamental <T> (HWr T REARELERD , is_array<T> CHIl T BT R
AR, LUK is base of<Tl, T2>(T1 0 T2 M, #ER 11 £ T2 [ base class) .
Mt TR1 —3LAFRAE C++ BINT 50 A~ LL_E &Y traits classes.

HicE

B Traits classes /818 “ R BIMKAE B " HEHFRART A . ' BAILL templates F1“templates
Feib” SERSEEL.

B HAEREAR (overloading) /i, traits classes H 7] fE7ZE 4 B v KRR AT
if...else Wik,

Effective C++1 3R B =R



7 43 A8: AR template JTHRFE 233

M 48: IAIR template TT/RIZ

Be aware of template metaprogramming.

Template metaprogramming (TMP, A CHTE) £4RE template-based C++ &
BHBIT T RFEAKEE. TB—a8 B8 Frif template metaprogram (REARIT
B RU CH+ . ITT C++ RiIFHBABEF. —B TMP BIF4RHIT,
i, HRAEM templates RIRHRIIE T C++ JEH, Fo—uiEHHigmiE.

MAXEHBEEAFIFENENR, R—ER2EHLBNAHEEE.

C++ FF3ER N template metaprogramming ¥t 3t, {2 EHM TMP T 1990s #)3
BWRICAE, BT HEFRER+SHE, HEMBMBE BRIMAIE S HRHERFE
W, ff TMP EASHEIT. ZF, TMP BRI ARBRIHRKK. 2 templates
I C++ B TMP JR BB S 13 T o 3P FL A 5 M — T B & = el LA
R T5 T A AR B 77 X EH TMP.

TMP HBHMERHI S . F—, BULFEHEEAS. WREHE, BEHFE
BRAAER, EERTEEM. F =, BT template metaprograms #47TF C++ %ai%
B, R TAEMSITHEBEREN. X80 AERE, FEdREAR
BESITHA MR, RETERFIREK. H—AMERE, £H TMP 1) C++
BFR g ES —HEAE RN BARRIT . REMEITH. ROMWAHETE
k. A TIENSITRBH2HENNS —MERE, RIENEERT. 2K,
BEwmRAEH T™MP, H4RiF ] fEE K FAEH TMP B0 REAR A .

%18 p.228 FAM STL advance thH5 (FL T 4K 47 BUF RSB AER IR,
FARFZKPRBEROLHBEK 47 FIAE) - SR p.228 Fin, BEFHSRIAI
BARABHILARZH4> (pseudo part) :

template<typename IterT, typename DistT>
void advance (IterT& iter, DistT d)
{

if (iter is a random access iterator) {

iter += d; / VE%} random access IEREAT IR EARIZH
}

else {
if (d >= 0) { while (d--) ++iter; } /7 VEEX AR
else { while (d++) - -iter; } /B v+ B -

Effective C++13CAR, =R
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AT LUMER typeid ibH I HIAI I, HAF C++ XML —A “IEH”
R IT R—FTH TARHEIE AT AT -

template<typename IterT, typename DistT>
void advance (IterT& iter, DistT d)
{
if (typeid(typename std::iterator traits<IterT>::iterator_category)
== typeid(std::random access iterator tag)) |{

iter += d; //751%t random access EACSS, FRERBHEAZH.
}
else {
if (d >= 0) { while (d—-) ++iter; }  //&FSEAdkRE802
else { while (d++) - -iter; } //REBIAAE ++ 8 —

%K 47 Ta i, XA typeid-based ML MIALE L traits AREAR, BIDYFEBLTT R,
(1) EAPRRRAETBITHMARGR W, (2) “ISTHRBNR” A2 HIAE (3
PR T) WHAT A . LR XA FIERTRE TMP I fefs bt “IEF K7
C++ BRFEEN, B4 traits HEME TMP. Jlis T, traits 51k “HwiIFHRET
HKAG FH if...else v E” .

MERS %R, FLARTEA TMP tL7E “IEEB” CH+ B5, Xk advance th
BT —MNMFEIT. &K 47 LRI advance #] typeid-based LI F R AT G B
HGIFHEE, TEREN T

std::list<int>::iterator iter;

éc.k.fance (iter, 10); / /%50 iter MIRIE 10 DMITE;
/) LRSI i
THX—hR advance @243 LR AAMI=% 1. % template % 1terT 1
DistT 4 AN iter fl 10 FIRBZ J5, RAFE|IXLE.
void advance (std: :list<int>::iterators iter, int d)
{

if (typeid(std::iterator traits<std::list<int>::iterator>::iterator category)
== typeid(std::random access iterator tag)) {

iter += d; / /EER)
}
else {
if (d >= 0) { while (d--) +t+iter; }
else { while (d++) --iter; }

}
}

Effective C++ LR, % =R
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] R A RBT R IRMR — AT T = BAER, BERE2RE—A
list<int>::iterator %J:ffﬁﬁ +=,{H list<int>::iterator &= bidirectional 748
4 (WEKAD , FHALHE +=. 1K random access ERBA FH +=. HZITRAT
MEANSHATER += B—47, FAMWR typeid WM —ITHESH N
list<int>::iterators MR, HImFRLHFHETEHEBREER, MIEARS
PATHERIIAIS ! T4 iter NE random access IEACEEHT "iter += o" AM. 5
BERT LKA traits-based TMP fi#ik, HA4TSHARRKBTH#ITHAE, BIHFRDNAR
B, R BRBUTE R MIRAE GRIERD #RTHEIT TR BUT XA e,

TMP SHUEHEA “BR5E4E” (Turing-complete) M8, ZHEETHE A
B LA EAEFIEY . EH TMP RE] LU B8 . BUTIEHR . RS i R
RS AR T “ IEF 7 CH5t BB KA R ARE, B4k 47 BoRIK TMP
if...else KA H templates AR L AR I . AR EE RICHRES R
% TMP. £Fxf TMP & 0F)FE (B4 Boost's MPL, W42k 55) $24t 5 i
BHMEE—REHTER R UALIREURITE “E¥K” Crr,

AT BIRFES SR —F “HYAE TMP T @& g” , ibRINBEIEHF.
TMP JE&H KIEREH 4, BTUAEER %R R #E i) (recursion) 52K, 84K
SFFBARKE N, BB ARIERN TMP Z BT M. TMP FERA “B¥K
HKIEF” (functional language) , TEBHZ TXKE S MR BT T2 FHB8 04k
—HHEESE. TMP MBIHEZARRERMEK, EXh TMP BRI Rid)HE
HORRL, TORW K RIFEREIL”  (recursive template instantiation) .

TMP KR F P ZAERFMTER R (factorial) o XA 4 ANE 5N A1
F2/F, {H "hello world" F/FHALE, TREN TIESHBEALLIRGER. TMP 1
B SR R It BB R BIML”  (recursive template instantiation) SZER
B, PLRMMTTE TMP Pl flEHE &,

template<unsigned n> //—FIEW: Factorial<n> MK
struct Factorial { // nL, Factorial<n-1> HHME.

enum { value = n * Factorial<n-1>::value };
b:

template<> / /FEERIS L
struct Factorial<0> { //Factorial<0> JMEA 1
enum { value = 1 };

}s

Effective C++ 13U, 8 = i)l
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H TiXA template metaprogram (H 3 HZ A48 —[ template metafunction
Factorial) , HERIEW Factorial<n>::value #iAI LABZ| n My efd.

R K AEF template HHUE Factorial<n>H#FEW B — template BIN{F
Factorial<n-1> Z . M BIFBEE ¥, BRNFE—NERERERE DS
W, X BB RRIE LR template $504K Factorial<0>.

4/ Factorial template EILAHE —A struct, |4 struct EHEA] enum hack
(R4EK 2) FB— R0 value B TMP &, value FIRHETF 1R E AT B
Fefd. WHE TMP B EENBEHREYE, value NMIXTEBRBEFNHREBER. (HH
F T™MP R “BIAHEER RBL{L”  (recursive template instantiation) HURIEH, &4
AIGH 8 CH—4 value, A value HHMIF A HE M.

PRA] LLIXHEAF A Factorial:

int main()

{
std::cout << Factorial<5>::value; //ENH 120
std::cout << Factorial<l0>::value; / /ERH 3628800

WMRRIANNX L ZERZKEREE:, R Z2RET &N — template
metaprogrammer 624 {4 . 415 templates FHAFLARA, LUK IHEIAL AT enum
hacks, DARBEAN Factorial<n-1>::value XHEMEALFHRITEEHE, B N
A4 “IEHEA” 1 CH BFR.

MR, Factorial 7870 TMP HIFR N2 "hello world" /RIALME4ES
HIF® 8. HRME TMP ZATAMEBEY, BEER— SR AN S8 IA R
24 BFRE AR . TEE R =AM T

B HREEHAAER. EREENTIRN AR S, wEEEAN (FInFAE. 8
[N 1R 8 FHSARENLERN. BHN6F, B—NMRETERME
BN EERRRHREN, HER —NEEEERU—AERZEE I SRR
B —NMREZENMSL. WRMEH TMP, SATURIR (EHERD BFEYR
HEEBMNASHER, PRt EE a8, XHERENH 4 TMP W HH
SRBEAT BRI RO XA TMP R — AN E @R, BRI S EE
¥ (fractional dimensional exponents) 7] SZ#F, (B 538056 78 4% BB L 177,

Effective C++ 3CHR, 28 =i
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B cime'” PRI time™® MIBRAL A ).
B RALAERREE . KK 21 AR F LR AHE operator AUR BIFTXTE,
K244 XBNT — SquareMatrix class. ZELLFAE:
typedef SquareMatrix<double, 10000> BigMatrix;
BigMatrix ml, m2, m3, m4, m5; / /B RS
e /BT e,
BigMatrix result =ml * m2 * m3 * md * m5; //HHEENIHFE.

L “TEEM” BECEANERTHE result, S0IE 4 NYRHEER, §—
MRS operator* RIHAZ R, WEHHE, FAMVRRESET 44
EF TR CES DRER .. RERSH. 5 TMP K1 template £AR, Y
B8 expression templates, i ] REHER IR LL IR X S 3H-& FH0EFF, X —#
FHAEFWARE (REEHEE . T2 TMP REMRKRLDH N, BITHE
B A REIPERIRTT |

B TUERE P EHZ T (custom design pattern) SEIR S . BETHEE
Strategy (.47 35) ,Observer, Visitor SE# AT A M Rk, EH
BB policy-based design . TMP-based AR, HE[HEf=4—L& templatés A%
RIS HHETR (FRiB "policies™) , REWLUMERE SV, FEHREALI
MEFER I ERNIT N XIMEATHARLULET templates ST HL 5 BETEET Y
FTRBUKE (behavioral policies) , FH UATESR 1% 0 18) 4E BB L & TH AN R R4 BB Ha 5t
A, XMEARCSBBEHRE LRt g et B Xk
generative programming (FHERNFRFE) B— AR

ARFGNMAIMER TMP, HBEFEAEMW, HZXFTAHMEATS (template
metaprograms F)iHiR3E? 15, EEB! ) HF TMP £ NEAXMERFZ AR
SHRIKES,. RRETREZOFTEGHRLK. RENH, ¥ THENESTHIBHE
IRIFHFTHRABELE TR L ANBNREZ, T TMP X “HELURIEEARTHRTIE
ITHISSIR L SRIAT A Y MRIBE S BIRBTIN .

TMP 5B H R Tr. B HET —iR C++ X EiRtlmn s, £2 TR1 &
CXPEMT (4K 54) . TMP BECZESHEI, ML 1 TMP E ARk FE.

Effective C++91 3R, 3 =R
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TMP B VFACGE A2 R i, (B R R P A——4 5 RIEFF R A R
JUFHRE 2 O TR B R

HicE

m Template metaprogramming (TMP, AR T4 FE) AP TAE RIEIT B TR 4R 1,
[T T 45 LA S B0 L S R T I R BE e B AT R

m TMP ®I#iFRER “ETHBHREHFHAE” (based on combinations of policy
choices) W% /@ HIARID, o] F ek 4t Bt B UL SR BRI AE A AR

Effective C++13CIR, 58 =)
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8

T4l new K] delete

Customizing new and delete

IR (BI0 Java 1 NET) SR CHE “HREAED ” 1944, Cr
Xt PIAF BRI T TR R S8 RS HAN ARG RARZ
PSR O, BRI T S VPHN T TTTE . SRER TR RUBFILIE2E 504t
VA A2 AT URFE, SRS S RLRIEIE TH, LUK SRR ST B 0 R
GBAEACE (LRI RAZD

XPERTIRE, TH C+ RETEMARENITY. REEARTEN. Xl
XA AR EFIEFREHFE (allocation and deallocation routines, L&

operator new fl operator delete) , ECH 2 new-handler, X424 operator new

TOIETH BT B A 7R SR T R B R

ZERERETHANGFEE, UZHRERAEANEH LS. HT heap 2—
A ASReRERE, HEZEBRRZAFERETNIX K EEN race
conditions (FEBURZA) HINL & . ATEEAFKELAFH T EBIZ static $HF, X
RERCEIEBA (thread-aware) F2/7 A w44 5T 8. TR K HIE LM ED
# 4l (synchronization) , — HAF LB (lock-free) FIEER OB IEIFRUIH
(concurrent access) ¥, WA WFFIRETRERES FEEHE heap WHFEEH AR
WR . AR —HIZBIRX LR, RATEAXERE -T, RERERKRSEILHE
Lo

BANELFRR, operator new Hll operator delete Fid& F ¥4 El 8 —%t
%o Arrays FTHIRFINTEH operator new(]9ECHIZK, FFH operator delete[])d
T EBRPAREEFRPR D . RIS HNRTR, ZATESHE—4XT operatornew
F operator delete WIHMALEA T operator new[ ] operator deletel].

Effective C++ 1 3R, 38 = kR
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BIREER, STL AHBFMEAN heap NEREHARFHEN AT RN R
(allocator objects) L, NEM new M delete BIEHH., AZH AT STL 4
BCES.

R 49: TR new-handler BN{T

Understand the behavior of the new-handler.

3 operator new BIEHEX—NENEERN, TAMERE. UTESR
Bl —A null $84t, FLIARFHZFE B THER M. RELTURBIETY (BH
KL B, (BERLEREE A SYITIXIRIHE .

S operator new mm%%u&%~¢%%§&ﬁ&ﬂ@ﬂﬁ%‘%3}€2ﬁﬁ, E’%i‘:ﬁﬁﬁ
B IEERHRGEERE, — AN HTEK new-handler. CGXE LA s,
operator new JUEMMIFHEMBMEL Lot HREK 51. ) AT IREZA “ LA
REHERL” MRS, %5 BHRA set_new handler, IREFEHET <newsffj—
MERAERE PR R B

namespace std {
typedef void (*new handler) ( );

new_handler set new handler (new_handler p} throw(};

}

WARBT A, new_handler A4 typedef, & X H—ANeEHEMER, RBHEH
SEABARE A KT, set new handler [} “FKB —4 new_handler iR [B]—
A new_handler” HIER#. set_new handler BN EURK "throw()" B—H#rFE
B, FOREREAW AR E—BRBFLEARE, ¥ HAK 29,

set_new_handler MIZHRANEH, 151 operatornew WAL L 8 WA T i%
B A (R % o FLE R th R AN 84, 781 set new handler i AIRT EZE#HITUA
O B BB (KA new-handler ¥ .

PRAT L A set new handler:

/7N T RS operator new TiESMELEBAAR, Z¥HERA MRS
void outOfMem ()

{ .
std::cerr << "Unable to satisfy request for memory\n';
std::abort( );

}

Effective C++m1 3CRR, 35 = hK
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int main ()
{
std::set new handler (outOfMem) ;
int* pBigDataArray = new int [100000000L];

MAFW S, R operator new EHEHR 100,000,000 ARyt B 8L 22 1H],

outOfMem SHFH, FEEFAERH—MERZERIT (abort) . (HH—4,
MBAGHHERERE cerr SRR DABIE LA, BESREMT AT )]

4 operator new LGB W AT RiGER, B2 AKAM new-handler E#, HE|

KRIALHEHNE. 5IEREAARBERTLAEK S, XBEMSHMEC EHIHRE—
M, WELR— %t B AT new-handler 88 #5508 LT S5

LESAFTHER. XFIERK operator new NI T — IR N5 BRI E T BERKL
. SEHLSLEEEH—MEER, B —FRPITH AT KRN FE, mEY
new-handler H— A, BEATBRLERFEA.

RIEH — new-handler. HIF HHIXA new-handler LIEMAE L (T HNTF,
RS 418 B IVEA new-handler H s S, BRE M, HANXA new-handler
B LL22 36 53 4B new-handler LA B . (R E A set_new handler) .
Tk operator new A new-handler, KSR EHELENIED . XA
TRARMZRZEZ — ik pew-handler BB OWITH, TREYE T RBEAM, #ix
WMFEEAFRF. AW BK, BIEZ 2% new-handler B “&FmM
new-handler 174” ) static (3. namespace LK global FHE. )

1 B% new-handler, thHZH null $5414544 set_new handler. — ELIH LT
{A] new-handler, operator new £7EWNESEABRILE TR .

#iHH bad alloc (FIR4E B bad alloc) MHRHE. XREMNTHEALH operator
new i, Bl EIINERKAL.

FIRE, EHWA abort B exite

IXEEEFELEVRTE ST new-handler SR 3R A R H: .

Effective C++ 1 3Chiz, 58 = hR
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R /RER 2 3 LU R 07 A EE N 2 o B0 R RO O, AR AT B S BC B
FHRAS class M %E :

class X {
public:
static void ocutOfMemory ()

}i
class Y {
public:
static void outOfMemeory () ;
}i
X * pl = new X; / TIN RS EA RIS,
//V8H X: :outOfMemory
Y * p2 = new Y; //WREARL),
//VH Y: :outOfMemory
CH HAZHF class F/BZ new-handlers, HILSEHAFE., fRATLLE LW
HIXFATH. RFEST A class RALE DK set new handler Fl operator new
Bia, . set new handler ff%& 3 LLIEE class ¥ B new-handler (BAruE
] set new handler oY% F' &5 global new-handler) , £ T operator new M
RZESY B class MR AT TR F LL class &8 2 new-handler # #: global

new-hasdler,

WIE, BRIEHRITH AL widget class BINFFMELRIE Ol B AIRDINE R 2
operator new TiEN—4 widget S E AL B N AR WRAKRE, FrURFHE
I —ANKELA new_handler I static &R, I LAFR M classwidget H) new-handler.
FERAGIXE:

class Widget {

public:
static std::new handler set new handler(std::new handler p) throw();
static vold* operator new(std::size t size) throw(std::bad alloc);

private:
static std::new handler currentHandler;

};
Static B ZRLE class BB X R Z AME e L (BRAFE 112 const M BB, W4
K2, FIUFEXALT:

std::new_handler Widget::currentHandler = 0;

/ /7E class SEFLSCHF AR L A null

Effective C++ SChR, 25 =K
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Widget WK set_new_handler M EIRBHISSEHIRAER R, SRR 58 /T
(TEMHZ 80D FiETRET, XMW IERAHEMR set new handler {ER:

std::new handler Widget::set new handler (std::new handler p) throw()
{

std::new handler oldHandler = currentHandler;

currentHandler = p;

return oldHandler;

B JG, widget W operator new LA FEE:

1. R set_new handler, 540 widget MEHRACERE. XEH widget [0
new-handler %34 global new-handler.

2. A global operator new, BATEFFZ AAFTBEL. WRSE KM, global
operator new & 1B widge B new-handler, B H8™ R EA WIH %34 globai
new-handler. U1 global operator new BALIENLEBHBANE, St —1
bad alloc FE. EHENT widget ) operator new MK E HAH] global
new-handler, R/ EER AT . ABIRIRAR new-handler B RBEBHEH L
A F, widget ¥ global new-handler ¥ 4 B IH T 4K 13 HESES, BHAK
JHE BN (resource-managing objects) [ 1E % E R .

3. R global operator new BEHE M BC BB widget SIHEFTHMNIE, widget
¥l operator new &IR[l—A 8%, BRAEHE. widget IR BSEH
global new-handler, B4 H 31 widget’s operator new #%1&F AT K1HR/ global
new-handler & & [7]3k .

THEHM CH REHER K. BEMNBRIFELAEI (resource-handling class) FF
G, AR EIE R AR RAIL #8:4F, TEMBEEREPRE SRR, HEmmdis
BE (4K 13) -

class NewHandlerHolder {

public:

explicit NewHandlerHolder (std::new handler nh) / /BB HETH
: handler(nh) {} / /new-handler.

~NewHandlerHolder () /I BBE
{ std::set new handler (handler); }

private:
std::new_handler handler; /EFE TR
NewHandlerHolder (const NewHandlerHoldersg) ; //BH1E copying
NewHandlerHolders /7 (R 14)

operator=(const NewHandlerHolderg) :
i

Effective C++ 1 30hR, 38 = /R
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8 E# new A delete

IXELE widget’s operator new HISEIAH 2415 8 .

void* Widget::operator new(std::size t size) throw(std::bad alloc)

{
NewHandlerHolder

/1 EHE widget H)

h(std: :set_new handler (currentHandler)); //mew-handler.

return ::operator new{size);

}

/ /RN R
/ /%% global new-handler.

Widget M) /7 ROZRAIX AR (F F L new-handling:

void outOfMem() ;

Widget::set_new_handler (outOfMem) ;

Widget* pwl = new Widget;

std::string* ps = new std::string;

Widget::set new_handler (0);

Widget* pw2 = new Widget;

//RBUER . ERETE

/ /Widget XTH AT ECRIEET 4R .
//5E outOfMem 4 Widget M
// new-handling PR L.

/ TN ATFS BRI
/ /A outOfMem.

/IR AFS BRI,
/ /8 global new-handling #8%{
/7 (CHRAWIE .

//WRE Widget TBM
/ /new-handling ¥4 null.

/ /IR AR S BC R

/SR R,

// (class Widget H&HEBEM
/ /new-handling PR¥D .

LIX— T RIMRBEIEARRE class MARTTHARE, FHEAEELAMURERHENS
HE MR . — AR REE R SR A "mixin" KAR Y base class, 3XF# base class
RIR ¥ derived classes Sk B —4ERE——EXBH R “BE class TR
new-handler” fIBE ST . SRIFHEHIX A base class $5#: 4 template, f1H— 3484 derived

class Y5 FR B Lk H R class data F 4.

XA BT base class #4531k derived classes kA& T AT ) set_new handler
1 operator new, [ template F{5r MEHLRAF— 1 derived class KB — N ELHEERE
currentHandler M ZE. WEXMUFE SRS, HABIEEELMRA.
brt, ME—EIERNX LMARER, I AT A BT FHER class

Effective C++ 71 3URR, 85 = kK
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template<typename T> //"mixin" HAEHG base class, FILLSTHRE
class NewHandlerSupport { //class ¥J&] set_new_handler
public:

static std::new_handler set new _handler (std::new handler p) throw():;
static void* operator new(std::size t size) throw(std::bad alloc);
/ / HAhB operator new ARA——WL4&3K 52
private:
static std::new_handler currentHandler;
}i
template<typename T>
std: :new_handler
NewHandlerSupport<T>::set new handler (std::new handler p) throw()
{
std::new handler oldHandler = currentHandler;
currentHandler = p;
return oldHandler;
}
template<typename T>
void* NewHandlerSupport<T>::operator new(std::size t size)
throw(std::bad alloc)
{
NewHandlerHolder h(std::set new handler (currentHandler));
return ::operator new(size):;

}
/ /LA B — currentHandler #J35464 null

template<typename T>
std: :new_handler NewHandlerSupport<T>::currentHandler = 0;

B 71X class template, 4 Widget #3101 set_new_handler X#FREI BRI &
27, HES Widget iy = NewHandlerSupport<Widget>E"jl‘:ﬁ?r B TFEXEE. &
R AT ED, /G B E AR ERRIE .

class Widget: public NewHandlerSupport<Widget> {

/ /RISERT—#E, (B

}r //set_new_handler B operator new

XER widget 3 TIRHL “class B2 set_new handler” FrEMIEHENE.

{HEFRIE X widget k7K NewHandlerSupport<Widget>BE LR E. R
Bk, RPERIET REE b i B NewHandlerSupport template M\ ARAF FH H 47
SR T MEBRKEME. EBFL T MBATHEMER. BRITHESE, 4%&E
NewHandlerSupport B4 —A class, FIE LHEERM NewHandlerSupport B (E
HAH U2 B static J& S B currentHandler) » RABE 1 RERARX AR K

Effective C++ 1 3ChR, 8 =R
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derived class. Template Hl#| S HaIAE—/ T (NewHandlerSupport i LA B ILAL K
WHE) AR —4r currentHandler.

Z T3] widget Sk H—MHERALIE) (templatized) base class, 5 X B
widget YEARBBH, WREN L EFRE, AEER/ER. BN A—HFHHEAT I
MM, HFERIERE—NEARER, FitEsHEFacrmanR. “BRRmE
AR "  (curiously recurring template pattern, CRTP) . 4 A A HX N2 R
SAREIRESIRA AR, W, Bcatt.

G REL—RE, BSE - MEREFNERK, 42 Do It For Me, FHX
M Widget #K NewHandlerSupport<Widget> BB HSEH AL “FHE widget,
B widget class 2%7K NewHandlerSupport” o {HR, W, B AFHRBREINM
2 (EERECHEA) , EWMRARES CRTP BB E UM Z "do it for me",
PV LABSBUR T X — B {4k 7 (templatized inheritance) F(JEH & M.

1% NewHandlerSupport IXFEH] templates, {15 “ AT class F8 - —NMENTH
J& W] new-handler” &N 5. R "mixin" AR HIGEE S B2 EBHEARNFINL,
TAEFFARAR & BE 2 7T, RTF B 453K 40.

% 1993 4, C++ HEER operator new WILETEESI LA A TEIE [H]
null. #i- ALH operator new WM ZMH bad alloc H#, HRE C++ BIFEE
IR I EMVERT B HRE . CH R RS AREMFE AL “ 01l null”
IR, TRIBHS W operator new, ATTHNAELR “ 2B RMER[A]
null” 17k XATERXEMRA "nothrow” FER——RKMFE/E FREF A MAIAE new i)
A E AT nothrow M% (B X F K <new>) :

class Widget { ... };

Widget* pwl = new Widget; / /IR ATECAR, P bad_alloc.
if (pwl == 0) ... 7/ IEANIRA— BRI

Widget* pw2 = new (std::nuthrow) wWidget; //WIRASEC Widget M, iR[H] 0.
if (pw2 == 0) ... /7 IZEANIA T BERLD)

Nothrow new XT 7 5 B3R IR IEPEH A& . B4NE, KA, "new (std: :nothrow)
Widget™ KAEFMEH, 3 —, nothrow M operator new #EAM, HAUSEE®
WAL widget XM B . WURDEAMEEME null #8450, —WSCRUFTE .. WR B
T, BT K widget MIMERB BN, MENR— S LFENEHEERER, BEXY

Effective C++ 3ChR, 28 = iR
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widget HIXE R ET LA E AT, BHE WY new —LopI7E, TR AT L
SREE FHXAEH] nothrow new. BRIMELEL4R "new (std::nothrow) Widget" 8 JHHI
operator new JFAJIHER Y, 1H widget MIERBANTTEES . WRTEHB2M, %
FEE WAL E. FELRT? £0mE: [ nothrow new HBE{RIF
operator new AYWHHEFRH, A{RIUME "new (std::nothrow) Widget" IXFEMKIL
RAEAFEAF . FILR LR A IE A nothrow new KITEE .

TRAMAET (MMLFH) 1 new, BEILEHARESRE nothrow i1,
. EEEEMREET % new-handler TR, F AR R EEHE .

HiLfE
W set _new handler AR RE—1EE, 7EW FE 5y R TCVEIR 15 i R

W Nothrow new &2 MIARRKW TR, FhERERTAESE: J52%0H%E%
HOM LR W B L 58

FM50: THE new Ml delete NSEBRITH

Understand when it makes sense to replace new and delete.

EBATE R I BIR AR %, BASH NEER RS IFIIBALY operator
new B operator delete WB? Fi&E=ANE% WG,

B RARENEREHER. WRE “new FIFANLE” delete BERERIK, 28
AR (memory leaks) o WIRAE “new FIBNE” B EE R delete W2
FEABEAT N WIR operator new FH —HHIALEFH ML, T operator
delete ¥t N FAEE, BIRBASHMH FRE RS, & R BREMS
FEA R T B S "overruns" (B A S7ESBX BB fE) B "underruns”

(BARESBEXRERZAD « WRBITEITEX—A operator news, 1@
B NAT, DBAMEIR (P& TR MRS ) E S byte
patterns (BIZE 4, signatures) . operator deletes {3 UME FLiR% 4 BLH A
HAZ), HERBRESB R BT E AR AR 4ET overrun 5 underrun, X
A& operator delete AJRAGRIC (log) FRANFIZ LA K IRAES £AJER I8,

Effective C++ SR, 85 = kR
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B A TERAREE. RIFELSFTHH operator new Ml operator delete ¥ ET—
BB B, EAIAMERTACE RIRAT 2T (B0 TR 5548, web servers) #:5,
WA HAT RS A>T — IR 2. efI0SAE —RIIFR, BFE KRN
7y DRNIE. RKADBERNTE. ENSMBEHEMHIEEE, WENEFE
EHE R DB R ESE, BIRBEBEANROEFESATE. EH1LH
ZBHEEERE (fragmentation) , XEALSISHIEFLIERE KX RAFERK,
HMER I S BB ESBATZ /DX R B HAF.

f%iﬁ%ﬁﬁ&%’hﬁ?ﬂﬁ%@%ﬂ’]ﬁ;}% lﬂlﬂi%ﬁﬁ%ﬁ?%m operator news
F operator deletes RENFHZ E HMALS AT T . BN T/ENEDAE
RIERMLT, EANEEEMAGRERR. MREIRNERFNHEANFE
HARSHHEAN T#, HERURI, R operator new i operator
delete HhREREIBREIA . BB, BMEBRENLER, ARHEZEHRR
%, M REMNRHEAAFLED, BRTE 50%. XEE (BRARFHED N
HEFTE, HBIFEK (WESEHT)D newfl delete Hi AT HIRA, £IK
BERMEBERI K IMEL

BT WREERAENGEITERIE. 7L E A news AIEHIA deletes Z 1T,
B ERER KA EREENTE. SEXRONIE? Has
A ? EAMEE T LA FIFO (SEifset) P LIFO (ai#tdkd) WwFEb
HLRFRAFBLRAE ? EAIMIE B S R B RN M e 2, it R iR s
ARIFIHATE BB AN R4 BLRETE A ? MR ZI BT AN B XA RE

(KAL) &% ? HITE X operator new Hll operator delete HEHAIELL
BIRERXEE R

Wz t, B—ANEHIR operator new +43R M. M, FHEEMLEE
RAZH AIM BE global operator new, {RFH IR "overruns" (BN S7EDER
XkRE#Z fG) B "underruns” (G ASEDBEXRESRZHT) - LPEFELERD

MR, MERETEE.
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static const int signature = OxDEADBEEF;
typedef unsigned char Byte;

/ EBARBEAE TR, T,
void* operator new(std::size t size) throw(std::bad alloc)

{

using namespace std;

size_t realSize = size + 2 * sizeof (int); J /8IS, fERE
7/ ZENPEA signatures.
void* pMem = malloc (realSize); / /A F malloc BRB KN TE.

if (!pMem) throw bad alloc():;

/ /% signature 5N\ ATF BT B Flise f5 BU.

* (static_cast<int*>(pMem)) = signature;
* (reinterpret cast<int*>(static_cast<Byte*> (pMem)
+realSize-sizeof (int))) = signature;

/ /BEHEE, FRIEMEALT B signature Z JE I NTFALE.
return static cast<Byte*>(pMem) + sizeof (int);

}

XA~ operator new MR A F BT HHRA T S X MERB BTN ZE&D
“IREE CH+ BEE” IS, 2T, &3 51 UFTH operator news BN ZH &
—ANEE, REEHAFEA new-handling R, XEHEE. HFEK S EET]
RIS, FTUXLRE BRIRY . RIAEABEET M LBMYH EE.
4L Calignment) .

BRI ENE RS (computer architectures) TSR 4% 72 (20 R4 06 FUK £E 4 <8 Y
ATERHE L. FIIE W B S BRI bt W IUR 4 58 (four-byte aligned) B
doubles Bl AR 8 550 Ceight-byte aligned) . IHREH EITENAREM,
AR S BBITHHEM T H . ARRRGEMILRER, BERLEE, MEEKWR
FALEAFREHE, (FRABERE. Flin Intel x86 ARE M LK doubles FJ#
XI55 FAEAT byte L5, BUIRER 8-byte Fr, HifHEELSRFE.

ERMEIEAEEY, FA (alignment) BXEKXK, FH Ct+ BRFTF
operator news JR[EIRIFEEHEE E LHIXF (BRTHIELED . malloc MAEX
BERERT IE, Frbl4 operatornew BEl—AM8 H malloc BRI 2 L. R
i bk operator new FERIFAKIREI—PBHE malloc KIFEET, WEREB—IEA
malloc HIRE— int K/AHIEE . BARSBRIEEHZS! MREFwiEAH
operator new & EREE B4 —A double FTAIBIN (SR IMR KN E 4 operator
new([], JGEIE R doubles), MBAIEE—H“ ints 4 4 bytes H doubles 470 8-byte
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FAOL” BHLAR LB, BATATRES A — ARG IE LA MR T A R AR
BABESATIRE AL . AR RFE L AR R BATT BT SR .

BIFFAL Calignment) IX—JEARMANT, 1E AT LATEARF: « K H AR L 0 R 2700 A2
P AW R E” KAAE RS PR S U TR RN SRS, 5D REREgiE
TR AF BB ASHANAE, R BRI RIMbIE /. — i & B i e L BN A
BEEEE.

IR R R AR EE ) | SR 1% 38 TR S AR PR AR B R B0 h 4 2 R
# (enable debugging) FIEIIRA (ogging) . PUEH| M — F IR\ IFE8 R, B
W REBLULTHER AT new Ml delete MTHE . WH V& L CH M & T LA
ik As HA IR A . R R EEA DR R IR IR LR R 2B, PRvE
- HEMPREERIERE (relink) . MR, HEGREESAEI TS,

FH—MEE R IIEY (open source) AL TN FEISE, ST LZ T4
TR, ARAT B 307l Boost BT (ML463K 55) 1 Pool it 21X kE — N 40D
& EXTTERE LK KRG BT, B C++ B, OFAS
FIRRA, R RN ORI /N T R B BRI, (B SN ARIR R T B R R
%8 KRRt FES NERNMIAN Y . HIERE LSRR, LR
R E . BERTEEHEE — N ACH news Ml deletes, B —& ITHIEILAR A b
AR E T A S BB T CENHRK S “JLFEATHEE” A “ELIETRR”
Wl BABRZI B . FEOLBRIXFE— AN, TRI (AR 54) SORER AU
E IR TR, RERER.

REARKFEBE, THARTE “2R/MEN” R “class TRH” HRH L &8
BIRAB I new Ml delete. FEME LM T LAY, LHAKTBERM LWL,

B ATRNERER (W) .

B ATHEMNSHRAFZERRITER G .
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B ATEMNARNEENEE. ZHAESRSTH (BRIFASE taEdligy
BCARS, HFril 2w FIB O ELAR L A3 R e R R i B i . Class &
JRYBCAR R “ XTI E” Z /B8R sEH, 9140 Boost 34 Pool 25 E{F
2o WMBRRPFETENLEREET, [ERNRIFEITHINIEE RSB KR
2, WREIFR SN TNRER T AN SR KESCERE. R, AkE
“operator new | operator delete H IR FHEMEME" XALit.2 i,
HEEVIIRIRET, AR R A IR N AR LS L

B ATHERSAFEERERAOTHFNFE. THEANFEERBET (BR
FAERR) ARESTNE, el FETEFRTE 2 NE, BERAENEEE
B—ANEXRE DTSN T . /N R0 R ECRS (4
Boost ] Pool #2/FFE) A Ji FiKER T X FERIBISN T4 o

B ATRWIFESEBPHEREFA (suboptimal alignment) . — WIS T,
7t x86 KR LM I doubles HITH ) BRI ——n R EM IR 8-byte 7. H
ERFHEWHN operator news HARIEWNEHESETAEN doubles T
8-byte F . XMIEM T, WA K operator new B#y—4 8-byte 47 {#
B, W SBREFRE RIERI.

B ATHERNRAEES . WRREERE S 2 A BAEEWEE R,
AR X A BAEAL BRI S B K “ Y AEDURHR ™ (page faults) RS 4 % B AIK,
A A AR BN T — A heap BA R X, X4 —RKEMNF A LA REES
TERTTREZS BN FETL (pages) o new 1 delete ] “placement FRAR” (R4
3K 52) HARETERUXFERIBEFRIT .

B 3 THREEFENITH. TAIMEIRE A ¥ operators new Hl delete 4R %L Mt
AR B R LSS . B AR T (i 2 A S AR A 4F (shared memory)
WK ER, {EME— BB AT BLIZ N A7 5147 C APL i3, IAE T — M EHIIR new
Fl delete URTIRER: placement fRAS, W42 52) , WEELLN C APLE F—
ff C++ HhE. RIFTLLE — B operator delete, 7EH A Fi IHit
FNEERh 0, FEICRE IR TR P 8 224t
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HiLE
B AFEZEHFESANHENK new fl delete, HIEHHLNEE. 5 heap i& FA 45 1R HE
TR W heap R B

KM 51: BB new Ml delete NEBETFEMN

Adhere to convention when writing new and delete.

%K 50 CHEBH ANRRSBESANH DK operator new M operator
delete, {HIFEH AR LRIAMIT BHIETFH AN XL AREET, BHE
PR AREM, FTUAEEMR SRS AMREE.

iEBRAIM operator new Féf. EI—FME operator new WH1EIR B 1E R,
WA R B 24788 Al new-handling e85 ( W43k 49) , WA AT R AR SR T
%, EFBHEAEEREEERXM new BARIX BRI class M3 D E KAk
LIMER. EFHEBRM new #id T 43K 520

operator new FIRFEIE 1484, WWREHEEHENE HiEHKHNTE, iR
—AMMEHIRAIRANE . MBRAELANEES, FEMHEEK 49 HBO0HAN, HmH
—>bad_alloc % -

R EL AR RIER S, KA operator new LFr_ LA R — k2R N TE,
HAER IR RS P8 A new-handling i&#{. iX B (B % new-handling 5% ¥ 1/ B4 i 5
LTl RS g i IR SR E e new-handling & ¥ 54t 2 null, operator
new A &Y R .

AERE CH #lsE, BI#EZE FESK 0 bytes, operator new 73R [B— A&k
BE. XMELRERTAHERNT HAES M4 . FTHEHZAD non-member

operator new {45 (pseudocode) :

void* operator new(std::size t size) throw(std::bad alloc)

{ / /¥kH] operator new B BEFEESZ SN SH,
using namespace std;
if (size == 0) { / /3E3E 0-byte FHiF.
size = 1; /I ERL 1-byte .

}

while (true) {
HERAAL size bytes;

Effective C++913CRR, 58 = IR
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if (SHECREH)
return (—ANE RRSESRINGE ;

J/5YERSR: R B AT new-handling BREL (JL D
new_handler glopbalHandler = set_new_handler(0);
set_new_handler (globalHandler) ;

if (globalHandler) (*globalHandler) ();
else throw std::bad alloc();
}
}

X E MR 0 bytes FIEENA 1 byte HiFR. FRRAAHBELLIA
K&, EfeER R, Ak T, MEERESN EAFREH 1 0 bytes HiER?

Hr 0, T B 2 PR EE B9 BR Ot R B X 42 9 13 (pseudocode ) B A H A%
new-handling B #¥54t¥ A null T /5 ALK E R . BEEABRIMBEAFEHKT
BT ML TT A 388 new-handling BR¥¥REr, FTUAAUEA] set _new handler
k. #Y, BER—FONBREERFNE. HESEEXRPRBGFTR
EREFHI (lock) LUEZ42ALE new-handling ¥ E ) (global) RS .

£ 49 %3 operator new A& — AN TLHFIEE, i LR h A R HX MG
; "while (true)" MEMADLEFER. BHEFEHAKIME—INER: AFHRI
4y ECEY new-handling PR ¥R T — IR T 4K 49 oSG LB AT, Rk
% — new-handler. FIE% new-handler. !t bad alloc ¥ (BHIREY) ,» &
A S IR T B4 return. BRZE, T new-handler gt 4 22048 HH e FELE BAR Y
ZRERT . MBRAIBAM, operator new WK while fAFFKEA LN,

K2 N EIR3| operator new AR RS 4 derived classes 47k . X FH
FUEE A E . TR IR operatornew (hESH, HREFER DAL size bytes (B
3k size 2 0) . MW EHE, BN size BREIEZMLS . RMMBEEKK 50 TE,
EHEHI B S SN — R W RN X AR class MIXTRFECAT HR
B, AR K T % class BIFET derived classes. tHLHLE B, X class x T %
W operator new, HATAIRSAM HAKARIGE A sizeof (X) KIXRM B,
SRTT— H g gk & F 2, F0[8E base class i) operator new #RHH LA & derived
class X %
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class Base {
public:

static void* operator new(std::size t size) throw(std::bad alloc);
}i

class Derived: public Base //fiX Derived K58 operator new
{ oo )2

Derived* p = new Derived: //IXEIAMIIZ Base: :operator new
IR Base class LB operator new FFAEME W THHRXTAT EIREH (Efx E
iRt , A ER N BAR ML RS N RIERENR Y AT b R AR v
operator new, 1HIXFE.

void* Base::operator new(std::size t size) throw(std::bad alloc)

{

if (size !'= sizeof (Base)) / /IR R NER,
return ::operator new(size); //2HAR#HER] operator new RZTALHE.
//BENEIX B ab .,

“HETD T BITRMRRM, “URETRIK size FT 0 XFURSBRATAEH
BHIFDLY 7 o 2R, BERK, EFERERERKER. MIRKREE, RAdE
M _EIRH) “size & sizeof (Base) KR @& —&T . &M, C++ FEERRREH
BAT, MHAH SRR ERERERMNE ) MHRBAFIETRS (K
%K 39) o Ik sizeof (Base) TIRUWIAAREEN T, BTLAWIR size £ 0, XHHiF
EWHALE): coperator new F b, JEEAH T AR A BT SN R4 iE

Py X EFTIBAEM B/ Jsr R, (freestanding) X5, FEHIRARLL“HEXN % 2 base class
R AAAERIXT 8o B BT S HIXAE, FIZ#% (Inside the C++ Object) by Stanly
Lippman, Addison Wesley, 1996.

WRAIRIT H B class % JB 2 “arrays WF D EEAT R 7, I AHRTE B SHL operator
new [¥] array JUShR: operator new[]. XA EEIEHE WA "array new", EH1R
A HH W] &% "operator new[]". HIRRREEA operator new[], ofE, M
— BB R LSRR M TN (raw memory) , FBPREHEXT array
ZNIZE MRIFEER T RN RBUEF FE . b DIREELRIL I EIX A array ¥
ZONTENR . HHEBRPMEFENTEL K, HEE base class B operator new!]
HAI e kAR, N SBCY “I0ERN derived class X% ” 1 array {51,
MPRMSRENTE, derived class ¥t B IH & L H: base class ST K.
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Blitt, RASEEAE Base: :operator new[) WX array PS4 76250 52 o /N
sizeof (Base), XMW EWIRAGEMR K array M TENEANEZ (bytes HiE
) /sizeof (Base) . LA, 1£i¥i%5 cperator new[ ]/ size t B, HAEHHEE
RBEALX R FAFRET S, RRHE&K 16 diid, 3180 BH arrays iTHE(
BRI IRAT OGS

X EHET operator new B RTEEEITHIME . operator delete 54 F )
H, REECERME—HE SR CH RIE MBS null 354G Z4A T BT
ALK TRARAUE . Tl & non-member operator delete fIfhi% (pseudocode) :

void operator delete(void * rawMemory) throw ()
{
if (rawMemory == 0) return; //WIHESHMERIEA null 355,
/1 AR A FBANG
WAE, NIE rawMemory FTiEHINAE ;

XA PR B member IRAMIRT R, ATRELM— SR EMREE. F—
YR class T JBAY operator new ¥ K/NF IR ERAT N AL : : operator new 47,
PRGN IR IR AT A4 AL : s operator delete $IAT:

class Base { //—EATE, {HILZIE S 7F operator delete
public:
static void* operator new(std: :size t size) throw(std: :bad alloc);
static void operator delete (void* rawMemory,std: :size t size) throw();
bi

void Base::operator delete (void* rawMemory, std: :size t size) throw()
{

if (rawMemory == () return; / /%1% null $85t .

if (size !'= sizeof (Base)) { 7 /IR KRR, SARHERR
::operator delete (rawMemory) ; / /operator delete A3 Hr—H1{FE .,
return;

}
WAE, HIE rawMemory FrisHINTE ;

return;

BERHIR, 1 RBIAE MR X R IRAE B FA base class 115 & K 8t virtual §7
MIRE, B4 C++ 1545 operatordelete [H size t AR EEANER. B2 “ibIR
11 base classes 14 virtual BTHIEH” I— M EF I, 437 Eiad 84T

Effective C++ 91 3L/, 3 =R
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B R IER T, 2 RERAR S, WHR AR base classes B virtual
¥iHIH %, operator delete AJBETILIEHIZLE.

HFiLE

B operator new N ZM & —MNEFEH, HEHPZRIEATE, MRELKH
EHRGER, $i%EH new-handler. ‘BN %A IILE 0 bytes B, Class
EBIRA NIRRT ZALE “ L IEMA/NERE BHR) BiF” .

B operator delete WiZFEW E| null et it AU . Class L@ RRA ML 2%
AhEE “HOIERAR/NERE (B5R) HIE” .

M 52:. BT placement new tBEE placement delete

Write placement delete if you write placement new.

placement new ¥ placement delete JFiE C++ B2AEH WEIZY, WMERA
PRTN, AEBRIHTHME. FIZEK 16 517, HFE 1 new REABK
¥

Widget* pw = new Widget:

;‘%ﬁﬁﬁ*@s’n%ﬁz%&ﬁ)ﬂ: — AR HUSBENFER operator new, —/N A& Widget 3]
default ¥t o ¥

BREPE—AREOAH R, SRR RE . BRI, SR
HAEAELATE L FHCH IR E IR, SN ESERATFEMR (memory leak) o ZEIXA
BHE, ZPRARDDEARE, FAMRE widget WEREIHAF, pw HARBIR
1, BFF MR TR TR M A . BURS BRI R IERAI RN
W% c++ BITHRES L.

BIYPRAKLE RN RS R—FTAAM operator new KM operator
delete i A, ﬁﬁ%%%%gﬂ‘ﬂfﬂiﬁ%ﬁ_‘ﬁ\( KA EEHFEA Joperatordelete
L. mEEMEMNEREERSELR (signature) B new fl delete, X
ARAE, HAHIEHK operator new:

void* operator new(std::size t) throw(std: :bad alloc);

St T IE% ] operator delete:

Effective C++H13ChR, BB =K
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void operator delete(void* rawMemory) throw();

/ / global {E R FIEH 4 K.

void operator delete(void* rawMemory, std::size t size) throw();

/ /class YEFI8H LRI H) B 42 5K,
Hi, BARAFEEEEERY new Hl delete, BITHIRGZEL R W DI H
A “ B ATEGH new FTYERT AWK EZ B # delete. RN UIRITLEAIHIE
EWRM operator new, HELRTE MNINSEM operator new, “FEH—
delete FEREIXA new” WM BEEFILT -

BAGF, BRARET —1 class ¥BM operator new, ERBESZ—1I
ostream, FIRZIZ (logged) MXSEMER, AR XE T —NMEFEERXN class ¥

J& operator delete:

class Widget {
public:

staticvoid* operator new(std::size t size, std::ostream& logStream)

throw (std: :bad_alloc); / /AETER TG new
static void operator delete(void* pMemory std::size_t size)
throw () ; //IEHH) class )& delete

—
ARG A, EERNIREZE, ROFELESE, EETRETRE.

TR operatornew HMZMBHR T — 2B MM size t ZHEHFHAR, X
ERAFTEH placement new. B, FiRK operator new &A™ placement A< .
X% placement new RATHRHIFHE— M “BX— MBI R iZPAELS
7, HBEER operator new KAHMN R :

vold* operator new(std::size t, ) throw();
/ / placement new

XK new BEEHIN CH+ REERRFE, HRAE #include <new> WL
BAE. X4 new WHBRZ —RBAFTE vector MARMHZEN LAIENZR. SR
2B PH placement new BRA . SLFF FEERXN R LRI —MEE
B Y new. B EBLEAEBRRIE placement new HEX EE N . Y AN%E placement
new, RZHEHMEMATRMZE—FFTRA, HRE “B—HHELESEA voiax” ,
DBIHEA RIGE A BN EB Y operator new. b T ICEEFE HAEBEE
MR ERIEEERRER, ATHRX —SAHYERE. —RHERIE "placement
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new" ERHEBRTINSEIN new, KAH—NRE "placement delete” HILIRE
He. MERIMEEEEE.

PAEEFRATIEI 2] widget class A, gt S iy 3R vl Wt A ) AR
XEBEMBAREMEET, B class B BUPHEI AT, FEUTELNE, &
HENEBE— A widget FPEMX IS EE BEIE (logs) T cerr:

Widget* pw = new (std::cerr) Widget; //ifiF] operator new F{&i# cerr JyH
//ostream 2 IXMEIESTE widget
/ /HE R B R R A

H—K, MRAFFSERDI, T widget MEEREILHE 7, BITHRAR
FAFEUY operator new HIAMECHIKFIHM .. KRBT RATLIEINE B IEHIA B
HIFE/™ operator new ffiliafE, BT LEBUESACHKEIBW, Bl Bl
TATE. BURRZ IR, BITHRZET R “SHNERMBEES operator new 4H
[5.1 ”H‘J%/I\ operatordeleteoﬁﬂ%?iﬁsﬁﬂ?ﬁﬁ%@ﬁ‘ﬁ)ﬁﬁﬁﬁ%ﬁ%%ﬁ@ﬂ‘] operator
new B2 A A Ky ostreams WIS ES, FTLAX N[ operator delete BN iZAE:

veid operator delete(void*, std::ostream&) throw();

LT new I placement FR 2, operator delete WIRBLZTINSE, FHRN
placement deletes. W7, LR widget VA H U placement fRAM operator
delete, FTLLEATHARSGE A RE Gl BUHE H K F IR 23 placement new RITRAM . T
A AR, APl R widget MEREIMM AT, ASAEM operator
delete #RAH GRURAL)

MR R 8 MR — N HHINSHI operator new B “HWHFRSNSE”
E’Jﬁm)ﬁ operator delete, }iK/A‘“:‘i new E’JW?’?%EEEWE%EEX{%}WX’EIHXEHWE
BE LM operator delete #RMA. Kk, X THEMERE B ANEMTER,
Widget HBEHEW 4 placement delete, XM TIAHHILTHEE (logging) K

placement new:

class Widget {
public:

staticvoid* operator new(std::size t size, std::ostream& logStream)
throw(std: :bad alloc);

Effective C++1 U, 3 =R
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static void operator delete(void* pMemory) throw();

static void operator delete (void* pMemr iy, std::ostreams logStream)
throw () ;

bi
RHERERZE, WRUTFIENLIK widget MG R H 5754
Widget* pw = new (std::cerr) Widget; //—mbAE, (B RAEE

Xt RLH placement delete 45 HENA, ik widget AN MBI A 1E.

RMMREARMHRE GEFWEL) , MEAARBEAFENTNE celete, &
REMAH:

delete pw; / /BRI ER P operator delete

st E— RS, WANEIEY R M operator delete, MAEH: placement
WA, placement delete RETE “£EBE placement new W P fh 2 M XE B 80 ” HUBH
SN ALSERA. IE M Wl 2R pw) BAT delete BASBBUAH

placement delete. A, #EXTA4r.

XEWWBRESFE S placement new MK AIEMRE &, BATLFE KR
H—ANEH # operator delete( T Hy3E 3 W T ATAT R H #k a8 A —A placement
A (HTFHERENEREHEIE) . BERBSISENH operator new —#f.
HBERZF, Rt A B3 LSRRI N A IR T R IR . 18, BAOARRAERK
JFr 150 BRI S A AR i ) PR A7 VUG

b4, T AR R B PR et 35 AN AR S AR R 2 R (4K
33) , RN LEERLL class TEH news HEER P HBE KA news (I IEH IR
213) ° ﬁﬁ'ﬂ‘ﬁ*/l\ base class, ﬁtpfﬂé%ﬂﬁ——~/|\ p/acementoperator new, EF‘
e RIUBAITCIE M IEH B XA new:

class Base {
public:

static void* operator new(std::size t size,

std: :ostream& logStream)
throw(std: :bad_alloc) ; / /3ZAS new LIEFE IEHF ) global B

Effective C++1 3ChE, 3 =R
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Base* pb = new Base; / /R BAEE ) operator new #iHE .
Base* pb = new (std::cerr) Base; //1Effi, ] Base fJ placement new.

FIRERE B, derived classes F [f] operator news S global WA H4k & 75

9] operator new R

class Derived: public Base { / /8kA& B5ERTH Base
public:

static void* operator new(std::size t size) //EFFHIEEEXM

throw (std: :bad_alloc); / /TR new
i
Derived* pd = new (std::clog) Derived; / /R FA Base i
// placementnew ¥ T .
Derived* pd = new Derived; /7R, PR Derived [

// operator new.

3K 33 EVEMMIN IS TIX M AREREE. X TRENFEIEEE, REE
WERIE, BEERT C+ 7 global fEHBAREELI TR operator new:
void* operator new(std::size t) throw(std::bad alloc); //normal new.
void* operator new(std::size t, void*) throw():; // placement new.
void* operator new(std::size t, // nothrownew,
const std::nothrow t&) throw(); //M4&FK49.

W RARTE class W S B{FAA] operator news, B FRX SRR . B
R EEREZEHIL class WEFFRAXERERA, FUERRCIIERITERP
1T B H B! operator new ZAMEE[H . Xt T8 — A B operator new BiEHHT
RYPEX LK operator delete. WMRIRABXLRBATE FHENITAH, HELSRH
class & B4 global hix 4Bl 7T, ‘

SEREL LT E R —A Ak, #r— base class, WEHTHEEEIAHK
new f1 delete:

class StandardNewDeleteForms {

public:
// normal new/delete
static void* operator new(std::size t size) throw(std::bad alloc)
{ return ::operator new(size); }

static void operator delete (void* pMemory) throw ()
{ ::operator delete(pMemory); }

Effective C++H SChR, 5 =i
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// placement new/delete
static void* operator new(std::size t size, void* ptr) throw()
{ return ::operator new(size, ptr); }

static void operator delete(void* pMemory, void* ptr) throw()
{ return ::operator delete (pMemory, ptx); }

// nothrow new/delete
static veid* operator new(std::size t size, const std::nothrow t& nt) throw()
{ return ::operator new({size, nt); }

static void operator delete(void *pMemory, const std: :nothrow_té&) throw()
{ ::operator delete (pMemory); }
}i

JUZRBUL B XY FEARER R Z P, TR 2 ANUEI R using AR (L
23K 33) BUEARHERE A -

class Widget: public StandardNewDeleteForms { / /B ARGRUEE R
public:
using StandardNewDeleteForms::operator new; / /1B AT

using StandardNewDeleteForms: :operator delete;

static void* operator new(std::size t size, /7B I—A~ B EH
std::ostream& logStream)//placement new
throw(std: :bad alloc);

static void operator delete (void* pMemory, / JERI— 5 R )
std: :ostream& logStream) //placement delete
throw () ;

}i
HietE
B Y{RE—A placement cperator new, HHEWEH T X placement
operator delete. WIREHIXFEM, FRAGFEFTT He Lo & A 1 BT BT et 482 661 1y

B YIRS placement new F1 placement delete, EHIEAELEZIN (JEHE) Hu
R T e IE A,

Effective C++9 3CRR, B =R
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) DARRY

Miscellany

KRB KA — T AR 3 AN, BT A BRI 8 R
WATRBF T, EIHRESR!

BAERBARTUE R EREEEL. B0, WREREROREEIE
BATARE, BIRBRBEN. BoANEKFREI C+ bR, KhEEn
TR1 SR EAFHLRE. B/F—NRHHIREU Boost, MERANEEEN 4
CHHZ B . WMRRERE HERR CH BfE, HRH S 53X &R EYN
ffE, MAREBMAR—HHE LM B,

FR53: RERRMIFSBNES

Pay attention to compiler warnings.

VBT B IR R G A . T, W, RN E, 4
AN A —ME R BT IR B S B R, AW XREEX M i = sRFAx
B CHr, REETIEGIF S8 3 TR R M S LR B ROSHE. 264
VIF, THRZZDDMEREFEFNMAG EI—ME R

class B {
public:

virtual void f£( ) const;
bi

class D: public B {
public:

virtual void £( );

I

Effective C++ 1 3L IR, 58 =R
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IXEAELL Do £ THTE X virtual RH B:: £, EHPEMER: 8Py £ A
const UG BREL, TIFE D HERBFEYA conste BT ER— AR TRZXFER
W T

warning: D::f() hides virtual B::f()

REZBACHTEFF AT IXANME R RN A “MAR, Dof BT B::f,
MERBEFIZARF! 7 8, XMRMFESRESTEAERT M £ HRAE DD
BEFEY], MREENERT (KK 33 MR 28X . 1R ZBRIX S
AR, JLPECSEERIERTA, RERUZEIRITA, U TREHRE
A5 L SE BTNt RO URAR 2

—HARNMF R ESNESELTIREALR, FEEETH, ARNGEAR
BRATA——ARFAEMEAT “FHER” WEXTAAR! RE—RAN, SH—AE
B SRA T ML AMESEENEFRZEA, R —BA T LR R
EEHRENEZEE, RERTLIERARELELSER. NMEERH, TBRITR
AN ELERZH, HHERTHEREELARREL. RREE.

T, B SR ARGESAMK, FRNGESERRNS SR, AT,

RGN G TR P SR URER I R, PRI B B R SO 1

REB RSB 5 — M8, A BATH I 3

WLt

PR R AR B . BAER SRS IR S (T B
BI R I “ EALTE S 5.

mOREEL R BRI, B R RIS % B R 00 (05 B A
OB R b, A RIS (R AR

KM 54: LB EIE TR1 EANMGEIREBEE

Familiarize yourself with the standard library, including TR1.

C++ Standard EX CH EEREREEREENNTE—RL 1998 Eiid
WHREERASEAET . FREEE RS T 2003 M -PARBEER “HHREIFER”
HFT 2008 L4 KA C++ Standard 2.0, FIARIAH E HEAF B ANV RERIE T
—hR C+ 2 "CH++0x", E=F§ 200x LAY C++.

Effective C++ R, 38 =K
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CHH0x BRI 5 L8 B IG5 JRr T, (B K3 2 BB LA HERR R BE
FREREI. mSBRANCEMREMETLTHREFENR, FAEEEAIERT
—y A TR BISCRYIN . TR1 /4% "Technical Report 1", B2 C++ FEFEET/E/D
MR Z O SCRIIFRIT . ARER A2 RE T TR #E 410 F CHox Z BT B L,
AL HAEATTRBEZAMERASET . T REMEARTNS, TRI BER T —
N C++ Bk, BRATATRERR N Standard C++ 1.1, FEE TR1 HlLEETI &2 E
B —ALE B C+ R R AR, B TR1 RAEHIVLAE L E Xt 8 —Ffdfe
PERNEE— S AR PP SR A 2

EFE IR TR YA A Z /T, iEBAVEEB—F C++98 FUANMK C++ Frefe
PR R B

B STL (Standard Template Library, tR#EMEIRE) , B A 8% (containers Wl vector,
string, map) - k2% Citerators) - Hik Calgorithms T £ind, sort, transform) «
RET R (function objects U1 less, greater) R FAIRIBEELE (container
adapters Ul stack, priority queue)Hli& x5 S B 88 ( function object adatpers

1 mem fun, notl) . .

W lostreams, B #i 1} /7 H € P I8 E BRIk 170, BLRTISE & XAFHIXE R cin, cout,
cerr Ml cloge.

B Eir bR, BELKE (multple active locales) 87, 8 wehar t GE¥£
16 bits/char) A1 wstring (B wchar ts 4% strings) FHEA AR5 {L i Unicode
HERH B .

B HEAE, BESEHER (complex) MAINEEA (valarray) »

B REM)ZAER (exception hierarchy) , 4035 base class exception & H derived
classes logic_error Ml runtime error, LAKEIRKAMIZA classes,

W C89 IRAEREIFFE . 1989 C ARMERZ/FENMB MR A BEEESR T C++ W.

WRRA ERAEAT - TR RS, BB FHEH —HntE], HERRES
fy C+ 48, EHHHETk.

TRI1 TFHEGA T 14 MM (components, WL RIEFFENLREREL) , 44
#IBAE stafr B2 MY, EIEMMBEREIREM LT cr1 B, R, TR1 444
shared ptr M2 & std: :trl: :shared ptro A 538 H A VSRR R R A A et
BEMATE std::, HBRERSTE TRI B HTM L tr1::.

Effective C++91 3ChR, BB =K
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ABRERLLUF TR 45245

W HHEFRET (smart pointers) tril: :shared ptr Fl trl: :weak ptr. BIEMIER
AN ERE, HSEFKHELE DA trl:shared prrs LRHRE L. X
ERFTIEN reference counting (BIFHWE) . —EBRE —MXRERITSE 4S5,
WHR—ERXMBEHSIHRBEER 0, MR EsIME. XEFRH

(acyclic) BIBLHM TP IERFEMBRE R, BEURWARBINENE
trl::shared ptrs FFEMIR (cycle) , XMFHELEBRENNENDFHIRE
AL 0——BPESE [ IXADERTE I FT A 3R 41 25 TS B (b X — BEn S 3 14
BEROLEME . BHREINHAXEA trl::weak ptrs [¥JR B .
trl::weak ptrs MIETHEHRIRBZR “IEHH tr1: :shared ptr-based $(# %
H” PRI TGRS (cycle-inducing pointers) o trl::weak ptrs HARZL
SIAV BT “YEE—MERENZMN cr: :shared ptr W%, HEE
A trl::weak ptrs BREEIREF—X %, ZH G HS M. XFER TR
trl::weak_ptrsé?ﬁﬁﬁiiﬁﬁﬁﬁ%aﬁiﬁe
trl::shared ptr SRRIFERIH R ZHBENK TR A4. ABLREHE, 4%
13EREAMtAMMERE. ABHRREFH crl: :weak ptr, .

B trl::function, MW URINIT callable entity (FIAY, HE 0T %K
BERHENE) , REHZLZKE Bir. BERBRIEEE—A callback &%, %
BREIESZ A int HIRE—A string, BAIFTLUXAE:

void registerCallback(std::string func(int));

/ 1 BERRIR R, BB — int HRFI— string
HB B func B AL, BT LR registercallback HaT LUXAEFSBH.
void registerCallback (std::string (int)); //H_EF; S¥LAFHKORE
FERIXEH) vstd::string (int)" RAMEHESK.

Effective C++91 IR, 38 =R
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trl::functionff ik RegisterCallback 3 Tl BE5E & S tE Bh IS AF AT o) B
Y Ccallable entity) , HEEXANA[HAYEEZ— int BATA TR int 1)
R, FHIREI—A string BT AT gk string BIZR¥H. trl::function
A template, VAT H ARG EMIZ 4 (target function signature) A& %:

void registerCallback (std::trl::function<std::string (int)> func);

//BH "fune” BEZAEMARAMY) (callable entity)

//REE “TMNEAY” MB4ZYS "std:istring (int)" —E
IXAPSRE R NRE, BB RIS RS 35 R8T e M AE .

B trl::bind, BHEEAML STL 48548 (binders) bindlst M bind2nd FTHI&—4F
4, MXEL. METgERARME, trl: bind (JBLFI const & non-const
BR R FIEAE, W LARD by-reference Z¥h IRIEME . T H e AT REskh BY gk
R LAAC P e HodE S, PrUAIRATTAM trl::bind ZETA DL BT A ptr fun,
mem_fun B mem fun ref WA —HVRELT . BB, trl: :bind B YT
T H (binding facility) , ELHEFT—AREFRE . RIELKRK 35 =,

BATH AL TR BRI APELE . 5 — R RAR I B AM T IR YLRE

B Hash tables, F3RSZIN sets, multisets, maps Fl multi-maps. > A2 O #8
DAHEATME (TR1 ZHTHI) XTRCARBREIMA. &S ARFREEMIWLRK.
trl::unordered set,trl::unordered multiset,trl::unordered map LA K
trl::unordered multimap. IX 2L 2 fR 58 e 1A set, multiset, map ?)(,D
multimap AF: LA hash J5FEAHH)IX L8 TR1 A3 P G E H AT T FUH X
FFe

m FWFRIENX (Regular expressions) , fL3E LLIE N RIER N ZLaE A 745 S5 2T 40 A0
B, BUE A TLE AT B 5 55— AN ILAC T 75 8 BB — 4R Citeration) %%,

B Tuples (ZRHAH) , XERHERFETM pair template FIFF—AHIN. pair R
REFRFA I R, trl::tuple A FFHERMNEMXTR. BT Python Fi Eiffel
MIREFF 5L, BUTFARIRIE ! AROIAT— DR E ML R AT RN Cr.

Effective C++H13CAR, 38 =R
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trl::array, A0 DA “STL 4" 4, BI—ADSZFPAL 5 BREI0 vegin F1 end
FIEA . A trl:array BIRADEE, HAEHBIENTE.

trl::mem £n, XEANHHIE LSRR EFEE (member function pointers)
—HWARTE. BB cri:bind HIAIHY FE C++98 K bindlst F bind2nd KIRE
F—H, trl:imen En WAFFE R T C++98 ] mem fun Ml mem fun_ref FIBESI,
trl::reference wrapper, — “il references WATHEZMNER” K. ©
AT LA A8 “HMINEEH references” o WIHRENE, ABELE LAREFRERE®
faEt.

BEHLEL (random number) AR TH, EARXKEBT rand, MR C++ %&EC
PRUEFR R — R B

BEFPER RS, ¥ Laguerre 2 130 Bessel S %1 7€ 2% B #14> (complete elliptic
integrals) , AR ZHHREL.

C99 AV L. XR— KHEREFMER (templates) , FEIELHK Co9 £
FeBERFPE T C++o

B M TRI A HERITK template % 2 % R (B 5 template

metaprogramming, HELEERTHRE, WHEK 48) AL

Type traits, —#4H traits classes ( W& 47) , FIUUBRAEA (ypes) HIiFHIE
Ho AT AR 1, TRI I type traits A LATRHH T R RAWNERE, EEHE
fit virtual T EAEL, R empty class (4K 39) , TR A H Mk
A g B, TR1 W) type traits 0] LA B ILZLS @B 84 FA47 (proper
alignment) , XX EHIBINFHECE (WEKK 50 MHRE AR T2 KENE
Ho

trl::result of, X template, FIRHEFREAAMIERIEE ., HEA %
T templates fiF, BEWE “I5¥5 (refer to) BREN (EREEOEAR) HASIERTRIEIN
MRMAEE” FAMREE, B2 RLBEFRUE RN IR T RS %
KA, trl::result_of 14 “IRWPRPORFIRA” BR/AT-HES. B TRI
B8 AT AR .

BARFE T TR s> CREBIR trl: :bind Bl trl:mem fn) AT FLL“HT TR1”

difFRe Sy, (HISE TR RAHARMERLFBERISRERIN, AT TR1 Z14E Ik #e
AL, BTUARE (5T TR1 ZAETHD ARIRE R

Effective C++F LR, BB =HR
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TR1 BHEHR2 430, 4 TEEEMEKHIRLEYLEE, (REFH EE LI
R, XEREEASHRFEREE. TR TEN 2005 FHZ), wRKRERTF L
HIFRHERE PP PESCOLAR A< 9 4R TR1 4%, #RPTRET S ERistls . 3218 M0 2 IR AT LA ST
Bl TR B 14 NS 10 D3R T %771 Boost FE/FE (L& 55O , Frld
Xt TR1-like HLEETI 5, Boost R NZEAERIIR. Fil "TR1-like" 2K N BRIFE TRI
HLEEBEHET Boost 27, {HEEFEH & Boost HLAEF A2 &V & TR1 M. 4R
BX—BRICFE, WAE Boost AN ARMYE TRI —HMLI G FHLERT
Boost #FFEEI 10 4 TR1 A4 , BHEN 4 NANEL Boost A ZEA K TR1 4L4E5CHE

FEGR AR M TR SCILAR IR —ZIBIRZ AT, WIRAREXKLL Boost [#] TR1-like
REFPEAE A —INE, SRS EEU— N & 20 LR/l A C ki
L, B Boost A EAL T4y 4 8] boost I, 1H TR1 HAHE T std::trl W.
PR CLUXBE S VR IR I 4 15 5% , & B X 1F references to std: : trl SUE R4S references to
boost —F:

namespace std {

namespace trl = ::boost; //namespace std::trl &
} / /namespace boost f—/-H14

AHMBEARAN T, ZRERLHRRBES “KeAThH” WELTEXT, FAmng
25 Bis, MAARBIMETRAD std fr& 2 E 2. RiTEhs ERIBTT AL
FALMRRS . — BRRIR MR IFBR R EITE K TR IR, REEMME—H
1B T Bk L3R namespace 5|4, TI/ETEW std: :trl FIAARBERERAER, 18R T .

JELA Boost F2FFFE A BEALRIARLE TR1 A2, BEEMTIF L hash tables.
H5C hash tables T2 HHE, S HILLEHK hash set, hash multiset, hash map
F1 hash_multimap A AR HIFRIGR RS CE ML templates LIS, 40
REA, ERIFRERPERSE, ERPLLHE (RHLTRIKES) , F—ET
DAFREA TSR, AIEm L= A S 8= & .

TER T EULZIN 2005 F4], XBXHMEER, H URL #5484, REUREH
Effective C++ TR1 1§ B ™ I, http:/aristeia.com/EC3E/TR1_info.html. X URL B2 .

Effective C++9 3R, 385 =R
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BicfE
B C++ IRERRFER T ENIGE S STL. iostreams. locales £ . L4 C99 FRHE
BFE.

m TR1 HINT & eeHesr (B0 trl::shared ptr) . —RRALEEIEE (trl::
function) . hash-based &F#%. ENIFIAR (regular expressions) LLKH 4 10
MR X FE.

m TR1 B8 RE—MHVE. A3KE TRI REMWEFL, REE—HBSW. —MFH
SEH) SRR 2 Boost.

FM 55: LB Boost

Familiarize yourself with Boost.

RIEEFHR—NERE . R, FEML, HFRMINEFED? B
Boost . AXBIIA—NHBE O AFATH CH FFRA RARHER, B
KR (BITFEID HRTREHARKFZEFEG? BF Boost I ! AHTE Mk
B CHA] R A ? E & Boost I !

Boost /2— C++ FFRE LML, 02— T H i P Crr FUFIER.
BRI IE A http: //boost .org. IZERMIZIN L& AP EE &2 —.

LR, HEEEBE CH+ ALV, {H Boost 5 P32 H AT AL T E
LE#H). B, BN CH HMEZERAZMFEER T NFEYXER, FENER
LTWAFEN S . Boost HERSMRAANW, FIt Boost K5 FIZE R LR AHRAM
HB. Boost A HAR: fEA—A “FIBMASRYE C++ Z ZRTHEE” BRI . X
BRAERMERE, TR (4K 54) BEHF AR C++ 1 14 AFEEE
tr, Bt =42 —BEET Boost I TVERE.

Boost 155 M R BRI ER TR 2 LA AT 0 R 48 5 8 (public
peer review) AZEh. WIRRITE ITER— DMEFEEL Boost, B %X Boost FF R #H
HERZ # (mailing list) #BER, HBITHEXMEFENESYE, FR308
HERF. RETFHRXAMEERTIER 8. BB, BREL” BHRAEAY, 53—
VIERIRF L 1k,

BJa, FERFRNEFE, BERRT. 287 A8 % &5 0 m el
HIREFPBEFF & Boost IRARER. #lane BAURL E OB MRIFS (CURBLE E
MARER A BENE) , RLIUEIRIOFR R EE— D B2 MR T 2T H

Effective C++H 3CRR, B =R
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8 (Bl ANRE R PR S VR e R B LA AN SR AL ) - ARF AR IER AT IER
BEA Boost 418, 4 E 7 Hi . N SH S EERERNRTESFEM (6
WPRRG . BSOS B ESE) L FEE BT ANt IS R

B X R RISER 247

B X B R S AR E R ?

W OXANEF A W RER T AT E B9 H AR P —— B R AR X AR P 2 A A R ()
FR U TR A T——E R g ?

B R REEER. 5%, THEREH?

B bk AR 4 0 8 2 — 1) Boost BEAFFI3R, B LS 8 A HAh A 7T LUE F9F
wa R A A I8 . S BUS RIS R R, B S R E R R R RS
WA AR, BB,

Rl O FRPR S R ER A o, RS ERTFEEE AR
ATWERE. BV EMRFERBE . ST TR . WEREFEAY Boost
W, EEAN T RU ERETEW.

Boost A&+ EFE, T HERMEELRMIER. BRESHRFER
MPBER, EHBRZFAENMVGE SR ETFERR, THRTERETES,
BHHINLEE, BCEFRBE (FIanEsrREERE) .

Boost & FEFEZ AR/ PFERGEEERATNL. B Mmel 1, Hifs
JPEERES B U FRBUTARE (EEMAE RGBT BEEEEETKERE) . il
Conversion 27, IR ZEEB T ENHEBIBRIES, H nureric cast BEE
KRN R R 5 — BB P B H (overflow) Z{F#: (underflow) (2K
Ll B SRR . lexical cast MFRATE LUK RE (HESL#F
operator<<) ¥ AT E, MEFHEHRIZEEIC (ogging) #M+2GH. B
— ARG TR LR FERMKEREE)), EETUER AT, XRBFE
f1.4% Boost Graph Library (T4 5 1L graph £5#) 1 Boost MPL Library (—#4
JCYRFEFEFE, metaprogramming library) .

Effective C++ 3R, B =K
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Boost fE/F XM EBMAFHE L, KoK TMEE, 4.

B FPHESNELE, FHFEESZSKAULE (typesafe) ] printf-like #RALBI1E.
IENERER (JEh TRI FRALAERI A, W& 54) , PAREILRTIHE
(tokenizing> FIf##T (parsing) .

B FR, Bl OS5 STLMEEXDEZE” KEH (WEK S « KR
bitsets DL R B 4EHA .

B AN RAOSRR/E, Bt THARMEN TR YLEEMPIEFE. L1
B EIFEFF R Lambda, ik 3A17G LUK ML B N RE 0 G122 B0 O 5, H2 4R
B ATREAN K T MR URIEFEMUAT 4.0

using namespace boost::lambda; / /ik boost : : lambda FIPLEERRE
std::vector<int> v;

std::for each(v.begin(), v.end(), //EF v IR — DGR %,
std::icout << 1 * 2 + 10 << "\n"); //EI x * 2+10;
//3F 1" J& Lambda F2/7
/ /B3 HRITER— A
// 50FFS (placeholder)

B ZTHRRE (Generic programming) , 75— K traits classes. T traits & W4%
w47,

B HEFTRE (Template metaprogramming, TMP, WL4&E 48) , BE —MXHR
BH assertions T 5 MIFEFHEE, L& Boost MPL F2F¥/E. MPL R4t THEFAIR
7, HAPLFHEIFRASLY (compile-time entities) &M sypes B STL-like FIE 5
¥, %%,

/ /B A list-like SRiRHAA RS, H g = 2HE!.

// (float, double, long double) , FHRHHLAI4 A4 "floats”
typedef boost::mpl::list<float, double, long double> floats;

/7 /PR — AN B F DA 2SR List, LA "floats" PRI AN J 3LR,

/ /BRI "int". JTASSE4A "types'.

typedef boost::mpl::push front<floats, int>::type types;
XPER“ ARIRER” CHMFR N ypelists BTN LALL—4 mpl: :vector
Wompl::list AEERD PR T —BAM], BEXGE. KAk BEEER T™MP
NRAEF-.

B EHEFEE (Math and numerics) , IFEHFHEE. \JCEM LT Coctonions and

quaternions)  # WLIALIE (divisor) FIbWHZ FIZE. MY (X
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272 9 ZRIMiTie

m) TR1 WA XHLERRR T .

B EFHMERNE (Correctness and testing) , KRB MERIED (implicit
template interfaces, WK 41) BRMHIFEFE, LEER “WRHLE” i
AT .

B ¥R, BEi5RA R4 (type-safe) [¥) unions (FRE& R ERFZ “{Tf” HKED ,
PLK tuple 2P EE (R TR1 FIEHLAEMERD .

B EEEMERE (Inter-language support) , EIE AU C+ Hl Python 2 A ) TC4E
HE/EM (seamless interoperability) «

B N7, B 5 Pool P27, FISRACH 5 AR M X B oK/ B e i 43 o 28 ( 4R 3K 50),
DL 2 & REHe%T (smart pointers, HL.4k2K 13) , B (EAMU{E) TRI
HEefeEr . 55— non-TR1 EEEFEET J2 scoped array, IEEA auto_ptr-like
Haetatt, FARISIEBSMEA; £ 4 ELRTEHARE.

B 24, 63 CRCH&K. OHMKEFLGHE, EXERE FREEIEE.

Wict, XRREWE Boost HERBIKFEFEME, AR —ERES.

Boost RUEHEFEATUMMBELMESE, BEARBEEEREX. Gl
AR A S X GUI FFR T e it RR P e, i Rl LUEEBRE ENRRFE—= /D
R TELZBE . RMAFREEADBRBA T RESE. BEERE, T
WERIMNERFH LM BEBRIEM LD F: http://boost.org. YAEMR
BEERBIRIE FFEFREER, B EREHL P RIA - EHBIKRA.

BicE

B Boost £ AHLEE, HE—MBE. H TR, WEITK. AHEHK C++ 72
FFEEFF R . Boost 7E C++ ARUEALITRE H Br iR R A .

B Boost 2t % TR1 AMFER &, UURHAMMAFZREFE.

Effective C++H LR, S8 =HR
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Beyond Effective C++

(Effective C++) — BRHRIN DX T AR ANE C++ 2P BB EZN K
AR . 40 SRR DR SR AN A B S RO, BB IR AR A AL (More
Effective C++) F (Effective STL) -

(More Effective C++) B T 7 —4egfEuEN], CLE X TREENRHHY 2’
R EERBREER C++ HERARIE 88384 (smart pointers) « 5| 1% (reference
counting) FUREEXTE (proxy objects) %%,

(Effective STLY /& — A (Effective C++) —FEHI#EN]F 1) (guideline-oriented)
g, Ty T STL (Standard Template Library, PR¥EREME) K&z H.

MAEBRHRWETT.

{ More Effective C++) B3R

Basics
Item 01: Distinguish between pointers and references
Item 02: Prefer C++-style casts
Item 03: Never treat arrays polymorphically
Item 04: Avoid gratuitous default constructors

Operatots :
Item 05: Be wary of user-defined conversion functions

Item 06: Distinguish between prefix and postfix forms of increment and
decrement operators

Item 07: Never overload &&, ||, or,
Item 08: Understand the different meanings of new and delete

Effective C++m1 U, 3 =K
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Exceptions
Item 09: Use destructors to prevent resource leaks
Item 10: Prevent resource leaks in constructors
Item 11: Prevent exceptions from leaving destructors

Item 12: Understand how throwing an exception differs from passing a parameter
or calling a virtual function

Item 13: Catch exceptions by reference
Item 14: Use exception specifications judiciously
Item 15: Understand the costs of exception handling

Efficiency :
Item 16: Remember the 80-20 rule
Item 17: Consider using lazy evaluation
Item 18: Amortize the cost of expected computations
Item 19: Understand the origin of temporary objects
Item 20: Facilitate the return value optimization
Item 21: Overload to avoid implicit type conversions
Item 22: Consider using op= instead of stand-alone op
Item 23: Consider alternative libraries
Item 24: Understand the costs of virtual functions, multiple inheritance, virtual base
classes, and RTTI
Techniques
Item 25: Virtualizing constructors and non-member functions
Item 26: Limiting the number of objects of a class
Item 27: Requiring or prohibiting heap-based objects
Item 28: Smart pointers
Item 29: Reference counting
Item 30: Proxy classes
Item 31: Making functions virtual with respect to more than one object
Miscellany |
Item 32: Program in the future tense
Item 33: Make non-leaf classes abstract
Item 34: Understand how to combine C++ and C in the same program
Item 35: Familiarizc yourself with the language standard

Effective C++ 3, 58 —hit
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{ Effective STLY B%

Chapter 1: Containers
Item 01: Choose your containers with care.
Item 02: Beware the illusion of container-independent code.
Item 03: Make copying cheap and correct for objects in containers.
Item 04: Call empty instead of checking size() against zero.

Item 05: Prefer range member functions to their single-element counterparts.

Item 06: Be alert for C++’s most vexing parse.

Item 07: When using containers of newed pointers, remember to delete the
pointers before the container is destroyed.

Item 08: Never create containers of auto_ptrs.

Item 09: Choose carefully among erasing options.

Item 10: Be aware of allocator conventions and restrictions.
Item 11: Understand the legitimate uses of custom allocators.

Item 12: Have realistic expectations about the thread safety of STL containers.

Chapter 2: vector and string
Item 13: Prefer vector and string to dynamically allocated arrays.
Item 14: Use reserve to avoid unnecessary reallocations.
Item 15: Be aware of variations in string implementations.
Item 16: Know how to pass vector and string data to legacy APIs.
Item 17: Use “the swap trick™ to trim excess capacity.
Item 18: Avoid using vector<bool>.

Chapter 3: Associative Containers .
Item 19: Understand the difference between equality and equivalence.
Item 20: Specify comparison types for associative containers of pointers.
Item 21: Always have comparison functions return false for equal values.
Item 22: Avoid in-place key modification in set and multiset.
Item 23: Consider replacing associative containers with sorted vectors.

Item 24: Choose carefully between map::operator{] and map::insert when efficiency

is important.
Item 25: Familiarize yourself with the nonstandard hashed containers.

Effective C++H1 3ChR, S8 = hR
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Chapter 4: Iterators

Item 26: Prefer iterator to const_iterator, reverse_iterator, and const_reverse_iterator.

Item 27: Use distance and advance to convert a container’s const_iterators
to iterators.

Item 28: Understand how to use a reverse_iterator’s base iterator.

Item 29: Consider istreambuf _iterators for character-by-character input.
Chapter 5: Algorithms

Item 30: Make sure destination ranges are big enough.

Itemn 31: Know your sorting options.

Item 32: Follow remove-like algorithms by erase if you really want to
remove something.

Item 33: Be wary of remove-like algorithms on containers of pointers.
Item 34: Note which algorithms expect sorted ranges.

Ttem 35: Implement simple case-insensitive string comparisons via mismatch
or lexicographical compare.

Item 36: Understand the proper implementation of copy _if.
Item 37: Use accumulate or for_each to summarize ranges.

Chapter 6: Functors, Functor Classes, Functions, etc.
Item 38: Design functor classes for pass-by-value.
Item 39: Make predicates pure functions.
Item 446: iviake functor classes adaptable.
Item 41: UIndzrstand the reasons for ptr_fun, mem_fun, and mem_fun_ref.
Item 42: Make sure less<T> means operator<.

Chapter 7: Programming with the STL
Item 43: Prefer algorithm calls to hand-written loops.
Item 44: Prefer member functions to algorithms with the same names.

Item 45: Distinguish among count, find, binary_search, lower_bound, upper_bound,
and equal_range.

Item 46: Consider function objects instead of functions as algorithm parameters.
Item 47: Avoid producing write-only code.

Item 48: Always #include the proper headers.

Item 49: Learn to decipher STL-related compiler diagnostics.

Item 50: Familiarize yourself with STL-related web sites.

Effective C++ LR, 35 =R
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Item Mappings Between Second and Third Editions

(Effective C++) HEFRMEM MR IR WA FZ AR, RERNREEHX
THEFER. BoMARREREFETEZRT, AIEE MBS B R
P8 M. T RS H S IR A 1R B AT AR AR R AR R, TR URAR N
AR T IR R

PR R FT IS BTN, ARSCFHOXT . BImnsE hRscak 39 “R 4
R AR PR T EREME” B S EB BIE =IRERR 27, JFK TH I CFEMN
. ARG S R 18 “ B 71k class B O SEIE HEAME” o XM
HHEEER R, WRBBAFER M class 1 non-public &4, ‘& 7 W IZH %
A —A non-members. 5= RRHAHFEIK AR LR BN E (ESRFD # 2 AR,
SRR 3K 18 STV R 38 ZAIRIMRAR 23, R IXPA KR B 1M — 3L 1
HEENMEL.
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B ARG R SR

B |BEROESRO(BESR O (BOR(BSR
1 2 18 23 35 32
2 — 19 24 36 | 34
3 — 20 22 37 36
4 - 21 3 38 37
5 16 22 20 39 27

6 13 23 21 40 38
7 49 24 — 41 41
8 51 25 — 42 39,44
9 52 26 — | 43 40
10 50 27 6 44 —
11 14 28 — 45 5
12 4 29 28 46 18
13 4 30 28 47 4
14 7 31. 21 48 53
15 10 32 26 49 54
16 12 33 30 s0 | —
17 11 34 31
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B RS B IR

BER OB OIESEROBETR O |BSR (B
1 — 20 22 ‘39 42
2 1 21 23,31 40 43
3 21 22 20 41 41
4 12,13,47 23 18 : 42 —
5 ’ 45 24 19 43 . —
6 27 25 — 44 42
7 14 26 32 45 —
8 — 27 39 " 46 —
9 — 28 29,30 47 —
10 15 29 — 48 -—
11 17 30 33 49 | 7
12 16 31 34 50 10
13 6 32 35 51- 8
14 11 33 9 52 9
15 — 34 36 53 48
16 5 35 — 54 - 49
17 — 36 37 s | —
18 46 37 38
19 | pp.77-79 38 40
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Index

i B1ER (operator) #R¥ T84 operator 2 F, JRER operator<< FYF i
operator Z FTIAE << ZF . WIHEH. JEBIFTHZ classes. structs. class templates
struct templates 4% 8% F 7] %& example classes / templates 2. F , Julilfi Fl 7 B4R

FFi7 4k example functions | templates 2 F o

PE: BT AR T F, AR B RS E R T INMUEM S . +

FEARE 23 A I ix o

Before A

.NET 7. 81, 135, 145, 194
see also C#

=, in initialization vs. assignment 6

1066 150

2nd edition of this book
compared to 3rd edition xv-xvi, 277-279
see also inside back cover

3rd edition of this book
compared to 2nd edition xv-xvi, 277-279
see also inside back cover

80-20 rule 139, 168

A

Abrahams, David xvii, xviii, xix
abstract classes 43
accessibility
control over data members’ 95
name, multiple inheritance and 193
accessing names, in templatized
bases 207-212
addresses
inline functions 136
objects 118
aggregation, see composition
Alexandrescu, Andrei xix
aliasing 54
alignment 249-250
allocators, in the STL 240

Effective C++513CIR, 58 =R

alternatives to virtual functions 169-177
ambiguity
multiple inheritance and 192
nested dependent names and types 205
Arbiter, Petronius vii
argument-dependent lookup 110
arithmetic, mixed-mode 103, 222-226
array layout, vs. object layout 73
array new 254-255
array, invalid index and 7
ASPECT_RATIO 13
assignment
see also operator=
chaining assignments 52
copy-and-swap and 56
generalized 220
to self, operator= and 53-57
vs. initialization 6, 27-29, 114
assignment operator, copy 5
auto_ptr, see std:auto_ptr
automatically generated functions 34-37
copy constructor and copy assignment
operator 221
disallowing 37-39
avoiding code duplication 50, 60

B

Bai, Yun xix
Barry, Dave, allusion to 229
Bartolucci, Guido xix
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base classes TR1 and 9-10, 268, 269
copying 59 typelist support 271
duplication of data in 193 web site 10, 269, 272
lookup in, this-> and 210, 214 boost, as synonym for std:tr1 268
names hidden in derived classes 263 Bosch, Derek xviii
po}ymorpt}ﬂc ?e tructors and 4044 breakpoints, and inlining 139
polymorphic, destructor .
templatized 207-212 g uffy the Vampire Slayer xx
X ugs, reporting xvi
virtual 193 built-in types 26-27
gaig: gufa;an:f;:‘ the 128 efficiency and passing 89
attle of Hastings 150 incompatibilities with 80
Berck, Benjamin xix
bidirectional iterators 227
bidirectional_iterator_tag 228 C
binary upgradeability, inlining and 138 C standard library and C++ standard
binding . library 264
dynamic, see dynamic binding C# 43.76,97. 100, 116, 118. 190
static, see static binding see alst‘) NET

birds and penguins 151-153
bitwise const member functions 21-22
books
C++ Programming Language, The xvii
C++ Templates xviii
Design Patterns xvii
Effective STL 273, 275-276
Exceptional C++ xvii
Exceptional C++ Style xvil, xviii
More Effective C++ 273, 273-274
More Exceptional C++ xvii
Satyricon vii
Some Must Watch While Some Must
Sleep 150
Boost 10, 269-272
containers 271
Conversion library 270
correctness and testing support 272
data structures 272
function objects and higher-order pro-
gramming utilities 271
functionality not provided 272
generic programming support 271
Graph library 270
inter-language support 272
Lambda library 271
math and numerics utilities 271
memory management utilities 272
MPL library 270. 271
noncopyable base class 39
Pool library 250, 251
scoped_array 65, 216, 272
shared_array 65
shared_ptr implementation, costs 83
smart pointers 65, 272
web page xvil
string and text utilities 271
template metaprogramming
support 271

C++ Programming Language, The xvii
C++ standard library 263269
<iosfwd> and 144
array replacements and 75
C standard library and 264
C89 standard library and 264
header organization of 101
list template 186
logic_error and 113
set template 185
vector template 75
C++ Templates xviii
C++, as language federation 11-13
C++0x 264
C++-style casts 117
C, as sublanguage of C++ 12
C99 standard library, TR1 and 267
caching
const and 22
mutable and 22
Cal, Steve xix
calling swap 110
calls to base classes, casting and 119
Cargill, Tom xviii
Carrara, Enrico xix
Carroll, Glenn xviti
casting 116-123
see also const_cast, static_cast,
dynamic_cast, and reinterpret_cast
base class calls and 119
constness away 24-25
encapsulation and 123
grep and 117
syntactic forms 116-117
type systems and 116
undefined behavior and 119
chaining assignments 52

Effective C++ 1 SCiF, =15
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Chang, Brandon xix
Clamage, Steve xviii
class definitions
artificial client dependencies,
eliminating 143
class declarations vs. 143
object sizes and 141
class design, see type design
class names, explicitly specifying 162
class, vs. typename 203
classes
see also class definitions, interfaces
abstract 43, 162
base
see also base classes
duplication of data in 193
polymorphic 44
templatized 207-212
virtual 193
defining 4
derived
see also inheritance
virtual base initialization of 194
Handle 144-145
Interface 145-147
meaning of no virtual functions 41
RAII, see RAII
specification, see interfaces
traits 226-232
client 7
clustering objects 251
code
bloat 24. 135. 230
avoiding, in templates 212-217
copy assignment operator 60
duplication, see duplication
exception-safe 127-134
factoring out of templates 212-217
incorrect, efficiency and 90
reuse 195
sharing, see duplication, avoiding
Cohen, Jake xix
Comeau, Greg xviii
URL for his C/C++ FAQ xviii
common features and inheritance 164
commonality and variability analysis 212
compatibility, vptrs and 42
compatible types, accepting 218-222
compilation dependencies 140-148
minimizing 140-148. 190
pointers, references, and objects
and 143
compiler warnings 262-263
calls to virtuals and 50
inlining and 136
partial copies and 58

Effective C++H1 3CRR, 38 =W

compiler-generated functions 34-37
disallowing 37-39
functions compilers may generate 221
compilers
parsing nested dependent names 204
programs executing within, see tem-
plate metaprogramming
register usage and 89
reordering operations 76
typename and 207
when errors are diagnosed 212
compile-time polymorphism 201
composition 184-186
meanings of 184
replacing private inheritance with 189
synonyms for 184
vs. private inheritance 188
conceptual constness, see const, logical
consistency with the built-in types 19, 86 .
const 13, 17-26
bitwise 21-22
caching and 22
casting away 24-25
function declarations and 18
logical 22-23
member functions 19-25
duplication and 23-25
members, initialization of 29
overloading on 19-20
pass by reference and 86-90
passing std:auto_ptr and 220
pointers 17
return value 18
uses 17
vs, #define 13-14
const_cast 25, 117
see also casting
const_iterator, vs. iterators 18
constants, see const
constraints on interfaces, from
inheritance 85
constructors 84
copy 5
default 4
empty, illusion of 137
explicit 5, 85, 104
implicitly generated 34
inlining and 137-138
operator new and 137
possible implementation in derived
classes 138
relationship to new 73
static functions and 52
virtual 146, 147
virtual functions and 48-52
with vs. without arguments 114
containers, in Boost 271
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containment, see composition
continue, delete and 62
control over data members’
accessibility 95
convenience functions 100
Conversion library, in Boost 270
conversions, type, see type conversions
copies, partial 58
copy assignment operator 5
code in copy constructor and 60
derived classes and 60
copy constructors
default definition 35
derived classes and 60
generalized 219
how used 5
implicitly generated 34
pass-by-value and 6
copy-and-swap 131
assignment and 56
exception-safe code and 132
copying
base class parts 59
behavior, resource management
and 66-69
functions, the 57
objects 57-60
correctness
designing interfaces for 78-83
testing and, Boost support 272
corresponding forms of new and
delete 73-75
corrupt data structures, exception-safe
code and 127
cows, coming home 139
crimes against English 39, 204
cross-DLL problem 82
CRTP 246
C-style casts 116
ctor 8
curiously recurring template pattern 246

D

dangling handles 126

Dashtinezhad, Sasan xix

data members
adding, copying functions and 58
control over accessibility 95
protected 97
static, initialization of 242
why private 94-98

data structures
exception-safe code and 127
in Boost 272

Davis, Tony xviii

deadly MI diamond 193
debuggers
#define and 13
inline functions and 139
declarations 3
inline functions 135
replacing definitions 143
static const integral members 14
default constructors 4
construction with arguments vs. 114
implicitly generated 34
default implementations
for virtual functions, danger of 163-167
of copy constructor 35
of operator= 35
default initialization, unintended 59
default parameters 180-183
impact if changed 183
static binding of 182
#define
debuggers and 13
disadvantages of 13. 16
vs. const 13-14
vs. inline functions 16-17
definitions 4
classes 4
deliberate omission of 38
functions 4
implicitly generated functions 35
objects 4
pure virtual functions 162, 166-167
replacing with declarations 143
static class members 242
static const integral members 14
templates 4
variable, postponing 113-116
delete
see also operator delete
forms of 73-75
operator delete and 73
relationship to destructors 73
usage problem scenarios 62
delete [], std::auto_ptr and tri:shared_ptr
and 65
deleters
std::auto_ptr and 68
trlzshared_ptr and 68, 81-83
Delphi 97
Dement, William 150
dependencies, compilation 140-148
dependent names 204
dereferencing a null pointer, undefined
behavior of 6
derived classes
copy assignment operators and 60
copy constructors and 60
hiding names in base classes 263
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implementing constructors in 138
virtual base initialization and 194
design
contradiction in 179
of interfaces 78-83
of types 78-86
Design Patterns xvii
design patterns
curiously recurring template
(CRTP) 246
encapsulation and 173
generating from templates 237
Singleton 31
Strategy 171-177
Template Method 170
TMP and 237
destructors 84
exceptions and 44-48
inlining and 137-138
pure virtual 43
relationship to delete 73
resource managing objects and 63
static functions and 52
virtual
operator delete and 255
polymorphic base classes and 40-44
virtual functions and 48-52
Dewhurst, Steve xvii
dimensional unit correctness, TMP
and 236
DLLs, delete and 82
dtor 8
Dulimov, Peter xix
duplication
avoiding 23-25, 29, 50, 60, 164, 183, 212-
217
base class data and 193
init function and 60
dynamic binding
definition of 181
of virtual functions 179
dynamic type, definition of 181
dynamic_cast 50, 117, 120-123
see also casting
efficiency of 120

E

early binding 180
easy to use correctly and hard to use
incorrectly 78-83

EBO, see empty base optimization
Effective C++, compared to More Effective
C++ and Effective STL 273

Effective STL 273, 275-276
compared to Effective C++ 273

Effective C++ 1 3UhR, 55 =R

contents of 275-276
efficiency
assignment vs. construction and
destruction 94
default parameter binding 182
dynamic_cast 120
Handle classes 147
incorrect code and 90. 94
init. with vs. without args 114
Interface classes 147
macros vs. inline functions 16
member init. vs. assignment 28
minimizing compilation
dependencies 147
operator new /operator delete and 248
pass-by-reference and 87
pass-by-value and 86-87
passing built-in types and 89
runtime vs. compile-time tests 230
template metaprogramming and 233
template vs. function parameters 216
unused objects 113
virtual functions 168
Eiffel 100
embedding, see composition
empty base optimization (EBO) 190-191
encapsulation 95, 99
casts and 123
design patterns and 173
handles and 124
measuring 99
protected members and 97
RAII classes and 72

enum hack 15-16, 236

errata list, for this book xvi
errors

detected during linking 39. 44

runtime 152
evaluation order, of parameters 76
example classes/templates

A4

ABEntry 27

AccessLevels 95

Address 184

Airplane 164, 165, 166

Airport 164

AtomicClock 40

AWOQV 43

B 4,178, 262

Base 54, 118, 137, 157, 158, 159, 160, 254,

255, 259

BelowBottom 219

bidirectional_iterator_tag 228

Bird 151, 152, 153

Bitmap 54

Borrowableltem 192

Bottom 218

BuyTransaction 49, 51
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Cs
Circle 181
CompanyA 208
CompanyB 208
CompanyZ 209
CostEstimate 15
CPerson 198
CTextBiock 21, 22, 23
Customer 57, 58
D 178, 262
DatabaselD 197
Date 58, 79
Day 79
DBConn 45, 47
DBConnection 45
deque 229
dequeciterator 229
Derived 54, 118, 137, 157, 158, 159, 160,

206, 254, 260
Directory 31
ElectronicGadget 192
Ellipse 161
Empty 34, 190
EvilBadGuy 172, 174
EyeCandyCharacter 175
Factorial 235
Factorial<0> 235
File 193, 194
FileSystem 30
FlyingBird 152
Font 71
forward_iterator_tag 228
GameCharacter 169, 170, 172, 173, 176
Gamelevel 174
GamePlayer 14, 15
GraphNode 4
GUIObject 126
HealthCalcFunc 176
HealthCalculator 174
HoldsAnInt 190, 191
HomeForSale 37, 38, 39
input_iterator_tag 228
input_iterator_tag<iter*> 230
InputFile 193, 194
Investment 61, 70
IQOFile 193, 194
IPerson 195, 197
iterator_traits 229

see also std:iterator_traits

list 229
list:iterator 229
Lock 66, 67, 68
LoggingMsgSender 208, 210, 211
Middle 218
ModelA 164, 165, 167
ModelB 164, 165, 167
ModelC 164, 166, 167
Month 79, 80
MP3Player 192

Msginfo 208

MsgSender 208

MsgSender<CompanyZ> 209

NamedObject 35, 36

NewHandlerHolder 243

NewHandlerSupport 245

output_iterator_tag 228

OQutputFile 193, 194

Penguin 151, 152, 153

Person 86, 135, 140, 141, 142, 145, 146,
150, 184, 187

Personinfo 195, 197

PhoneNumber 27, 184

PMiImpl 131

Point 26, 41, 123

PrettyMenu 127, 130, 131

PriorityCustomer 58

random_access_iterator_tag 228

Rational 90, 102, 103. 105, 222, 223, 224,
225, 226

RealPerson 147

Rectangle 124, 125, 154, 161, 181, 183

RectData 124

SeliTransaction 49

Set 185

Shape 161, 162, 163, 167, 180, 182, 183

SmartPtr 218, 219, 220

SpeciaiString 42

SpecialWindow 119, 120, 121, 122

SpeedDataCollection 96

Square 154

SquareMatrix 213, 214, 215, 216

SquareMatrixBase 214, 215

StandardNewDeleteForms 260

Student 86, 150, 187

TextBiock 20, 23, 24

TimeKeeper 40, 41

Timer 188

Top 218

Transaction 48, 50, 51

Uncopyable 39

WaterClock 40

WebBrowser 98, 100, 101

Widget 4, 5, 44, 52, 53, 54, 56, 107, 108,
109, 118, 189, 199, 201, 242, 245, 246,
257, 258, 261

Widget:WidgetTimer 189

Widgetimp! 106, 108

Window 88, 119, 121, 122

WindowWithScroliBars 88

WristWatch 40

X 242

Y 242

Year 79

example functions/templates

ABEntry:ABEntry 27, 28

Accesslevels:getReadOnly 95
Accesslevels:getReadWrite 95
AccessLevels:setReadOnly 95

Effective C++ 13U, 8 =R
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Accesslevels:setWriteOnly 95
advance 228, 230, 232, 233, 234
Airplane:defaultFly 165
Airplane:fly 164, 165, 166, 167
askUserForDatabaselD 195
AWOV::AWOV 43

B:mf 178

Base::operator delete 255
Base::operator new 254
Bird:fly 151
Borrowableltem::checkOut 192
boundingBox 126
BuyTransaction::BuyTransaction 51
BuyTransaction::createLogString 51
calcHealth 174

caliWithMax 16
changeFontSize 71
Circle:draw 181
clearAppointments 143, 144
clearBrowser 98
CPerson:birthDate 198
CPerson:CPerson 198
CPerson:name 198
CPerson::valueDelimClose 198
CPerson:valueDelimOpen 198
createlnvestment 62, 70, 81, 82, 83
ClextBlock:length 22, 23
CTextBlock::operator[] 21
Customer::Customer 58
Customer::operator= 58

D:mf 178

Date:Date 79

Day::Day 79

daysHeld 69
DBConn::~DBConn 45, 46, 47
DBConn:close 47
defaultHealthCalc 172, 173
Derived::Derived 138, 206
Derived::mf1 160
Derived:mf4 157
Directory::Directory 31, 32
doAdvance 231

doMultiply 226

doProcessing 200, 202
doSomething 5, 44, 54, 110
doSomeWork 118

eat 151, 187
ElectronicGadget::checkQut 192
Empty:~Empty 34
Empty:Empty 34
Empty::operator= 34
encryptPassword 114, 115
error 152
EvilBadGuy::EvilBadGuy 172

f 62, 63, 64

FlyingBird:fly 152

Font:~Font 71

Font::Font 71

Font:get 71

Effective C++H1 3ChR, 3 =i

Font:operator FontHandle 71

GameCharacter:doHealthValue 170

GameCharacter:GameCharacter 172, 174,
176

GameCharacter:healthValue 169, 170,
172, 174, 176

Gamelevel:health 174

getFont 70

hasAcceptableQuality 6

HealthCalcFunc:calc 176

HealthCalculator::operator() 174

lock 66

Lock:~Lock 66

Lock:Lock 66, 68

logCall 57

LoggingMsgSender:sendClear 208, 210

LogginMsgSender::sendClear 210, 211

loseHealthQuickly 172

loseHealthSlowly 172

main 141, 142, 236, 241

makeBigger 154

makePerson 195

max 135

ModelA:fly 165, 167

ModelB:fly 165, 167

ModelC:fly 166, 167

Month:Dec 80

Month:Feb 80

Month:Jan 80

Month:Month 79, 80

MsgSender::sendClear 208

MsgSender:sendSecret 208

MsgSender<CompanyZ>:sendSecret 209

NewHandlerHolder:~NewHandlerHolder 243

NewHandlerHolder:NewHandlerHolder 243

NewHandlerSupport:operator new 245

NewHandlerSupport:set_new_handler 245

numbDigits 4

operator delete 255

operator new 249, 252

operator* 91, 92, 94, 105, 222, 224, 225,
226

operator== 93

outOfMem 240

Penguin:fly 152

Person:age 135

Person:create 146, 147

Person:name 145

Person:Person 145

Personinfo:theName 196

Personinfo:valueDelimClose 196
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Set:insert 186
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SquareMatrix:invert 214
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SquareMatrix::SquareMatrix 215, 216
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delete 260, 261
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new 260, 261

std::swap 109

std::swap<Widget> 107, 108

study 151, 187

swap 106, 109

tempDir 32

TextBlock::operator([] 20, 23, 24

tfs 32

Timer::onTick 188
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Transaction:Transaction 49, 50, 51

Uncopyable::operator= 39

Uncopyable:Uncopyable 39

unlock 66

validateStudent 87

Widget:onTick 189

Widget::operator new 244

Widget::operator+= 53

Widget::operator= 53, 54, 55, 56, 107

Widget::set_new_handler 243

Widget::swap 108

Window;:blink 122

Window::onResize 119

workWithiterator 206, 207

Year:Year 79

destructors and 44-48
member swap and 112
standard hierarchy for 264
swallowing 46
unused objects and 114
exception-safe code 127-134
copy-and-swap and 132
legacy code and 133
pimpl idiom and 131
side effects and 132
exception-safety guarantees 128-129
explicit calls to base class functions 211
explicit constructors 5, 85, 104
generalized copy construction and 219
explicit inline request 135
explicit specification, of class names 162
explicit type conversions vs. implicit 70-
72
expression templates 237
expressions, implicit interfaces and 201

F

factoring code, out of templates 212-217
factory function 40, 62, 69, 81, 146, 195
Fallenstedt, Martin xix
federation, of languages, C++ as 11-13
Feher, Attila F. xix
final classes, in Java 43
final methods, in Java 190
fixed-size static buffers, problems of 196
forms of new and delete 73-75
FORTRAN 42
forward iterators 227
forward_iterator_tag 228
forwarding functions 144, 160
French, Donald xx
friend functions 38, 85, 105, 135, 173, 223~
225

vs. member functions 98-102
friendship

in real life 105

without needing special access

rights 225

Fruchterman, Thomas xix
FUDGE_FACTOR 15
Fuller, John xx
function declarations, const in 18
function objects

definition of &
higher-order programming utilities
and, in Boost 271

exception specifications 85
Exceptional C++ xvii
Exceptional C++ Style xvil, xvili

functions
exceptions 113 convenience 100
delete and 62 copying 57
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factory, see factory function
forwarding 144. 160
implicitly generated 34-37, 221

disallowing 37-39
inline, declaring 135
member

templatized 218-222

vs. non-member 104-105
non-member

templates and 222-226

type conversions and 102-105, 222-

226
non-member non-friend, vs
member 98-102

non-virtual, meaning 168
return values, modifying 21
signatures, explicit interfaces and 201
static

ctors and dtors and 52
virtual, see virtual functions

function-style casts 116

G

Gamma, Erich xvii

Geller, Alan xix

generalized assignment 220

generalized copy constructors 219

generative programming 237

generic programming support, in
Boost 271

get, smart pointers and 70

goddess, see Urbano, Nancy L.

goto, delete and 62

Graph library, in Boost 270

grep, casts and 117

guarantees, exception safety 128-129

Gutnik, Gene xix

H
Handle classes 144-145
handles 125
dangling 126

encapsulation and 124
operator[] and 126
returning 123-126
has-a relationship 184
hash tables, in TR1 266
Hastings, Battle of 150
Haugland, Solveig xx
head scratching, avoiding 95
header files, see headers
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of C++ standard library 101
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and 235
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Henney, Kevlin xix
Hicks, Cory xix
hiding names, see name hiding
higher-order programming and function
object utilities, in Boost 271
highlighting, in this book 5
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identity test 55
if...else for types 230
#ifdef 17
#ifndef 17
implementation-dependent behavior,
warnings and 263
implementations
decoupling from interfaces 165
default, danger of 163-167
inheritance of 161-169
of derived class constructors and
destructors 137
of Interface classes 147
references 89
stdzmax 135
std::swap 106
implicit inline request 135
implicit interfaces 199-203
implicit type conversions vs. explicit 70-
72
implicitly generated functions 34-37, 221
disallowing 37-39
#include directives 17
compilation dependencies and 140
incompatibilities, with built-in types 80
incorrect code and efficiency 90
infinite loop, in operator new 253
inheritance
accidental 165-166
combining with templates 243-245
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intuition and 151-155
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mixin-style 244
name hiding and 156-161
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of interface 161-169
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protected 151

public 150-155
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redefining non-virtual functions

and 178-180

scopes and 156

sharing features and 164
inheritance, multiple 192-198
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deadly diamond 193
inheritance, private 214
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for redefining virtual functions 197
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meaning of 150

name hiding and 159

virtual inheritance and 194
inheritance, virtual 194
init function 60
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built-in types 26-27

const members 29
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default, unintended 59
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static members 242
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inline functions
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address of 136
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headers and 135
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inlining 134-139
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dynamic linking and 139
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inheritance and 137-138
Interface classes and 148
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recompiling and 139
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templates and 136
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virtual functions and 136
input iterators 227
input_iterator_tag 228
input_iterator_tag<iter*> 230
insomnia 150
instructions, reordering by compilers 76
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Interface classes 145-147
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explicit, signatures and 201
implicit 199-203
expressions and 201
inheritance of 161-169
new types and 79-80
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template parameters and 199-203
undeclared 85
inter-language support, in Boost 272
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for 264
invalid array index, undefined behavior
and 7
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NVi and 171
over specialization 168
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is-a relationship 150-155
is-implemented-in-terms-of 184-186, 187
istream_iterators 227
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iterator_category 229
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legacy code, exception-safety and 133
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link-time errors 39, 44
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list 186
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locks. RAHl and 66-68
logic_error class 113

logically const member functions 22-23
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agement
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matrix operations, optimizing 237
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max, std, implementation of 135
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of classes without virtual functions 41
of composition 184
of non-virtual functions 168
of pass-by-value 6
of private inheritance 187
of public inheritance 150
of pure virtual functions 162
of references 91
of simple virtual functions 163
measuring encapsulation 99
Meehan, Jim xix
member data, see data members
member function templates 218-222
member functions
bitwise const 21-22
common design errors 168-169
const 19-25
duplication and 23-25
encapsulation and 99
implicitly generated 34-37. 221
disallowing 37-39
logically const 22-23
private 38
protected 166
vs. non-member functions 104-105
vs. non-member non-friends 98-102
member initialization
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lists 28-29
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order 29
mermory allocation
arrays and 254-255
error handling for 240-246
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functions, replacing 247-252
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metaprogramming, see template metapro-
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mixed-mode arithmetic 103, 104, 222-226
mixin-style inheritance 244
modeling is-implemented-in-terms-
of 184-186
modifying function return values 21
Monty Python, allusion to 91
Moore, Vanessa xx
More Effective C++ 273, 273-274
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contents of 273-274
More Exceptional C++ xvii -
Moroff, Hal xix
MPL library, in Boost 270, 271
multiparadigm programming language,
C++as 11
multiple inheritance, see inheritance
multithreading
memory management routines
and 239, 253
non-const static objects and 32
treatment in this book 9
mutable 22-23
mutexes, RAIl and 6668
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Nagler, Eric xix
Nahil, Julie xx
name hiding
inheritance and 156-161
operators new/delete and 259-261
using declarations and 159
name lookup
this-> and 210,214
using declarations and 211
name shadowing, see name hiding
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accessing in templatized bases 207-212
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dependent 204
hidden by derived classes 263
nested, dependent 204
non-dependent 204
namespaces 110
headers and 100
namespace pollution in a class 166
Nancy, see Urbano, Nancy L.

Nauroth, Chris xix
nested dependent narnes 204
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and 205
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see also operator new
expressions, memory leaks and 256
forms of 73-75
operator new and 73
relationship to constructors 73
smart pointers and 75-77
new types, interface design and 79-80
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deinstalling 241
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new-handling functions, behavior of 241
new-style casts 117
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of 30
non-member functions
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templates and 222-226
type conversions and 102-105, 222-226
non-member non-friend functions 98-102
non-type parameters 213 )
non-virtual
functions 178-180
static binding of 178
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nothrow guarantee, the 129
nothrow new 246
null pointer
deleting 255
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set_new_handler and 241
NVI 170-171, 183
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object-oriented C++. as sublanguage of
C++ 12
object-oriented principles, encapsulation
and 99
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definitions, postponing 113-116
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resource management and 61-66
returning, vs. references 90-94
size, pass-by-value and 89
sizes, determining 141
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Oldham, Jeffrey D. xix
old-style casts 117
operations, reordering by compllers 76
operator delete 84
see also delete
behavior of 255
efficiency of 248
name hiding and 259-261
non-member, pseudocode for 255
placement 256-261
replacing 247-252
standard forms of 260
virtual destructors and 255
operator delete{] 84, 255
operator new 84
see also new
arrays and 254-255
bad_alloc and 246, 252
behavior of 252-255
efficiency of 248
infinite loop within 253
inheritance and 253-254
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name hiding and 259-261
new-handling functions and 241
non-member, pseudocode for 252
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252-253
placement 256-261
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returning O and 246
standard forms of 260
std::bad_alloc and 246, 252
operator new[] 84, 254-255
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default implementation 35
implicit generation 34
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performance, see efficiency
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definition of 106

exception-safe code and 131
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see also smart pointers
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null, dereferencing 6
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and 40-44
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pregnancy, exception-safe code and 133
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private virtual functions 171
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member functions 166
members, encapsulation of 97
public inheritance, see inheritance
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pure virtual destructors
defining 43
implementing 43
pure virtual functions 43
defining 162, 166-167
meaning 162
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encapsulation and 72
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RCSP, see smart pointers
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Reed, Kathy xx
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compilation dependencies and 143
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returning 90-94
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value 92-94
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has-a 184
is-a 150-155
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187
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replacing new/delete 247-252
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RAII
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and 127
resource management
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copying behavior and 66-69
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raw resource access and 69-73
resources, managing objects and 69-73
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reuse, see code reuse
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sealed methods, in C# 190
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set 185
set_new_handler
class-specific, implementing 243-245
using 240-246
set_unexpected function 129
shadowing, names, see name shadowing
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shared_array 65
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sharing code, see duplication, avoiding
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Shewchuk, John xviii
side effects, exception safety and 132
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definition of 3
explicit interfaces and 201
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Singh, Siddhartha xix
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sizeof 253, 254
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freestanding classes and 254
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and 75-77
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of non-virtual functions 178
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static functions, ctors and dtors and 52
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in 107
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and 139
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as sublanguage of C++ 12
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Strategy pattern 171-177
string and text utilities, in Boost 271
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Stroustrup, Bjarne xvii. xviii
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Sutter, Herb xvii, xviii, xix
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swap 106-112
see also std:swap
calling 110
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STL containers and 108
when to write 111
symbols, available in both C and C++ 3
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template C++, as sublanguage of C++ 12
template metaprogramming 233-238
efficiency and 233
hello world in 235
pattern implementations and 237
support in Boost 271
support in TR1 267
Template Method pattern 170
templates
code bloat, avoiding in 212-217
combining with inheritance 243-245
defining 4
errors, when detected 212
expression 237
headers and 136
in std, specializing 107
inlining and 136
instantiation of 222
member functions 218-222
names in base classes and 207-212
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parameters, omitting 224

pointer type parameters and 217
shorthand for 224
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partial 109, 230
total 107, 209
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for 272
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third edition, see 3rd edition
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threading, see multithreading
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TMP, see template metaprogramming
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total class template specialization 209
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TR1 9. 264-267
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Boost and 9-10. 268, 269
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tuples component 266
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trizbind 175, 266
trizfunction 173-175. 265
trizmem_fn 267
trizreference_wrapper 267
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implicit 104
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non-member functions and 102-105,
222-226
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smart pointers and 218-220
templates and 222-226
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type design 78-86
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typedefs, new/delete and 75
typeid 50, 230, 234, 235
typelists 271
typename 203-207
compiler variations and 207
typedef and 206-207
vs. class 203
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built-in, initialization 26-27
compatible, accepting all 218-222
if...else for 230
integral, definition of 14
traits classes and 226-232
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undefined behavior
advance and 231
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casting + pointer arithmetic and 119
definition of 6
destroyed objects and 91
exceptions and 45
initialization order and 30
invalid array index and 7
multiple deletes and 63, 247
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Boost smart pointers xvii
Effective C++ errata list xvi
Effective C++ TR1 Info. Page 268
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vector template 75 ‘
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virtual base classes 193
virtual constructors 146, 147
virtual destructors
operator delete and 255
polymorphic base classes and 40-44
virtual functions
alternatives to 169-177
ctors/dtors and 48-52
default implementations and 163-167
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dynamic binding of 179
efficiency and 168
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implementation 42
inlining and 136
language interoperability and 42
meaning of none in class 41
preventing overrides 189
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pure, see pure virtual functions
simple, meaning of 163
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vptr 42
vtbi 42

w

Wait, John xx
warnings, from compiler 262-263
calls to virtuals and 50
inlining and 136
partial copies and 58
web sites, see URLs
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Wizard of Oz, allusion to 154
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